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(57) ABSTRACT

An organic light-emitting diode (OLED) display panel
including a composite substrate including a first substrate, a
barrier layer, a plurality of inorganic layers each interlaced
therein with an organic material structure, and a second
substrate interlaced therein with an organic material struc-
ture; a buffer layer disposed on the composite substrate; a
thin film transistor layer disposed on the buffer layer; an
OLED device layer disposed on the thin film transistor layer;
and an encapsulation layer disposed on the OLED device
layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY PANEL

FIELD OF INVENTION

[0001] The present invention relates to the field of display
technology, and in particular, to an organic light emitting
diode display panel.

BACKGROUND OF INVENTION

[0002] Effectively blocking moisture (H,O) and oxygen
(0,) is very important for organic light-emitting diode
(OLED) display panels. Water and oxygen can react with
organic compounds of the luminescent layer in the display
panel and corrode metals in the cathode material. They not
only reduce luminous efficiency but also form a large
number of black spots due to the deterioration of the
luminescent material, which greatly affects the lifetime of
the OLED device. Therefore, in order to prevent moisture
and oxygen from penetrating into the OLED device, thin-
film encapsulation (TFE) is implemented to protect the
OLED device.

Technical Problem

[0003] As shown in FIG. 1, a back side of current OLED
device, except for polyimide film layers 10 and 30, only
includes film layers such as barrier layer 20 and buffer layer
40 having a thickness of several hundred nanometers. There
are a certain number of pinholes in the nitrogen oxides and
silicon oxides in these layers. Therefore, moisture or oxygen
easily passes through the pinholes or other microstructures
of the nanometer-thick inorganic film layer to the thin film
transistor layer 50 and the OLED device layer 60, thereby
destroying the light-emitting layer material.

[0004] As shown in FIG. 2, a water vapor transmission
rate (WVTR) experiment further proves that the water vapor
transmission rate of a conventional OLED device is 107
number magnitude, which is much higher than 10~° number
magnitude required for water and vapor blocking of the
OLED device.

[0005] Further, considering bendability of a display panel,
and its fragile inorganic film layers such as a barrier layer or
a buffer layer in the vicinity of its substrate layer, which is
subjected to large stress when the display panel is bending,
thereby, it should not be designed too thick. Consequently,
the ability of these inorganic film layers of only a few
hundred nanometers thick to prevent water and oxygen
intrusion is difficult to improve simply by increasing the
thickness of the film layer.

[0006] In addition, in the conventional OLED display
panel, since the properties of its inorganic film layer and
organic film layer are too different, an interface bonding
between the inorganic film layer and the organic film layer
is poor, consequently, a peeling of its film layers often
occurs.

SUMMARY OF INVENTION

[0007] An object of the present invention to provide an
organic light-emitting diode (OLED) display panel which
can improve blocking of moisture and oxygen of an OLED
display panel and can improve a problem of peeling between
its layers. In addition, it also can prevent the OLED display
panel from being cracked due to excessive stress when bent.
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[0008] To achieve the above objective, the present inven-
tion provides an organic light-emitting diode display panel,
including: a composite substrate having a first substrate, a
barrier layer, a plurality of inorganic layers each interlaced
therein with an organic material structure, and a second
substrate interlaced therein with an organic material struc-
ture; a buffer layer disposed on the composite substrate; a
thin film transistor layer disposed on the buffer layer; an
OLED device layer disposed on the thin film transistor layer;
and an encapsulation layer disposed on the OLED device
layer.

[0009] Preferably, the composite substrate includes, from
bottom to top, a first substrate, a barrier layer, a first
inorganic layer interlaced therein with a first organic mate-
rial structure, a second inorganic layer interlaced therein
with a second organic material structure and a third organic
material structure, and a second substrate interlaced therein
with a third organic material structure, wherein an upper half
and lower half of the third organic material structure each
are interlaced in the second substrate and the second inor-
ganic layer, respectively.

[0010] Preferably, the first substrate and the second sub-
strate are composed of polyimide.

[0011] Preferably, the barrier layer is composed of silicon
dioxide.

[0012] Preferably, the barrier layer has a thickness 0f 0.2-1
pm.

[0013] Preferably, the inorganic layer is composed of
silicon nitride.

[0014] Preferably, the inorganic layer is formed by chemi-

cal vapor deposition.

[0015] Preferably, the organic material structure has a
grid-like structure.

[0016] Preferably, the grid-like structure is formed by
photolithography.

[0017] Preferably, the thin film transistor layer is com-
posed of indium tin oxide.

[0018] The invention provides another organic light emit-
ting diode display panel, including: a composite substrate
having a first substrate, a barrier layer, a plurality of inor-
ganic layers each interlaced therein with an organic material
structure, and a second substrate interlaced therein with an
organic material structure, the first substrate and the second
substrate are composed of polyimide, and the barrier layer is
composed of silicon dioxide; a buffer layer disposed on the
composite substrate; a thin film transistor layer disposed on
the buffer layer; an OLED device layer disposed on the thin
film transistor layer; and an encapsulation layer disposed on
the OLED device layer.

[0019] Preferably, the composite substrate includes, from
bottom to top, a first substrate, a barrier layer, a first
inorganic layer interlaced therein with a first organic mate-
rial structure, a second inorganic layer interlaced therein
with a second organic material structure and a third organic
material structure, and a second substrate interlaced therein
with a third organic material structure, wherein an upper half
and lower half of the third organic material structure each
are interlaced in the second substrate and the second inor-
ganic layer, respectively.

[0020] Preferably, the barrier layer has a thickness 0f 0.2-1
pm.
[0021] Preferably, the inorganic layer is composed of

silicon nitride.
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[0022] Preferably, the inorganic layer is formed by chemi-
cal vapor deposition.

[0023] Preferably, the organic material structure has a
grid-like structure.

[0024] Preferably, the grid-like structure is formed by
photolithography.

[0025] Preferably, the thin film transistor layer is com-
posed of indium tin oxide.

[0026] The invention further provides another organic
light-emitting diode display panel, including: a composite
substrate having a first substrate, a barrier layer, a plurality
of inorganic layers each interlaced therein with an organic
material structure, and a second substrate interlaced therein
with an organic material structure, the barrier layer has a
thickness of 0.2-1 um; a buffer layer disposed on the
composite substrate; a thin film transistor layer disposed on
the buffer layer; an OLED device layer disposed on the thin
film transistor layer; and an encapsulation layer disposed on
the OLED device layer; wherein the composite substrate
includes, from bottom to top, a first substrate, a barrier layer,
a first inorganic layer interlaced therein with a first organic
material structure, a second inorganic layer interlaced
therein with a second organic material structure and a third
organic material structure, and a second substrate interlaced
therein with a third organic material structure, wherein an
upper half and lower half of the third organic material
structure each are interlaced in the second substrate and the
second inorganic layer, respectively.

[0027] Preferably, the first organic material structure, the
second organic material structure, and the third organic
material structure each have grid-like structures.

Beneficial Effect

[0028] The inorganic silicon nitride disclosed in the pres-
ent invention has a hollow grid-like structure directly
bonded to the barrier layer 200 which is also composed of
inorganic substances, thereby improving the peeling prob-
lem between layers. Further, the lower half of the second
substrate 500 is simultaneously bonded to the grid-like third
organic material structure 501 and the thickened second
inorganic layer 400 to increase the bonding strength, thereby
effectively reducing a risk of peeling between the layers.
Moreover, the film structure deposited by silicon nitride has
high compactness, low pinhole incidence and very good
water and oxygen blocking properties. Therefore, a com-
posite film layer formed of silicon nitride and organic
material can effectively improve the problem of moisture
and oxygen invading the OLED device. In addition, the film
layer having the grid-like organic structure can transfer
stress of a bending zone to a non-bending zone to reduce the
risk of cracking.

DESCRIPTION OF DRAWINGS

[0029] In order to more clearly illustrate the technical
solutions in the embodiments of the present invention, the
following figures described in the embodiments will be
briefly introduced. It is obvious that the drawings described
below are merely some embodiments of the present inven-
tion, other drawings can also be obtained by the person
ordinary skilled in the field based on these drawings without
doing any creative activity.

[0030] FIG. 1 is a schematic cross-sectional view of a
conventional organic light-emitting diode display panel.
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[0031] FIG. 2 is a result of an experimental analysis of
water vapor transmission rate of a conventional organic
light-emitting diode display panel.

[0032] FIG. 3 is a schematic cross-sectional view showing
an organic light-emitting diode display panel according to an
embodiment of the present invention.

[0033] FIG. 4 is a schematic diagram showing a manu-
facturing process of a composite substrate of an organic
light-emitting diode display panel according to an embodi-
ment of the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0034] The technical solutions in the embodiments of the
present invention will be clearly and completely described in
the following with reference to the accompanying drawings.
It is obvious that the described embodiments are only a part
of the embodiments of the invention, and not all of the
embodiments. All other embodiments obtained by a person
skilled in the art based on the embodiments of the present
invention without creative efforts are within the scope of the
present application.

[0035] The following description of the embodiments is
provided to illustrate the specific embodiments of the inven-
tion. Directional terminology mentioned in the application,
such as “above”, “under”, “front”, “back”, “left”, “right”,
“inside”, “outside”, “side”, etc., are only refer to the direc-
tions of the accompanying drawings. Therefore, the direc-
tional terms are used to illustrate and understand the present
invention rather than limiting the invention.

[0036] As shown in FIG. 3, an OLED display panel of an
embodiment of the present invention includes: a composite
substrate; the composite substrate includes, from bottom to
top: a first substrate 100, a barrier layer 200, a first inorganic
layer 300 interlaced therein with a first organic material
structure 301, a second inorganic layer 400 interlaced
therein with a second organic material structure 401 and a
third organic material structure 501, a second substrate 500
interlaced therein with a third organic material structure 501,
wherein an upper half and lower half of the third organic
material structure 501 each are interlaced in the second
substrate 500 and the second inorganic layer 400, respec-
tively, the first organic material structure 301, the second
organic material structure 401, and the third organic material
structure 501 all have grid-like structures; a buffer layer 600
disposed on the composite substrate; a thin film transistor
layer 700 disposed on the buffer layer 600; an organic
light-emitting diode device layer 800 disposed on the thin
film transistor layer 700; and an encapsulation layer 900
disposed on the organic light-emitting diode device layer
800.

[0037] As showninFIG. 4, a manufacturing process of the
composite substrate of the OLED display panel of the
embodiment of the present invention is as follows: S1, firstly
depositing silicon dioxide (Si0O,) on the first substrate 100
composed of polyimide to form a barrier layer 200 having a
thickness of about 0.3-0.5 um; S2, then coating an organic
material on the barrier layer 200, and exposing with a
photomask to form a first organic material structure 301
having a grid-like structure by steps of subsequent devel-
opment and the like; S3, then depositing silicon nitride on
the barrier layer 200 and the first organic material structure
301 having a grid-like structure by a low-temperature
chemical vapor deposition process until its thickness
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exceeds a height of the first organic material structure 301,
forming a first Inorganic layer 300; S4, then coating an
organic material on the first inorganic layer 300, and expos-
ing with a photomask to form a second organic material
structure 401 having a grid-like structure by steps of sub-
sequent development and the like; S5, then depositing
silicon nitride on the first inorganic layer 300 and the second
organic material structure 401 having a grid-like structure by
a low-temperature chemical vapor deposition process until
its thickness exceeds a height of the second organic material
structure 401, forming a second inorganic layer 400; S6,
then coating the organic material on the second inorganic
layer 400, and exposing with a photomask and by subse-
quent development and the like to form a third organic
material structure 501 having a grid-like structure; S7, and
then depositing silicon nitride on the second inorganic layer
400 and the lower half of the third organic material structure
501 having a grid-like structure by a low-temperature
chemical vapor deposition process to form a thickened
second inorganic layer 400; S8, finally, coating polyimide on
the thickened second inorganic layer 400 and the upper half
of the third organic material structure 501, and forming the
second substrate 500 by baking process or the like.

[0038] The description of the above exemplary embodi-
ments is only for the purpose of understanding the invention.
It is to be understood that the present invention is not limited
to the disclosed exemplary embodiments. It is obvious to
those skilled in the art that the above exemplary embodi-
ments may be modified without departing from the scope
and spirit of the present invention.

What is claimed is:

1. An organic light-emitting diode (OLED) display panel
comprising:

a composite substrate comprising a first substrate, a
barrier layer, a plurality of inorganic layers each inter-
laced therein with an organic material structure, and a
second substrate interlaced therein with an organic
material structure;

a buffer layer disposed on the composite substrate;

a thin film transistor layer disposed on the buffer layer;

an OLED device layer disposed on the thin film transistor
layer; and

an encapsulation layer disposed on the OLED device layer.

2. The OLED display panel according to claim 1, wherein
the composite substrate comprises, from bottom to top, a
first substrate, a barrier layer, a first inorganic layer inter-
laced therein with a first organic material structure, a second
inorganic layer interlaced therein with a second organic
material structure and a third organic material structure, and
a second substrate interlaced therein with a third organic
material structure, wherein an upper half and lower half of
the third organic material structure each are interlaced in the
second substrate and the second inorganic layer, respec-
tively.

3. The OLED display panel according to claim 1, wherein
the first substrate and the second substrate are composed of
polyimide.

4. The OLED display panel according to claim 1, wherein
the barrier layer is composed of silicon dioxide.

5. The OLED display panel according to claim 4, wherein
the barrier layer has a thickness of 0.2-1 pum.

6. The OLED display panel according to claim 1, wherein
the inorganic layer is composed of silicon nitride.
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7. The organic light-emitting diode display panel accord-
ing to claim 1, wherein the inorganic layer is formed by
chemical vapor deposition.

8. The OLED display panel according to claim 1, wherein
the organic material structure has a grid-like structure.

9. The OLED display panel according to claim 8, wherein
the grid-like structure is formed by photolithography.

10. The OLED display panel according to claim 1,
wherein the thin film transistor layer is composed of indium
tin oxide.

11. An organic light-emitting diode (OLED) display panel
comprising:

a composite substrate comprising a first substrate, a
barrier layer, a plurality of inorganic layers each inter-
laced therein with an organic material structure, and a
second substrate interlaced therein with an organic
material structure, wherein the first substrate and the
second substrate are composed of polyimide, and the
barrier layer is composed of silicon dioxide;

a buffer layer disposed on the composite substrate;

a thin film transistor layer disposed on the buffer layer;

an organic light-emitting diode device layer disposed on
the thin film transistor layer; and

an encapsulation layer disposed on the organic light-emit-
ting diode device layer.

12. The OLED display panel according to claim 11,
wherein the composite substrate comprises, from bottom to
top, a first substrate, a barrier layer, a first inorganic layer
interlaced therein with a first organic material structure, a
second inorganic layer interlaced therein with a second
organic material structure and a third organic material struc-
ture, and a second substrate interlaced therein with a third
organic material structure, wherein an upper half and lower
half of the third organic material structure each are inter-
laced in the second substrate and the second inorganic layer,
respectively.

13. The OLED display panel according to claim 11,
wherein the barrier layer has a thickness of 0.2-1 pum.

14. The OLED panel according to claim 11, wherein the
inorganic layer is composed of silicon nitride.

15. The OLED display panel according to claim 11,
wherein the inorganic layer is formed by chemical vapor
deposition.

16. The OLED display panel according to claim 11,
wherein the organic material structure has a grid-like struc-
ture.

17. The OLED display panel according to claim 16,
wherein the grid-like structure is formed by photolithogra-
phy.

18. The OLED display panel according to claim 11,
wherein the thin film transistor layer is composed of indium
tin oxide.

19. An organic light-emitting diode (OLED) display panel
comprising:

a composite substrate comprising a first substrate, a
barrier layer, a plurality of inorganic layers each inter-
laced therein with an organic material structure, and a
second substrate interlaced therein with an organic
material structure, the barrier layer has a thickness of
0.2-1 pm;

a buffer layer disposed on the composite substrate;

a thin film transistor layer disposed on the buffer layer;
an organic light-emitting diode device layer disposed on the
thin film transistor layer; and
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an encapsulation layer disposed on the organic light-emit-
ting diode device layer;

wherein the composite substrate comprises, from bottom

to top, a first substrate, a barrier layer, a first inorganic
layer interlaced therein with a first organic material
structure, a second inorganic layer interlaced therein
with a second organic material structure and a third
organic material structure, and a second substrate inter-
laced therein with a third organic material structure,
wherein an upper half and lower half of the third
organic material structure each are interlaced in the
second substrate and the second inorganic layer,
respectively.

20. The OLED panel according to claim 19, wherein the
first organic material structure, the second organic material
structure, and the third organic material structure each have
a grid-like structure.



