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OLED DISPLAY DEVICE
BACKGROUND OF INVENTION

1. Field of Invention

[0001] The present invention relates to a field of display,
and more particularly to an organic light emitting diode
(OLED) display device.

2. Related Art

[0002] Organic light emitting diode (OLED) devices are
widely used in the field of mobile phone screen or computer
display because of the advantages of being self-luminous,
quick response, low driving voltage, high resolution, rich
colors, and high light emitting efficiency.

[0003] The major problem about development of OLED
devices is that the lifespan of the OLED devices is too short,
because an electrode layer and a light emitting layer for
constituting the OLED devices are very sensitive to moisture
and oxygen in the air. In the event that the electrode layer
and the light emitting layer are eroded by moisture or
oxygen, performance of the OLED devices is adversely
affected. Current thin-film encapsulation is generally con-
figured with a sandwich structure, multi-organic layers and
multi-inorganic layers laminated with each other, taking
advantages of blocking properties of the inorganic layers
and stress-resistant properties of the organic layers for
encapsulation. As a result, a barrier layer is necessitated to
limit a film forming range of an organic layer formed by ink
jet printing, so as to allow the inorganic layer to completely
cover the organic layer, thereby preventing moisture or
oxygen from entering an OLED device through the organic
layer having poor blocking properties. However, due to
liquid properties of an organic ink material, a risk exists that
an organic material may overflow a barrier layer to exceed
coverage of an inorganic layer, whereby permeation of
moisture or oxygen from the outside along the overextended
organic layer in the OLED device may happen, resulting in
a failure of the OLED device.

[0004] Regarding current OLED display devices, a too
large amount of ink jet is applied through an ink jet printing
technique for preparing an organic layer during a process of
thin-film encapsulation. As a result, organic ink is diffused
to overflow a barrier layer, causing portions of the organic
ink at an inside and outside of the barrier layer to commu-
nicate with each other, and thus the organic layer exceeds
coverage of the inorganic layer. This further brings about
permeation of moisture or oxygen from the outside into the
OLED display devices, resulting in ineffectiveness of the
OLED display devices.

SUMMARY OF INVENTION

[0005] Accordingly, an object of the present invention is to
provide an organic light emitting diode (OLED) display
device capable of separating an organic layer at an inside of
a barrier layer from an overflowing portion of the organic
layer to over technical problems of current OLED display
devices that an amount of ink jet is too much causing an
organic ink to be diffused over a barrier layer, and the
organic ink at an inside and outside of the barrier layer to be
interconnected, and thus an organic layer is formed in excess
of coverage of an inorganic layer, further bringing about
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permeation of moisture or oxygen from the outside and
resulting in ineffectiveness of the OLED display devices.
[0006] To achieve the above-mentioned object, the OLED
display device of the present invention includes a flexible
substrate; a thin-film transistor (TFT) layer disposed on the
flexible substrate; an OLED light emitting layer disposed on
the TFT layer; a barrier layer disposed on the TFT layer; and
an encapsulation layer covering the barrier layer, and a
portion of the encapsulation layer located at an outside of the
barrier layer comprising a first inorganic layer and a second
inorganic layer; wherein a protection layer is disposed on a
portion of the first inorganic layer over a surface of the
barrier layer, the protection layer completely covers the
barrier layer, and the protection layer has a hydrophobicity
greater than a hydrophobicity of the first inorganic layer.
[0007] Inthe OLED display device in accordance with the
embodiment of the present invention, the protection layer is
made of monocrystalline silicon.

[0008] Inthe OLED display device in accordance with the
embodiment of the present invention, the second inorganic
layer is made of a material same as that of the first inorganic
layer.

[0009] Inthe OLED display device in accordance with the
embodiment of the present invention, a portion of the
encapsulation layer located at an inside of the barrier layer
comprises the first inorganic layer, an organic layer, and the
second inorganic layer.

[0010] Inthe OLED display device in accordance with the
embodiment of the present invention, the organic layer has
a thickness greater than that of the first inorganic layer, and
the second inorganic layer has a thickness same as that of the
first inorganic layer.

[0011] Inthe OLED display device in accordance with the
embodiment of the present invention, the barrier layer has a
thickness less than that of the organic layer, and the thick-
ness of the barrier layer is greater than that of the first
inorganic layer.

[0012] Inthe OLED display device in accordance with the
embodiment of the present invention, the organic layer is
formed on the first inorganic layer through an ink jet printing
process.

[0013] Inthe OLED display device in accordance with the
embodiment of the present invention, the ink jet printing
process is performed with an organic ink consisting of acid
ester organic matter, acid organic matter, and photopolymer-
ization initiator.

[0014] The present invention further provides an organic
light emitting diode (OLED) display device, including flex-
ible substrate; a thin-film transistor (TFT) layer disposed on
the flexible substrate; an OLED light emitting layer disposed
on the TFT layer; a barrier layer disposed on the TFT layer;
and an encapsulation layer covering the barrier layer, and a
portion of the encapsulation layer located at an outside of the
barrier layer comprising a first inorganic layer and a second
inorganic layer; wherein a protection layer is disposed on a
portion of the first inorganic layer over a surface of the
barrier layer, the protection layer completely covers the
barrier layer, and the protection layer completely covers the
barrier layer.

[0015] Inthe OLED display device in accordance with the
embodiment of the present invention, the protection layer is
made of monocrystalline silicon.

[0016] Inthe OLED display device in accordance with the
embodiment of the present invention, the first inorganic
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layer is made of one or a combination of at least two of
silicon nitride, silicon dioxide, aluminum oxide, titanium
dioxide, and zirconium dioxide.

[0017] Inthe OLED display device in accordance with the
embodiment of the present invention, the second inorganic
layer is made of a material same as that of the first inorganic
layer.

[0018] Inthe OLED display device in accordance with the
embodiment of the present invention, a portion of the
encapsulation layer located at an inside of the barrier layer
comprises the first inorganic layer, an organic layer, and the
second inorganic layer.

[0019] Inthe OLED display device in accordance with the
embodiment of the present invention, the organic layer has
a thickness greater than that of the first inorganic layer, and
the second inorganic layer has a thickness same as that of the
first inorganic layer.

[0020] Inthe OLED display device in accordance with the
embodiment of the present invention, the barrier layer has a
thickness less than that of the organic layer, and the thick-
ness of the barrier layer is greater than that of the first
inorganic layer.

[0021] Inthe OLED display device in accordance with the
embodiment of the present invention, the organic layer is
formed on the first inorganic layer through an ink jet printing
process.

[0022] Inthe OLED display device in accordance with the
embodiment of the present invention, the ink jet printing
process is performed with an organic ink consisting of acid
ester organic matter, acid organic matter, and photopolymer-
ization initiator.

[0023] The present invention has advantages as follows:
the OLED display device of the present invention is added
with the protection layer on encapsulation organic layer and
the barrier layer to separate the organic layer at the inside of
the barrier layer from the organic layer formed in excess of
the barrier layer, thereby to effectively prevent the external
moisture or oxygen from entering the OLED display device
through an overflowing portion of the organic layer, and to
reduce the risk that internal components of the OLED
display device may oxidize, thereby further increasing a
lifespan of the OLED display device.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a schematic view showing a conventional
organic light emitting diode (OLED) display device,
wherein an encapsulation organic layer overextends.
[0025] FIG. 2 is a schematic structure view of an organic
light emitting diode (OLED) display device of the present
invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0026] The following embodiments are referring to the
accompanying drawings for exemplifying specific imple-
mentable embodiments of the present disclosure. Further-
more, directional terms described by the present disclosure,
such as upper, lower, front, back, left, right, inner, outer,
side, etc., are only directions by referring to the accompa-
nying drawings, and thus the used directional terms are used
to describe and understand the present disclosure, but the
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present disclosure is not limited thereto. In the drawings,
elements with similar structures are labeled with like refer-
ence numerals.

[0027] The present invention is directed to address draw-
backs of current organic light emitting diode (OLED)
devices that an amount of ink jet is too much causing an
organic ink to be diffused over a barrier layer, and the
organic ink at an inside and outside of the barrier layer to be
interconnected, and thus an organic layer is formed in excess
of coverage of an inorganic layer, further bringing about
permeation of moisture or oxygen from the outside and
resulting in ineffectiveness of the OLED display devices.
[0028] FIG. 11is a schematic view showing a conventional
OLED display device, wherein an encapsulation organic
layer overextends. The conventional OLED display device
has a flexible substrate 10, a thin-film transistor (TFT) layer
20 formed on the flexible substrate 10, an OLED light
emitting layer 30 formed on the TFT layer 20, and a barrier
layer 40 and an encapsulation layer 50 disposed on the TFT
layer 20. The encapsulation layer 50 has a first inorganic
layer 51, an organic layer 52, and a second inorganic layer
53 laminated with each other.

[0029] In preparing the encapsulation layer 50, due to
sealing properties of the first inorganic layer 51 and the
second inorganic layer 53, and stress-resistant properties of
the organic layer 52, the barrier layer 40 is necessitated to
limit a film forming range of the organic layer 52, so as to
allow the second inorganic layer 53 to completely cover the
organic layer 52, thereby preventing moisture or oxygen
from entering the OLED display device through the organic
layer 52 having poor blocking properties.

[0030] When the organic ink for preparing the organic
layer 52 is applied too much or fast, the organic ink
overflows the barrier layer 40. Due to surface tension, the
organic ink at the inside and outside of the barrier layer 40
cohere, and therefore the organic layer 52 extends over
coverage of the first inorganic layer 51, causing external
moisture or oxygen to permeate through the organic 52,
whereby rendering the OLED display device ineffective.
[0031] FIG. 2 is a schematic structure view of an OLED
display device of the present invention. The OLED display
device of the present invention includes a flexible substrate
10, a TFT layer 20 disposed on the flexible substrate 10, an
OLED light emitting layer 30 disposed on the TFT layer 20,
and a barrier layer 40 and an encapsulation layer 50 disposed
on the TFT layer 20.

[0032] The encapsulation layer 50 covers the barrier layer
40. A portion of the encapsulation layer 50 located at an
outside of the barrier layer 40 includes a first inorganic layer
51 and a second inorganic layer 53. A protection layer 60 is
disposed on a portion of the first inorganic layer 51 over a
surface of the barrier layer 40, and the protection layer 60
completely covers the barrier layer 40. A portion of the
encapsulation layer 50 located at an inside of the barrier
layer 40 includes the first inorganic layer 51, an organic
layer 52, and the second inorganic layer 53.

[0033] A method of manufacturing the OLED display
device of the present invention is stated below.

[0034] First, provide a clean glass substrate, forming the
flexible substrate 10 on a surface of the glass substrate. The
flexible substrate 10 is made of polyimide, and is a wear-
resistant transparent plastic film. Then, form, by utilizing a
photolithography process, the TFT layer 20 on the flexible
substrate 10, and the TFT layer 20 is an inorganic layer.
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Next, form, by utilizing vacuum evaporation, the OLED
light emitting layer 30 on the TFT layer 20. The OLED light
emitting layer 30 includes a blue sub-pixel light emitting
layer, a green sub-pixel light emitting layer, and a red
sub-pixel light emitting layer. Next, form the barrier layer 40
on a surface of the TFT layer 20.

[0035] Next, form the first inorganic layer 51 on the
OLED light emitting layer 30, wherein the first inorganic
layer 51 covers the barrier layer 40. The first inorganic layer
51 is made of one or a combination of at least two of silicon
nitride, silicon dioxide, aluminum oxide, titanium dioxide,
and zirconium dioxide. The first inorganic layer 51 is a
hydrophilic film and preferably has a thickness of 0.1-2
micrometers, for example, 1 micrometer. The first inorganic
layer 51 is preferably made by a plasma enhanced chemical
vapor deposition method or an atomic layer deposition
method, wherein the plasma enhanced chemical vapor depo-
sition method is used for ionizing gas containing film
composition atoms by means of microwave or radio fre-
quency to form plasma at partial portions. Plasma chemical
activity is strong and thus is easy to react, so that a desired
film can be deposited on a substrate. The atomic layer
deposition method is a method for plating a substance on a
surface of the substrate with a single atomic film laminated
one by one.

[0036] After the first inorganic layer 51 is deposited on the
surface of the OLED light emitting layer 30, the protection
layer 60 is then disposed on a portion of the first inorganic
layer 51 over a surface of the barrier layer 40, and the
protection layer 60 completely covers the barrier layer 40.
The protection layer 60 has a hydrophobicity greater than a
hydrophobicity of the first inorganic layer 51, and the
protection layer 60 is made of monocrystalline silicon.
[0037] The organic layer 52 is deposited on the surface of
the first inorganic layer 51. A side wall of the organic layer
52 located at a junction of a display area and a non-display
area is blocked by the barrier layer 40. The barrier layer 40
limits an extended area of the organic layer 52.

[0038] The organic layer 52 is formed on the first inor-
ganic layer 51 through an ink jet printing process. The ink
jet printing process is performed with an organic ink con-
sisting of acid ester organic matter, acid organic matter, and
photopolymerization initiator. The organic layer 52 has a
thickness greater than that of the first inorganic layer 51,
preferably is 1-10 micrometers, and, for example, is five
micrometers.

[0039] The barrier layer 40 has a thickness less than that
of the organic layer 52, and the thickness of the barrier layer
40 is greater than that of the first inorganic layer 51. The
thickness of the barrier layer 40 preferably is three microm-
eters.

[0040] After the organic layer 52 is deposited on the first
inorganic layer 51, the second inorganic layer 53 is depos-
ited on the organic layer 52. A portion of the second
inorganic layer 53 is located over the barrier layer 40 and
covers the protection layer 60.

[0041] The second inorganic layer 53 is made of a material
same as that of the first inorganic layer 51, and has a
thickness same as the thickness of the first inorganic layer
51. The thickness of the second inorganic layer 53 preferably
is 0.1-2 micrometers, and, for example, is one micrometer,
and the second inorganic layer 53 is made by the plasma
enhanced chemical vapor deposition method or the atomic
layer deposition method. A portion of the second inorganic
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layer 53 located at an inside of the barrier layer 40 directly
covers the organic layer 52. A portion of the second inor-
ganic layer 53 located at an outside of the barrier layer 40
covers the protection layer 60 and the first inorganic layer
51, wherein the second inorganic layer 53 is directly con-
nected with the first inorganic layer 51 at a surrounding area,
such that the organic layer 52 is sealed by the first and
second inorganic layers 51 and 53, thereby to prevent
moisture or oxygen from entering the organic layer 52 from
the surrounding area.

[0042] The present invention utilizes the protection layer
60 disposed over the barrier layer 40 to prevent external
moisture or oxygen from entering the OLED display device
through an overflowing portion of the organic layer 52.
Because of the hydrophobicity of the protection layer 60,
when the organic ink is diffused to overflow the barrier layer
40, the protection layer 60 is utilized to enable the portions
of the organic ink at the inside and outside of the barrier
layer 40 to cohere, respectively, whereby they are discon-
nected from each other. At the same time, due to the great
hydrophobicity, the protection layer 60 itself is not likely to
function as a channel for the moisture or oxygen erosion.
[0043] The present invention has advantages as follows:
the OLED display device of the present invention is added
with the protection layer on encapsulation organic layer and
the barrier layer to separate the organic layer at the inside of
the barrier layer from the organic layer formed beyond the
barrier layer, thereby to effectively prevent the external
moisture or oxygen from entering the OLED display device
through an overflowing portion of the organic layer, and to
reduce the risk that internal components of the OLED
display device may oxidize, thereby further increasing a
lifespan of the OLED display device.

[0044] It is understood that the invention may be embod-
ied in other forms within the scope of the claims Thus the
present examples and embodiments are to be considered in
all respects as illustrative, and not restrictive, of the inven-
tion defined by the claims.

What is claimed is:

1. An organic light emitting diode (OLED) display device,
comprising:

a flexible substrate;

a thin-film transistor (TFT) layer disposed on the flexible

substrate;

an OLED light emitting layer disposed on the TFT layer;

a barrier layer disposed on the TFT layer; and

an encapsulation layer covering the barrier layer, and a

portion of the encapsulation layer located at an outside
of the barrier layer comprising a first inorganic layer
and a second inorganic layer;

wherein a protection layer is disposed on a portion of the

first inorganic layer over a surface of the barrier layer,
the protection layer completely covers the barrier layer,
and the protection layer has a hydrophobicity greater
than a hydrophobicity of the first inorganic layer.

2. The OLED display device of claim 1, wherein the
protection layer is made of monocrystalline silicon.

3. The OLED display device of claim 1, wherein the first
inorganic layer is made of one or a combination of at least
two of silicon nitride, silicon dioxide, aluminum oxide,
titanium dioxide, and zirconium dioxide.

4. The OLED display device of claim 3, wherein the
second inorganic layer is made of a material same as that of
the first inorganic layer.
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5. The OLED display device of claim 1, wherein a portion
of the encapsulation layer located at an inside of the barrier
layer comprises the first inorganic layer, an organic layer,
and the second inorganic layer.

6. The OLED display device of claim 5, wherein the
organic layer has a thickness greater than that of the first
inorganic layer, and the second inorganic layer has a thick-
ness same as that of the first inorganic layer.

7. The OLED display device of claim 5, wherein the
barrier layer has a thickness less than that of the organic
layer, and the thickness of the barrier layer is greater than
that of the first inorganic layer.

8. The OLED display device of claim 5, wherein the
organic layer is formed on the first inorganic layer through
an ink jet printing process.

9. The OLED display device of claim 8, wherein the ink
jet printing process is performed with an organic ink con-
sisting of acid ester organic matter, acid organic matter, and
photopolymerization initiator.

10. An organic light emitting diode (OLED) display
device, comprising:

a flexible substrate;

a thin-film transistor (TFT) layer disposed on the flexible

substrate;

an OLED light emitting layer disposed on the TFT layer;

a barrier layer disposed on the TFT layer; and

an encapsulation layer covering the barrier layer, and a

portion of the encapsulation layer located at an outside
of the barrier layer comprising a first inorganic layer
and a second inorganic layer;

wherein a protection layer is disposed on a portion of the

first inorganic layer over a surface of the barrier layer,
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the protection layer completely covers the barrier layer,
and the protection layer completely covers the barrier
layer.

11. The OLED display device of claim 10, wherein the
protection layer is made of monocrystalline silicon.

12. The OLED display device of claim 10, wherein the
first inorganic layer is made of one or a combination of at
least two of silicon nitride, silicon dioxide, aluminum oxide,
titanium dioxide, and zirconium dioxide.

13. The OLED display device of claim 12, wherein the
second inorganic layer is made of a material same as that of
the first inorganic layer.

14. The OLED display device of claim 10, wherein a
portion of the encapsulation layer located at an inside of the
barrier layer comprises the first inorganic layer, an organic
layer, and the second inorganic layer.

15. The OLED display device of claim 14, wherein the
organic layer has a thickness greater than that of the first
inorganic layer, and the second inorganic layer has a thick-
ness same as that of the first inorganic layer.

16. The OLED display device of claim 14, wherein the
barrier layer has a thickness less than that of the organic
layer, and the thickness of the barrier layer is greater than
that of the first inorganic layer.

17. The OLED display device of claim 14, wherein the
organic layer is formed on the first inorganic layer through
an ink jet printing process.

18. The OLED display device of claim 17, wherein the ink
jet printing process is performed with an organic ink con-
sisting of acid ester organic matter, acid organic matter, and
photopolymerization initiator.
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