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(7) ABSTRACT

An organic light emitting diode (OLED) display includes: a
substrate; an organic light emitting diode on the substrate; and
athin film encapsulation layer including a first inorganic layer
having a first density on the substrate and a second inorganic
layer having a second density on the first inorganic layer, the
second density being different from the first density, and the
organic light emitting diode being encapsulated between the
thin film encapsulation layer and the substrate.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
OF ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 13/300,497, filed Nov. 18, 2011, which claims
priority to and the benefit of Korean Patent Application No.
10-2011-0026579 filed in the Korean Intellectual Property
Office on Mar. 24, 2011, the entire contents of both of which
are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The present invention relates generally to a manu-
facturing method of an organic light emitting diode (OLED)
display.

[0004] 2. Description of Related Art

[0005] Display devices display images, and recently, an
organic light emitting diode display has been in the spotlight.
[0006] The organic light emitting diode display has a self-
emitting characteristic and does not need a separate light
source such that the thickness and weight thereof are reduced
in comparison to a liquid crystal display. In addition, the
organic light emitting diode display has low power consump-
tion, high luminance, high response speed, and the like.
[0007] Ingeneral, the OLED display includes a substrate, a
plurality of organic light emitting diodes disposed on the
substrate for displaying an image, and an encapsulation mem-
ber facing the substrate while encapsulating the organic light
emitting diodes therebetween.

[0008] Recently, an OLED display using a thin film encap-
sulation layer as an encapsulation member has been devel-
oped.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the present invention, and therefore 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

[0010] Aspects of embodiments according to the present
invention are directed toward an organic light emitting diode
(OLED) display having improved light efficiency, and a
manufacturing method of an OLED display.

[0011] Inaddition,aspects of the embodiments are directed
toward an OLED display of which a manufacturing time and
manufacturing cost are reduced, and a manufacturing method
of an OLED display.

[0012] Other aspects of the embodiments are directed
toward an OLED display of which the life span is improved
by enhancing durability, and a manufacturing method of an
OLED display.

[0013] According to a first embodiment of the present
invention, an OLED display includes: a substrate; an organic
light emitting diode on the substrate; and a thin film encap-
sulation layer including a first inorganic layer having a first
density on the substrate, and a second inorganic layer having
a second density on the first inorganic layer, the second den-
sity being different from the first density. the organic light
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emitting diode being encapsulated between the thin film
encapsulation layer and the substrate.

[0014] The first inorganic layer and the second inorganic
layer may include a same inorganic material.

[0015] The inorganic material may include at least one
material selected from the group consisting of aluminum
oxide (Al,0;), titanium oxide (TiO,), zirconium oxide (ZrO),
silicon oxide (Si0,), aluminum oxynitride (AION), alumi-
num nitride (AIN), silicon oxynitride (SiON), silicon nitride
(Si5N,), zinc oxide (ZnO), tantalum oxide (Ta,O;), and com-
binations thereof.

[0016] The first density may be greater than the second
density, and internal stress of the first inorganic layer may be
greater than that of the second inorganic layer.

[0017] The second density may be greater than the first
density, and internal stress of the second inorganic layer may
be greater than that of the first inorganic layer.

[0018] The first inorganic layer and the second inorganic
layer may contact each other.

[0019] The thin film encapsulation layer may further
include an intermediate layer between the organic light emit-
ting diode and the first inorganic layer, between the first
inorganic layer and the second inorganic layer, or above the
second inorganic layer.

[0020] The intermediate layer may have at least one of a
first surface contacting the first inorganic layer or a second
surface contacting the second inorganic layer, and the inter-
mediate layer may have a first density that is gradually
changed from another density from another surface of the
intermediate layer to the first surface, may have a second
density that is gradually changed from the first density from
the first surface of the intermediate layer to the second sur-
face, or may have another density that is gradually changed
from the second density from the second surface of the inter-
mediate layer to further another surface.

[0021] The intermediate layer may include an inorganic
material that is the same as that of the first and second inor-
ganic layers.

[0022] Each ofthe first and second inorganic layers may be
formed through an ALD process.

[0023] According to a second embodiment of the present
invention, a manufacturing method of an OLED display
includes: forming an organic light emitting diode on a sub-
strate; and forming a thin film encapsulation layer encapsu-
lating the organic light emitting diode with the substrate on
the substrate by forming a first inorganic layer using a depo-
sition process on the substrate in a first temperature environ-
ment and forming a second inorganic layer using a deposition
process on the first inorganic layer in a second temperature
environment that is different from the first temperature envi-
ronment.

[0024] The first inorganic layer and the second inorganic
layer may be formed using a same inorganic material.
[0025] The inorganic material may include at least one
material selected from the group consisting of aluminum
oxide (Al,0,), titanium oxide (Ti0,), zirconium oxide (ZrO),
silicon oxide (SiO,), aluminum oxynitride (AION), alumi-
num nitride (AIN), silicon oxynitride (SiON), silicon nitride
(81;N,,), zinc oxide (ZnO), tantalum oxide (Ta,O,), and com-
binations thereof.

[0026] A temperature of the first temperature environment
may be lower than that of the second temperature environ-
ment.
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[0027] A temperature of the second temperature environ-
ment may be lower than that of the first temperature environ-
ment.

[0028] The second inorganic layer may be formed to con-
tact the first inorganic layer.

[0029] The forming of the thin film encapsulation layer
may further include forming an intermediate layer at least
between the organic light emitting diode and the first inor-
ganic layer, between the first inorganic layer and the second
inorganic layer, or on the second inorganic layer.

[0030] The intermediate layer may be formed in the first
temperature environment that gradually changes from a tem-
perature of a surface of the intermediate layer to the first
surface, may be formed in the second temperature environ-
ment that gradually changes from a first temperature of the
first surface of the intermediate layer to the second surface, or
may be formed in another temperature environment that
gradually changes from a second temperature of the second
surface of the intermediate layer to yet another surface.

[0031] The intermediate layer may be formed using an
inorganic material that is the same as that of the first and
second inorganic layers.

[0032] The deposition process may include an ALD pro-
cess.
[0033] According to the exemplary embodiments, an

OLED display having improved light efficiency and a manu-
facturing method of an OLED display can be provided.
[0034] Further,an OLED display ofwhich a manufacturing
time and manufacturing cost are reduced, and a manufactur-
ing method of an OLED display can be provided.

[0035] Further, an OLED display with improved life-span
and enhanced durability, and a manufacturing method of an
OLED display can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 schematically shows an organic light emit-
ting diode (OLED) display according to a first exemplary
embodiment.

[0037] FIG. 21s a layout view showing a pixel structure of
the OLED display according to the first exemplary embodi-
ment.

[0038] FIG. 3 is a cross-sectional view of FIG. 2, taken
along the line I1I-II1.

[0039] FIG. 4 is an enlarged view of the portion A of FIG.
1

[0040] FIG. 5 is a flowchart of a manufacturing process of
an OLED display according to a second exemplary embodi-
ment.

[0041] FIG. 6 is a graph for describing the manufacturing
method of the OLED display according to the second exem-
plary embodiment.

[0042] FIG. 7 shows a configuration of an OLED display
according to a third exemplary embodiment.

[0043] FIG. 8 shows a configuration of an OLED display
according to a fifth exemplary embodiment.

[0044] FIG. 9 shows a configuration of an OLED display
according to a seventh exemplary embodiment.

[0045] FIG. 10 shows a configuration of an OLED display
according to a ninth exemplary embodiment.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0046] Hereinafter, the present invention will be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0047] Inorderto elucidate the present invention, parts that
are not related to the description will be omitted. Like refer-
ence numerals designate like elements throughout the speci-
fication.

[0048] In addition, the size and thickness of each compo-
nent shown in the drawings are arbitrarily shown for under-
standing and ease of description, but the present invention is
not limited thereto.

[0049] In the drawings, the thicknesses of layers, films,
panels, regions, efc., are exaggerated for clarity. In addition,
in the drawings, for understanding and ease of description, the
thicknesses of some layers and areas are exaggerated. It will
be understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another ele-
ment, it may be directly on the other element or intervening
elements may also be present.

[0050] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the inclu-
sion of stated elements but not the exclusion of any other
elements. Further, throughout the specification, “on” implies
being positioned above orbelow a target element and does not
imply being necessarily positioned on the top with respect to
a gravity direction.

[0051] Hereinafter, an organic light emitting diode (OLED)
display according to a first exemplary embodiment will be
described with reference to FIG. 1 to FIG. 4.

[0052] FIG. 1 shows an OLED display according to the first
exemplary embodiment.

[0053] Asshown in FIG. 1, an OLED display 1001 accord-
ing to the first exemplary embodiment includes a substrate
100, a wiring portion 200, organic light emitting diodes 300,
and a thin film encapsulation layer 400.

[0054] The substrate 100 is formed with a material includ-
ing glass, resin, or metal, and the material is light-transmis-
sive, light-reflective, light-absorptive, or light-semitransmis-
sive. The wiring portion 200 and the organic light emitting
diodes 300 are disposed on the substrate 100, and the sub-
strate 100 and the thin film encapsulation layer 400 encapsu-
late the organic light emitting diodes 300 and the wiring
portion 200 therebetween. The substrate 100 and the thin film
encapsulation layer 400 protect the wiring portion 200 and
the organic light emitting diodes 300 from external interfer-
ence.

[0055] Thesubstrate 100 may have flexibility, and when the
thin film encapsulation layer 400 is formed as a thin film ona
flexible substrate 100, the OLED display 1001 has flexibility.
[0056] The wiring portion 200 includes first and second
thin film transistors 10 and 20 (shown in FIG. 2) in each pixel,
and drives the organic light emitting diodes 300 by transmit-
ting a signal to each of the organic light emitting diodes 300.
The organic light emitting diodes 300 emit light according to
the signal transmitted from the wiring portion 200 to display
an image.
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[0057] The organic light emitting diodes 300 are disposed
on the wiring portion 200.

[0058] The organic light emitting diodes 300 are disposed
on the substrate 100, and display an image by emitting light in
accordance with the signal transmitted from the wiring por-
tion 200.

[0059] Hereinafter, an internal structure of the OLED dis-
play 1001 according to the first exemplary embodiment will
be described in more detail with reference to FIG. 2 and FIG.
3.

[0060] FIG. 2 is a layout view of a pixel structure of the
OLED display according to the first exemplary embodiment.
FIG. 3 is a cross-sectional view of FIG. 2, taken along the line
[0061] The structure of the wiring portion 200 and the
organic light emitting diodes 300 are shown in FIG. 2 and
FIG. 3, but the present exemplary embodiment is not limited
to the structure shown in FIG. 2 and FIG. 3. The structure of
the wiring portion 200 and the organic light emitting diodes
300 may be variously modified by a person skilled in the art.
For example, in the accompanying drawing, an active matrix
(AM) organic light emitting diode display having a 2Tr-1 Cap
structure that includes two thin film transistors (TFTs) 10 and
20 and one capacitor 80 in one pixel is shown as an OLED
display, but the present invention is not limited thereto. Thus,
the number of thin film transistors, the number of capacitors,
and the number of wires of the OLED display is not restric-
tive. The pixel represents a minimum unit for displaying an
image, and the OLED displays an image using a plurality of
pixels.

[0062] As shown in FIG. 2 and FIG. 3, each pixel of the
OLED display 1001 includes a switching thin film transistor
10, a driving thin film transistor 20, a capacitor 80, and an
organic light emitting diode 300 formed in each pixel. Here,
aconfiguration including the switching thin film transistor 10,
the driving thin film transistor 20, and the capacitor 80 forms
the wiring portion 200. In addition, the wiring portion 200
further includes gate lines 151 extending in one direction of
the substrate 100, data lines 171, and common power lines
172. The data lines 171 and the common power lines 172
cross the gate lines 151 in an insulated manner. Here, one
pixel may be defined by the boundary of the gate line 151, the
data line 171, and the common power line 172, but the present
invention is not limited thereto.

[0063] The organic light emitting diode 300 includes a first
electrode 710, an organic emission layer 720 formed on the
first electrode 710, and a second electrode 730 formed on the
organic emission layer 720 and the first electrode 710. The
first electrode 710, the organic emission layer 720, and the
second electrode 730 form the organic light emitting diode
300. Here, the first electrode 710 may be an anode which is a
hole injection electrode, and the second electrode 730 may be
a cathode which is an electron injection electrode. However,
the exemplary embodiment is not limited thereto, and the first
electrode 710 may be a cathode and the second electrode 730
may be an anode according to a driving method of the OLED
display. Holes and electrons are injected into the organic
emission layer 720 respectively from the first electrode 710
and the second electrode 730. When an exciton, which is
formed when a hole and an electron injected into the organic
emission layer 720 are coupled to each other, falls from an
excited state to a ground state, light emission occurs. In addi-
tion, at least one of the first and second electrodes 710 and
730, for example the second electrode 730, may be formed in
a light transmissive structure, and accordingly, the organic
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light emitting diode 300 emits light toward a direction of the
thin film encapsulation layer 400 to display an image.

[0064] The capacitor 80 includes a pair of capacitor plates
158 and 178 arranged with an interlayer insulating layer 161
therebetween. Here, the interlayer insulating layer 161 is a
dielectric material, and capacitance of the capacitor 80 is
determined by the amount of charges that can be charged in
the capacitor 80 and a voltage between the two capacitor
plates 158 and 178.

[0065] The switching thin film transistor 10 includes a
switching semiconductor layer 131, a switching gate elec-
trode 152, a switching source electrode 173, and a switching
drain electrode 174. The driving thin film transistor 20
includes a driving semiconductor layer 132, a driving gate
electrode 155, a driving source electrode 176, and a driving
drain electrode 177.

[0066] The switching thin film transistor 10 is used as a
switch to select a pixel for light emission. 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 spaced from the switching
source electrode 173 and is connected with the capacitor plate
158.

[0067] The driving thin film transistor 20 applies driving
power to the first electrode 710 for light emission of the
organic emission layer 720 of the organic light emitting diode
300 of the selected pixel. The driving gate electrode 155 is
connected with the capacitor plate 158 that is connected with
the switching drain electrode 174. The driving source elec-
trode 176 and the other capacitor plate 178 are respectively
connected with the common power line 172. The driving
drain electrode 177 is disposed at the same layer where the
first electrode 710 is disposed, and is connected with the first
electrode 710.

[0068] In the OLED display 1001 according to the first
exemplary embodiment, the driving drain electrode 177 and
the first electrode 710 are disposed at the same layer, but a
driving drain electrode of an OLED display according to
another exemplary embodiment and a first electrode may be
disposed at different layers, and the driving drain electrode
may be connected to the first electrode through an opening
formed in an insulating layer.

[0069] With such a structure, the switching thin film tran-
sistor 101s driven by a gate voltage applied to the gate line 151
in order to transmit a data voltage applied to the data line 171
to the driving thin film transistor 20. A voltage corresponding
to a difference between a common voltage applied to the
driving thin film transistor 20 from the common power line
172 and the data voltage transmitted from the switching thin
film transistor 10, is stored in the capacitor 80, and a current
corresponding to the voltage stored in the capacitor 80 flows
to the organic light emitting diode 300 through the driving
thin film transistor 20 such that the organic light emitting
diode 300 emits light.

[0070] FIG. 4is an enlarged view of the portion “A” in FIG.
1.
[0071] Referring to F1G. 3 and FIG. 4, the thin film encap-

sulation layer 400 encapsulates the organic light emitting
diodes 300 with the substrate 100, and includes an interme-
diate layer 430, a first inorganic layer 410, and a second
inorganic layer 420. Although the thin film encapsulation
layer 400 is shown as a single layer in FIG. 1 for better



US 2015/0069372 A1l

understanding and ease of description, as shown in FIG. 3 and
FIG. 4, the thin film encapsulation layer 400 is formed by
layering a plurality of layers.

[0072] Theintermediate layer 430 and the substrate 100 are
arranged on opposite sides of the organic light emitting
diodes 300, and the intermediate layer 430 seals the organic
light emitting diodes 300 by covering the same. That is, the
intermediate layer 430 is disposed between the organic light
emitting diodes 300 and the first inorganic layer 410. The
intermediate layer 430 has a weaker waterproofing property
than the first inorganic layer 410. However, the intermediate
layer 430 has flexibility to ease brittleness of the first and
second inorganic layers 410 and 420 that have stronger rigid-
ity than the intermediate layer 430. The intermediate layer
430 may have a single-layered structure or a multi-layered
structure including a resin such as polyethylene terephthalate
(PET), polyimide (PI), and polycarbonate (PC).

[0073] In the OLED display 1001 according to the first
exemplary embodiment, the intermediate layer 430 includes a
resin including at least one of polyethylene terephthalate
(PET), polyimide (PI), and polycarbonate (PC). However an
intermediate layer of an OLED display according to another
exemplary embodiment may be a single layer or multiple
layers including an engineering plastic including at least one
of glass fiber reinforced plastic (FRP), polyethylene tereph-
thalate (PET), and polymethylmethacrylate (PMMA).
[0074] In addition, the intermediate layer 430 in the OLED
display 1001 according to the first exemplary embodiment is
substantially an organic layer, but according to another exem-
plary embodiment, it may be a moisture absorbing layer that
is capable of absorbing moisture, an optical layer that
enhances an optical characteristic of light emitted from the
organic light emitting diodes 300, a hole eliminating layer
filling holes formed in the first inorganic layer 410, or an
adhesive layer enhancing adhesion between the intermediate
layer 430 and neighboring layers.

[0075] The first inorganic layer 410 seals the organic light
emitting diodes 300 and the intermediate layer 430 by cover-
ing the same. The first inorganic layer 410 has an excellent
waterproof property compared to the intermediate layer 430,
and has a first density that is greater than a second density of
the second inorganic layer 420 disposed on the first inorganic
layer 410.

[0076] The secondinorganic layer 420 disposed on the first
inorganic layer 410 contacts the first inorganic layer 410. Like
the first inorganic layer 410, the second inorganic layer 420
seals the organic light emitting diodes 300 and the interme-
diate layer 430 by covering the same. The second inorganic
layer 420 contacts the first inorganic layer 410, and has the
second density that is smaller than the first density of the first
inorganic layer 410. That is, internal stress of the first inor-
ganic layer 410 is greater than that of the second inorganic
layer 420.

[0077] As described, while the first inorganic layer 410 and
the second inorganic layer 420 are in contact with each other,
the first and second inorganic layers 410 and 420 have differ-
ent densities so that they have different internal stresses. This
shows the unique characteristics of the OLED display 1001
that has overall flexibility since the substrate 100 is flexible.
In further detail, when the OLED display has flexibility, the
thin film encapsulation layer 400 will be subject to stress due
to flexing or bending of the substrate 100 so that the inorganic
layer formed of a ceramic material may be damaged due to the
brittleness of the ceramic material. However, in the OLED
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display 1001 according to the first exemplary embodiment,
the first and second inorganic layers 410 and 420 formed of a
ceramic material have different densities while being in con-
tactwith each other. Thus, they have different internal stresses
so that stresses that are applied to the first and second inor-
ganic layers 410 and 420 are respectively reduced, and
accordingly the thin film encapsulation layer 400 can be
prevented from being damaged. This functions as a factor for
improvement durability of the OLED display 1001 so that the
life span of the OLED display 1001 can be improved.

[0078] Further, the first inorganic layer 410 and the second
inorganic layer 420 contain the same inorganic material
selected from at least one of aluminum oxide (Al,O,), tita-
nium oxide (Ti0,), zirconium oxide (ZrO), silicon oxide
(510,), aluminum oxynitride (AION), aluminum nitride
(AIN), silicon oxynitride (SiON), silicon nitride (Si;N,), zinc
oxide (Zn0), and tantalum oxide (Ta,Os).

[0079] As described, the first inorganic layer 410 and the
second inorganic layer 420 include the same inorganic mate-
rial and therefore have similar refractive indexes. Thus, when
light generated from the organic light emitting diodes 300
passes through the thin film encapsulation layer 400 and then
is viewed at the outside as an image, deterioration of the
image viewed at the outside can be suppressed or reduced.
That 1s, luminous efficiency of the organic light emitting
diodes 300 of the OLED display 1001 can be improved.

[0080] In addition, the first inorganic layer 410 and the
second inorganic layer 420 may be formed through an atomic
layer deposition (ALD) process using the same inorganic
material as a deposition source.

[0081] As described, as the first inorganic layer 410 and the
second inorganic layer 420 may be formed through the ALD
process using the same inorganic material as a deposition
source, a plurality of inorganic layers may be formed in a
single chamber that performs the ALD process without mov-
ing the substrate 100, which is a target of deposition. Thus,
contamination that may occur during the deposition process
can be suppressed or reduced by minimizing or reducing the
number of movements of the substrate 100 compared to a
process for forming a plurality of inorganic layers using dif-
ferent deposition processes. Further, a manufacturing time
and manufacturing cost for forming the thin film encapsula-
tion layer 400 can be further reduced compared to a process
for forming a plurality of inorganic layers using different
deposition processes. That is, the manufacturing time and
manufacturing cost of the OLED display 1001 can be
reduced.

[0082] The thin film encapsulation layer 400 of the OLED
display 1001 according to the first exemplary embodiment
includes the first and second inorganic layers 410 and 420, but
athin film encapsulation layer ofan OLED display according
to another exemplary embodiment may include third, fourth,
and fifth inorganic layers that are sequentially layered on a
second inorganic layer and respectively have different densi-
ties.

[0083] Hereinafter, a manufacturing method of an OLED
display according to a second exemplary embodiment will be
described with reference to FIG. 5 and FIG. 6.

[0084] The OLED display 1001 according to the first exem-
plary embodiment may be manufactured using the manufac-
turing method of the OLED display according to the second
exemplary embodiment.



US 2015/0069372 A1l

[0085] FIG.5isaflowchart of the manufacturing method of
the OLED display according to the second exemplary
embodiment.

[0086] First, the organic light emitting diodes 300 are
formed on the substrate 100 (S100).

[0087] In addition, a wiring portion 200 and the organic
light emitting diodes 300 are formed on the substrate 100. The
wiring portion 200 may be formed through a photolithogra-
phy process, and the organic light emitting diodes 300 may be
formed through the photolithography process and a deposi-
tion process using a mask.

[0088] Next, the thin film encapsulation layer 400 that
encapsulates the organic light emitting diodes 300 and the
substrate 100, is formed on the substrate 100 (S200).

[0089] Inmore detail, the intermediate layer 430 is formed
on the substrate 100 using a coating process, and then the first
inorganic layer 410 and the second inorganic layer 420 are
sequentially formed on the intermediate layer 430 through an
ALD process. The first inorganic layer 410 and the second
inorganic layer 420 are respectively formed at different tem-
peratures such that they have different densities and different
internal stresses, and the reason for the difference therebe-
tween will be described in more detail hereinafter.

[0090] FIG. 6 is a graph for describing the manufacturing
method of the OLED display according to the second exem-
plary embodiment.

[0091] FIG. 6 is a graph showing internal stresses of an
inorganic layer measured at different temperatures during the
formation of the inorganic layer that includes aluminum
oxide (Al,0;) using the ALD process within the temperature
range of 80° C. to 250° C. In FIG. 6, the x-axis indicates the
temperature environment during the ALD process, and the
y-axis indicates the internal stress of the inorganic layer
formed through the ALD process.

[0092] As shown in FIG. 6, while the inorganic layer is
formed using the ALD process, the internal stress of the
inorganic layer is decreased as the temperature is increased.
That is, although a plurality of inorganic layers are formed
through the same ALD process, each of the inorganic layers
may have a different internal stress when a temperature envi-
ronment during the formation of each of the inorganic layers
1s set to be different from each other. It will be understood that
such a characteristic can be observed not only when alumi-
num oxide (Al,0;) is used. The above characteristic is caused
by entropy that changes according to temperature and is
therefore also observed when at least one of titanium oxide
(TiO,), zirconium oxide (ZrO), silicon oxide (Si0,), alumi-
num oxynitride (AION), aluminum nitride (AIN), silicon
oxynitride (SiION), silicon ditride (Si,N,), zinc oxide (ZnO),
or tantalum oxide (Ta,O5) is used as a deposition source in the
ALD process.

[0093] Thus, in the manufacturing method of the OLED
display according to the second exemplary embodiment, the
first inorganic layer 410 is formed at a first temperature
through the ALD process using the inorganic material includ-
ing at least one of aluminum oxide (Al,O,), titanium oxide
(Ti0,), zirconium oxide (Zr0O), silicon oxide (Si0,), alumi-
num oxynitride (AION), aluminum nitride (AIN), silicon
oxynitride (SiION), silicon nitride (S8i;N,), zinc oxide (Zn0O),
or tantalum oxide (Ta,O;), and the second inorganic layer 420
is formed to contact the first inorganic layer 410 at a second
temperature that is higher than the first temperature such that
the internal stress of the first inorganic layer 410 is higher than
that of the second inorganic layer 420. That is, since the first

Mar. 12,2015

temperature, that is a temperature environment at which the
first inorganic layer 410 is formed, is lower than the second
temperature, that is a temperature environment at which the
second inorganic layer 420 is formed during the ALD pro-
cess, the first density of the first inorganic layer 410 is greater
than the second density of the second inorganic layer 420 so
that the internal stress of the first inorganic layer 410 becomes
higher than that of the second inorganic layer 420.

[0094] As described, the first inorganic layer 410 is formed
in the first temperature environment, and then the second
inorganic layer 420 is formed in the second temperature envi-
ronment such that the first inorganic layer 410 and the second
inorganic layer 420 contact each other while respectively
having different densities. Thus, the first inorganic layer 410
and the second inorganic layer 420 have different internal
stresses. Accordingly, a stress that is generated from each of
the first and second inorganic layers 410 and 420 is eased,
thereby suppressing damage to the thin film encapsulation
layer 400. This functions as a factor for improving durability
of the OLED display 1001 so that the life span of the OLED
display 1001 can be improved according to the manufacturing
method of the present exemplary embodiment.

[0095] Further, the first inorganic layer 410 and the second
inorganic layer 420 are respectively formed using the same
inorganic material so that the first and second inorganic layers
410 and 420 have similar refractive indexes, and accordingly
when light generated from the organic light emitting diodes
300 passes through the thin film encapsulation layer 400 and
is viewed as an image at the outside, deterioration of the
image can be suppressed or reduced. That is, according to the
manufacturing method of the OLED display, light efficiency
of the organic light emitting diode 300 can be improved.
[0096] Further, since the first inorganic layer 410 and the
second inorganic layer 420 are formed through the ADL
process using the same inorganic material as a deposition
source, a plurality of inorganic layers (i.e., the first and second
inorganic layers 410 and 420) can be formed without moving
the substrate 100, which is a target of deposition in one
chamber where the ALD process is performed, so that the
number of movements of the substrate 100 can be minimized
compared to a process for forming a plurality of inorganic
layers using different deposition processes. Thus, contamina-
tion that may occur during a deposition process can be sup-
pressed or reduced compared to the process for forming the
plurality of inorganic layers using respectively different
deposition processes, and time and cost for forming the thin
film encapsulation layer 400 may be reduced. That is, accord-
ing to the manufacturing method of the OLED display of the
present exemplary embodiment, the manufacturing time and
manufacturing cost of the OLED display may be reduced.
[0097] An OLED display according to a third exemplary
embodiment will be described with reference to FIG. 7.
[0098] Inthe third exemplary embodiment, for better com-
prehension and ease of description, constituent elements
identical to or corresponding to those according to the first
exemplary embodiment are denoted by the same reference
numerals.

[0099] FIG. 7 shows the configuration of the OLED display
according to the third exemplary embodiment.

[0100] As shown in FIG. 7, a thin film encapsulation layer
400 of an OLED display 1003 according to the third exem-
plary embodiment encapsulates organic light emitting diodes
300, and includes a first inorganic layer 410, a second inor-
ganic layer 420, and an intermediate layer 430.
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[0101] Thefirstinorganic layer 410 has a first density that is
smaller than a second density of the second inorganic layer
420 that is disposed on the first inorganic layer 410. That is,
the second density of the second inorganic layer 420 is greater
than that of the first inorganic layer 410, and an internal stress
of the second inorganic layer 420 is greater than that of the
first inorganic layer 410.

[0102] As described, the first inorganic layer 410 and the
second inorganic layer 420 respectively have different inter-
nal stresses by having different densities so that a stress gen-
erated from each of the first and second inorganic layers 410
and 420 is eased, and accordingly damage to the thin film
encapsulation 400 is suppressed or reduced. This functions as
a factor for improvement durability of the OLED display
1003 so that the life span of the OLED display 1003 may be
improved.

[0103] Hereinafter, a manufacturing method of an OLED
display according to a fourth exemplary embodiment will be
described. The OLED display 1003 according to the third
exemplary embodiment may be manufactured by the manu-
facturing method of the OLED display according to the fourth
exemplary embodiment.

[0104] Hereinafter, only characteristic portions that are dif-
ferent from the second exemplary embodiment are described,
and undescribed portions will be appreciated by referring to
the second exemplary embodiment.

[0105] First, the organic light emitting diodes 300 are
formed on the substrate 100.

[0106] Next, the thin film encapsulation layer 400 that
encapsulates the organic light emitting diodes 300 with the
substrate 100 is formed on the substrate 100.

[0107] Here, the first inorganic layer 410 is formed in a first
temperature environment, and the second inorganic layer 420
is formed in a second temperature environment through an
ALD process using the same inorganic material as a deposi-
tion source so as to make the internal stress of the second
inorganic layer 420 greater than that of the first inorganic
layer 410. Here, the first temperature is higher than the second
temperature, and the second inorganic layer 420 contacts the
first inorganic layer 410. That is, since the second tempera-
ture, that is a temperature environment at which the second
inorganic layer 420 is formed, is lower than the first tempera-
ture, that is a temperature environment at which the first
inorganic layer 410 is formed, the second density of the
second inorganic layer 420 is greater than the first density of
the first inorganic layer 410 so that the internal stress of the
second inorganic layer 420 is greater than that of the first
inorganic layer 410.

[0108] As described, since the first inorganic layer 410 is
formed in the first temperature environment and the second
inorganic layer 420 is formed in the second temperature envi-
ronment, and thus the first and second inorganic layers 410
and 420 respectively have different densities while being in
contact with each other, the internal stress of the first inor-
ganic layer 410 is different from that of the second inorganic
layer 420. Accordingly, stresses that occur in the first and
second inorganic layers 410 and 420 are respectively eased,
thereby preventing the thin film encapsulation layer 400 from
being damaged due to the stresses. This functions as a factor
for improving the durability ofthe OLED display 1003 so that
the life-span of the OLED display 1003 may be improved.
[0109] Hereinafter, an OLED display according to a fifth
exemplary embodiment will be described with reference to
FIG. 8.
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[0110] In the fifth exemplary embodiment, for better com-
prehension and ease of description, constituent elements
identical to or corresponding to those according to the first
exemplary embodiment are denoted by the same reference
numerals.

[0111] FIG. 8 shows the configuration of the OLED display
according to the fifth exemplary embodiment.

[0112] As shown in FIG. 8, a thin film encapsulation layer
400 of an OLED display 1005 according to the fifth exem-
plary embodiment encapsulates organic light emitting diodes
300, and includes a first intermediate layer 431, a second
intermediate layer 432, a first inorganic layer 410, and a
second inorganic layer 420.

[0113] The first intermediate layer 431 faces a substrate
100, having the organic light emitting diode 300 interposed
therebetween, and seals the organic light emitting diodes 300
by covering the same. That is, the first intermediate layer 431
is disposed between the organic light emitting diodes 300 and
the first inorganic layer 410.

[0114] The second intermediate layer 432 is disposed on
the second inorganic layer 420. The second intermediate
layer 432 may function to prevent the second inorganic layer
420 from being damaged due to external interference, may
function to help another layer that may be attached on the
second intermediate layer 432 to adhere to the second inor-
ganic layer 420, or may function to enhance optical charac-
teristics of light emitted from the organic light emitting
diodes 300.

[0115] Hereinafter, a manufacturing method of the OLED
display according to a sixth exemplary embodiment will be
described. The OLED display 1005 according to the fifth
exemplary embodiment may be manufactured by the manu-
facturing method of the

[0116] OLED display according to the sixth exemplary
embodiment.
[0117] Inthe sixth exemplary embodiment, for better com-

prehension and ease of description, constituent elements
identical to or corresponding to those according to the second
exemplary embodiment are denoted by the same reference
numerals.

[0118] First, the organic light emitting diodes 300 are
formed on the substrate 100.

[0119] Next, the thin film encapsulation layer 400 that
encapsulates the organic light emitting diodes 300 and the
substrate 100 is formed on the substrate 100.

[0120] Here, the first intermediate layer 431, the first inor-
ganic layer 410, and the second inorganic layer 420 are
sequentially layered on the organic light emitting diodes 300,
and then the second intermediate layer 432 is formed on the
second inorganic layer 420 using a coating process.

[0121] Hereinafter, an OLED display according to a sev-
enth exemplary embodiment will be described with reference
to FIG. 9.

[0122] In the seventh exemplary embodiment, for better
comprehension and ease of description, constituent elements
identical to or corresponding to those according to the first
exemplary embodiment are denoted by the same reference
numerals.

[0123] FIG. 9 shows the configuration of the OLED display
according to the seventh exemplary embodiment.

[0124] As shown in FIG. 9, a thin film encapsulation layer
400 of an OLED display 1007 according to the seventh exem-
plary embodiment encapsulates organic light emitting diodes
300, and includes a first intermediate layer 431, a second
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intermediate layer 432, a third intermediate layer 433, a first
inorganic layer 410, and a second inorganic layer 420.
[0125] The first intermediate layer 431 faces a substrate
100, having the organic light emitting diodes 300 interposed
therebetween, and seals the organic light emitting diodes 300
by covering the same. That is, the first intermediate layer 431
is disposed between the organic light emitting diodes 300 and
the first inorganic layer 410.

[0126] The second intermediate layer 432 is disposed on
the second inorganic layer 420. The second intermediate
layer 432 may function to prevent the second inorganic layer
420 from being damaged due to external interference, may
function to help another layer that may be attached on the
second intermediate layer 432 to adhere to the second inor-
ganic layer 420, or may function to enhance optical charac-
teristics of light emitted from the organic light emitting
diodes 300.

[0127] The third intermediate layer 433 is disposed
between the first inorganic layer 410 and the second inorganic
layer 420. The third intermediate layer 433 may function to
help the first inorganic layer 410 to be adhered with the
second inorganic layer 420, may function to ease respective
stresses of the first and second inorganic layers 410 and 420,
or may function to enhance optical characteristics of light
emitted from the organic light emitting diodes 300.

[0128] Hereinafter, a manufacturing method of an OLED
display according to an eighth exemplary embodiment will be
described. The OLED display 1007 according to the seventh
exemplary embodiment may be manufactured by the manu-
facturing method of the OLED display according to the eighth
exemplary embodiment.

[0129] In the eighth exemplary embodiment, for better
comprehension and ease of description, constituent elements
identical to or corresponding to those according to the second
exemplary embodiment are denoted by the same reference
numerals.

[0130] First, the organic light emitting diodes 300 are
formed on the substrate 100.

[0131] Next, the thin film encapsulation layer 400 that
encapsulates the organic light emitting diodes 300 and the
substrate 100 is formed on the substrate 100.

[0132] Here, the first intermediate layer 431 and the first
inorganic layer 410 are sequentially layered on the organic
light emitting diodes 300, and then the third intermediate
layer 433 is formed on the first inorganic layer 410 using a
coating process or a deposition process. After that, the second
inorganic layer 420 and the second intermediate layer 432 are
sequentially formed on the third intermediate layer 433.
[0133] Hereinafter, an OLED display 1009 according to a
ninth exemplary embodiment will be described with refer-
ence to FI1G. 10.

[0134] Inthe ninth exemplary embodiment, for better com-
prehension and ease of description, constituent elements
identical to or corresponding to those according to the first
exemplary embodiment are denoted by the same reference
numerals.

[0135] FIG. 10 shows the configuration of the OLED dis-
play according to the ninth exemplary embodiment.

[0136] As showninFIG. 10, a thin film encapsulation layer
400 of the OLED display 1009 according to the ninth exem-
plary embodiment encapsulates organic light emitting diodes
300, and includes a first inorganic layer 410, a second inor-
ganic layer 420, a sixth intermediate layer 436, a seventh
intermediate layer 437, and an eighth intermediate layer 438.

Mar. 12,2015

[0137] The sixth intermediate layer 436 faces a substrate
100, the organic light emitting diodes 300 being interposed
therebetween, and seals the organic light emitting diodes 300
by covering the same. That is, the sixth intermediate layer 436
is disposed between the organic light emitting diodes 300 and
the first inorganic layer 410. The sixth intermediate layer 436
has a first surface S1 that contacts the organic light emitting
diodes 300 and a second surface S2 that contacts the first
inorganic layer 410. The density of the sixth intermediate
layer 436 gradually changes from that of the second surface
S2 to the first density of the first surface S1.

[0138] The seventh intermediate layer 437 is disposed
between the first inorganic layer 410 and the second inorganic
layer 420. The seventh intermediate layer 437 has a first
surface S3 that contacts the first inorganic layer 410 and a
second surface S4 that contacts the second inorganic layer
420. The density of the seventh intermediate layer 437 gradu-
ally changes from the first density of the first surface 83 to the
second density of the second surface S4.

[0139] Theeighth intermediate layer 438 is disposed on the
second inorganic layer 420. The eighth intermediate layer
438 has a first surface S5 that contacts the second inorganic
layer 420 and a second surface S6 that is exposed to the
outside. The density of the eighth intermediate layer 438
gradually changes from a first density of the first surface S5 to
a second density of the second surface S6.

[0140] The sixth intermediate layer 436, the seventh inter-
mediate layer 437, and the eighth intermediate layer 438
include the same inorganic material as that of the first and
second inorganic layers 410 and 420, and are formed using an
ALD process like the first inorganic layer 410 and the second
inorganic layer 420.

[0141] As described, in the OLED display 1009 according
to the ninth exemplary embodiment, each of the sixth inter-
mediatelayer 436, the seventh intermediate layer 437, and the
eighth intermediate layer 438 has a density that gradually
changes from a value that is the same as that of a neighboring
inorganic layer to another value that is the same as the other
neighboring inorganic layer. Therefore, each of the sixth
intermediate layer 436, the seventh intermediate layer 437,
and the eighth intermediate layer 438 has an internal stress
that gradually changes from a value that is the same as that of
aneighboring inorganic layer to another value that is the same
as the other neighboring inorganic layer. Accordingly,
stresses can be eased among the organic light emitting diodes
300, the first inorganic layer 410, and the second inorganic
layer 420 that have different internal stresses. Accordingly,
the impact resistance is improved so that the life-span of the
OLED display 1009 may be improved.

[0142] Hereinafter, a manufacturing method of an OLED
display according to a tenth exemplary embodiment will be
described. The OLED display 1009 according to the ninth
exemplary embodiment may be manufactured by the manu-
facturing method of the OLED display according to the tenth
exemplary embodiment.

[0143] Inthetenth exemplary embodiment, for better com-
prehension and ease of description, constituent elements
identical or corresponding to those according to the second
exemplary embodiment are denoted by the same reference
numerals.

[0144] First, the organic light emitting diodes 300 are
formed on the substrate 100.
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[0145] Next, the thin film encapsulation layer 400 that
encapsulates the organic light emitting diodes 300 and the
substrate 100 is formed on the substrate 100.

[0146] Here, using an ALD process that uses the same
inorganic material for forming the first and second inorganic
layers 410 and 420 on the organic light emitting diodes 300 as
a deposition source, the sixth intermediate layer 436 is
formed in a first temperature environment in which the tem-
perature is gradually changed from the first surface S1 that
faces the organic light emitting diodes 300 to a first tempera-
ture at the second surface S2. The first inorganic layer 410 is
formed on the sixth intermediate layer 436 to contact the
second surface S2 of the sixth intermediate layer 436 in an
environment maintaining the first temperature. The seventh
intermediate layer 437 is formed in a second temperature
environment in which the temperature is gradually changed
from the first temperature from the first surface S3 that faces
the first inorganic layer 410 to a second temperature at the
second surface S4. The second inorganic layer 420 is formed
on the seventh intermediate layer 437 to contact the second
surface S4 of the seventh intermediate layer 437. Then, the
eighth intermediate layer 438 is formed in another tempera-
ture environment in which the temperature is gradually
changed from the second temperature from the first surface
S5 that contacts the second inorganic layer 420 to another
temperature at the second surface S6 to be exposed to the
outside.

[0147] As described, according to the manufacturing
method of the OLED display of the tenth exemplary embodi-
ment, each of the sixth intermediate layer 436, the seventh
intermediate layer 437, and the eight intermediate layer 438 is
formed in a temperature environment that gradually changes
from a value that is the same as that of'a neighboring inorganic
layer to another value that is the same as the other neighboring
inorganic layer. Therefore, the density of each of the sixth,
seventh, and eighth intermediate layers 436, 437, and 438
gradually changes from a value that is the same as that of a
neighboring inorganic layer to another value that is the same
as the other neighboring inorganic layer. Accordingly, each of
the sixth, seventh, and eighth intermediate layers 436, 437,
and 438 has the same internal stress as that of the neighboring
inorganic layer from one surface to the other surface. Thus,
according to the manufacturing method of the OLED display
of the present exemplary embodiment, the internal stresses of
the organic light emitting diodes 300, the first inorganic layer
410, and the second inorganic layer 420 that respectively have
different internal stresses are eased so that the impact resis-
tance of the OLED display 1009 is enhanced, thereby improv-
ing the life-span of the OLED display 1009.

[0148] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
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lent arrangements included within the spirit and scope of the
appended claims, and equivalents thereof.

What is claimed is:

1. An organic light emitting diode (OLED) display com-
prising:

a substrate;

an organic light emitting diode on the substrate; and

a thin film encapsulation layer comprising a first inorganic

layer having a first density on the substrate and a second
inorganic layer having a second density on the first inor-
ganic layer, the second density being different from the
first density, and the organic light emitting diode being
encapsulated between the thin film encapsulation layer
and the substrate,

wherein the thin film encapsulation layer further comprises

an intermediate layer between the organic light emitting
diode and the first inorganic layer, between the first
inorganic layer and the second inorganic layer, or above
the second inorganic layer,

wherein the intermediate layer has at least one of a first

surface contacting the first inorganic layer or a second
surface contacting the second inorganic layer, and
wherein the intermediate layer has a first density that is
gradually changed from another density from another
surface of the intermediate layer to the first surface, has
asecond density that is gradually changed from the first
density from the first surface of the intermediate layer to
the second surface, or has another density that is gradu-
ally changed from the second density from the second
surface of the intermediate layer to yet another surface.

2. The OLED display of claim 1, wherein the first inorganic
layer and the second inorganic layer comprise a same inor-
ganic material.

3. The OLED display of claim 2, wherein the inorganic
material comprises at least one material selected from the
group consisting of aluminum oxide (Al,Q5), titanium oxide
(Ti0,), zirconium oxide (ZrO), silicon oxide (Si0,), alumi-
num oxynitride (AION), aluminum nitride (AIN), silicon
oxynitride (SiON), silicon nitride (Si;N,), zinc oxide (ZnO),
tantalum oxide (Ta,Oy), and combinations thereof.

4. The OLED display of claim 1, wherein the first density
is greater than the second density, and internal stress of the
first inorganic layer is greater than that of the second inor-
ganic layer.

5. The OLED display of claim 1, wherein the second den-
sity is greater than the first density, and internal stress of the
second inorganic layer is greater than that of the first inor-
ganic layer.

6. The OLED display of claim 1, wherein the intermediate
layer comprises an inorganic material that is the same as that
of the first and second inorganic layers.

7. The OLED display of claim 1, wherein each of the first
and second inorganic layers is formed through an ALD pro-
cess.
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