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(57) ABSTRACT

A display device includes a organic light emitting device and
an encapsulation structure disposed on the organic light
emitting device that seals the organic light emitting device.
The encapsulation structure includes a first inorganic encap-
sulation layer disposed on the organic light emitting device,
an organic layer disposed on the first inorganic encapsula-
tion layer, and a second inorganic encapsulation layer dis-
posed on the organic layer. The organic layer includes a first
organic layer disposed on the first inorganic encapsulation
layer and a second organic layer disposed on the first organic
layer. An atomic ratio of carbon to silicon in the first organic
layer is less than an atomic ratio of carbon to silicon in the
second organic layer.
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FIG. 3
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FIG. 4A




Patent Application Publication  Oct. 4,2018 Sheet 6 of 13 US 2018/0287085 A1

FIG. 5A
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DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This U.S. non-provisional patent application
claims priority under 35 U.S.C. §119 from, and the benefit
of, Korean Patent Application No. 10-2017-0043117, filed
on Apr. 3, 2017 in the Korean Intellectual Property Office,
the contents of which are herein incorporated by reference in
their entirety.

BACKGROUND

[0002] Embodiments of the present disclosure are directed
to adisplay device and a method of fabricating the same, and
in particular, to a display device that can prevent interfacial
separation between elements and has improved reliability,
and a method of fabricating the same.

[0003] An organic light emitting display device includes
an organic light emitting device which is composed of an
anode, an organic light emitting layer, and a cathode. An
organic light emitting layer is vulnerable to moisture or
oxygen. In detail, if external moisture or oxygen infiltrates
into an organic light emitting display device, the light
emitting layer may deteriorate, and thus, various defects,
such as dark spots or pixel shrinkage, can occur. Accord-
ingly, an encapsulation structure is used to protect an organic
light emitting device from external moisture or oxygen.

SUMMARY

[0004] Some embodiments of the inventive concept pro-
vide a display device that can prevent extraneous material,
such as oxygen or moisture, from infiltrating therein and
thereby to have improved reliability.

[0005] Some embodiments of the inventive concept pro-
vide a method of fabricating a display device, including
forming layers of an encapsulation structure through a
continuous process to allow the layers to have improved
adhesive characteristics.

[0006] According to some embodiments of the inventive
concept, a display device includes an organic light emitting
device and an encapsulation structure disposed on the
organic light emitting device that seals the organic light
emitting device. The encapsulation structure includes a first
inorganic encapsulation layer disposed on the organic light
emitting device, a first organic layer disposed on the first
inorganic encapsulation layer and a second organic layer
disposed on the first organic layer, and a second inorganic
encapsulation layer disposed on the second organic layer. An
atomic ratio of carbon to silicon in the first organic layer is
less than an atomic ratio of carbon to silicon in the second
organic layer.

[0007] Insomeembodiments, the atomic ratio of carbon to
silicon in the first organic layer is less than 1.24, and the
atomic ratio of carbon to silicon in the second organic layer
is greater than 1.24.

[0008] Insomeembodiments, the atomic ratio of carbon to
silicon in the first organic layer ranges from 1.20 to 1.24, and
the atomic ratio of carbon to silicon in the second organic
layer ranges from 1.24 to 1.30.

[0009] In some embodiments, the first and second organic
layers include a silicone-based compound that includes
silicon-oxygen chains.
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[0010] Insomeembodiments, an atomic ratio of oxygen to
silicon in the first organic layer is greater than an atomic
ratio of oxygen to silicon in the second organic layer.
[0011] In some embodiments, the atomic ratio of oxygen
to silicon in the first organic layer is greater than 0.62, and
the atomic ratio of oxygen to silicon in the second organic
layer is less than 0.62.

[0012] In some embodiments, the atomic ratio of oxygen
to silicon in the first organic layer ranges from 0.62 to 0.64,
and the atomic ratio of oxygen to silicon in the second
organic layer ranges from 0.60 to 0.62.

[0013] In some embodiments, the display device further
includes an intermediate organic layer disposed between the
first organic layer and the second organic layer, an atomic
ratio of oxygen to silicon in the intermediate organic layer
may have a value between those in the first organic layer and
the second organic layer.

[0014] Insome embodiments, the atomic ratio of carbon to
silicon in the first organic layer increases with decreasing
distance from the second organic layer.

[0015] In some embodiments, the atomic ratio of oxygen
to silicon in the first organic layer increases with decreasing
distance from the first inorganic encapsulation layer.
[0016] According to some embodiments of the inventive
concept, a display device includes an organic light emitting
device, a first inorganic layer disposed on the organic light
emitting device, a first organic layer disposed directly on the
first inorganic layer, a second organic layer disposed directly
on the first organic layer, and a second inorganic layer
disposed directly on the second organic layer. An atomic
ratio of carbon to silicon in the first organic layer is less than
an atomic ratio of carbon to silicon in the second organic
layer.

[0017] Insome embodiments, the first and second organic
layers each include a silicone-based compound that includes
silicon-oxygen chains, and an atomic ratio of oxygen to
silicon in the first organic layer is greater than an atomic
ratio of oxygen to silicon in the second organic layer.
[0018] Insome embodiments, the atomic ratio of carbon to
silicon in the first. organic layer ranges from 1.20 to 1.24 and
increases with decreasing distance from the second organic
layer, and the atomic ratio of carbon to silicon in the second
organic layer ranges from 1.24 to 1.30.

[0019] the atomic ratio of oxygen to silicon in the first
organic layer ranges from 0.62 to 0.64 and increases with
decreasing distance from the first inorganic layer, and the
atomic ratio of oxygen to silicon in the second organic layer
ranges from 0.60 to 0.62.

[0020] According to some embodiments of the inventive
concept, a method of fabricating a display device includes
preparing an organic light emitting device, depositing an
inorganic material on the organic light emitting device to
form a first inorganic encapsulation layer, forming an
organic layer on the first inorganic encapsulation layer, and
depositing an inorganic material on the organic layer to form
a second inorganic encapsulation layer. Forming the organic
layer includes depositing an organic material under a first
oxygen partial pressure to form a first organic layer on the
first inorganic encapsulation layer and depositing an organic
material under a second oxygen partial pressure that is less
than the first oxygen partial pressure to form a second
organic layer on the first organic layer.

[0021] In some embodiments, forming the organic layer
may further include oxidizing the organic materials, and the
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organic material in forming the first organic layer is more
actively oxidized than that in forming the second organic
layer.

[0022] In some embodiments, the forming of the first
organic layer and the forming of the second organic layer are
continuous processes.

[0023] In some embodiments, the first organic layer is
formed while gradually decreasing the first oxygen partial
pressure.

[0024] In some embodiments, the organic material
includes alkoxysilane-based compounds or siloxane-based
compounds.

[0025] In some embodiments, the first organic layer and
the second organic layer are formed of the same organic
material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1A is a perspective view of an assembled
shape of a display device according to some embodiments of
the inventive concept.

[0027] FIG. 1B is an exploded perspective view of a
display device according to some embodiments of the inven-
tive concept.

[0028] FIG. 2 is a circuit diagram of a pixel in a display
device according to some embodiments of the inventive
concept.

[0029] FIG. 3 is a vertical sectional view of a portion of a
display device according to some embodiments of the inven-
tive concept.

[0030] FIGS. 4A and 4B are vertical sectional views of a
portion of an encapsulation structure in a display device of
FIG. 3.

[0031] FIGS. 5A and 5B are flow charts of a process of
fabricating a display device, according to some embodi-
ments of the inventive concept.

[0032] FIGS. 6A to 6F are sectional views that illustrate a
process of fabricating a display device, according to some
embodiments of the inventive concept.

[0033] FIG. 7A s a graph of the atomic composition of a
first organic layer according to some embodiments of the
inventive concept.

[0034] FIG. 7B is a graph of the atomic composition of a
second organic layer according to some embodiments of the
inventive concept.

[0035] FIG. 8A is a graph that compares atomic ratios of
oxygen to silicon in first and second organic layers accord-
ing to some embodiments of the inventive concept.

[0036] FIG. 8B is a graph that compares atomic ratios of
carbon to silicon in first and second organic layers according
to some embodiments of the inventive concept.

[0037] FIG. 9A is a graph that compares atomic ratio
ranges of oxygen to silicon in first and second organic layers
according to some embodiments of the inventive concept.
[0038] FIG. 9B is a graph that compares atomic ratio
ranges of carbon to silicon in first and second organic layers
according to some embodiments of the inventive concept.
[0039] FIG. 10A is an image obtained from a surface
scratch test performed on a display device according to some
embodiments of the inventive concept.

[0040] FIG. 10B is an image obtained from a surface
scratch test performed on a display device according to a
comparative example.
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DETAILED DESCRIPTION

[0041] Exemplary embodiments of the inventive concepts
will now be described more fully with reference to the
accompanying drawings, in which exemplary embodiments
are shown.

[0042] Exemplary embodiments of the inventive concepts
may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein. In the drawings, the thicknesses of layers
and regions may be exaggerated for clarity. Like reference
numerals in the drawings may denote like elements, and thus
their description will be omitted.

[0043] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. Like num-
bers may indicate like elements throughout.

[0044] FIG. 1A is a perspective view of an assembled
shape of a display device according to some embodiments of
the inventive concept. FIG. 1B is an exploded perspective
view of a display device according to some embodiments of
the inventive concept. FIG. 2 is a circuit diagram of a pixel
in a display device according to some embodiments of the
inventive concept. Hereinafter, a display device DD accord-
ing to some embodiments of the inventive concept will be
described with respect to FIGS. 1A to 2.

[0045] Referring to FIGS. 1A and 1B, a display device DD
according to some embodiments of the inventive concept
includes a display structure DM and an encapsulation struc-
ture EN.

[0046] According to some embodiments, the display struc-
ture DM includes a display region DA and a non-display
region NDA. The display region DA can display an image.
When viewed from a thickness direction DR3 of the display
device DD, the display region DA has a roughly rectangular
shape, but embodiments of the inventive concept are not
limited thereto.

[0047] According to some embodiments, the display
region DA includes a plurality of pixel regions PA. The pixel
regions PA are arranged in a matrix configuration. The pixel
regions PA are defined by a pixel definition layer PDL (e.g.,
see FIG. 3). The pixel regions PA include a plurality of
pixels PX (e.g., see FIG. 2). Each of the pixels PX includes
an organic light emitting device OEL (e.g., see FIG. 3).
[0048] According to some embodiments, the non-display
region NDA does not display an image. When viewed from
the thickness direction DR3 of the display device DD, the
non-display region NDA surrounds and encloses the display
region DA. The non-display region NDA is adjacent to the
display region DA in a first direction DR1 and a second
direction DR2 that crosses the first direction DR1.

[0049] According to some embodiments, the display struc-
ture DM includes a base structure BS and a display layer DL
disposed on the base structure BS.

[0050] According to some embodiments, the base struc-
ture BS is a substrate formed from an insulating material,
such as glass, plastic, or quartz. The display layer DL
includes a plurality of pixels. Each of the pixels PX can emit
light, based on electrical signals applied thereto.

[0051] Referring to FIG. 2, according to some embodi-
ments, each of the pixels PX is part of an interconnection
structure that includes a gate line GL, a data line DAL, and
a driving voltage line DVL. Each of the pixels PX includes
thin-film transistors TFT1 and TFT2, an organic light emit-
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ting device OEL, and a capacitor Cst, which are connected
to the thin-film transistors TFT1 and TFT2.

[0052] According to some embodiments, the gate line GL
extends in the first direction DR1. The data line DAL
extends in the second direction DR2, crossing the gate line
GL. The driving voltage line DVL extends in substantially
the same direction as that of the data line DAL, i.e., in the
second direction DR2. The gate line GL transmits scan
signals to the thin-film transistors TFT1 and TFT2, the data
line DAL transmits data signals to the thin-film transistors
TFT1 and TFT2, and the driving voltage line DVL transmits
a driving voltage to the thin-film transistors TFT1 and TFT2.

[0053] According to some embodiments, the thin-film
transistors TFT1 and TFT2 includes a driving thin-film
transistor TFT2, which controls the organic light emitting
device OEL, and a switching thin-film transistor TFT1,
which controls a switching operation of the driving thin-film
transistor TFT2. As described above, each of the pixels PX
includes two thin-film transistors TFT1 and TFT2, but
embodiments of the inventive concept are not limited
thereto. For example, each of the pixels PX may include a
single thin-film transistor and a single capacitor. In certain
embodiments, each of the pixels PX includes three or more
thin-film transistors and two or more capacitors.

[0054] According to some embodiments. the switching
thin-film transistor TFT1 includes a first gate electrode, a
first source electrode, and a first drain electrode. The first
gate electrode is connected to the gate line GL, and the first
source electrode is connected to the data line DAL. The first
drain electrode is connected to a first common electrode
through a contact hole. The switching thin-film transistor
TFT1 transmits a data signal which is applied to the data line
DAL or to the driving thin-film transistor TFT2, depending
on a scan signal applied to the gate line GL.

[0055] According to some embodiments, the organic light
emitting device OEL includes a first electrode connected to
the driving thin-film transistor TFT2, and a second electrode
that receives a second power voltage. The organic light
emitting device OEL includes a light-emitting pattern dis-
posed between a first electrode and a second electrode.

[0056] According to some embodiments, the organic light
emitting device OEL emits light when the driving thin-film
transistor TFT2 is turned-on. Color, i.e., wavelength, of light
emitted from the organic light emitting device OEL is
determined depending on the kind of material used for the
light-emitting pattern. For example, the organic light emit-
ting device OEL can emit light whose color is one of red,
green, blue, or white.

[0057] Referring back to FIGS. 1A and 1B, according to
some embodiments, the encapsulation structure EN is dis-
posed on the display structure DM. The encapsulation
structure EN covers the display layer DL. The encapsulation
structure EN protects the display layer DL against external
moisture or a contamination material. The encapsulation
structure EN will be described in more detail below.

[0058] FIG. 3 is a vertical sectional view of a portion of a
display device according to some embodiments of the inven-
tive concept. FIGS. 4A and 4B are vertical sectional views
of a portion of an encapsulation structure in a display device
of FIG. 3.

[0059] Referring to FIG. 3. according to some embodi-
ments, a display device includes the base structure BS, the
display layer DL, and the encapsulation structure EN.
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[0060] According to some embodiments, the base struc-
ture EBS includes a base layer SUB and a buffer layer BFL.
The base layer SUB is formed of or includes at least
insulating material, such as glass, plastic, quartz, etc., but
embodiments of the inventive concept are not limited
thereto. The base layer SUB includes an organic polymer,
such as polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), polyimide, ot polyether sulfone. The
material for the base layer SUB is selected based on a
desired mechanical strength, thermal stability, transparency,
surface flatness, tractability, waterproofing property, etc.
[0061] According to some embodiments, a functional
layer is disposed on the base layer SUB. Although in FIG.
3 the buffer layer BFL is illustrated as the functional layer,
the functional layer can include a barrier layer. The buffer
layer BFL robustly couples the base structure BS to the
display layer DL, and the barrier layer can prevent contami-
nation material from infiltrating into the display layer DL.
[0062] According to some embodiments, the display layer
DL includes a thin-film transistor TFT and an organic light
emitting device OEL.

[0063] According to some embodiments, the thin-film
transistor TFT includes a driving thin-film transistor which
controls the organic light emitting device OEL, and a
switching thin-film transistor which controls the switching
operation of the driving thin-film transistor.

[0064] According to some embodiments, the thin-film
transistor TFT includes a semiconductor layer SM, a gate
electrode GE, a source electrode SE, and a drain electrode
DE. The semiconductor layer SM is formed of a semicon-
ductor material and functions as an active layer of the
thin-film transistor TFT. The semiconductor layer SM is
formed from or includes at least one of an inorganic or an
organic semiconductor material.

[0065] According to some embodiments, a gate insulating
layer GI is disposed on the semiconductor layer SM. The
gate insulating layer GI covers the semiconductor layer SM.
The gate insulating layer GI includes at least one of an
organic insulating material or an inorganic insulating mate-
rial.

[0066] According to some embodiments, the gate elec-
trode GE is disposed on the gate insulating layer GI. The
gate electrode GE covers a region of the gate insulating layer
G1 that corresponds to a channel region of the semiconduc-
tor layer SM.

[0067] According to some embodiments, the source elec-
trode SE and the drain electrode DE are disposed on an
interlayer insulating layer IL. The drain electrode DE is in
contact with a drain region of the semiconductor layer SM
through a contact hole that penetrates the gate insulating
layer GI and the interlayer insulating layer I, and the source
electrode SE is in contact with a source region of the
semiconductor layer SM through a contact hole that pen-
etrates the gate insulating layer GI and the interlayer insu-
lating layer IL.

[0068] According to some embodiments, a passivation
layer PL is disposed on the source electrode SE, the drain
electrode DE, and the interlayer insulating layer IL. The
passivation layer PL protects the thin-film transistor TFT
and serves as a planarization layer that provides a flat top
surface.

[0069] According to some embodiments, the organic light
emitting device OEL is disposed on the passivation layer PL.
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[0070] According to some embodiments, the organic light
emitting device OEL includes a first electrode EL1, a second
electrode EL2 disposed on the first electrode EL1, and an
intervening layer CL disposed between the first electrode
EL1 and the second electrode EL2.

[0071] According to some embodiments, the first elec-
trode EL1 functions as a pixel electrode or a positive
terminal. The first electrode EL1 may be a transparent
electrode, a transflective electrode, or a reflective electrode.
The first electrode EL1 is formed from or includes at least
one conductive compound that includes a metal, a metal
alloy, or a metal oxide. The first electrode EL1 is formed
from or includes a transparent metal oxide, such as indium
tin oxide (ITO), indium zin¢ oxide (IZ0), zinc oxide (ZnO),
or indium tin zinc oxide (ITZO). The first electrode EL1 is
formed from or includes at least one of Ag, Mg, Cu, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti,
compounds thereof, or mixtures thereof, such as a mixture of
Ag and Mg. In certain embodiments, the first electrode EL1
has a multi-layered structure that includes a reflective or
transflective layer formed from the above materials, and a
transparent conductive layer formed from indium tin oxide
(ITO), indium zinc oxide (1Z0O), zinc oxide (ZnO), or indium
tin zinc oxide (ITZO).

[0072] According to some embodiments, the second elec-
trode EL2 is used as a common electrode or a negative-type
electrode. The second electrode EL.2 may be a transparent
electrode, a transflective electrode, or a reflective electrode.
The second electrode EL2 is formed from or includes at least
one conductive compound that includes a metal, a metal
alloy, or a metal oxide. The second electrode EL2 is formed
from or includes a transparent metal oxide, such as indium
tin oxide (ITO), indium zinc oxide (IZO), zinc oxide (ZnO),
or indium tin zinc oxide (ITZO). The second electrode EI1.2
is formed from or includes at least one of Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, com-
pounds thereof, or mixtures thereof, such as a mixture of Ag
and Mg. The second electrode EL2 may have a multi-
layered structure that includes a reflective or transflective
layer formed from at least one of the above materials, and a
transparent conductive layer formed from indium tin oxide
(ITO), indium zinc oxide (1Z0), zinc oxide (ZnO), or indium
tin zinc oxide (ITZO).

[0073] According to some embodiments, the first elec-
trode EL1 is a reflective electrode, and the second electrode
EL2 is a transflective electrode or a transparent electrode. In
the organic light emitting display device DD according to
some embodiments of the inventive concept, the organic
light emitting device OEL is a top-emission type. However,
embodiments of the inventive concept are not limited
thereto, and for example, the organic light emitting device
OEL may be of a bottom-emission type in other embodi-
ments.

[0074] According to some embodiments, the pixel defini-
tion layer PDL is disposed on the first electrode EL1. For
example, the pixel definition layer PDL covers a portion of
the first electrode EL1 and exposes other portions of the first
electrode EL1.

[0075] According to some embodiments, the pixel defini-
tion layer PDL has an opening PDL-OP. The opening
PDL-OP of the pixel definition layer PDL defines a light-
emitting region.

[0076] According to some embodiments, the intervening
layer CL is disposed between the first electrode EL1 and the
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second electrode EL2. The intervening layer CL includes a
light emitting layer. The intervening layer CL further
includes a plurality of common layers, in addition to the
light emitting layer. For example, the intervening layer CL
includes a hole injection layer, a hole transport layer, a light
emitting layer, an electron transport layer, and an electron
injection layer, which are sequentially stacked. In certain
embodiments, the intervening layer CL further includes at
least one of a hole blocking layer, a hole buffer layer, or an
electron blocking layer.

[0077] According to some embodiments, the intervening
layer CL is disposed in the opening PDL-OP defined in the
pixel definition layer PDL. The intervening layer CL over-
laps the light-emitting region defined by the opening PDL-
OP of the pixel definition layer PDL.

[0078] According to some embodiments, the encapsula-
tion structure EN includes a first inorganic layer IOL1, an
organic layer OL disposed on the first inorganic layer 1011,
and a second inorganic layer IOL2 disposed on the organic
layer OL. The encapsulation structure EN is disposed on the
organic light emitting device OEL and hermetically seals the
organic light emitting device OFL.

[0079] According to some embodiments, the first inor-
ganic layer IOL1 is disposed on the display structure DM.
The first inorganic layer 1011 is disposed on the organic
light emitting device OEL. In detail, the first inorganic layer
IOL1 is in contact with the second electrode EL2 of the
organic light emitting device OEL. The first inorganic layer
10L1 overlaps the organic light emitting device OEL and the
pixel definition layer PDL. The first inorganic layer IOL1 is
formed from or includes an inorganic material. The inor-
ganic material includes, for example, aluminum oxide, sili-
con oxide, silicon oxynitride, silicon nitride, zinc oxide,
strontium oxide, titanium oxide, hafnium oxide, etc., but
embodiments of the inventive concept are not limited
thereto. The first inorganic layer IOL1 is a barrier layer that
encapsulates the organic light emitting device OEL and
prevents contamination materials from infiltrating into the
organic light emitting device OEL. Hereinafter, for conve-
nience in description, the first inorganic layer IOL1 is
referred to as a first inorganic encapsulation layer IOL1.
[0080] According to some embodiments, the organic layer
OL includes a first organic layer OL1 and a second organic
layer OL2. The first organic layer OL1 is disposed adjacent
to the first inorganic encapsulation layer I0L1, when viewed
in a vertical section. For example, the first organic layer OL1
is in direct contact with the first inorganic encapsulation
layer IOL1. The second organic layer OL2 is disposed on the
first organic layer OL1. The second organic layer OL2 is in
direct contact with the first organic layer OL1. The second
organic layer OL2 is spaced apart from the first inorganic
encapsulation layer IOL1 with the first organic layer OL1
interposed therebetween. The organic layer OL has a specific
thickness, allowing it to be a protection layer that protects
the organic light emitting device OEL and as a planarization
layer that provides a flat top surface.

[0081] According to some embodiments, the second inor-
ganic layer IOL2 is disposed on the organic layer OL. The
second inorganic layer IOL2 is in direct contact with the
second organic layer OL2. The second inorganic layer 1012
overlaps the organic light emitting device OEL and the pixel
definition layer PDL. The second inorganic layer IOL2 fully
overlaps the first inorganic encapsulation layer IOL1, when
viewed in a plan view. The second inorganic layer IOL2 is
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formed from or includes an inorganic material. The second
inorganic layer IOL2 includes the same inorganic material as
that in the first inorganic encapsulation layer IOL1. The
second inorganic layer IOL2 encapsulates the organic light
emitting device OEL and prevents contamination materials
from infiltrating into the organic light emitting device OEL.
Hereinafter, for convenience in description, the second inor-
ganic layer IOL2 will be referred to as a second inorganic
encapsulation layer 101.2.

[0082] Referring to FIG. 4A, according to some embodi-
ments, the organic layer OL includes the first organic layer
OL1 and the second organic layer OL2. The first organic
layer OL1 is disposed adjacent to the first inorganic encap-
sulation layer IOL1, when viewed in a vertical section. The
second organic layer OL2 is disposed on the first organic
layer OL1 and is spaced apart from the first inorganic
encapsulation layer IOL1, when viewed in a vertical section.
The first organic layer OL1 has a thickness ranging from
about 500 A to about 4000 A.

[0083] According to some embodiments, the organic layer
OL is formed from or includes at least one silicone-based
organic compound. The organic layer OL includes an
organic material that contains carbon and silicon. The
organic layer OL includes an organic material that contains
carbon, silicon, and oxygen. The organic layer OL includes
a silicone-based compound that includes silicon-oxygen
chains.

[0084] According to some embodiments, an atomic ratio
of carbon to silicon in the first organic layer OL1 differs
from an atomic ratio of carbon to silicon in the second
organic layer OL2. The atomic ratio of carbon to silicon in
the first organic layer OL1 is less than the atomic ratio of
carbon to silicon in the second organic layer OL2. The first
organic layer OL1 has a carbon content that is less than that
of the second organic layer OL2 and has a silicon content
that is greater than that of the second organic layer OL2.
[0085] According to some embodiments, the atomic ratio
of carbon to silicon in the first organic layer OL1 is lower
than about 1.24. In detail, the atomic ratio of carbon to
silicon in the first organic layer OL1 ranges from about 1.20
to about 1.24. The atomic ratio of carbon to silicon in the
second organic layer OL2 is greater than about 1.24. In
detail, the atomic ratio of carbon to silicon in the second
organic layer OL2 ranges from about 1.24 to about 1.30.
[0086] According to some embodiments, an atomic ratio
of oxygen to silicon in the first organic layer OL1 differs
from an atomic ratio of oxygen to silicon in the second
organic layer OL2. For example, the atomic ratio of oxygen
to silicon in the first organic layer OL1 is greater than the
atomic ratio of oxygen to silicon in the second organic layer
OL2. The first organic layer OL1 has an oxygen content less
than that of the second organic layer OL2 and has a silicon
content greater than that of the second organic layer OL2.
[0087] According to some embodiments, the atomic ratio
of oxygen to silicon in the first organic layer OL1 is greater
than about 0.62. In detail, the atomic ratio of carbon to
silicon in the first organic layer OL1 ranges from about 0.62
to about 0.64. The atomic ratio of carbon to silicon in the
second organic layer OL2 is less than about 0.62. In more
detail, the atomic ratio of carbon to silicon in the second
organic layer OL2 ranges from about 0.60 to about 0.62.
[0088] In some embodiments, the organic layer OL,
includes the first organic layer OL1 and the second organic
layer OL2. The first organic layer OL1 and the second
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organic layer OL2 have different content ratios of carbon to
silicon and oxygen to silicon. The first organic layer OL1 has
a lower carbon content and a higher oxygen content as
compared with the second organic layer OL2, and thus, the
first organic layer OL1 has characteristics similar to the first
inorganic encapsulation layer IOL1, compared with the
second organic layer OL.2. When compared with the second
organic layer OL2, the first organic layer OL1 may have
characteristics similar to an inorganic layer, and thus, has
good adhesive characteristics to adhere to the first inorganic
encapsulation layer [OL1.

[0089] In some embodiments, since the organic layer OL
includes the first organic layer OL1, which behaves like an
inorganic layer and is positioned adjacent to the first inor-
ganic encapsulation layer IOL1, adhesive characteristics can
be improved between the first inorganic encapsulation layer
I0OL1 and the organic layer OL in the encapsulation structure
EN. This can improve stability of the encapsulation structure
EN and thereby to improve reliability of the display device
DD.

[0090] Referring to FIG. 4B, according to some embodi-
ments, the organic layer OL includes the first organic layer
OL1, the second organic layer OL2, and an intermediate
organic layer OLC disposed between the first organic layer
OL1 and the second organic layer OL2. An atomic ratio of
carbon to silicon in the intermediate organic layer OLC has
an intermediate value between those in the first organic layer
OL1 and the second organic layer OL2. An atomic ratio of
oxygen to silicon in the intermediate organic layer OLC has
an intermediate value between those in the first organic layer
OL1 and the second organic layer OL2.

[0091] Referring to FIGS. 4A and 4B, according to some
embodiments, content ratios of carbon and oxygen to silicon
the first organic layer OL1 change in a thickness direction
thereof. For example, the atomic ratio of carbon to silicon in
the first organic layer OL1 increases with decreasing dis-
tance from the second organic layer OL2 and decreases with
decreasing distance from the first inorganic encapsulation
layer IOL1. The atomic ratio of oxygen to silicon in the first
organic layer OL1 decreases with decreasing distance from
the second organic layer OL2 and increases with decreasing
distance from the first inorganic encapsulation layer I0OL1.
[0092] In some embodiments, the first organic layer OL1
and the second organic layer OL2 are formed by a continu-
ous process. Here, to realize the difference in ratios of
carbon and oxygen to silicon between the first organic layer
OL1 and the second organic layer OL2, a process condition
changes during the continuous process. In certain embodi-
ments, during the continuous process, the intermediate
organic layer OLC is formed between the first organic layer
OL1 and the second organic layer OL2. The intermediate
organic layer OLC has an intermediate content ratio of
carbon to silicon and oxygen to silicon, when compared with
the first organic layer OL1 and the second organic layer
OL2. During a process of forming the first organic layer
OL1, the process condition gradually changes to change the
ratios of carbon and oxygen to silicon in the first organic
layer OL1 in a thickness direction thereof.

[0093] A method of fabricating a display device according
to some embodiments of the inventive concept will be
described in more detail below.

[0094] FIGS. 5A and 5B are flow charts of a process of
fabricating a display device, according to some embodi-
ments of the inventive concept, FIGS. 6A to 6F are sectional
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views that illustrate some steps of a process of fabricating a
display device, according to some embodiments of the
inventive concept.

[0095] A method of fabricating a display device according
to some embodiments of the inventive concept includes
preparing a display structure and forming an encapsulation
structure on the display structure. The display structure
includes an organic light emitting device, and the encapsu-
lation structure is formed to hermetically seal the organic
light emitting device.

[0096] FIG. 5A is a flow chart of a process of forming the
encapsulation structure, according to some embodiments of
the inventive concept. Forming the encapsulation structure
includes forming the first inorganic encapsulation layer
10L1 (step S100), forming the organic layer OL (step S200),
and forming the second inorganic encapsulation layer IOL2
(step S300). FIG. 5B is a flow chart of a process of forming
the organic layer, according to some embodiments of the
inventive concept. Forming the organic layer includes
depositing an organic material OM on the first inorganic
encapsulation layer 1011 to form the first organic layer OL1
(step 201) and then depositing the organic material OM on
the first organic layer OL1 to form the second organic layer
OL2 (step 202).

[0097] Referring to FIG. 6A, according to some embodi-
ments, forming the encapsulation structure includes prepar-
ing the display structure DM and depositing an inorganic
material on the display structure DM to form the first
inorganic encapsulation layer I0L1 (step $S100). The first
inorganic encapsulation layer IOL1 can be formed by a
chemical vapor deposition (CVD) method, but embodiments
of the inventive concept are not limited thereto.

[0098] Referring to FIGS. 6B to 6E, forming the encap-
sulation structure further includes forming the organic, layer
OL on the first inorganic encapsulation layer 1011 (step
S200). Forming the organic layer OL (step S200) includes
depositing an organic material OM on the first inorganic
encapsulation layer 1011 to form the first organic layer OL1
(step 201) and then depositing the organic material OM on
the first organic layer OL1 to form the second organic layer
OL2 (step 202).

[0099] According to some embodiments, the first organic
layer OL1 is formed on the first inorganic encapsulation
layer IOL1 by depositing the organic material OM under a
first oxygen partial pressure OP1. The organic material OM
is formed from or includes alkoxysilane-based compounds
or siloxane-based compounds. However, embodiments of
the inventive concept are not limited thereto, and in certain
embodiments, the organic material OM is formed from or
includes at least one of hexamethyldisiloxane (HMDSO),
tetraethyl orthosilicate (TEOS), diethoxymethyisilane
(DEMS), or N-octyltrimethoxysilane (OCTMS).

[0100] According to some embodiments, forming the first
organic layer OL1 includes oxidizing the organic material
OM under the process conditions of the first oxygen partial
pressure OP1. For example, the organic material OM is
decomposed by an electron beam and then oxidized under
the process conditions of the first oxygen partial pressure
OP1.

[0101] According to some embodiments, the second
organic layer OL2 is formed on the first organic layer OL1
by depositing the organic material OM under a second
oxygen partial pressure OL2. The second organic layer OL2
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is formed in a continuous or non-interrupted manner after
the first organic layer OL1 is formed.

[0102] According to some embodiments, the organic
material OM, which is used to form the second organic layer
OL2, includes alkoxysilane-based compounds or siloxane-
based compounds. The organic material OM used to form
the second organic layer OL2 is the same as that used to
from the first organic layer OL1. The same deposition
material is used in the processes of forming the first and
second organic layers OL1 and OL2, but the processes of
forming the first and second organic layers OL1 and OL2 are
performed under different process conditions, i.e., with
different oxygen partial pressures.

[0103] According to some embodiments, the second oxy-
gen partial pressure OP2 is less than the first oxygen partial
pressure OP1. Forming the second organic layer OL2
includes oxidizing the organic material OM under the pro-
cess conditions of the second oxygen partial pressure OP2.
Since the second oxygen partial pressure OP2 is less than the
first oxygen partial pressure OP1, the organic material OM
more actively oxidizes during the formation of the first
organic layer OL1 than during the formation of the second
organic layer OL2. Since the organic material OM oxidizes
more actively in the formation of the first organic layer OL1,
the first organic layer OL1 has a greater content ratio of
oxygen to silicon and a lower content ratio of carbon to
silicon than the second organic layer OL2.

[0104] According to some embodiments, the first organic
layer OL1 is formed while changing the first oxygen partial
pressure OP1. The first organic layer OH is formed while
gradually decreasing the first oxygen partial pressure OP1.
In this case, the first organic layer OL1 is formed to have
content ratios of carbon and oxygen to silicon that vary ina
thickness direction of the first organic layer OL1. In detail,
the atomic ratio of carbon to silicon in the first organic layer
OL1 decreases with decreasing distance from the first inor-
ganic encapsulation layer IOL1. The atomic ratio of oxygen
to silicon in the first organic layer OL1 increases with
decreasing distance from the first inorganic encapsulation
layer IOL1.

[0105] Referring to FIG. 6F, according to some embodi-
ments, forming the encapsulation structure includes depos-
iting an inorganic material on the organic layer OL to form
the second inorganic encapsulation layer IOL2 (step $300).
The second inorganic encapsulation layer IOL2 can be
formed by a chemical vapor deposition (CVD) method, but
embodiments of the inventive concept are not limited
thereto.

[0106] Ina method of fabricating a display device accord-
ing to some embodiments of the inventive concept, the
second organic layer OL2 is formed in a continuous or
non-interrupted. manner after the first organic layer OL1 is
formed. The same deposition material are used to form the
first and second organic layers OL1 and OL2, but the
processes of forming the first and second organic layers OL1
and OL2 are performed under different process conditions,
e.g., by varying the oxygen partial pressure or voltage. In the
method of fabricating a display device, since the first and
second organic layers OL1 and OL2, whose compositions
differ from each other, are formed by a continuous process,
the number of process steps for fabricating a display device
can be reduced, thereby reducing process costs. Further-
more, stability of the encapsulation structure and reliability
of a display device can be improved.
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[0107] Hereinafter, some experimental examples of
embodiments of the inventive concept will be described in
detail. Some embodiments to be described below are pre-
sented to provide better understanding of the inventive
concept, but embodiments of the inventive concept are not
limited thereto.

[0108] FIG. 7Ais a graph of the atomic coniposition of a
first organic layer according to some embodiments of the
inventive concept. FIG. 7B is a graph of the atomic com-
position of a second organic layer according to some
embodiments of the inventive concept. Data shown in FIGS.
7A and 7B were measured through an X-ray photoelectron
spectroscopic (XPS) analysis.

[0109] In FIGS. 7A and 7B, according to some embodi-
ments, the x axis represents a thickness of each layer, and the
y axis represents atomic percent values. Referring to FIGS.
7A and 7B, there was no difference in composition between
the first and second organic layers, the first organic layer had
a relatively higher oxygen atomic percent, and the second
organic layer had a relatively higher carbon atomic percent.
[0110] FIG. 8A. is a graph that compares atomic ratios of
oxygen to silicon in first and second organic layers accord-
ing to some embodiments of the inventive concept. F1G. 8B
is a graph that compares atomic ratios of carbon to silicon in
first and second organic layers according to some embodi-
ments of the inventive concept.

[0111] Referring to FIG. 8A, the first organic layer had a
higher atomic ratio of oxygen to silicon than the second
organic layer. As a result of a surface oxidation, the atomic
ratio of oxygen to silicon in the first organic layer was
similar to that in the second organic layer, at a relatively
shallow depth, e.g., about 100 nm, but the atomic ratio of
oxygen to silicon in the first organic layer was greater than
that in the second organic layer, with increasing depth.
[0112] Referring to FIG. 8B, the first organic layer had a
greater atomic ratio of carbon to silicon than the second
organic layer.

[0113] FIG. 9A is a graph that compares atomic ratio
ranges of oxygen to silicon in first and second organic layers
according to some embodiments of the inventive concept.
FIG. 9B is a graph that illustrates atomic ratio ranges of
carbon to silicon in first and second organic layers according
to some embodiments of the inventive concept.

[0114] Referring to FIGS. 9A and 9B, an atomic ratio of
oxygen to silicon in the first organic layer ranges from about
0.62 to about 0.64. An atomic ratio of carbon to silicon in the
first organic layer ranges from about 1.20 to about 1.24. An
atomic ratio of oxygen to silicon in the second organic layer
ranges from about 0.60 to about 0.62. An atomic ratio of
carbon to silicon in the second organic layer ranges from
about 1.24 to about 1.30.

[0115] According to some embodiments of the inventive
concept, since the first and second organic layers are formed
by depositing the same material under different process
conditions, e.g., in terms of oxygen partial pressure or
voltage, differences in atomic ratios of oxygen and carbon to
silicon between the first and second organic layers are be
large, but the first organic layer has a higher oxygen atomic
percent and a lower carbon atomic percent, as compared
with the second organic layer.

[0116] FIG. 10A is an image obtained from a surface
scratch test performed on an encapsulation structure of a
display device according to an exemplary embodiment of
the inventive concept, and here, the encapsulation structure
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was prepared to include a first inorganic encapsulation layer,
a first organic layer, a second organic layer, and a second
inorganic encapsulation layer sequentially stacked in the
order listed. FIG. 10B is an image obtained from a surface
scratch test performed on an encapsulation structure of a
display device according to a comparative example, and
here, the encapsulation structure was prepared to have the
same structure as that according to the inventive concept,
except that no first organic layer was provided.
[0117] Referring to FIGS. 10A and 10B, according to
some embodiments, the scratch test shows that an area of a
region in which surface delamination occurs is larger in the
comparative example than in an exemplary embodiment of
the inventive concept. This result shows that the first organic
layer, which is additionally provided in a display device
according to an exemplary embodiment of the inventive
concept that has a higher ratio of oxygen to silicon, can
improve adhesive characteristics between the inorganic
layer and the organic layer in the encapsulation structure, to
prevent the display device from being broken by an external
scratch, thus improving stability and reliability of the dis-
play device.
[0118] According to some embodiments of the inventive
concept, a display device can effectively prevent an extra-
neous material, such as oxygen or moisture, from infiltrating
therein, thereby improving reliability.
[0119] According to some embodiments of the inventive
concept, a method of fabricating a display device includes
forming layers of an encapsulation structure through a
continuous process to improve adhesive characteristics of
the layers, which can reduce fabrication costs of a display
device.
[0120] While exemplary embodiments of the inventive
concepts have been particularly shown and described, it will
be understood by one of ordinary skill in the art that
variations in form and detail may be made therein without
departing from the spirit and scope of the attached claims.
What is claimed is:
1. A display device, comprising:
a organic light emitting device; and
an encapsulation structure disposed on the display struc-
ture that seals the organic light emitting device,
wherein the encapsulation structure comprises:
a first inorganic encapsulation layer disposed on the
organic light emitting device;
a first organic layer disposed on the first inorganic
encapsulation layer,
a second organic layer disposed on the first organic
layer; and
a second inorganic encapsulation layer disposed on the
second organic layer,
wherein an atomic ratio of carbon to silicon in the first
organic layer is less than an atomic ratio of carbon to
silicon in the second organic layer.
2. The display device of claim 1, wherein the atomic ratio
of carbon to silicon in the first organic layer is less than 1.24.
3. The display device of claim 2, wherein the atomic ratio
of carbon to silicon in the first organic layer ranges from
1.20 to 1.24, and
the atomic ratio of carbon to silicon in the second organic
layer ranges from 124 to 1.30.
4. The display device of claim 1, wherein the first and
second organic layers each comprise a silicone-based com-
pound that includes silicon-oxygen chains.
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5. The display device of claim 4, wherein an atomic ratio
of oxygen to silicon in the first organic layer is greater than
an atomic ratio of oxygen to silicon in the second organic
layer.

6. The display device of claim 5, wherein the atomic ratio
of oxygen to silicon in the first organic layer is greater than
0.62, and the atomic ratio of oxygen to silicon in the second
organic layer is less than 0.62.

7. The display device of claim 6, wherein the atomic ratio
of oxygen to silicon in the first organic layer ranges from
0.62 to 0.64, and the atomic ratio of oxygen to silicon in the
second organic layer ranges from 0.60 to 0.62.

8. The display device of claim 4, further comprising an
intermediate organic layer disposed between the first organic
layer and the second organic layer,

an atomic ratio of oxygen to silicon in the intermediate

organic layer has a value between those in the first
organic layer and the second organic layer.

9. The display device of claim 4, wherein the atomic ratio
of oxygen to silicon in the first organic layer increases with
decreasing distance from the first inorganic encapsulation
layer.

10. The display device of claim 1, wherein the atomic
ratio of carbon to silicon in the first organic layer increases
with decreasing distance from the second organic layer.

11. A display device, comprising:

an organic light emitting device;

a first inorganic layer disposed on the organic light

emitting device;

a first organic layer disposed directly on the first inorganic

layer;

a second organic layer disposed directly on the first

organic layer; and

a second inorganic layer disposed directly on the second

organic layer, wherein an atomic ratio of carbon to
silicon in the first organic layer is less than that in the
second organic layer.

12. The display device of claim 11,

wherein the first and second organic layers each comprise

a silicone-based compound that includes silicon-oxy-
gen chains, wherein an atomic ratio of oxygen to silicon
in the first organic layer is greater than an atomic ratio
of oxygen to silicon in the second organic layer.

13. The display device of claim 11, wherein the atomic
ratio of carbon to silicon in the first organic layer ranges
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from 1.20 to 1.24 and increases with decreasing distance
from the second organic layer, and

the atomic ratio of carbon to silicon in the second organic

layer ranges from 1.24 to 1.30.

14. The display device of claim 12, wherein the atomic
ratio of oxygen to silicon in the first organic layer ranges
from 0.62 to 0.64 and increases with decreasing distance
from the first inorganic layer, and

the atomic ratio of oxygen to silicon in the second organic

layer ranges from 0.60 to 0.62.

15. A method of fabricating a display device, comprising:

preparing a organic light emitting device;

depositing an inorganic material on the organic light

emitting device to form a first inorganic encapsulation
layer;

forming an organic layer on the first inorganic encapsu-

lation layer; and

depositing an inorganic material on the organic layer to

form a second inorganic encapsulation layer,

wherein forming the organic layer comprises:

depositing an organic material under a first oxygen
partial pressure to form a first organic layer on the
first inorganic encapsulation layer; and

depositing an organic material under a second oxygen
partial pressure that is less than the first oxygen
partial pressure to form a second organic layer on the
first organic layer.

16. The method of claim 15, wherein forming the organic
layer further comprises oxidizing the organic materials, and

the organic material in forming the first organic layer is

more actively oxidized than that in forming the second
organic layer.

17. The method of claim 15, wherein the forming of the
first organic layer and the forming of the second organic
layer are continuous processes.

18. The method of claim 17, wherein the first organic
layer is formed while gradually decreasing the first oxygen
partial pressure.

19. The method of claim 15, wherein the organic material
comprises alkoxysilane-based compounds or siloxane-based
compounds.

20. The method of claim 19, wherein the first organic
layer and the second organic layer are formed of the same
organic material.
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