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7) ABSTRACT

A display device includes a substrate which includes a pixel
region and a peripheral region which is provided on at least
one side of the pixel region, a plurality of pixels provided in
the pixel region, a passivation layer that disposed on the
substrate, a light emitting element disposed on the passiva-
tion layer and which emits light, and a sealing member
which covers the light emitting element. The sealing mem-
ber includes a first inorganic layer disposed on the light
emitting element, a lens portion disposed on the first inor-
ganic layer and which extracts light which is emitted from
the light emitting element, an organic layer disposed on the
lens portion, and a second inorganic layer disposed on the
organic layer.




Patent Application Publication  Dec. 13,2018 Sheet 1 of 11 US 2018/0358580 A1

G, 1

PXL,
\
lINEE 00
[] ]
DVt
EDV-—
—~—SUB
T y—MA
LU “T—PPA
*‘_"’Dm { [1 !




Patent Application Publication  Dec. 13,2018 Sheet 2 of 11 US 2018/0358580 A1

HlG. 2

Dj FLVDD
S -
J (st
| d .
e TR
OLED
ELYSS




Patent Application Publication  Dec. 13,2018 Sheet 3 of 11 US 2018/0358580 A1




Patent Application Publication  Dec. 13,2018 Sheet 4 of 11 US 2018/0358580 A1




Patent Application Publication  Dec. 13,2018 Sheet 5 of 11 US 2018/0358580 A1

G oB

T [
SE GE SCL DE

............... et

T

FlG. oC




Patent Application Publication  Dec. 13,2018 Sheet 6 of 11 US 2018/0358580 A1

FlG. 50

FlG. of

; / 7 /; 7 ~—SIM2 ¢ SIM

LV |

R
SEGE SCLDE
1



Dec. 13,2018 Sheet 7 of 11 US 2018/0358580 A1

Patent Application Publication

L3P

F1G. 64

—-5UB

-O OO0 0000
O 000000
O 000000
ORORORORORORO
O 000000
OO0OO0000O0

——SUB

F1G. 65

-O O O
ONOROR®
OROR®,
o O
O O
O O

O O

ORORO,
O

O

o O

ORORO,




Patent Application Publication Dec. 13,2018 Sheet 8 of 11 US 2018/0358580 A1

N f’
SE GE SCLDE.
T¥T



Patent Application Publication  Dec. 13,2018 Sheet 9 of 11 US 2018/0358580 A1

G, 8A

~— SLMR
LSP

~—SIMl




Patent Application Publication  Dec. 13,2018 Sheet 10 of 11  US 2018/0358580 A1

FlG. 9A

OLED
2 BB
/ J //
STl
DL
_ _ P
! ) o) o) /‘\VILD
- — — ng%‘]l
LN -
‘\\\*\\ \ T~SUB
] [
SE GB SCL DR
)
OLED
B2 EMLELL
I ) ¥

SLMt

- PDL

£%1 £55% t‘a‘! E\IPSV

\p Bl

VAN 0B
LN |
Fol I

SE G SCL DB



Patent Application Publication  Dec. 13,2018 Sheet 11 of 11  US 2018/0358580 A1

F1G. 9C

TR I
SE GE SCL DE
\...-MW,...J

TFT

F1G. 90

P [
SE GE SCL DE
SE GE SCL DE,

TFT

| YA \ e
] Lo \\ \ |

]

|



US 2018/0358580 A1

DISPLAY DEVICE

[0001] This application claims priority to Korean Patent
Application No. 10-2017-0070993, filed on Jun. 7, 2017,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

1. Field

[0002] Exemplary embodiments of the invention relate to
a display device, and particularly a display device including
a light emitting element.

2. Description of the Related Art

[0003] An organic light emitting display device includes
an organic light emitting element, and the organic light
emitting element emits light as electrons injected from one
electrode and holes injected from another electrode are
combined in an organic light emitting layer to form excitons
and the excitons emit energy.

[0004] The organic light emitting display device may
include a sealing member for blocking external oxygen and
moisture from penetrating into the organic light emitting
element.

[0005] The sealing member may include a plurality of
inorganic films and a plurality of organic films.

SUMMARY

[0006] Exemplary embodiments of the invention are to
provide a display device which can increase efficiency of
light.

[0007] A display device according to an exemplary
embodiment of the invention comprises a substrate which
includes a pixel region and a peripheral region which is
provided on at least one side of the pixel region, a plurality
of pixels provided in the pixel region, a passivation layer
that is disposed on the substrate, a light emitting element that
1s disposed on the passivation layer and which emits light,
and a sealing member which covers the light emitting
element. The sealing member includes a first inorganic layer
disposed on the light emitting element, a lens portion
disposed on the first inorganic layer and which extracts light
which is emitted from the light emitting element, an organic
layer disposed on the lens portion, and a second inorganic
layer disposed on the organic layer.

[0008] In an exemplary embodiment of the invention, the
light emitting element may include a first electrode that is
disposed on the passivation layer, a light emitting layer
disposed on the first electrode through an opening, defined
by a pixel defining layer, through which a part of the first
electrode is exposed, and a second electrode that is disposed
on the light emitting layer.

[0009] In an exemplary embodiment of the invention, the
lens portion may be disposed on the first inorganic layer and
corresponds to the opening defined by the pixel defining
layer.

[0010] In an exemplary embodiment of the invention, the
display device may further include a surface modification
layer disposed between the first inorganic layer and the lens
portion.

Dec. 13, 2018

[0011] In an exemplary embodiment of the invention, the
surface modification layer may include a self-assembled
organic material with a hydrophobic property.

[0012] In an exemplary embodiment of the invention, the
lens portion may have a convex shape or a concave shape.
[0013] In an exemplary embodiment of the invention, the
organic layer and the lens portion may have different refrac-
tive indices from each other.

[0014] In an exemplary embodiment of the invention, the
refractive index of the organic layer may be larger than the
refractive index of the lens portion or may be smaller than
the refractive index of the lens portion.

[0015] In an exemplary embodiment of the invention, the
lens portions may be regularly arranged on the substrate.
[0016] In an exemplary embodiment of the invention, the
lens portions may be arranged to correspond to a plurality of
pixels on the substrate, respectively.

[0017] In an exemplary embodiment of the invention, the
lens portions may be irregularly arranged on the substrate.
[0018] In an exemplary embodiment of the invention, the
lens portion may include ink containing epoxy-based resin.
[0019] Inanexemplary embodiment of the invention, each
of the plurality of pixels may include a thin film transistor
which is provided on the substrate and may be electrically
connected to the light emitting element.

[0020] In an exemplary embodiment of the invention, the
thin film transistor may include a semiconductor layer
disposed on the substrate, a gate electrode disposed on the
semiconductor layer with a gate insulating layer interposed
therebetween and a source electrode and a drain electrode
connected to the semiconductor layer.

[0021] A display device according to another exemplary
embodiment of the invention comprises a substrate which
includes a pixel region and a peripheral region which is
provided on at least one side of the pixel region, a plurality
of pixels provided in the pixel region, a passivation layer
disposed on the substrate, a light emitting element disposed
on the passivation layer and which emits light, a pixel
defining layer disposed on the passivation layer and which
defines an opening which exposes a part of the light emitting
element, and a sealing member which covers the light
emitting element. The sealing member includes a first inor-
ganic layer disposed on the light emitting element, a lens
portion disposed on the first inorganic layer and which
corresponds to the opening defined by the pixel defining
layer and extracts light which is emitted from the light
emitting element, an organic layer disposed on the lens
portion, and a second inorganic layer disposed on the
organic layer.

[0022] According to an exemplary embodiment of the
invention, it is possible to provide a display device with
increased efficiency of light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a plan view illustrating an exemplary
embodiment of a display device according to the invention.
[0024] FIG. 2 is an equivalent circuit diagram illustrating
an exemplary embodiment where a pixel illustrated in FIG.
1 is a light emitting element.

[0025] FIG. 3 is a cross-sectional view taken along a line
I-T' of FIG. 1.

[0026] FIGS. 4A and 4B are enlarged views of a portion
EA1 of FIG. 3.
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[0027] FIGS. 5A to 5E are sectional views of illustrating
exemplary embodiment of a method of forming a sealing
member in the display device of FIG. 3.

[0028] FIGS. 6a and 6B are plan views illustrating an
exemplary embodiment of an arrangement structure of lens
units according to the invention.

[0029] FIG. 7 is a cross-sectional view of another exem-
plary embodiment of a display device according to the
invention, taken along line I-I' of FIG. 1.

[0030] FIGS. 8A and 8B are enlarged views of a portion
EA2 of FIG. 7.
[0031] FIGS. 9A to 9D are sectional views illustrating an

exemplary embodiment of a method of forming a sealing
member in the display device of FIG. 7.

DETAILED DESCRIPTION

[0032] While the invention may be variously modified and
may have various forms, specific embodiments thereof will
be illustrated in the drawings and be hereinafter described in
detail. However, it should be understood that the invention
is not intended to be limited to the particular disclosure
forms and covers all modifications, equivalents, and alter-
natives which are included in the spirit and scope of the
invention.

[0033] Similar reference numerals or symbols are used for
similar configuration elements in describing each drawing.
In the accompanying drawings, dimensions of the structures
are enlarged to be illustrated from the actual structures for
the sake of clarity of the invention. The terms first, second,
and the like may be used for describing various configura-
tion elements, and the configuration elements should not be
limited by the terms. The terms are used only for the purpose
of distinguishing one configuration element from another
configuration element. For example, a first configuration
element may be referred to as a second configuration ele-
ment without departing from the scope of the invention, and
similarly, the second configuration element may also be
referred to as the first configuration element. Singular forms
include plural expressions unless otherwise described con-
textually and clearly.

[0034] In the present application, the term “include”,
“have” or the like is intended to indicate that features,
numbers, steps, operations, configuration elements, compo-
nents, or combinations thereof which are described in the
specification exist, and it should be understood that presence
or addition of one or more of other features, numbers, steps,
operations, configuration elements, components, or combi-
nations thereof are not precluded in advance. In addition, in
a case where a portion such as a layer, a film, a region, a
plate, or the like is described as being “on” another portion,
this includes not only a case where the portion is formed
“directly on” another portion, but also a case where the
portion is formed over another portion through still another
portion therebetween. In addition, in the present application,
in a case where a portion of a layer, a film, a region, a plate,
or the like is formed on another portion, a direction in which
the portion is formed is not limited to an upper direction, and
includes a side direction or a lower direction. In contrast to
this, in a case where a portion such as a layer, a film, a
region, a plate, or the like is described referred as being
“under” another portion, this includes not only a case where
the portion is formed “directly under” another portion, but
also a case where the portion is formed under another
portion through still another portion therebetween.
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[0035] Hereinafter, preferred exemplary embodiments of
the invention will be described with reference to the accom-
panying drawings in more detail.

[0036] FIG. 1 is a plan view illustrating an exemplary
embodiment of a display device according to the invention.

[0037] Referringto FIG. 1, the display device according to
an exemplary embodiment of the invention may include a
substrate SUB, pixels PXL provided on the substrate SUB,
a driver which is provided on the substrate SUB and drives
the pixels PXL, and a wire portion (not illustrated) which
connects the pixels PXL.

[0038] The substrate SUB includes a pixel region PXA
and a peripheral region PPA. The pixel region PXA is a
display area in which the pixels PXL that display an image
are provided. Each pixel PXL will be described below. The
peripheral region PPA is a non-display area in which no
image is displayed as an area where the pixels PXL are not
provided. The peripheral region PPA may be provided with
a part of the driver which drives the pixels PXL and wires
(not illustrated) which connect the pixels PXL to the driver.
The peripheral region PPA may correspond to a bezel in the
final display device, and a width of the bezel may be
determined depending on a width of the peripheral region
PPA.

[0039] The pixel region PXA may have various shapes. In
an exemplary embodiment, for example, the pixel region
PXA may be provided in various shapes such as a closed
polygon having sides, a circle, an ellipse, or the like having
sides configured with curved lines, and a semicircle, a
semi-ellipse, or the like having sides configured with a
straight line and a curved line. Hereinafter, a case where the
pixel region PXA is provided as a rectangular region having
straight sides will be described as an example.

[0040] The peripheral region PPA is provided on at least
one side of the pixel region PXA. In the exemplary embodi-
ment of the invention, the peripheral region PPA may
surround the periphery of the pixel region PXA. The periph-
eral region PPA may include a horizontal portion extending
in a first direction DR1 and a vertical portion extending in
a second direction DR2 intersecting the first direction DR1.
The vertical portion of the peripheral region PPA may be
provided as one pair separated from each other along a width
direction, first direction DR1, of the pixel region PXA.

[0041] The pixels PXL are provided in the pixel region
PXA on the substrate SUB. Each of the pixels PXL may a
minimum unit which displays an image. The pixels PXL
may include display elements which emit white light and/or
color light.

[0042] A plurality of pixels PXL may be arranged in a
matrix form along rows extending in the first direction DR1
and columns extending in the second direction DR2. How-
ever, an arrangement form of the pixels PXL of the invention
is not limited thereto, and may be may be provided in
various forms. In another exemplary embodiment, for
example, a part of the pixels PXL may be arranged such that
the first direction DR1 is a row direction, but the other parts
of the pixels PXL may be arranged in a direction other than
the first direction DR1, for example, such that an oblique
direction with respect to the first direction DR1 may be the
row direction. Alternatively, the pixels PXL may be arranged
such that an oblique direction with respect to both the first
direction DR1 and the second direction DR2 is the column
direction, and a direction intersecting the column direction
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is the row direction. Here, the column direction may also be
inclined with respect to both the first direction DR1 and the
second direction DR2.

[0043] The driver may include a scan driver SDV which
transmits scan signals to the respective pixels PXL through
a scan wire line (not illustrated), a light emitting driver
which transmits light emitting control signals to the respec-
tive pixels PXL through a light emitting control line (not
illustrated), a data driver DDV which transmits data signals
to the respective pixels PXL through data wires (not illus-
trated), and a timing controller (not illustrated). The timing
controller may control the scan driver SDV, the light emit-
ting driver EDV, and the data driver DDV.

[0044] The scan driver SDV may be disposed in at least
one of the vertical portions of the peripheral region PPA. The
scan driver SDV may be extended along a longitudinal
direction of the vertical portion of the peripheral region PPA,
but the invention is not limited thereto.

[0045] In an exemplary embodiment of the invention, the
scan driver SDV may be mounted directly on the substrate
SUB. If the scan driver SDV is directly mounted on the
substrate SUB, the scan driver SDV may be formed together
with the pixels during a process of forming the pixels PXL.
However, a position and a method in which the scan driver
SDV is provided according to the invention are not limited
thereto. In another exemplary embodiment, the scan driver
may be formed in a separate chip and may be provided on
the substrate SUB as a chip on glass type. The scan driver
SDV may be mounted on a printed circuit board and may be
connected to the substrate SUB through a connection mem-
ber.

[0046] The light emitting driver EDV may also be dis-
posed in at least one of the vertical portions of the peripheral
region PPA, in a similar manner to the scan driver SDV. The
light emitting driver EDV may be extended along the
vertical direction of the longitudinal direction of the periph-
eral region PPA.

[0047] In an exemplary embodiment of the invention, the
scan driver SDV and the light emitting driver EDV are
adjacent to each other and, Here, a case where the scan
driver SDV is disposed only in one of pairs of the vertical
portions of the peripheral region PPA is illustrated as an
example. The invention is not limited thereto, and the
arrangement thereof may be changed in various ways.

[0048] The data driver DDV may be disposed in the
peripheral region PPA. Particularly, the data driver DDV
may be disposed in the horizontal portion of the peripheral
region PPA. The data driver DDV may extend along a width
direction, a longitudinal direction of the horizontal portion,
of the peripheral region PPA.

[0049] FIG. 2 is an equivalent circuit diagram illustrating
an exemplary embodiment where the pixel illustrated in
FIG. 1 is a light emitting element.

[0050] Referring to FIGS. 1 and 2, each pixel PXL may
include a pixel circuit portion connected to a wire portion,
and a light emitting element OLED connected to the pixel
circuit portion.

[0051] The pixel circuit portion may include a driving thin
film transistor TR2 for controlling the light emitting element
OLED, a switching thin film transistor TR1 for switching the
driving thin film transistor TR2, and a capacitor Cst con-
nected to first and second power supply wires ELVDD and
ELVSS of the wire portion.
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[0052] The switching thin film transistor TR1 may include
a gate electrode, a source electrode, and a drain electrode.
The switching thin film transistor TR1 may have the gate
electrode connected to an i-th scan line Si and the source
electrode connected to a j-th data line Dj. The drain electrode
of the switching thin film transistor TR1 may be connected
to a gate electrode of the driving thin film transistor TR2.
The switching thin film transistor TR1 may transmit a data
signal received from the j-th data line Dj to the driving thin
film transistor TR2 in response to a scan signal received
from the i-th scan line Si.

[0053] The driving thin film transistor TR2 may include
the gate electrode, a source electrode, and a drain electrode.
The driving thin film transistor TR2 may have the gate
electrode connected to the switching thin film transistor
TR1, the source electrode connected to the first power
supply line ELVDD, and the drain electrode connected to the
light emitting element OLED.

[0054] The light emitting element OLED may include a
light emitting layer, and an anode electrode and a cathode
electrode each of which faces the light emitting layer
interposed therebetween. The anode electrode may be con-
nected to the drain electrode of the driving thin film tran-
sistor TR2. The cathode electrode may be connected to the
second power supply line ELVSS such that a common
voltage is applied thereto. The light emitting layer may emit
light in response to an output signal of the driving thin film
transistor TR2 and display an image by emitting or not
emitting light. Here, the light emitted from the light emitting
layer may vary depending on a material of the light emitting
layer, and may be colored light or white light.

[0055] The capacitor Cst may be connected between the
gate and source electrodes of the driving thin film transistor
TR2, and may charge and maintain the data signal input to
the gate electrode of the driving thin film transistor TR2.
[0056] An exemplary embodiment of the invention
describes that the pixel circuit portion includes two thin film
transistors TR1 and TR2, but the invention is not limited
thereto. In another exemplary embodiment, the pixel circuit
portion may include one thin film transistor and one capaci-
tor in the pixel circuit portion, or may include three or more
transistors and two or more capacitors in the pixel circuit
portion.

[0057] FIG. 3 is a cross-sectional view taken along a line
I-I' of FIG. 1. For the sake of convenient description, FIG.
3 mainly illustrates one thin film transistor provided in each
pixel and a light emitting element connected to the thin film
transistor.

[0058] Referring to FIGS. 1 and 3, the display device
according to an exemplary embodiment of the invention
may include the substrate SUB, the thin film transistor TFT,
the light emitting element OLED, and a sealing member
SLM.

[0059] The substrate SUB may include an insulating mate-
rial such as glass or resin. In addition, the substrate SUB
may include a material with flexibility so as to be bent or
folded, and may have a single-layer structure or a multi-
layer structure.

[0060] In an exemplary embodiment, for example, the
substrate SUB may include at least one of polystyrene,
polyvinyl alcohol, polymethyl methacrylate, polyethersul-
fone, polyacrylate, polyetherimide, polyethylene naphtha-
late, polyethylene terephthalate, polyphenylene sulfide, pol-
yarylate, polyimide, polycarbonate, triacetate cellulose, and
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cellulose acetate propionate. However, the material forming
the substrate SUB may be variously changed, and may be
configured by fiber reinforced plastic (“FRP”) or the like.
[0061] A buffer layer BFL may be disposed between the
substrate SUB and the thin film transistor TFT.

[0062] The buffer layer BFL may prevent impurities from
diffusing into the thin film transistor TFT. The buffer layer
BFL may be provided as a single layer, or may be provided
as at least two or more layers. If the buffer layer BFL is
provided in multiple layers, each layer may include the same
material or different materials. The buffer layer BFL may be
omitted depending on a material of the substrate SUB and
process conditions.

[0063] In an exemplary embodiment of the invention, the
buffer layer BFL may be an inorganic insulating film con-
sisting of an inorganic material. In another exemplary
embodiment, for example, the buffer layer BFL may include
at least one of silicon nitride, silicon oxide, silicon oxyni-
tride, or the like.

[0064] The thin film transistor TFT may be provided on
the substrate SUB. In an exemplary embodiment of the
invention, the thin film transistor TFT may be a driving thin
film transistor connected to the light emitting element OLED
to drive the light emitting element OLED. The thin film
transistor TFT may include a semiconductor layer SCL, a
gate electrode GE, a source electrode SE, and a drain
electrode DE.

[0065] The semiconductor layer SCL may be disposed on
the buffer layer BFL. The semiconductor layer SCL may
include a source region and a drain region which are in
contact with a source electrode SE and a drain electrode DE,
respectively. A region, of semiconductor layer SCL, between
the source region and the drain region may be a channel
region. In an exemplary embodiment, the semiconductor
layer SCL may be a semiconductor pattern configured by
polysilicon, amorphous silicon, oxide semiconductor, or the
like. The channel region may a semiconductor pattern which
is not doped with impurities, and may be an intrinsic
semiconductor. The source region and the drain region may
be semiconductor patterns doped with impurities. The impu-
rities may include n-type impurities, p-type impurities, and
impurities such as metals.

[0066] The gate electrode GE may be disposed on the
semiconductor layer SCL, and a gate insulating layer GI is
interposed between the gate electrode GE and the semicon-
ductor layer SCL. Here, the gate insulating layer GI may be
an inorganic insulating film containing an inorganic mate-
rial. In an exemplary embodiment, for example, the gate
insulating layer GI may include silicon nitride, silicon oxide,
silicon oxynitride, or the like.

[0067] The gate electrode GE may include at least one of
metals, such as gold (Au), silver (Ag), aluminum (Al),
molybdenum (Mo), chromium (Cr), titanium (T1), nickel
(Ni), neodymium (Ne), and copper (Cu), or an alloy of the
metals. In addition, the gate electrode GE may consist of a
single layer, but the invention is not limited thereto, and may
consist of multiple layers in which at least two or more of the
metals and the alloys are laminated.

[0068] The source electrode SE and the drain electrode DE
may be respectively connected to a source region and a drain
region of the semiconductor layer SCL through contact holes
passing through an interlayer insulating layer ILD and the
gate insulating layer GI. The interlayer insulating layer IL.D
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may be an inorganic insulating film consisting of an inor-
ganic material or an organic insulating film including an
organic material.

[0069] In an exemplary embodidment, each of the source
electrode SE and the drain electrode DE may include at least
one of metals such as gold (Au), silver (Ag), aluminum (Al),
molybdenum (Mo), chromium (Cr), nickel (Ni), neodymium
(Cu), and copper (Cu), or an alloy of the metals. In addition,
the source electrode SE and the drain electrode DE may
consist of a single layer but the invention is not limited
thereto, and may consist of multiple layers in which at least
two or more of the metals and the alloys are laminated. The
source electrode SE and the drain electrode DE may be
disposed to be separated from each other on the interlayer
insulating layer ILD.

[0070] The source electrode SE may be in contact with the
source region of the semiconductor layer SCL through a
contact hole sequentially passing through the interlayer
insulating layer ILD and the gate insulating layer GI. The
drain electrode DE may also be in contact with the drain
region of the semiconductor layer SCL through a contact
hole sequentially passing through the interlayer insulating
layer ILD and the gate insulating layer GI.

[0071] A passivation layer PSV may be disposed on the
thin film transistor TFT.

[0072] The passivation layer PSV may include at least one
layer. In an exemplary embodiment, for example, the pas-
sivation layer PSV may include at least one of an inorganic
passivation layer and an organic passivation layer. In an
exemplary embodiment, for example, the passivation layer
PSV may include an inorganic passivation layer covering the
thin film transistor TFT and an organic passivation layer
disposed on the inorganic passivation layer.

[0073] The inorganic passivation layer may include at
least one of silicon oxide and silicon nitride. In addition, the
organic passivation layer may include an organic insulating
material capable of transmitting light. In an exemplary
embodiment, for example, the organic passivation layer may
include at least one of polyacrylates resin, epoxy resin,
phenolic resin, polyamide resin, polyimide resin, unsatu-
rated polyesters resin, poly-phenylene ethers resin, poly-
phenylene sulfides resin, and benzocyclobutene resin.
[0074] The light emitting element OLED may be disposed
on the passivation layer PSV. The light emitting element
OLED may include first and second electrodes EL1 and EL.2
and a light emitting layer EML disposed between the two
electrodes EL1 and EL2. Here, any one of the first and
second electrodes EL1 and EL2 may be an anode electrode,
and the other may be a cathode electrode. In an exemplary
embodiment, for example, the first electrode EL1 may be the
anode electrode and the second electrode EL.2 may be the
cathode electrode. If the light emitting element OLED is a
front emission type organic light emitting element, the first
electrode EL1 may be a reflective electrode and the second
electrode EL2 may be a transmissive electrode. Here, a case
where the light emitting element OLED is a front emission
type organic light emitting element and the first electrode
EL1 is an anode electrode will be described as an example.
[0075] The first electrode EL1 may be connected to the
drain electrode DE of the thin film transistor TFT through a
contact hole passing through the passivation layer PSV. The
first electrode EL1 may include a reflective film (not illus-
trated) capable of reflecting light and a transparent conduc-
tive film (not illustrated) disposed on an upper or lower
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portion of the reflective film. At least one of the transparent
conductive film and the reflective film may be connected to
the drain electrode DE.

[0076] In an exemplary embodiment, a pixel defining
layer PDL which defines an opening exposing a portion of
the first electrode EL1 (e.g., an upper surface of the first
electrode EL1) may be disposed on the passivation layer
pPSV.

[0077] The pixel defining layer PDL may include an
organic insulating material. In an exemplary embodiment,
for example, the pixel defining layer PDL may include at
least one of polystyrene, polymethylmethacrylate
(“PMMA™), polyacrylonitrile (“PAN”), polyamide (“PA”),
polyimide (“PI”), polyarylether (“PAE”), heterocyclic poly-
mer, parylene, epoxy, benzocyclobutene (“BCB”), siloxane
based resin, and silane based resin.

[0078] The light emitting layer EML may be disposed on
the exposed surface of the first electrode ELL

[0079] The light emitting layer EML may include a low-
molecular material or a high-molecular material. In the
exemplary embodiment of the invention, the low-molecular
material may include copper phthalocyanine (“CuPc”), N,
N-di (naphthalen-1-y1)-N, N'-diphenyl-benzidine (N, N-Di
(naphthalene-1-y1)-N, N'-diphenyl-benzidine: NPB), tris-8-
hydroxyquinoline aluminum (“Alg3™), and the like. The
polymer material may include PEDOT, poly-phenylenevi-
nylene (“PPV”), polyfluorene, and the like.

[0080] The light emitting layer EML. may be provided as
a single layer, or as multiple layers including various func-
tional layers. If the light emitting layer EML is provided as
multiple layers, the light emitting layer may have a hole
injecting layer, a hole transport layer, an emission layer, an
electron transport layer or an electron injection layer, or may
have a composite structure in which those are laminated.
The light emitting layer EML according to the invention is
not necessarily limited to these exemplary embodiments,
and may have various structures. In addition, at least a part
of the light emitting layer EML may be integrally formed
over a plurality of first electrodes EL1, and may be provided
individually corresponding to each of the plurality of first
electrodes EL1. A color of the light emitted from the light
emitting layer EML may be one of red, green, blue, and
white, but the invention is not limited thereto. In another
exemplary embodiment, for example, the color of light
generated in a light generation layer of the light emitting
layer EML may be one of magenta, cyan, and yellow.

[0081] The second electrode EL2 may be disposed on the
light emitting layer EML. The second electrode EL2 may be
a transflective film. In an exemplary embodiment, for
example, the second electrode EL2 may be a thin metal layer
having a thickness enough to transmit light emitted from the
light emitting layer EML. The second electrode EL2 may
transmit a part of light emitted from the light emitting layer
EML and reflect the remaining light emitted from the light
emitting layer EML.

[0082] The sealing member SLM may be disposed on the
light emitting element OLED.

[0083] The sealing member SLM may include a single
layer or multiple layers. In the exemplary embodiment of the
invention, the sealing member SLM may include first to
third sealing layers SLM1, SLM2, and SLM3. The first to
third sealing layers SLM1, SLM2 and SLM3 may consist of
an organic material and/or an inorganic material. The third
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sealing layer SLM3 located at the outermost periphery of the
sealing member SLM may consist of an inorganic material.
[0084] In an exemplary embodiment of the invention, the
first sealing layer SLM1 may be a first inorganic layer
containing an inorganic material. The second sealing layer
SLM2 may be an organic layer containing an organic
material. The third sealing layer SLM3 may be a second
inorganic layer containing an inorganic material. Hereinaf-
ter, for the sake of convenient description, the first sealing
layer SLM1 will be referred to as the first inorganic layer, the
second sealing layer SLM2 will be referred to as an organic
layer, the third sealing layer SLM3 will be referred to as the
second inorganic layer.

[0085] Here, the sealing member SLM is illustrated as a
triple layer including the first inorganic layer SLM1, the
organic layer SLM2, and the second inorganic layer SLM3,
but the invention is not limited thereto. In another exemplary
embodiment, for example, the sealing member SLM may
further include at least one organic layer and at least one
inorganic layer which are provided between the first inor-
ganic layer SLM1 disposed directly on the light emitting
element OLED and the second inorganic layer SLM3 dis-
posed as the outermost portion of the sealing member SLM.
[0086] For the inorganic material, penetration of moisture
or oxygen may be less than that of the organic material, but
the inorganic material may be vulnerable to a crack due to
less elasticity or flexibility. If the first inorganic layer SLM1
and the second inorganic layer SLM3 include inorganic
materials and the organic layer SLM2 include an organic
material, the crack of the inorganic material may be pre-
vented from being propagated. Here, if the organic layer
SL.M2 includes an organic material, an end portion of the
organic layer SLM2 may be completely covered by the
second inorganic layer SLM3 without being exposed to the
outside. In an exemplary embodiment, the organic material
may include an organic insulating material such as a poly-
acrylic compound, a polyimide compound, a fluorocarbon
compound such as teflon, a benzocyclobutene compound, or
the like. The inorganic material may include polysiloxane,
silicon nitride, silicon oxide, silicon oxynitride, and the like.
[0087] In an exemplary embodiment of the invention, the
light emitting layer EML of the light emitting element
OLED may be easily damaged by moisture or oxygen from
the outside. The sealing member SLM protects the light
emitting layer EML by covering the light emitting layer
EML.

[0088] The sealing member SLM may further include a
surface modification layer SAM and a lens portion LSP.
[0089] The surface modification layer SAM may be dis-
posed on the first inorganic layer SLM1. The surface modi-
fication layer SAM may include a material having surface
energy different from surface energy of the first inorganic
layer SLM1. For example, the surface modification layer
SAM may include a self-assembled organic material. The
self-assembled organic material may include self-assembled
monomer and self-assembled polymer. In an exemplary
embodiment of the invention, the self-assembled organic
material may include the self-assembled monomer.

[0090] The self-assembled monomer may be a layer in
which molecules having a relatively long alkyl group and
molecules having a functional group capable of covalently
bonding with a surface of a substrate at a terminal thereof are
uniformly aligned on the surface of the substrate, using a
self-assembly phenomenon in which appropriate molecules
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are aligned two-dimensionally on the surface of the sub-
strate. In the exemplary embodiment of the invention, the
substrate may be the first inorganic layer SLMI1.

[0091] The self-assembled monomer may have a hydro-
phobic property or a hydrophilic property depending on a
type of a material deposited on a surface. In an exemplary
embodiment of the invention, the surface modification layer
SAM may include the self-assembled monomer having a
hydrophobic property.

[0092] The surface modification layer SAM may have a
form corresponding to the second electrode EL2 and the first
inorganic layer SLM1. The second electrode EL2 and the
first inorganic layer SLM1 may have a stepped portion due
to the opening defined by the pixel defining layer PDL. That
is, the second electrode EL2 and the first inorganic layer
SLM1 may have a stepped portion corresponding to the
opening. Accordingly, the surface modification layer SAM
may have a stepped portion corresponding to the stepped
portion of the first inorganic layer SLM1 disposed under the
surface modification layer SAM.

[0093] The lens portion LSP may be provided between the
surface modification layer SAM and the organic layer
SLM2. In addition, the lens portion LSP may be provided in
the stepped portion of the surface modification layer SAM
s0 as to correspond to the opening of the pixel defining layer
PDL.

[0094] The lens portion LSP and the organic layer SLM2
disposed on the lens portion LSP may have different refrac-
tive indices from each other. Accordingly, the lens portion
LSP may improve efficiency of light by diffusing or con-
densing light generated in the light emitting element OLED
using a refractive index difference between the lens portion
LSP and the organic layer SLM2. In an exemplary embodi-
ment of the invention, the lens portion LSP may have a
refractive index of about 1.5 to about 2.0, but the invention
is not limited thereto.

[0095] The lens portion LSP may be formed of ink includ-
ing an epoxy resin. The lens portion LSP may be provided
on the surface modification layer SAM using an ink jet
printing method or the like. A method of forming the lens
portion LSP using the ink jet printing method may be as
follows. To begin with, the ink is ejected onto the surface
modification layer SAM through a nozzle of the ink jet
printing apparatus. In this case, the ink may keep a bead
shape on a surface of the surface modification layer SAM
without being spread due to the hydrophobic surface prop-
erty of the surface modification layer SAM. The ink of the
bead shape may be deposited in the stepped portion of the
surface modification layer SAM. Subsequently, the ink
deposited on the stepped portion may be cured, and thereby,
the lens portion LSP having the bead shape may be provided
on the surface modification layer SAM. As a result, the lens
portion LSP may have a convex shape due to the hydropho-
bic surface property of the surface modification layer SAM.
[0096] In general, the display device includes the thin film
transistor TFT, the light emitting element OLED, and the
sealing member SLM which covers the thin film transistor
TFT and the light emitting element OLED. Optical charac-
teristics of the display device may be degraded in the
laminated structure.

[0097] Particularly, if the sealing member SLM disposed
on the light emitting element OLED has a multilayer struc-
ture as described above, a part of light emitted from the light
emitting element OLED may be constrained in the inside of
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the multilayer structure by internal total reflection to be
eliminated. In this case, the efficiency of light of the display
device may decrease.

[0098] Accordingly, in an exemplary embodiment of the
invention, the lens portion LSP may be arranged in the
sealing member SLM so as to condense or diffuse light
emitted from the light emitting element OLED, and thereby,
light extraction efliciency may be improved. In this case, the
efficiency of light of the display device may be improved. To
this end, the lens portion LSP may include a material having
a refractive index which is different from that of the organic
layer SLM2 disposed on the lens portion LSP.

[0099] FIGS. 4A and 4B are enlarged view of a portion
EA1 of FIG. 3.
[0100] Referring to FIGS. 3 and 4a, the organic layer

SLM2 may be disposed on the lens portion LSP having the
convex shape. The lens portion LSP may have a larger
refractive index than the organic layer SLM2. In an exem-
plary embodiment, for example, the lens portion LSP may
have a refractive index of approximately 1.6 to 2.0, and the
organic layer SLM2 may have a refractive index of approxi-
mately 1.5 to 1.8.

[0101] If the lens portion LSP is convex and has a refrac-
tive index larger than a refractive index of the organic layer
SLM2, light passing through the lens portion LSP may be
refracted far from a vertical normal line at a boundary
between the lens portion LSP and the organic layer SLM2.
In this case, light traveling to the organic layer SLM2 may
be condensed to improve the light extraction effects.
[0102] Referring to FIGS. 3 and 4B, the organic layer
SLM2 may be disposed on the lens portion LSP having the
convex shape. The lens portion LSP may have a smaller
refractive index than the organic layer SLM2. In an exem-
plary embodiment, for example, the lens portion LSP may
have a refractive index of approximately 1.5 to 1.8, and the
organic layer SLM2 may have a refractive index of approxi-
mately 1.6 to 2.0.

[0103] If the lens portion LSP is convex and has a refrac-
tive index smaller than a refractive index of the organic layer
SL.M2, light passing through the lens portion LSP may be
refracted toward the vertical normal line at the boundary
between the lens portion LSP and the organic layer SLM2.
In this case, light traveling to the organic layer SLM2 may
be diffused, thereby improving the light extraction effects.
[0104] As a result, if the lens portion LSP having the
convex shape is disposed in the sealing member SLM, the
light extraction effects may be improved by using the
refractive index difference between the lens portion LSP and
the organic layer SLM2. As a result, the efliciency of light
of the display device according to the exemplary embodi-
ment of the invention may be improved.

[0105] FIGS. 5A to 5E are sectional views illustrating an
exemplary embodiment of a method of forming the sealing
member in the display device of FIG. 3.

[0106] Referring to FIGS. 3 and 5A, the first inorganic
layer SLM1 is formed on the substrate SUB provided with
the thin film transistor TFT and the light emitting element
OLED. The first inorganic layer SLMI1 may consist of an
inorganic insulating material containing an inorganic mate-
rial. For the inorganic material, penetration of moisture or
oxygen may be less than that of the organic material, but the
inorganic material may be vulnerable to a crack due to less
elasticity or flexibility. In an exemplary embodiment, a
material which is usable as the first inorganic layer SLM1
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may include at least one of silicon nitride, aluminum nitride,
zirconium nitride, titanium nitride, hafnium nitride, tantalum
nitride, silicon oxide, aluminum oxide, and titanium oxide.
In addition, any inorganic material known in the art may be
used as a material of the first inorganic layer SLM1.

[0107] Subsequently, referring to FIGS. 3 and 5B, the
surface modification layer SAM is formed on the first
inorganic layer SLM1. The surface modification layer SAM
may be a very thin layer and may have a thickness of several
angstroms. The surface modification layer SAM may be a
layer having a hydrophobic self-assembled monomer and be
formed on the first inorganic layer SLM1 using various
methods. In an exemplary embodiment, for example, the
surface modification layer SAM may be formed by coating
the first inorganic layer SLM1 with an inorganic material. At
this time, roughness of the surface of the inorganic material
may be controlled.

[0108] Here, the first inorganic layer SLM1 and the sur-
face modification layer SAM may have a shape correspond-
ing to a shape of the second electrode EL2 disposed under
the first inorganic film SLM1 and the surface modification
layer SAM. In the exemplary embodiment of the invention,
the second electrode EL2 may have a stepped portion due to
an opening defined by the pixel defining layer PDL. Accord-
ingly, the second electrode EL2 may have the stepped
portion corresponding to the opening. As a result, the first
inorganic layer SLM1 and the surface modification layer
SAM may also have stepped portions corresponding to the
opening defined by the pixel defining layer PDL.

[0109] Referring to FIGS. 3 and 5C, the lens portion LSP
is formed on the surface modification layer SAM. The lens
portion LSP may be formed on the surface modification
layer SAM using an ink jet printing method or the like.

[0110] Specifically, ink containing an epoxy-based resin is
injected into a nozzle of an ink jet printing apparatus, and the
ink is ejected onto the surface modification layer SAM using
the nozzle. At this time, when the ink is ejected onto the
surface modification layer SAM using the nozzle, a one
point-one drop method, a one point-one spray method, etc.
may be used. In the one point-one drop method, the ink is
dropped once at one point, and thus, accuracy may be high
but the productivity may be low. In the one point-one spray
method, a large amount of ink is dropped at one point at a
time, and thus, accuracy may be low, but productivity may
be high.

[0111] If the ink is ejected onto the surface modification
layer SAM using the above-described method or the like, the
ink may keep a bead shape without being spread on the
surface modification layer SAM due to a hydrophobic
surface property of the surface modification layer SAM. The
ink having the bead shape may be deposited in the stepped
portion of the surface modification layer SAM. The ink
deposited on the stepped portion of the surface modification
layer SAM may be cured to form the lens portion LSP on the
surface modification layer SAM.

[0112] Subsequently, referring to FIGS. 3 and 5D, the
organic layer SLM2 is formed on the lens portion LSP. The
organic layer SLM2 may include an organic insulating
material including an organic material which is advanta-
geous in terms of flexibility and elasticity compared to the
first inorganic layer SLM2. The organic material may
include a polyacrylic compound, a polyimide compound, a
fluorocarbon compound such as teflon, a benzocyclobutene

Dec. 13, 2018

compound, and the like. In addition, any organic material
known in the art may be used as a material of the organic
layer SLM2.

[0113] Referring to FIGS. 3 and 5E, the second inorganic
layer SLM3 is formed on the organic layer SLM2. The
second inorganic layer SLM3 may consist of an inorganic
insulating material containing an inorganic material. The
second inorganic layer SLM3 may include the same material
as the first inorganic layer SLMI1.

[0114] FIGS. 6A and 6B are plan views illustrating an
exemplary embodiment of an arrangement structure of the
lens portion according to the invention. In FIGS. 6A and 6B,
a plurality of thin film transistors and a plurality of light
emitting elements are arranged on the substrate, but illus-
tration of the thin film transistors and the light emitting
elements is omitted for the sake of convenient description.
The lens portion may be disposed on each light emitting
element, but the invention is not limited thereto. In another
exemplary embodiment, for example, the lens portion may
be disposed only on some of the plurality of light emitting
elements.

[0115] In order to further improve efficiency of light
emitted from the light emitting element, the lens portions
may be arranged at various positions and/or various density
per unit area depending on the position in conjunction with
an image displayed in the display region of the substrate. In
an exemplary embodiment, for example, if there is a region
(hereinafter, referred to as a “first region’) in which display
of an image is concentrated and a region (hereinafter,
referred to as a ‘second region’) in which the display of an
image is not concentrated, in a display region of the sub-
strate, lots of lens portions may be arranged in the first
region and a smaller number of lens portions than in the first
region may be arranged in the second region so as to
improve the efficiency of light of the first region.

[0116] However, the invention is not limited thereto. In
another exemplary embodiment, for example, in order to
make the efliciency of light of the second region and the
efficiency of light of the first region uniform, lots of the lens
portions may be arranged in the second region, and the
smaller number of lens portions than in the second region
may be arranged in the first region.

[0117] As described above, the lens portions may be
arranged in different numbers by regions on the substrate
depending on effects to be obtained.

[0118] Referring to FIG. 6A, a plurality of lens portions
LSP may be regularly arranged on the substrate SUB. In an
exemplary embodiment, for example, the lens portions LSP
may be uniformly arranged on the substrate SUB such that
distances between the lens portions LSP are the same. In
addition, the lens portions LSP may be disposed on the
substrate SUB to correspond to each of the plurality of pixels
(refer to PXL of FIG. 1) provided on the substrate SUB.
[0119] Referring to FIG. 6B, the lens portions LSP may be
irregularly arranged on the substrate SUB. In an exemplary
embodiment, for example, the lens portions LSP may be
randomly arranged on the substrate SUB regardless of the
distances between the adjacent lens portions LSP.

[0120] FIG. 7 is a cross-sectional view of another exem-
plary embodiment of a display device according to the
invention, taken along line I-I' of FIG. 1. Here, differences
from the above-described exemplary embodiments will be
mainly described in order to avoid redundant description.
Parts not specifically described in this exemplary embodi-
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ment are according to the above-described exemplary
embodiments, the same numbers denote the same configu-
ration elements, and the similar numbers denote the similar
configuration elements.

[0121] Referring to FIG. 7, the display device according to
another exemplary embodiment of the invention may
include a substrate SUB, a thin film transistor TFT, a light
emitting element OLED, and a sealing member SLM.
[0122] The sealing member SLM may be disposed on the
light emitting element OLED.

[0123] The sealing member SLM may include a single
layer or multiple layers. In an exemplary embodiment of the
invention, the sealing member SLM may include a first
inorganic layer SLM1, an organic layer SLM2, and a second
inorganic layer SLM3. The first and second inorganic layers
SLM1 and SLM3 may consist of an inorganic material. The
organic layer SLM2 may include an organic material.
[0124] In an exemplary embodiment of the invention, the
light emitting layer EML of the light emitting element
OLED may be easily damaged by moisture or oxygen from
the outside. The sealing member SLM may cover the light
emitting layer EML to protect the light emitting element
OLED.

[0125] The sealing member SLM includes the lens portion
LSP.
[0126] The lens portion L.SP may be disposed between the

first inorganic layer SLM1 and the organic layer SLM2. In
an exemplary embodiment of the invention, the first inor-
ganic layer SLM1 may be provided in a shape corresponding
the opening defined by the pixel defining layer PDL pro-
vided under the light emitting element OLED. The pixel
defining layer PDL may define an opening which exposes a
part of the first electrode EL1 of the light emitting element
OLED, and thereby, the first inorganic layer SLM1 may also
include a stepped portion corresponding to the opening.
[0127] The lens portion LSP and the organic layer SLM2
disposed thereon may have different refractive indices from
each other. Accordingly, the lens portion LSP may improve
efficiency of light by diffusing or condensing light generated
in the light emitting element OLED using a refractive index
difference between the lens portion LSP and the organic
layer SLM2.

[0128] The lens portion LSP may be formed of ink con-
taining an epoxy-based resin. The lens portion LSP may be
formed by injecting the ink into a nozzle of an ink jet
printing apparatus, and thereafter, ejecting the ink onto the
first inorganic layer SLM1 and curing the ink. At this time,
the ink may have a hydrophilic property with respect to the
first inorganic layer SLM1. Accordingly, the ink spreads
widely on a surface of the first inorganic layer SLMI,
thereby being deposited also in the stepped portion of the
first inorganic layer SLM1. Particularly, the ink deposited in
the stepped portion of the first inorganic layer SLM1 may
have a concave shape due to a surface tension with the first
inorganic layer SLM1.

[0129] FIGS. 8A and 8B are enlarged views of a portion
EA2 of FIG. 7.
[0130] Referring to FIGS. 7 and 8A, the organic layer

SLM2 may be disposed on the lens portion LSP having the
concave shape. The lens portion LSP may have a larger
refractive index than a refractive index of the organic layer
SLM2. In an exemplary embodiment, for example, the lens
portion LSP may have a refractive index of approximately
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1.6 10 2.0, and the organic layer SLM2 may have a refractive
index of approximately 1.5 to 1.8.

[0131] Ifthe lens portion LSP has a concave shape and has
a refractive index larger than a refractive index of the
organic layer SLM2, light passing through the lens portion
LSP may be refracted far from a vertical normal line at a
boundary between the lens portion LSP and the organic layer
SL.M2. In this case, light traveling to the organic layer SLM2
may be diffused to improve the light extraction effects.
[0132] Referring to FIGS. 7 and 8B, the organic layer
SLM2 may be disposed on the lens portion LSP having the
concave shape. The lens portion LSP may have a smaller
refractive index than a refractive index of the organic layer
SLM2. In an exemplary embodiment, for example, the lens
portion LSP may have a refractive index of approximately
1.5 10 1.8, and the organic layer SLM2 may have a refractive
index of approximately 1.6 to 2.0.

[0133] Ifthe lens portion LSP has a concave shape and has
a refractive index smaller than a refractive index of the
organic layer SLM2, light passing through the lens portion
LSP may be refracted toward the vertical normal line at the
boundary between the lens portion LSP and the organic layer
SLM2. In this case, the light traveling to the organic layer
SLM2 may be condensed to improve the light extraction
effects.

[0134] As a result, if the lens portion LSP having the
concave shape is disposed in the sealing member SLM, The
extraction effects of light emitted from the light emitting
element OLED may be improved by using the refractive
index difference between the lens portion LSP and the
organic layer SLM2. Thus, it is possible to improve the
efficiency of light of the display device according to the
exemplary embodiment of the invention.

[0135] FIGS. 9A to 9D are sectional views of illustrating
an exemplary embodiment of a method of forming the
sealing member in the display device of FIG. 7.

[0136] Referring to FIGS. 7 and 9A, the first inorganic
layer SLM1 is formed on the substrate SUB provided with
the thin film transistor TFT and the light emitting element
OLED. The first inorganic layer SLM1 may consist of an
inorganic insulating material containing an inorganic mate-
rial. At this time, the first inorganic layer SLM1 may be
provided as a shape corresponding to the opening defined by
a pixel defining layer PDL provided under the light emitting
element OLED. Accordingly, the first inorganic layer SLM1
may include the stepped portion corresponding to the open-
ing defined by the pixel defining layer PDL.

[0137] Subsequently, referring to FIGS. 7 and 9B, the lens
portion LSP is formed on the first inorganic layer SLM1. The
lens portion LSP may be formed on the first inorganic layer
SLM1 using an ink jet printing method or the like. At this
time, the lens portion LSP is provided in the stepped portion
of the first inorganic layer SLM1 and may have a concave
shape due to the surface tension with the first inorganic layer
SLM 1.

[0138] Subsequently. referring to FIGS. 7 and 9C, the
organic layer SLM2 is formed on the lens portion LSP. The
organic layer SLM2 may include an organic material which
is advantageous in terms of flexibility and elasticity com-
pared to the first inorganic layer SLM2.

[0139] Referring to FIGS. 7 and 9D, the second inorganic
layer SLM3 is formed on the organic layer SLM2. The
second inorganic layer SLM3 may consist of an inorganic
insulating material containing an inorganic material. The
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second inorganic layer SLM3 may include the same material
as the first inorganic layer SLMI1.

[0140] The display device according to the exemplary
embodiment of the invention may be employed in various
electronic apparatuses. In an exemplary embodiment, for
example, the display device may be applied to a television,
a notebook computer, a mobile phone, a smart phone, a
smart pad (“PD”), a PMP, a PDA, a navigation device,
various wearable devices such as a smart watch, and the like.
[0141] Although the invention is described with reference
to preferred exemplary embodiments, those skilled in the art
or those having ordinary knowledge in the art may under-
stand that the invention can be modified and changed in
various forms in a range without departing from the spirit
and technical scope of the invention described in the Claims
which will be described below.

[0142] Therefore, the technical scope of the invention
should not be limited to the contents described in the
detailed description of the specification, but should be
defined by the Claims.

What is claimed is:

1. A display device comprising:

a substrate which includes a pixel region and a peripheral
region which is provided on at least one side of the
pixel region;

a plurality of pixels provided in the pixel region;

a passivation layer disposed on the substrate;

a light emitting element disposed on the passivation layer
and which emits light; and

a sealing member which covers the light emitting ele-
ment,

wherein the sealing member includes:

a first inorganic layer disposed on the light emitting
element;

a lens portion disposed on the first inorganic layer and
which extracts light which is emitted from the light
emitting element;

an organic layer disposed on the lens portion; and

a second inorganic layer disposed on the orgarnic layer.

2. The display device according to claim 1, wherein the
light emitting element includes:

a first electrode disposed on the passivation layer;

a light emitting layer disposed on the first electrode
through an opening, defined by a pixel defining layer,
through which a part of the first electrode is exposed;
and

a second electrode disposed on the light emitting layer.

3. The display device according to claim 2, wherein the
lens portion is disposed on the first inorganic layer and
corresponds to the opening defined by the pixel defining
layer.

4. The display device according to claim 3, further com-
prising:

a surface modification layer disposed between the first

inorganic layer and the lens portion.

5. The display device according to claim 4, wherein the
surface modification layer includes a self-assembled organic
material with a hydrophobic property.

6. The display device according to claim 5. wherein the
lens portion has a convex shape.
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7. The display device according to claim 1, wherein the
lens portion has a concave shape.

8. The display device according to claim 1, wherein the
organic layer and the lens portion have different refractive
indices from each other.

9. The display device according to claim 8, wherein the
refractive index of the organic layer is larger than the
refractive index of the lens portion.

10. The display device according to claim 8, wherein the
refractive index of the organic layer is smaller than the
refractive index of the lens portion.

11. The display device according to claim 1, wherein the
lens portions are regularly arranged on the substrate.

12. The display device according to claim 11, wherein the
lens portions are arranged to correspond to the plurality of
pixels on the substrate, respectively.

13. The display device according to claim 1, wherein the
lens portions are irregularly arranged on the substrate.

14. The display device according to claim 1, wherein the
lens portion includes ink containing epoxy-based resin.

15. The display device according to claim 1, wherein each
of the plurality of pixels includes a thin film transistor which
is provided on the substrate and is electrically connected to
the light emitting element.

16. The display device according to claim 15, wherein the
thin film transistor includes:

a semiconductor layer disposed on the substrate;

a gate electrode disposed on the semiconductor layer with

a gate insulating layer interposed therebetween; and

a source electrode and a drain electrode connected to the
semiconductor layer.

17. A display device comprising:

a substrate which includes a pixel region and a peripheral
region which is provided on at least one side of the
pixel region;

a plurality of pixels provided in the pixel region;

a passivation layer disposed on the substrate;

a light emitting element disposed on the passivation layer
and which emits light;

a pixel defining layer disposed on the passivation layer
and which defines an opening which exposes a part of
the light emitting element; and

a sealing member which covers the light emitting ele-
ment,

wherein the sealing member includes:

a first inorganic layer disposed on the light emitting
element;

a lens portion disposed on the first inorganic layer and
which corresponds to the opening defined by the
pixel defining layer and extracts light which is emit-
ted from the light emitting element;

an organic layer disposed on the lens portion; and

a second inorganic layer disposed on the organic layer.

18. The display device according to claim 17, further
comprising:

a surface modification layer disposed between the first

inorganic layer and the lens portion.

19. The display device according to claim 18, wherein the
surface modification layer includes a self-assembled organic
material with a hydrophobic property.
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