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(54) DISPLAY APPARATUS

(57) A display apparatus including a base layer in- layer contacting the first inorganic layer; and a second

cluding a display region and a non-display region; display
elements on the display region and including a first elec-
trode, a light emitting layer, and a second electrode on
the light emitting layer; and an upper layer on the display
elements, wherein the upper layer includes a first organic
layer contacting the second electrode; a first inorganic
layer contacting the first organic layer; a second organic

FIG.

DM-NDA

inorganic layer contacting the second organic layer,
wherein the first inorganic layer includes a first and sec-
ond area, the first area having a refractive index of about
1.60 to about 1.65 with respect to a wavelength of about
633 nm, wherein the first area has a uniform thickness,
and wherein a thickness of the second area decreases
as a distance from the display region increases.
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Description
BACKGROUND

1. Field

[0001] Embodiments relate to a display apparatus.

2. Description of the Related Art

[0002] A display device is a device which displays an
image and recently, an organic light emitting diode
(OLED) display has attracted attention.

[0003] An organic light emitting diode display has self-
luminescence properties, and unlike a liquid crystal dis-
play device, a separate light source is not required, so
that the thickness and weight thereof may be reduced.
In addition, an organic light emitting display device ex-
hibits high-quality properties such as low power con-
sumption, high luminance, and short reaction time.

SUMMARY

[0004] The embodiments may be realized by providing
a display apparatus including a base layer including a
display region and a non-display region outside of the
display region; display elements on the display region,
each of the display elements including a first electrode,
a light emitting layer on the first electrode, and a second
electrode on the light emitting layer; and an upper layer
onthedisplay elements, wherein the upper layerincludes
afirst organic layer on the second electrode and contact-
ing the second electrode; a first inorganic layer on the
first organic layer and contacting the first organic layer;
a second organic layer on the first inorganic layer and
contacting the first inorganic layer; and a second inor-
ganic layer on the second organic layer and contacting
the second organic layer, wherein the firstinorganic layer
includes a first area and a second area extending from
the first area, the first area having a refractive index of
about 1.60 to about 1.65 with respect to a wavelength of
about 633 nm, wherein the first area has a uniform thick-
ness, and wherein a thickness of the second area de-
creases as a distance from the display region increases.
[0005] The first organic layer may have a higher re-
fractive index than the first inorganic layer.

[0006] The refractive index of the first organic layer
may be about 1.8 to about 1.9.

[0007] The first inorganic layer may include silicon ox-
ynitride.

[0008] The first inorganic layer may be one of silicon
oxynitride layer, silicon oxide layer, and silicon nitride lay-
er.

[0009] A thickness of the first organic layer may be
about 5% to about 10% of the thickness of the first area
of the first inorganic layer.

[0010] A thickness of the first organic layer may be
about 500 A to about 900 A, and the thickness of the first
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area of the first inorganic layer may be about 10,000 A
to about 11,000 A.

[0011] A thickness of a region, overlapping the display
region, in the second area may be about 9,500 A to about
10,500 A.

[0012] The second organic layer may include an acryl
monomer, and a thickness of the second organic layer
may be about 3 um to about 12 pm.

[0013] The second electrode of the display elements
may have an integral shape, and an edge of the second
electrode and an edge of the first organic layer may be
aligned in a plan view.

[0014] The second inorganic layer may include silicon
nitride.

[0015] The second inorganic layer may have a refrac-
tive index of about 1.7 to about 2.0, and a thickness of
about 4,500 A to about 8,000 A.

[0016] The display apparatus may further include a
third inorganic layer on the second inorganic layer and
contacting the second inorganic layer.

[0017] Thedisplay apparatus may furtherinclude afirst
touch insulation layer on the second inorganic layer and
contacting the second inorganic layer; a first conductive
pattern on the first touch insulation layer; a second touch
insulation layer on the first touch insulation layer and cov-
ering the first conductive pattern; a second conductive
pattern on the second touch insulation layer and con-
nected to the first conductive pattern via a contact hole
passing through the second touch insulation layer; and
a third touch insulation layer on the second touch insu-
lation layer and covering the second conductive pattern.
[0018] The first touch insulation layer and the second
touch insulation layer may each include an inorganic ma-
terial, and the third touch insulation layer may include an
organic material.

[0019] The embodiments may be realized by providing
a display apparatus including a base layer including a
display region and a non-display region outside the dis-
play region; an insulation dam pattern on the non-display
region and surrounding the display region; display ele-
ments on the display region, each of the display elements
including a first electrode, a light emitting layer on the
first electrode, and a second electrode on the light emit-
ting layer; and an upper layer on the display elements,
wherein the upper layer includes a first organic layer on
the second electrode and contacting the second elec-
trode; a first inorganic layer on the first organic layer and
contacting the first organic layer; a second organic layer
on the first inorganic layer and contacting the first inor-
ganic layer; and a second inorganic layer on the second
organic layer and contacting the second organic layer,
and wherein the second electrode of the display elements
has an integral shape, an edge of the second electrode
and an edge of the first organic layer are aligned in a plan
view, and an edge of the first inorganic layer is outside
the edge of the second electrode and the edge of the first
organic layer.

[0020] The edge of the second electrode and the edge



3 EP 3 633 750 A1 4

of the first organic layer may be inside of the insulation
dam pattern in a plan view, and the edge of the first in-
organic layer may be outside the insulation dam pattern
in a plan view.

[0021] The first inorganic layer may have a first area
and asecond area. The first area has a uniform thickness
and has a refractive index of about 1.60 to about 1.65
with respect to a wavelength of about 633 nm. The sec-
ond area extends from the first area and having a de-
creasing thickness with increasing distance from the dis-
play region.

[0022] The embodiments may be realized by providing
a display apparatus including a base layer including a
display region and a non-display region outside the dis-
play region; display elements on the display region, each
of the display elements including a first electrode, a light
emitting layer on the first electrode, and a second elec-
trode on the light emitting layer; and an upper layer on
the display elements, wherein the upper layer includes
an organic layer on the second electrode, the organic
layer contacting the second electrode and having a re-
fractive index of about 1.8 to about 1.9 with respect to a
wavelength ofabout633 nm; and a silicon oxynitride layer
on the organic layer and contacting the organic layer,
wherein the silicon oxynitride layer includes a first area
and a second area extending from the first area, the first
area having arefractive index of about 1.61 to about 1.63
with respect to the wavelength of about 633 nm, wherein
the first area has a uniform thickness, and wherein a
thickness of the second area decreases as a distance
from the display region increases.

[0023] The second electrode of each of the display el-
ements may have an integral shape, an edge of the sec-
ond electrode and an edge of the organic layer may be
aligned in a plan view, and an edge of the silicon oxyni-
tride layer may be outside the edge of the second elec-
trode and the edge of the organic layer.

[0024] At least some of the above and other features
of the present invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Features will be apparent to those of skill in the
art by describing in detail embodiments with reference
to the attached drawings in which:

FIG. 1A and FIG. 1B illustrate perspective views of
a display apparatus according to an embodiment;
FIG. 2 illustrates a cross-sectional view of a display
apparatus according to an embodiment;

FIG. 3 illustrates a plan view of a display panel ac-
cording to an embodiment;

FIG. 4 illustrates an equivalent circuit diagram of a
pixel panel according to an embodiment;

FIG. 5A illustrates an enlarged cross-sectional view
of a display panel according to an embodiment;
FIG. 5B illustrates an enlarged cross-sectional view
of an upper layer according to an embodiment;
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FIGS. 6A to 6C illustrate stages in a method of man-
ufacturing a display apparatus according to an em-
bodiment;

FIG. 6D illustrates a perspective view of a display
apparatus according to an embodiment;

FIG. 6E illustrates a graph showing the thickness
variation of a first inorganic layer according to an
embodiment;

FIG. 7A illustrates a cross-sectional view of an input
sensing unit according to an embodiment;

FIG. 7B illustrates a plan view of an input sensing
unit according to an embodiment;

FIG. 8Aillustrates a cross-sectional view of a display
apparatus according to an embodiment. More spe-
cifically, FIG. 8A shows a cross section correspond-
ing to V-1V’ of FIG. 7B;

FIG. 8Biillustrates a cross-sectional view of a display
apparatus according to an embodiment. More spe-
cifically, FIG. 8B shows a cross section correspond-
ing to V-V’ of FIG. 7B;

FIG. 9 illustrates a plan view of a display apparatus
according to an embodiment; and

FIGS. 10A to 10D illustrate enlarged cross-sectional
views of an upper layer according to an embodiment.

DETAILED DESCRIPTION

[0026] 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 implementa-
tions to those skilled in the art.

[0027] Inthe drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
Like reference numerals refer to like elements through-
out.

[0028] In the present specification, when an element
(oraregion, alayer, a portion, etc.) is referred to as being,
e.g., "on," "connected to," or "coupled to" another ele-
ment, it means that the element may be directly on/con-
nected to/coupled to the other element, or that a third
element may be therebetween.

[0029] Also, in the drawings, the thickness, the ratio,
and the dimensions of elements are exaggerated for an
effective description of technical contents. The terms "or"
and "and/or," include all combinations of one or more of
which associated configurations may define.

[0030] Although terms "first", "second," and the like
may be used herein to describe various elements, the
elements should not be limited by the terms. The terms
are only used to distinguish one element from another.
For example, a first element could be termed a second
element, and similarly, a second element could be
termed a first element, without departing from the scope
of the embodiments. The terms of a singular form may
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include plural forms unless the context clearly indicates
otherwise.

[0031] In addition, terms such as "below," "lower,"
"above," "upper," and the like are used to describe the
relationship of the configurations shown in the drawings.
The terms are used as a relative concept and are de-
scribed with reference to the direction indicated in the
drawings.

[0032] It should be understood that terms "include,"
"comprise," "have," and the like are intended to specify
the presence of stated features, integers, steps, opera-
tions, elements, components, or combinations thereofin
the specification, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, or combinations
thereof.

[0033] FIG.1AandFIG. 1Billustrate perspective views
of a display apparatus DM according to an embodiment.
FIG. 2 illustrates a cross-sectional view of the display
apparatus DM according to an embodiment.

[0034] As shown in FIG. 1A and FIG. 1B, a display
surface IS on which an image IM is displayed may be
parallel to a surface defined by a first direction axis DR1
and a second direction axis DR2. A normal direction of
the display surface IS, e.g., the thickness direction of the
display apparatus DM is indicated by a third direction axis
DR3. A front surface (or an upper surface) and a rear
surface (or a lower surface) of each member are divided
by the third direction axis DR3. However, directions in-
dicated by the first to third direction axes DR1, DR2, and
DR3 are a relative concept, and therefore, may be con-
verted to other directions. Hereinafter, a first to third di-
rections are the directions each indicated by the first to
third direction axes DR1, DR2, and DR3, and refer to the
same reference numerals.

[0035] Inanimplementation, the display apparatus DM
according to the embodiment may be a flexible display
apparatus. In an implementation, the display apparatus
may be a flat rigid display apparatus DM. The display
apparatus DM according to an embodiment may be ap-
plied for a large-sized electronic device, such as a TV
set, a monitor, and the like, or for a small and medium-
sized electronic device, such as a cellphone, a tablet PC,
a global positioning system (GPS), a game console, a
smart watch, and the like.

[0036] As shown in FIG. 1A and FIG. 1B, the display
apparatus DM may include a display area DM-DA on
which the image IM is displayed, and a non-display area
DM-NDA which is adjacent to the display area DM-DA.
The non-display area DM-NDA may be an area on which
the image IM is not displayed. For example, the image
IM or the display area DM-DA may have a square or
rectangular shape. The non-display area DM-NDA may
surround the display area DM-DA. In an implementation,
the shape of the display area DM-DA and the shape of
the non-display area DM-NDA may be relatively de-
signed.

[0037] According to the embodiment, some regions of
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the display apparatus DM may be bent.

[0038] The display apparatus DM may include a first
non-bending area NBA1, a second non-bending area
NBAZ2 spaced apartfrom the first non-bending area NBA1
in the first direction DR1, and a bending area BA between
the first non-bending area NBA1 and the second non-
bending area NBA2. The display area DM-DA may be
included in the first non-bending area NBA1. Some por-
tions of the non-display area DM-NDA each correspond
to the second non-bending area NBA2 and the bending
area BA, and some other portions of the non-display area
DM-NDA adjacent to the display area DM-DA may be
included in the first non-bending area NBA1.

[0039] The bending area BA may be bent along or
about a bending axis BX defined in the second direction
DR2. The second non-bending area NBA2 and the first
non-bending area NBA1 may face each other. The bend-
ing area BA and the second non-bending area NBA2 may
have a width in the second direction DR2 that is smaller
than that of the first non-bending area NBA1.

[0040] FIG. 2 illustrates a cross-sectional view of the
display apparatus DM according to an embodiment. FIG.
2 shows a cross section defined by the first direction axis
DR1 and the third direction axis DR3.

[0041] As shown in FIG. 2, the display apparatus DM
may include a display panel DP and an input sensing unit
TS (or a touch sensing unit). In an implementation, the
display apparatus DM according to an embodiment may
further include a protection member on a lower surface
of the display panel DP, an antireflection member and/or
awindow member on an upper surface of the input sens-
ing unit TS.

[0042] Inanimplementation, the display panel DP may
be a light emitting type display panel. In an implementa-
tion, the display panel DP may be an organic light emitting
display panel or a quantum dot light emitting display pan-
el. In an organic light emitting display panel, a light emit-
ting layer includes an organic light emitting material. In
a quantum dotlight emitting display panel, a light emitting
layer includes a quantum dot, and a quantum rod. Here-
inafter, the display panel DP is described as an organic
light emitting display panel.

[0043] The display panel DP may include a base layer
SUB, a circuit element layer DP-CL on the base layer
SUB, a display element layer DP-OLED, and an upper
layer TFL. The input sensing unit TS may be directly on
the upper layer TFL. In the present disclosure, when "A
configuration is directly on B configuration”, it means that
no adhesive layer is between the A configuration and the
B configuration.

[0044] The base layer SUB may include at least one
plastic film. The base layer SUB may be a flexible sub-
strate, and may include a plastic substrate, a glass sub-
strate, a metal substrate, or an organic/inorganic com-
posite material substrate. The display area DM-DA and
the non-display area DM-NDA described with reference
to FIG. 1A and FIG. 1B may be defined the same for the
base layer SUB.



7 EP 3 633 750 A1 8

[0045] The circuit element layer DP-CL may include at
least one intermediate insulation layer and a circuit ele-
ment. The intermediate insulation layer may include at
least one intermediate inorganic film and at least one
intermediate organic film. The circuit element may in-
clude signal lines, a driving circuit of a pixel, and the like.
A detailed description thereof will be given below.
[0046] The display element layer DP-OLED may in-
clude organic light emitting diodes. The display element
layer DP-OLED may further include an organic film such
as a pixel defining film.

[0047] The upper layer TFL may include a plurality of
thin films. Some thin films may help improve optical effi-
ciency, and some other thin films may help protect or-
ganic light emitting diodes. A detailed description of the
upper layer TFL will be given below.

[0048] The input sensing unit TS may obtain coordi-
nate information of an external input. The input sensing
unit TS may have a multi-layered structure. The input
sensing unit TS may include a conductive layer of a single
layer or of multiple layers. The input sensing unit TS may
include an insulation layer of a single layer or of multiple
layers.

[0049] In animplementation, the input sensing unit TS
may sense an external input, e.g., by a capacitive meth-
od. In an implementation, the input sensing unit TS may
sense an external input by an electromagnetic induction
method or a pressure sensing method.

[0050] In animplementation, the input sensing unit TS
may be omitted. In an implementation, the input sensing
unit TS may be separately manufactured and attached
to the display panel DP by an adhesive layer.

[0051] FIG. 3illustrates a plan view of the display panel
DP according to an embodiment. FIG. 4 illustrates an
equivalent circuit diagram of a pixel PX according to an
embodiment. FIG. 5A illustrates an enlarged cross-sec-
tional view of the display panel DP according to an em-
bodiment. FIG. 5B illustrates an enlarged cross-sectional
view of the upper layer TFL according to an embodiment.
[0052] As shown in FIG. 3, the display panel DP may
include a display area DP-DA and a non-display area
DP-NDA in a plan view. In an implementation, the non-
display area DP-NDA may be defined along the edge of
the display area DP-DA. The display area DP-DA and
the non-display area DP-NDA of the display panel DP
each correspond to the display area DM-DA and the non-
display area DM-NDA of the display apparatus DM
shown in FIG. 1A and FIG. 1B.

[0053] The display panel DP may include a first non-
bending area DP-N1, a second non-bending area DP-
N2, and a bending area DP-B that respectively corre-
sponds to the first non-bending area NBA1, the second
non-bending areaNBA2, and the bending area BA shown
in FIG. 1A and FIG. 1B. Corresponding areas of the dis-
play panel DP and the display apparatus DM may not
necessarily have to be the same, and may be changed
according to the structure/design of the display panel DP.
[0054] The display panel DP may include a driving cir-
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cuit GDC, a plurality of signal lines SGL, and a plurality
of pixels PX. The plurality of pixels PX may be in the
display region DP-DA. Each of the pixels PX may include
an organic light emitting diode and a pixel driving circuit
connected thereto. The driving circuit GDC, the plurality
of signal lines SGL, and the pixel driving circuit may be
included in the circuit element layer DP-CL shownin FIG.
2.

[0055] The driving circuit GDC may include a scan driv-
ing circuit. The scan driving circuit GDC may generate a
plurality of scan signals, and may output the plurality of
scan signals sequentially to a plurality of gate lines GL
to be described later. The scan driving circuit GDC may
further output another control signal to the driving circuit
of the pixels PX.

[0056] The scan driving circuit GDC may include a plu-
rality of thin film transistors formed through the same
process as the driving circuit of the pixels PX, e.g., a Low
Temperature Polycrystalline Silicon (LTPS) process, or
a Low Temperature Polycrystalline Oxide (LTPO) proc-
ess.

[0057] The plurality of signal lines SGL may include
gatelines GL, datalines DL, apowerline PL, and a control
signal line CSL. Each of the gate lines GL may be con-
nected to a corresponding pixel among the plurality of
pixels PX, and each of the data lines DL may be con-
nected to a corresponding pixel among the plurality of
pixels PX. The power line PL may be connected to the
plurality of pixels PX. The control signal line CSL may
provide control signals to the scan driving circuit GDC.
[0058] The display panel DP may include signal pads
DP-PD connected to the ends of the signal lines SGL.
The signal pads DP-PD may each be a kind of circuit
element. A region in the non-display area DP-NDA, the
region on which the signal pads DP-PD are disposed,
may be defined as a pad area NDA-PD.

[0059] The display panel DP may include insulation
dam patterns DMP1 and DMP2. FIG. 3 shows two insu-
lation dam patterns DMP1 and DMP2. The two insulation
dam patterns DMP1 and DMP2 may be in the non-display
area DP-NDA and may surround the display area DP-
DA. A portion of the two insulation dam patterns DMP1
and DMP2 may be parallel to the pad area NDA-PD.
[0060] The display panel DP may include a bank BNP.
The bank BNP may be between the display area DP-DA
and the pad area NDA-PD. The bank BNP may be parallel
to the portion of the insulation dam patterns DMP1 and
DMP2 and the pad area NDA-PD. In an implementation,
at least one of the insulation dam patterns DMP1 and
DMP2 and the bank BNP may be omitted.

[0061] FIG. 4 shows the pixel PX connected to one
gate line GL, one data line DL, and the power line PL.
[0062] An organic light emitting diode OLED may be a
front emission type light emitting diode, or a bottom emis-
sion type light emitting diode. The organic light emitting
diode OLED may include at least two electrodes and an
organic light emitting layer disposed therebetween. The
pixel PX may include a first transistor T1 (or a switching
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transistor), asecond transistor T2 (or a driving transistor),
and a capacitor Cst as a pixel driving circuit for driving
the organic light emitting diode OLED. A first power volt-
age ELVDD may be provided to the second transistor
T2, and a second power voltage ELVSS may be provided
to the organic light emitting diode OLED. The second
power voltage ELVSS may be a voltage lower than the
first power voltage ELVDD.

[0063] The first transistor T1 may output a data signal
applied to the data line DL in response to a scan signal
applied to the gate line GL. The capacitor Cst may charge
a voltage corresponding to the data signal received from
the first transistor T1.

[0064] The second transistor T2 may be connected to
the organic light emitting diode OLED. The second tran-
sistor T2 may control a driving current flowing in the or-
ganic light emitting diode OLED in accordance with the
amount of charge stored in the capacitor Cst. The organic
light emitting diode OLED may emit light during the turn-
on period of the second transistor T2.

[0065] FIG. 5Aillustrates a partial cross-sectional view
of the display panel DP corresponding to the equivalent
circuit shown in FIG. 4. The circuit element layer DP-CL,
the display element layer DP-OLED, and the upper layer
TFL may be sequentially on the base layer SUB.
[0066] The circuit element layer DP-CL may include at
leastoneinsulation layer and a circuit element. The circuit
element may include a signal line and a driving circuit of
apixel, and the like. The circuit elementlayer DP-CL may
be formed through a forming process of an insulating
layer, a semiconductor layer, and a conductive layer by
coating, deposition, and the like, and a patterning proc-
ess of an insulating layer, a semiconductor layer, and a
conductive layer by a photolithography process.

[0067] In an implementation, the circuit element layer
DP-CL may include a buffer film BFL whichis aninorganic
film, a first intermediate inorganic film 10, and a second
intermediate inorganic film 20, and may include an inter-
mediate organic film 30 which is an organic film. The
buffer film BFL may include a plurality of inorganic films
laminated. FIG. 5A shows the arrangement relationship
of a first semiconductor pattern OSP1, a second semi-
conductor pattern OSP2, a first control electrode GE1, a
second control electrode GE2, a firstinput electrode DEI,
a first output electrode SE1, a second input electrode
DEZ2, a second output electrode SE2 all constituting the
switching transistor T1 and the driving transistor T2. First
to fourth through-holes CH1 to CH4 are also shown.
[0068] The display element layer DP-OLED may in-
clude the organic light emitting diode OLED. The display
element layer DP-OLED may include a pixel definition
film PDL. For example, the pixel definition film PDL may
be an organic layer.

[0069] On the intermediate organic film 30, afirst elec-
trode AE may be disposed. The first electrode AE may
be connected to the second output electrode SE2
through a fifth through-hole CH5 passing through the in-
termediate organic film 30. On the pixel definition film

10

15

20

25

30

35

40

45

50

55

PDL, an opening OP may be defined. The opening OP
of the pixel definition film PDL may expose at least a
portion of the first electrode AE. The opening OP of the
pixel definition film PDL is named as a light emitting open-
ing to distinguish it from the other openings.

[0070] In animplementation, on the top surface of the
pixel definition film PDL, a spacer overlapping a portion
of the pixel definition film PDL may be disposed. The
spacer may be an integral structure with the pixel defini-
tion film PDL, or may be an insulating structure formed
by an additional process.

[0071] Asshownin FIG. 5A, the display panel DP may
include alight emitting area PXA, and a non-light emitting
area NPXA adjacent to the light emitting area PXA. The
non-light emitting area NPXA may surround the light
emitting area PXA. In an implementation, the light emit-
ting area PXA is defined to correspond to some regions
of the first electrode AE exposed by the opening OP.
[0072] A hole control layer HCL may be commonly dis-
posed in the light emitting area PXA and the non-light
emitting area NPXA. The hole control layer HCL may
include a hole transport layer, and may further include a
hole injection layer. On the hole control layer HCL, a light
emitting layer EML may be disposed. The light emitting
layer EML may be in a region corresponding to the open-
ing OP. For example, the light emitting layer EML may
be divided and formed in each of the plurality of pixels
PX. The light emitting layer EML may include an organic
material and/or an inorganic material. The light emitting
layer EML may generate a predetermined colored light.
[0073] Onthelightemitting layer EML, an electron con-
trol layer ECL may be disposed. The electron control lay-
er ECL may include an electron transport layer, and may
further include an electron injection layer. The hole con-
trol layer HCL and the electron control layer ECL may be
commonly formed in the plurality of pixels PX using an
open mask. On the electron control layer ECL, a second
electrode CE may be disposed. The second electrode
CE has an integral shape and is commonly disposed in
the plurality of pixels PX. The integral shape means one
body. The common electrode overlapping the plurality of
pixels is formed through the same process and has one
body .

[0074] AsshowninFIG.5AandFIG. 5B, onthe second
electrode CE, the upper layer TFL may be disposed. The
upper layer TFL may include a plurality of thin films. In
an implementation, the upper layer TFL may include a
capping layer CPL and a thin film encapsulation layer
TFE. The thin film encapsulation layer TFE may include
a first inorganic layer IOL1, an organic layer OL, and a
second inorganic layer IOL2.

[0075] The capping layer CPL may be on the second
electrode CE and may contact the second electrode CE.
The capping layer CPL may include an organic material.
The capping layer CPL may be defined as a first organic
layer of the upper layer TFL. The organic layer OL of the
thin film encapsulation layer TFE may be defined as a
second organic layer of the upper layer TFL.
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[0076] The first inorganic layer IOL1 may be on the
capping layer CPL and may contact the capping layer
CPL. The organic layer OL may be on the first inorganic
layer IOL1 and may contact the firstinorganic layer IOL1.
The second inorganic layer IOL2 may be on the organic
layer OL and may contact the organic layer OL.

[0077] The capping layer CPL may help protect the
second electrode CE from a subsequent process such
as a sputtering process and improves the light emitting
efficiency of the organic light emitting diode OLED. The
capping layer CPL may have a higher refractive index
than the first inorganic layer IOL1. The refractive index
of the capping layer CPL may be, e.g., about 1.8 to about
1.9 with respect to a wavelength of about 633 nm.
[0078] A portion of light generated in the light emitting
layer EML may be transmitted to the outside through the
second electrode CE and the thin film encapsulation layer
TFE and another portion is reflected due to the difference
in refractive index between the capping layer CPL and
the first inorganic layer I0L1. The reflected light may be
reflected and amplified by the first electrode AE and the
second electrode CE. The light emitting efficiency of the
organic light emitting diode OLED may be improved by
the resonance effect.

[0079] The thickness of the capping layer CPL may be
from about 500 A to about 900 A. The organic material
of the capping layer CPL may include poly (3,4-ethylen-
edioxythiophene) (PEDOT), 4,4-bis[N-(3-methylphe-
nyl)-N-phenylamino] biphenyl (TPD), 4,4’,4"-tris[(3-
methylphenyl)phenylamino]triphenylamine  (m-MTDA-
TA), 1,3,5-tris[N,N-bis (2-methylphenyl)-amino]-ben-
zene (0-MTDAB), 1,3,5-tris[N, N-bis(3-methylphe-
nyl)-amino]-benzene (m-MTDAB), 1,3,5-tris[N,N-bis(4-
methylphenyl)-amino]-benzene  (p-MTDAB), 4,4-
bis[N,N-bis(3-methylphenyl)-amino]-diphenylmethane
(BPPM), 4,4’-dicarbazolyl-1,1-biphenyl (CBP), 4,4’,4"-
tris(N-carbazole)triphenylamine (TCTA), 2,2’,2"-(1,3,5-
benzenetolyl)tris-[1-phenyl-1H-benzoimidazole] (TPBI),
or 3-(4-biphenyl)-4-phenyl-5-t-butylphenyl-1,2,4-triazole
(TAZ).

[0080] In an implementation, the capping layer CPL
may include an organic material having a refractive index
of 0.2 to 0.5 higher than the first inorganic layer IOL1.
[0081] The first inorganic layer IOL1 and the second
inorganic layer IOL2 may help protect the display element
layer DP-OLED from moisture/oxygen, and the organic
layer OL may help protect the display element layer DP-
OLED from a foreign material such as a dust particle.
The first inorganic layer IOL1 and the second inorganic
layer IOL2 may be any of a silicon nitride layer, a silicon
oxynitride layer, and a silicon oxide layer. In an imple-
mentation, the first inorganic layer IOL1 and the second
inorganic layer IOL2 may include a titanium oxide layer,
or an aluminium oxide layer, or the like.

[0082] In animplementation, the organic layer OL may
include an acryl organic layer. The thickness of the or-
ganic layer OL may be about 3 um to about 12 pm, and
the refractive index thereof may be about 1.2 to 1.6 with
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respect to the wavelength of about 633 nm.

[0083] Accordingtoacomparative example,aLiF layer
could be further disposed between the capping layer CPL
and the firstinorganic layer IOL1. The adhesion strength
of the LiF layer to the capping layer CPL may be lower
than that of a silicon nitride layer, a silicon oxynitride layer,
and a silicon oxide layer, and there may be a problem in
that the LiF layer may be peeled off from a layer on a
lower side of the LiF layer. In an implementation, a LiF
layer may be omitted so that defects caused by the upper
insulating layer TFL may be reduced.

[0084] FIGS. 6A to 6C illustrate stages in a method of
manufacturing the display apparatus DM according to an
embodiment. FIG. 6D illustrates a perspective view of
the display apparatus DM according to an embodiment.
FIG. 6E illustrates a graph showing the thickness varia-
tion of the first inorganic layer IOL1 according to an em-
bodiment. FIGS. 6A to 6C are views showing processes
of forming the capping layer CPL and the thin film encap-
sulation layer TFE.

[0085] As showninFIG. 6A, the same process may be
performed on a plurality of cell areas C-SUB set on a
mother substrate MS to form the display apparatus DM
for each of the plurality of cell areas C-SUB. After the
manufacturing process is completed, the mother sub-
strate MS is cut to separate each of the display apparatus
DM.

[0086] The capping layer CPL, the first inorganic layer
IOL1, the organic layer OL, and the second inorganic
layer 10L2 all shown in FIG. 5A and FIG. 5B may be
sequentially formed. The layers may be formed through
a deposition process to be described below. The depo-
sition process will be described with respect to the first
inorganic layer IOL1. In an implementation, the hole con-
trol layer HCL, the electron control layer ECL, and the
second electrode CE all shown in FIG. 5A and FIG. 5B
may all be formed using an open mask as well.

[0087] AsshowninFIG.6A and FIG. 6B, a mask MSK
on which a plurality of openings M-OP are defined may
be aligned to the mother substrate MS. The openings M-
OP may correspond to the display area DP-DA shown in
FIG. 3. The mother substrate MS to which the mask MSK
is aligned may be placed in a deposition chamber and
then an inorganic material is deposited.

[0088] A preliminary display panel DP-I shown in FIG.
6B and FIG. 6C refers to a state formed from the display
element layer DP-OLED of the display panel DP shown
in FIG. 5A. The mask MSK may be supported by the bank
BNP. Since a gap is maintained between the mask MSK
and the preliminary display panel DP-I, the inorganic ma-
terial may be deposited in a larger area than the openings
M-OP. Accordingly, the first inorganic layer IOL1 of the
form shown in FIG. 6C may be formed.

[0089] As shown in FIG. 6C, the first inorganic layer
IOL1 may include a first area IOL-P1 and a second area
IOL-P2. The first area IOL-P1 may be an area occupying
most of the first inorganic layer IOL1 and has a substan-
tially uniform thickness. The thickness variation may be
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from about 0% to about 15%. The second area IOL-P2
may be defined as an area extending from the first area
IOL-P1 and has a decreasing thickness with increasing
distance from the display area DP-DA.

[0090] A region IOL-P21 of the second area IOL-P2
may overlap the display area DP-DA, and the remaining
other region IOL-P22 may overlap the non-display area
DP-NDA. The second area IOL-P2 may be an area either
adjacent to or overlapping the mask MSK, and the
amountofinorganic material deposited is relatively small,
thereby having a second thickness TH2 which is less
than a first thickness TH1 of the first area IOL-P1. The
second thickness TH2 of the second area IOL-P2 may
decrease with an increase in distance from the first area
IOL-P1.

[0091] FIG. 6D andFIG. 6E illustrate the thickness var-
iation of the first inorganic layer IOL1 according to an
embodiment. The thickness of the first area IOL-P1 over-
lapping the display area DM-DA may be, e.g., about
8,500 A to about 1,2000 A. In an implementation, the
thickness of the first area IOL-P 1 overlapping the display
area DM-DA may be, about 10,000 A to about 11,000 A.
The thickness of the region IOL-P21 of the second area
IOL-P2 which overlaps the display area DP-DA may be,
e.g., about 9,500 A to about 10,500 A.

[0092] A display apparatus DM may be designed such
that the optical path of light emitted from the display panel
DP is set based on the first area IOL-P1. The region IOL-
P21 of the second area IOL-P2 may have a different op-
tical path from the first area IOL-P1 so that white light
may be shifted to red light. In an implementation, the first
area (IOL-P1) of the first inorganic layer IOL1 may have
arefractive index of about 1.60 to about 1.65 with respect
to the wavelength of about 633 nm.

[0093] By having arefractive index of the above range,
the color shift phenomenon caused by the upper layer
TFL may be reduced. For example, when the first inor-
ganic layer IOL1 has a low refractive index, the optical
distance of light passing through the region IOL-P21 of
the second area IOL-P2 may be reduced. The optical
distance of light may be measured by multiplying the
wavelength of light passing through a particular layer and
the refractive index of the particular layer.

[0094] The capping layer CPL may have a smaller
thickness than the firstinorganic layer IOL1, and the color
shift phenomenon caused by the capping layer CPL may
be ignored. The capping layer CPL may have a thickness
of, e.g., about 5% to about 10% of the thickness of the
first area IOL-P1 of the first inorganic layer IOL1. Insula-
tion layers on an upper side the firstinorganic layer IOL1
may be away from the organic emitting diode OLED, and
the color shift phenomenon caused by the insulation lay-
ers OL and I0L2 may not occur.

[0095] In an implementation, the first inorganic layer
IOL1 having the thickness variation shown in FIG. 6E
may be a silicon oxynitride layer. The graph of FIG. 6E
shows the thickness variation of the first inorganic layer
IOL1 corresponding to llI-III' of FIG. 6D.
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[0096] The silicon oxynitride layer may have a refrac-
tive index of about 1.61 to about 1.63. For example, the
silicon oxynitride layer may have a refractive index of
about 1.61 to about 1.63 with respect to a wavelength of
about 633 nm. The silicon oxynitride layer may be de-
posited in a mixed gas atmosphere of H2, N,O, Ny, NH;,
and SiH4 at a chamber pressure of 1,200 mtorr and a
power of 8,550 W. The atomic ratio of nitrogen to silicon
in the silicon oxynitride layer may be from 0.43 to about
0.49, and the atomic ratio of oxygen to silicon may be
from 0.62 to about 0.68. The film density of the silicon
oxynitride layer may be 2.05 to 2.10 g/cm3.

[0097] FIG. 7Aillustrates a cross-sectional view of the
input sensing unit TS according to an embodiment. FIG.
7B illustrates a plan view of an input sensing unit accord-
ing to an embodiment.

[0098] As shown in FIG. 7A, the input sensing unit TS
may include a first insulation layer TS-IL1 (hereinafter, a
first touch insulation layer), a first conductive layer TS-
CL1, asecondinsulation layer TS-IL2 (hereinafter, a sec-
ond touch insulation layer), a second conductive layer
TS-CL2, and a third insulation layer TS-IL3 (hereinafter,
a third touch insulation layer). The first touch insulation
layer TS-IL1 may be directly on the upper layer TFL. In
an implementation, the first insulation layer TS-IL1 may
be omitted.

[0099] The first conductive layer TS-CL1 and the sec-
ond conductive layer TS-CL2 may each have a single-
layered structure or a multi-layered structure laminated
along the third direction axis DR3. The conductive layer
of the multi-layered structure may include at least two of
transparent conductive layers and metal layers. The con-
ductive layer of the multi-layered structure may include
metal layers each including different metals. The trans-
parent conductive layer may include, e.g., indium tin ox-
ide (ITO), indium zinc oxide (1ZO), zinc oxide (ZnO), in-
dium tin zinc oxide (ITZO), PEDOT, metal nanowires, or
graphene. The metal layer may include, e.g., molybde-
num, silver, titanium, copper, aluminium, or alloys there-
of. For example, the first conductive layer TS-CL1 and
the second conductive layer TS-CL2 may each have a
three-layered structure of titanium/aluminium/titanium.
[0100] The first conductive layer TS-CL1 and the sec-
ond conductive layer TS-CL2 may each include a plurality
of conductive patterns. Hereinafter, the first conductive
layer TS-CL1 is described as including first conductive
patterns and the second conductive layer TS-CL2 is de-
scribed as including second conductive patterns. The first
conductive patterns and the second conductive patterns
may each include touch electrodes and touch signal
lines.

[0101] The first touch insulation layer TS-IL1 to the
third touch insulation layer TS-IL3 may each include an
inorganic material or an organic material. In an imple-
mentation, the first touch insulation layer TS-IL1 and the
second touchinsulationlayer TS-IL2 may be aninorganic
film including an inorganic material. The inorganic film
may include, e.g., aluminium oxide, titanium oxide, silicon
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oxide silicon oxynitride, zirconium oxide, or hafnium ox-
ide. The third touch insulation layer TS-IL3 may include
an organic film including an organic material. The organic
film may include, e.g., an acryl resin (or acrylic-based
resin), a methacryl resin, polyisoprene, a vinyl resin, an
epoxyresin, aurethaneresin, acelluloseresin, a siloxane
resin, a polyimide resin, a polyamide resin, or a perylene
resin.

[0102] As shown in FIG. 7B, the input sensing unit TS
may include first touch electrodes TE1-1 to TE1-5, first
touch signal lines SL1-1 to SL1-5 connected to the first
touch electrodes TE1-1 to TE1-5, second touch elec-
trodes TE2-1 to TE2-4, second touch signal lines SL2-1
to SL2-4 connected to the second touch electrodes
TE2-1to TE2-4, and touch pads TS-PD connected to the
first touch signal lines SL1-1 to SL1-5 and the second
touch signal lines SL2-1 to SL2-4. Referring to FIG. 7B,
the first touch electrodes TE1-1 to TE1-5 and the second
touch electrodes TE2-1 to TE2-4 may overlap the display
area DP-DA. The first touch signal lines SL1-1 to SL1-5
may be connected to one end of the first touch electrodes
TE1-1 to TE1-5. The second touch signal lines SL2-1 to
SL2-4 may be connected to one end of the second touch
electrodes TE2-1 to TE2-4.

[0103] In FIG. 7B, the insulation dam patterns DMP1
and DMP2 and the bank BNP all provided in the display
panel DP are additionally shown in order to indicate the
relative position thereof with respect to the input sensing
unit TS.

[0104] The first touch electrodes TE1-1 to TE1-5 may
each have a mesh shape in which a plurality of touch
openings are defined. The first touch electrodes TE1-1
to TE1-5may each include a plurality of first touch sensor
units SP1 and a plurality of first connection units CP1.
The first touch sensor units SP1 may be arranged along
the second direction DR2. The first connection units CP1
may each connect two adjacent first touch sensor units
SP1 among the first touch sensor units SP1. In an im-
plementation, the first touch signal lines SL1-1 to SL1-5
may also have a mesh shape.

[0105] The second touch electrodes TE2-1 to TE2-4
may cross the first touch electrodes TE1-1 to TE1-5, and
may be insulated from the first touch electrodes TE1-1
to TE1-5. The second touch electrodes TE2-1 to TE2-4
may each have a mesh shape in which a plurality of touch
openings are defined. The second touch electrodes
TE2-1 to TE2-4 may each include a plurality of second
touch sensor units SP2 and a plurality of second connec-
tion units CP2. The second touch sensor units SP2 may
be arranged along the first direction DR1. The second
connection units CP2 may each connect two adjacent
second touch sensor units SP2 among the second touch
sensor units SP2. In an implementation, the second
touch signal lines SL2-1 to SL2-4 may also have a mesh
shape.

[0106] Some of the plurality of first touch sensor units
SP1, the plurality of first connection units CP1, the first
touch signal lines SL1-1 to SL1-5, the plurality of second
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touch sensor units SP2, the plurality of the second con-
nection units CP2, and the second touch signal lines
SL2-1 to SL2-4 may be formed by patterning the first
conductive layer TS-CL1 shown in FIG. 7A, and other
thereof may be formed by patterning the second conduc-
tive layer TS-CL2 shown in FIG. 7A. In an implementa-
tion, the plurality of first connection units CP1 may be
formed from the first conductive layer TS-CL1, and the
plurality of first touch sensor units SP1, the first touch
signal lines SL1-1 to SL1-5, the plurality of second touch
sensor units SP2, the plurality of the second connection
units CP2, and the second touch signal lines SL2-1 to
SL2-4 may be formed from the second conductive layer
TS-CL2. The first connection portions CP1 may be con-
nected to the plurality of first touch sensor units SP1
through contact holes passing through the second touch
insulation layer TS-IL2.

[0107] Inanimplementation, the input sensing unit TS
in which the plurality of first connection units CP1 and
the plurality of second connection units CP2 may cross
each other is exemplarily shown. In an implementation,
the second connection units CP2 may each be trans-
formed into a V-shape, a <-shape, or a >-shape so as
not to overlap the plurality of first connection units CP1.
The V-shaped second connection units CP2 may overlap
the first touch sensor units SP1. In an implementation,
the first touch sensor units SP1 and the second touch
sensor units SP2 may have, e.g., a lozenge shape or a
triangular shape.

[0108] Inanimplementation, the input sensing unit TS
according to an embodiment may be a single-layered
input sensing unit including one conductive layer. A sin-
gle-layered touch sensing unit may obtain coordinate in-
formation in a self-cap manner.

[0109] FIG. 8Aillustrates a cross-sectional view of the
display apparatus DM according to an embodiment. FIG.
8B illustrates a cross-sectional view of the display appa-
ratus DM according to an embodiment. FIG. 9 illustrates
a plan view of the display apparatus DM according to an
embodiment. FIG. 8A shows a cross section correspond-
ingto V-1V’ of FIG. 7B, and FIG. 8B shows a cross section
corresponding to V-V’ of FIG. 7B.

[0110] The laminated structure of the circuit element
layer DP-CL, the display element layer DP-OLED, and
the upper insulating layer TFL in the display area DP-DA
is the same as the structure described with reference to
FIG. 5A, and therefore, a repeated detailed description
thereof may be omitted. However, in FIG. 8A and FIG.
8B, the hole control layer HCL and the electron control
layer ECL are not shown. The laminated structure of the
input sensing unit TS is also the same as the structure
described with reference to FIG. 7A and FIG. 7B, and
therefore, a repeated detailed description thereof may
be omitted.

[0111] AsshowninFIG.8A and FIG. 8B, the scan driv-
ing circuit GDC (see FIG. 3) constituting the circuit ele-
ment layer DP-CL may be in the non-display area DP-
NDA. The scan driving circuit GDC may include at least
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one transistor GDC-T formed through the same process
as a pixel transistor, e.g. a driving transistor T2. The scan
driving circuit GDC may include signal lines GDC-SL on
the same layer as an input electrode of the driving tran-
sistor T2. In an implementation, the scan driving circuit
GDC may further include signal lines on the same layer
as a control electrode of the driving transistor T2.
[0112] A signal line Vint for providing an initialization
voltage to a pixel circuit may be on the same layer as the
input electrode of the driving transistor T2. A second pow-
er electrode PWE2 for providing the second power volt-
age ELVSS (see FIG. 4) may be outside the scan driving
circuit GDC. The second power electrode PWE2 may
receive the second power voltage ELVSS from the out-
side. On the intermediate organic film 30, a connection
electrode E-CNT may be disposed. The connection elec-
trode E-CNT may connect the second power electrode
PWE2 and the second electrode CE. The connection
electrode E-CNT may be formed through the same proc-
ess as the first electrode AE, and thus may have the
same layer structure and the same material.

[0113] As shown in FIG. 8A and FIG. 8B, a first insu-
lation dam pattern DMP1 and a second insulation dam
pattern DMP2 may overlap the second power electrode
PWEZ2. The first insulation dam pattern DMP1 may have
asingle-layered structure, and the second insulation dam
pattern DMP2 may have a multi-layered structure. The
firstinsulation dam pattern DMP1 and the pixel definition
film PDL may be simultaneously formed. The first insu-
lation dam pattern DMP1 may have a larger thickness
than the pixel definition film PDL. A lower portion DM1
of the second insulation dam pattern DMP2 and the in-
termediate organic film 30 may be simultaneously
formed, and an upper portion DM2 thereof and the pixel
definition film PDL may be simultaneously formed.
[0114] As shown in FIG. 8B, a first power electrode
PWE1 may be inside the second power electrode PWE2.
The first power electrode PWE1 may receive the first
power voltage ELVDD (see FIG. 4). The bank BNP may
be outside of the first insulation dam pattern DMP1 and
the second insulation dam pattern DMP2.

[0115] The bank BNP may have a multi-layered struc-
ture. A lower portion BN1 and the intermediate organic
film 30 may be simultaneously formed, and an upper por-
tion BN2 and the pixel definition film PDL may be simul-
taneously formed.

[0116] A groove GV may be defined in a region over-
lapping the bank BNP of the circuit element layer DP-CL.
The groove GV may be formed by partially removing the
buffer film BFL, the first intermediate inorganic film 10,
and the second intermediate inorganic film 20. The
groove GV may be formed so as to overlap the bending
area BA described with reference to FIG. 1A and FIG. 1B.
[0117] An organic insulation material may be filled in-
side the groove GV. Such organic filling pattern GV-I may
help improve the flexibility of the bending area BA. A sig-
nal line pattern DL-P may be on the organic filling pattern
GV-Il. The signal line pattern DL-P may be a portion of
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10

the data line DL described with reference to FIG. 3.
[0118] Referring to FIG. 8A to FIG. 9, an edge of the
second electrode CE and an edge of the capping layer
CPL may be aligned (e.g., substantially aligned) in a plan
view. The second electrode CE and the capping layer
CPL may be formed by a deposition process using the
same open mask. As the capping layer CPL is substan-
tially aligned to the second electrode CE, the peeling of
the capping layer CPL may be prevented. For example,
the capping layer CPL may have a greater adhesion
strength to the second electrode CE than an insulation
layer such as the intermediate organic film 30.

[0119] The deposition properties of constituent mate-
rials of the second electrode CE and constituent materi-
als of the capping layer CPL may be different and errors
may occur during the process, and the edge of the second
electrode CE and the edge of the capping layer CPL may
not be exactly the same even if the same open mask is
used. Here, when "the edge of the second electrode CE
and the edge of the capping layer CPL are aligned"
means that the shortest distance between the edge of
the second electrode CE and the edge of the capping
layer CPL is 200 pwm or less.

[0120] FIGS. 10Ato 10D illustrate enlarged cross-sec-
tional views of the upper layer TFL according to an em-
bodiment. Repeated detailed description of the same
configuration as the configuration described with refer-
ence to FIGS. 1 to FIG. 9 may be omitted. The upper
layer TFL described hereinafter may replace the upper
layer TFL shown in FIG. 8A to FIG. 9. The upper layer
TFL described hereinafter is described in comparison
with the upper layer TFL shown in FIG. 5B.

[0121] The second inorganic layer IOL2 shown in FIG.
10A may be the same as the second inorganic layer IOL2
shown in FIG. 5B. The second inorganic layer IOL2 may
include silicon nitride. The second inorganic layer IOL2
may have a refractive index of about 1.7 to 2.0 with re-
spect to the wavelength of about 633 nm, and may have
a thickness of about 4,500 A to about 8,000 A.

[0122] As showninFIG. 10A, the upper layer TFL may
further include a third inorganic layer IOL3 and a fourth
inorganic layer IOL4. The third inorganic layer IOL3 may
include the same material and have the same refractive
index as the firstinorganic layer IOL1. The third inorganic
layer IOL3 may have the same thickness as the first in-
organic layer IOL1. The fourth inorganic layer IOL4 may
include the same material and have the same refractive
index as the second inorganic layer IOL2. The fourth in-
organic layer IOL4 may have the same thickness as the
second inorganic layer IOL2 shown in FIG. 5B.

[0123] As showninFIG. 10B, the upper layer TFL may
further include a second inorganic layer IOL20 and a third
inorganic layer IOL30. In an implementation, a second
inorganic layer IOL20 may include the same material and
may have the same refractive index as the firstinorganic
layer IOL1 shown in FIG. 5B. The second inorganic layer
IOL20 may have the same thickness as the firstinorganic
layer IOL1. The third inorganic layer IOL30 may include
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the same material and have the same refractive index
as the second inorganic layer IOL2 shown in FIG. 5B.
The third inorganic layer IOL30 may have the same thick-
ness as the second inorganic layer IOL2 shown in FIG.
5B.

[0124] AsshowninFIG. 10C, the upper layer TFL may
include two inorganic layers I0OL1 and IOL20. In an im-
plementation, the second inorganic layer IOL20 may in-
clude the same material and may have the same refrac-
tive index as the first inorganic layer IOL1 shown in FIG.
5B. The second inorganic layer IOL20 may have the
same thickness as the first inorganic layer IOL1.

[0125] AsshowninFIG. 10D, the upper layer TFL may
further include the third inorganic layer IOL3. In an im-
plementation, the third inorganic layer IOL3 may include
the same material and have the same refractive index
as the first inorganic layer IOL1 shown in FIG. 5B. The
third inorganic layer IOL3 may have the same thickness
as the first inorganic layer IOL1 shown in FIG. 5B.
[0126] Accordingtothe above, afirstinorganicfilm (the
firstinorganic layer) may include silicon oxynitride, silicon
oxide, and silicon nitride, and the adhesion strength
thereof to a first organic film (the first organic layer or the
capping layer) may be increased. The undesirable peel-
ing phenomenon of an upper layer may be reduced.
[0127] The first inorganic film may have a refractive
index described above, and the color shift phenomenon
in a second area may be reduced.

[0128] Thefirstorganicfilm may be aligned to a second
electrode, and the peeling of the first organic film may be
prevented. For example, the adhesion strength to the
second electrode may be greater than to another insu-
lation layer.

[0129] One or more embodiments may provide a dis-
play apparatus including thin films.

[0130] One or more embodiments may provide a dis-
play apparatus with reduced defects.

[0131] 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 present invention
as set forth in the following claims.

Claims

1. A display apparatus (DM), comprising:
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1"

a base layer (SUB) including a display region
(DM-DA) and a non-display region (DM-NDA)
outside of the display region (DM-DA);

display elements (DP-OLED) on the display re-
gion (DM-DA), each of the display elements
(DP-OLED) including a first electrode (AE), a
light emitting layer (EML) on the first electrode
(AE), and a second electrode (CE) on the light
emitting layer (EML); and

an upper layer (TFL) on the display elements
(DP-OLED),

wherein the upper layer (TFT) includes:

a first organic layer (CPL) on the second
electrode (CE) and contacting the second
electrode (CE);

a first inorganic layer (IOL1) on the first or-
ganic layer (CPL) and contacting the first
organic layer (CPL);

a second organic layer (OL) on the first in-
organic layer (IOL1) and contacting the first
inorganic layer (IOL1); and

a second inorganic layer (IOL2) on the sec-
ond organic layer (OL) and contacting the
second organic layer (OL),

wherein the first inorganic layer (IOL1) includes
a first area (IOL-P1) and a second area (IOL-
P2) extending from the first area (IOL-P1), the
first area (IOL-P1) having a refractive index of
about 1.60 to about 1.65 with respect to a wave-
length of about 633 nm,

wherein the first area (IOL-P1) has a uniform
thickness, and

wherein a thickness of the second area (IOL-
P2) decreases as a distance from the display
region (DM-DA) increases.

A display apparatus (DM) according to claim 1,
wherein the first organic layer (CPL) has a higher
refractive index than the first inorganic layer (IOL1).

A display apparatus (DM) according to claim 1 or
claim 2, wherein the refractive index of the first or-
ganic layer (CPL) is about 1.8 to about 1.9 with re-
spect to a wavelength of about 633 nm.

A display apparatus (DM) according to any one of
claims 1 to 3, wherein the first inorganic layer (IOL1)
includes silicon oxynitride.

A display apparatus (DM) according to any one of
claims 1 to 4, wherein the first inorganic layer (IOL1)
is one of silicon oxynitride layer, silicon oxide layer,
and silicon nitride layer.

A display apparatus (DM) according to any one of
claims 1 to 5, wherein a thickness of the first organic
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layer (CPL) is about 5% to about 10% of the thick-
ness of the first area (IOL-P1) of the first inorganic
layer (IOL1).

A display apparatus (DM) according to any one of
claims 1 to 6, wherein:

a thickness of the first organic layer (CPL) is
about 500 A to about 900 A, and

the thickness of the first area (IOL-P1) of the first
inorganic layer (IOL-1) is about 10,000 A to
about 11,000 A.

A display apparatus (DM) according to any one of
claims 1 to 7, wherein a thickness of a region (IOL-
P21), overlapping the display region (DM-DA), in the
second area (IOL-P2) is about 9,500 A to about
10,500 A.

A display apparatus (DM) according to any one of
claims 1 to 8, wherein:

the second organic layer (OL) includes an acryl
monomer, and

a thickness of the second organic layer (OL) is
about 3 wm to about 12 um.

A display apparatus (DM) according to any one of
claims 1 to 9, wherein:

the second electrode (CE) of the display ele-
ments (DP-OLED) has an integral shape, and
an edge of the second electrode (CE) and an
edge of the first organic layer (CPL) are aligned
in a plan view.

A display apparatus (DM) according to any one of
claims 1 to 10, wherein the second inorganic layer
(IOL2) includes silicon nitride.

A display apparatus (DM) according to any one of
claims 1 to 11, wherein the second inorganic layer
(IOL2) has:

a refractive index of about 1.7 to about 2.0 with
respect to the wavelength of about 633 nm, and
a thickness of about 4,500 A to about 8,000 A.

A display apparatus (DM) according to any one of
claims 1 to 12, further comprising a third inorganic
layer (IOL3) on the second inorganic layer (IOL2)
and contacting the second inorganic layer (IOL2).

A display apparatus (DM) according to any one of
claims 1 to 12, further comprising:

afirst touch insulation layer (TS-IL1) on the sec-
ond inorganic layer (IOL2) and contacting the
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second inorganic layer (IOL2);

a first conductive pattern on the first touch insu-
lation layer (TS-IL1);

a second touch insulation layer (TS-IL2) on the
first touch insulation layer (TS-IL1) and covering
the first conductive pattern;

a second conductive pattern on the second
touch insulation layer (TS-IL2) and connected
to the first conductive pattern via a contact hole
passing through the second touch insulation lay-
er (TS-IL2); and

athird touch insulation layer (TS-IL3) on the sec-
ond touch insulation layer (TS-IL2) and covering
the second conductive pattern.

15. A display apparatus (DM) according to claim 14,

wherein:

the first touch insulation layer (TS-IL1) and the
second touch insulation layer (TS-IL2) each in-
clude an inorganic material, and

the third touch insulation layer (TS-IL3) includes
an organic material.
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