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(57) ABSTRACT

An organic light-emitting diode (OLED) display is disclosed.
In one aspect, the display includes a substrate and a display
layer formed over the substrate and including a pixel area and
anon-pixel area. The display also includes an upper thin layer
formed over the display layer, wherein the upper thin layer
comprises at least first and second conductive layers and a
dielectric layer formed between the first and second conduc-
tive layers, wherein the second conductive layer is closer to
the substrate than the first conductive layer, and wherein the
first and second conductive layers are patterned as a touch
electrode. The display further includes a light absorbing
member at least partially overlapping the non-pixel area and
not overlapping the pixel area.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0050305 filed in the
Korean Intellectual Property Office on Apr. 25, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display.

[0004] 2. Description of the Related Technology

[0005] Among image display devices, an organic light-
emitting diode display (OLED) is a self-light-emitting type
and therefore does not need to include a separate light source.
Therefore, OLED technology is advantageous in terms of
power consumption, and has excellent response speed, view-
ing angle, and contrast ratio.

[0006] AnOLED display includes a plurality of pixels rep-
resenting primary colors, and thus a full color palette is real-
ized by combining these pixels. Each pixel includes an OLED
and a plurality of thin film transistors to drive the OLED.
[0007] Each OLED pixel includes a pixel electrode, a com-
mon electrode, and a light-emitting layer formed therebe-
tween. One of the pixel electrode and the common electrode
is an anode electrode and the other is a cathode electrode. The
common electrode is formed over the plurality of pixels and
may deliver a constant voltage. The OLED display combines
electrons injected from the cathode electrode with holes
injected from the anode electrode in the light-emitting layer
to form excitons, and emits light while the excitons emits
energy.

[0008] The OLED display may be divided into a bottom
emission type which emits light to arear surface of a substrate
and a top emission type which emits light to a front surface of
the substrate. In the case of the top emission type of OLED
display, the common electrode is formed of a transparent
conductive material.

[0009] In the top emission type OLED display, internal
light emitted from the light-emitting layer therein is mostly
emitted outside the OLED display, but external light incident
from the surroundings is partially reflected from various lay-
ers of the OLED display, and therefore an image may not be
displayed properly. In particular, since a black visual charac-
teristic deteriorates and thus a contrast ratio deteriorates, a
polarizer is generally attached around an interface at which
the OLED display meets the external environment to reduce
the reflection of external light. As the polarizer, a linear polar-
izer and a circular polarizer including a %4 wave retarder are
generally used.

[0010] Display devices having a touch sensor capability are
being commercially developed. The touch sensing function
means a function of sensing touch information on whether
external objects such as a finger and a touch pen touch a
screen, a touched position, or the like, when the external
objects access or touch a screen. For the touch sensing func-
tion, a touch electrode layer including a plurality of touch
electrodes may be formed. The touch electrode layer also
increases thickness of the display device.
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[0011] Owing to the polarizer and the touch electrode lay-
ers, the thickness of the display device increases. The increase
in the thickness of the display device may increase a thickness
of a final product and make it difficult to implement a flexible
display device.

[0012] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0013] One inventive aspect is an OLED display having a
touch sensing function and that is capable of preventing a
light leakage phenomenon due to reflection of external light
while reducing a thickness thereof.

[0014] Another aspect is an OLED display, including: a
substrate; a display layer formed on the substrate and includ-
ing a pixel area and a non-pixel area; an upper thin layer
formed on the display layer and including at least two con-
ductive layers and a dielectric layer therebetween, a first
conductive layer of the at least two conductive layers and a
second conductive layer formed below the first conductive
layer being patterned as atouch electrode; and a light absorb-
ing member formed to overlap the non-pixel area without
overlapping the pixel area.

[0015] The first conductive layer may include a plurality of
first touch electrodes which are arranged in a first direction
and a plurality of first dummy patterns which are arranged in
a second direction intersecting the first direction and sepa-
rated from the plurality of first touch electrodes, and the
plurality of first touch electrodes may be connected to each
other in the first direction.

[0016] The second conductive layer includes a plurality of
second touch electrodes which are arranged in the second
direction and a plurality of second dummy patterns which are
arranged in the first direction and separated from the plurality
of second touch electrodes, and the plurality of second touch
electrodes are connected to each otherin the second direction.

[0017] The plurality of first touch electrodes of the first
conductive layer may substantially overlap the plurality of
second dummy patterns of the second conductive layer, and
the plurality of first dummy patterns of the first conductive
layer may substantially overlap the plurality of second touch
electrodes of the second conductive layer.

[0018] Each dummy pattern of the first conductive layer
may be connected to each of the second touch electrodes of
the second conductive layer which overlaps the first conduc-
tive layer.

[0019] The dummy pattern of the first conductive layer and
the second touch electrode of the second conductive layer
may be connected to each other through a contact hole which
is formed in the dielectric layer between the first conductive
layer and the second conductive layer.

[0020] The first touch electrode and the second touch elec-
trode may form a mutual sensing capacitor.

[0021] The OLED display may further include a third con-
ductive layer formed below the second conductive layer, and
the third conductive layer may be substantially equally pat-
terned to the second conductive layer.

[0022] The third conductive layer may be patterned so as to
not overlap the pixel area.
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[0023] Thethird conductive layer may have a greater thick-
ness than that of the first conductive layer and the second
conductive layer.

[0024] The OLED display may further include an encapsu-
lation layer formed between the display layer and the upper
thin layer.

[0025] Theupper thin layer may further include a dielectric
layer which is formed on the first conductive layer.

[0026] The light absorbing member may be formed
between the encapsulation layer and the upper thin layer, the
light absorbing member may be formed between the display
layer and the encapsulation layer, or the light absorbing mem-
ber may be formed on the upper thin layer.

[0027] The light absorbing member may include a material
selected from carbon black, ink, CrOx/Cr, MoOx/Mo,
Nb,O5/Mo, and CuOx.

[0028] The OLED display may further include an encapsu-
lation substrate formed on the upper thin layer, and the first
conductive layer may contact the encapsulation substrate.
The light absorbing member may be formed to overlap the
non-pixel area which is not covered by the first and second
conductive layers when viewed from the top.

[0029] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate; a display layer
formed over the substrate and including a pixel area and a
non-pixel area; an upper thin layer formed over the display
layer, wherein the upper thin layer comprises at least first and
second conductive layers and a dielectric layer formed
between the first and second conductive layers, wherein the
second conductive layer is closer to the substrate than the first
conductive layer, and wherein the first and second conductive
layers are patterned as a touch electrode; and a light absorbing
member at least partially overlapping the non-pixel area and
not overlapping the pixel area.

[0030] In the above display, the first conductive layer
includes a plurality of first touch electrodes arranged in a first
direction and a plurality of first dummy patterns arranged in a
second direction crossing the first direction and separated
from the first touch electrodes, and wherein the first touch
electrodes are connected to each other in the first direction. In
the above display, the second conductive layer includes a
plurality of second touch electrodes arranged in the second
direction and a plurality of second dummy patterns arranged
in the first direction and separated from the second touch
electrodes, and wherein the second touch electrodes are con-
nected to each other in the second direction. In the above
display, the first touch electrodes of the first conductive layer
substantially overlap the second dummy patterns of the sec-
ond conductive layer, and the first dummy patterns of the first
conductive layer substantially overlap the second touch elec-
trodes of the second conductive layer. In the above display,
each durmmy pattern of the first conductive layer is connected
to each of the second touch electrodes of the second conduc-
tive layer which at least partially overlaps the first conductive
layer.

[0031] In the above display, the dummy pattern of the first
conductive layer and the second touch electrode of the second
conductive layer are connected to each other through a con-
tact hole which is formed in the dielectric layer between the
first conductive layer and the second conductive layer. In the
above display, the first touch electrode and the second touch
electrode form a mutual sensing capacitor. The above display
further comprises: a third conductive layer formed below the
second conductive layer, wherein the third conductive layer is
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substantially equally patterned in thickness toward the sec-
ond conductive layer. In the above display, the third conduc-
tive layer is patterned so as to notoverlap the pixel area. In the
above display, the third conductive layer has a thickness
greater than that of the first conductive layer and the second
conductive layer. The above display further comprises: an
encapsulation layer formed between the display layer and the
upper thin layer.

[0032] In the above display, the upper thin layer further
includes a dielectric layer which is formed over the first
conductive layer. In the above display, the light absorbing
member is formed between the encapsulation layer and the
upper thin layer. In the above display, the light absorbing
member is formed between the display layer and the encap-
sulation layer. In the above display, the light absorbing mem-
ber is formed over the upper thin layer. In the above display,
the light absorbing member is formed of one or more of the
following: carbon black, ink, CrOx/Cr, MoOx/Mo, Nb,O./
Mo, and CuOx. The above display further comprises: an
encapsulation substrate formed over the upper thin layer,
wherein the first conductive layer contacts the encapsulation
substrate. In the above display, the light absorbing member at
least partially overlaps the non-pixel area which is not cov-
ered by the first and second conductive layers when viewed
from the top.

[0033] Another aspect is an organic light-emitting diode
(OLED)display, comprising: a pixel area and a non-pixel area
formed in and over a substrate; first and second conductive
layers, wherein the second conductive layer is closer to the
substrate than the first conductive layer, and wherein the first
and second conductive layers form a touch electrode; a
dielectric layer formed between the first and second conduc-
tive layers; and a light absorbing member at least partially
overlapping the non-pixel area and not overlapping the pixel
area.

[0034] In the above display, each of the first and second
conductive layers comprises 1) a plurality of touch electrodes
arranged and connected to each other in a first direction and ii)
a plurality of dummy patterns arranged in a second direction
crossing the first direction and separated from the touch elec-
trodes.

[0035] According to at least one of the disclosed embodi-
ments, it is possible to reduce the thickness of the display
device by not allowing the thick polarization layer to perform
the anti-reflection function of external light but allowing the
multi-layered thin film to perform the anti-reflection function
of external light, and it is possible to further reduce the thick-
ness of the display device and the number of manufacturing
processes by using the conductive layer of the multi-layered
thin film as the touch electrode layer.

[0036] In addition, it is possible to improve visibility by
minimizing the light leakage phenomenon due to the reflec-
tion of external light which may be generated in a gap area
between the patterns by patterning the touch electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 11is an equivalent circuit diagram of one pixel
of an OLED display according to an embodiment.

[0038] FIG. 2 is a layout view of one pixel of the OLED
display according to an embodiment.

[0039] FIG. 3is across-sectional view ofthe OLED display
illustrated in FIG. 2 taken along the line A-A.

[0040] FIG. 4isa plan view of a top thin layer of the OLED
display according to an embodiment.
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[0041] FIG. 5 is a cross-sectional view of the upper thin
layer illustrated in FIG. 4 taken along the line B-B.

[0042] FIG. 6is a comparison graph of anti-reflection capa-
bility of the upper thin layer illustrated in FIG. 4 with that of
a general polarizer.

[0043] FIG.7isaplanview of a first conductive layer of the
upper thin layer illustrated in FIG. 4.

[0044] FIG. 8isa plan view of a second conductive layer of
the upper thin layer illustrated in FIG. 4.

[0045] FIG. 9is a plan view of a third conductive layer of
the upper thin layer illustrated in FIG. 4.

[0046] FIG.101s a cross-sectional view taken along a posi-
tion corresponding to the line C-C of FIG. 9 in the OLED
display according to an embodiment.

[0047] FIGS.11to13 are cross-sectional views taken along
a position corresponding to the line D-D of FIG. 9 in the
OLED display according to some embodiments.

[0048] FIGS. 14 and 15 are each cross-sectional views
taken along the positions corresponding to the lines C-C and
D-D of FIG. 9 in the OLED display according to an embodi-
ment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0049] In the following detailed description, only certain
exemplary embodiments have been shown and described,
simply by way of illustration. As those skilled in the art would
realize, the described embodiments may be modified in vari-
ous different ways, all without departing from the spirit or
scope of the present invention.

[0050] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present. In this dis-
closure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those skilled
in the art. Moreover, “formed on” can also mean “formed
over.” The term “connected” includes an electrical connec-
tion. Hereinafter, an OLED display according to an embodi-
ment will be described with reference to the accompanying
drawings.

[0051] Referring to FIG. 1, the OLED display includes a
plurality of signal lines 121, 171, and 172 and a plurality of
pixels PXs which are connected thereto and arranged sub-
stantially in a matrix form.

[0052] The signal line includes a plurality of gate lines 121
which transfer gate signals, a plurality of data lines 171 which
transfer data signals, and a plurality of driving voltage lines
172 which transfer a driving voltage VDD. The gate lines 121
extend approximately in a row direction and are substantially
parallel with each other, and the driving voltage lines 172
extend approximately in a column direction and are substan-
tially parallel with each other. The gate signal and the data
signal may be applied through a display controller.

[0053] Each pixel PX includes a switching thin film tran-
sistor Qs, a driving thin film transistor Qd, a sustain capacitor
Cst, and an OLED.
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[0054] The switching thin film transistor Qs includes a
control terminal, an input terminal, and an output terminal.
The control terminal is connected to the gate line 121, the
input terminal is connected to the data line 171, and the output
terminal is connected to the driving thin film transistor Qd.
The switching thin film transistor Qs transfers the data signal
applied to the data line 171 to the driving thin film transistor
Qd in response to the gate signal applied to the gate line 121.

[0055] The driving thin film transistor Qd also includes a
control terminal, an input terminal, and an output terminal.
The control terminal is connected to the switching thin film
transistor Qs, the input terminal is connected to the driving
voltage line 172, and the output terminal is connected to the
OLED. The driving thin film transistor Qd transfers an output
current Id of which a magnitude varies depending on a voltage
applied between the control terminal and the output terminal.

[0056] The sustain capacitor Cst is connected between the
control terminal and the input terminal of the driving thin film
transistor Qd. The sustain capacitor Cst charges the data
signal applied to the control terminal of the driving thin film
transistor Qd and maintains the charged data signal even after
the switching thin film transistor Qs is turned off.

[0057] The OLED display includes an anode which is con-
nected to the output terminal of the driving thin film transistor
Qd and a cathode which is connected to a common voltage
VSS. The OLED display displays an image by emitting light
of which the strength varies depending on an output current Id
of the driving thin film transistor Qd. The OLED display
includes an organic material which may uniquely emit any
one of primary colors such as three primary colors of red,
green, and blue or at least one light, or an organic material
which emits white, and the OLED display displays a desired
image by a spatial sum of these colors.

[0058] The switching thin film transistor Qs and the driving
thin film transistor Qd may be an n-channel field effect tran-
sistor (FET) or a p-channel field effect transistor. A connec-
tion relationship among the switching and driving thin film
transistors Qs and Qd, the storage capacitor Cst, and the
OLED display may be changed.

[0059] Referring to FIGS. 2 and 3, the OLED display
includes a substrate 100 and a display layer 200 which is
formed on the substrate 100.

[0060] The substrate 100 may be a transparent insulating
substrate formed of transparent glass, plastic, and the like. In
the case of a flexible display device, the substrate 100 may be
a flexible substrate formed of a transparent polymer film. For
example, the substrate 100 may be formed of a thermoplastic
semicrystalline polymer such as polyethylene terephthalate
(PET), polyethylene naphthalate (PEN), and polyethylene
ether ketone (PEEK), a thermoplastic amorphous polymer
such as polycarbonate (PC) and polyethylene sulfonate
(PES), and a plastic such as polyimide (PI) and polyarylate
(PAR) having relatively high heat resistance.

[0061] The display layer 200 includes a buffer layer 110,
switching and driving semiconductor layers 154a and 1545, a
gate insulating layer 140, the gate line 121, a first capacitor
plate 128, an interlayer insulating layer 160, the data line 171,
the driving voltage line 172, a switching drain electrode 1754,
a driving drain electrode 1755, and a passivation layer 180.
The display layer 200 also includes the OLED display and a
pixel defining layer 250.

[0062] Thebuffer layer 110 may be formed on the substrate
100 and may include a silicon nitride (SiNx), a silicon oxide
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(SiOx), a silicon oxynitride (SiOxNy), and the like, and may
be formed in a single layer or a multilayer

[0063] The buffer layer 110 serves to prevent impurities,
moisture, or external air degrading semiconductor character-
istics from permeating and serves to planarize the surface.
According to the exemplary embodiment of the present
invention, the buffer layer 110 may be formed in the substrate
100. For example, the substrate 100 may have a structure in
which the polymer film (plastic layer) and the buffer layer are
alternately stacked as a multilayer.

[0064] The switching semiconductor layer 154a and the
driving semiconductor layer 1545 are formed on the buffer
layer 110, and are spaced apart from each other. The switch-
ing semiconductor layer 154a and the driving semiconductor
layer 1545 are formed of polycrystalline silicon, and include
channel regions 1545a and 15455, source regions 15464 and
15465, and drain regions 1547a and 1547b. The source
regions 15464 and 15465 and the drain regions 1547a and
15475 are formed at respective sides of the channel regions
15454 and 15455.

[0065] The channel regions 15454 and 15456 are intrinsic
semiconductors which are not doped with an impurity, and
the source regions 1546a and 15465 and the drain regions
1547a and the 15475 are impurity semiconductors which are
doped with a conductive impurity.

[0066] The gate insulating layer 140 is formed on the chan-
nel regions 15454 and 15455 of the switching semiconductor
layer 154a and the driving semiconductor layer 1545. The
gate insulating layer 140 may be formed in a single layer or a
multilayer which includes at least one of a silicon nitride and
a silicon oxide.

[0067] Thegateline 121 and the first capacitor plate 128 are
formed on the gate insulating layer 140.

[0068] The gate line 121 extends in a horizontal direction to
transfer the gate signal, and includes a switching gate elec-
trode 124a which protrudes from the gate line 121 to the
switching semiconductor layer 154a. The first capacitor plate
128 includes a driving gate electrode 1245 which protrudes
from the first capacitor plate 128 to the driving semiconductor
layer 1545. The switching gate electrode 124a and the driving
gate electrode 1245 respectively overlap the channel regions
1545a and 15455.

[0069] The interlayer insulating layer 160 is formed on the
gate line 121, the first capacitor plate 128, and the buffer layer
110. The interlayer insulating layer 160 is provided with a
switching source contact hole 61a and a switching drain
contact hole 62a through which the source region 15464 and
the drain region 1547a of the switching semiconductor layer
1544 are each exposed. Further, the interlayer insulating layer
160 is provided with a driving source contact hole 615 and a
driving drain contact hole 624 through which the driving
semiconductor layer 1544, the source region 15465, and the
drain region 15475 are each exposed.

[0070] The data line 171, the driving voltage line 172, the
switching drain electrode 1754, and the driving drain elec-
trode 1756 are formed on the interlayer insulating layer 160.
[0071] The data line 171 transfers the data signal and
extends in an intersecting direction with the gate line 121, and
includes a switching source electrode 173a which protrudes
toward the switching semiconductor layer 1544 from the data
line 171.

[0072] The driving voltage line 172 transfers the driving
voltage, is separated from the data line 171, and extends in the
same direction as the data line 171. The driving voltage line
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172 includes a driving source electrode 17354 which protrudes
toward the driving semiconductor layer 1545 from the driving
voltage line 172, and a second capacitor plate 178 which
protrudes from the driving voltage line 172 to overlap the first
capacitor plate 128. The first capacitor plate 128 and the
second capacitor plate 178 form the storage capacitor Cst
using the interlayer insulating layer 160 as a dielectric mate-
rial.

[0073] The switching drain electrode 175a faces the
switching source electrode 173a and the driving drain elec-
trode 1755 faces the driving source electrode 1735.

[0074] The switching source electrode 173¢ and the
switching drain electrode 175a are each connected to the
source region 1546a and the drain region 1547a ofthe switch-
ing semiconductor layer 154a through the switching source
contact hole 61a and the switching drain contact hole 62a.
Further, the switching drain electrode 1754 is electrically
connected to the first capacitor plate 128 and the driving gate
electrode 1245 through a first contact hole 63 which extends
to be formed in the interlayer insulating layer 160.

[0075] The driving source electrode 1735 and the driving
drain electrode 1755 are respectively connected to the source
region 15465 and the drain region 15475 of the driving semi-
conductor layer 1545 through the driving source contact hole
615 and the driving drain contact hole 624.

[0076] The switching semiconductor layer 154a, the
switching gate electrode 124a, the switching source electrode
173a, and the switching drain electrode 1754 form the switch-
ing thin film transistor Qs, and the driving semiconductor
layer 1545, the driving gate electrode 124, the driving source
electrode 1735, and the driving drain electrode 1755 form the
driving thin film transistor Qd.

[0077] The passivation layer 180 is formed on the data line
171, the driving voltage line 172, the switching drain elec-
trode 1754, and the driving drain electrode 1755. The passi-
vation layer 180 is provided with a second contact hole 185
which exposes the driving drain electrode 1754.

[0078] The OLED and the pixel defining layer 250 are
formed on the passivation layer 180.

[0079] The OLED includes a pixel electrode 191, an
organic light-emitting layer 260, and a common electrode
270.

[0080] The pixel electrode 191 is formed on the passivation
layer 180 and is electrically connected to the driving drain
electrode 1756 of the driving thin film transistor Qd through
the second contact hole 185 formed on the interlayer insulat-
ing layer 160. The pixel electrode 191 becomes the anode of
the OLED. The pixel electrode 191 may be formed of a
reflective metal such as lithium (Li), calcium (Ca), lithium
fluoride/calcium (LiF/Ca), lithium fluoride/aluminum (LiF/
Al), aluminum (Al), silver (Ag), magnesium (Mg), and gold
(Auw).

[0081] The pixel defining layer 250 is formed on an edge
portion of the pixel electrode 191 and the passivation layer
180. The pixel defining layer 250 has an opening through
which the pixel electrode 191 is exposed. When viewed from
the top, an area in which the pixel defining layer 250 is formed
may correspond to a non-pixel area, and the opening through
which the pixel electrode 191 is exposed may correspond to a
pixel area. The pixel defining layer 250 may be formed of a
resin such as polyacrylates and polyimides.

[0082] The organic light-emitting layer 260 is formed on
the pixel electrode 191 within the opening of the pixel defin-
ing layer 250. The organic light-emitting layer 260 includes
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the light-emitting layer and is formed as a multilayer includ-
ing atleast one of a hole injection layer (HIL), a hole transport
layer (HTL), an electron transport layer (ETL), and an elec-
tron injection layer (EIL). When the organic light-emitting
layer 260 includes both of them, the hole injection layer is
formed on the pixel electrode 191 which is the anode, and the
hole transport layer, the light-emitting layer, the electron
transport layer, and the electron injection layer may be
sequentially stacked thereon.

[0083] The organic light-emitting layer 260 may include a
red organic light-emitting layer, a green organic light-emit-
ting layer, and a blue organic light-emitting layer which emit
red, green, and blue colors, respectively, in which the red
organic light-emitting layer, the green organic light-emitting
layer, and the blue organic light-emitting layer are formed in
ared pixel, a green pixel, and a blue pixel to implement color
images. The organic light-emitting layer 260 may implement
the color images by stacking the red organic light-emitting
layer, the green organic light-emitting layer, and the blue
organic light-emitting layer in all of the red pixel, the green
pixel, and the blue pixel and forming a red filter, a green filter,
and a blue filter for each pixel.

[0084] The common electrode 270 is formed on the pixel
defining layer 250 and the organic light-emitting layer 260.
The common electrode 270 is formed by thinly stacking
metals such as lithium, calcium, lithium fluoride/calcium,
lithium fluoride/aluminum, aluminum, silver, magnesium,
gold, or the like so as to have light transmittance, or may be
formed of transparent conductive materials such as ITO, 1ZO,
7Zn0, In,0;, and the like. The common electrode 270
becomes the cathode of the light-emitting device LD.

[0085] An encapsulation layer 300 is formed on the com-
mon electrode 270. The encapsulation layer 300 encapsulates
the light-emitting device LD to be able to prevent moisture
and/or oxygen from permeating from the outside. The encap-
sulation layer 300 may include a plurality of encapsulating
thin films. For example, the encapsulation layer 300 may
include at least one inorganic layer (not illustrated) and at
least one organic layer (not illustrated), in which the inorganic
layer and the organic layer may be alternately stacked.
[0086] The inorganic layer may be a single layer or a mul-
tilayer which includes a metal oxide or a metal nitride. For
example, the inorganic layer may include any one of a silicon
nitride (SiNx), an aluminum oxide (AlOx), a silicon oxide
(8i0x), and a titanium oxide (TiOx). An uppermost layer
exposed to the outside in the encapsulation layer 300 may be
formed of the inorganic layer to prevent water from perme-
ating into the light-emitting device LD.

[0087] The organic layer is formed of polymer and may be,
for example, a single layer or a multilayer which is formed of
any one of polyethylene terephthalate (PET), polyimide (PT),
polycarbonate (PC), epoxy, polyethylene (PE), and polvacry-
late (PA).

[0088] An upper thin layer 400 is formed on the encapsu-
lation layer 300. The upper thin layer 400 serves as an anti-
reflection layer which reduces reflection of external light to
improve a contrast ratio and visibility. The upper thin layer
400 also serves as a touch electrode layer which may sense a
touch of external objects. Therefore, the organic light-emit-
ting diode display according to the exemplary embodiment of
the present invention does not require a thick polarizer which
is generally used to reduce the reflection of external light, and
the upper thin layer serves as the anti-reflection and the touch
electrode layer. Removing the thick polarizer including a
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stretched film is advantageous in implementing the flexible
display device, in particular, a foldable display device.
[0089] Hereinafter, the upper thin layer 400 according to an
exemplary embodiment of the present invention will be
described in detail with reference to FIGS. 4t0 9.

[0090] Referring to FIGS. 4 and 5, the upper thin layer 400
may include at least one conductive layer and at least one
dielectric layer which are alternately stacked. For example, as
illustrated in FIG. 5, the upper thin layer 400 may include a
first dielectric layer 431, a first conductive layer 411, a second
dielectric layer 432, and a second conductive layer 412 from
the top.

[0091] The first and second conductive layers 411 and 412
may include metals such as Cr, Ti, Mo, Co, Ni, W, Al, Ag, Au,
Cu, Fe, Mg, and Pt, or alloys thereof, and may be metal layers.
The first and second conductive layers 411 and 412 may have
a thickness of several to tens of nanometers, for example,
about 3 to 20 nm. The thickness of the first conductive layer
411 may be equal to that of the second conductive layer 412.

[0092] The first and second dielectric layers 431 and 432
may include an oxide such as SiO,, Al,O;, SnO,, ITO, 170,
Zn0, Ta,0s4, Nb,Os, HfO,, TiO,, and In,O;, and may also
include SiN_, MgF,, CaF,, and the like. The thickness of the
first and second dielectric layers 431 and 432 may be con-
trolled to cause optical destructive interference and may be,
for example, tens to hundreds of nanometers. The first and
second dielectric layers 431 and 432 may serve to control a
phase difference of light and compensate for a phase.

[0093] As described above, the upper thin layer 400 includ-
ing a plurality of layers uses the destructive interference phe-
nomenon to be able to reduce the reflection of external light,
thereby improving the contrast ratio and visibility of the
image. In detail, the external light reflected from the inside of
the OLED display and light reflected from an inter-layer
interface surface of the upper thin layer 400 destructively
interfere with each other or are absorbed when transmitting
through the conductive lavers 411 and 412 to be able to reduce
the reflected external light emitted to the outside.

[0094] A third conductive layer 413 that is thicker than the
second conductive layer 412 may be formed below the second
conductive layer 412 while contacting the second conductive
layer 412. The third conductive layer 413 may be formed to
further reduce light transmittance to, for example, about 10%
or less, and may be patterned only in the non-pixel area so as
to not hinder the internal light emitted from the OLED from
being emitted outside the display device. In other words, the
third conductive layer 413 is formed to overlap the pixel
defining layer area which is the non-pixel area without over-
lapping in the pixel area, thereby minimizing the reflection
generated in the pixel defining layer area. The dielectric layer
(not illustrated) may also be formed between the third con-
ductive layer 413 and the second conductive layer 412, and
the third conductive layer 413 may be omitted.

[0095] FIG. 6is a comparison graph of reflectance of exter-
nal light when the upper thin layer 400 which is the multi-
layered thin layer formed of the conductive layer and the
dielectric layer is used as the anti-reflection layer with reflec-
tance of external light when the polarizer is used. As illus-
trated, it may be appreciated that both of the upper thin layer
and the polarizer have reflectance of external light of about
5% or so over the entire range of a visible light wavelength.
This means that the upper thin layer 400 obtains substantially
the same level of reflectance of external light as that of the
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polarizer while reducing the thickness of the display device
more than in the case of using the polarizer.

[0096] The example in which the upper thin layer 400 used
as the anti-reflection layer instead of the polarizer is used as
the touch electrode layer including a plurality of touch elec-
trodes will be described with reference to FIGS. 4and 7 t0 9.

[0097] Thefirstto third conductive layers 411,412,and 413
include a plurality of first patterns 411x, 412x, and 413x
which are patterned and arranged in a substantially horizontal
direction, and a plurality of second patterns 411y, 412y, and
413y which are arranged in a substantially vertical direction.
The first patterns 411x, 412x, and 413x of each of the con-
ductive layers 411, 412, and 413 are formed to overlap one
another, and the second patterns 411y, 412y, and 413y are also
formed to overlap one another. When viewing the upper thin
layer 400 from the top, the first patterns x and the plurality of
second patterns y are formed to be alternately dispersed in a
substantially horizontal direction.

[0098] As illustrated, the first pattern x and the second
pattern y may be a rhombus type but are not limited thereto,
and therefore may be, for example, a polygon such as a
triangle, a quadrangle, and a hexagon.

[0099] A gap Gis present between the first pattern x and the
second pattern y, and the first patterns 411x, 412x, and 413x
and the second patterns 411y, 412y, and 413y are physically
and electrically separated from each other in the first to third
conductive layers 411, 412, and 413 by the gap G. However,
the first to third conductive layers 411, 412, and 413 are
removed in the gap G, and therefore the external light may be
incident into the display device through the gap G and the
external light reflected from the inside of the display device
may be output.

[0100] Inthe first conductive layer 411, the plurality of first
patterns 411x are first touch electrodes and are connected to
each other in the horizontal direction by a connection part
411c. Inthe first conductive layer 411, the plurality of second
patterns 411y are dummy patterns and are separated from
each other without being physically connected to each other
in the first conductive layer 411, but are electrically connected
in substantially the vertical direction through the second con-
ductive layer 412.

[0101] In the second conductive layer 412, the plurality of
second patterns 412y are second touch electrodes and are
connected to each other in the vertical direction by a connec-
tion part 412¢. In the second conductive layer 412, the plu-
rality of first patterns 412x are dummy patterns and are sepa-
rated from each other without being connected to each other.

[0102] Therefore, in the upper thin layer 400, the first con-
ductive layer 411 is used as the first touch electrode and the
second conductive layer 412 is used as the second touch
electrode of a touch sensing sensor. That is, the first touch
electrode and the second touch electrode which are adjacent
to each other may form a mutual sensing capacitor which
serves as the touch sensing sensor. One of the first touch
electrode and the second touch electrode may be a sensing
input electrode which receives a sensing input signal and the
other may be a sensing output electrode which outputs a
change in a charge amount due to the touch of external objects
as a sensing output signal. The first touch electrode and the
second touch electrode may be connected to a touch sensor
controller (not illustrated) through a touch signal line (not
illustrated), and the touch sensor controller processes the
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sensing output signal to be able to generate touch information
on whether the external objects are touched, the touched
position, and the like.

[0103] In the first conductive layer 411 and the second
conductive layer 412, the dummy pattern serves as the anti-
reflection layer rather than the touch electrode. However,
when the second pattern 411y which is the dummy pattern of
the first conductive layer 411 overlaps only the second pattern
412y which is the second touch electrode of the second con-
ductive layer 412, an electric field formed between the first
touch electrode and the second touch electrode is shielded
and therefore the first touch electrode of the first conductive
layer 411 and the second touch electrode of the second con-
ductive layer 412 may not form the mutual sensing capacitor.
Therefore, each second pattern 411y of the first conductive
layer 411 is electrically connected to each second pattern
412y of the second conductive layer 412 by a connection part
420. The second pattern 412y of the second conductive layer
412 is connected in the vertical direction, and therefore the
second pattern 411y of the first conductive layer 411 electri-
cally connected to the second pattern 412y is also electrically
connected in the vertical direction. As the result, the second
pattern 411y may serve as the second touch electrode without
shielding an electric field.

[0104] The connection between the overlapping second
patterns 411y and 412y by the connection part 420 may be
made by forming, for example, the second conductive layer
412, forming the second dielectric layer 432 thereon, forming
a contact hole at a place at which the connection part 420 is
disposed, and then forming the first conductive layer 411
thereon so as to connect a portion of the first conductive layer
411 to the second conductive layer 412 through the contact
hole. In FIGS. 7 and 8, dots represented at centers of each of
the second patterns 411y and 412y indicate that the second
patterns 411y of the first conductive layer 411 are vertically
connected to the second patterns 412y of the second conduc-
tive layer 412 through the connection part 420.

[0105] When the third conductive layer 413 is formed
under the second conductive layer 412 to physically and
electrically contact the second conductive layer 412, even
though the third conductive layer 413 is not intended to be
used as the touch electrode, similar to the second conductive
layer 412, the third conductive layer 413 is patterned in the
first patterns 413x which are arranged in substantially the
horizontal direction and the second patterns 413y which are
arranged in the vertical direction. Otherwise, the first pattern
412x and the second pattern 412y of the second conductive
layer 412 may be short-circuited to each other, because the
third conductive layer 413 contacts the second conductive
layer 412. The second patterns 413y of the third conductive
layer 413 may be connected in substantially the vertical direc-
tion by a connection part 413¢, but the first patterns 413x may
not be connected to each other in any direction. The second
pattern 413y of the third conductive layer 413 contacts the
second pattern 412y of the second conductive layer 412 and
therefore may serve as the second touch electrode.

[0106] FIG. 9 shows a partially enlarged view of some of
the first patterns 413x and the second patterns 413y of the
third conductive layer 413, and the gap G therebetween. In the
partially enlarged view, pixels PXa, PXb, and PXc are illus-
trated as small rectangles. Each pixel PXa, PXb, and PXc may
represent one of the three primary colors. For example, the
PXa may be a blue pixel, the PXb may be a green pixel, and
the PXc may be a red pixel. Each pixel may have the same
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area or different areas, and a pixel representing any one of the
three primary colors may be larger than the others as illus-
trated. Each pixel PXa, PXb, and PXc corresponds to a pixel
area PA, and an area therearound corresponds to a non-pixel
area NA. The electrode layer forming the common electrode
of the OLED may be formed over the pixel area PA and the
non-pixel area NA.

[0107] Thefirstto third conductive layers 411,412,and 413
are not present in the gap G to form the touch electrodes by
separating the patterns (for example, in a state in which the
first to third conducive layers 411, 412, and 413 are removed
by patterning). Therefore, the external light is incident into
the display device through the gap G, and the external light
may be reflected by a reflective material such as the common
electrode which is formed in the display device and exit
through the gap G. The reflection of external light increases
due to the light leakage phenomenon through the gap G and
therefore the visibility deteriorates. According to some
embodiments, to reduce the light leakage phenomenon
through the gap G, a light absorbing member is formed at the
overlapping position with the non-pixel area NA.

[0108] The light absorbing member may be formed at the
overlapping position with the non-pixel area NA which is not
covered by the first to third conductive layers 411, 412, and
413 due to the gap G. The light absorbing member may be
formed to overlap the non-pixel area NA even in the pattern
area covered by the first pattern x or the second pattern y. In
this case, the third conductive layer 413 may not be formed.
[0109] The light absorbing member may be formed of
organic materials such as carbon black and ink, or inorganic
materials such as CrOx/Cr, MoOx/Mo, Nb,Os/Mo, and
CuOx, and may be formed of an organic and inorganic com-
posite material.

[0110] Meanwhile, the pixel area PA and the non-pixel area
NA which does not overlap the gap G and are present in the
pattern area are covered by the first and second conductive
layers 411 and 412, but only the non-pixel area NA is covered
by the third conductive layer 413. As described above, the
third conductive layer 413 is formed to be thicker than the first
and second conductive layers 411 and 412 to further reduce
light transmittance. If the third conductive layer 413 is formed
on the pixel area PA to overlap the pixel area PA, the third
conductive layer will reduce the exit of internal light from the
OLED to the outside, therefore the third conductive layer 413
is not formed on the pixel area PA.

[0111] Therefore, even though the entire shape of the pat-
terns 413x and 413y of the third conductive layer 413 is
substantially the same as the entire shape of the patterns 411x,
411y, 412x, and 412y of the first and second conductive layers
411 and 412, each pattern 413x and 413y has detailed patterns
in which only the overlapping portion of the non-pixel area
NA is formed. The partially enlarged view of FIG. 9 also
illustrates an example of detailed patterns of the patterns 413x
and 413y, in which the patterns 413x and 413y are formed
only in a shaded portion corresponding to the non-pixel area
NA and are not formed on the pixels PXa, PXb, and PXc
corresponding to the pixel area PA.

[0112] Hereinafter, FIGS. 10 to 15 illustrate an example of
a formation position of the light absorbing member in the
stacked structure of the OLED display.

[0113] InFIG.9,across-sectional view taken along the line
C-C or D-D throughout two pixels does not illustrate only a
cross-section of the third conductive layer 413, but also illus-
trates a cross-section of the OLED display. To avoid complex-
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ity of the drawings, FIGS. 10 to 15 do not illustrate the thin
film transistor, the signal line, and the like which are formed
between the lower substrate 100 and the pixel electrode 191.
FIGS. 10 to 13 illustrate an example of the OLED display
having the structure in which the encapsulation layer 300 is
formed on the display layer, and FIGS. 14 and 15 illustrate an
example of the OLED display having a structure in which an
encapsulation substrate 600 such as glass is formed on the
display layer.

[0114] First, referring to FIGS. 10 and 11, FIG. 10 illus-
trates a cross-section of a portion (pattern region) in which the
first and second patterns are formed by the first to third con-
ductive layers 411, 412, and 413 in the OLED display, and
FIG. 11 illustrates a gap (G) portion (gap region) in which the
pattern is not formed. In the cross-sectional view of FIG. 10,
the first to third conductive layers 411, 412, and 413 form the
anti-reflection layer capable of reducing the reflection of
external light in the pattern region, but in the cross-sectional
view of FIG. 11, the first to third conductive layers are
removed to form the touch electrode and therefore only the
first and second dielectric layers 431 and 432 are present.
Since the conductive layer for preventing the external light
from being reflected is not present in the gap region, a light
absorbing member 500 formed to overlap the non-pixel area
NA may be formed to reduce the light leakage phenomenon
through the gap region, and the light absorbing member 500
may be, for example, formed between the encapsulation layer
300 and the second dielectric layer 432. The width of the light
absorbing member 500 may be substantially equal to or nar-
rower than that of the pixel defining layer 250 corresponding
to the non-pixel area NA, and may be formed so as to not
hinder light from exiting from the OLED display to the out-
side of the display device.

[0115] In the pattern region in which the first to third con-
ductive layers 411, 412, and 413 illustrated in FIG. 10 are
disposed, the reflection of external light may be reduced by
the conductive layers, but in order to further increase the
reflectance, the light absorbing member 500 may be formed
to overlap the non-pixel area NA so as to not hinder light from
being emitted from the OLED. The light absorbing member
500 formed in the pattern region may be formed using the
same mask as the light absorbing member 500 formed in the
gap region, and therefore an additional process is not
required. The light absorbing member 500 may not be formed
in the pattern region, and the light absorbing member 500
may be formed in the pattern region but the third conductive
layer 413 may not be formed in the pattern region.

[0116] FIG. 12 illustrates an example in which the light
absorbing member 500 which overlaps the non-pixel area NA
but does not overlap the pixel area PA is formed between the
common electrode 270 and the encapsulation layer 300. In the
case in which the OLED display is the top emission type, even
though the common electrode 270 is light transmissive, the
external light may be reflected by the common electrode 270.
To prevent the external light from reflecting due to the com-
mon electrode 270, the light absorbing member 500 may be
formed on the common electrode 270. FIG. 13 illustrates the
example in which the light absorbing member 500 is formed
on the first dielectric layer 431. In this case, the region in
which the external light may be incident into the display
device and exit therefrom without hindering the emission of
internal light is reduced.

[0117] FIGS. 14 and 15 are cross-sectional views of the
OLED display having the structure in which the encapsula-
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tion substrate 600 such as glass is formed on the display layer.
Referring to FIG. 14 corresponding to the pattern region, the
first to third conductive layers 411, 412, and 413 are formed
below the encapsulation substrate 600. The first to third con-
ductive layers 411, 412, and 413 are patterned to form the
touch electrode layer. The dielectric layer 432 is formed
between the first conductive layer 411 and the second con-
ductive layer 412. The dielectric layer which is formed on the
first conductive layer 411 may be omitted in the present
embodiment. The layer structure as described above may be
formed by sequentially forming the first conductive layer
411, the dielectric layer 432, the second conductive layer 412,
and the third conductive layer 413 on the encapsulation sub-
strate 600, and attaching the encapsulation substrate 600 to
the lower substrate 100 side so as to direct the surface on
which these layers are formed to the lower substrate 100. A
window 800 may be attached on the encapsulation substrate
600 through an adhesive layer 700.

[0118] Referring to FIG. 15, as the illustrated section cor-
responds to the gap region, the first to third conductive layers
are not present and the dielectric layer 432 is formed just
below the encapsulation substrate 600. The light absorbing
member 500 is formed below the dielectric layer 432 to
overlap the non-pixel area NA. The light absorbing member
500 may be formed over the common electrode 270 and may
also be formed over the encapsulation substrate 600.

[0119] While the inventive technology has been described
in connection with what is presently considered to be practi-
cal embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a substrate;

a display layer formed over the substrate and including a

pixel area and a non-pixel area;

an upper thin layer formed over the display layer, wherein

the upper thin layer comprises at least first and second
conductive layers and a dielectric layer formed between
the first and second conductive layers, wherein the sec-
ond conductive layer is closer to the substrate than the
first conductive layer, and wherein the first and second
conductive layers are patterned as a touch electrode; and
alight absorbing member at least partially overlapping the
noun-pixel area and not overlapping the pixel area.

2. The OLED display of claim 1, wherein the first conduc-
tive layer includes a plurality of first touch electrodes
arranged in a first direction and a plurality of first dummy
patterns arranged in a second direction crossing the first
direction and separated from the first touch electrodes, and
wherein the first touch electrodes are connected to each other
in the first direction.

3. The OLED display of claim 2, wherein the second con-
ductive layer includes a plurality of second touch electrodes
arranged in the second direction and a plurality of second
dummy patterns arranged in the first direction and separated
from the second touch electrodes, and wherein the second
touch electrodes are connected to each other in the second
direction.

4. The OLED display of claim 3, wherein the first touch
electrodes of the first conductive layer substantially overlap
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the second dummy patterns of the second conductive layer,
and the first dummy patterns of the first conductive layer
substantially overlap the second touch electrodes of the sec-
ond conductive layer.

5. The OLED display of claim 4, wherein each dummy
pattern of the first conductive layer is connected to each of the
second touch electrodes of the second conductive layer which
at least partially overlaps the first conductive layer.

6. The OLED display of claim 5, wherein the dummy
pattern of the first conductive layer and the second touch
electrode of the second conductive layer are connected to
each other through a contact hole which is formed in the
dielectric layer between the first conductive layer and the
second conductive layer.

7. The OLED display of claim 6, wherein the first touch
electrode and the second touch electrode form a mutual sens-
ing capacitor.

8. The OLED display of claim 1, further comprising:

a third conductive layer formed below the second conduc-

tive layer,

wherein the third conductive layer is substantially equally

patterned in thickness toward the second conductive
layer.

9. The OLED display of claim 8, wherein the third conduc-
tive layer is patterned so as to not overlap the pixel area.

10. The OLED display of claim 8, wherein the third con-
ductive layer has a thickness greater than that of the first
conductive layer and the second conductive layer.

11. The OLED display of claim 1, further comprising:

an encapsulation layer formed between the display layer

and the upper thin layer.

12. The OLED display of claim 11, wherein the upper thin
layer further includes a dielectric layer which is formed over
the first conductive layer.

13. The OLED display of claim 11, wherein the light
absorbing member is formed between the encapsulation layer
and the upper thin layer.

14. The OLED display of claim 11, wherein the light
absorbing member is formed between the display layer and
the encapsulation layer.

15. The organic OLED display of claim 11, wherein the
light absorbing member is formed over the upper thin layer.

16. The OLED display of claim 1, wherein the light absorb-
ing member is formed of one or more of the following: carbon
black, ink, CrOx/Cr, MoOx/Mo, Nb,0O5/Mo, and CuOx.

17. The OLED display of claim 1, further comprising:

an encapsulation substrate formed over the upper thin

layer,

wherein the first conductive layer contacts the encapsula-

tion substrate.

18. The OLED display of claim 1, wherein the light absorb-
ing member at least partially overlaps the non-pixel area
which is not covered by the first and second conductive layers
when viewed from the top.

19. An organic light-emitting diode (OLED) display, com-
prising:

a pixel area and a non-pixel area formed in and over a

substrate;

first and second conductive layers, wherein the second

conductive layer is closer to the substrate than the first
conductive layer, and wherein the first and second con-
ductive layers form a touch electrode;

a dielectric layer formed between the first and second con-

ductive layers; and
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alight absorbing member at least partially overlapping the

non-pixel area and not overlapping the pixel area.

20. The OLED display of claim 19, wherein each of the first
and second conductive layers comprises i) a plurality of touch
electrodes arranged and connected to each other in a first
direction and ii) a plurality of dummy patterns arranged in a
second direction crossing the first direction and separated
from the touch electrodes.
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