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(54) ORGANIC LIGHT EMITTING DISPLAY DEVICE

(57)  Anorganic light emitting display device includes
a substrate, a light emitting structure, a first conductive
pattern, and a functional module. The substrate has an FIG. 6
opening region, a peripheral region surrounding the ’
opening region, and a display region surrounding the pe-

ripheral region, and includes a first groove, which has an 100
enlarged lower portion, formed in the peripheral region

and an opening formed in the opening region. The light

emitting structure is in the display region on the substrate.

The first conductive pattern overlaps the first groove in

the peripheral region on the substrate. The functional

module is in the opening of the substrate.
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Description
BACKGROUND

1. Field

[0001] Example embodiments relate generally to an
organic light emitting display device.

2. Description of the Related Art

[0002] A flat panel display ("FPD") device is widely
used as a display device of an electronic device because
the FPD device is lightweight and thin compared to a
cathode-ray tube ("CRT") display device. Typical exam-
ples of the FPD device are a liquid crystal display ("LCD")
device and an organic light emitting display ("OLED") de-
vice.

SUMMARY

[0003] Embodiments are directed to an organic light
emitting display device including a substrate, a light emit-
ting structure, a first conductive pattern, and a functional
module. The substrate has an opening region, a periph-
eral region surrounding the opening region, and a display
region surrounding the peripheral region, and includes a
first groove, which has an enlarged lower portion, formed
in the peripheral region and an opening formed in the
opening region. The light emitting structure is in the dis-
play region on the substrate. The first conductive pattern
overlaps the first groove in the peripheral region on the
substrate. The functional module is in the opening of the
substrate.

[0004] In anexample embodiment, the first conductive
pattern may include a first sub-conductive pattern and
second sub-conductive patterns. The first sub-conduc-
tive pattern may overlap the first groove, and may have
a plan shape of a partially opened circle including an
open portion. The second sub-conductive patterns may
extend from the open portion of the first sub-conductive
pattern in an outward direction.

[0005] In an example embodiment, the OLED device
may further include pad electrodes and signal wirings.
The pad electrodes may be on the substrate, and may
be electrically connected to an external device. The sig-
nal wirings, which are located on the substrate, may be
disposed along an outer portion of the substrate, and
may electrically connect the second sub-conductive pat-
terns and the pad electrodes.

[0006] Inanexample embodiment, the firstgroove may
surround the opening on the substrate.

[0007] Inanexample embodiment, the firstgroove may
have a plan shape of a circle.

[0008] Inanexample embodiment, the first conductive
pattern, which is located on the first groove, may be dis-
posed along a profile of an outer portion of the first groove.
[0009] In an example embodiment, the substrate may
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include a first organic film layer, a first barrier layer, a
second organic film layer, and a second barrier layer.
The first barrier layer may be on the first organic film
layer. The second organic film layer may be on the first
barrier layer, and may have a trench in the peripheral
region. The second barrier layer may be on the second
organic film layer, and the second barrier layer, which is
located on the trench, may have a protruded (protruding)
portion that protrudes in an inner portion of the trench.
The second barrier layer may have an opening defined
by the protruded portion.

[0010] Inanexample embodiment, the first conductive
pattern may overlap the protruded portion of the second
barrier layer.

[0011] In an example embodiment, the protruded por-
tion of the second barrier layer may include a first pro-
truded portion and a second protruded portion. The first
protruded portion may be located adjacent to the opening
of the substrate. The second protruded portion may face
the first protruded portion, and may be spaced apart from
the first protruded portion in a direction from the opening
region into the peripheral region.

[0012] In an example embodiment, the OLED device
may further include a second conductive pattern, which
is on the first protruded portion, overlapping the first pro-
truded portion. The first conductive pattern may be over-
lapped on the second protruded portion.

[0013] Inanexample embodiment, the first conductive
pattern and the second conductive pattern may be con-
nected to each other in a region of the peripheral region,
and may be integrally formed.

[0014] In an example embodiment, the trench of the
second organic film layer, the protruded portion of the
second barrier layer, and the opening of the second bar-
rier layer may be defined as the first groove, which has
the enlarged lower portion, of the substrate.

[0015] In an example embodiment, the light emitting
structure may include a lower electrode, a light emitting
layer on the lower electrode, and an upper electrode on
the light emitting layer.

[0016] In an example embodiment, the light emitting
layer may extend in a direction from the display region
into the peripheral region on the substrate, and may be
separated in a portion where the first groove is formed.
[0017] Inanexample embodiment, the upperelectrode
may extend in a direction from the display region into the
peripheral region on the substrate, and may be separated
in a portion where the first groove is formed.

[0018] In an example embodiment, the light emitting
layer and the upper electrode may be in atleast a portion
of an inner portion of the first groove.

[0019] In an example embodiment, the OLED device
may further include a thin film encapsulation structure on
the light emitting structure and a touch screen structure
in the display region on the thin film encapsulation struc-
ture.

[0020] Inanexample embodiment, the thin film encap-
sulation structure may include a first thin film encapsu-
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lation layer, a second thin film encapsulation layer, and
a third thin film encapsulation layer. The first thin film
encapsulation layer may be on the upper electrode, and
may include inorganic materials that have flexibility. The
second thin film encapsulation layer may be on the first
thin film encapsulation layer, and may include organic
materials that have flexibility. The third thin film encap-
sulation layer may be on the second thin film encapsu-
lation layer, and may include inorganic materials that
have flexibility.

[0021] Inanexample embodiment, each ofthe first thin
film encapsulation layer and the third thin film encapsu-
lation layer may extend in a direction from the display
region into the peripheral region on the upper electrode,
and may be continuously disposed in a portion where the
first groove is formed.

[0022] In an example embodiment, the touch screen
structure may include a first insulation layer in the display
region on the third thin film encapsulation layer, a touch
screen electrode on the first insulation layer, a second
insulation layer on the touch screen electrode, a touch
screen connection electrode on the second insulation
layer, and a protective insulation layer on the touch
screen connection electrode.

[0023] In an example embodiment, the first insulation
layer may extend in a direction from the display region
into the peripheral region on the third thin film encapsu-
lation layer, and may be continuously disposed in a por-
tion where the first groove is formed.

[0024] In an example embodiment, the OLED device
may further include an organic insulation pattern in pe-
ripheral region on the first insulation layer.

[0025] In an example embodiment, the second insula-
tion layer may be in contact with an upper surface of the
first insulation layer in the display region, and may be in
contact with an upper surface of the organic insulation
pattern in the peripheral region.

[0026] Inanexample embodiment, the first conductive
pattern may be between the second insulation layer and
the protective insulation layer.

[0027] Inanexample embodiment, the functional mod-
ule may be in contact with a side surface of the substrate,
a side surface of the light emitting layer, a side surface
of the upper electrode, a side surface of the first thin film
encapsulation layer, a side surface of the third thin film
encapsulation layer, a side surface of the first insulation
layer, a side surface of the organic insulation pattern, a
side surface of the second insulation layer, and a side
surface of the protective insulation layer in a boundary
of the peripheral region and the opening region.

[0028] In an example embodiment, the substrate may
further include at least one second groove, which has an
enlarged lower portion, between the first groove and the
functional module. The first groove may surround the
second groove.

[0029] In an example embodiment, the substrate may
further include at least one third groove surrounding the
first groove.

10

15

20

25

30

35

40

45

50

55

[0030] In an example embodiment, the OLED device
may further include a block structure between the first
groove and the third groove in the peripheral region on
the substrate. The block structure may surround the first
groove.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Features will become apparent to those of skill
in the art by describing in detail example embodiments
with reference to the attached drawings in which:

FIG. 1 illustrates a perspective view of an organic
light emitting display ("OLED") device in accordance
with an example embodiment;

FIG. 2 illustrates a plan view of the OLED device of
FIG. 1;

FIGS. 3 and 4 illustrate perspective views for de-
scribing an opening formed in the OLED device of
FIG. 1;

FIG. 5 illustrates a partially enlarged plan view cor-
responding to region 'A’ of FIG. 2;

FIG. 6 illustrates a plan view for describing a con-
ductive pattern included in the OLED device of FIG.
5;

FIG. 7 illustrates a block diagram for describing an
external device electrically connected to the OLED
device of FIG. 6;

FIG. 8 illustrates a cross-sectional view taken along
lines I-I' of FIGS. 5;

FIG. 9 illustrates a plan view for describing a touch
screen structure included in the OLED device of FIG.
8;

FIGS. 10 through 20 illustrate cross-sectional views
of a method of manufacturing an OLED device in
accordance with an example embodiment;

FIG. 21 illustrates a plan view of an OLED device in
accordance with an example embodiment;

FIG. 22 illustrates a partially enlarged plan view cor-
responding to region ‘B’ of FIG. 21;

FIG. 23 illustrates a partially enlarged plan view of
an example of a conductive pattern included in the
OLED device of FIG. 22;

FIG. 24 illustrates a cross-sectional view taken along
lines I-I' of FIGS. 22; and

FIG. 25 illustrates a cross-sectional view of an OLED
device in accordance with an example embodiment.

DETAILED DESCRIPTION

[0032] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey example imple-
mentations to those skilled in the art. In the drawing fig-
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ures, the dimensions of layers and regions may be ex-
aggerated for clarity of illustration. Like reference numer-
als refer to like elements throughout.

[0033] FIG. 1 is a perspective view illustrating an or-
ganic light emitting display ("OLED") device in accord-
ance with an example embodiment, and FIG. 2 is a plan
view illustrating the OLED device of FIG. 1. FIGS. 3 and
4 are perspective views for describing an opening formed
in the OLED device of FIG. 1.

[0034] Referring to FIGS. 1, 2, 3, and 4, an OLED de-
vice 100 may include a functional module 700, etc. The
OLED device 100 may have a first surface Si and a sec-
ond surface S2. An image may be displayed in the first
surface Si, and the second surface S2 may be opposite
to the first surface Si. The functional module 700 may be
in a side of the OLED device 100.

[0035] As illustrated in FIG. 2, the OLED device 100
may have a display region 10, an opening region 20, a
peripheral region 30, and a pad region 40. The peripheral
region 30 may substantially surround the opening region
20, and the display region 10 may substantially surround
the peripheral region 30. In another implementation, the
display region 10 may not completely surround the pe-
ripheral region 30. As illustrated in FIGS. 3 and 4, the
OLED device 100 may have an opening 910 formed in
the opening region 20. The pad region 40 may be located
in a side of the display region 10. A plurality of pad elec-
trodes may be in the pad region 40, and the pad elec-
trodes may be electrically connected to an external de-
vice. In an example embodiment, the OLED device 100
may have a bending region located between the display
region 10 and the pad region 40. For example, the bend-
ing region may be bent on an axis with respect to a first
direction Di that is parallel to an upper surface of the
OLED device 100, and the pad region 40 may be located
on a lower surface of the OLED device 100.

[0036] The display region 10 may include a plurality of
sub-pixel regions, which may be arranged in the display
region 10 in a matrix form as a whole. A sub-pixel circuit
(e.g., a semiconductor element 250 of FIG. 8) may be in
the sub-pixel regions each of the display region 10, and
an OLED (e.g., a light emitting structure 200 of FIG. 8)
maybe on the sub-pixel circuit. An image may be dis-
played in the display region 10 through the sub-pixel cir-
cuit and the OLED.

[0037] For example, first, second, and third sub-pixel
circuits may be in the sub-pixel regions, and first, second,
and third OLEDs may be on the first, second, and third
sub-pixel circuits. The first sub-pixel circuit may be cou-
pled to (or connected to) a first OLED capable of emitting
a red color of light, and the second sub-pixel circuit may
be coupledtoasecond OLED capable of emitting a green
color of light. The third sub-pixel circuit may be coupled
to the third OLED capable of emitting a blue color of light.
[0038] Inanexample embodiment, the first OLED may
overlap the first sub-pixel circuit, and the second OLED
may overlap the second sub-pixel circuit. The third OLED
may overlap the third sub-pixel circuit. In another imple-
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mentation, the first OLED may overlap a portion of the
first sub-pixel circuit and a portion of a sub-pixel circuit
that is different from the first sub-pixel circuit, and the
second OLED may overlap a portion of the second sub-
pixel circuit and a portion of a sub-pixel circuit that is
different from the second sub-pixel circuit. The third
OLED may overlap a portion of the third sub-pixel circuit
and a portion of a sub-pixel circuit that is different from
the third sub-pixel circuit.

[0039] Thus, the first, second, and third OLEDs may
be arranged using an RGB stripe method where
tetragons of a same size are sequentially arranged, a s-
stripe method including a blue OLED having a relatively
large area, a WRGB method further including a white
OLED, a pen-tile method repeatedly arranged in an RG-
GB pattern, etc.

[0040] In addition, at least one driving transistor, at
least one switching transistor, and at least one capacitor
may be in each of the sub-pixel regions.

[0041] Inan example embodiment, a shape of the dis-
play region 10 may a plan shape of a tetragon, for exam-
ple. In an implementation, the shape of the display region
10 may have a plan shape of a triangle, a plan shape of
a diamond, a plan shape of a polygon, a plan shape of
a circle, a plan shape of an athletic track, a plan shape
of an ellipse, etc.

[0042] The functional module 700 may be in the open-
ing 910. For example, the functional module 700 may
include a camera module for capturing (or recognizing)
an image of an object, a face recognition sensor module
for sensing a face of a user, a pupil recognition sensor
module for sensing a pupil of a user, acceleration and
geomagnetic sensor modules for determining movement
of the OLED device 100, proximity and infrared sensor
modules for detecting proximity to the OLED device 100,
and a light intensity sensor module for measuring the
degree of brightness when left in a pocket or a bag, etc.
In an example embodiment, a vibration or haptic module
for indicating an incoming alarm, a speaker module for
outputting sound, etc., may be in the opening 910.
[0043] In an example embodiment, a shape of the
opening region 20 and the peripheral region 30 each has
a plan shape of a circle, for example. In an implementa-
tion, the shape of the opening region 20 and the periph-
eral region 30 each may have a plan shape of a triangle,
a plan shape of a diamond, a plan shape of a polygon,
a plan shape of a tetragon, a plan shape of an athletic
track, a plan shape of an ellipse, etc.

[0044] FIG. 5 is a partially enlarged plan view corre-
sponding to region A’ of FIG. 2, and FIG. 6 is a plan view
for describing a conductive pattern included in the OLED
device of FIG. 5. FIG. 7 is a block diagram for describing
an external device electrically connected to the OLED
device of FIG. 6.

[0045] Referringto FIGS. 5,6, and 7, the OLED device
100 may include a conductive pattern 400, the functional
module 700, pad electrodes 470, a connection wiring
370, etc.
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[0046] In an example embodiment, the opening 910
maybe formed in the opening region 20, and a groove
930 may be formed in the peripheral region 30. The
groove 930 may have a plan shape of a circle in a plan
view of the OLED device 100, and may surround the
opening region 20. In addition, the groove 930 may have
an enlarged (or expanded) lower portion in a cross-sec-
tional view of the OLED device 100. Thus, a lower portion
of the groove 930 may be relatively larger than an upper
portion of the groove 930.

[0047] The functional module 700 may be in the open-
ing 910, and the conductive pattern 400 may overlap the
groove 930. Thus, the conductive pattern 400 may be
disposed along a profile of an outer portion of the groove
930 on the groove 930. The conductive pattern 400 may
substantially surround the functional module 700 (or the
opening 910). As illustrated in FIG. 6, the conductive pat-
tern 400 may include a first sub-conductive pattern 401
and second sub-conductive patterns 402. The first sub-
conductive pattern 401 may have a plan shape of a par-
tially opened circle including an open portion, and the
second sub-conductive patterns 402 may extend from
the open portion of the first sub-conductive pattern 401
in an outward direction (e.g., a direction from the opening
region 20 into the peripheral region 30 or a second di-
rection D2 that is perpendicular to the first direction Di).
In an example embodiment, the first sub-conductive pat-
tern 401 and the second sub-conductive patterns 402
may be integrally formed at a same layer. In another im-
plementation, the first sub-conductive pattern 401 may
be on the second sub-conductive patterns 402, and the
open portion of the first sub-conductive pattern 401 may
be connected to a distal end of the second sub-conduc-
tive patterns 402 through a contact hole. In an implemen-
tation, the second sub-conductive patterns 402 may be
on the first sub-conductive pattern 401, and the open
portion of the first sub-conductive pattern 401 may be
connected to a distal end of the second sub-conductive
patterns 402 through a contact hole. The first sub-con-
ductive pattern 401 may overlap the groove 930. For ex-
ample, the first sub-conductive pattern 401 may overlap
an outermost portion of the groove 930. Thus, the first
sub-conductive pattern 401 may overlap an outer bound-
ary of the groove 930. In another implementation, the
first sub-conductive pattern 401 may overlap an inner-
most portion of the groove 930. Thus, the first sub-con-
ductive pattern 401 may overlap an inner boundary of
the groove 930.

[0048] The conductive pattern 400 may include a met-
al, an alloy of a metal, metal nitride, conductive metal
oxide, transparent conductive materials, etc. For exam-
ple, the conductive pattern 400 may include gold (Au),
silver (Ag), aluminum (Al), tungsten (W), copper (Cu),
platinum (Pt), nickel (Ni), titanium (Ti), palladium (Pd),
magnesium (Mg), calcium (Ca), lithium (Li), chromium
(Cr), tantalum (Ta), molybdenum (Mo), scandium (Sc),
neodymium (Nd), iridium (Ir), an alloy of aluminum, alu-
minum nitride (AIN), an alloy of silver, tungsten nitride
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(WN), an alloy of copper, an alloy of molybdenum, tita-
nium nitride (TiN), chromium nitride (CrN), tantalum ni-
tride (TaN), strontium ruthenium oxide (SRO), zinc oxide
(Zn0O), indium tin oxide (ITO), tin oxide (SnO), indium
oxide (InO), gallium oxide (GaO), indium zinc oxide (120),
etc. These may be used alone or in a suitable combina-
tion thereof. In an example embodiment, the conductive
pattern 400 may have a multi-layered structure including
a plurality of layers.

[0049] The pad electrodes 470 may be in the pad re-
gion 40. The pad electrodes 470 may include a first pad
electrode 471 and a second pad electrode 472. For ex-
ample, the first pad electrode 471 may be located in a
left side of the pad region 40, and the second pad elec-
trode 472 may be located in a right side of the pad region
40. In an example embodiment, extra pad electrodes may
be further between the first pad electrode 471 and the
second pad electrode 472. The pad electrodes 470 may
include a metal, an alloy of a metal, metal nitride, con-
ductive metal oxide, transparent conductive materials,
etc. These may be used alone or in a suitable combina-
tion thereof. In an example embodiment, the pad elec-
trodes 470 may have a multi-layered structure including
a plurality of layers.

[0050] The connection wiring 370 may be in an outer
portion of the display region 10 and the pad region 40.
The connection wiring 370 may include a first connection
wiring 371 and a second connection wiring 372. A first
distal end of the first connection wiring 371 may be con-
nected to the second sub-conductive pattern 402 located
in a left side of the second sub-conductive patterns 402,
and the first connection wiring 371 may extend along a
profile of an outer portion of the display region 10 and
pad region 40 in a counterclockwise direction. A second
distal end, which is opposite to the first distal end, of the
first connection wiring 371 may be connected to the first
pad electrode 471 in the pad region 40. Similarly, a first
distal end of the second connection wiring 372 may be
connected to the second sub-conductive pattern 402 lo-
cated in a right side of the second sub-conductive pat-
terns 402, and the second connection wiring 372 may
extend along a profile of an outer portion of the display
region 10 and pad region 40 in a clockwise direction. A
second distal end, which is opposite to the first distal end,
of the second connection wiring 372 may be connected
to the second pad electrode 472 in the pad region 40.
Thus, the connection wiring 370 may electrically connect
the conductive pattern 400 and the pad electrodes 470.
The connection wiring 370 may include a metal, an alloy
of a metal, metal nitride, conductive metal oxide, trans-
parent conductive materials, etc. These may be used
alone or in a suitable combination thereof. In an example
embodiment, the connection wiring 370 may have a mul-
ti-layered structure including a plurality of layers.
[0051] As illustrated in FIG. 7, an external device 101
may be electrically connected to the OLED device 100
through a flexible printed circuit board ("FPCB"). For ex-
ample, one side of the FPCB may be in direct contact
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with the pad electrodes 470, and another side of the
FPCB may be in direct contact with the external device
101. Thus, the external device 101 may electrically con-
nect the first pad electrode 471 and the second pad elec-
trode 472, and may measure a resistance value between
the first and second pad electrodes 471 and 472.
[0052] A general OLED device may include a sub-
strate, and a groove having an enlarged lower portion
may be formed in the substrate. The substrate may have
a stack structure where a first organic film layer, a first
barrier layer, a second organic film layer, and a second
barrier layer are sequentially stacked. As the groove is
formed in the substrate, a light emitting layer and an up-
per electrode may be separated (or cut, etc.) in a periph-
eralregion. For example, the groove having the enlarged
lower portion may have an under-cut shape, and the sec-
ond organic film layer and the second barrier layer may
be formed in the peripheral region 30. The second or-
ganic film layer may have a trench of a second width,
and the second barrier layer may have an opening of a
first width that overlaps the trench. The first width may
be less than the second width. In addition, a protruded
portion of the second barrier layer located adjacent to
the opening may be defined as a tip, and the light emitting
layer and the upper electrode may be separated in the
peripheral region through the tip. However, the tip may
be easily damaged by external impacts or a stress in a
manufacturing process (e.g., aremoval of top and/or bot-
tom protection films, etc.). When the tip is damaged, the
light emitting layer and the upper electrode may not be
separated in the peripheral region, and moisture and/or
water may be penetrated through the light emitting layer
andthe upper electrode. Thus, a defect of a pixel included
in the general OLED device may occur by the moisture
and/or water. Thus, a defect of the general OLED device
may occur due to a damage of the tip, such damage to
the tip should be checked for in a manufacturing process
of the general OLED device. However, it may not be
straightforward to visually observe the damage of the tip.
[0053] In an example embodiment, the OLED device
100 includes the conductive pattern 400, the pad elec-
trodes 470, and the connection wiring 370, and the OLED
device 100 may check whether the tip is damaged. For
example, the OLED device 100 may measure a resist-
ance value between the first and second pad electrodes
471 and 472 by using the external device 101. Accord-
ingly, the OLED device 100 may check whether the tip
is damaged by using the resistance value. Here, when
the damage of the tip is generated, the resistance value
may be increased or it may be in an open state by a cut
of the conductive pattern 400. Thus, a defect ratio of the
OLED device 100 may be reduced by the OLED device
100 checking whether the tip is damaged.

[0054] Inanexample embodiment, the external device
101 may generate a data signal, a gate signal, a light
emission signal, a gate initialization signal, an initializa-
tion voltage, a power supply, etc. As described above,
the extra pad electrodes may be further between the first
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and second pad electrodes 471 and 472, and the external
device 101 may be electrically connected to the extra
pad electrodes. In this case, the external device 101 may
provide the data signal, the gate signal, the light emission
signal, the gate initialization signal, the initialization volt-
age, the power supply, etc. to the OLED device 100. In
addition, a driving integrated circuit may be installed in
the FPCB. In another implementation, the driving inte-
grated circuit may be installed in a portion, which is lo-
cated adjacent to the pad electrode 470, of the OLED
device 100.

[0055] FIG. 8 is a cross-sectional view taken along
lines|-I'of FIGS.5,and FIG. 9is a plan view for describing
a touch screen structure included in the OLED device of
FIG. 8.

[0056] Referring to FIGS. 8 and 9, the OLED device
100 may include a substrate 110, a semiconductor ele-
ment 250, a planarization layer 270, a light emitting struc-
ture 200, a pixel defining layer 310, a thin film encapsu-
lation ("TFE") structure 450, atouch screen structure 380,
an organic insulation pattern 490, a conductive pattern
400, a functional module 700, etc. The substrate 110 may
include a first organic film layer 111, a first barrier layer
112, asecond organicfilmlayer 113, and a second barrier
layer 114. In the OLED device 100 having the display
region 10, the opening region 20, the peripheral region
30, and the pad region 40, the substrate 110 may be
divided into the display region 10, the opening region 20,
the peripheral region 30, and the pad region 40. In addi-
tion, the semiconductor element 250 may include an ac-
tive layer 130, a gate insulation layer 150, a gate elec-
trode 170, an insulating interlayer 190, a source electrode
210, and a drain electrode 230, and the light emitting
structure 200 may include a lower electrode 290, a light
emitting layer 330, and an upper electrode 340. Further,
the TFE structure 450 may include a first TFE layer 451,
a second TFE layer 452, and a third TFE layer 453, and
the touch screen structure 380 may include a first insu-
lation layer 390, a plurality of firsttouch screen electrodes
382, a plurality of second touch screen electrodes 384,
a plurality of touch screen connection electrodes 386, a
second insulation layer 395, and a protective insulation
layer 410.

[0057] In an example embodiment, the substrate 110
may further include a groove 930 formed in the peripheral
region 30, and each of the light emitting layer 330 and
the upper electrode 340 may be separated in an inner
portion (or an inside) of the groove 930. Thus, each of
the light emitting layer 330 and the upper electrode 340
may be separated in the inner portion of the groove 930.
In the OLED device 100 having the light emitting layer
330 and the upper electrode 340 that are separated in
the inner portion of the groove 930, the OLED device 100
may block moisture, water, etc. from permeating into the
semiconductor element 250 and the light emitting struc-
ture 200. In addition, the substrate 110 may have an
opening 910 formed in the opening region 20, and the
functional module 700 may be in the opening 910 (refer
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to FIG. 20).

[0058] Thefirstorganicfilmlayer 111 may be provided.
The first organic film layer 111 may include organic ma-
terials having flexibility. For example, the first organic film
layer 111 may include a random copolymer or a block
copolymer. In addition, the first organic film layer 111
may have a high transparency, a low coefficient of ther-
mal expansion, and a high glass transition temperature.
In the case that the first organic film layer 111 includes
an imide radical, a heat resistance, a chemical resist-
ance, a wear resistance, and an electrical characteristics
may be excellent. In an example embodiment, the first
organic film layer 111 may include polyimide.

[0059] The first barrier layer 112 may be on the entire
first organic film layer 111. The first barrier layer 112 may
block water and/or moisture that is permeated through
the first organic film layer 111. The first barrier layer 112
may include inorganic materials having flexibility. In an
example embodiment, the first barrier layer 112 may in-
clude silicon oxide, silicon nitride, etc. For example, the
first barrier layer 112 may include silicon oxide (SiO),
silicon nitride (SiN), silicon oxynitride (SiON), silicon ox-
ycarbide (SiOC), silicon carbon nitride (SiCN), aluminum
oxide (AIO), aluminum nitride (AIN), tantalum oxide
(TaO), hafnium oxide (HfO), zirconium oxide (ZrO), tita-
nium oxide (TiO), etc.

[0060] The second organic film layer 113 may be on
the entire first barrier layer 112. In an example embodi-
ment, the second organic film layer 113 may have a
trench in the peripheral region 30. Thus, a portion of the
second organic film layer 113 located in the peripheral
region 30 may be partially removed. A width of the trench
may be defined as a second width W2 (refer to FIG. 13).
In another implementation, a portion of the second or-
ganic film layer 113 located in the peripheral region 30
may be completely removed, such that the second or-
ganic film layer 113 may have an opening in the periph-
eral region 30. In this case, an upper surface of the first
barrier layer 112 may be exposed through the opening.
[0061] The second organic film layer 113 may include
organic materials having flexibility. For example, the sec-
ond organic film layer 113 may include random copoly-
mer or block copolymer. In an example embodiment, the
second organic film layer 113 may include polyimide.
[0062] The second barrier layer 114 may be on the
entire second organic film layer 113. In an example em-
bodiment, the second barrier layer 114 may have an
opening in the peripheral region 30. Thus, the second
barrier layer 114 may have first and second protruded
portions 116 and 117 (or a tip) that protrude in an inner
portion of the trench on the trench, and may have an
opening defined by the first and second protruded por-
tions 116 and 117. For example, the first protruded por-
tion 116 may be located adjacent to a boundary of the
peripheral region 30 and the opening region 20 (e.g., the
opening 910 of the substrate 110). The second protruded
portion 117 may face the first protruded portion 116, and
may be spaced apart from the first protruded portion 116.
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A width of the opening of the second barrier layer 114
may have a first width W1 that is less than the second
width W2 (refer to FIG. 13). In addition, a space located
under each of the first and second protruded portions
116 and 117 may be defined as first and second spaces
118 and 119 (refer to FIG. 14). The trench of the second
organic film layer 113, the first and second protruded
portions 116 and 117 of the second barrier layer 114,
and the opening of the second barrier layer 114 may be
defined as the groove 930, which has an enlarged lower
portion, formed in the OLED device 100 located in the
peripheral region 30. Forexample, the groove 930 having
the enlarged lower portion may have an under-cut shape.
The groove 930 may serve as a block pattern capable of
blocking water and/or moisture permeated from the
opening region 20 into the display region 10. In an ex-
ample embodiment, a plurality of grooves may be formed
between the groove 930 and the functional module 700,
and may be formed between the light emitting structure
200 and the groove 930 that are located adjacent to a
boundary of the display region 10 and the peripheral re-
gion 30.

[0063] The second barrier layer 114 may block water
and/or moisture that is permeated through the second
organic film layer 113. The second barrier layer 114 may
include inorganic materials having flexibility. In an exam-
ple embodiment, the second barrier layer 114 may in-
clude SiO, SiN, etc.

[0064] Accordingly, the substrate 110including the first
organic film layer 111, the first barrier layer 112, the sec-
ond organic film layer 113, and the second barrier layer
114 may be disposed.

[0065] In an example embodiment, the substrate 110
includes four layers, but the substrate 110 may include,
for example, a single layer or at least two layers.

[0066] In an example embodiment, the substrate 110
may include transparent or opaque materials. For exam-
ple, the substrate 110 may include a quartz substrate, a
synthetic quartz substrate, a calcium fluoride substrate,
a fluoride-doped quartz substrate, a sodalime glass sub-
strate, a non-alkali glass substrate, etc.

[0067] The buffer layer may be on the substrate 110
(e.g., the second barrier layer 114). For example, the
buffer layer may be on the entire substrate 110 except
for the peripheral region 30. In another implementation,
the buffer layer may be in the peripheral region 30 on the
substrate 110. In this case, the buffer layer may have an
opening overlapping the opening of the second barrier
layer 114. The buffer layer may help prevent the diffusion
of metal atoms and/or impurities from the substrate 110
into the semiconductor element 250 and the light emitting
structure 200. In addition, the buffer layer may control a
rate of a heat transfer in a crystallization process for form-
ing an active layer, thereby obtaining substantially uni-
form active layer. Further, the buffer layer may improve
a surface flatness of the substrate 110 when a surface
of the substrate 110 is relatively irregular. According to
atype of the substrate 110, at least two buffer layers may
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be provided on the substrate 110, or the buffer layer may
not be disposed. For example, the buffer layer may in-
clude organic materials or inorganic materials.

[0068] The active layer 130 may be in the display re-
gion 10 on the substrate 110. The active layer 130 may
include an oxide semiconductor, an inorganic semicon-
ductor (e.g., amorphous silicon, polysilicon, etc.), an or-
ganic semiconductor, etc. The active layer 130 may have
a source region and a drain region.

[0069] The gate insulation layer 150 may be on the
active layer 130. The gate insulation layer 150 may cover
the active layer 130 in the display region 10 on the sub-
strate 110, and may not be in the peripheral region 30.
Thus, the gate insulation layer 150 may be only in the
display region 10 on the substrate 110. For example, the
gate insulation layer 150 may sufficiently cover the active
layer 130 on the substrate 110, and may have a substan-
tially flat upper surface without a step around the active
layer 130. In another implementation, the gate insulation
layer 150 may cover the active layer 130 on the substrate
110, and may be disposed with a substantially uniform
thickness along a profile of the active layer 130. The gate
insulation layer 150 may include silicon compound, metal
oxide, etc. In an example embodiment, the gate insula-
tion layer 150 may have a multi-layered structure includ-
ing a plurality of insulation layers. For example, the insu-
lation layers may have different thicknesses to each other
or include different materials to each other.

[0070] The gate electrode 170 may be in the display
region 10 on the gate insulation layer 150. The gate elec-
trode 170 may be on a portion of the gate insulation layer
150 under which the active layer 130 is located. The gate
electrode 170 may include a metal, a metal alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. These may be used alone or in a suitable
combination thereof. In another implementation, the gate
electrode 170 may have a multi-layered structure includ-
ing a plurality of layers.

[0071] Theinsulatinginterlayer 190 may be on the gate
electrode 170. The insulating interlayer 190 may cover
the gate electrode 170 in the display region 10 on the
gateinsulation layer 150, and may not be in the peripheral
region 30. Thus, the insulating interlayer 190 may be only
in the display region 10 on the gate insulation layer 150.
For example, the insulating interlayer 190 may sufficient-
ly cover the gate electrode 170 on the gate insulation
layer 150, and may have a substantially flat upper surface
without a step around the gate electrode 170. In another
implementation, the insulating interlayer 190 may cover
the gate electrode 170 on the gate insulation layer 150,
and may be disposed with a substantially uniform thick-
ness along a profile of the gate electrode 170. The insu-
lating interlayer 190 may include silicon compound, metal
oxide, etc. In an example embodiment, the insulating in-
terlayer 190 may have a multi-layered structure including
a plurality of insulation layers. The insulation layers may
have different thicknesses to each other or include dif-
ferent materials to each other.
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[0072] The source electrode 210 and the drain elec-
trode 230 may be in the display region 10 on the insulating
interlayer 190. The source electrode 210 may be con-
nected to the source region of the active layer 130 via a
contact hole formed by removing a first portion of the
gate insulation layer 150 and the insulating interlayer
190. The drain electrode 230 may be connected to the
drain region of the active layer 130 via a contact hole
formed by removing a second portion of the gate insula-
tion layer 150 and the insulating interlayer 190. Each of
the source electrode 210 and the drain electrode 230
may include a metal, an alloy, metal nitride, conductive
metal oxide, transparent conductive materials, etc.
These may be used alone or in a suitable combination
thereof. In an example embodiment, each of the source
and drain electrodes 210 and 230 may have a multi-lay-
ered structure including a plurality of layers. Accordingly,
the semiconductor element 250 including the active layer
130, the gate insulation layer 150, the gate electrode 170,
the insulating interlayer 190, the source electrode 210,
and the drain electrode 230 maybe disposed.

[0073] Inanexample embodiment, the semiconductor
element 250 may have a top gate structure, for example.
In another implementation, in an example embodiment,
the semiconductor element 250 may have a bottom gate
structure, a double gate structure, etc.

[0074] In addition, the OLED device 100 may include
one semiconductor element, for example. In another im-
plementation, in an example embodiment, the OLED de-
vice 100 may include atleast one semiconductor element
and at least one capacitor.

[0075] The planarization layer 270 may be on the in-
sulating interlayer 190, the source electrode 210, and the
drain electrode 230. The planarization layer 270 may cov-
er the source and drain electrodes 210 and 230 in the
display region 10 on the insulating interlayer 190, and
may not be in the peripheral region 30. Thus, the planari-
zation layer 270 may be only in the display region 10 on
the insulating interlayer 190. For example, the planariza-
tionlayer 270 may be disposed with arelatively high thick-
ness in the display region 10. In this case, the planariza-
tion layer 270 may have a substantially flat upper surface,
and a planarization process may be further performed
on the planarization layer 270 to implement the flat upper
surface of the planarization layer 270. In another imple-
mentation, the planarization layer 270 may be disposed
with a substantially uniform thickness along a profile of
the source and drain electrodes 210 and 230 in the dis-
play region 10 on the insulating interlayer 190. The
planarization layer 270 may include organic materials or
inorganic materials. In an example embodiment, the
planarization layer 270 may include organic materials.
[0076] The lower electrode 290 may be in the display
region 10 on the planarization layer 270. The lower elec-
trode 290 may be connected to the drain electrode 230
via a contact hole formed by removing a portion of the
planarization layer 270. In addition, the lower electrode
290 may be electrically connected to the semiconductor
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element250. The lower electrode 290 may include a met-
al, a metal alloy, metal nitride, conductive metal oxide,
transparent conductive materials, etc. These may be
used alone or in a suitable combination thereof. In an
example embodiment, the lower electrode 290 may have
a multi-layered structure including a plurality of layers.
[0077] The pixel defining layer 310 may be in the dis-
play region 10 on the planarization layer 270, and may
notbe in the peripheral region 30. Thus, the pixel defining
layer 310 may be only in the display region 10. For ex-
ample, the pixel defining layer 310 may cover both lateral
portions of the lower electrode 290, and may expose a
portion of an upper surface of the lower electrode 290.
The pixel defining layer 310 may include organic mate-
rials or inorganic materials. In an example embodiment,
the pixel defining layer 310 may include organic materi-
als.

[0078] The light emitting layer 330 may be on the pixel
defining layer 310 and the lower electrode 290 in the
display region 10 and extend in the first direction Di, and
may be in the peripheral region 30 on the substrate 110.
In an example embodiment, the light emitting layer 330
may be partially in an inner portion of the groove 930,
and the light emitting layer 330 in a portion where the
groove 930 is located may be separated in a depth di-
rection (e.g., a direction from the second barrier layer
114 into the first organic film layer 111). Thus, the light
emitting layer 330 may be separated in the peripheral
region 30. Thus, the light emitting layer 330 may be sep-
arated in the peripheral region 30 by the first and second
spaces 118 and 119.

[0079] For example, when the groove 930 does not
have the first and second protruded portions 116 and
117, the light emitting layer 330 may be continuously dis-
posed in a portion where the groove 930 is formed, and
the light emitting layer 330 may act as a permeability path
of water and/or moisture. Thus, a portion of the light emit-
ting layer 330 (e.g., a side distal end of the light emitting
layer 330) may be exposed in the opening region 20, and
the water and/or moisture may permeate into the ex-
posed portion of the light emitting layer 330. In this case,
the semiconductor element 250 and the light emitting
structure 200 that are in the display region 10 located
adjacent to the peripheral region 30 may be damaged by
the water and/or moisture. Meanwhile, in accordance
with an example embodiment, the OLED device 100 in-
cludes the groove 930 having the enlarged lower portion.
Thus, the light emitting layer 330 may be separated in
the inner portion of the groove 930, such that the perme-
ation path of the light emitting layer 330 may be blocked.
Accordingly, when the light emitting layer 330 is in the
peripheral region 30, a defect of a pixel included in the
OLED device 100 may not occur.

[0080] The light emitting layer 330 may have a multi-
layered structure including an organic lightemission layer
("EML"), a hole injection layer ("HIL"), a hole transport
layer ("HTL"), an electron transportlayer ("ETL"), an elec-
tron injection layer ("EIL"), etc. In an example embodi-
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ment, the EML, the HIL, the HTL, the ETL, and the EIL
may be in the peripheral region 30. In an example em-
bodiment, the HIL, the HTL, the ETL, and the EIL except
for the EML may be in the peripheral region 30.

[0081] The EML of the light emitting layer 330 may be
formed using at least one of light emitting materials ca-
pable of generating different colors of light (e.g., a red
color of light, a blue color of light, and a green color of
light, etc.) according to sub-pixels. In another implemen-
tation, the EML of the light emitting layer 330 may gen-
erally generate a white color of light by stacking a plurality
of light emitting materials capable of generating different
colors of light such as a red color of light, a green color
of light, a blue color of light, etc. In this case, a color filter
may be on the light emitting layer 330 that is located on
the lower electrode 290. The color filter may include at
least one selected from a red color filter, a green color
filter, and a blue color filter. In another implementation,
the color filter may include a yellow color filter, a cyan
color filter, and a magenta color filter. The color filter may
include a photosensitive resin, a color photoresist, etc.
[0082] The upper electrode 340 may be on the light
emitting layer 330. The upper electrode 340 may overlap
the light emitting layer 330 in the display region 10 and
extend in the first direction Di, and may be in the periph-
eral region 30 on the light emitting layer 330. In an ex-
ample embodiment, the upper electrode 340 may be par-
tially in the inner portion of the groove 930, and the upper
electrode 340in a portion where the groove 930 is located
may be separated in the depth direction. Thus, the upper
electrode 340 may be separated in the peripheral region
30. Thus, the upper electrode 340 may be separated in
the peripheral region 30 by the first and second spaces
118 and 119.

[0083] For example, when the groove 930 does not
have the first and second protruded portions 116 and
117, the upper electrode 340 may be continuously dis-
posed in a portion where the groove 930 is formed, and
the upper electrode 340 may act as a permeation path
of water and/or moisture. Thus, a portion of the upper
electrode 340 (e.g., a side distal end of the upper elec-
trode 340) may be exposed in the opening region 20, and
the water and/or moisture may permeate into the ex-
posed portion of the upper electrode 340. In this case,
the semiconductor element 250 and the light emitting
structure 200 that are in the display region 10 located
adjacent to the peripheral region 30 may be damaged by
the water and/or moisture. Meanwhile, in accordance
with an example embodiment, the OLED device 100 may
include the groove 930 having the enlarged lower portion.
Thus, the upper electrode 340 may be separated in the
inner portion of the groove 930. Thus, as the upper elec-
trode 340 is separated in the inner portion of the groove
930, the permeation path of the upper electrode 340 may
be blocked. Accordingly, when the upper electrode 340
is in the peripheral region 30, a defect of a pixel included
in the OLED device 100 may not occur.

[0084] The upper electrode 340 may include a metal,
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ametal alloy, metal nitride, conductive metal oxide, trans-
parent conductive materials, etc. These may be used
alone or in a suitable combination thereof. In an example
embodiment, the upper electrode 340 may have a multi-
layered structure including a plurality of layers.

[0085] Accordingly, the light emitting structure 200 in-
cluding the lower electrode 290, the light emitting layer
330, and the upper electrode 340 may be disposed.
[0086] A capping layer may be on the upper electrode
340. The capping layer may overlap the upper electrode
340 in the display region 10 and extend in the first direc-
tion Di, and may be in the peripheral region 30 on the
upper electrode 340. In an example embodiment, the
capping layer may be partially in the inner portion of the
groove 930, and the capping layer in a portion where the
groove 930 is located may be separated in the depth
direction. Thus, the capping layer may be separated in
the peripheral region 30. Thus, the capping layer may be
separated in the peripheral region 30 by the first and sec-
ond spaces 118 and 119.

[0087] For example, when the groove 930 does not
have the first and second protruded portions 116 and
117, the capping layer may be disposed continuously in
a portion where the groove 930 is formed, and the cap-
ping layer may act as a permeation path of water and/or
moisture. Thus, a portion of the capping layer (e.g., a
side distal end of the capping layer) may be exposed in
the opening region 20, and the water and/or moisture
may permeate into the exposed portion of the capping
layer. In this case, the semiconductor element 250 and
the light emitting structure 200 that are in the display re-
gion 10 located adjacent to the peripheral region 30 may
be damaged by the water and/or moisture. Meanwhile,
in accordance with an example embodiment, the OLED
device 100 includes the groove 930 having the enlarged
lower portion. Thus, the capping layer may be separated
in the inner portion of the groove 930. Thus, as the cap-
ping layer is separated in the inner portion of the groove
930, the permeation path of the capping layer may be
blocked. Accordingly, when the capping layer is in the
peripheral region 30, a defect of a pixel included in the
OLED device 100 may not occur.

[0088] The capping layer may protect the light emitting
structure 200, and may include organic materials or in-
organic materials. In an example embodiment, the cap-
ping layer may include organic materials such as a tri-
amine derivative, arylenediamine derivative, 4,4’-N,N’-
dicarbazole-biphenyl ("cBP"), tris(8-hydroxyqui-
nolate)aluminum ("Alq3"), etc.

[0089] The first TFE layer 451 may be in the display
region 10 and the peripheral region 30 on the upper elec-
trode 340. The first TFE layer 451 may cover the upper
electrode 340 in the display region 10, and may be dis-
posed with a substantially uniform thickness along a pro-
file of the upper electrode 340 and may extend in the
peripheral region 30. The first TFE layer 451 may be dis-
posed along a profile of the upper electrode 340 in the
peripheral region 30. Thus, the first TFE layer 451 may
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be continuously disposed in a portion where the groove
930 is formed. In an example embodiment, the first TFE
layer 451 may completely cover the groove 930. Thus,
the first TFE layer 451 may cover the first and second
protruded portions 116 and 117, and may be in the first
and second spaces 118 and 119 and completely cover
the light emitting layer 330 and the upper electrode 340
that are disposed inside the groove 930. Thus, the first
TFE layer 451 may be in direct contact with the second
organic film layer 113 in the first and second spaces 118
and 119. The first TFE layer 451 may help prevent the
light emitting structure 200 from being deteriorated by
the permeation of moisture, water, oxygen, etc. In addi-
tion, the first TFE layer 451 may protect the light emitting
structure 200 from external impacts. The first TFE layer
451 may include inorganic materials having flexibility.
[0090] The second TFE layer452 may be in the display
region 10 on the first TFE layer 451, and may not be in
the peripheral region 30. Thus, the second TFE layer 452
may be only in the display region 10. In another imple-
mentation, the second TFE layer 452 may be in a portion
of the peripheral region 30. The second TFE layer 452
may improve the flatness of the OLED device 100, and
may protect the light emitting structure 200. The second
TFE layer 452 may include organic materials having the
flexibility.

[0091] The third TFE layer 453 may be in the display
region 10 on the second TFE layer 452 and in the pe-
ripheral region 30 on the first TFE layer 451. The third
TFE layer 453 may cover the second TFE layer 452 in
the display region 10, and may be disposed with a sub-
stantially uniform thickness along a profile of the second
TFE layer 452 and may extend in the peripheral region
30. The third TFE layer 453 may be disposed with a sub-
stantially uniform thickness along a profile of the first TFE
layer 451 in the peripheral region 30. Thus, the third TFE
layer 453 may be continuously formed in a portion where
the groove 930 is formed. The third TFE layer 453 to-
gether with the first TFE layer 451 may help prevent the
light emitting structure 200 from being deteriorated by
the permeation of moisture, water, oxygen, etc. In addi-
tion, the third TFE layer 453 together with the first and
second TFE layers 451 and 452 may protect the light
emitting structure 200 from external impacts. The third
TFE layer 453 may include inorganic materials having
the flexibility.

[0092] Accordingly, the TFE structure 450 including
the first TFE layer 451, the second TFE layer 452, and
the third TFE layer 453 may be disposed. In another im-
plementation, the TFE structure 450 may have five layers
structure where first to fifth TFE layers are stacked or
seven layers structure where first to seventh TFE layers
are stacked.

[0093] The first insulation layer 390 may be in the dis-
play region 10 and the peripheral region 30 on the third
TFE layer 453. The first insulation layer 390 may cover
the third TFE layer 453 in the display region 10, and may
be disposed with a substantially uniform thickness along
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a profile of the third TFE layer 453 and may extend in the
peripheral region 30. The first insulation layer 390 may
be disposed with a substantially uniform thickness along
a profile of the third TFE layer 453 in the peripheral region
30. Thus, the first insulation layer 390 may be continu-
ously disposed in a portion where the first insulation layer
390 is formed. The first insulation layer 390 may include
organic materials or inorganic materials. In another im-
plementation, the first insulation layer 390 may have a
multi-layered structure including a plurality of insulation
layers. For example, the insulation layers may have dif-
ferent thicknesses to each other or include different ma-
terials to each other.

[0094] The organic insulation pattern 490 may be in
the peripheral region 30 on the first insulation layer 390.
In an example embodiment, the organic insulation pat-
tern 490 may be only in the peripheral region 30. In an-
other implementation, the organic insulation pattern 490
may be in a portion of the display region 10. The organic
insulation pattern 490 may be disposed with a relatively
high thickness in the peripheral region 30 on the first in-
sulation layer 390. In this case, the organic insulation
pattern 490 may have a substantially flat upper surface,
and a planarization process may be further performed
on the organic insulation pattern 490 to implement the
flat upper surface of the organic insulation pattern 490.
In another implementation, the organic insulation pattern
490 may be disposed with a substantially uniform thick-
ness along a profile of the first insulation layer 390 in the
display region 10 on the first insulation layer 390. The
organic insulation pattern 490 may include organic ma-
terials orinorganic materials. Inan example embodiment,
the organic insulation pattern 490 may include organic
materials such as a photoresist, a polyacryl-based resin,
a polyimide-based resin, a polyamide-based resin, a si-
loxane-based resin, an acryl-based resin, an epoxy-
based resin, etc.

[0095] The first touch screen electrodes 382 and the
second touch screen electrodes 384 may be in the dis-
play region 10 on the first insulation layer 390. As illus-
trated in FIG. 9, each of the first touch screen electrodes
382 may extend in the second direction D2, and may be
spaced apart from each other by the first direction Di.
The second touch screen electrodes 384 may be spaced
apart from each other in the second direction D2 between
adjacent two first touch screen electrodes 382 among
the first touch screen electrodes 382. For example, each
of the first and second touch screen electrodes 382 and
384 may include a carbon nano-tube (CNT), transparent
conductive oxide, ITO, indium gallium zinc oxide (IGZO),
Zn0O, a graphene, Ag nanowire (AgNW), Cu, Cr, etc.
[0096] The second insulation layer 395 may be in the
display region 10 on the first and second touch screen
electrodes 382 and 384. The second insulation layer 395
may cover the first and second touch screen electrodes
382 and 384 in the display region 10, and may be dis-
posed with a substantially uniform thickness along a pro-
file of the first and second touch screen electrodes 382
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and 384 and may extend in the peripheral region 30. The
second insulation layer 395 may be disposed along a
profile of the organic insulation pattern 490 in the periph-
eralregion 30. Thus, the second insulation layer 395 may
be in contact with an upper surface of the first insulation
layer 390 in the display region 10, and may be in contact
with an upper surface of the organic insulation pattern
490 in the peripheral region 30. The second insulation
layer 395 may include organic materials or inorganic ma-
terials. In another implementation, the second insulation
layer 395 may have a multi-layered structure including a
plurality of insulation layers. The insulation layers may
have different thicknesses to each other or include dif-
ferent materials to each other.

[0097] The touch screen connection electrodes 386
may be in the display region 10 on the second insulation
layer 395. As illustrated in FIG. 9, the touch screen con-
nection electrodes 386 may electrically connect adjacent
two second touch screen electrodes 384 in the first di-
rection Di among the second touch screen electrodes
384 through a contact hole. For example, the touch
screen connection electrodes 386 and the first and sec-
ond touch screen electrodes 382 and 384 may have
same materials. In another implementation, the touch
screen connection electrodes 386 may include a metal,
an alloy of a metal, metal nitride, conductive metal oxide,
transparent conductive materials, etc. These may be
used alone or in a suitable combination thereof.

[0098] The conductive pattern 400 may be in the pe-
ripheral region 30 on the second insulation layer 395. In
an example embodiment, to detect a damage of the sec-
ond protruded portion 117 (or the first protruded portion
116), the conductive pattern 400 may overlap the second
protruded portion 117 of the groove 930. In another im-
plementation, the conductive pattern 400 may overlap
the first protruded portion 116.

[0099] Forexample, the conductive pattern 400 on the
groove 930 may be disposed along a profile of the second
protruded portion 117 of the groove 930. The conductive
pattern 400 may substantially surround the functional
module 700 (or the opening 910). The conductive pattern
400 may include a first sub-conductive pattern 401 and
second sub-conductive patterns 402 (refer to FIG. 6).
The first sub-conductive pattern 401 may have a plan
shape of a partially opened circle including an open por-
tion, and the second sub-conductive patterns 402 may
extend from the open portion of the first sub-conductive
pattern 401 in the second direction D2. In an example
embodiment, the first sub-conductive pattern 401 and
the second sub-conductive patterns 402 maybe integral-
ly formed at a same layer.

[0100] In another implementation, the first sub-con-
ductive pattern 401 may be on the second sub-conduc-
tive patterns 402, and the open portion of the first sub-
conductive pattern 401 may be connected to a distal end
of the second sub-conductive patterns 402 through a
contact hole. In anotherimplementation, the second sub-
conductive patterns 402 may be on the first sub-conduc-
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tive pattern 401, and the open portion of the first sub-
conductive pattern 401 may be connected to a distal end
of the second sub-conductive patterns 402 through a
contact hole.

[0101] The first sub-conductive pattern 401 may over-
lap the groove 930. For example, the first sub-conductive
pattern 401 may overlap an outermost portion of the
groove 930. Thus, the first sub-conductive pattern 401
may overlap an outer boundary of the groove 930. In
another implementation, the first sub-conductive pattern
401 may overlap an innermost portion of the groove 930.
Thus, the first sub-conductive pattern 401 may overlap
an inner boundary of the groove 930.

[0102] The conductive pattern 400 and the touch
screen connection electrodes 386 may be simultaneous-
ly formed using same materials. In another implementa-
tion, the conductive pattern 400 and the first and second
touch screen electrodes 382 and 384 may be simultane-
ously formed using same materials.

[0103] The protective insulation layer 410 may be in
the display region 10 and the peripheral region 30 on the
second insulation layer 395, the touch screen connection
electrodes 386, and the conductive pattern 400. The pro-
tective insulation layer 410 may be disposed with a rel-
atively high thickness on the second insulation layer 395.
In this case, the protective insulation layer 410 may have
a substantially flat upper surface. In another implemen-
tation, the protective insulation layer 410 may cover the
touch screen connection electrodes 386 and the conduc-
tive pattern 400 in the display region 10 and the peripheral
region 30 on the second insulation layer 395, and may
be disposed with a substantially uniform thickness along
a profile of the touch screen connection electrodes 386
and the conductive pattern 400. The protective insulation
layer 410 may include organic materials or inorganic ma-
terials. In an example embodiment, the protective insu-
lation layer 410 may include organic materials.

[0104] Asdescribed above, the touch screen structure
380 including the first insulation layer 390, the first touch
screen electrodes 382, the second touch screen elec-
trodes 384, the second insulation layer 395, the touch
screen connection electrodes 386, and the protective in-
sulation layer 410 maybe arranged.

[0105] The functional module 700 may be in the open-
ing region 20. In an example embodiment, the functional
module 700 may be in contact with a side surface of the
substrate 110, a side surface of the light emitting layer
330, a side surface of the upper electrode 340, a side
surface of the first TFE layer 451, a side surface of the
third TFE layer 453, a side surface of the first insulation
layer 390, a side surface of the organic insulation pattern
490, a side surface of the second insulation layer 395,
and a side surface of the protective insulation layer 410
in aboundary of the peripheral region 30 and the opening
region 20.

[0106] For example, the functional module 700 may
include a camera module, a face recognition sensor mod-
ule, a pupil recognition sensor module, acceleration and
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geomagnetic sensor modules, proximity and infrared
sensor modules, and a light intensity sensor module, etc.
In an example embodiment, a vibration or haptic module
for indicating an incoming alarm, a speaker module for
outputting sound, etc. may be in the opening 910.
[0107] The OLED device 100 in accordance with an
example embodiment includes the conductive pattern
400, the pad electrodes 470, and the connection wiring
370. Thus, the OLED device 100 may check whether the
second protruded portion 117 is damaged. Accordingly,
a defect ratio of the OLED device 100 may be reduced
by the OLED device 100 checking whether the second
protruded portion 117 is damaged.

[0108] FIGS. 10 through 20 are cross-sectional views
illustrating a method of manufacturing an OLED device
in accordance with an example embodiment.

[0109] Referringto FIG. 10, arigid glass substrate 105
may be provided. A first organic film layer 111 may be
formed on the rigid glass substrate 105. The first organic
film layer 111 may be formed on the entire rigid glass
substrate 105, and may be formed using organic mate-
rials having flexibility such as polyimide.

[0110] A first barrier layer 112 may be formed on the
entire first organic film layer 111. The first barrier layer
112 may block water and/or moisture that is permeated
through the first organic film layer 111. The first barrier
layer 112 may be formed using inorganic materials hav-
ing flexibility such as silicon oxide, silicon nitride, etc. For
example, the first barrier layer 112 may include SiO, SiN,
SiON, SiOC, SiCN, AIO, AIN, TaO, HfO, ZrO, TiO, etc.
[0111] A second organic film layer 113 may be formed
on the first barrier layer 112. The second organic film
layer 113 may be formed on the entire first barrier layer
112, and may be formed using organic materials having
flexibility such as polyimide.

[0112] A second barrier layer 114 may be formed on
the entire second organic film layer 113. The second bar-
rier layer 114 may block water and/or moisture that is
permeated through the second organic film layer 113.
The second barrier layer 114 may be formed using inor-
ganic materials having flexibility such as SiO, SiN, etc.
[0113] Accordingly, a substrate 110 including the first
organic film layer 111, the first barrier layer 112, the sec-
ond organic film layer 113, and the second barrier layer
114 may be formed.

[0114] The substrate 110 may be relatively thin and
flexible. Thus, the substrate 110 may be formed on arigid
glass substrate 105 to help support the formation of an
upper structure (e.g., a semiconductor element and a
lightemitting structure, etc.). Forexample, after the upper
structure is formed on the substrate 110, the rigid glass
substrate 105 may be removed. It may not be straight-
forward to directly form the upper structure on the first
and second organic film layers 111 and 113 and the first
and second barrier layers 112 and 114 because the first
and second organic film layers 111 and 113 and the first
and second barrier layers 112 and 114 are relatively thin
and flexible. Accordingly, the upper structure may be



23 EP 3 664 177 A1 24

formed on the substrate 110 and therigid glass substrate
105, and then the first and second organic film layers 111
and 113 and the first and second barrier layers 112 and
114 may serve as the substrate 110 after the removal of
the rigid glass substrate 105.

[0115] A buffer layer may be formed on the substrate
110. The buffer layer may be formed on the entire sub-
strate 110. The buffer layer may help preventthe diffusion
of metal atoms and/or impurities from the substrate 110.
In addition, the buffer layer may control a rate of a heat
transfer in a crystallization process for forming an active
layer, thereby obtaining substantially uniform active lay-
er. Further, the buffer layer may improve a surface flat-
ness of the substrate 110 when a surface of the substrate
110 is relatively irregular. According to a type of the sub-
strate 110, at least two buffer layers may be provided on
the substrate 110, or the buffer layer may not be formed.
For example, the buffer layer may be formed using or-
ganic materials or inorganic materials.

[0116] Referring to FIG. 11, an active layer 130 may
be formed in a display region 10 on the substrate 110.
The active layer 130 may be formed using an oxide sem-
iconductor, an inorganic semiconductor, an organic sem-
iconductor, etc. The active layer 130 may have a source
region and a drain region.

[0117] A gate insulation layer 150 may be formed on
the active layer 130. The gate insulation layer 150 may
cover the active layer 130 in the display region 10 on the
substrate 110, and may extend in a first direction Di from
the display region 10 into an opening region 20. Thus,
the gate insulation layer 150 may be formed on the entire
substrate 110. For example, the gate insulation layer 150
may sufficiently cover the active layer 130 on the sub-
strate 110, and may have a substantially flat upper sur-
face without a step around the active layer 130. In another
implementation, the gate insulation layer 150 may cover
the active layer 130 on the substrate 110, and may be
formed with a substantially uniform thickness along a pro-
file of the active layer 130. The gate insulation layer 150
may be formed using silicon compound, metal oxide, etc.
In another implementation, the gate insulation layer 150
may have a multi-layered structure including a plurality
of insulation layers. For example, the insulation layers
may have different thicknesses to each other or include
different materials to each other.

[0118] A gate electrode 170 may be formed in the dis-
play region 10 on the gate insulation layer 150. The gate
electrode 170 may be formed on a portion of the gate
insulation layer 150 under which the active layer 130 is
located. The gate electrode 170 may be formed using a
metal, a metal alloy, metal nitride, conductive metal ox-
ide, transparent conductive materials, etc. These may be
used alone or in a suitable combination thereof. In an-
other implementation, the gate electrode 170 may have
a multi-layered structure including a plurality of layers.
[0119] An insulating interlayer 190 may be formed on
the gate electrode 170. The insulating interlayer 190 may
cover the gate electrode 170 in the display region 10 on
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the gate insulation layer 150, and may extend in the first
direction D1. Thus, the insulating interlayer 190 may be
formed on the entire gate insulation layer 150. For ex-
ample, the insulating interlayer 190 may sufficiently cover
the gate electrode 170 on the gate insulation layer 150,
and may have a substantially flat upper surface without
a step around the gate electrode 170. In another imple-
mentation, the insulating interlayer 190 may cover the
gate electrode 170 on the gate insulation layer 150, and
may be formed with a substantially uniform thickness
along a profile of the gate electrode 170. The insulating
interlayer 190 may be formed using silicon compound,
metal oxide, etc. In an example embodiment, the insu-
lating interlayer 190 may have a multi-layered structure
including a plurality of insulation layers. The insulation
layers may have different thicknesses to each other or
include different materials to each other.

[0120] Referring to FIG. 12, a source electrode 210
and a drain electrode 230 may be formed in the display
region 10 on the insulating interlayer 190. The source
electrode 210 may be connected to the source region of
the active layer 130 via a contact hole formed by remov-
ing a first portion of the gate insulation layer 150 and the
insulating interlayer 190. The drain electrode 230 may
be connected to the drain region of the active layer 130
via a contact hole formed by removing a second portion
of the gate insulation layer 150 and the insulating inter-
layer 190. Each of the source electrode 210 and the drain
electrode 230 may include a metal, an alloy, metal nitride,
conductive metal oxide, transparent conductive materi-
als, etc. These may be used alone or in a suitable com-
bination thereof. In an example embodiment, each of the
source and drain electrodes 210 and 230 may have a
multi-layered structure including a plurality of layers. Ac-
cordingly, a semiconductor element 250 including the ac-
tive layer 130, the gate insulation layer 150, the gate elec-
trode 170, the insulating interlayer 190, the source elec-
trode 210, and the drain electrode 230 may be formed.
[0121] A planarization layer 270 may be formed on the
insulating interlayer 190, the source electrode 210, and
the drain electrode 230. The planarization layer 270 may
cover the source and drain electrodes 210 and 230 in
the display region 10 on the insulating interlayer 190, and
may not be formed in the peripheral region 30. Thus, the
planarization layer 270 may be formed only in the display
region 10 on the insulating interlayer 190. For example,
the planarization layer 270 may be formed with a rela-
tively high thickness in the display region 10. In this case,
the planarization layer 270 may have a substantially flat
upper surface, and a planarization process may be fur-
ther performed on the planarization layer 270 to imple-
ment the flat upper surface of the planarization layer 270.
In another implementation, the planarization layer 270
may be formed with a substantially uniform thickness
along a profile of the source and drain electrodes 210
and 230 in the display region 10 on the insulating inter-
layer 190. The planarization layer 270 may be formed
using organic materials.
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[0122] A lower electrode 290 may be formed in the
display region 10 on the planarization layer 270. The low-
er electrode 290 may be connected to the drain electrode
230 via a contact hole formed by removing a portion of
the planarization layer 270. In addition, the lower elec-
trode 290 may be electrically connected to the semicon-
ductor element 250. The lower electrode 290 maybe
formed using a metal, a metal alloy, metal nitride, con-
ductive metal oxide, transparent conductive materials,
etc. These may be used alone or in a suitable combina-
tion thereof. In an example embodiment, the lower elec-
trode 290 may have a multi-layered structure including
a plurality of layers.

[0123] Referring to FIG. 13, after the lower electrode
290 is formed, the gate insulation layer 150 and the in-
sulating interlayer 190 that are located in a peripheral
region 30 may be removed. After the gate insulation layer
150 and the insulating interlayer 190 that are located in
the peripheral region 30 are removed, a groove 930 hav-
ing an enlarged lower portion may be formed in the sub-
strate 110 located in the peripheral region 30 through a
laser or a dry etching process. The groove 930 may have
an under-cut shape. For example, a trench, which has a
second width W2, formed in the second organic film layer
113 and an opening, which has a first width Wi that is
less than the second width W2, formed in the second
barrier layer 114 may be defined as the under-cut shape.
In another implementation, an opening, which has a sec-
ond width W2, formed in the second organic film layer
113 and an opening, which has a first width Wi that is
less than the second width W2, formed in the second
barrier layer 114 may be defined as the under-cut shape.
In this case, an upper surface of the first barrier layer 112
may be exposed through the opening of the second or-
ganic film layer 113.

[0124] First and second protruded portions 116 and
117 that protrude in an inner portion of the trench on the
trench of the second organic film layer 113 may be de-
fined by the opening of the second barrier layer 114. For
example, the first protruded portion 116 may be located
adjacent to a boundary of the peripheral region 30 and
the opening region 20. The second protruded portion 117
may face the first protruded portion 116, and may be
spaced apart from the first protruded portion 116. In ad-
dition, a space located under each of the firstand second
protruded portions 116 and 117 may be defined as first
and second spaces 118 and 119 (refer to FIG. 14). Ac-
cordingly, the trench of the second organic film layer 113,
the first and second protruded portions 116 and 117 of
the second barrier layer 114, and the opening of the sec-
ond barrier layer 114 may be defined as the groove 930,
which has the enlarged lower portion, formed in the sub-
strate 110 located in the peripheral region 30. In an ex-
ample embodiment, a plurality of grooves may be formed
to be spaced apart from the groove 930 by the first di-
rection Di, and may be formed to be spaced apart from
the groove 930 by a direction that is opposite to the first
direction Di.

10

15

20

25

30

35

40

45

50

55

14

[0125] Referring to FIG. 14, a pixel defining layer 310
may be formed in the display region 10 on the planariza-
tion layer 270, and may not be formed in the peripheral
region 30. Thus, the pixel defining layer 310 may be
formed only in the display region 10. For example, the
pixel defining layer 310 may cover both lateral portions
of the lower electrode 290, and may expose a portion of
an upper surface of the lower electrode 290. The pixel
defining layer 310 may be formed using organic materi-
als.

[0126] A light emitting layer 330 may be formed on the
lower electrode 290 and the pixel defining layer 310 in
the display region 10 and extend in the first direction Di,
and may be formed in the peripheral region 30. In an
example embodiment, the light emitting layer 330 may
be partially formed in an inner portion of the groove 930,
and the light emitting layer 330 in a portion where the
groove 930 is located maybe separated in a depth direc-
tion. Thus, the light emitting layer 330 may be separated
in the peripheral region 30. Thus, the light emitting layer
330 may be separated in the peripheral region 30 by the
first and second spaces 118 and 119.

[0127] The light emitting layer 330 may have a multi-
layered structure including an EML, an HIL, an HTL, an
ETL, an EIL, etc. In an example embodiment, the EML,
the HIL, the HTL, the ETL, and the EIL may be formed
in the peripheral region 30. In an example embodiment,
the HIL, the HTL, the ETL, and the EIL except for the
EML may be formed in the peripheral region 30.

[0128] The EML of the light emitting layer 330 may be
formed using at least one of light emitting materials ca-
pable of generating different colors of light (e.g., a red
color of light, a blue color of light, and a green color of
light, etc.) according to sub-pixels. In another implemen-
tation, the EML of the light emitting layer 330 may gen-
erally generate a white color of light by stacking a plurality
of light emitting materials capable of generating different
colors of light such as a red color of light, a green color
of light, a blue color of light, etc. In this case, a color filter
may be formed on the light emitting layer 330 that is
formed on the lower electrode 290. The color filter may
include at least one selected from a red color filter, a
green color filter, and a blue color filter. In another imple-
mentation, the color filter may include a yellow color filter,
a cyan color filter, and a magenta color filter. The color
filter may be formed using a photosensitive resin, a color
photoresist, etc.

[0129] An upper electrode 340 may be formed on the
light emitting layer 330. The upper electrode 340 may be
formed to overlap the light emitting layer 330 in the dis-
play region 10 and extend in the first direction Di, and
may be formed in the peripheral region 30 on the light
emitting layer 330. In an example embodiment, the upper
electrode 340 may be partially formed in the inner portion
of the groove 930, and the upper electrode 340 in a por-
tion where the groove 930 is located may be separated
in the depth direction. Thus, the upper electrode 340 may
be separated in the peripheral region 30. Thus, the upper
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electrode 340 may be separated in the peripheral region
30 by the first and second spaces 118 and 119.

[0130] The upper electrode 340 may be formed using
a metal, a metal alloy, metal nitride, conductive metal
oxide, transparent conductive materials, etc. These may
be used alone or in a suitable combination thereof. In an
example embodiment, the upper electrode 340 may have
a multi-layered structure including a plurality of layers.
[0131] Accordingly, a light emitting structure 200 in-
cluding the lower electrode 290, the light emitting layer
330, and the upper electrode 340 may be formed.
[0132] Referring to FIG. 15, a capping layer may be
formed on the upper electrode 340. The capping layer
may be formed to overlap the upper electrode 340 in the
display region 10 and extend in the first direction Di, and
may be formed in the peripheral region 30 on the upper
electrode 340. In an example embodiment, the capping
layer may be partially formed in the inner portion of the
groove 930, and the capping layer in a portion where the
groove 930 is located may be separated in the depth
direction. Thus, the capping layer may be separated in
the peripheral region 30. Thus, the capping layer may be
separated in the peripheral region 30 by the first and sec-
ond spaces 118 and 119. The capping layer may protect
the light emitting structure 200, and may be formed using
organic materials such as a triamine derivative, arylen-
ediamine derivative, CBP, Alqg3, etc.

[0133] Afirst TFE layer 451 may be formed in the dis-
play region 10 and the peripheral region 30 on the upper
electrode 340. The first TFE layer 451 may cover the
upper electrode 340 in the display region 10, and may
be formed with a substantially uniform thickness along a
profile of the upper electrode 340 and may extend in the
peripheral region 30. The first TFE layer 451 may be
formed along a profile of the upper electrode 340 in the
peripheral region 30. Thus, the first TFE layer 451 may
be continuously formed in a portion where the groove
930 is formed. In an example embodiment, the first TFE
layer 451 may completely cover the groove 930. Thus,
the first TFE layer 451 may cover the first and second
protruded portions 116 and 117, and may be formed in
the first and second spaces 118 and 119 and completely
cover the light emitting layer 330 and the upper electrode
340 that are formed inside the groove 930. Thus, the first
TFE layer 451 may be in direct contact with the second
organic film layer 113 in the first and second spaces 118
and 119. The first TFE layer 451 may help prevent the
light emitting structure 200 from being deteriorated by
the permeation of moisture, water, oxygen, etc. In addi-
tion, the first TFE layer 451 may protect the light emitting
structure 200 from external impacts. The first TFE layer
451 may be formed using inorganic materials having flex-
ibility.

[0134] A second TFE layer 452 may be formed in the
display region 10 on the first TFE layer 451, and may not
be formed in the peripheral region 30. Thus, the second
TFE layer 452 may be formed only in the display region
10. The second TFE layer 452 may improve the flatness
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of the OLED device 100, and may protect the light emit-
ting structure 200. The second TFE layer 452 may be
formed using organic materials having the flexibility.
[0135] Referringto FIG. 16, a third TFE layer 453 may
be formed in the display region 10 on the second TFE
layer 452 and in the peripheral region 30 on the first TFE
layer 451. The third TFE layer 453 may cover the second
TFE layer 452 in the display region 10, and may be
formed with a substantially uniform thickness along a pro-
file of the second TFE layer 452 and may extend in the
peripheral region 30. The third TFE layer 453 may be
formed with a substantially uniform thickness along a pro-
file of the first TFE layer 451 in the peripheral region 30.
Thus, the third TFE layer 453 may be continuously
formed in a portion where the groove 930 is formed. The
third TFE layer 453 together with the first TFE layer 451
may help prevent the light emitting structure 200 from
being deteriorated by the permeation of moisture, water,
oxygen, etc. In addition, the third TFE layer 453 together
with the first and second TFE layers 451 and 452 may
protect the light emitting structure 200 from external im-
pacts. The third TFE layer 453 may be formed using in-
organic materials having the flexibility.

[0136] Accordingly, a TFE structure 450 including the
first TFE layer 451, the second TFE layer 452, and the
third TFE layer 453 may be formed. In another imple-
mentation, the TFE structure 450 may have five layers
structure where first to fifth TFE layers are stacked or
seven layers structure where first to seventh TFE layers
are stacked.

[0137] Afirstinsulation layer 390 may be formed in the
display region 10 and the peripheral region 30 on the
third TFE layer 453. The first insulation layer 390 may
cover the third TFE layer 453 in the display region 10,
and may be formed with a substantially uniform thickness
along a profile of the third TFE layer 453 and may extend
in the peripheral region 30. The first insulation layer 390
may be formed with a substantially uniform thickness
along a profile of the third TFE layer 453 in the peripheral
region 30. Thus, the first insulation layer 390 may be
continuously formed in a portion where the firstinsulation
layer 390 is formed. The first insulation layer 390 may be
formed using organic materials or inorganic materials. In
anotherimplementation, the firstinsulation layer 390 may
have a multi-layered structure including a plurality of in-
sulation layers. For example, the insulation layers may
have different thicknesses to each other or include dif-
ferent materials to each other.

[0138] Referring to FIG. 17, an organic insulation pat-
tern 490 may be formed in the peripheral region 30 on
the firstinsulation layer 390. In an example embodiment,
the organic insulation pattern 490 may be formed only in
the peripheral region 30. The organic insulation pattern
490 may be formed with a relatively high thickness in the
peripheral region 30 on the first insulation layer 390. In
this case, the organic insulation pattern 490 may have a
substantially flat upper surface, and a planarization proc-
ess may be further performed on the organic insulation
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pattern 490 to implement the flat upper surface of the
organic insulation pattern 490. In another implementa-
tion, the organic insulation pattern 490 may be formed
with a substantially uniform thickness along a profile of
the first insulation layer 390 in the display region 10 on
the first insulation layer 390. The organic insulation pat-
tern 490 may be formed using organic materials such as
a photoresist, a polyacryl-based resin), a polyimide-
based resin, a polyamide-based resin, a siloxane-based
resin, an acryl-based resin, an epoxy-based resin.
[0139] Referring to FIG. 18, first touch screen elec-
trodes 382 and second touch screen electrodes 384 may
be formed in the display region 10 on the first insulation
layer 390 (refer to FIG. 9). Each of the first touch screen
electrodes 382 may extend in the second direction D2,
and may be spaced apart from each other by the first
direction D1. The second touch screen electrodes 384
may be spaced apart from each other in the second di-
rection D2 between adjacent two first touch screen elec-
trodes 382 among the first touch screen electrodes 382.
For example, each of the first and second touch screen
electrodes 382 and 384 may be formed using a carbon
nano-tube (CNT), transparent conductive oxide, ITO, in-
dium gallium zinc oxide (IGZO), ZnO, a graphene, Ag
nanowire (AgNW), Cu, Cr, etc.

[0140] A second insulation layer 395 may be formed
in the display region 10 on the first and second touch
screen electrodes 382 and 384. The second insulation
layer 395 may cover the first and second touch screen
electrodes 382 and 384 in the display region 10, and may
be formed with a substantially uniform thickness along a
profile of the first and second touch screen electrodes
382 and 384 and may extend in the peripheral region 30.
The second insulation layer 395 may be formed along a
profile of the organic insulation pattern 490 in the periph-
eralregion 30. Thus, the second insulation layer 395 may
be in contact with an upper surface of the first insulation
layer 390 in the display region 10, and may be in contact
with an upper surface of the organic insulation pattern
490 in the peripheral region 30. The second insulation
layer 395 may be formed using organic materials or in-
organic materials. In anotherimplementation, the second
insulation layer 395 may have a multi-layered structure
including a plurality of insulation layers. The insulation
layers may have different thicknesses to each other or
include different materials to each other.

[0141] Referring to FIG. 19, touch screen connection
electrodes 386 may be formed in the display region 10
on the second insulation layer 395 (refer to FIG. 9). The
touch screen connection electrodes 386 may electrically
connect adjacent two second touch screen electrodes
384 in the first direction D1 among the second touch
screen electrodes 384 through a contact hole. For exam-
ple, the touch screen connection electrodes 386 and the
first and second touch screen electrodes 382 and 384
maybe formed using same materials. In another imple-
mentation, the touch screen connection electrodes 386
may be formed using a metal, an alloy of a metal, metal
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nitride, conductive metal oxide, transparent conductive
materials, etc. These may be used alone or in a suitable
combination thereof.

[0142] A conductive pattern 400 may be formed in the
peripheral region 30 on the second insulation layer 395.
In an example embodiment, to detect a damage of the
second protruded portion 117, the conductive pattern 400
may be formed to overlap the second protruded portion
117 of the groove 930. In another implementation, the
conductive pattern 400 may be formed to overlap the first
protruded portion 116 of the groove 930.

[0143] Forexample, the conductive pattern 400 on the
groove 930 may be formed along a profile of the second
protruded portion 117 of the groove 930. The conductive
pattern 400 may substantially surround the opening re-
gion 20. The conductive pattern 400 may include a first
sub-conductive pattern 401 and second sub-conductive
patterns 402 (refer to FIG. 6). The first sub-conductive
pattern 401 may have a plan shape of a partially opened
circle including an open portion, and the second sub-
conductive patterns 402 may extend from the open por-
tion of the first sub-conductive pattern 401 in the second
direction D2. In an example embodiment, the first sub-
conductive pattern 401 and the second sub-conductive
patterns 402 may be integrally formed at a same layer.
[0144] In another implementation, the first sub-con-
ductive pattern 401 may be formed on the second sub-
conductive patterns 402, and the open portion of the first
sub-conductive pattern 401 may be connected to a distal
end of the second sub-conductive patterns 402 through
a contact hole. Otherwise, the second sub-conductive
patterns 402 may be formed on the first sub-conductive
pattern 401, and the open portion of the first sub-conduc-
tive pattern 401 may be connected to a distal end of the
second sub-conductive patterns 402 through a contact
hole.

[0145] The first sub-conductive pattern 401 may be
formed to overlap the groove 930. For example, the first
sub-conductive pattern 401 may be formed to overlap
the second protruded portion 117 of the groove 930. In
another implementation, the first sub-conductive pattern
401 may overlap the first protruded portion 116 of the
groove 930.

[0146] The conductive pattern 400 and the touch
screen connection electrodes 386 may be simultaneous-
ly formed using same materials. In another implementa-
tion, the conductive pattern 400 and the first and second
touch screen electrodes 382 and 384 may be simultane-
ously formed using same materials.

[0147] A protective insulation layer 410 may be formed
in the display region 10 and the peripheral region 30 on
the second insulation layer 395, the touch screen con-
nection electrodes 386, and the conductive pattern 400.
The protective insulation layer 410 may be formed with
a relatively high thickness on the second insulation layer
395. In this case, the protective insulation layer 410 may
have a substantially flat upper surface. In another imple-
mentation, the protective insulation layer 410 may cover
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the touch screen connection electrodes 386 and the con-
ductive pattern 400 in the display region 10 and the pe-
ripheral region 30 on the second insulation layer 395,
and may be formed with a substantially uniform thickness
along a profile of the touch screen connection electrodes
386 and the conductive pattern 400. The protective in-
sulation layer 410 may be formed using organic materi-
als.

[0148] As described above, a touch screen structure
380 including the first insulation layer 390, the first touch
screen electrodes 382, the second touch screen elec-
trodes 384, the second insulation layer 395, the touch
screen connection electrodes 386, and the protective in-
sulation layer 410 may be formed.

[0149] After the touch screen structure 380 is formed,
a laser may be irradiated in the opening region 20 on the
protective insulation layer 410. In another implementa-
tion, a different etching process may be performed to
expose the opening region 20 on the protective insulation
layer 410.

[0150] Referring to FIGS. 20 and 8, an opening 910
may be formed in the opening region 20 through the laser
irradiation, and a functional module 700 may be formed
in the opening 910. In an example embodiment, the func-
tional module 700 may be in contact with a side surface
of the substrate 110, a side surface of the light emitting
layer 330, a side surface of the upper electrode 340, a
side surface of the first TFE layer 451, a side surface of
the third TFE layer 453, a side surface of the first insu-
lation layer 390, a side surface of the organic insulation
pattern 490, a side surface of the second insulation layer
395, and a side surface of the protective insulation layer
410 in a boundary of the peripheral region 30 and the
opening region 20. For example, the functional module
700 may include a camera module, a face recognition
sensor module, a pupil recognition sensor module, ac-
celeration and geomagnetic sensor modules, proximity
and infrared sensor modules, and a light intensity sensor
module, etc. After the functional module 700 is formed,
the rigid glass substrate 105 maybe removed from the
substrate 110. Accordingly, the OLED device 100 illus-
trated in FIG. 8 may be manufactured.

[0151] FIG. 21 is a plan view illustrating an OLED de-
vice in accordance with an example embodiment, and
FIG. 22 is a partially enlarged plan view corresponding
to region 'B’ of FIG. 21. FIG. 23 is a partially enlarged
plan view illustrating an example of a conductive pattern
included in the OLED device of FIG. 22, and FIG. 24 is
a cross-sectional view taken along lines I-I' of FIGS. 22.
An OLED device 500 illustrated in FIGS. 21, 22, and 24
may have a configuration substantially the same as or
similar to that of an OLED device 100 described with
reference to FIGS. 1 through 9 except for a conductive
pattern 1400. In FIGS. 21, 22, and 24, detailed descrip-
tions for elements that are substantially the same as or
similar to elements described with reference to FIGS. 1
through 9 may not be repeated.

[0152] Referring to FIGS. 21, 22, and 24, the OLED
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device 500 may include a substrate 110, a semiconductor
element 250, a planarization layer 270, a light emitting
structure 200, a pixel defining layer 310, a TFE structure
450, a touch screen structure 380, an organic insulation
pattern 490, a conductive pattern 1400, a functional mod-
ule 700, etc. The substrate 110 may include afirst organic
film layer 111, a first barrier layer 112, a second organic
film layer 113, and a second barrier layer 114. As the
OLED device 500 has the display region 10, the opening
region 20, the peripheral region 30, and the pad region
40, the substrate 110 may be divided into the display
region 10, the opening region 20, the peripheral region
30, and the pad region 40. In addition, the touch screen
structure 380 may include a first insulation layer 390, a
plurality of first touch screen electrodes 382, a plurality
of second touch screen electrodes 384, a plurality of
touch screen connection electrodes 386, a second insu-
lation layer 395, and a protective insulation layer 410.
[0153] The conductive pattern 1400 may be in the pe-
ripheral region 30 on the second insulation layer 395. In
an example embodiment, to detect a damage of the first
and second protruded portions 116 and 117, the conduc-
tive pattern 1400 may overlap the first and second pro-
truded portions 116 and 117 of the groove 930.

[0154] For example, the conductive pattern 1400 on
the groove 930 may be disposed along a profile of the
first and second protruded portions 116 and 117 of the
groove 930. As illustrated in FIG. 22, the conductive pat-
tern 1400 may include a first sub-conductive pattern, a
second sub-conductive pattern, a third sub-conductive
patterns, and a fourth sub-conductive pattern. The first
sub-conductive pattern may have a plan shape of a par-
tially opened circle including top and bottom open por-
tions, and may overlap the second protruded portion 117
of the groove 930. The second sub-conductive pattern
may have a plan shape of a partially opened circle in-
cluding a bottom open portion, and may overlap the first
protruded portion 116 of the groove 930. The third sub-
conductive patterns may extend from the top open por-
tion of the first sub-conductive pattern in the second di-
rection D2. The fourth sub-conductive patterns may con-
nect the bottom open portion of the first sub-conductive
pattern and the bottom open portion of the second sub-
conductive pattern. In an example embodiment, the first
sub-conductive pattern, the second sub-conductive pat-
tern, the third sub-conductive patterns, and the fourth
sub-conductive pattern may be integrally formed at a
same layer.

[0155] In an example embodiment, as illustrated in
FIG. 23, the OLED device 500 may include a first con-
ductive pattern400 and a second conductive pattern 600.
The first conductive pattern 400 on the groove 930 may
be disposed along a profile of the second protruded por-
tion 117 of the groove 930, and the second conductive
pattern 600 on the groove 930 may be disposed along a
profile of the first protruded portion 116 of the groove
930. Thus, the first conductive pattern 400 may substan-
tially surround the second conductive pattern 600. The
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first conductive pattern 400 may include a first sub-con-
ductive pattern and second sub-conductive patterns. A
portion of the first sub-conductive pattern may have a
plan shape of a partially opened circle including an open
portion, and the second sub-conductive patterns may ex-
tend from the open portion of the first sub-conductive
pattern in the second direction D2. In an example em-
bodiment, the first sub-conductive pattern and the sec-
ond sub-conductive patterns may be integrally formed at
a same layer. In addition, the second conductive pattern
600 may include a third sub-conductive pattern and fourth
sub-conductive patterns. A portion of the third sub-con-
ductive pattern may have a plan shape of a partially
opened circle including an open portion, and the fourth
sub-conductive patterns may extend from the open por-
tion of the third sub-conductive pattern in the second di-
rection D2. In an example embodiment, the third sub-
conductive pattern and the fourth sub-conductive pat-
terns may be integrally formed at a same layer.

[0156] The OLED device 500 in accordance with an
example embodiment may include the conductive pat-
tern 1400, the pad electrodes 470, and the connection
wiring 370. Thus, the OLED device 500 may check
whether the first and second protruded portions 116 and
117 is damaged. Accordingly, a defect ratio of the OLED
device 500 may be reduced by the OLED device 500
checking whether the first and second protruded portions
116 and 117 is damaged.

[0157] FIG. 25 is a cross-sectional view illustrating an
OLED device in accordance with an example embodi-
ment. An OLED device 800 illustrated in FIG. 25 may
have a configuration substantially the same as or similar
to that of an OLED device 500 described with reference
to FIGS. 21 through 24 except for a second groove 950
and a third groove 970. In FIG. 25, detailed descriptions
for elements that are substantially the same as or similar
to elements described with reference to FIGS. 21 through
24 may not be repeated.

[0158] Referring to FIG. 25, the OLED device 800 may
include a substrate 110, a semiconductor element 250,
a planarization layer 270, a light emitting structure 200,
a pixel defining layer 310, a TFE structure 450, a touch
screen structure 380, an organic insulation pattern 490,
a conductive pattern 400, a functional module 700, a
block structure 550, etc. The substrate 110 may include
a first organic film layer 111, a first barrier layer 112, a
second organic film layer 113, and a second barrier layer
114. As the OLED device 800 has the display region 10,
the opening region 20, the peripheral region 30, and the
pad region 40, the substrate 110 may be divided into the
display region 10, the opening region 20, the peripheral
region 30, and the pad region 40. In addition, the light
emitting structure 200 may include a lower electrode 290,
a light emitting layer 330, and an upper electrode 340,
and the TFE structure 450 may include a first TFE layer
451, a second TFE layer 452, and a third TFE layer 453.
Further, the touch screen structure 380 may include a
first insulation layer 390, a plurality of first touch screen
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electrodes 382, a plurality of second touch screen elec-
trodes 384, a plurality of touch screen connection elec-
trodes 386, a second insulation layer 395, and a protec-
tive insulation layer 410.

[0159] First, second, and third grooves 930, 950, and
970 having enlarged lower portion may be formed. For
example, in the substrate 110, the first groove 930 may
be formed in the peripheral region 30, and the second
groove 950 may be formed between the first groove 930
and the functional module 700. The third groove 970 may
be formed in the display region 10. In addition, the second
groove 950 may surround the functional module 700, and
the first groove 930 may surround the second groove
950. The third groove 970 may surround the first groove
930. In another implementation, at least one groove hav-
ing an enlarged lower portion may be further formed be-
tween the second groove 950 and the functional module
700 and between the third groove 970 and the first groove
930.

[0160] The OLED device 800 in accordance with an
example embodiment may include the first through third
grooves 930, 950, and 970. Thus, the light emitting layer
330 and the upper electrode 340 may be readily sepa-
rated due to the relatively large number of grooves having
the enlarged lower portion. In addition, as the relatively
large number of grooves having the enlarged lower por-
tion are in the peripheral region 30, the amount of an
impact may be reduced by the relatively large number of
grooves having the enlarged lower portion, when an ex-
ternal impact or a stress in a manufacturing process is
transmitted to the substrate 110 in a direction from the
opening region 20 into the display region 10. Further, as
the relatively large number of grooves having the en-
larged lower portion are in the peripheral region 30, a
contact area of the first TFE layer 451 and the substrate
110 may be relatively increased in the peripheral region
30. Accordingly, the OLED device 800 may help prevent
the first TFE layer 451 from being separated from the
substrate 110.

[0161] The block structure 550 may be between the
first groove 930 and the third groove 970 on the substrate
110 located in the peripheral region 30. In an example
embodiment, the block structure 550 may block a leak-
age of the second TFE layer 452. The block structure
550 may include organic materials or inorganic materials.
In an example embodiment, the block structure 550 in-
cludes organic materials.

[0162] The light emitting layer 330 may be on the pixel
defining layer 310 and the lower electrode 290 in the
display region 10 and extend in the first direction Di, and
may be in the peripheral region 30 on the substrate 110
and the block structure 550. In an example embodiment,
the light emitting layer 330 may be partially in an inner
portion of the first through third grooves 930, 950, and
970 each, and the light emitting layer 330 in a portion
where each of the first through third grooves 930, 950,
and 970 is located may be separated in a depth direction.
Thus, the light emitting layer 330 may be separated in
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the first through third grooves 930, 950, and 970. Thus,
the light emitting layer 330 may be separated in the pe-
ripheral region 30 by the first and second spaces 118
and 119.

[0163] The upper electrode 340 may be on the light
emitting layer 330. The upper electrode 340 may overlap
the light emitting layer 330 in the display region 10 and
may extend in the first direction Di, and may be in the
peripheral region 30 on the light emitting layer 330. In an
example embodiment, the upper electrode 340 may be
partially in the inner portion of the first through third
grooves 930, 950, and 970 each, and the upper electrode
340 in a portion where each of the first through third
grooves 930, 950, and 970 is located may be separated
in the depth direction. Thus, the upper electrode 340 may
be separated in each of the first through third grooves
930, 950, and 970.

[0164] The first TFE layer 451 may be in the display
region 10 and the peripheral region 30 on the upper elec-
trode 340. The first TFE layer 451 may cover the upper
electrode 340 in the display region 10, and may be dis-
posed with a substantially uniform thickness along a pro-
file of the upper electrode 340 and may extend in the
peripheral region 30. The first TFE layer 451 may be dis-
posed along a profile of the upper electrode 340 in the
peripheral region 30. Thus, the first TFE layer 451 may
be continuously disposed in a portion where each of the
first through third grooves 930, 950, and 970 is formed.
In an example embodiment, the first TFE layer 451 may
completely cover each of the first through third grooves
930, 950, and 970. Thus, the first TFE layer 451 may
completely cover the light emitting layer 330 and the up-
per electrode 340 that are disposed inside each of the
first through third grooves 930, 950, and 970. Thus, the
first TFE layer 451 may be in direct contact with the sec-
ond organic film layer 113 in the first and second spaces
118 and 119.

[0165] The second TFE layer 452 may bein the display
region 10 and a portion of the peripheral region 30 on
the first TFE layer 451. In an example embodiment, the
second TFE layer 452 may fill an inner portion of the third
groove 970, and may not be disposed inside the first
groove 930 and the second groove 950.

[0166] The third TFE layer 453 may be in the display
region 10 on the second TFE layer 452 and in the pe-
ripheral region 30 on the first TFE layer 451. The third
TFE layer 453 may cover the second TFE layer 452 in
the display region 10, and may be disposed with a sub-
stantially uniform thickness along a profile of the second
TFE layer 452 and may extend in the peripheral region
30. The third TFE layer 453 may be disposed with a sub-
stantially uniform thickness along a profile of the first TFE
layer 451 in the peripheral region 30. Thus, the third TFE
layer 453 may be continuously formed in a portion where
the second groove 950 and the third groove 970 each
are formed.

[0167] The first insulation layer 390 may be in the dis-
play region 10 and the peripheral region 30 on the third
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TFE layer 453. The first insulation layer 390 may cover
the third TFE layer 453 in the display region 10, and may
be disposed with a substantially uniform thickness along
a profile of the third TFE layer 453 and may extend in the
peripheral region 30. The first insulation layer 390 may
be disposed with a substantially uniform thickness along
a profile of the third TFE layer 453 in the peripheral region
30. Thus, the first insulation layer 390 may be continu-
ously disposed in a portion where the second groove 950
and the third groove 970 each are formed.

[0168] The organic insulation pattern 490 may be in
the peripheral region 30 on the first insulation layer 390.
The organic insulation pattern 490 may be disposed with
arelatively high thickness in the peripheral region 30 and
a portion of the display region 10 on the first insulation
layer 390. In this case, the organic insulation pattern 490
may have a substantially flat upper surface.

[0169] The conductive pattern 1400 may be in the pe-
ripheral region 30 on the second insulation layer 395. In
an example embodiment, to detect a damage of the first
protruded portion 116 and the second protruded portion
117, the conductive pattern 1400 may overlap the first
and second protruded portions 116 and 117 of the first
groove 930. For example, the conductive pattern 1400
on the first groove 930 may be disposed along a profile
of each of the first and second protruded portions 116
and 117 of the first groove 930.

[0170] In an example embodiment, conductive pat-
terns may be further disposed on a protruded portion of
each of the second and third grooves 950 and 970.
[0171] Example embodiments may be applied to var-
ious display devices including an OLED device. For ex-
ample, example embodiments may be applied to vehicle-
display device, a ship-display device, an aircraft-display
device, portable communication devices, display devices
for display or for information transfer, a medical-display
device, etc.

[0172] By way of summation and review, a display de-
vice such as an OLED device may have a display region
where an image is displayed and a non-display region in
which gate drivers, data drivers, wirings, and functional
modules (e.g., a camera module, a motion recognition
sensor, etc.) are disposed. Blocking patterns (for block-
ing penetration of water, moisture, etc., into a portion of
the display region adjacent to the functional module) may
be formed adjacent to a functional module. Blocking pat-
terns may be susceptible to damage from external impact
or a stress in a manufacturing process, in which case a
defect of a display pixel may occur.

[0173] Asdescribed above, example embodiments re-
late to an organic light emitting display device that may
include a functional module in a portion of a display re-
gion. An OLED device according to an example embod-
iment may include a conductive pattern, pad electrodes,
and connection wiring, and the OLED device may check
whether the second protruded portion is damaged. Ac-
cordingly, as the OLED device checks whether the sec-
ond protruded portion is damaged, a defect ratio of the
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OLED device may be reduced.

[0174] Example embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. In
some instances, as would be apparent to one of ordinary
skill in the art as of the filing of the present application,
features, characteristics, and/or elements described in
connection with a particular embodiment may be used
singly or in combination with features, characteristics,
and/or elements described in connection with other em-
bodiments unless otherwise specifically indicated. Ac-
cordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the scope of the invention as set
forth in the following claims.

Claims

1. An organic light emitting display, OLED, device,
comprising:

a substrate having an opening region (20), a pe-
ripheral region (30) surrounding the opening re-
gion, and a display region (10) surrounding the
peripheral region, the substrate including a first
groove (930) formed in the peripheral region and
an opening formed in the opening region, where-
in the first groove has a lower portion which is
larger than its upper portion;

a light emitting structure in the display region on
the substrate;

a first conductive pattern (400) overlapping the
first groove in the peripheral region on the sub-
strate; and

a functional module (700) in the opening.

2. The OLED device as claimed in claim 1, wherein the
first conductive pattern includes:

a first sub-conductive pattern overlapping the
firstgroove, the first sub-conductive pattern hav-
ing a partially opened circular shape including
an open portion in a plan view; and

second sub-conductive patterns extending from
the open portion of the first sub-conductive pat-
tern in an outward direction.

3. The OLED device as claimed in claim 2, further com-
prising:

pad electrodes on the substrate, the pad elec-
trodes being electrically connected to an exter-
nal device; and

signal wirings, which are located on the sub-
strate, disposed along an outer portion of the
substrate, the signal wirings electrically con-
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necting the second sub-conductive patterns and
the pad electrodes.

The OLED device as claimed in claim 1, 2 or 3,
wherein the first groove surrounds the opening on
the substrate, optionally wherein the first groove has
a circular shape in a plan view.

The OLED device as claimed in any one of the pre-
ceding claims, wherein the first conductive pattern,
which is located on the first groove, is disposed along
a profile of an outer portion of the first groove.

The OLED device as claimed in any one of the pre-
ceding claims, wherein the substrate includes:

a first organic film layer;

a first barrier layer on the first organic film layer;
a second organic film layer on the first barrier
layer, the second organic film layer having a
trench in the peripheral region; and

a second barrier layer on the second organic
film layer, the second barrier layer being located
on the trench and having a protruding portion
that protrudes in an inner portion of the trench,
the second barrier layer having an opening de-
fined by the protruding portion.

The OLED device as claimed in claim 6, wherein the
first conductive pattern overlaps the protruding por-
tion of the second barrier layer.

The OLED device as claimed in claim 6 or 7, wherein
the protruding portion of the second barrier layer in-
cludes:

a first protruding portion located adjacent to the
opening of the substrate; and

a second protruding portion facing the first pro-
truding portion, the second protruding portion
being spaced apart from the first protruding por-
tion in a direction from the opening region into
the peripheral region.

The OLED device as claimed in claim 8, further com-
prising:

a second conductive pattern, which is on the first
protruding portion, overlapping the first protrud-
ing portion,

wherein the first conductive pattern is over-
lapped on the second protruding portion.

The OLED device as claimed in claim 9, wherein the
first conductive pattern and the second conductive
pattern are connected to each other in a region of
the peripheral region, and are integrally formed.
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The OLED device as claimed in any one of claims 6
to 10, wherein the trench of the second organic film
layer, the protruding portion of the second barrier
layer, and the opening of the second barrier layer
are defined as the first groove having the enlarged
lower portion.

The OLED device as claimed in any one of the pre-
ceding claims, wherein the light emitting structure
includes:

a lower electrode;
a light emitting layer on the lower electrode; and
an upper electrode on the light emitting layer.

The OLED device as claimed in claim 12, wherein
the light emitting layer extends in a direction from
the display region into the peripheral region on the
substrate, and is separated in a portion where the
first groove is formed and/or wherein the upper elec-
trode extends in a direction from the display region
into the peripheral region on the substrate, and is
separated in a portion where the first groove is
formed and/or wherein the light emitting layer and
the upper electrode are in at least a portion of an
inner portion of the first groove.

The OLED device as claimed in claim 12 or 13, fur-
ther comprising:

a thin film encapsulation structure on the light
emitting structure; and

atouch screen structure in the display region on
the thin film encapsulation structure, optionally
wherein the thin film encapsulation structure in-
cludes:

a first thin film encapsulation layer on the
upper electrode, the first thin film encapsu-
lation layer including inorganic materials
that have flexibility;

a second thin film encapsulation layer on
the first thin film encapsulation layer, the
second thin film encapsulation layer includ-
ing organic materials that have flexibility;
and

a third thin film encapsulation layer on the
second thin film encapsulation layer, the
third thin film encapsulation layer including
inorganic materials that have flexibility.

The OLED device as claimed in claim 14, wherein
each of the first thin film encapsulation layer and the
third thin film encapsulation layer extends in a direc-
tion from the display region into the peripheral region
on the upper electrode, and is continuously in a por-
tion where the first groove is formed.
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16. The OLED device as claimed in claim 14 or 15,

17.

18.

19.

wherein the touch screen structure includes:

a first insulation layer in the display region on
the third thin film encapsulation layer;

a touch screen electrode on the first insulation
layer;

a second insulation layer on the touch screen
electrode;

a touch screen connection electrode on the sec-
ond insulation layer; and

a protective insulation layer on the touch screen
connection electrode, optionally wherein the first
insulation layer extends in a direction from the
display region into the peripheral region on the
third thin film encapsulation layer, and is contin-
uously in a portion where the first groove is
formed.

The OLED device as claimed in claim 16, further
comprising an organic insulation pattern in the pe-
ripheral region on the first insulation layer, optionally
wherein the second insulation layer is in contact with
an upper surface of the first insulation layer in the
display region, andis in contactwith an upper surface
of the organic insulation pattern in the peripheral re-
gion, and optionally wherein the first conductive pat-
tern is between the second insulation layer and the
protective insulation layer.

The OLED device as claimed in claim 17, wherein
the functional module is in contact with a side surface
of the substrate, a side surface of the light emitting
layer, a side surface of the upper electrode, a side
surface of the first thin film encapsulation layer, a
side surface of the third thin film encapsulation layer,
a side surface of the first insulation layer, a side sur-
face of the organic insulation pattern, a side surface
of the second insulation layer, and a side surface of
the protective insulation layer in a boundary of the
peripheral region and the opening region.

The OLED device as claimed in any one of the pre-
ceding claims, wherein:

the substrate further includes at least one sec-
ond groove, which has an enlarged lower por-
tion, between the first groove and the functional
module, and

the first groove surrounds the second groove,
optionally wherein the substrate further includes
at least one third groove surrounding the first
groove, optionally further comprising a block
structure between the first groove and the third
groove in the peripheral region on the substrate,
the block structure surrounding the first groove.
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