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(57) ABSTRACT

An organic light emitting display apparatus is disclosed. The
display apparatus includes a substrate, an organic light emit-
ting unit on the substrate, and a film encapsulation layer on
the organic light emitting unit. The film encapsulation layer
includes a hydrophobic organic layer disposed at an outer-
most portion of the film encapsulation layer.
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS ENCAPSULATED WITH
HYDROPHOBIC ORGANIC FILM AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
Chinese Patent Application No, 201310697551.3, filed with
the Chinese Patent Office on Dec. 18, 2013 and entitled
“ORGANIC LIGHT EMITTING DISPLAY APPARATUS
ENCAPSULATED WITH HYDROPHOBIC ORGANIC
FILM AND MANUFACTURING METHOD THEREOF”,
the content of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of organic light emitting display, and particularly to an
organic light emitting display apparatus encapsulated with a
hydrophobic organic film, a manufacturing method thereof,
and a hydrophobic organic composite material.

BACKGROUND OF THE INVENTION

[0003] Since an organic light emitting display generally
known as an OLED display is self-luminescent, the OLED
display has a lower power consumption, a higher brightness
and a higher response speed as compared with the conven-
tional liquid crystal display. Thus, the OLED display is stud-
ied as a main research object in the field of the display.
[0004] The OLED display includes an organic light emit-
ting layer having a light emitting function, which is very
sensitive to external environmental factors such as moisture
and oxygen. Thus, ifan OLED display stand is exposed to the
environment with the moisture or oxygen, the performances
of the devices in the OLED display may be significantly
deteriorated or be completely damaged. In order to improve a
service life of the OLED and a stability of the device, a sealing
process must be adopted to encapsulate the device. For
example, in an existing organic light emitting diode (OLED)
display, an encapsulation structure with multiple blocking
layers is configured to isolate the display from moisture and
oxygen. However, in the conventional technology, the block-
ing layer is generally made from an inorganic material, which
results in some problems. For example, since each of the film
layers is made from an inorganic material, the deposited film
has a large internal stress, and the produce has a low reliabil-
ity. The produce, generated by depositing the inorganic mate-
rials, has unavoidable defects such as micro cracks and impu-
rity doping, which may result in an adverse effect for the
encapsulation.

BRIEF SUMMARY OF THE INVENTION

[0005] One inventive aspect is an organic light emitting
display apparatus. The display apparatus includes a substrate,
an organic light emitting unit on the substrate, and a film
encapsulation layer on the organic light emitting unit. The
film encapsulation layer includes a hydrophobic organic layer
disposed at an outermost portion of the film encapsulation
layer.

[0006] Another inventive aspect is a method for manufac-
turing an organic light emitting display apparatus. The
method includes providing a substrate, forming an organic
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light emitting unit on the substrate, and forming a film encap-
sulation layer covering the organic light emitting unit. Form-
ing the film encapsulation layer includes forming at least a
hydrophobic organic layer covering the organic light emitting
unit with a plasma enhanced chemical vapor deposition
method. In addition, the film encapsulation layer includes the
hydrophobic organic layer, and the hydrophobic organic layer
is disposed at an outermost portion of the film encapsulation
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In order to more clearly explain the technical solu-
tions according to the embodiments of the present disclosure,
the accompanying drawings used in the description of the
embodiments will be briefly described below. It is obvious
that the accompanying drawings in the following description
are only some embodiments of the present disclosure. For
those skilled in the art, other accompanying drawings may be
obtained according to these accompanying drawings without
any creative work.

[0008] FIG. 1 is a schematic diagram of an organic light
emitting display apparatus according to a first embodiment;
[0009] FIG. 2 is a schematic diagram of an organic light
emitting display apparatus according to a second embodi-
ment;

[0010] FIG. 3 is a schematic diagram of another organic
light emitting display apparatus according to the second
embodiment;

[0011] FIG. 4is a schematic diagram of yet another organic
light emitting display apparatus according to the second
embodiment;

[0012] FIG. 5 is a schematic diagram of an organic light
emitting display apparatus according to a third embodiment;
[0013] FIG. 6isaschematic diagram of a method for manu-
facturing an organic light emitting display apparatus accord-
ing to a fourth embodiment;

[0014] FIG. 7a to FIG. 7d are flowcharts of a method for
manufacturing an organic light emitting display apparatus
according to the fourth embodiment; and

[0015] FIG. 8 is a principle diagram of forming a liquid
droplet on a solid surface by gas.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0016] The technical solutions according to the embodi-
ment of the present disclosure will be described clearly and
thoroughly below in conjunction with the accompanying
drawings. It is obvious that the embodiments described are
only apart of and not all of the embodiments according to the
present disclosure. All the other embodiments obtained by
those skilled in the art based on the embodiments in the
present disclosure without any creative work belong to the
protection scope of the present disclosure.

[0017] Inorderto more clearly illustrate the present disclo-
sure, the components not mentioned in the description is
omitted in the accompanying drawings, and the same refer-
ence indicates similar elements throughout the whole
description.

[0018] In addition, sizes and thicknesses of the structural
assemblies are shown randomly for convenience of illustrat-
ing, the present disclosure is not limited thereto.

[0019] Inthe accompanying drawings, the thicknesses of a
layer, a film, a panel, and a region are enlarged for clarity. It
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should be understood that when an element such as a layer, a
film, aregion or substrate is referred to as being “on” the other
element, it can be directly on the other element or an inter-
vening element may also be presented. In contrast, when an
element is referred to as “directly on” the other element, there
is no an intervening element.

[0020] An organic light emitting display apparatus encap-
sulated with a hydrophobic organic film, a manufacturing
method thereof, and a hydrophobic organic composite mate-
rial are provided according to the disclosure. The organic
light emitting display apparatus includes: a substrate, an
organic light emitting unit formed on the substrate; and a film
encapsulation layer formed on the organic light emitting unit,
wherein the film encapsulation layer includes at least a hydro-
phobic organic layer disposed at an outermost structure of the
film encapsulation layer. Thus, when the moisture enters the
OLED, the hydrophobic organic layer, as a first line of
defense, may block moisture effectively, by which the OLED
is prevented from immersing. Furthermore, the hydrophobic
organic layer may eliminate the stress generated by an inor-
ganic blocking layer to minimize the stress of the overall film
encapsulation layer.

[0021] Inthe present disclosure, the plasma is polymerized
to form a hydrophobic organic layer in plasma enhanced
chemical vapor deposition (PECVD) method by using fluori-
nated silane and silane as a precursor. The hydrophobic
organic layer may include different components due to dif-
ferent process conditions. Therefore, the nature of the hydro-
phobic organic layer may be easily adjusted as required. In
addition, the hydrophobic organic layer includes chemical
bonds of C—F, Si—C, Si—0O—Si, C—H, and the like.
[0022] As shown in FIG. 1, an organic light emitting dis-
play apparatus 10 encapsulated with a hydrophobic organic
film is provided according to a first embodiment of the present
disclosure, which includes: a substrate 1, an organic light
emitting unit 2; and a film encapsulation layer. The film
encapsulation layer includes at least a hydrophobic organic
layer 3.

[0023] The organic light emitting unit 2 is formed on the
substrate 1; and the film encapsulation layer is formed on the
organic light emitting unit 2. The film encapsulation layer
includes at least the hydrophobic organic layer 3 disposed at
the outermost structure of the film encapsulation layer.
[0024] A contact angle between the hydrophobic organic
layer 3 and the moisture is 90° to 170°, and more preferably
is 110° to 160°.

[0025] FIG. 8 is a principle diagram of forming a liquid-
droplet on a solid surface by gas, in which the following
equation is satisfied.

Vsg=VsrHV1g €08 6,

[0026] where0_is anangle where an interface of liquid and
vapor meets a solid surface, which is generally known as a
contact angle;

[0027] r,, is a solid-vapor interfacial energy; r.; is a solid-
liquid interfacial energy; and 1,, is a liquid-vapor interfacial
energy.

[0028] When the contact angle 0_ of the moisture(e.g.
water) and a surface of a certain material is greater than 90°,
the surface of the material would not be wetted by the mois-
ture, i.e., this material is ahydrophobic material. Therefore, in
order to prevent the organic light emitting unit 2 from being
wetted by moisture and the like, at least the hydrophobic
organic layer 3 may be disposed at the outermost of the film
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encapsulation layer. Since the contact angle between the
hydrophobic organic layer 3 and the moisture is 90° to 170°,
which is greater than 90°, the hydrophobic organic layer has
a good impermeability. Therefore, the hydrophobic organic
layer 3 may prevent moisture from penetrating rapidly into
the organic light emitting display device 10, a lag time of
moisture penetrating is increased and thus the service life of
the devices such as the organic light emitting element 2 is
lengthened.

[0029] The hydrophobic organic layer 3 may be a fluori-
nated hybrid polymer organic film having a good hydropho-
bicity, which is manufactured in plasma enhanced chemical
vapor deposition method by using fluorinated silane and
silane with hydrophobicity as a precursor. Preferably, the
fluorinated hybrid polymer organic film is manufactured by
selecting heptadecafluorodecyl trimethoxysilane (FAS-17)
and tetramethoxysilane (TMS) as a precursor. The manufac-
tured fluorinated hybrid polymer organic film includes, in
atomic percent, 10 at % to 50 at % of fluorine atom F, 1 at %
to 30 at % of silicon atom Si, 1 at % to 30 at % of oxygen atom
0, and 15 at % to 50 at % of carbon atom C.

[0030] In addition, the fluorinated hybrid polymer organic
film contains chemical bonds of C—F, Si—C, Si—0—Si,
C—H, and the like, which makes it having a good hydropho-
bicity.

[0031] As shown in FIG. 2, an organic light emitting dis-
play apparatus 10 encapsulated with a hydrophobic organic
film is provided according to a second embodiment of the
present disclosure. The second embodiment differs from the
first embodiment in that the film encapsulation layer further
includes an inorganic blocking layer 4. Other structures in the
second embodiment are basically the same as that disclosed
according to the first embodiment, which will not be
described herein.

[0032] Specifically, the film encapsulation layer further
includes an inorganic blocking layer 4 located between the
organic light emitting unit 2. and the hydrophobic organic
layer 3. The hydrophobic organic layer 3 is disposed at the
outermost structure of the film encapsulation layer,

[0033] The inorganic blocking layer 4 is formed in atomic
layer deposition (ALD) method, plasma enhanced chemical
vapor deposition (PECVD) method or physical vapor depo-
sition (PVD) method. Generally, the inorganic blocking layer
4 is optionally made from one or more of a metal oxide, a
metal nitride, a silicon oxide or a silicon nitride, such as,
Al,O;, TiO,, 710, SiO,, MON;, AN, SiON, ZnO, ZnS, MgO
or MgS.

[0034] The hydrophobic organic layer 3 has a thickness in
a range of 500 nm to 3000 nm. The inorganic blocking layer
4 has a thickness in a range of 300 nm to 1000 nm. The
thickness of the hydrophobic organic layer 3 is larger than the
thickness of the inorganic blocking layer 4, and thus the
hydrophobic organic layer 3 may eliminate the stress gener-
ated by an inorganic blocking layer 4. The stress is a disad-
vantage to the organic light emitting unit. in general, the
thicker the thickness of the hydrophobic organic layer 3 and
the inorganic blocking layer 4 is, the better the impermeabil-
ity is. However, in practice, it is necessary to consider an
effect of a thickness of the whole film encapsulation layer on
the lighting and thinning of the organic light emitting display
device and other process factors. Thus, above thickness range
is generally selected.

[0035] In the film encapsulation layer according to the
embodiment, the hydrophobic organic layer 3 is disposed at
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the outermost structure of the film encapsulation layer, and
the inorganic blocking layer 4 is located between the organic
light emitting unit 2 and the hydrophobic organic layer 3. Due
to the presence of the inorganic blocking layer 4, as compared
with the case that only the single hydrophobic organic layer 3
is used in the film encapsulation layer, a curved path along
which the moisture immerges is provided, and thus the lag
time is further increased and the impermeability is improved,
In this case, the moisture permeability of the film encapsula-
tion layer is smaller than 107° g/m*/day. In addition, the
hydrophobic organic layer 3 may further eliminate the
residual rigid stress, which is caused by the inorganic block-
ing layer 4 in a certain extent and result in an adverse effect on
the organic light emitting unit 2.

[0036] Of course, a specific structure of the film encapsu-
lation layer may also be further optimized. Specifically, the
film encapsulation layer is formed by periodically and alter-
nately overlapping the hydrophobic organic layer 3 and the
inorganic blocking layer 4, and disposing the hydrophobic
organic layer 3 at the outermost structure of the film encap-
sulation layer. The number of layers, each of which includes
one hydrophobic organic layer 3 and one inorganic blocking
layer 4 which are overlapped, is N, where 1<N<10, and N is
apositive integer, more preferably, I<N<5,and N is apositive
integer. The film encapsulation layer has a thickness in a
range of 0.5 pm to 10 pm. The thickness of the film encapsu-
lation layer may depend on the number of layers, each of
which includes one hydrophobic organic layer 3 and one
inorganic blocking layer 4 which are overlapped. However,
the above thickness of the film encapsulation layer is prefer-
able in the term of the whole structure of an organic light
emitting device.

[0037] Asshown in FIG. 3 and FIG. 4, a film encapsulation
layer of an organic light emitting display apparatus 10 shown
in F1G. 3 differs from that of above described organic light
emitting display apparatus shown in FIG. 2 in that: the hydro-
phobic organic layer 3 and the inorganic blocking layer 4 are
periodically and alternately overlapped two times, and the
hydrophobic organic layer 3 is disposed at the outermost
structure of the film encapsulation layer.

[0038] A film encapsulation layer of an organic light emit-
ting display apparatus 10 shown in FIG. 4 differs from that of
above described organic light emitting display apparatus
shown in FIG. 2 in that: the hydrophobic organic layer 3 and
the inorganic blocking layer 4 are periodically and alternately
overlapped three times, and the hydrophobic organic layer 3
is disposed at the outermost structure of the film encapsula-
tion layer.

[0039] The film encapsulation layer may be formed by
periodically and alternately overlapping the hydrophobic
organic layer 3 and the inorganic blocking layer 4. Thus, the
curved path along which the moisture immerges is increased,
the lag time is further increased, and thus the impermeability
of the whole film encapsulation layer is improved. In addi-
tion, as shown in

[0040] FIG.3 and FIG. 4, the inorganic blocking layer 4 is
generally sandwiched between two hydrophobic organic lay-
ers 3, and the thickness of the inorganic blocking layer 4 is
smaller than the thickness of the hydrophobic organic layer 3.
Therefore the stress generated by depositing the inorganic
blocking layer 4 may be eliminated.

[0041] The number of layers, each of which includes one
hydrophobic organic layer 3 and one inorganic blocking layer
4 which are alternately overlapped, may be adjusted as
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required, which will not be described herein and is not shown
in the accompanying drawings. The present disclosure is not
limited to the above embodiments.

[0042] As shown in FIG. 5, an organic light emitting dis-
play apparatus 10 encapsulated with a hydrophobic organic
film is provided according to a third embodiment of the
present disclosure, which has a structure similar with the
structure disclosed according to the first embodiment, which
will not be described herein.

[0043] Specifically, the third embodiment differs from the
second embodiment in that: the film encapsulation layer
includes multiple hydrophobic organic layers 3. One of the
hydrophobic organic layers 3 may be disposed at the outer-
most structure of the film encapsulation layer. Another hydro-
phobic organic layer 3 may be disposed at the innermost
structure of the film encapsulation layer, i.e., the organic light
emitting unit 2 may be directly covered by the hydrophobic
organic layer 3, as shown in FIG. 5.

[0044] The film encapsulation layer may be formed by
periodically and alternately overlapping the hydrophobic
organic layers 3 and the inorganic blocking layer 4. One of
hydrophobic organic layers 3 may be disposed at the outer-
most structure of the film encapsulation layer, and another
hydrophobic organic layer 3 may be disposed at the innermost
structure of the film encapsulation layer. The number of lay-
ers, each of which includes one hydrophobic organic layer 3
and one inorganic blocking layer 4 which are alternately
overlapped, is N, where 1=N=<10, and N is a positive integer;
more preferably 1<N<5, and N is a positive integer. The film
encapsulation layer has a thickness in a range of 0.5 pm to 10

pm.
[0045] The number of layers, each of which includes one
hydrophobic organic layer 3 and one inorganic blocking layer
4 which are alternately overlapped, may be adjusted as
required, which will not be described herein and is not shown
in the accompanying drawings. The present disclosure is not
limited to the above embodiments.

[0046] Asshown inFIG. 6 and FIGS. 7a to 7d, based on the
first, second and third embodiments, a fourth embodiment of
the present disclosure discloses a method for manufacturing
an organic light emitting display apparatus. The method
includes the following Step S1 to Step S3.

[0047] In Step S1, a substrate 1 is provided and an organic
light emitting unit 2 is formed on the substrate 1, as shown in
FIG. 7a.

[0048] In Step S2, a film encapsulation layer is formed to
cover the organic light emitting unit 2. Specifically, Step S2
includes: forming at least a hydrophobic organic layer 3 for
covering the organic light emitting unit 2 in plasma enhanced
chemical vapor deposition method. The film encapsulation
layer includes at least the hydrophobic organic layer 3 dis-
posed at an outermost structure of the film encapsulation
layer. A contact angle between the hydrophobic organic layer
and moisture is 90° to 170°, and more preferably is 110° to
160°.

[0049] Step S2 includes Step S21 and Step S22.

[0050] Specifically, Step S21 includes: forming an inor-
ganic blocking layer 4 to cover the organic light emitting umt
2 in atomic layer deposition (ALD,) method, plasma
enhanced chemical vapor deposition (PECVD) method or
physical vapor deposition (CVD) method. The inorganic
blocking layer 4 is made from one or more of a metal oxide,
a metal nitride, a silicon oxide or a silicon nitride, such as,
AlLLO;, Ti0,, Zr0O, S10,, AION, AIN, SiON, ZnO, ZuS, MgO
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or MgS. The inorganic blocking layer 4 has a thickness in a
range of 300 nm to 1000 nm, as shown in FIG. 7b. It is
preferable to form the inorganic blocking layer 4 in plasma
enhanced chemical vapor deposition (PECVD)method,
because the hydrophobic organic layer 3 in the next step S22
is also formed in PECVD. In this way, the same process is
employed in two steps, and the process is simple.

[0051] Specially, Step S22 includes: forming the hydro-
phobic organic layer 3 to cover the inorganic blocking layer 4
in plasma enhanced chemical vapor deposition method by
using fluorinated silane and silane as a precursor, preferably,
using heptadecafluorodecyl trimethoxysilane and tet-
ramethoxysilane as a precursor, as shown in FIG. 7¢. The
hydrophobic organic layer 3 has a thickness in a range of 500
nm. to 3000 nm. The thickness of the hydrophobic organic
layer 3 is larger than the thickness of the inorganic blocking
layer 4, and thus the stress generated by the inorganic block-
ing layer 4 can be eliminated.

[0052] Furthermore, the method for manufacturing the
organic light emitting display apparatus further includes:

[0053] Step S3, repeating the Step S2 by M times to form
the film encapsulation layer by periodically and alternately
overlapping the hydrophobic organic layer 3 and the inor-
ganic blocking layer 4, where 0<M=<10, and M is a positive
integer. In FIG. 7d, only M=1, that is, Step S2 is repeatedly
performed for one time, as shown in FIG. 7d. However, the
present disclosure is not limited thereto. The repeating times
may depend on the actual product and process conditions.

[0054] inStep S2, the film encapsulation layer for covering
the organic light emitting unit 2 is formed. The film encapsu-
lation layer includes multiple hydrophobic organic layers 3.
One of the hydrophobic organic layers 3 may be disposed at
the innermost structure of the film encapsulation layer, i.e.,
the hydrophobic organic layer 3 directly covers the organic
light emitting unit 2. In addition, another hydrophobic
organic layer 3 may be disposed at the outermost structure of
the film encapsulation layer. The forming sequence of the film
encapsulation layer may be adjusted suitably, which is not
limited to the method described above.

[0055] In addition, it should be noted that the hydrophobic
organic layer 3 is a fluorinated hybrid polymer organic film,
whichis described in the first embodiment and will be omitted
here.

[0056] Based on the first, second, third, and fourth embodi-
ments, a fifth embodiment of the present disclosure discloses
a hydrophobic organic composite material, which includes a
fluorinated hybrid polymer organic film manufactured in
plasma enhanced chemical vapor deposition method
(PECVD) by using fluorinated silane and silane as a precur-
sor, more preferably. using heptadecafluorodecyl trimethox-
ysilane (FAS-17) and tetramethoxysilane (TMS) as a precur-
sor. A contact angle between the hydrophobic organic layer
and moisture is 90° to 170°, and more preferably is 110° to
160°,

[0057] The fluorinated hybrid polymer organic film
includes, in atomic percent, 10 to 50 at % of fluorine atom F,
1at%to 30 at % of siliconatom Si, 1 at % to 30 at % of oxygen
atom 0, and 15 at % to 50 at % of carbon atom C. The
fluorinated hybrid polymer organic film contains chemical
bonds of C—F, Si—C, Si—O—Si, C—H, and the like, which
makes it having a good hydrophobicity. A contact angle
between the fluorinated hybrid polymer organic film and the
moisture is 110° to 170°.
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[0058] This embodiment discloses a method for manufac-
turing the above hydrophobic organic composite material,
which includes:

[0059] providing a substrate in the case that a pressure in a
reaction chamber is lower than 100 Pa, more preferably 25 Pa
to 50 Pa, where the substrate has a temperature lower than 100
Celsius degree, and more preferably 50 Celsius degree to 70
Celsius degree;

[0060] using fluorinated silane and silane as a precursor,
generally using heptadecafluorodecyl trimethoxysilane
(FAS-17) and tetramethoxysilane (TMS) as a precursor, and
using an inert gas, generally Ar, as a carrier gas, wherein a
flow ratio of fluorinated silane to silane is 1:10-10:1, more
preferably is 1:1; and

[0061] depositing fluorinated silane and silane on the sub-
strate in plasma enhanced chemical vapor deposition method
to form the fluorinated hybrid polymer organic film.

[0062] Thehydrophobicities of the fluorinated hybrid poly-
mer organic films formed at different reaction conditions are
shown in table 1, where the substrate has a temperature of 70
Celsius degree, the power of the carrier gas Ar is 300 W, and
adistance from an upper electrode to the substrate is 100 mm.

TABLE 1

contact Pressure of Reaction  Flow ratio

angle chamber/Pa (FAS-17/TMS)
First embodiment 118° 25 1/1
Second embodiment 120° 30 11
Third embodiment 143° 40 1/1
Fourth embodiment 160° 50 1/1
Comparative example 102° 50 Only FAS-17

[0063] Referring to table 1, a contact angle between the
fluorinated hybrid polymer organic film and the moisture is
greater than 110°, thus the fluorinated hybrid polymer organic
film has a good hydrophobicity.

[0064] Through elemental analysis, the elements in the flu-
orinated hybrid polymer organic films manufactured at above
different conditions are shown in atomic percentages/at % in
detail in table 2. Atomic percentage of the elements in the
fluorinated hybrid polymer organic film manufactured
according to the fourth embodiment is shown in table 2,
where the contact angle between the fluorinated hybrid poly-
mer organic film and the moisture is 160°.

TABLE 2
Si‘at % Flat % Clat % Ofat %
Fourth embodiment 15 40 35 10
Comparative Example 10 42 29 19

[0065] In addition, the structure of the fluorinated hybrid
polymer organic film manufacturedis analyzed by an infrared
(IR) spectroscopy, to see chemical bonds contained in the
manufactured fluorinated hybrid polymer organic film:
Si—OQ—Si (a stretching vibration peak is at 1100 cm™, 810
em™! and 420 em™), C-Fx (a stretching vibration peak is in a
range of 1120 ecm™ to 1350 cm™), Si—CHXx. (a stretching
vibration peak is in a vicinity of 1270 cm™),

[0066] The embodiments of the present invention are
described herein in a progressive manner, with the emphasis
of each of the embodiments on the difference between it and
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the other embodiments; hence, for the same or similar parts
between the embodiments, one can refer to the other embodi-
ments.

[0067] The above description of the disclosed embodi-
ments enables those skilled in the art to implement or utilize
the present invention. It will be apparent for those skilled in
the art to modify the embodiments in various ways. The
general principles defined herein can be implemented in other
embodiments without departing from the spirit and the scope
of the present invention. Therefore, the present invention is
not limited to these embodiments shown herein, but includes
the broadest scope consistent with the principles and the
novelty features disclosed herein.

1. An organic light emitting display apparatus, comprising:

a substrate,

an organic light emitting unit on the substrate; and

a film encapsulation layer on the organic light emitting

unit, wherein the film encapsulation layer comprises a
hydrophobic organic layer disposed at an outermost por-
tion of the film encapsulation layer.

2. The organic light emitting display apparatus according
to claim 1, wherein a contact angle between the hydrophobic
organic layer and water ranges from 90° to 170°.

3. The organic light emitting display apparatus according
to claim 2, wherein a contact angle between the hydrophobic
organic layer and water ranges from 110° to 160°.

4. The organic light emitting display apparatus according
to claim 1, wherein the hydrophobic organic layer is a fluori-
nated hybrid polymer organic film, and the fluorinated hybrid
polymer organic film comprises, in atomic percent, 10 at % to
50 at % of fluorine atom F, 1 at % to 30 at % of silicon atom
Si, 1 at % to 30 at % of oxygen atom O, and 15 to 50 at % of
carbon atom C.

5. The organic light emitting display apparatus according
to claim 1, wherein the film encapsulation layer further com-
prises at least an inorganic blocking layer disposed between
the organic light emitting unit and the hydrophobic organic
layer.

6. The organic light emitting display apparatus according
to claim 5, wherein the film encapsulation layer comprises
alternately overlapping one or more hydrophobic organic
layers and one or more inorganic blocking layers.

7. The organic light emitting display apparatus according
to claim 6, wherein the film encapsulation layer comprises a
plurality of layers, wherein each layer includes one hydro-
phobic organic layer and one inorganic blocking layer which
are overlapped, and wherein the number of the layers is N,
where 1<N<10, and N is a positive integer.

8. The organic light emitting display apparatus according
to claim 7, wherein the film encapsulation layer comprises a
plurality of layers, wherein each layer includes one hydro-
phobic organic layer and one inorganic blocking layer which
are overlapped, and the number of the layers is N, where
1=N=<5, and N is a positive integer.

9. The organic light emitting display apparatus according
to claim 1, wherein the hydrophobic organic layer has a
thickness in a range of 500 nm to 3000 nm.

10. The organic light emitting display apparatus according
to claim 5, wherein the inorganic blocking layer has a thick-
ness in a range of 300nm to 1000nm.

11. The organic light emitting display apparatus according
to claim 5, wherein the film encapsulation layer has a thick-
ness in a range of 0.5 um to 10 um.
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12. The organic light emitting display apparatus according
to claim 4, wherein the hydrophobic organic layer is made
from a precursor comprising fluorinated silane and silane.
13. The organic light emitting display apparatus according
to claim 12, wherein the hydrophobic organic layer is made
from a precursor comprising heptadecafluorodecyl tri-
methoxysilane and tetramethoxysilane.
14. The organic light emitting display apparatus according
to claim 12, wherein the hydrophobic organic layer is formed
with a plasma enhanced chemical vapor deposition method.
15. The organic light emitting display apparatus according
to claim 5, wherein the inorganic blocking layer comprises
one or more of a metal oxide, a metal nitride, a silicon oxide,
and a silicon nitride.
16. The organic light emitting display apparatus according
to claim 15, wherein the inorganic blocking layer is formed
with an atomic layer deposition method, a plasma enhanced
chemical vapor deposition method, or a physical vapor depo-
sition method.
17. A method for manufacturing an organic light emitting
display apparatus, comprising:
providing a substrate;
forming an organic light emitting unit on the substrate; and
forming a film encapsulation layer covering the organic
light emitting unit,
wherein the film encapsulation layer comprises a hydro-
phobic organic layer disposed at an outermost portion
of the film encapsulation layer.
18. The method for manufacturing the organic light emit-
ting display apparatus according to claim 17, where forming
the film encapsulation layer comprises:
forming an inorganic blocking layer covering the organic
light emitting unit with an atomic layer deposition
method, a plasma enhanced chemical vapor deposition
method, or a physical vapor deposition method; and

forming the hydrophobic organic layer covering the inor-
ganic blocking layer with a plasma enhanced chemical
vapor deposition method.

19. The method for manufacturing the organic light emit-
ting display apparatus according to claim 18, further com-
prising:

alternately forming hydrophobic organic layers and inor-

ganic blocking layers M times, wherein 0=sM<10, and M
is a positive integer.

20. The method for manufacturing the organic light emit-
ting display apparatus according to claim 17, wherein a con-
tact angle between the hydrophobic organic layer and water
ranges from 90° to 170°.

21. The method for manufacturing the organic light emit-
ting display apparatus according to claim 17, wherein a con-
tact angle between the hydrophobic organic layer and water
ranges from 110° to 160°.

22. The method for manufacturing the organic light emit-
ting display apparatus according to claim 17, wherein the
hydrophobic organic layer comprises a fluorinated hybrid
polymer organic film, and the fluorinated hybrid polymer
organic film comprises, in atomic percent, 10 at % to 50 at %
of fluorine atom F, 1 at % to 30 at % of silicon atom Si, 1 at %
to 30 at % of oxygen atom O, and 15 at % to 50 at % of carbon
atom C.

23. The method for manufacturing the organic light emit-
ting display apparatus according to claim 22, wherein the
hydrophobic organic layer is made from a precursor compris-
ing fluorinated silane and silane.
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24. The method for manufacturing the organic light emit-
ting display apparatus according to claim 23, wherein the
hydrophobic organic layer is made from a precursor compris-
ing heptadecafluorodecyl trimethoxysilane and tetramethox-
ysilane.

25. The method for manufacturing the organic light emit-
ting display apparatus according to claim 18, wherein the
inorganic blocking layer comprises one or more of a metal
oxide, a metal nitride, a silicon oxide, and a silicon nitride.

® 0% % % %
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