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(57) ABSTRACT

An electroluminescent (EL) display panel includes a sub-
strate, an EL display array, at least one first thin film encap-
sulation (TFE) layer and a first patterned stress releasing
layer. The EL display array is disposed on the substrate. The
first TFE layer covers the EL, display array. The first patterned
stress releasing layer covers the first TFE layer.
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ELECTROLUMINESCENT DISPLAY PANEL

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present disclosure relates to an electrolumines-
cent display panel, and more particularly, to the electrolumi-
nescent display panel with a patterned stress releasing layer.
[0003] 2. Description of the Prior Art

[0004] Electroluminescent display panels utilize electrolu-
minescent devices, such as organic light-emitting diode
devices, to serve as display devices. Since the electrolumi-
nescent devices are sensitive to oxygen and moisture, thin
film encapsulations with high moisture and oxygen barrier
property are necessary to protect the electroluminescent
devices. In order to be isolated from oxygen and moisture, a
substrate with the electroluminescent devices and a cover
glass are combined with sealant. However, the cover glass not
only increases the overall thickness of the electroluminescent
display panels but also belongs to a hard substrate, so it is not
a choice for a flexible electroluminescent display panel.
[0005] Except a cover glass, a multiple-layered thin film
encapsulation of several different materials, such as a mul-
tiple-layered thin film encapsulation formed of inorganic thin
film encapsulations and organic thin film encapsulations, is
applied to the flexible electroluminescent display panel to
improve moisture and oxygen barrier property. Nevertheless,
the stress of the inorganic thin film encapsulations is greater,
thereby resulting in crack or peeling issues. Because the
refractive index of the inorganic thin film encapsulations is
different from that of the organic thin film encapsulations in
one multiple-layered thin film encapsulation, optical interfer-
ence easily occurs and the visual performance of the elec-
troluminescent display panels is thus inferior to expectation.

SUMMARY OF THE INVENTION

[0006] Itisoneoftheobjectives of the disclosure to provide
an electroluminescent display panel so as to solve problems,
such as cracking, peeling off and optical interference of thin
film encapsulation in the conventional electroluminescent
display panel.

[0007] An embodiment of the disclosure provides an elec-
troluminescent display panel. The electroluminescent display
panel includes a substrate, an electroluminescent display
array, at least one first thin film encapsulation layer and a first
patterned stress releasing layer. The electroluminescent dis-
play array is disposed on the substrate. The first thin film
encapsulation layer covers the electroluminescent display
array. The first patterned stress releasing layer covers the first
thin film encapsulation layer, and the first patterned stress
releasing layer has a predetermined pattern.

[0008] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a top-view schematic diagram illustrating
an electroluminescent display panel according to a first
embodiment of the present disclosure.

[0010] FIG.2isacross-sectional view diagram taken along
a cross-sectional line A-A' in FIG. 1.
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[0011] FIG. 3 is a schematic diagram illustrating an elec-
troluminescent display panel according to a second embodi-
ment of the present disclosure.

[0012] FIG. 4 is a top-view schematic diagram illustrating
an electroluminescent display panel according to a third
embodiment of the present disclosure.

[0013] FIG. 5isacross-sectional view diagram taken along
a cross-sectional line B-B' in FIG. 4.

[0014] FIG. 6isa cross-sectional view diagram taken along
a cross-sectional line C-C' in FIG. 4.

[0015] FIG. 7 is a top-view schematic diagram illustrating
an electroluminescent display panel according to a fourth
embodiment of the present disclosure.

[0016] FIG. 8isacross-sectional view diagram taken along
a cross-sectional line C-C' in FIG. 7.

DETAILED DESCRIPTION

[0017] To provide a better understanding of the present
disclosure, features of the embodiments will be made in
detail. The embodiments of the present disclosure are illus-
trated in the accompanying drawings with numbered ele-
ments. In addition, the terms such as “first” and “second”
described in the present disclosure are used to distinguish
different components or processes, which do not limit the
sequence of the components or processes.

[0018] Please refer to FIGS. 1-2. FIG. 1 is a top-view sche-
matic diagram illustrating an electroluminescent display
panel according to a first embodiment of the present disclo-
sure. FIG. 2 is a cross-sectional view diagram taken along a
cross-sectional line A-A' in FIG. 1. As shown in FIGS. 1 and
2, the electroluminescent display panel 1 of this embodiment
includes a substrate 10, an electroluminescent display array
12, at least one first thin film encapsulation layer 14 and a first
patterned stress releasing layer 16. In this embodiment, the
substrate 10 maybe a flexible substrate, such as a plastic
substrate, but not limited thereto. In another variant embodi-
ment, the substrate 10 may be a hard substrate, for example,
a glass substrate. The electroluminescent display array 12 is
disposed on the substrate 10. The electroluminescent display
array 12 includes a plurality of electroluminescent devices,
such as organic light-emitting diode (OLED) devices,
arranged in an array. The electroluminescent devices may
include electroluminescent devices for displaying images of
different colors, for example, red electroluminescent devices,
green electroluminescent devices and blue electrolumines-
cent devices, but not limited thereto. The electroluminescent
devices are respectively disposed in the corresponding sub-
pixels. Each of the sub-pixels may further comprise a gate
line, a data line, a power line, an active switching device, a
driving device, a storage capacitor and other required devices.
Since the function and the arrangement of the above-men-
tioned devices for the sub-pixels are well known to those
skilled in the art, they are not redundantly described.

[0019] The first thin film encapsulation layer 14 covers the
upper surface 12A of the electroluminescent display array 12
and further covers sidewalls 12S of the electroluminescent
display array 12 so as to protect the electroluminescent dis-
play array 12, block moisture and oxygen, and avoid damage
to the electroluminescent devices. The first thin film encap-
sulation layer 14 may be a single-layered or multiple-layered
thin film encapsulation. For example, the first thin film encap-
sulation layer 14 may include an inorganic thin film encap-
sulation layer, an organic thin film encapsulation layer, an
inorganic/organic hybrid thin film encapsulation layer or a
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multiple-layered structure of the preceding thin film encap-
sulation layers. The material of organic thin film encapsula-
tion layer may be, for example, acrylic or epoxy resin. The
material of the inorganic thin film encapsulation layer may
be, for example, silicon oxide, silicon nitride or silicon oxyni-
tride. Generally, the moisture and oxygen barrier property of
the inorganic thin film encapsulation layer is superior to that
of the organic thin film encapsulation layer. The stress of the
inorganic thin film encapsulation layer, however, is directly
proportional to its thickness. And too much stress will destroy
inorganic thin film encapsulation layer and make it cracked or
peeled. As a result, whether the inorganic thin film encapsu-
lation layer, the organic thin film encapsulation layer or the
inorganic/organic hybrid thin film encapsulation layer is
applied depends on the desired thickness of the first thin film
encapsulation layer 14 and the required moisture and oxygen
barrier property.

[0020] The first patterned stress releasing layer 16 covers
the upper surface 14A of the first thin film encapsulation layer
14 and further covers the sidewalls 148 of the first thin film
encapsulation layer 14. In this embodiment, the first patterned
stress releasing layer 16 includes a mesh stress releasing
layer. The first patterned stress releasing layer 16 has a plu-
rality of first enclosed openings 16 A for partially exposing the
upper surface 14A of the first thin film encapsulation layer 14.
The first patterned stress releasing layer 16 provides at least
three functions as follows. First, the first patterned stress
releasing layer 16 can release stress, thereby preventing the
first thin film encapsulation layer 14 from cracking or peeling
off due to the stress is too large. Second, the first patterned
stress releasing layer 16 eliminates optical interference when
light emitted by the electroluminescent display array 12
passes through the multi-layered thin film encapsulation lay-
ers of different refractive index, thereby improving the optical
quality of the electroluminescent display panel 1. Third, the
first patterned stress releasing layer 16 enhances light extrac-
tion efficiency. The first enclosed openings 16A in this
embodiment are rectangular openings; however, the shape is
not limited to this and may be other regular shapes, such as a
polygon or a circle, or irregular shapes. Moreover, the first
enclosed openings 16A of the first patterned stress releasing
layer 16 may be arranged periodically or in an array, but not
limited thereto. In a variant embodiment, the first enclosed
openings 16A of the first patterned stress releasing layer 16
are arranged non-periodically. The material of the first pat-
terned stress releasing layer 16 may be inorganic materials or
organic materials. Organic materials may include, for
example but not limited to, acrylic-based polymers, parylene
or polyurea, but not limited thereto. The first patterned stress
releasing layer 16 may be formed by performing a vacuum
deposition process, a printing process (such as an ink-jet
printing process or a screen printing process), a transfer print-
ing (such as a thermal transfer printing) or other suitable
processes. The material, the size and the arrangement of the
first enclosed openings 16A and both the material and the
thickness of the first patterned stress releasing layer 16 may
be modified and determined according to the above-men-
tioned three functions.

[0021] Electroluminescent display panels are not restricted
to the preceding embodiments in the present disclosure. Other
embodiments or modifications will be detailed in the follow-
ing description. In order to simplify and show the differences
or modifications between the following embodiments and the
above-mentioned embodiment, the same numerals denote the
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same components in the following description, and the simi-
lar parts are not detailed redundantly.

[0022] Pleaserefer to FIG. 3. FIG. 3 is a schematic diagram
illustrating an electroluminescent display panel according to
a second embodiment of the present disclosure. As shown in
FIG. 3, compared with the first embodiment, in the electrolu-
minescent display panel 3 of this embodiment further
includes at least one second thin film encapsulation layer 18.
The second thin film encapsulation layer 18 covers the first
patterned stress releasing layer 16 and further cover the side-
walls of the first patterned stress releasing layer 16 so as to
improve the moisture and oxygen barrier property. The sec-
ond thin film encapsulation layer 18 may be a single-layered
or multiple-layered thin film encapsulation. For example, the
second thin film encapsulation layer 18 may include an inor-
ganic thin film encapsulation layer, an organic thin film
encapsulation layer, an inorganic/organic hybrid thin film
encapsulation layer or a multiple-layered structure of the
preceding thin film encapsulation layers. The material of
organic thin film encapsulation layer may be, for example,
acrylic or epoxy resin. The material of inorganic thin film
encapsulation layer may be, for example, silicon oxide, sili-
con nitride, or silicon oxynitride. Generally, the moisture and
oxygen barrier property of the inorganic thin film encapsula-
tion layer is superior to that of the inorganic thin film encap-
sulation layer. The stress of inorganic thin film encapsulation
layer, however, is directly proportional to its thickness. And
too much stress will destroy inorganic thin film encapsulation
layer and make it cracked or peeled. As a result, whether the
inorganic thin film encapsulation layer, the organic thin film
encapsulation layer or the inorganic/organic hybrid thin film
encapsulation layer is applied depends on the desired thick-
ness of the second thin film encapsulation layer 18 and the
required moisture and oxygen barrier property.

[0023] Please refer to FIGS. 4-6. F1G. 4 is a top-view sche-
matic diagram illustrating an electroluminescent display
panel according to a third embodiment of the present disclo-
sure. FIG. 5 is a cross-sectional view diagram taken along a
cross-sectional line B-B' in FIG. 4. FIG. 6 is a cross-sectional
view diagram taken along a cross-sectional line C-C' in FIG.
4. As shown in FIGS. 4-6, compared with the second embodi-
ment, the electroluminescent display panel 4 of this embodi-
ment further includes a second patterned stress releasing
layer 20. The second patterned stress releasing layer 20 cov-
ers the second thin film encapsulation layer 18. The second
patterned stress releasing layer 20 can also release stress,
eliminate optical interference and enhance light extraction
efficiency. Furthermore, the material of the second patterned
stress releasing layer 20 may be inorganic materials or
organic materials, and the material may be the same as or
different from that of the first patterned stress releasing layer
16. In this embodiment, the first patterned stress releasing
layer 16 comprises a plurality of first stripe structures 161
arranged along a first direction D1. A first opening 161A is
formed between any two adjacent first stripe structures 161
(as shown in FIG. 5), and the first opening 161A partially
exposes the first thin film encapsulation layer 14. The second
patterned stress releasing layer 20 comprises a plurality of
second stripe structures 201 arranged along a second direc-
tion D2. A second opening 201A is formed between any two
adjacent second stripe structures 201 (as shown in FIG. 6),
and the second opening 201A partially exposes the second
thin film encapsulation layer 18. In this embodiment, the
electroluminescent display panel 4 includes two thin film
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encapsulation layers and two patterned stress releasing layers
so that it can perfectly release stress, eliminate optical inter-
ference, enhance light extraction efficiency and it possess
high moisture and oxygen barrier property. In this embodi-
ment, the first direction D1 is substantially perpendicular to
the second direction D2. The first stripe structures 161 inter-
sect and thus partially overlap the second stripe structures
201.
[0024] Please referto FIGS. 7-8. FIG. 7 is a top-view sche-
matic diagram illustrating an electroluminescent display
panel according to a fourth embodiment of the present dis-
closure. FIG. 8 is a cross-sectional view diagram taken along
a cross-sectional line C-C'in FIG. 7. As shown in FIGS. 7-8,
compared with the third embodiment, in the electrolumines-
cent display panel 6, the first direction D1 is substantially
parallel to the second direction D2. Additionally, the first
stripe structures 161 and the second stripe structures 201 are
alternately arranged in a vertical projection direction on the
substrate. The first stripe structures 161 substantially corre-
spond to the second openings 201 A. The second stripe struc-
tures 201 substantially correspond to the first openings 161 A.
In other words, the pattern of the first patterned stress releas-
ing layer 16 and the pattern of the second patterned stress
releasing layer 20 are arranged complementarily so that there
is no overlap in the vertical projection direction. The elec-
troluminescent display panel 6 in this embodiment also
includes two thin film encapsulation layers and two patterned
stress releasing layers so that it can perfectly release stress,
eliminate optical interference, enhance light extraction effi-
ciency and it possess high moisture and oxygen barrier prop-
erty.
[0025] To sum up, the patterned stress releasing layers of
the electroluminescent display panel of the present disclosure
notonly effectively avoid damage to thin film encapsulations
layer, eliminate optical interference and enhance light extrac-
tion efficiency but further improve optical performance.
[0026] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con-
strued as limited only by the metes and bounds of the
appended claims.
What is claimed is:
1. An electroluminescent display panel, comprising:
a substrate;
an electroluminescent display array, disposed on the sub-
strate;
at least one first thin film encapsulation layer, covering the
electroluminescent display array; and
a first patterned stress releasing layer, covering the at least
one first thin film encapsulation layer, and the first pat-
terned stress releasing layer having a predetermined pat-
tern.
2. The electroluminescent display panel according to claim
1, wherein the first patterned stress releasing layer comprises
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a mesh stress releasing layer, and the first patterned stress
releasing layer has a plurality of first enclosed openings par-
tially exposing the at least one first thin film encapsulation
layer.

3. The electroluminescent display panel according to claim
2, wherein the first enclosed openings of the first patterned
stress releasing layer are arranged periodically.

4. The electroluminescent display panel according to claim
2, wherein the first enclosed openings of the first patterned
stress releasing layer are arranged non-periodically.

5. The electroluminescent display panel according to claim
1, wherein the at least one first thin film encapsulation layer
further covers sidewalls of the electroluminescent display
array, and the first patterned stress releasing layer further
covers sidewalls of the at least one first thin film encapsula-
tion layer.

6. The electroluminescent display panel according to claim
1, further comprising at least one second thin film encapsu-
lation layer covering the first patterned stress releasing layer.

7. The electroluminescent display panel according to claim
6, wherein the at least one second thin film encapsulation
layer comprises at least one of an inorganic thin film encap-
sulation layer, an organic thin film encapsulation layer and an
inorganic/organic hybrid thin film encapsulation layer.

8. The electroluminescent display panel according to claim
7, further comprising a second patterned stress releasing layer
covering the at least one second thin film encapsulation layer,
and the second patterned stress releasing layer having another
predetermined pattern.

9. The electroluminescent display panel according to claim
8, wherein the first patterned stress releasing layer comprises
a plurality of first stripe structures arranged along a first
direction, a first opening is formed between any two adjacent
first stripe structures for partially exposing the at least one
first thin film encapsulation layer, the second patterned stress
releasing layer comprises a plurality of second stripe struc-
tures arranged along a second direction, a second opening is
formed between any two adjacent second stripe structures for
partially exposing the at least one second thin film encapsu-
lation layer.

10. The electroluminescent display panel according to
claim 9, wherein the first direction is substantially perpen-
dicular to the second direction.

11. The electroluminescent display panel according to
claim 9, wherein the first direction is substantially parallel to
the second direction, the first stripe structures and the second
stripe structures are alternately arranged in a vertical projec-
tion direction, the first stripe structures substantially corre-
spond to the second openings, and the second stripe structures
substantially correspond to the first openings.

12. The electroluminescent display panel according to
claim 1, wherein the substrate comprises a flexible substrate.
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