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DISPLAY DEVICE AND ORGANIC
LUMINESCENT DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on 29 Nov. 2012 and there duly
assigned Serial No. 10-2012-0137336.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] An embodiment of the present invention relates to a
display device and an organic luminescent display device,
and more particularly, to a display device and an organic
luminescent display device which include a thin film encap-
sulation structure.

[0004] 2. Description of the Related Art

[0005] An organic luminescent display device using an
organic light-emitting device is capable of displaying a mov-
ing image since the organic luminescent display device has a
quicker response speed than a liquid crystal display (LCD)
that is currently widely commercialized, and is receiving
attention as a next-generation display device since the organic
luminescent display device is self-emissive, has a wider view-
ing angle, and has higher luminance.

[0006] The organic light-emitting device includes a pixel
electrode and a counter electrode, which face each other, and
an emissive layer including an organic material disposed
between the pixel electrode and the counter electrode. The
organic light-emitting device is very sensitive to moisture,
oxygen, and light, and thus may deteriorate by contacting
them. Also, when oxygen or moisture is diffused into an
organic layer, oxide is generated as an electrochemical charge
transfer occurs on an interface between the pixel and counter
electrodes and the organic layer, and a dark spot may occur as
the oxide separates the organic layer and the pixel or counter
electrode, thereby decreasing a life of the organic light-emit-
ting device. Accordingly, the organic light-emitting device
has a thin film encapsulation structure so as to block external
moisture, oxygen, or light from being transferred into the
organic light-emitting device.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology 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 OF THE INVENTION

[0008] One or more embodiments of the present invention
provide a display device and an organic light-emitting device,
which include a thin film encapsulation structure.

[0009] In accordance with an aspect of the present inven-
tion, there is provided a display device including: a structure
including a display area and a peripheral area surrounding the
display area; and an inorganic encapsulation thin film dis-
posed on the display and peripheral areas. The peripheral area
includes at least one inorganic surface portion having a closed
shape continuously surrounding the display area.

[0010] A surface portion of the display area may include at
least one inorganic material.
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[0011] The inorganic material may be deposited via an
evaporation process.

[0012] Theinorganic material may have an insulating prop-
erty.
[0013] The inorganic material may be conductive and

included in an electrode.
[0014] An entire surface of the structure may include at
least one inotganic material.

[0015] The peripheral area may include at least one organic
surface portion.
[0016] The organic surface portion may have a closed

shape continuously surrounding the display area.

[0017] The organic surface portion may have an opened
shape discontinuously surrounding the display area.

[0018] The inorganic surface portion may be disposed out-
ermost portion of the peripheral area.

[0019] The inorganic surface portion may include a top
surface of a first inorganic film, a top surface of a second
inorganic film disposed on the first inorganic film, and a
stepped surface formed by a side surface of the second inor-
ganic film.

[0020] The first inorganic film may include a conductive
inorganic material and the second inorganic film may include
an insulating inorganic material.

[0021] The first inorganic film may include an insulating
inorganic material and the second inorganic film may include
a conductive inorganic material.

[0022] The first inorganic film may include a first conduc-
tive inorganic material and the second inorganic film may
include a second conductive inorganic material different from
the first conductive inorganic material.

[0023] Thedisplay device may further include a planariza-
tion film; a lower electrode disposed on the planarization film;
an intermediate layer disposed on the lower electrode and
comprising an organic material; and an upper electrode dis-
posedon the intermediate layer, wherein the top surface of the
first inorganic film may be spaced apart downward from a
bottom surface of the planarization film.

[0024] The display device may further include a planariza-
tion film; a lower electrode disposed on the planarization film;
an intermediate layer disposed on the lower electrode and
including an organic material; and an upper electrode dis-
posed on the intermediate layer, wherein at least a part of the
inorganic surface portion may be spaced apart downward
from a bottom surface of the planarization film.

[0025] In accordance with another aspect of the present
invention, there is provided an organic luminescent display
device including: a substrate; an inorganic insulating film
disposed on the substrate; an inorganic wire portion disposed
on at least the inorganic insulating film; an inorganic upper
electrode connected to the inorganic wire portion and cover-
ing at least a display area of the substrate; and an inorganic
encapsulation thin film covering the inorganic insulating film,
the inorganic wire portion, and the inorganic upper electrode.
[0026] The organic luminescent display device may further
include an inorganic insulating passivation film disposed
between the inorganic upper electrode and the inorganic
encapsulation thin film. The inorganic encapsulation thin film
may contact top and side surfaces of the inorganic insulating
passivation film.

[0027] Theorganic luminescent display device may further
include: a planarization film formed on the inorganic insulat-
ing film and having a side surface; and an organic light-
emitting device formed on the planarization film and includ-
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ing a lower electrode, an organic emissive layer, and the
inorganic upper electrode, wherein the inorganic wire portion
may include: an inorganic wire disposed on the inorganic
insulating film; and an inorganic connecting portion disposed
on the side and top surfaces of the planarization film to con-
nect the inorganic wire and the inorganic upper electrode.

[0028] The side and top surfaces of the inorganic wire and
the side and top surfaces of the inorganic connecting portion
may contact the inorganic encapsulation thin film.

[0029] The organic luminescent display device may further
include an inorganic capping film disposed between at least
the inorganic insulating film and the inorganic encapsulation
thin film. The inorganic capping film may include an opening
exposing the inorganic wire.

[0030] The top surface of the inorganic capping film, the
top surface of the inorganic wire exposed by the opening, and
the top surface of the inorganic connecting portion may con-
tact the inorganic encapsulation thin film.

[0031] Theorganic luminescent display device may further
include an organic spacer disposed between the top surfaces
of the inorganic wire and inorganic connecting portion and
the inorganic encapsulation thin film.

[0032] In accordance with another aspect of the present
invention, there is provided a display device including: a
structure including a display area and a peripheral area sur-
rounding the display area; and an inorganic encapsulation
thin film disposed on the display and peripheral areas. The
peripheral area includes at least one inorganic surface portion
having a closed shape continuously surrounding the display
area, and the inorganic surface portion includes at least two
overlappingly selected from the group consisting of a first
stepped surface, a second stepped surface, and a third stepped
surface. The first stepped surface may be formed by a top
surface of a first inorganic film including a conductive inor-
ganic material, a top surface of a second inorganic film dis-
posed on the first inorganic film and including an insulating
inorganic material, and a side surface of the second inorganic
film. The second stepped surface may be formed by a top
surface of a first inorganic film including an insulating inor-
ganic material, a top surface of a second inorganic film dis-
posed on the first inorganic film and including a conductive
inorganic material, and a side surface of the second inorganic
film. The third stepped surface is formed by a top surface of a
first inorganic film including a conductive inorganic material,
a top surface of a second inorganic film disposed on the first
inorganic film and comprising a different conductive inor-
ganic material from the conductive inorganic material, and a
side surface of the second inorganic film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0034] FIG. 1 is a plan view schematically illustrating a
structure of a display device, according to an embodiment of
the present invention;

[0035] FIG. 2 is a cross-sectional view taken along a line
I-IT' of FIG. 1;
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[0036] FIG. 3 is a plan view schematically illustrating a
structure of a display device, according to another embodi-
ment of the present invention;

[0037] FIG. 4 is a plan view schematically illustrating a
structure of a display device, according to another embodi-
ment of the present invention;

[0038] FIG. 5 is a cross-sectional view taken along a line
V-V' of FIG. 4; and

[0039] FIG. 6is a cross-sectional view schematically illus-
trating a structure of a display device, according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Hereinafter, the present invention will be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
[0041] So as to clearly describe the present invention, an
element unrelated to the present invention is neither illus-
trated nor described, or simply illustrated or described. Also,
in drawings, thicknesses and widths of layers and regions
may be exaggerated for clarity.

[0042] Inthe drawings, like reference numerals denote like
elements. The terms “first,” “second,” and the like used herein
do not have limitative meanings, but are used to distinguish
one element from another. It will also be understood that
when a portion, such as a layer, a region, or an element is
referred to as being “on” another portion, it can be directly on
the other portion, or an intervening layers, region, or element
may also be present.

[0043] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0044] FIG. 1 is a plan view schematically illustrating a
structure of a display device, according to an embodiment of
the present invention. FIG. 2 is a cross-sectional view taken
along a line II-1I' of FIG. 1. FIG. 3 is a plan view schemati-
cally illustrating a structure of a display device, according to
another embodiment of the present invention.

[0045] In reference to FIGS. 1 and 2, the display device
includes a substrate 100, a thin film transistor (TFT) array and
an organic light-emitting device (OLED) that are formed on
the substrate 100, and an encapsulation thin film 114 sealing
the OLED.

[0046] The substrate 100 supports the entire display device
and maintains rigidity. The substrate 100 may have a flat top
surface and be formed of a transparent insulating material.
For example, the substrate 100 may be formed of glass. How-
ever, alternatively, the substrate 100 may be formed of a
plastic material, such as polyethersulphone (PES) or poly-
acrylate (PAR). Alternatively, the substrate 100 may be
formed of an opaque material, such as a metal or a carbon
fiber, or may be formed of flexible plastic, such as a polyimide
(PI) film so as to realize a flexible display device.

[0047] The substrate 100 is divided into a display area DA
and a peripheral area PA disposed around the display area DA.
The display area DA is disposed at center of the substrate 100
and is an area where an image is displayed. The peripheral
area PA is disposed at an edge of the substrate 100 to surround
the display area DA and is an area where an image is not
displayed.

[0048] A plurality of OLEDs emitting light for displaying
an image are disposed in the display area DA according to
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pixels. A wire 106¢ and a connecting pad 1094 for applying an
electric signal or power to the OLED disposed on the display
area DA are disposed in the peripheral area PA. Hereinafter,
components disposed in the display area DA and the periph-
eral area PA are described in an order staked from the sub-
strate 100.

[0049] A buffer film 101 is formed on the substrate 100.
The buffer film 101 flattens the top surface of the substrate
100 and blocks impurities from penetrating into the substrate
100. The buffer film 101 may have a multilayer or single layer
structure formed of an inorganic material, such as silicon
oxide (SiOx) and/or silicon nitride (SiNx), and may be
formed via any one of various deposition methods. The buffer
film 101 may not be formed as occasion demands.

[0050] A driving circuit unit is formed on the buffer film
101. The driving circuit unit includes at least one TFT. The
TFT is electrically connected to the OLED to drive the
OLED. Although not illustrated, the driving circuit unit may
further include at least one capacitor. Meanwhile, in FIG. 2,
the TFT is a top gate type sequentially including an active
layer 102, a gate electrode 104, a source electrode 106a, and
adrain electrode 1065, but alternatively, any type of TFT may
be employed, such as a bottom gate type.

[0051] The active layer 102 is formed on the buffer film
101. The active layer 102 includes a semiconductor material,
for example, may include amorphous silicon or polycrystal-
line silicon. However, alternatively, the active layer 102 may
include an oxide semiconductor matetial, such as G-I-Z—
0—[(In,0;)a(Ga,0,),(ZnO)c], wherein a, b, and ¢ are each
areal number satisfying a=0, b=0, and ¢>0. Aside from GIZO,
the active layer 102 may include an oxide of a material
selected from the group consisting of group 12, 13, and 14
metal elements, such as zinc (Zn), indium (In), gallium (Ga),
tin (Sn), cadmium (Cd), germanium (Ge), and hafnium (Hf),
and a combination thereof. The active layer 102 includes a
source region 102¢ and a drain region 1025 respectively
contacting the source electrode 106a and the drain electrode
1065, and a channel region 102¢ disposed between the source
and drain regions 102a and 1025. When the active layer 102
includes amorphous silicon or polycrystalline silicon, impu-
rities may be doped on the source and drain regions 102a and
1025 if required.

[0052] A gate insulating film 103 is formed on the active
layer 102, and may have a multilayer or single layer structure
formed of an inorganic material, such as silicon oxide and/or
silicon nitride. The gate insulating film 103 insulates the
active layer 102 and the gate electrode 104 from each other.

[0053] The gate electrode 104 is formed on the gate insu-
lating film 103. The gate electrode 104 is connected to a gate
line (not shown) applying an on/off signal to the TFT. The
gate electrode 104 may be formed of a low resistance metal
material, and may have a multilayer or single layer structure
formed of a conductive material, such as molybdenum (Mo),
aluminum (Al), copper (Cu), or titanium (T1).

[0054] An interlayer insulating film 105 is formed on the
gate electrode 104. The interlayer insulating film 105 insu-
lates the source and drain electrodes 106a and 1065 and the
gate electrode 104 from each other. The interlayer insulating
film 105 may have a multilayer or single layer structure
formed of an inorganic material. For example, the inorganic
material may be a metal oxide or ametal nitride, in detail, may
be silicon oxide (Si0,), silicon nitride (SiNx), silicon oxyni-
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tride (SiON), aluminum oxide (Al,Q;), titanium oxide
(Ti0,), tantalum oxide (Ta,Os), hafnium oxide (HfO,), or
zinc oxide (ZrO,).

[0055] The source and drain electrodes 106a and 1065 are
formed on the interlayer insulating film 105. The source and
drain electrodes 106a and 1065 respectively contact the
source and drain regions 102¢ and 1024 of the active layer
102 through contact holes formed through the interlayer insu-
lating film 105 and the gate insulating film 103. A capping
film 107 and a planarization film 108 are formed on the TFT
formed as above.

[0056] The capping film 107 may have a multilayer or
single layer structure formed of an insulating inorganic mate-
rial. For example, the insulating inorganic material may be
metal oxide or metal nitride, in detail, SiO,, SiNx, SiON,
AlLO;, Ti0,, Ta,0s, HfO,, or Zr0,.

[0057] The planarization film 108 is formed to cover the
capping film 107. The planarization film 108 may have a
multilayer or single layer structure formed of an inorganic
material and/or an organic material. For example, the inor-
ganic material may be metal oxide or metal nitride, in detail,
Si0,, SiNx, SiON, Al,0,. TiO,, Ta,0s5, HfO,, or ZrO,.
Meanwhile, the organic material may be a common general
polymer such as polymethylmethacrylate (PMMA) or poly-
stylene (PS), a polymer derivative having a phenol-based
group, an acryl-based polymer, an imide-based polymer, an
arylether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylene-based polymer, a vinylalco-
hol-based polymer, or a blend thereof. Also, the planarization
film 108 may have a complex stacked structure of an inor-
ganic insulating film and an organic insulating film. The
planarization film 108 resolves a stepped difference caused
by the TFT array and flattens the top surface, thereby prevent-
ing a defect in the OLED caused by a lower unevenness.
[0058] The OLED is formedontop of the planarization film
108 corresponding to the display area DA. The OLED
includes a lower electrode 109a formed on the planarization
film 108, an upper electrode 112 facing the lower electrode
109a, and an intermediate layer 111 disposed between the
lower and upper electrodes 1094 and 112. According to a
light-emitting direction of the OLED, the display device is
classified into a bottom emission type, a top emission type,
and a dual emission type. In the bottom emission type, the
lower electrode 109« is used as a light transmissive electrode
and the upperelectrode 112 is used as a reflective electrode. In
the top emission type, the lower electrode 109« is used as a
reflective electrode and the upper electrode 112 is used as a
semi-transmissive electrode. In the dual emission type, both
the lower and upper electrodes 109 and 112 are used as light
transmissive electrodes.

[0059] When the lower electrode 109 is used as an anode,
the lower electrode 109a may include at least one material
having a high work function selected from the group consist-
ing of indium tin oxide (ITO), indium zinc oxide (IZO), zinc
oxide (Zn0O), indium oxide (In,0,), indium gallium oxide
(IGO), and aluminum zinc oxide (AZO). The lower electrode
109a may be patterned in an island shape corresponding to
each pixel. Also, the lower electrode 1094 may receive a
current by being connected to the drain electrode 1065 of the
TFT.

[0060] Meanwhile, apixel definelayer (PDL)110a formed
of an insulating material is formed on the lower electrode
1094 to cover the lower electrode 109a. The PDL 110a may
be formed of at least one organic insulating material selected
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from the group consisting of polyimide, polyamide, acryl
resin, benzocyclobutene, and phenol resin, via a spin coating
method. A predetermined opening defining a pixel is formed
on the PDL 110q. The interlayer layer 111 is formed in a
region limited by at least the opening.

[0061] The intermediate layer 111 may include an organic
emissive layer emitting red, green, or blue light, wherein the
organic emissive layer may use a low molecular weight
organic material or a high molecular weight organic material.
When the organic emissive layer is a low molecular weight
organic layer formed of a low molecular organic material, a
hole transport layer (HTL) and a hole injection layer (HIL)
are disposed towards the lower electrode 1094, and an elec-
tron transport layer (ETL) and an electron injection layer
(EIL) are stacked towards the upper electrode 112, based on
the organic emissive layer. Here, various layers as well as the
HIL, the HTL, the ETL, and the EIL. may be stacked if
required.

[0062] Inthe above embodiment, the organic emissive lay-
ers are formed according to pixels. In this case, red, blue, or
green light may be emitted according to pixels, and a pixel
group emitting red, green, and blue lights may form one unit
pixel. However, alternatively, the organic emissive layer may
be commonly formed throughout pixels. For example, a plu-
rality of organic emissive layers emitting red, green, and blue
lights may be vertically stacked or mixed to emit a white light.
Of course, a combination of colars for emitting a white light
is not limited thereto. Here, a color converting layer or a color
filter may be separately used to convert the white light to a
predetermined color.

[0063] The upper electrode 112 may be formed of a con-
ductive inorganic material. When the upper electrode 112 is
used as a cathode, the upper electrode 112 may be formed of
Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or Ag having a low work
function. The upper electrode 112 may be a common elec-
trode formed throughout the display area DA where an image
is realized. Here, the upper electrode 112 may be formed via
an evaporation process that does not damage the intermediate
layer 111.

[0064] Meanwhile, the polarities of the lower electrode
109a and the upper electrode 112 may be interchanged.

[0065] An insulating passivation film 113 is formed on the
upper electrode 112. A work function of the upper electrode
112 may be changed while the encapsulation thin film 114 is
formed via a sputtering process or a plasma enhanced chemi-
cal vapor deposition (PECVD) process. Also, the organic
material included in the intermediate layer 111 may be dam-
aged. Thus, the insulating passivation film 113 may be formed
to cover the upper electrode 112. The insulating passivation
film 113 may have a multilayer or single layer structure
formed of an insulating inorganic material. For example, the
insulating inorganic material may be metal oxide, metal
nitride, or metal fluoride. In detail, the insulating inorganic
material may be fluoride of alkali metal. When the OLED is a
top emission type or dual emission type, light may penetrate
through the insulating passivation film 113. The insulating
passivation film 113 is formed through an evaporation pro-
cess that does not damage the upper electrode 112 and the
intermediate layer 111. According to an embodiment, in the
top emission type, a conductive or semiconductor organic
layer may be further formed between the upper electrode 112
and the insulating passivation film 113. The conductive or
semiconductor organic layer may include light extraction
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efficiency. The conductive or semiconductor organic layer
may be formed through an evaporation process.

[0066] Meanwhile, the upper electrode 112 may receive an
electric signal or power by being connected to a wire portion
of the peripheral area PA.

[0067] The wire portion includes the wire 106¢ and the
connecting pad 1095.

[0068] The wire 106¢ applies an electric signal or power
received from the outside to the upper electrode 112. Thus,
the wire 106¢ is formed of a conductive inorganic material
capable of satisfactorily transferring a current, for example,
may have a multilayer or single layer structure formed of at
least one metal selected from the group consisting of alumi-
num (Al), platinum (Pt), palladium (Pd), silver (Ag), magne-
sium (Mg), gold (Au), nickel (Ni), neodymium (Nd), iridium
(Ir), chromium (Cr), nickel (Li), calcium (Ca), molybdenum
(Mo), titanium (T1), tungsten (W), and copper (Cu). The wire
106¢ is formed on the interlayer insulating film 105. The wire
106c may be simultaneously formed while forming the
source and drain electrodes 1064 and 1065 of the TFT. Here,
the wire 106¢ may be formed of the same conductive inor-
ganic material as the source and drain electrodes 106a and
1065.

[0069] Meanwhile, since the wire 106¢ is formed on the
interlayer insulating film 105, a top surface (indicated by X)
of the wire 106¢ is located downward from a bottom surface
(indicated by Y) of the planarization film 108. Thus, when a
stress is applied in a parallel direction to the planarization film
108, a structure between the top surface of the wire 106¢ and
the bottom surface of the planarization film 108 may function
as a buffer. Accordingly, even when a stress is applied, adhe-
sion between the wire 106¢ and the encapsulation thin film
114 may be maintained.

[0070] The capping film 107 is formed to cover the wire
106¢. As described above, the capping film 107 may have a
multilayer or single layer structure formed of an insulating
inorganic material. An opening is formed on the capping film
107 to expose a part of the wire 106¢. In other words, the
capping film 107 is formed throughout the display area DA
and the peripheral area PA, and includes an opening that
covers the edge of the wire 106¢ and exposes the center of the
wire 106¢. The wire 106¢ and the upper electrode 112 are
electrically connected to each other, but are physically apart
from each other since they are formed in different layers.
Accordingly, the connecting pad 1095 electrically connecting
the wire 106¢ and the upper electrode 112 is required. The
opening is formed on the capping film 107 as a contact hole
for the connecting pad 1095 to contact the wire 106¢.

[0071] The connecting pad 1095 transfers an electric signal
or power received from the wire 106¢ to the upper electrode
112. The connecting pad 1095 functions as a bridge or link.
Accordingly, the connecting pad 1095 is formed of a conduc-
tive inorganic material capable of satisfactorily transferring a
current, and may have a multilayer or single layer structure
formed of one or more metals selected from the group con-
sisting of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti,
W, and Cu. Meanwhile, a side portion of the planarization
film 108 described above is disposed in the peripheral area
PA, wherein the connecting pad 1095 is disposed along side
and top surfaces of the planarization film 108. One end of the
connecting pad 1095 contacts the wire 106¢ exposed by the
opening of the capping film 107, and the other end contacts
the upper electrode 112. According to an embodiment, the
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connecting pad 10956 may be formed together with the lower
electrode 1094 in the same material as the lower electrode
109a.

[0072] An organic spacer 1105 is formed on a region where
the wire 106¢ and the connecting pad 1095 contact each other.
The organic spacer 1105 may be formed of at least one
organic insulating material selected from the group consist-
ing of polyimide, polyamide, acryl resin, benzocyclobutene,
and phenol resin, and may be formed together with the PDL
110z in the same material as the PDL 110a. The organic
spacer 1105 may have a closed shape continuously surround-
ing the display area DA, or an opened shape discontinuously
surrounding the display area DA. The organic spacer 1105
supports a mask during an evaporation process for forming
various films in the display area DA. Also, the organic spacer
1105 operates as a buffer with respect to a temporary shock
applied to the peripheral area PA, and absorbs the temporary
shock. Meanwhile, the organic spacer 1105 is formed on the
region where the wire 106¢ and the connecting pad 1095
contact each other, and thus prevents the connecting pad 1095
from detached and prevents a connection defect.

[0073] The encapsulation thin film 114 is formed through-
out the substrate 100 to cover all of the display area DA and
the peripheral area PA. The encapsulation thin film 114 is
formed to protect the OLED from external moisture or oxy-
gen. The encapsulation thin film 114 may have a multilayer or
single layer structure formed of an insulating inorganic mate-
rial. For example, the insulating inorganic material may be
metal oxide or metal nitride, in detail, SiO,, SiNx, SiON,
AlLO;, Ti0,, Ta,0s, HfO,, or Z10,.

[0074] In the display area DA, the encapsulation thin film
114 covers the insulating passivation film 113 formed on the
upper electrode 112. Since the insulating passivation film 113
is formed of an insulating inorganic material and the encap-
sulation thin film 114 is also formed of an insulating inorganic
material, they have good adhesion. Accordingly, the display
device may have a strong sealing structure in the display area
DA.

[0075] Meanwhile, the peripheral area PA includes at least
one inorganic area IOA having a closed shape continuously
surrounding the display area DA. Indetail, the peripheral area
PA includes a first inorganic area [OA1 and a second inor-
ganic area IOA2, and an organic area OA disposed therebe-
tween. Here, the inorganic area IOA means an area where the
encapsulation thin film 114 formed of the insulating inor-
ganic material inorganic-inorganic contacts an inorganic su-
face portion formed on the substrate 100. Also, the organic
area OA means an area where the encapsulation thin film 114
formed of the insulating inorganic material inorganic-organic
contacts an organic surface portion formed on the substrate
100.

[0076] The first inorganic area IOAL1 is located in an outer-
most edge of the substrate 100. The first inorganic area IOA1
is an area where the capping film 107 formed of the insulating
inorganic material and the encapsulation thin film 114 formed
of the insulating inorganic material contact each other. Also,
as in a region A of FIG. 2, the first inorganic area IOA1 also
includes an area where a stepped surface formed by the top
surface of the wire 106¢ including the conductive inorganic
material exposed by the opening of the capping film 107 and
the side surface of the capping film 107 formed by the open-
ing contacts the encapsulation thin film 114. As such, by
including the first inorganic area I0A1 contacting an inor-
ganic surface on the encapsulation thin film 114 and the
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substrate 100, a strong encapsulation structure may be real-
ized and moisture permeability may be effectively prevented.
Specifically, since the first inorganic area IOA1 is located at
the outermost edge of the substrate 100, moisture or oxygen
from a side portion of the display device may be effectively
blocked. Also, since the first inorganic area IOA1 includes the
stepped surface as shown in the region A, the stepped surface
may operate as a buffer while a structure expands due to heat,
thereby maintaining adhesion between the encapsulation thin
film 114 and the lower surface.

[0077] In detail, the wire 106¢ and the capping film 107
each expands due to heat generated in the wire 106¢ accord-
ing to a current flow or heat transferred from outside/inside of
the display device. Here, since the wire 106¢ and the capping
film 107 are formed of different materials, the rates of expan-
sion are different. Due to the different rates of expansion,
adhesion between the encapsulation thin film 114 and the
wire 106¢, and the capping film 107 may deteriorate. How-
ever, according to the current embodiment, since a contact
region between the encapsulation thin film 114 and the lower
structure is increased by the stepped surface like the region A,
strong adhesion may be maintained despite of heat. Also,
since the stepped surface like the region A may function as a
type of buffer providing a spatial margin regarding expansion,
adhesion between the encapsulation thin film 114 and the
lower structure may be prevented from being decreased due to
expansion.

[0078] Then, the second inorganic area IOA2 is disposed
adjacent to the display area DA. The second inorganic area
10A2 includes an area where the connecting pad 1095 formed
of the conductive inorganic material contacts the insulating
passivation film 113 formed of the insulating inorganic mate-
rial and the encapsulation thin film 114 formed of the insu-
lating inorganic material. Also, the second inorganic area
10A2 includes an area where a stepped surface formed by the
side surface of the insulating passivation film 113 on the
connecting pad 1095 contacts the encapsulation thin film 114
as shown in a region B of FIG. 2. As such, in the current
embodiment, by additionally including the second inorganic
area IOA2 as well as the first inorganic area IOA1 contacting
an inorganic surface on the encapsulation thin film 114 and
the substrate 100, an encapsulation structure may be further
strong, and moisture permeability may be effectively
blocked. Also, since the second inorganic area I0A2 also
includes the stepped surface like the region B, the stepped
surface may function as a buffer while the structure expands
due to heat, thereby maintaining adhesion between the encap-
sulation thin film 114 and the lower surface.

[0079] Indetail, the connecting pad 1094 and the insulating
passivation film 113 each expands due to heat generated in the
connecting pad 1095 according to a current flow or heat
transferred from outside/inside of the OLED. Here, since the
connecting pad 1094 and the insulating passivation film 113
are formed of different materials, the rates of expansion are
different. Due to the different rates of expansion, adhesion
between the encapsulation thin film 114 and the connecting
pad 1095, and the insulating passivation film 113 may dete-
riorate. However, according to the current embodiment, since
a contact region between the encapsulation thin film 114 and
the lower structure is increased by the stepped surface like the
region B, strong adhesion may be maintained despite of heat.
Also, since the stepped surface may function as a type of
buffer providing a spatial margin regarding expansion, adhe-
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sion between the encapsulation thin film 114 and the lower
structure may be prevented from being decreased due to
expansion.

[0080] In the peripheral area PA, the organic area OA is
formed between the first inorganic area IOA1 and the second
inorganic area IOA2. The organic area OA is an area where
the organic spacer 1105 and the encapsulation thin film 114
formed of the insulating inorganic material contact each
other.

[0081] As shown in FIG. 1, if the organic spacer 1105 has a
closed shape continuously surrounding the display area DA,
the organic area OA also has a closed shape continuously
surrounding the display area DA. Alternatively, as shown in
FIG. 3, if the organic spacer 1105 has an opened shape dis-
continuously surrounding the display area DA, the organic
area OA also has an opened shape discontinuously surround-
ing the display area DA.

[0082] FIG. 4 is a plan view schematically illustrating a
structure of a display device, according to another embodi-
ment of the present invention. FIG. 5 is a cross-sectional view
taken along a line V-V' of FIG. 4.

[0083] The current embodiment of FIGS. 4 and 5 is differ-
ent from the embodiment of FIGS. 1 through 3 in that the
organic spacer 1104, the capping film 107, and the insulating
passivation film 113 are not used. Since components of FIGS.
4 and 5 denoted by the same reference numerals as those of
FIGS. 1 through 3 have the same or similar functions as the
components of FIGS. 1 through 3, overlapping descriptions
thereof will not be repeated. According to the current embodi-
ment, at least one of the organic spacer 1105, the capping film
107, and the insulating passivation film 113 may be
employed.

[0084] Inreferenceto FIGS. 4 and5, inthe display area DA,
the encapsulation thin film 114 directly covers the upper
electrode 112. Here, since the upper electrode 112 is formed
of a conductive inorganic material and the encapsulation thin
film 114 is formed of an insulating inorganic material, the
upper electrode 112 and the encapsulation thin film 114 have
satisfactory adhesion via inorganic-inorganic contact.
Accordingly, like the previous embodiment the display
device may have a strong sealing structure in the display area
DA.

[0085] Meanwhilein FIGS. 4 and 5, only the inorganic area
10A is included in the peripheral area PA. The inorganic area
10A is located at the outermost edge of the substrate 100
surrounding the display area DA. The inorganic area IOA
includes an area where the interlayer insulating film 105
formed of an insulating inorganic material, the wire 106¢
formed of a conductive inorganic material, and the connect-
ing pad 1095 contact the encapsulation thin film 114 formed
of an insulating inorganic material. Specifically, the inorganic
area JOA includes a stepped surface formed by a side surface
of the wire 106¢ contacting the encapsulation thin film 114
like aregion C and a stepped surface formed by a side surface
of the connecting pad 1095 contacting the encapsulation thin
film 114 like a region D of FIG. 5.

[0086] In particular, since the capping film 107 is not used
in the embodiment of FIGS. 4 and 5, the side surface of the
wire 106¢ is exposed on the interlayer insulating film 105.
Accordingly, a stepped surface like a region C is further
formed by the side surface of the wire 106¢.

[0087] As described above, the stepped surfaces included
in the inorganic area IOA operates as a buffer while the
structure expands due to heat, thereby maintaining adhesion
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between the encapsulation thin film 114 and the lower sur-
face. In detail, the wire 106¢, the connecting pad 1095, and
the interlayer insulating film 105 each expands due to heat
generated in the wire 106¢ and the connecting pad 10954
according to a current flow or heat transferred from outside/
inside of the display device. When the wire 106¢, the con-
necting pad 1095, and the interlayer insulating film 105 are
formed of different materials, the rates of expansion may be
different, thereby deteriorating adhesion toward the encapsu-
lation thin film 114. However, since the stepped surfaces like
the regions C and D may increase a contact area and operate
as a buffer with respect to expansion, adhesion of top surfaces
and/or side surfaces of the wire 106¢, the connecting pad
1095, and the interlayer insulating film 105 to a bottom sur-
face of the encapsulation tin film 114 may be strongly and
continuously maintained.

[0088] FIG. 6is a cross-sectional view schematically illus-
trating a structure of a display device, according to an
embodiment of the present invention. FIG. 6 corresponds to
the cross-sectional view taken along the line V-V' of FIG. 4,
like FIG. 5.

[0089] Referring to FIG. 6, unlike FIG. 5, the passivation
film 113 formed of an insulating inorganic material is further
formed on the upper electrode 112. Since components of FIG.
6 denoted by the same reference numerals as those of FIGS.
1 through 5 have the same or similar functions as the compo-
nents of FIGS. 1 through 5, overlapping descriptions thereof
will not be repeated.

[0090] Like the region B of FIG. 2, a region E of FIG. 6 the
stepped surface formed by the side surface of the passivation
film 113 on the connecting pad 10956 contacts the encapsula-
tion thin film 114. The stepped surface like the region E may
strongly maintain the adhesion of the bottom surface of the
encapsulation thin film 114 and the connecting pad 1095 to
the passivation film 113, like the region B.

[0091] Herein, the display device is an organic luminescent
display device including the OLED, but alternatively, the
display device may have another structure including the inor-
ganic encapsulation thin film 114.

[0092] According to another embodiment of the present
invention, an inorganic area may include at least two stepped
surfaces overlappingly selected from among a first stepped
surface like the region A of FIG. 2, a second stepped surface
like the region B of FIG. 2 or the region Eof FIG. 6, and a third
stepped surface like the region C or D of FIGS. 5 and 6. In this
case, strong adhesion may be maintained despite of different
rates of expansion between an insulator and a conductor and
astress applied in a parallel direction to a substrate. Although
not illustrated, a thin film formed of an organic material and a
thin film formed of an inorganic material may be further
alternately stacked on the inorganic encapsulation thin film
114 to form an encapsulation structure. Here, an organic layer
may be formed of polymer, and in detail, may be a single film
or a stacked film formed of any one of polyethylenetereph-
thalate, polyimide, polycarbonate, epoxy, polyethylene, and
polyarcrylate. An uppermost layer externally exposed in such
an encapsulation structure may be an inorganic layer so as to
prevent moisture permeability to an OLED. Such an encap-
sulation structure may include at least one sandwich structure
in which at least one organic layer is inserted between at least
two inorganic layers. Alternatively, the encapsulation struc-
ture may include at least one sandwich structure in which at
least one inorganic layer is inserted between at least two
organic layers.
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[0093] For example, such an encapsulation structure may
include a first inorganic layer corresponding to the inorganic
encapsulation thin film 114, a first organic layer, and a second
inorganic layer sequentially from a top of the OLED. Alter-
natively, the encapsulation structure may include a first inor-
ganic layer, a first organic layer, a second inorganic layer, a
second organic layer, and a third inorganic layer sequentially
from the top of the OLED. Alternatively, the encapsulation
structure may include a first inorganic layer, a first organic
layer, a second inorganic layer, a second organic layer, a third
inorganic layer, a third organic layer, and a fourth inorganic
layer sequentially from the top of the OLED. Here, the first
organic layer may have a smaller area than the second inor-
ganic layer, and the second organic layer may have a smaller
area than the third inorganic layer. Also, the first organic layer
may be completely covered by the second inorganic layer, and
the second organic layer may also be completely covered by
the third inorganic layer.

[0094] Meanwhile, the OLED may be efficiently sealed as
a sealing substrate adhered by a sealing member, such as a
sealant or frit, is further formed on an inorganic encapsulation
thin film or an encapsulation structure.

[0095] Meanwhile, active type driving is described herein
but alternatively, a passive type driving that does not use a
TFT may also be used. Here, a layer where a TFT array is
formed is omitted.

[0096] According to one or more embodiments of the
present invention, a stronger sealing structure may be realized
by adhering an inorganic surface portion ofa display device to
an inorganic encapsulation thin film.

[0097] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What is claimed is:

1. A display device, comprising:

a structure comprising a display area and a peripheral area

surrounding the display area; and

an inorganic encapsulation thin film disposed on the dis-

play and peripheral areas,

with the peripheral area comprising at least one inorganic

surface portion having a closed shape continuously sur-
rounding the display area.

2. The display device of claim 1, wherein a surface portion
of the display area comprises at least one inorganic material.

3. The display device of claim 2, wherein the inorganic
material is deposited via an evaporation process.

4. The display device of claim 3, wherein the inorganic
material has an insulating propetty.

5. The display device of claim 3, wherein the inorganic
material is conductive and is included in an electrode.

6. The display device of claim 2, wherein an entire surface
of the structure comprises at least one inorganic material.

7. The display device of claim 1, wherein the peripheral
area comprises at least one organic surface portion.

8. The display device of claim 7, wherein the organic
surface portion has a closed shape continuously surrounding
the display area.

9. The display device of claim 7, wherein the organic
surface portion has an opened shape discontinuously sur-
rounding the display area.
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10. The display device of claim 1, wherein the inorganic
surface portion is disposed outermost portion of the periph-
eral area.

11. The display device of claim 1, wherein the inorganic
surface portion comprises a top surface of a first inorganic
film, a top surface of a second inorganic film disposed on the
first inorganic film, and a stepped surface formed by a side
surface of the second inorganic film.

12. The display device of claim 11, wherein the first inor-
ganic film comprises a conductive inorganic material and the
second inorganic film comprises an insulating inorganic
material.

13. The display device of claim 11, wherein the first inor-
ganic film comprises an insulating inorganic material and the
second inorganic film comprises a conductive inorganic
material.

14. The display device of claim 11, wherein the first inor-
ganic film comprises a first conductive inorganic material and
the second inorganic film comprises a second conductive
inorganic material different from the first conductive inor-
ganic material.

15. The display device of claim 11, further comprising:

a planarization film;

a lower electrode disposed on the planarization film;

an intermediate layer disposed on the lower electrode and

comprising an organic material; and

an upper electrode disposed on the intermediate layer,

wherein the top surface of the first inorganic film is spaced

apart downward from a bottom surface of the planariza-
tion film.

16. The display device of claim 1, further comprising:

a planarization film;

a lower electrode disposed on the planarization film;

an intermediate layer disposed on the lower electrode and

comprising an organic material; and

an upper electrode disposed on the intermediate layer,

wherein at least a part of the inorganic surface portion is

spaced apart downward from a bottom surface of the
planarization film.

17. An organic luminescent display device, comprising:

a substrate;

an inorganic insulating film disposed on the substrate;

an inorganic wire portion disposed on at least the inorganic

insulating film;

an inorganic upper electrode connected to the inorganic

wire portion and covering at least a display area of the
substrate; and

an inorganic encapsulation thin film covering the inorganic

insulating film, the inorganic wire portion, and the inor-
ganic upper electrode.

18. The organic luminescent display device of claim 17,
further comprising an inorganic insulating passivation film
disposed between the inorganic upper electrode and the inor-
ganic encapsulation thin film,

wherein the inorganic encapsulation thin film contacts top

and side surfaces of the inorganic insulating passivation
film.

19. The organic luminescent display device of claim 17,
further comprising:

aplanarization film formed on the inorganic insulating film

and having a side surface; and

an organic light-emitting device formed on the planariza-

tion film and comprising a lower electrode, an organic
emissive layer, and the inorganic upper electrode,
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wherein the inorganic wire portion comprises:

an inorganic wire disposed on the inorganic insulating film;

and

an inorganic connecting portion disposed on the side and

top surfaces of the planarization film to connect the
inorganic wire and the inorganic upper electrode.

20. The organic luminescent display device of claim 19,
wherein the side and top surfaces of the inorganic wire and the
side and top surfaces of the inorganic connecting portion
contact the inorganic encapsulation thin film.

21. The organic luminescent display device of claim 19,
further comprising an inorganic capping film disposed
between at least the inorganic insulating film and the inor-
ganic encapsulation thin film,

wherein the inorganic capping film comprises an opening

exposing the inorganic wire.

22. The organic luminescent display device of claim 21,
wherein the top surface of the inorganic capping film, the top
surface of the inorganic wire exposed by the opening, and the
top surface of the inorganic connecting portion contact the
inorganic encapsulation thin film.

23. The organic luminescent display device of claim 21,
further comprising an organic spacer disposed between the
top surfaces of the inorganic wire and inorganic connecting
portion and the inorganic encapsulation thin film.

24. A display device, comprising:

a structure comprising a display area and a peripheral area

surrounding the display area; and
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an inorganic encapsulation thin film disposed on the dis-
play and peripheral areas,

with the peripheral area comprising at least one inorganic
surface portion having a closed shape continuously sur-
rounding the display area, and

the inorganic surface portion comprising at least two over-
lappingly selected from the group consisting of a first
stepped surface, a second stepped surface, a third
stepped surface, with the first stepped surface being
formed by a top surface of a first inorganic film com-
prising a conductive inorganic material, a top surface of
a second inorganic film disposed on the first inorganic
film and comprising an insulating inorganic material,
and a side surface of the second inorganic film,

the second stepped surface being formed by a top surface of
a first inorganic film comprising an insulating inorganic
material, a top surface of a second inorganic film dis-
posed on the first inorganic film and comprising a con-
ductive inorganic material, and a side surface of the
second inorganic film, and

the third stepped surface being formed by a top surface of
a first inorganic film comprising a conductive inorganic
material, a top surface of a second inorganic film dis-
posed on the first inorganic film and comprising a dif-
ferent conductive inorganic material from the conduc-
tive inorganic material, and a side surface of the second
inorganic film.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

[#R1 &% BB A PARK MYOUNG SEO
KBEAN PARK, MYOUNG-SEO
IPCH3ES HO1L27/32
CPC@o S HO01L27/3244 HO1L51/5253 C09K15/02 HO5B33/04 HO1L27/3276
R 1020120137336 2012-11-29 KR
H 0 FF 30k US9893312
SNERaE Espacenet USPTO
HE(F) l PA _{[_ DA |L PA
EH—MEREE K 2% GBS KBRS RRENARREN 0 | e L
ST HEEEIEES REMNERE L, BXEEEEENE e e A
BHARRNEL —ATHNREHS o i ]
I0A2 —
OA —AJ—-
IOAT -1 |
NERRE
1T i’

patsnap

EREBNANALERRE

US20140145155A1 N (E)H 2014-05-29
US13/840879 HiEA 2013-03-15
=EERERALT

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

DA

PA
i


https://share-analytics.zhihuiya.com/view/a208a319-0242-4e28-b988-eb380043225b
https://worldwide.espacenet.com/patent/search/family/050772450/publication/US2014145155A1?q=US2014145155A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140145155%22.PGNR.&OS=DN/20140145155&RS=DN/20140145155

