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(57) The present invention relates to an organic light
emitting diode (OLED) display and a method of manu-
facturing the same. According to one embodiment of the
invention, the OLED display includes: a substrate main
body; an OLED thatis formed on the substrate main body;
and an encapsulation thin film comprising or consisting

Organic light emitting diode display and method of manufacturing the same

of a hydrophilic polymer layer that is formed on the sub-
strate main body to cover the OLED and that includes a
hydrophilic surface having an angle of contact within a
range of larger than 0° and smaller than or equal to 50°;
and an inorganic protective layer that is formed on the
hydrophilic surface of the hydrophilic polymer layer.
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Description
BACKGROUND
1. Field

[0001] The described technology relates generally to
an organic light emitting diode (OLED) display and a
method of manufacturing the same. More particularly,
the described technology relates generally to an OLED
display and a method of manufacturing the same that
include an encapsulation thin film.

2. Description of the Related Art

[0002] An OLED display is a self-luminance display
device that displays an image using an OLED that emits
light. The light results from energy that is generated when
excitons that are generated by coupling of electrons and
holes within an organic emission layer drop from an ex-
cited state to a ground state, whereby the OLED display
displays an image. However, because the organic emis-
sion layer is sensitive to external factors such as moisture
or oxygen, when the organic emission layer is exposed
to moisture and oxygen, there is a problem in that quality
of the OLED display deteriorates. Therefore, in order to
protect an OLED and to prevent moisture or oxygen from
penetrating to the organic emission layer, an encapsu-
lation substrate is sealed and adhered through an addi-
tional sealing process, or a thick protective layeris formed
on the OLED.

[0003] However, when using an encapsulation sub-
strate or when forming a protective layer, in order to com-
pletely prevent moisture or oxygen from penetrating to
the organic emission layer, a process of manufacturing
an OLED display is complicated and it is difficult to form
the overall thickness of the OLED display to be thin.
[0004] The above information disclosed in this Back-
ground section is only for enhancement of understanding
ofthe background of the described technology and there-
fore it may contain information that does not form the
prior art that is already known in this country to a person
of ordinary skill in the art.

SUMMARY

[0005] Aspects of the invention provide an OLED dis-
play including an encapsulation thin film that effectively
improves resistance to penetration of moisture and oxy-
gen.

[0006] Aspects of the invention provide a method of
manufacturing an OLED display including the encapsu-
lation thin film.

[0007] An embodiment provides an OLED display in-
cluding: a substrate main body; an OLED that is formed
on the substrate main body; and an encapsulation thin
film comprising or consisting of a hydrophilic polymer lay-
er that is formed on the substrate main body to cover the
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OLED and that includes a hydrophilic surface having an
angle of contact within arange of larger than 0° and small-
er than or equal to 50°; and an inorganic protective layer
thatis formed on the hydrophilic surface of the hydrophilic
polymer layer.

[0008] Another embodiment provides an OLED dis-
play including: a substrate main body; an OLED that is
formed on the substrate main body; and an encapsulation
thin film comprising or consisting of an inorganic protec-
tive layer that is formed on the substrate main body to
cover the OLED; and a hydrophilic polymer layer that is
formed on the inorganic protective layer and thatincludes
a hydrophilic surface having an angle of contact within a
range of larger than 0° and smaller than or equal to 50°.
[0009] According to an aspect of the invention, the hy-
drophilic surface of the hydrophilic polymer layer may
have a root mean square (RMS) within a range of larger
than Onm and smaller than 3nm.

[0010] According to an aspect of the invention, the hy-
drophilic polymer layer may include or consists of at least
one of an acryl-based resin, an epoxy-based resin, poly-
imide, and polyethylene.

[0011] According to an aspect of the invention, the in-
organic protective layer may include or consists of at least
one of aluminum oxide (Al,O3), silicon oxide (SiO,), sil-
icon nitride (SiNx), silicon nitrate (SiON), magnesium ox-
ide (MgO), fluoride magnesium (MgF,), indium oxide
(In,O3), zinc oxide (ZnO), and tin oxide (SnO,).

[0012] Yet another embodiment provides a method of
manufacturing an OLED display, the method including:
preparing a substrate main body; forming an OLED on
the substrate main body; forming a polymer layer that
covers the OLED on the substrate main body; and form-
ing an encapsulation thin film by: forming a hydrophilic
polymer layer having a hydrophilic surface by applying
ultraviolet rays (UV) and ozone (O3) to the polymer layer
through UV and ozone radiation equipment; thermal cur-
ing the hydrophilic polymer layer; and forming an inor-
ganic protective layer on the hydrophilic surface of the
hydrophilic polymer layer.

[0013] Yet another embodiment provides a method of
manufacturing an OLED display, the method including:
preparing a substrate main body; forming an OLED on
the substrate main body; and forming an encapsulation
thin film by: forming an inorganic protective layer that
covers the OLED on the substrate main body; forming a
polymer layer on the inorganic protective layer; forming
a hydrophilic polymer layer having a hydrophilic surface
by applying UV and ozone (O3) to the polymer layer
through UV and ozone radiation equipment; and thermal
curing the hydrophilic polymer layer.

[0014] According to an aspect of the invention, the UV
may have a wavelength within a range of 150nm to
280nm.

[0015] According to an aspect of the invention, the UV
may have energy within a range of 2000mJ/cm?2 to
3500md/cm?2,

[0016] According to an aspect of the invention, the UV
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and the ozone may be applied to the polymer layer for a
time period within a range of 1.5 minutes to 15 minutes.
[0017] According to an aspect of the invention, the UV
and ozone radiation equipment may radiate first UV rays
having a wavelength within a range of 180nm to 190nm
and second UV rays having a wavelength within a range
of 248nm to 259nm.

[0018] According to an aspect of the invention, the UV
and ozone radiation equipment may generate oxygen
atoms (O) by decomposing oxygen molecules (O,) with
the first UV rays, and generates ozone (O3) by coupling
the oxygen atoms (O) with the second UV rays.

[0019] According to an aspect of the invention, the UV
rays and the ozone (O3) that are generated in the UV
and ozone radiation equipment may etch a surface of the
polymer layer with an average speed within a range of 1
nm/min to 10nm/min.

[0020] According to an aspect of the invention, the
etch-rate of a portion having a high surface among the
surface of the polymer layer may be relatively higher than
that of a portion having a low surface.

[0021] According to an aspect of the invention, the hy-
drophilic polymer layer may have an RMS within a range
of larger than Onm and smaller than 3nm.

[0022] According to an aspect of the invention, the
thermal curing may be performed for 30 minutes to 30
hours at a temperature within a range of 100°C to 160°C.
[0023] According to an aspect of the invention, the pol-
ymer layer may be formed with a spin coating method.
[0024] According to an aspect of the invention, the in-
organic protective layer may be formed through an elec-
tron beam evaporation (e-beam evaporation) method or
an atomic layer deposition (ALD) method.

[0025] According to an aspect of the invention, the
method may further include preliminarily curing the pol-
ymer layer.

[0026] According to an aspectof the invention, the pre-
liminary curing may be performed for a time period within
a range of 2 minutes to 5 minutes at a temperature within
a range of 60°C to 100°C.

[0027] According to exemplary embodiments, the
OLED display can effectively improve resistance to pen-
etration of moisture and oxygen through an encapsula-
tion thin film.

[0028] Additional aspects and/or advantages of the in-
vention will be set forth in part in the description which
follows and, in part, will be obvious from the description,
or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects and advantages of
the invention will become apparent and more readily ap-
preciated from the following description of the embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

FIG. 1 is a cross-sectional view of an OLED display
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according to an exemplary embodiment.

FIG. 2 is a cross-sectional view illustrating an angle
of contact of a hydrophilic polymer layer of FIG. 1.
FIG. 3 is a layout view illustrating a pixel circuit of
the OLED display of FIG. 1.

FIG. 4 is a cross-sectional view illustrating a section
taken along line IV-IV of FIG. 3.

FIG. 5is aflowchartillustrating a process of amethod
of manufacturing an OLED display according to an
exemplary embodiment.

FIGS. 6 to 8 are graphs and pictures comparing ex-
perimental examples and comparative examples ac-
cording to an exemplary embodiment.

FIG. 9 is a cross-sectional view of an OLED display
according to an exemplary embodiment.

FIG. 10is aflowchartillustrating a process of a meth-
od of manufacturing an OLED display according to
an exemplary embodiment.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to the
present embodiments of the presentinvention, examples
of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to the like elements
throughout. The embodiments are described below in
order to explain the present invention by referring to the
figures.

[0031] Further, like reference numerals designate like
elements throughout the specification. In exemplary em-
bodiments other than the exemplary embodiment among
several exemplary embodiments, elements different
from those of the exemplary embodiment will be de-
scribed. The size and thickness of each of elements that
are displayed in the drawings are described for better
understanding and ease of description, and the embod-
iment is not limited by the described size and thickness.
[0032] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. In the
drawings, for better understanding and ease of descrip-
tion, thicknesses of some layers and areas are exces-
sively displayed. It will be understood that when an ele-
ment such as a layer, film, region, or substrate is referred
to as being "on" another element, it can be directly on
the other element or intervening elements may also be
present.

[0033] Hereinafter, an OLED display 101 according to
an exemplary embodiment will be described with refer-
ence to FIGS. 1 to 6. As shown in FIG. 1, the OLED
display 101 includes a substrate main body 111, a driving
circuit DC, an OLED 70, and an encapsulation thin film
200. The substrate main body 111 can formed as an in-
sulation substrate that is formed of glass, quartz, ceram-
ic, etc., but the invention is not limited thereto. For in-
stance, the substrate main body 111 can formed as a
flexible substrate that is formed of plastic, etc. Further,
the substrate main body 111 may be formed as a metal
substrate that is formed of stainless steel, etc.
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[0034] The driving circuit DC and the OLED 70 are
formed on the substrate main body 111. The driving cir-
cuit DC includes thin film transistors 10 and 20 (shown
in FIG. 3) and drives the OLED 70. The OLED 70 emits
light according to a driving signal that is received from
the driving circuit DC. The encapsulation thin film 200
protects the driving circuit DC and the OLED 70 and sup-
presses moisture or oxygen from penetrating to an or-
ganic emission layer of the OLED 70. The encapsulation
thin film 200 includes a hydrophilic polymer layer 210 and
an inorganic protective layer 220. The hydrophilic poly-
mer layer 210 is formed directly on the substrate main
body 111 and covers the OLED 70.

[0035] AsshowninFIG. 2, the hydrophilic polymer lay-
er 210includes a hydrophilic surface 215 having an angle
of contact 6 within a range of larger than 0° and smaller
than or equal to 50°. The angle of contact 6 is an angle
when liquid forms a thermodynamic equilibrium on a solid
surface. That is, the angle of contact 6 is an angle that
is formed by a liquid W on the hydrophilic surface 215 of
the hydrophilic polymer layer 210. Further, the angle of
contact 6 can be measured through a contact angle an-
alyzer. A method of measuring an angle of contact 6 in-
cludes various well-known methods such as a Sessil drop
method, a Wilhelmy plate method, a tilting method, and
a captive drop method.

[0036] The hydrophilic surface 215 has a surface
roughness with a root mean square (RMS) within arange
of larger than Onm and smaller than 3nm. The RMS can
be measured using various well-known methods, such
as a method of using an atomic microscope (AFM). Fur-
ther, the hydrophilic polymer layer 210 includes or con-
sists of at least one of an acryl-based resin, an epoxy-
based resin, polyimide, and polyethylene.

[0037] Theinorganic protective layer 220 is formed di-
rectly on the hydrophilic surface 215 of the hydrophilic
polymer layer 210. The inorganic protective layer 220
includes or consists of aluminum oxide (Al,O3), silicon
oxide (SiO,), silicon nitride (SiNx), silicon nitrate (SiON),
magnesium oxide (MgO), magnesium fluoride (MgF»,),
indium oxide (In,03), zinc oxide (ZnO), tin oxide (SnO,)
or combinations thereof.

[0038] The inorganic protective layer 220 primarily
suppresses penetration of moisture and oxygen. A thin
film of the inorganic protective layer 220 has a density
thatis relatively larger than that of the hydrophilic polymer
layer 210. Therefore, a considerable amount of moisture
and oxygen is intercepted by the inorganic protective lay-
er 220.

[0039] Moisture and oxygen that pass through the in-
organic protective layer 220 are secondarily intercepted
by the hydrophilic polymerlayer210. The hydrophilic sur-
face 215 of the hydrophilic polymer layer 210 contacts
the inorganic protective layer 220 and has a relatively
lower angle of contact and RMS. Therefore, the hy-
drophilic polymer layer 210 has relatively excellent re-
sistance to penetration of moisture and oxygen, com-
pared with a general polymer layer.
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[0040] Further, the hydrophilic surface 215 largely im-
proves interface adhesive strength with the inorganic pro-
tective layer 220. Therefore, overall reliability of the en-
capsulation thin film 200 can be largely improved. Also,
the hydrophilic polymer layer 210 performs a function of
a buffering layer that reduces stress between layers ac-
cording to bending of the OLED display 101, as well as
the function of intercepting moisture and oxygen. Partic-
ularly, when a flexible substrate is used as the substrate
main body 111, when the OLED display 101 is entirely
flexibly formed, the hydrophilic polymer layer 210 per-
forms a buffering function of a bending stress. However,
it is understood that the polymer layer 210 need not per-
form the buffering function in all aspects, such as where
the OLED display 101 is not flexible.

[0041] Moreover, the hydrophilic polymer layer 210 is
formed through a spin coating method. Therefore, a sur-
face of the encapsulation thin film 200 can be entirely
planarized. Accordingly, scattering of light that transmits
through the encapsulation thin film 200 can be minimized
and uniformly dispersed.

[0042] By such a structure, the OLED display 101 can
effectively improve resistance to penetration of moisture
or oxygen through the encapsulation thin film 200.
[0043] The encapsulation thin film 200 improves inter-
face adhesive strength due to the hydrophilic surface 215
of the hydrophilic polymer layer 210, thereby having over-
all improved reliability.

[0044] Hereinafter, an internal structure of the OLED
display 101 will be described in detail with reference to
FIGS. 3 and 4. In FIGS. 3 and 4, an active matrix (AM)
OLED display 101 is described using a 2Tr-1Cap struc-
ture having two thin film transistors (TFT) 10 and 20 and
one capacitor 80 in one pixel. However, the OLED display
101 is not limited thereto. Therefore, the OLED display
101 can have three or more TFTS and two or more ca-
pacitors in one pixel, and may have various structures
as separate wiring is further formed. Here, a pixel is a
minimum unit that displays an image, and is disposed at
each pixel area. The OLED display 101 displays animage
through a plurality of pixels.

[0045] As shown in FIGS. 3 and 4, the switching TFT
10, the driving TFT 20, the capacitor 80, and an OLED
70 are each formed in each pixel on the substrate main
body 111. Here, a configuration including the switching
TFT 10, the driving TFT 20, and the capacitor 80 is re-
ferred to as a driving circuit (DC). A buffer layer 120 is
further formed between the substrate main body 111, the
driving circuit DC, and the OLED 70. The buffer layer 120
can be formed in a single layer structure of silicon nitride
(SiNx), or a dual-layer structure in which silicon nitride
(SiNx) and silicon oxide (SiO,) are stacked. The buffer
layer 120 performs a function of planarizing a surface
while preventing penetration of an unnecessary compo-
nent such as an impure element or moisture. However,
the buffer layer 120 is not always a necessary element,
and may be omitted according to a kind and process con-
ditions of the substrate main body 111.
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[0046] A gate line 151 is disposed on the substrate
body 111 in one direction. A data line 171 and a common
power source line 172 are insulated from and intersect
the gate line 151 and are formed on the substrate main
body 111. A pixel is defined by the gate line 151, the data
line 171, and the common power source line 172 as a
boundary, but a pixel is not limited thereto.

[0047] The OLED 70 includes a first electrode 710, an
organic emission layer 720 that is formed on the first elec-
trode 710, and a second electrode 730 that is formed on
the organic emission layer 720. Holes and electrons are
injected into the organic emission layer 720 from the first
electrode 710 and the second electrode 730, respective-
ly. When exitons that are formed by the coupling of the
injected holes and electrons drop from an excited state
to a ground state, light is emitted.

[0048] The capacitor 80 includes a pair of capacitor
plates 158 and 178. An interlayer insulating layer 160 is
interposed between the capacitor plates 158 and 178.
Here, the interlayer insulating layer 160 is a dielectric
material. A capacitor capacity is determined by charges
that are stored in the capacitor 80 and a voltage between
both capacitor plates 158 and 178.

[0049] The switching TFT 10 includes a switching sem-
iconductor layer 131, a switching gate electrode 152, a
switching source electrode 173, and a switching drain
electrode 174. The driving TFT 20 includes a driving sem-
iconductor layer 132, a driving gate electrode 155, a driv-
ing source electrode 176, and a driving drain electrode
177.

[0050] The switching TFT 10 is used as a switch that
selects a pixel to emit light. The switching gate electrode
152 is connected to the gate line 151. The switching
source electrode 173 is connected to the data line 171.
The switching drain electrode 174 is separated from the
switching source electrode 173 and is connected to one
capacitor plate (158 in this case).

[0051] The driving TFT 20 applies a driving power
source for allowing the light to be emitted from the organic
emission layer 720 of the OLED 70 within the selected
pixelto the pixel electrode 710. The driving gate electrode
155 is connected to the capacitor plate 158 that is con-
nected to the switching drain electrode 174. The driving
source electrode 176 and the other capacitor plate 178
are each connected to the common power source line
172. The driving drain electrode 177 is connected to the
pixel electrode 710 of the OLED 70 through a contact
hole.

[0052] By such a structure, the switching TFT 10 op-
erates by a gate voltage that is applied to the gate line
151 and thus performs a function of transferring a data
voltage that is applied to the data line 171 to the driving
TFT 20. A voltage is stored in the capacitor 80. The volt-
age corresponds to a difference between a common volt-
age that is applied from the common power source line
172 to the driving TFT 20 and a data voltage that is trans-
ferred from the switching TFT 10. A current correspond-
ing to the voltage that is stored in the capacitor 80 flows
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to the OLED 70 through the driving TFT 20, whereby the
OLED 70 emits light.

[0053] The encapsulation thin film 200 including the
hydrophilic polymer layer 210 and the inorganic protec-
tive layer 220 that are sequentially stacked is formed on
the OLED 70. Further, the structure of the TFTS 10 and
20 and the OLED 70 is not limited to the structure that is
shown in FIGS. 3 and 4. That is, a structure of the TFTS
10 and 20 and the OLED 70 can be variously changed
within a range that can be easily executed by a person
of ordinary skill in the art.

[0054] Hereinafter, a method of manufacturing the
OLED display 101 of FIG. 1 will be described with refer-
ence to FIGS. 1 and 5. A substrate main body 111 is
prepared. While not limited thereto, the substrate main
body 111 can be formed with glass, quartz, ceramic, or
plastic is prepared.

[0055] AdrivingcircuitDC andthe OLED 70 are formed
on the substrate main body 111 (S110). A polymer layer
is formed on the substrate main body 111 and covers the
OLED 70(S121). The polymer layer is made of a material
including or consisting of at least one of an acryl-based
resin, an epoxy-based resin, polyimide, and polyethyl-
ene. According to an aspect of the invention, the polymer
layer is formed by a spin coating method. Therefore, the
polymer layer has a flat surface. However, it is under-
stood other methods can be usedto provide aflat surface.
[0056] By applying heat to the polymer layer, a prelim-
inary curing process is performed (S122). Such a prelim-
inary curing process may be omitted, as needed. Prelim-
inary curing can be performed using a hot plate. Specif-
ically, preliminary curing is performed for a time period
within a range of 2 minutes to 5 minutes at a temperature
within a range of 60°C to 100°C. In the exemplary em-
bodiment, as an example, a polymer layer is preliminarily
cured for 3 minutes at a temperature of 80°C.

[0057] Next, UV and ozone (O3) are applied to the pre-
liminarily-cured polymer layer through UV and ozone ra-
diation equipment (S123). In this case, the UV rays have
a wavelength within a range of 150nm to 280nm and
energy within a range of 2000mJ/cm? to 3500mJ/cm2.
UV and ozone are applied to the polymer layer for a time
period within a range of 1.5 minutes to 15 minutes.
[0058] The UV and ozone radiation equipment can ra-
diate first UV rays having a wavelength within a range of
180nm to 190nm and second UV rays having a wave-
length within a range of 248nm to 259nm. The first UV
rays generate oxygen atoms (O) by decomposing oxygen
molecules (O,), and the second UV rays generate ozone
(O3) by coupling the generated oxygen atoms (O). That
is, the first UV rays and the second UV rays that are
emitted from the UV and ozone radiation equipment gen-
erates ozone (O5) to be applied to the polymer layer while
directly light-curing the polymer layer.

[0059] By way of example, the first UV rays having a
wavelength of about 184.9nm decomposes oxygen mol-
ecules (O,), andthe second UV rays having a wavelength
of about 253.7nm generate ozone (O3). Here, the second
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UV rays have an important influence on curing of the
polymer layer.

[0060] Further, as an example, UV rays having energy
of 2800mJ/cm? are radiated, and UV rays and ozone are
applied to the polymer layer for 5 minutes.

[0061] In this way, the polymer layer to which UV rays
and ozone are applied is etched with an average speed
within a range of 1 nm/min to 10nm/min. As an example,
the polymer layer is etched for 5 minutes with an average
speed of 5Snm/min. In this case, an etch-rate of a portion
having a high surface in a surface of the polymer layer
is relatively faster than that of a portion having a low sur-
face. Therefore, a surface of the polymer layer becomes
smooth by being etched and thus becomes a hydrophilic
polymer layer 210 having a hydrophilic surface 215.
[0062] Next, the hydrophilic polymer layer 210 is ther-
mally cured using an oven (S124). The hydrophilic poly-
mer layer 210 that is thermally cured in the oven is com-
pletely cured. Thermal curing is performed for 30 minutes
to 30 hours at a temperature within a range of 100°C to
160°C. In the exemplary embodiment, as an example,
the hydrophilic polymer layer 210 is thermally cured for
2 hours at a temperature of 120°C.

[0063] The hydrophilic polymerlayer210thatis formed
in this way has an angle of contact within a range that is
larger than 0° and smaller than or equal to 50°. Further,
a surface roughness of the hydrophilic polymer layer 210
has an RMS within arange oflarger than Onm and smaller
than 3nm.

[0064] According to an exemplary embodiment, the
hydrophilic polymer layer 210 can have a relatively
smooth surface and a low angle of contact. Therefore,
the hydrophilic polymer layer 210 can improve resistance
to penetration of moisture and oxygen and improve in-
terface adhesive strength.

[0065] The inorganic protective layer 220 is formed on
the hydrophilic surface 215 of the hydrophilic polymer
layer 210 (S130). The inorganic protective layer 220 in-
cludes or consists of at least one of aluminum oxide
(Al,O3), silicon oxide (SiO,), silicon nitride (SiNx), silicon
nitrate (SiON), magnesium oxide (MgQO), magnesium flu-
oride (MgF,), indium oxide (In,03), zinc oxide (ZnO), and
tin oxide (SnO,). The inorganic protective layer 220 is
formed through an e-beam evaporation method or an
ALD method. Accordingly, the inorganic protective layer
220 is formed to have a higher density to increase resist-
ance to penetration of moisture and oxygen.

[0066] By such a manufacturing method, the OLED
display 101 can be manufactured including the encap-
sulation thin film 200 in which resistance to penetration
of moisture and oxygen is effectively improved.

[0067] Hereinafter, exemplary embodiments and com-
parative examples according to the exemplary embodi-
ment will be described through Experiments 1 to 3 with
reference to FIGS. 6 to 8. FIG. 6 is a graph illustrating
each surface contact angle of experimental examples
and comparative examples according to the exemplary
embodiment through Experiment 1 that measures an an-
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gle of contact.

[0068] The experimental examples of Experiment 1
are hydrophilic polymer layers that are formed by a meth-
od of preliminarily curing for 3 minutes at a temperature
of 80°C, applying first UV rays having a wavelength of
about 184.9nm, applying ozone (O3) and second UV rays
having a wavelength of about 253.7nm, and thermal cur-
ing for 2 hours at a temperature of 120°C according to
the exemplary embodiment. In this case, the used UV
has energy of 2800mJ/cm?2. An applied time period of UV
and ozone (O5) was changed to 1.5 minutes, 3 minutes,
and 5 minutes.

[0069] Comparative examples of Experiment 1 are pol-
ymer layers that are formed with the same process con-
ditions as that of the experimental examples, except for
the curing by only the first UV rays. In contrast, the ex-
perimental examples according to the exemplary embod-
iment use ozone (O,) that is formed through the second
UV rays.

[0070] As shown in FIG. 6, when UV rays and ozone
are applied to a polymer layer for more than 1.5 minutes
according to the exemplary embodiment, the angle of
contact is relatively much lower as compared to the com-
parative examples.

[0071] FIG.7 shows pictures (a) through (d) illustrating
each RMS of an experimental example and comparative
examples according to the exemplary embodiment
through Experiment 2 that measures an RMS. Experi-
mental examples of Experiment 2 were formed with al-
most the same conditions as those of the experimental
examples of Experiment 1, and comparative examples
of Experiment 2 were formed with almost the same con-
ditions as those of the comparative examples of Exper-
iment 1.

[0072] Specifically, (a) represents an RMS of a com-
parative example of Experiment 2. The comparative ex-
ample has an RMS of more than 3nm, and the RMS has
little difference according to UV radiation time period. (b)
represents an RMS of Experimental Example 1 of Ex-
periment2 thatapplies UV and ozone (O5) for 1.5 minutes
according to the exemplary embodiment. (c) represents
an RMS of Experimental Example 2 of Experiment 2 that
applies UV and ozone (O3) for 3 minutes according to
the exemplary embodiment. (d) represents an RMS of
Experimental Example 3 of Experiment 2 that applies UV
and ozone (O3) for 5 minutes according to the exemplary
embodiment. As shown in FIG. 7, the experimental ex-
amples of Experiment 2 according to the exemplary em-
bodiment have an RMS smaller than 3nm. Further, as
an applied time period of UV and ozone (O3) increases,
the RMS is rapidly lowered.

[0073] FIG. 8 is a graph illustrating each moisture
transmission rate of an experimental example and com-
parative examples according to the exemplary embodi-
ment through Experiment 3 that measures the moisture
transmission rate. The experimental example of Experi-
ment 3 is an encapsulation thin film including the same
hydrophilic polymer layer as that of Experimental Exam-
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ple 3 of Experiment 2, and an inorganic protective layer
that is formed thereon. Comparative Example 1 of Ex-
periment 3 is an encapsulation thin film having the same
polymer layer as that of the comparative example of Ex-
periment 2. Comparative Example 2 of Experimental Ex-
ample 3 is an encapsulation thin film having only the
same hydrophilic polymer layer as that of Experimental
Example 3 of Experiment 2. Comparative Example 3 of
Experiment 3 is an encapsulation thin film including the
same polymer layer as that of Comparative Example of
Experiment 2 and an inorganic protective layer that is
formed thereon. That is, the experimental example has
a hydrophilic polymer layer and an inorganic protective
layer that are cured by UV and ozone (03). Comparative
Example 1 has only a polymer layer that is cured only by
UV. Comparative Example 2 has only a hydrophilic pol-
ymer layer that is cured by UV and ozone. Comparative
Example 3 has a polymer layer and an inorganic protec-
tive layer that are cured by only UV. As shown in FIG. 8,
the moisture transmission rate of an encapsulation thin
film including a hydrophilic polymer layer and an inorgan-
ic protective layer according to the exemplary embodi-
ment is lowest.

[0074] Through the above-described experiments, it
can be seen that the encapsulation thin film 200 accord-
ing to the exemplary embodiment can most effectively
suppress penetration of moisture or oxygen.

[0075] Hereinafter, an OLED display 102 according to
an exemplary embodiment will be described with refer-
ence to FIG. 9. As shown in FIG. 9, the OLED display
102 has an encapsulation thin film 300 including an in-
organic protective layer 320 that is directly formed on a
substrate main body 111 to cover an OLED 70, and a
hydrophilic polymer layer 310 that is directly formed on
the inorganic protective layer 320.

[0076] The hydrophilic polymer layer 310 includes a
hydrophilic surface 315 having an angle of contact within
a range of larger than 0° and smaller than or equal to
50°. Further, a surface roughness of the hydrophilic sur-
face 315 of the hydrophilic polymer layer 310 has an RMS
within a range of larger than Onm and smaller than 3nm.
By such a structure, the OLED display 102 can effectively
improve resistance to penetration of moisture or oxygen
through the encapsulation thin film 300. Further, because
the inorganic protective layer 320 is formed between the
hydrophilic polymer layer 310 and the OLED 70, the
OLED 70 can be prevented from being damaged while
forming the hydrophilic polymer layer 310.

[0077] Hereinafter, a method of manufacturing an
OLED display 102 of FIG. 9 will be described with refer-
ence to FIGS. 9 and 10. The driving circuit DC and the
OLED 70 are formed on the substrate main body 111
(S210). The inorganic protective layer 320 is formed on
the substrate main body 111 (S220) and covers OLED
70.

[0078] The inorganic protective layer 320 includes or
consists of at least one of aluminum oxide (Al,05), silicon
oxide (SiO,), silicon nitride (SiNx), silicon nitrate (SiON),

15

20

25

30

35

40

45

50

55

magnesium oxide (MgO), magnesium fluoride (MgF,),
indium oxide (In,03), zinc oxide (ZnO), and tin oxide
(Sn0O,). The inorganic protective layer 320 is formed
through an e-beam evaporation method or an ALD meth-
od. Accordingly, the inorganic protective layer 320 has a
higher density to increase resistance to penetration of
moisture and oxygen.

[0079] Next, apolymer layer is formed on the inorganic
protective layer 320 (S231). The polymer layer is made
of a material including or consisting of at least one of an
acryl-based resin, an epoxy-based resin, polyimide, and
polyethylene. The polymer layer is formed with a spin
coating method. Therefore, the polymer layer has a flat
surface.

[0080] By applying heat to the polymer layer, a prelim-
inary curing process is performed (S232). Such a prelim-
inary curing process may be omitted, as needed. Prelim-
inary curing is performed using a hot plate. Specifically,
preliminary curing is performed for a time period within
a range of 2 minutes to 5 minutes at a temperature within
a range of 60°C or 100°C.

[0081] Next, UV and ozone (O3) are applied to the pre-
liminarily-cured polymer layer that is preliminarily cured
through UV and ozone radiation equipment (S233). In
this case, UV rays have a wavelength within a range of
150nm to 280nm and energy within a range of
2000mJ/cm? to 3500mJ/cm?2. UV and ozone (O3) are ap-
plied to the polymer layer for a time period within a range
of 1.5 minutes to 15 minutes. In this way, the polymer
layer that is cured by UV and ozone (O3) becomes the
hydrophilic polymer layer 310.

[0082] The UV and ozone radiation equipment can ra-
diate first UV rays having a wavelength within a range of
180nm to 190nm and second UV rays having a wave-
length within a range of 248nm to 259nm. The first UV
rays generate oxygen atoms (O) by decomposing oxygen
molecules (O,), and the second UV rays generate ozone
(O3) by coupling oxygen atoms (O). That is, the first UV
rays and the second UV rays that are emitted from the
UV and ozone radiation equipment generate ozone (Os)
to be applied to the polymer layer while directly light-
curing the polymer layer.

[0083] The hydrophilic polymer layer 310 is thermally
cured using an oven (S234). The hydrophilic polymer lay-
er 310 that is thermally cured in the oven is completely
cured. Thermal curing is performed for 30 minutes to 30
hours at a temperature within a range of 100°C to 160°C.
[0084] Because the inorganic protective layer 320 is
formed earlier than the hydrophilic polymer layer 310,
the OLED 70 can be prevented from being damaged dur-
ing the process of forming the hydrophilic polymer layer
310.

[0085] The hydrophilic polymerlayer310thatis formed
in this way has an angle of contact within arange of larger
than 0° and smaller than or equal to 50°. Further, the
surface roughness of the hydrophilic polymer layer 310
has an RMS within arange of larger than Onm and smaller
than 3nm. The hydrophilic polymer layer 310 can have
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a relatively smooth surface and a low angle of contact.
Therefore, the hydrophilic polymer layer 310 improves
resistance to penetration of moisture and oxygen.
[0086] By such a manufacturing method, the OLED
display 102 including the encapsulation thin film 300 in
which resistance to penetration of moisture or oxygen is
effectively improved can be manufactured.

Claims

1. Anorganic light emitting diode (OLED) display (101,
102) comprising:

a substrate main body (111);

an OLED (70) that is formed on the substrate
main body (111); and

an encapsulation thin film (200, 300) comprising
or consisting of:

(i) a hydrophilic polymer layer (210) that is
formed on the substrate main body (111)
and covers the OLED (70), the hydrophilic
polymer layer (210) comprising a hy-
drophilic surface (215) having an angle of
contact within a range of larger than 0° and
smaller than or equal to 50°;and

aninorganic protective layer (220) that is formed
on the hydrophilic surface (215) of the hy-
drophilic polymer layer (210); or

(i) an inorganic protective layer (320) that
is formed on the substrate main body (111)
and covers the OLED (70); and

a hydrophilic polymer layer (310) that is formed
on the inorganic protective layer (320), the hy-
drophilic polymer layer (310) comprising a hy-
drophilic surface (315) having an angle of con-
tact within a range of larger than 0° and smaller
than or equal to 50°.

2. The OLEDdisplay of claim 1, wherein the hydrophilic
surface (215, 315) of the hydrophilic polymer layer
(210, 310) has a surface roughness with aroot mean
square (RMS) within a range of larger than Onm and
smaller than 3nm.

3. The OLED display of claims 1 or 2, wherein the hy-
drophilic polymer layer (210, 310) comprises or con-
sists of atleast one of an acryl-based resin, an epoxy-
based resin, polyimide, and polyethylene.

4. The OLED display of any of the preceding claims,
wherein the inorganic protective layer (220, 320)
comprises or consists of at least one of aluminum
oxide (Al,O3), silicon oxide (SiO,), silicon nitride
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5.

(SiNx), silicon nitrate (SiON), magnesium oxide
(MgO), magnesium fluoride (MgF,), indium oxide
(In,O4), zinc oxide (ZnO), and tin oxide (SnO,).

A method of manufacturing an organic light emitting
diode (OLED) display (101, 102) of any one of claims
1 through 4, the method comprising:

preparing a substrate main body (111);
forming an OLED (70) on the substrate main
body (70); and

forming an encapsulation thin film (200, 300) by

(i) forming a polymer layer that covers the
OLED (70) on the substrate main body
(111); forming a hydrophilic polymer layer
(210) having a hydrophilic surface (215) by
applying UV rays and ozone (Oj) to the
formed polymer layer through UV and
ozone radiation equipment;

thermal curing the formed hydrophilic polymer
layer (210); and

forming an inorganic protective layer (220) on
the thermally-cured hydrophilic surface (215) of
the hydrophilic polymer layer (210); or

(i) forming an inorganic protective layer
(320) that covers the OLED (70) on the sub-
strate main body (111);

forming a polymer layer on the formed inorganic
protective layer (320);

forming a hydrophilic polymer layer (310) having
a hydrophilic surface (315) by applying UV rays
and ozone (O3) to the formed polymer layer
through UV and ozone radiation equipment; and
thermal curing the formed hydrophilic polymer
layer (310).

The method of claim 5, wherein the UV rays have a
wavelength within a range of 150nm to 280nm.

The method of claim 6, wherein the UV rays have
energy within a range of 2000mJ/cm2 to
3500mJ/cm?2.

The method of claims 6 or 7, wherein the UV rays
and the ozone (O3) are applied to the polymer layer
for a time period within a range of 1.5 minutes to 15
minutes.

The method of any one of claims 6 through 8, wherein
the UV rays and ozone radiation equipment radiates
first UV rays having a wavelength within a range of
180nmto 190nm and second UV rays having a wave-
length within a range of 248nm to 259nm.
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The method of any one of claims 5 through 9, wherein
the UV rays and the ozone that are generated in the
UV and ozone radiation equipment etch a surface of
the polymer layer with an average speed within a
range of 1 nm/min to 10nm/min.

The method of any one of claims 5 through 10,
wherein the thermal curing is performed for 30 min-
utes to 30 hours at a temperature within a range of
100°C to 160°C.

The method of any one of claims 5 through 11,
wherein the polymer layer is formed with a spin coat-
ing method.

The method of any one of claims 5 through 12,
wherein the inorganic protective layer (220, 320) is
formed through an electron beam evaporation meth-
od or an atomic layer deposition (ALD) method.

The method of any one of claims 5 through 13, further
comprising preliminarily curing the polymer layer.

The method of claim 14, wherein the preliminary cur-
ing is performed for a time period within a range of
2 minutes to 5 minutes at a temperature within a
range of 60°C to 100°C.
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