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(54) ORGANIC LIGHT-EMITTING DISPLAY DEVICE

(57) An organic light-emitting display device includ-
ing: a substrate (110); a pixel electrode (130) on the sub-
strate; a pixel defining film (140) on the pixel electrode
and having a first opening at least partially exposing the
pixel electrode; an organic light-emitting layer (150) on
the exposed portion of the pixel electrode; a common
electrode (160) on the organic light-emitting layer and
the pixel defining film; an encapsulation layer (170) on
the common electrode; a black matrix (BM) on the en-
capsulation layer and having a second opening overlap-
ping the first opening; and a plurality of first sensing lines
(SPL1) on the black matrix and surrounding the pixel
electrode in a plan view to define a pixel region. At least
portions of the first sensing lines defining the pixel region
do not overlap the common electrode (160) in the pixel
region.
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Description

BACKGROUND

1. Field

[0001] Aspects of embodiments of the present inven-
tion relate to an organic light-emitting display device.

2. Description of the Related Art

[0002] Display devices have become increasingly im-
portant following developments in multimedia technolo-
gy. Accordingly, various types of display devices, such
as a liquid crystal display (LCD) device, an organic light-
emitting display device, etc., have been developed.
[0003] The organic light-emitting display device dis-
plays an image using organic light-emitting diodes
(OLEDs), which generate light through the recombination
of electrons and holes. The organic light-emitting display
device has various features, such as fast response
speed, high luminance, wide viewing angle, and low pow-
er consumption.

SUMMARY

[0004] Embodiments of the present invention seek to
provide an organic light-emitting display device having
reducing reflectivity by modifying the width of openings
in a black matrix.
[0005] Embodiments of the present invention also set
out to provide an organic light-emitting display device
having a viewing angle of about 45° by modifying the
height of an encapsulation layer in consideration of a
reflectivity condition.
[0006] Embodiments of the present invention also
seek to provide an organic light-emitting display device
that prevents or substantially mitigates a decrease in
touch sensitivity by controlling the overlapping area ratio
between a common electrode and an input sensing layer
in consideration of reflectivity and viewing angle condi-
tions.
[0007] However, embodiments of the present inven-
tion are not restricted or limited to the above-described
aspects and features, nor is the present invention limited
to the embodiments set forth herein. Aspects and fea-
tures of the present invention will become more apparent
to one of ordinary skill in the art to which the present
disclosure pertains by referencing the detailed descrip-
tion given below.
[0008] According to an embodiment of the present dis-
closure, an organic light-emitting display device includes:
a substrate; a pixel electrode on the substrate; a pixel
defining film on the pixel electrode and having a first
opening at least partially exposing the pixel electrode; an
organic light-emitting layer on the exposed portion of the
pixel electrode; a common electrode on the organic light-
emitting layer and the pixel defining film; an encapsula-

tion layer on the common electrode; a black matrix on
the encapsulation layer and having a second opening
overlapping the first opening; and a plurality of first sens-
ing lines on the black matrix and surrounding the pixel
electrode in a plan view to define a pixel region. At least
portions of the first sensing lines defining the pixel region
do not overlap the common electrode in the pixel region.
[0009] According to an embodiment of the present dis-
closure, an organic light-emitting display device includes
a display panel for displaying an image and an input sens-
ing layer on the display panel. The display panel includes:
a substrate; a pixel electrode on the substrate; a pixel
defining film having a first opening at least partially ex-
posing the pixel electrode; a common electrode on the
pixel defining film; an encapsulation layer on the common
electrode; and a black matrix on the encapsulation layer
and having a second opening overlapping the first open-
ing. The input sensing layer includes a plurality of first
sensing lines surrounding the pixel electrode in a plan
view. The first sensing lines have first regions that overlap
the common electrode and second regions that do not
overlap the common electrode.
[0010] At least some of the above features that accord
with the invention, and other features according to the
invention, are set out in the claims.
[0011] According to the aforementioned and other em-
bodiments of the present disclosure, reflectivity can be
reduced by controlling the width of openings of a black
matrix.
[0012] Also, a viewing angle can be improved by con-
trolling the height of an encapsulation layer in consider-
ation of a reflectivity condition.
[0013] Also, the decrease of touch sensitivity can be
reduced or prevented by controlling the overlapping area
ratio between a common electrode and an input sensing
layer in consideration of reflectivity and viewing angle
conditions.
[0014] Other features and embodiments may be ap-
parent from the following detailed description, the draw-
ings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other aspects and features of
the present invention will be made more apparent by de-
scribing, in detail, embodiments thereof with reference
to the attached drawings, in which:

FIG. 1 is an organic light-emitting display device ac-
cording to an embodiment of the present disclosure;
FIG. 2 is a cross-sectional view taken along the line
I1-I1’ of FIG. 1;
FIG. 3 is a plan view of an input sensing layer of FIG.
2;
FIG. 4 is an enlarged plan view of the area A of FIG. 3;
FIGS. 5A and 5B are plan views showing the layout
of elements shown in FIG. 4;
FIG. 6 is a cross-sectional view taken along the line
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12-12’ of FIG. 4;
FIG. 7 is a cross-sectional view taken along the line
I3-I3’ of FIG. 4;
FIG. 8 is a graph showing the relationship between
the reflectivity of an organic light-emitting display de-
vice and the width of openings in a black matrix;
FIG. 9A is a graph showing the distribution of colors
of light reflected from an organic light-emitting dis-
play device according to a comparative example;
FIG. 9B is a graph showing the distribution of colors
of light reflected from the organic light-emitting dis-
play device according to an embodiment of the
present disclosure;
FIGS. 10A and 10B are cross-sectional views de-
scribing the relationship between the viewing angle
of an organic light-emitting display device and the
height of an encapsulation layer;
FIG. 11 is a graph showing the relationship between
the width of openings in a black matrix and the height
of an encapsulation layer when the viewing angle of
an organic light-emitting display device is 45°;
FIG. 12 shows a plan view of the area B of FIG. 4
and a cross-sectional view taken along the line
111-111’ of FIG. 12;
FIG. 13 shows a plan view of the area B of FIG. 4
and a cross-sectional view taken along the line II2-
II2’ of FIG. 13;
FIG. 14 is a table showing relative static capacitance
values for different encapsulation layer heights and
for different overlapping area ratios; and
FIG. 15 is a plan view illustrating a pixel region of an
organic light-emitting display device according to an-
other embodiment of the present disclosure.

DETAILED DESCRIPTION

[0016] In the following description, for the purposes of
explanation, various details are set forth to provide a thor-
ough understanding of various embodiments. It will be
apparent, however, that various embodiments may be
practiced without these specific details or with one or
more equivalent arrangements. In other instances, well-
known structures and devices are shown in block dia-
gram form in order to avoid unnecessarily obscuring as-
pects and features of various embodiments.
[0017] In the accompanying figures, sizes and relative
sizes of layers, films, panels, regions, etc. may be exag-
gerated for clarity and descriptive purposes. Also, like
reference numerals denote like elements. Further, the
use of "may" when describing embodiments of the
present invention relates to "one or more embodiments
of the present invention."
[0018] When an element or layer is referred to as being
"on," "connected to," or "coupled to" another element or
layer, it may be directly on, connected to, or coupled to
the other element or layer or intervening elements or lay-
ers may be present. When an element or layer is referred
to as being "directly on," "directly connected to," or "di-

rectly coupled to" another element or layer, there are no
intervening elements or layers present. For the purposes
of this disclosure, "at least one of X, Y, and Z" and "at
least one selected from the group consisting of X, Y, and
Z" may be construed as only X, only Y, only Z, or any
combination of two or more of X, Y, and Z, such as, for
instance, XYZ, XYY, YZ, and ZZ. As used herein, the
term "and/or" includes any and all combinations of one
or more of the associated listed items.
[0019] Although the terms first, second, etc. may be
used herein to describe various elements, components,
regions, layers, and/or sections, these elements, com-
ponents, regions, layers, and/or sections should not be
limited by these terms. These terms are used to distin-
guish one element, component, region, layer, and/or sec-
tion from another element, component, region, layer,
and/or section. Thus, a first element, component, region,
layer, and/or section discussed below could be termed
a second element, component, region, layer, and/or sec-
tion without departing from the teachings of the present
disclosure.
[0020] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper," and the like, may be used
herein for descriptive purposes, and, for example, to de-
scribe one element or feature’s relationship to other el-
ement(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or
manufacture in addition to the orientation depicted in the
drawings. For example, if the apparatus in the drawings
is turned over, elements described as "below" or "be-
neath" other elements or features would then be oriented
"above" the other elements or features. Thus, the term
"below" can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations),
and as such, the spatially relative descriptors used herein
should be interpreted accordingly.
[0021] The terminology used herein is for the purpose
of describing particular embodiments and is not intended
to be limiting. As used herein, the singular forms, "a" and
"an" are intended to include the plural forms as well, un-
less the context clearly indicates otherwise. Moreover,
the terms "comprises," "comprising," "includes," and/or
"including," when used in this specification, specify the
presence of stated features, integers, steps, operations,
elements, components, and/or groups thereof but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, compo-
nents, and/or groups thereof.
[0022] Various embodiments are described herein with
reference to sectional illustrations that are schematic il-
lustrations of idealized embodiments and/or intermediate
structures. As such, variations from the shapes of the
illustrations due to, for example, manufacturing tech-
niques and/or tolerances, are to be expected. Thus, em-
bodiments disclosed herein should not be construed as
limited to the particular illustrated shapes of regions, but
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are to include deviations in shapes that result from, for
instance, manufacturing. For example, a region or area
illustrated as a rectangle will, typically, have rounded or
curved edges. Thus, the regions and areas illustrated in
the drawings are schematic in nature, and their shapes
are not intended to illustrate the actual shape of a region
of a device and are not intended to be limiting.
[0023] Any numerical range disclosed and/or recited
herein is intended to include all sub-ranges of the same
numerical precision subsumed within the recited range.
For example, a range of "1.0 to 10.0" is intended to in-
clude all subranges between (and including) the recited
minimum value of 1.0 and the recited maximum value of
10.0, that is, having a minimum value equal to or greater
than 1.0 and a maximum value equal to or less than 10.0,
such as, for example, 2.4 to 7.6. Any maximum numerical
limitation recited herein is intended to include all lower
numerical limitations subsumed therein, and any mini-
mum numerical limitation recited in this specification is
intended to include all higher numerical limitations sub-
sumed therein.
[0024] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this disclosure is a part. Terms,
such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is con-
sistent with their meaning in the context of the relevant
art and should not be interpreted in an idealized or overly
formal sense, unless expressly so defined herein.
[0025] Hereinafter, embodiments will be described
with reference to the accompanying drawings.
[0026] FIG. 1 is a diagram of an organic light-emitting
display device according to an embodiment of the
present disclosure.
[0027] Referring to FIG. 1, an organic light-emitting dis-
play device 10 may include a display area DA and a non-
display area NDA.
[0028] The non-display area DA is defined as an area
in which an image is displayed. The display area DA may
be used to detect an external environment. For example,
the display area DA may be used to display an image or
to recognize a fingerprint of a user. In one embodiment,
the display area DA may be flat, but the present disclo-
sure is not limited thereto. In other embodiments, the
display area DA may be at least partially curved. The
display area DA may be disposed in an edge area EA of
the organic light-emitting display device 10. The edge
area EA may include upper, lower, left, and right parts of
the display area DA.
[0029] The non-display area NDA is disposed on the
outside of (e.g., along a periphery of) the display area
DA and is defined as an area in which no image is dis-
played. In one embodiment, a speaker module, a camera
module, a sensor module, and the like may be provided
in the non-display area NDA. In one embodiment, the
sensor module may include at least one of an illumination
sensor, a proximity sensor, an infrared (IR) sensor, and

an ultrasonic sensor.
[0030] FIG. 2 is a cross-sectional view taken along the
line I1-I1’ of FIG. 1.
[0031] Referring to FIG. 2, an organic light-emitting dis-
play device 10 may include a display panel 100, an input
sensing layer 200, an anti-reflection panel 300, and a
window panel 400. An element coupled to another ele-
ment via an adhesive member will hereinafter be referred
to as a panel, and an element formed together with an-
other element by a continuous process will hereinafter
be referred to as a layer. A panel may include a base
layer that provides a base surface, whereas a layer has
no base layer. That is, a layer refers to an element dis-
posed on a base surface of another element. In one em-
bodiment, a base layer may be a single-layer film, such
as a synthetic resin film or a composite film, or a multilayer
film having a stack of a plurality of films. The base layer
may include a glass substrate.
[0032] The display panel 100 is defined as a panel for
displaying an image. The display panel 100 includes a
plurality of display elements. The plurality of display el-
ements may be organic light-emitting diodes (OLEDs).
[0033] In one embodiment, the input sensing layer 200
may sense a hand of the user or a touch pen. The input
sensing layer 200 may be disposed on the display panel
100. The input sensing layer 200 may be formed on the
display panel 100 by a continuous process.
[0034] The anti-reflection panel 300 may reduce the
reflectance of external light incident thereupon from
above the window panel 400. The anti-reflection panel
300 may be disposed on the input sensing layer 200 and
may be coupled to the input sensing layer 200 via a first
adhesive member 510. In one embodiment, the anti-re-
flection panel 300 may include a retarder and a polarizer.
The anti-reflection panel 300 may further include a black
matrix and color filters.
[0035] The window panel 400 may protect the display
panel 100 and/or the input sensing layer 200 from being
scratched. The window panel 400 may be disposed on
the anti-reflection panel 300 and may be coupled to the
anti-reflection panel 300 via a second adhesive member
520.
[0036] The first and second adhesive members 510
and 520 may be pressure sensitive adhesives (PSAs),
optically clear adhesives (OCAs), or optically clear resins
(OCRs).
[0037] In another embodiment different from that which
is shown in FIG. 2, the anti-reflection panel 300 may be
an anti-reflection layer, in which case the anti-reflection
layer may be formed directly on the input sensing layer
200 without the aid of an additional adhesive member
(e.g., when the anti-reflection layer is used in place of
the anti-reflection panel 300, the first adhesive member
510 may be omitted).
[0038] The planar structure of the input sensing layer
200 will hereinafter be described with reference to FIG. 3.
[0039] FIG. 3 illustrates the planar shape of the input
sensing layer 200 shown in FIG. 2.
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[0040] Referring to FIG. 3, the input sensing layer 200
may include a plurality of first sensing electrodes IE1-1
through IE1-5 and a plurality of second sensing elec-
trodes IE2-1 through IE2-4. The first sensing electrodes
IE1-1 through IE1-5 may extend in a first direction d1.
The second sensing electrodes IE2-1 through IE2-4 may
extend in a second direction d2. In one embodiment, the
first direction d1 may cross the second direction d2. In
the example embodiment shown in FIG. 3, the first direc-
tion d1 may be a column direction, and the second direc-
tion d2 may be a row direction.
[0041] For example, each of the first sensing elec-
trodes IE1-1 through IE1-5 may include (e.g., may be
connected to) a plurality of first sensing lines SPL1, which
are disposed to form a mesh shape. Areas PA1 defined
by the first sensing lines SPL1 (e.g., defined by openings
in the mesh shape of the first sensing lines SPL1) may
overlap with organic light-emitting layers 150 shown in
FIG. 6, which will be further described later. As used here-
in, the expression "first and second elements overlapping
with each other" or "first and second elements overlap
each other" means that the first and second elements
overlap each other in a vertical direction with respect to
a substrate 110 shown in FIG. 6. The input sensing layer
200 may further include a plurality of first connecting por-
tions CP1, which electrically connect adjacent ones of
the first sensing lines SPL1 to one another.
[0042] Each of the second sensing electrodes IE2-1
through IE2-4 may include a plurality of second sensing
lines SPL2, which are disposed to form a mesh shape.
Areas PA2 defined by the second sensing lines SPL2
(e.g., defined by openings in the mesh shape of the sec-
ond sensing lines SPL2), like the areas PA1 defined by
the first sensing lines SPL1, may overlap the organic
light-emitting layers 150 shown in FIG. 6. The input sens-
ing layer 200 may further include a plurality of second
connecting portions CP2, which electrically connect ad-
jacent ones of the second sensing lines SPL2 to one
another.
[0043] In one embodiment, the areas PA1 defined by
the first sensing lines SPL1 and the areas PA2 defined
by the second sensing lines SPL2 may have a rhombus
shape. As used herein, the term "rhombus shape" in-
cludes not only a substantially perfect rhomboid shape
but also includes an almost or substantially rhomboid
shape in consideration of processing conditions and the
arrangement of the first sensing lines SPL1 and/or the
second sensing lines SPL2.
[0044] The areas PA1 defined by the first sensing lines
SPL1 are electrically insulated from the areas PA2 de-
fined by the second sensing lines SPL2. In one embod-
iment, the first sensing lines SPL1 and the second sens-
ing lines SPL2 may be disposed on the same layer, in
which case, the first connecting portions CP1 may be
disposed on a different layer than the second connecting
portions CP2 and may be electrically insulated from the
second connecting portions CP2. In another embodi-
ment, the first sensing lines SPL1 may be disposed on

a different layer from the second sensing lines SPL2.
[0045] The first sensing lines SPL1 and the second
sensing lines SPL2 may include a conductive material.
In one embodiment, the conductive material may be a
low-resistance metal, such as silver (Ag), aluminum (Al),
chromium (Cr), or nickel (Ni), or a conductive nanoma-
terial, such as silver (Ag) nanowires or carbon nanotubes.
[0046] The input sensing layer 200 may further include
a signal pad unit, which provides signals to the first sens-
ing electrodes IE1-1 through IE1-5 and the second sens-
ing electrodes IE2-1 through IE2-4, and a plurality of sig-
nal lines.
[0047] The relationship between the elements of the
display panel 100 and the elements of the input sensing
layer 200 will hereinafter be further described with refer-
ence to FIGS. 4-7 using the area A of FIG. 3 as a refer-
ence. For convenience, the first sensing lines SPL1 and
the second sensing lines SPL2 will hereinafter be de-
scribed by using the first sensing lines SPL1 disposed in
the area A as an example.
[0048] FIG. 4 is an enlarged plan view of the area A of
FIG. 3. FIGS. 5A and 5B are plan views showing the
layout of elements shown in FIG. 4. FIG. 6 is a cross-
sectional view taken along the line I2-I2’ of FIG. 4, and
FIG. 7 is a cross-sectional view taken along the line I3-
I3’ of FIG. 4.
[0049] FIG. 5A illustrates only the first sensing lines
SPL1 and a common electrode 160 from among the el-
ements disposed in the area A, and FIG. 5B further illus-
trates a black matrix BM to the illustration of FIG. 5A.
FIGS. 4-5B illustrate second openings OP2 in the black
matrix BM for distinction with other elements.
[0050] The elements of the display panel 100 will here-
inafter be described.
[0051] The display panel 100 may include the sub-
strate 110, a via layer 120, a plurality of pixel electrodes
130, a pixel defining film 140, a plurality of organic light-
emitting layers 150, a common electrode 160, and an
encapsulation layer 170.
[0052] The substrate 110 may be an insulating sub-
strate. In one embodiment, the substrate 110 may include
a material, such as glass, quartz, or a polymer resin. The
polymer resin may include polyethersulfone (PES), poly-
acrylate (PA), polyarylate (PAR), polyetherimide (PEI),
polyethylene naphthalate (PEN), polyethylene tereph-
thalate (PET), polyphenylene sulfide (PPS), polyarylate,
polycarbonate (PC), cellulose triacetate (CAT), cellulose
acetate propionate (CAP), or a combination thereof.
[0053] In another embodiment, the substrate 110 may
be a flexible substrate including polyimide (PI) and/or
may have a stack of a plurality of films.
[0054] The via layer 120 may be disposed on the sub-
strate 110. FIGS. 6 and 7 schematically illustrate the via
layer 120 as a layer in which a buffer layer, a plurality of
conductive wires, an insulating layer, and a plurality of
thin-film transistors (TFTs) are disposed. That is, the via
layer 120 may be a stack of a plurality of layers.
[0055] The plurality of thin film transistors (TFTs) may
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include (or be formed used) amorphous silicon, polysili-
con, low-temperature polysilicon (LTPS), an oxide sem-
iconductor, an organic semiconductor, or the like as their
channel layer. The plurality of TFTs may have different
types of channel layers. In one embodiment, a TFT in-
cluding an oxide semiconductor and a TFT including
LTPS may both be included in a single pixel unit in con-
sideration of the functions of the TFTs or the order of
processing.
[0056] The pixel electrodes 130 may be disposed on
the via layer 120. In one embodiment, the pixel electrodes
130 may be anode electrodes. When the pixel electrodes
130 are anode electrodes, the pixel electrodes 130 may
be transparent or translucent electrodes or may be
formed of a reflective material, such as Al, Ag, Cr, or an
alloy thereof. The transparent or translucent electrodes
may include at least one selected from the group con-
sisting of indium tin oxide (ITO), indium zinc oxide (IZO),
zinc oxide (ZnO), indium oxide (In2O3), indium gallium
oxide (IGO), and aluminum-doped zinc oxide (AZO). The
reflective material may include at least one selected from
the group consisting of Ag, magnesium (Mg), Cr, gold
(Au), platinum (Pt), Ni, copper (Cu), tungsten (W), and Al.
[0057] In one embodiment, each of the pixel electrodes
130 may be a single film, but the present disclosure is
not limited thereto. For example, each of the pixel elec-
trodes 130 may be formed as a multilayer film having a
stack of two or more materials.
[0058] When the pixel electrodes 130 are formed as
multilayer films, each of the pixel electrodes 130 may
include a reflective film and a transparent or translucent
electrode disposed on the reflective film. In another em-
bodiment, each of the pixel electrodes 130 may include
a reflective film and a transparent or translucent electrode
disposed below the reflective film. For example, the pixel
electrodes 130 may have a triple-layer structure of
ITO/Ag/ITO, but the present disclosure is not limited
thereto.
[0059] The pixel defining film 140 may be disposed on
the pixel electrodes 130. The pixel defining film 140 may
include a plurality of openings, which at least partially
expose the pixel electrodes 130. The pixel defining film
140 may include an organic material or an inorganic ma-
terial. In one embodiment, the pixel defining film 140 may
include a material, such as photoresist, a polyimide (PI)
resin, an acrylic resin, a silicon compound, or a polyacryl-
ic resin.
[0060] The organic light-emitting layers 150 may be
disposed on the pixel electrodes 130 and the pixel defin-
ing film 140. In one embodiment, the organic light-emit-
ting layers 150 may at least partially cover the sides of
the pixel defining film 140.
[0061] In one embodiment, the organic light-emitting
layers 150 may emit one of red light, blue light, and green
light. In another embodiment, the organic light-emitting
layers 150 may emit white light or one of cyan light, ma-
genta light, and yellow light. When the organic light-emit-
ting layers 150 emit white light, the organic light-emitting

layers 150 may include a white-light-emitting material or
may have a stack including a red-light-emitting layer, a
green-light-emitting layer, and a blue-light-emitting layer.
The organic light-emitting display device 10 may employ
a front emission scheme in which light emitted from the
organic light-emitting layers 150 is provided in an upward
direction (in the example of FIGS. 5A and 5B). In other
embodiments, the organic light-emitting display device
10 may employ a rear emission scheme or a both-side
emission scheme (e.g., a top- and bottom-emission
scheme).
[0062] The common electrode 160 may be disposed
on the organic light-emitting layers 150 and the pixel de-
fining film 140. The common electrode 160 may partially
overlap the first sensing lines SPL1. The regions of over-
lap between the common electrode 160 and the first
sensing lines SPL1 will hereinafter be referred to as over-
lapping regions OA1, and portions of the common elec-
trode 160 that do not overlap the first sensing lines SPL1
will hereinafter be referred to as open regions OA2.
[0063] The common electrode 160 may be disposed
on the organic light-emitting layers 150 and on the pixel
defining film 140. In one embodiment, the common elec-
trode 160 may be a cathode electrode. In one embodi-
ment, the common electrode 160 may include at least
one selected from the group consisting of lithium (Li),
calcium (Ca), lithium fluoride/calcium (LiF/Ca), lithium
fluoride/aluminum (LiF/Al), Al, Ag, and Mg. The common
electrode 160 may be formed of a material having a low
work function. In one embodiment, the common elec-
trode 160 may be a transparent or translucent electrode
including at least one selected from the group consisting
of ITO, IZO, ZnO, In2O3, IGO, and AZO.
[0064] The pixel electrodes 130, the organic light-emit-
ting layers 150, and the common electrode 160 may form
OLEDs.
[0065] The encapsulation layer 170 may be disposed
to face the substrate 110 and may cover the OLEDs. The
encapsulation layer 170 may prevent or reduce the infil-
tration of moisture and air into the OLEDs.
[0066] The encapsulation layer 170 may be formed as
a multilayer film including at least one organic layer and
at least one inorganic layer. In one embodiment, the en-
capsulation layer 170 may include a first inorganic layer,
which is disposed on the common electrode 160, an or-
ganic layer, which is disposed on the first inorganic layer,
and a second inorganic layer, which is disposed on the
organic layer. The first and second inorganic layers of
the encapsulation layer 170 may include at least one se-
lected from the group consisting of silicon oxide (SiOx),
silicon nitride (SiNx), and silicon oxynitride (SiONx). The
organic layer of the encapsulation layer 170 may include
at least one of an acrylic resin, a methacrylic resin,
polyisoprene, a vinyl resin, an epoxy resin, a urethane
resin, a cellulose resin, a siloxane resin, a PI resin, a
polyamide resin, and a perylene resin.
[0067] In another embodiment, the encapsulation layer
170 may include a hexamethyldisiloxane (HMDSO) lay-
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er. When the encapsulation layer 170 includes the HMD-
SO layer, the organic layer of the encapsulation layer
170 may be replaced with the HMDSO layer. In one em-
bodiment, the HMDSO layer may be formed in the same
chamber as the first inorganic layer after the formation
of the first inorganic layer. In this manner, the formation
of the encapsulation layer 170 is simplified.
[0068] In another embodiment, the encapsulation layer
170 may be a transparent insulating substrate. The trans-
parent insulating substrate may be a glass substrate, a
quartz substrate, or a transparent resin substrate. When
the encapsulation layer 170 is a transparent insulating
substrate, the encapsulation layer 170 may be coupled
to the substrate 110 via an additional sealing member.
[0069] The black matrix BM may be disposed on the
encapsulation layer 170. The black matrix BM may be
formed of a dark pigment or dye, such as a black pigment
or dye, a gray pigment or dye, or a light-shielding material,
such as photoresist. The black matrix BM may be dis-
posed to overlap the first sensing lines SPL1 and the
second sensing lines SPL2.
[0070] The black matrix BM may be formed on the en-
tire encapsulation layer 170 and may have the second
openings OP2 therein, which release light emitted by the
organic light-emitting layers 150 outwardly (e.g., which
allow light emitted by the organic light-emitting layers 150
to pass through the black matrix BM). A buffer layer may
be further disposed between the black matrix BM and
the encapsulation layer 170.
[0071] As already mentioned above, because the
black matrix BM is formed on the entire encapsulation
layer 170 and includes the second openings OP2, the
black matrix BM may at least partially overlap the com-
mon electrode 160 and a plurality of conductive lines.
Accordingly, the reflectivity of the organic light-emitting
display device 10 is reduced. As used herein, the term
"reflectivity" is defined as the ratio of the amount of light
reflected by the elements of the organic light-emitting dis-
play device 10 that is emitted outwardly to the amount of
external light provided to (e.g., incident on) the organic
light-emitting display device 10 from the outside of the
organic light-emitting display device 10. The relationship
between the reflectivity of the organic light-emitting dis-
play device 10 and the second openings OP2 in the black
matrix BM will be described later with reference to FIGS.
8-10.
[0072] A planarization layer 180 may be disposed on
the black matrix BM to cover the black matrix BM. The
planarization layer 180 may planarize a height difference
formed by the black matrix BM (e.g., formed by the sec-
ond openings OP2 in the black matrix BM). In one em-
bodiment, the planarization layer 180 may be an organic
layer. For example, the planarization layer 180 may in-
clude at least one of an acrylic resin, a methacrylic resin,
polyisoprene, a vinyl resin, an epoxy resin, a urethane
resin, a cellulose rein, a siloxane resin, a PI resin, a polya-
mide resin, and a perylene resin.
[0073] The first sensing lines SPL1 may be disposed

on the planarization layer 180. The first sensing lines
SPL1 may overlap the black matrix BM and the pixel de-
fining film 140. When the first sensing lines SPL1 com-
pletely overlap the black matrix BM, the first sensing lines
SPL1 may not be viewable to the user.
[0074] The first sensing lines SPL1 may overlap the
common electrode 160 in the overlapping regions OA1,
and the first sensing lines SPL1 may not overlap the com-
mon electrode 160 in areas other than the overlapping
regions OA1, e.g., in the open regions OA2. This will be
further described later with reference to FIGS. 8-10. The
second sensing lines SPL2 and the first connecting por-
tions CP1 may be further disposed on the planarization
layer 180.
[0075] A first insulating layer 210 may be disposed on
the first sensing lines SPL1 and the planarization layer
180. In one embodiment, the first insulating layer 210
may include an inorganic material. The inorganic material
may include at least one selected from the group con-
sisting of SiOx, SiNx, and SiONx. In another embodiment,
the first insulating layer 210 may include an organic ma-
terial. The organic material may include at least one of
an acrylic resin, a methacrylic resin, polyisoprene, a vinyl
resin, an epoxy resin, a urethane resin, a cellulose rein,
a siloxane resin, a PI resin, a polyamide resin, and a
perylene resin.
[0076] A plurality of second connecting portions CP2,
which electrically connect adjacent ones of the second
sensing lines SPL2 to one another, may be disposed on
the first insulating layer 210. The location of the first con-
necting portions CP1 and the location of the second con-
necting portions CP2 may be switched. For example, the
second connecting portions CP2 may be disposed on
the planarization layer 180, and the first connecting por-
tions CP1 may be disposed on the first insulating layer
210. That is, the location of the first connecting portions
CP1 and the location of the second connecting portions
CP2 are not particularly limited as long as the first sensing
lines SPL1 are electrically connected to one another by
the first connecting portions CP1 and the second sensing
lines SPL2 are electrically connected to one another by
the second connecting portions CP2.
[0077] A second insulating layer 220 may be disposed
on the first insulating layer 210. In one embodiment, the
second insulating layer 220 may include an inorganic ma-
terial or an organic material. Examples of the inorganic
material or the organic material that may be used to form
the second insulating layer 220 have been described
above, and thus, a repeated description thereof is omit-
ted. FIGS. 6 and 7 illustrate the first and second insulating
layers 210 and 220 as being single layers, but the present
disclosure is not limited thereto. In other embodiments,
the first and second insulating layers 210 and 220 may
each have a multilayer structure.
[0078] The reflectivity and the viewing angle of the or-
ganic light-emitting display device 10 and the touch sen-
sitivity of the input sensing layer 200 will hereinafter be
described based on a width w1 of the second openings
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OP2 in the black matrix BM, a height h1 of the encapsu-
lation layer 170 (e.g., a height h1 from a top surface of
the pixel defining film 140 to a top surface of the encap-
sulation layer 170), and the overlapping area ratio be-
tween the first sensing lines SPL1 and the common elec-
trode 160.
[0079] First, the width w1 of the second openings OP2
in the black matrix BM and the reflectivity of the organic
light-emitting display device 10 will be described.
[0080] FIG. 8 is a graph showing the relationship be-
tween the reflectivity of an organic light-emitting display
device and the width of openings in a black matrix.
[0081] Referring to FIG. 8, as the width w1 of the sec-
ond openings OP2 in the black matrix BM increases, the
reflectivity of the organic light-emitting display device 10
increases.
[0082] As shown in FIG. 8, the reflectivity of the organic
light-emitting display device 10 varies depending on the
width w1 of the second openings OP2 in the black matrix
BM. In other words, the reflectivity of the organic light-
emitting display device 10 can be modified (or controlled)
by adjusting the width w1 of the second openings OP2
in the black matrix BM.
[0083] The organic light-emitting display device 10
may be designed to have a reflectivity of about 4.66% or
less. To this end, the second openings OP2 in the black
matrix BM may be formed to have a width w1 of about
4.4 mm or less. If the reflectivity of the organic light-emit-
ting display device 10 is too high, the degree of color
separation of reflected light may increase, and as a result,
visibility may be degraded. This will hereinafter be de-
scribed with reference to FIGS. 9A and 9B.
[0084] FIG. 9A shows the distribution of colors of re-
flected light from an organic light-emitting display device
according to a comparative example. FIG. 9B shows the
distribution of colors of reflected light from the organic
light-emitting display device according to an embodiment
of the present disclosure. FIG. 9A shows a comparative
example in which the width of openings in a black matrix
is about 7.2 mm and reflectivity is about 4.73%. On the
other hand, FIG. 9B shows an embodiment of the present
disclosure in which the width w1 of the second openings
OP2 in the black matrix BM is about 4.4 mm and reflec-
tivity is about 4.65%. That is, as already mentioned
above, the reflectivity of the organic light-emitting display
device 10 is lower than the reflectivity of the organic light-
emitting display device according to the comparative ex-
ample because the width w1 of the second openings OP2
in the black matrix BM is smaller in the organic light-
emitting display device 10 than in the organic light-emit-
ting display device according to the comparative exam-
ple. Because the reflectivity of the organic light-emitting
display device according to the comparative example is
relatively high, the degree of color separation of light re-
flected by the organic light-emitting display device ac-
cording to the comparative example may increase, and
as a result, the visibility of the organic light-emitting dis-
play device according to the comparative example may

be degraded.
[0085] The circles c2 of FIG. 9B are more uniformly
distributed in the rectangle t than the circles c1 of FIG.
9A. The rectangle t represents color coordinates. Each
of the circles c1 or c2 represents the color of reflected
light at different inclination angles. When the circles c1
or c2 are uniformly distributed in the rectangle t, the color
of reflected light is uniform, which means that the degree
of color separation of reflected light is small. On the other
hand, when the circles c1 or c2 are widely spread in the
rectangle t, the degree of color separation of reflected
light is large.
[0086] The degree of color separation of reflected light
from the organic light-emitting display device according
to the comparative example is greater than the degree
of color separation of reflected light from the organic light-
emitting display device 10. Thus, by reducing the reflec-
tivity of the organic light-emitting display device 10, the
degree of color separation of reflected light from the or-
ganic light-emitting display device 10 can be reduced as
well, and as a result, the visibility of the organic light-
emitting display device 10 is improved.
[0087] By forming the second openings OP2 in the
black matrix BM to have a width w1 of about 4.4 mm or
less, the reflectivity of the organic light-emitting display
device 10 can be reduced to about 4.65% or less. As a
result, the degree of color separation of reflected light
from the organic light-emitting display device 10 can be
reduced, and the visibility of the organic light-emitting
display device 10 is improved.
[0088] The second openings OP2 in the black matrix
BM may be formed to have a width w1 of about 3.0 mm
or greater. As already mentioned above, the second
openings OP2 in the black matrix BM are emission areas
where light is emitted outwardly from the organic light-
emitting layers 150. Thus, by forming the second open-
ings OP2 in the black matrix BM to have a width w1 of
about 3.0 mm or greater, sufficient emission areas can
be secured.
[0089] In short, the width w1 of the second openings
OP2 may be in a range of about 3.0 mm to about 4.4 mm.
Accordingly, the organic light-emitting display device 10
may have a reflectivity of about 4.6% to about 4.65%. As
the width w1 of the second openings OP2 in the black
matrix BM decreases, the viewing angel of the organic
light-emitting display device 10 also decreases.
[0090] The relationship between the viewing angle of
the organic light-emitting display device 10 and the height
h1 of the encapsulation layer 170 in the above-described
reflectivity condition will hereinafter be described with ref-
erence to FIGS. 4-7, 10A, 10B, and 11.
[0091] FIGS. 10A and 10B are cross-sectional views
for explaining the relationship between the viewing angle
of an organic light-emitting display device and the height
of an encapsulation layer. For convenience, in FIGS. 10A
and 10B, like reference numerals indicate like elements.
[0092] Referring to FIG. 10A, a viewing angle may be
defined as the angle between an imaginary line I1 con-
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necting one side of an organic light-emitting layer 150
and one side of a black matrix BM and an imaginary line
I2 extending vertically from a substrate 110.
[0093] The organic light-emitting display device shown
in FIG. 10A differs from the organic light-emitting display
device shown in FIG. 10B in the height of an encapsula-
tion layer 170’ or 170". Specifically, a height h’ of the
encapsulation layer 170’ shown in FIG. 10A is greater
than a height h" of the encapsulation layer 170" shown
in FIG. 10B. However, a width w1 of second openings
OP2 in the black matrix BM is the same in both of the
organic light-emitting display devices shown in FIGS.
10A and 10B.
[0094] Even when the width w1 of the second openings
OP2 in the black matrix BM is the same in both the organic
light-emitting display devices of FIGS. 10A and 10B, a
viewing angle va1 of the organic light-emitting display
device shown in FIG. 10A may be smaller than a viewing
angle va2 of the organic light-emitting display device
shown in FIG. 10B because the height h’ of the encap-
sulation layer 170’ shown in FIG. 10A is greater than the
height h" of the encapsulation layer 170" shown in FIG.
10B. Thus, the viewing angle of the organic light-emitting
display device 10 can be increased by reducing the height
h1 of the encapsulation layer 170 shown in FIG. 6 in a
given condition regarding the width w1 of the second
openings OP2 in the black matrix BM (e.g., when the
width w1 of the second openings OP2 in the black matrix
BM remains constant).
[0095] Therefore, the viewing angle of the organic light-
emitting display device 10 can be modified (or controlled)
by adjusting the height h1 of the encapsulation layer 170
in the above-described reflectivity condition. In one em-
bodiment, the organic light-emitting display device 10
may be formed to have a viewing angle of 45°. The or-
ganic light-emitting display device 10 will hereinafter be
described as having a viewing angle of, for example, 45°
(even though, in practice, the viewing angle may slightly
vary from 45° due to manufacturing tolerances and the
like). Referring to FIG. 6, the height of the encapsulation
layer 170 is defined as the distance from the top surface
of the pixel defining film 140 to the top surface of the
encapsulation layer 170.
[0096] FIG. 11 is a graph showing the relationship be-
tween the width of openings in a black matrix and the
height of an encapsulation layer when the viewing angle
of an organic light-emitting display device is 45°.
[0097] Referring to FIG. 11, the viewing angle of the
organic light-emitting display device 10 can be modified
(or controlled) by adjusting the width w1 of the second
openings OP2 in the black matrix BM and the height h1
of the encapsulation layer 170. For example, the organic
light-emitting display device 10 may be formed to have
a viewing angle of about 45° when the height h1 of the
encapsulation layer 170 is reduced in accordance with
the decrease of the width w1 of the second openings
OP2 in the black matrix BM.
[0098] As already mentioned above, the second open-

ings OP2 in the black matrix BM may be formed to have
a width w1 of about 3.0 mm to about 4.4 mm in consider-
ation of a reflectivity condition. By forming the encapsu-
lation layer 170 to have a height h1 of about 3.4 mm to
about 6.2 mm in consideration of the width w1 of the sec-
ond openings OP2 in the black matrix BM, the organic
light-emitting display device 10 may be formed to have
a viewing angle of about 45°.
[0099] The touch sensitivity of the input sensing layer
200 will hereinafter be described based on the height h1
of the encapsulation layer 170 and the overlapping area
ratio between the first sensing lines SPL1 and the com-
mon electrode 160. In the description that follows, the
first sensing lines SPL1 are used as a reference, but the
following description may also be applicable to the sec-
ond sensing lines SPL2.
[0100] As already mentioned above, when the height
h1 of the encapsulation layer 170 is reduced, the viewing
angle of the organic light-emitting display device 10 may
be increased. However, referring to FIGS. 7 and 12, as
the height h1 of the encapsulation layer 170 decreases,
a distance h2 between the input sensing layer 200 (e.g.,
the first sensing lines SPL1) and the common electrode
160 decreases. As the distance h2 between the input
sensing layer 200 and the common electrode 160 de-
creases, the influence of the common electrode 160 on
the first sensing lines SPL1 considerably increases (e.g.,
increases exponentially). Thus, the touch sensitivity of
the input sensing layer 200 may be reduced.
[0101] In the organic light-emitting display device 10,
the overlapping area of the first sensing lines SPL1 and
the common electrode 160 may be reduced by removing
portions of the common electrode 160 (e.g., by forming
the common electrode 160 to have open areas). In this
manner, the touch sensitivity of the input sensing layer
200 may not be reduced or substantially reduced due to
the influence of the common electrode 160.
[0102] The overlap of the first sensing lines SPL1 and
the common electrode 160 will hereinafter be described
with reference to FIGS. 12-14.
[0103] FIG. 12 shows a plan view of the area B of FIG.
4 and a cross-sectional view taken along the line 111-111’
of FIG. 12. FIG. 13 shows a plan view of the area B of
FIG. 4 and a cross-sectional view taken along the line
II2-II2’ of FIG. 13. FIG. 14 is a table showing relative static
capacitance values for different encapsulation layer
heights and for different overlapping area ratios.
[0104] For convenience, referring to FIGS. 12 and 13,
each rectangular area defined by the first sensing lines
SPL1 will hereinafter be referred to as a pixel region PG,
and four sides of the pixel region PG may substantially
coincide with the sides of the first sensing lines SPL1 that
define the pixel region PG. The pixel region PG illustrated
in FIG. 12 and the pixel region PG illustrated in FIG. 13
are the same except for the direction in which they are
arranged in a plan view.
[0105] Referring to FIG. 14, values less than 100% in-
dicate an improved touch sensitivity with small static ca-
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pacitance, and a value greater than 100% indicate a de-
graded touch sensitivity because of high static capaci-
tance.
[0106] As already mentioned above, even when the
distance h2 between the common electrode 160 and the
first sensing lines SPL1 is reduced, a decrease of touch
sensitivity can be prevented or reduced by reducing the
overlapping regions OA1 between the common electrode
160 and the first sensing lines SPL1.
[0107] The area of the overlapping regions OA1 may
be represented by the overlapping area ratio between
first sensing lines SPL1 disposed in a pixel region PG
and the common electrode 160. That is, the overlapping
area ratio between the first sensing lines SPL1 and the
common electrode 160 may be defined as the ratio by
which first sensing lines SPL1 (or second sensing lines
SPL2) disposed in each pixel region PG overlap the com-
mon electrode 160. For example, the overlapping area
ratio between the first sensing lines SPL1 and the com-
mon electrode 160 may be 100% when the first sensing
lines SPL1 completely overlap the common electrode
160 in each pixel region PG. On the other hand, the over-
lapping area ratio between the first sensing lines SPL1
and the common electrode 160 may be 0% when the first
sensing lines SPL1 do not overlap the common electrode
160 in each pixel region PG.
[0108] Because portions of the common electrode 160
need to be electrically connected, the common electrode
160 may not be arranged in an island-like manner. Also,
because a common voltage is applied to the common
electrode 160, resistance may not be considered. Ac-
cordingly, the overlapping area ratio between the first
sensing lines SPL1 and the common electrode 160 can
be set to about 2.5% or greater.
[0109] As already mentioned above, the encapsulation
layer 170 may be formed to have a height h1 of about
3.4 mm to about 6.2 mm in consideration of the width w1
of the second openings OP2 in the black matrix BM and
the viewing angle of the organic light-emitting display de-
vice 10.
[0110] Referring to FIG. 14, the overlapping area ratio
between the first sensing lines SPL1 and the common
electrode 160 may be set to about 2.5% to about 77.5%
in consideration of conditions regarding the height h1 of
the encapsulation layer 170 and a minimum overlapping
area ratio. For example, when the height h1 of the en-
capsulation layer 170 is about 3.4 mm, the overlapping
area ratio between the first sensing lines SPL1 and the
common electrode 160 may be set to about 2.5% to about
42.5%. Also, when the height h1 of the encapsulation
layer 170 is about 6.2 mm, the overlapping area ratio
between the first sensing lines SPL1 and the common
electrode 160 may be set to about 2.5% to about 77.5%.
[0111] The overlapping area ratio between the first
sensing lines SPL1 and the common electrode 160 has
been described above using a single pixel region PG as
a reference, but the overlapping area ratio may be set to
about 2.5% to about 77.5% in all of the pixel regions PG.

[0112] Thus, even when the height h1 of the encapsu-
lation layer 170 is reduced in consideration of the viewing
angle of the organic light-emitting display device 10, a
decrease of touch sensitivity can be prevented or re-
duced by removing at least a portion of the common elec-
trode 160 that overlaps with the first sensing lines SPL1.
A method to form the common electrode 160 is not par-
ticularly limited. In one embodiment, the common elec-
trode 160 may be formed by a fine metal mask (FMM)
process.
[0113] In one embodiment, two overlapping regions
OA1 are provided in one pixel region PG, but the present
disclosure is not limited thereto. This will hereinafter be
described with reference to FIG. 15.
[0114] FIG. 15 is a plan view illustrating a pixel region
of an organic light-emitting display device according to
another embodiment of the present disclosure.
[0115] Referring to FIG. 15, the number of overlapping
regions OA3 between a plurality of first sensing lines
SPL1 and a common electrode 160’ is not particularly
limited. For example, four overlapping regions OA3 may
be provided between the first sensing lines SPL1 and the
common electrode 160’ in one pixel region PG.
[0116] That is, the locations, the number, and the
shape of the overlapping regions OA3 are not particularly
limited as long as the overlapping area ratio between the
first sensing lines SPL1 and the common electrode 160’
falls within the range of about 2.5% to about 77.5%.

Claims

1. An organic light-emitting display device comprising:

a substrate;
a pixel electrode on the substrate;
a pixel defining film on the pixel electrode and
having a first opening at least partially exposing
the pixel electrode;
an organic light-emitting layer on the exposed
portion of the pixel electrode;
a common electrode on the organic light-emit-
ting layer and the pixel defining film;
an encapsulation layer on the common elec-
trode;
a black matrix on the encapsulation layer and
having a second opening overlapping the first
opening; and
a plurality of first sensing lines on the black ma-
trix and surrounding the pixel electrode in a plan
view to define a pixel region, at least portions of
the first sensing lines defining the pixel region
do not overlap the common electrode in the pixel
region.

2. An organic light-emitting display device according to
claim 1, wherein a width of the second opening in
the black matrix is in a range of 3.0 mm to 4.4 mm.
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3. An organic light-emitting display device according to
claim 1 or 2, wherein a height of the encapsulation
layer is in a range of 3.4 mm to 6.2 mm.

4. An organic light-emitting display device according to
claim 1, 2 or 3, wherein an overlapping area ratio
between the first sensing lines and the common elec-
trode is in a range of 2.5% to 77.5%.

5. An organic light-emitting display device according to
any preceding claim, wherein, in the pixel region, the
first sensing lines and the common electrode overlap
each other at a plurality of regions.

6. An organic light-emitting display device according to
any preceding claim, wherein the black matrix is di-
rectly on the encapsulation layer.

7. An organic light-emitting display device according to
any preceding claim, wherein the black matrix com-
pletely overlaps the first sensing lines.

8. An organic light-emitting display device according to
any preceding claim, wherein the encapsulation lay-
er comprises at least one of an organic layer and at
least one of an inorganic layer.

9. An organic light-emitting display device according to
any preceding claim, wherein the first sensing lines
are arranged in a mesh shape.

10. An organic light-emitting display device according to
claim 1, wherein an angle between a first imaginary
line connecting one side of the organic light-emitting
layer to one side of the second opening in the black
matrix and a second imaginary line extending verti-
cally from the substrate is 45°.

11. An organic light-emitting display device according to
any preceding claim,
comprising an input sensing layer, the input sensing
layer comprising the plurality of first sensing lines,
the first sensing lines having first regions that overlap
the common electrode and second regions that do
not overlap the common electrode.

12. An organic light-emitting display device according to
claim 11, wherein the input sensing layer is directly
on a display panel of the display device.
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