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FIG. 2
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FIG. 3
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0062084, filed in
the Korean Intellectual Property Office on Apr. 30, 2015, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] Aspects of embodiments of the present invention
relate to an organic light emitting diode display.

[0004] 2. Description of the Related Art

[0005] An organic light emitting element of an organic
light emitting diode display includes two electrodes and an
organic light emitting layer positioned therebetween. Elec-
trons injected from a cathode, which is one of the electrodes,
and holes injected from an anode, which is another one of
the electrodes, are combined with each other in the organic
light emitting layer to form excitons. The formed excitons
emit energy, such that the organic light emitting element
emits light.

[0006] The organic light emitting diode display includes a
plurality of pixels each including an organic light emitting
element composed of a cathode, an anode, and an organic
light emitting layer. Each of the pixels is provided with a
plurality of transistors and a storage capacitor to drive the
organic light emitting element. The transistors include a
switching transistor and a driving transistor.

[0007] Each of the pixels may be partitioned by a pixel
defining layer for which a light emitting region is opened.
Organic light emitting elements including light emitting
layers emitting red, green, and blue light may be formed in
the opened light emitting regions of the pixel defining layer.
In addition, further elements such as a polarization film and
a phase difference film, a black thin film, or a color filter are
formed thereon, thereby constituting a display panel.
[0008] Display panels constituted as described above may
become thick due to the combined thickness of the pixel
defining layer, the polarization film, the phase difference
film, and the color filter, together a number of different other
elements present in addition to the organic light emitting
elements, such that light emitting efficiency may be
decreased.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the present 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

[0010] Embodiments of the present invention provide for
an organic light emitting diode display. Further embodi-
ments provide for an organic light emitting diode display
capable of preventing contrast and visibility from being
deteriorated by reflection of external light.

[0011] In an embodiment of the present invention, an
organic light emitting diode display is provided. The organic
light emitting diode display includes a substrate, a thin film
transistor on the substrate, a first electrode on and connected

Nov. 3,2016

to the thin film transistor, a pixel defining layer on the first
electrode and defining a pixel area, an organic light emitting
layer on the first electrode and contacting the first electrode
exposed in the pixel area, a second electrode on the organic
light emitting layer, and a light blocking layer on the second
electrode and exposing the second electrode at a position
corresponding to the pixel area.

[0012] The light blocking layer may include a light block-
ing material.
[0013] The light blocking material may include at least

one of carbon black, carbon nanotube (CNT), and black dye.
[0014] The light blocking layer may further include a
conductive metal, a conductive metal oxide, or a conductive
metal nitride.

[0015] The conductive metal may be selected from the
group consisting of Al; Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca,
Co, Fe, Mo, W, Pt, Yb, and NiS, or an alloy thereof.
[0016] The conductive metal oxide may be selected from
the group counsisting of CrO,, (x=1), CuO, (x=1), and MoO,
(xz1), or a combination thereof.

[0017] The conductive metal nitride may be selected from
the group consisting of TiN__ (x=1), TiN_Al (x=1), and CrN,,
(xz1), or a combination thereof.

[0018] The organic light emitting diode display may fur-
ther include a color filter layer at a position corresponding to
the pixel area and contacting the second electrode.

[0019] The organic light emitting diode display may fur-
ther include an encapsulation layer on the light blocking
layer to cover the light blocking layer and the second
electrode, and a color filter layer on the encapsulation layer.
[0020] The organic light emitting diode display may fur-
ther include a polarizing plate on the light blocking layer.
[0021] The organic light emitting diode display may fur-
ther include an encapsulation layer between the light block-
ing layer and the polarizing plate.

[0022] 1In another embodiment of the present invention, an
organic light emitting diode display is provided. The organic
light emitting diode display includes a substrate, a thin film
transistor on the substrate, a first electrode on and connected
to the thin film transistor, a pixel defining layer on the first
electrode and defining a pixel area, an organic light emitting
layer on the first electrode and contacting the first electrode
exposed in the pixel area, a second electrode on the organic
light emitting layer, a first metal layer on the second elec-
trode and exposing the second electrode at a position cor-
responding to the pixel area, a first intermediate layer
covering the first metal layer, a second metal layer covering
the first intermediate layer, and a second intermediate layer
covering the second metal layer.

[0023] The first and second metal layers may be config-
ured so that external light reflected by the first metal layer
and external light reflected by the second metal layer
destructively interfere with each other.

[0024] The first metal layer may be selected from the
group consisting of Ag, Al, Mg, Cr, Ti, Ni, W, Au, Ta, Cu,
Co, Fe, Mo, and Pt, or an alloy thereof.

[0025] The second metal layer may be selected from the
group consisting of Cr, Ti, Mo, Co, Ni, W, Al, Ag, Au, Cu,
Fe, Mg, and Pt, or an alloy thereof.

[0026] The first and second intermediate layers may be
selected from the group consisting of SiO, (x=1), SiN,
(x=1), MgF,, CaF,, AL,O,, Sn0O,, ITO, 1Z0, ZnO, Ta,0,,
Nb,Os, HfO,, TiO,, and In,0;, or a combination thereof.
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[0027] Embodiments of the present invention provide for
an organic light emitting diode display where, when a user
uses the display outdoors, a vivid image is displayed and
contrast and visibility are not deteriorated. Further embodi-
ments provide for an organic light emitting diode display
where a light blocking layer is used instead of a polarizing
plate, such that light emitted from the organic light emitting
layer may be appropriately transferred to the outside,
thereby making it possible to increase light efficiency. In
addition, by removing the polarizing plate, the entire thick-
ness of the display may be decreased.

[0028] Still further embodiments provide for an organic
light emitting diode display where the light blocking layer
has conductivity and contacts a pixel electrode, such that
resistance of the pixel electrode may be decreased. This may
make it possible to prevent luminance from being non-
uniform due to a voltage drop (IR-drop) generated in the
organic light emitting diode display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic cross-sectional view of an
organic light emitting diode display according to a first
embodiment of the present invention.

[0030] FIG. 2 is a plan view of the organic light emitting
diode display of FIG. 1 in which a light blocking layer is
disposed.

[0031] FIG. 3 is a schematic cross-sectional view of an
organic light emitting diode display according to a second
embodiment of the present invention.

[0032] FIG. 4 is a schematic cross-sectional view of an
organic light emitting diode display according to a third
embodiment of the present invention.

[0033] FIG. 5 is a schematic cross-sectional view of an
organic light emitting diode display according to a fourth
embodiment of the present invention.

[0034] FIG. 6 is a schematic cross-sectional view of an
organic light emitting diode display according to a fifth
embodiment of the present invention.

[0035] FIG. 7 is a partially enlarged cross-sectional view
of region A of the organic light emitting diode display of
FIG. 6.

[0036] FIG. 8is a graph illustrating an effect of decreasing
external reflection by the organic light emitting diode dis-
play of FIGS. 6 and 7.

DETAILED DESCRIPTION

[0037] Hereinafter, example embodiments of the present
invention will be described in detail with reference to the
accompanying drawings so that those skilled in the art to
which the present invention pertains may easily practice the
present invention. As those skilled in the art would realize,
the described embodiments may be modified in various
different ways, all without departing from the spitit or scope
of the present invention. The drawings and description are to
be regarded as illustrative in nature and not restrictive. Like
reference numerals designate like elements throughout the
specification and drawings.

[0038] In addition, since sizes, shapes, and thicknesses of
the respective components shown in the accompanying
drawings may be arbitrarily shown for convenience of
explanation, the present invention is not necessarily limited
to contents shown (e.g., sizes, shapes, and thicknesses) in the
accompanying drawings. For example, in the drawings, the
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thickness of layers, films, panels, regions, etc., may be
exaggerated for clarity. In addition, in the accompanying
drawings, thicknesses of some of layers and regions may
have been exaggerated for convenience of explanation. 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 interven-
ing elements may also be present.

[0039] In addition, throughout the present specification,
unless explicitly described to the contrary, the word “com-
prise” and variations such as “comprises” or “comprising”
will be understood to imply the inclusion of stated elements
but not the exclusion of any other elements. In addition,
throughout the specification, the word “on” does not neces-
sarily mean that an element is positioned at an upper side
based on a gravity direction, but means that the element may
be positioned above or below a target portion.

[0040] Herein, the use of the term “may,” when describing
embodiments of the present invention, refers to “one or more
embodiments of the present invention.” In addition, the use
of alternative language, such as “or,” when describing
embodiments of the present invention, refers to “one or more
embodiments of the present invention” for each correspond-
ing item listed.

[0041] Hereinafter, an organic light emitting diode display
according to a first embodiment will be described with
reference to FIGS. 1 and 2.

[0042] FIG. 1 is a schematic cross-sectional view of the
organic light emitting diode display. FIG. 2 is a plan view of
the organic light emitting diode display in which a light
blocking layer is disposed.

[0043] Referring to FIG. 1, the organic light emitting
diode display includes a substrate 123, a thin film transistor
130, a pixel defining layer 125, a first electrode 160, an
organic light emitting layer 170, a second electrode 180, and
a light blocking layer 500.

[0044] The substrate 123 may be formed as an insulating
substrate made of glass, quartz, ceramic, plastic, or the like.
However, the present invention is not limited thereto, and in
other embodiments, the substrate 123 may be made of an
insulating material having flexibility such as one or more of
polyimide (PI), polyetherimide (PEI), polyethylene
terephthalate (PET), polycarbonate (PC), polymethylmeth-
acrylate (PMMA), polystyrene (PS), a styreneacrylonitrile
(SAN) copolymer, and a silicon-acrylic resin.

[0045] A substrate buffer layer 126 is formed on the
substrate 123. The substrate buffer layer 126 may serve, for
example, to prevent permeation of impure elements and to
planarize a surface. Here, the substrate buffer layer 126 may
be made of various materials capable of performing one or
more of the above-mentioned functions. For example, the
substrate buffer layer 126 may be any one or more of a
silicon nitride (SiNx) layer, a silicon oxide (SiOx) layer, and
a silicon oxynitride (SiOxNy) layer. However, the substrate
buffer layer 126 is not a necessary element and, in some
embodiments, may be omitted depending on the kind of
substrate 123 and process conditions.

[0046] A driving semiconductor layer 137 may be formed
on the substrate buffer layer 126. The driving semiconductor
layer 137 may be formed of a polycrystalline silicon layer.
In addition, the driving semiconductor layer 137 includes a
channel region 135 on which impurities are not doped, and
a source region 134 and a drain region 136 that are formed
at both sides of the channel region 135 by doping. Here, a
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doped ionic material may be a p type impurity such as boron
(B); for example, B,H, may be mainly used. However, the
impurity may vary depending on the kind of thin film
transistor.

[0047] A gate insulating layer 127 made of silicon nitride
(SiNx), a silicon oxide (Si0,), or the like, is formed on the
driving semiconductor layer 137. A gate wire including a
driving gate electrode 133 is formed on the gate insulating
layer 127. In addition, the driving gate electrode 133 is
formed to overlap with at least a portion of the driving
semiconductor layer 137, particularly the channel region
135.

[0048] An interlayer insulating layer 128 covering the
driving gate electrode 133 is formed on the gate insulating
layer 127. Contact holes 128a exposing the source region
134 and the drain region 136 of the driving semiconductor
layer 137 are formed in the gate insulating layer 127 and the
interlayer insulating layer 128. The interlayer insulating
layer 128 may be made of a ceramic-based material such as
silicon nitride (SiN,), a silicon oxide (SiO,), or the like,
similarly to the gate insulating layer 127.

[0049] In addition, a data wire including a driving source
electrode 131 and a driving drain electrode 132 is formed on
the interlayer insulating layer 128. The driving source elec-
trode 131 and the driving drain electrode 132 are connected
to the source region 134 and the drain region 136 of the
driving semiconductor layer 137, respectively, through the
contact holes 128a formed in the interlayer insulating layer
128 and the gate insulating layer 127.

[0050] As described above, the driving semiconductor
layer 137, the driving gate electrode 133, the driving source
electrode 131, and the driving drain electrode 132 form a
driving thin film transistor 130. The configuration of the
driving thin film transistor 130 is not limited thereto, and in
other embodiments, may be variously changed into a con-
figuration known in the art, which may be easily practiced
by those skilled in the art.

[0051] A planarization layer 124 covering the data wire is
formed on the interlayer insulating layer 128. The planariza-
tion layer 124 may serve, for example, to remove a step or
other roughness or unevenness and to planarize a surface in
order to increase light emitting efficiency of an organic light
emitting element to be formed thereon. Further, the pla-
narization layer 124 has an electrode via hole 122a exposing
a portion of the drain electrode 132. The planarization layer
124 may be made of at least one material of polyacrylates
resins, epoxy resins, phenolic resins, polyamides resins,
polyimides resin, unsaturated polyesters resins, poly phe-
nylenethers resins, poly phenylenesulfides resins, and ben-
zocyclobutene (BCB).

[0052] The present invention is not limited to the above-
mentioned structure, and in other embodiments, any one of
the planarization layer 124 and the interlayer insulating layer
128 may be omitted.

[0053] Returning to FIG. 1, a first electrode 160 of the
organic light emitting element is formed on the planarization
layer 124. The first electrode is connected to the drain
electrode 132 through the electrode via hole 1224 of the
planarization layer 124.

[0054] The pixel defining layer 125 covering an edge of
the first electrode 160 is formed on the planarization layer
124. The pixel defining layer 125 may have an opening
exposing a portion of the first electrode 160. An organic light
emitting layer 170 to be described below is disposed on the
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exposed first electrode 160. Therefore, the pixel defining
layer 125 may define a pixel area capable of emitting light.
However, the pixel area defined by the pixel defining layer
125 may be thought of as only a virtual area since there are
a number of further steps (such as those described below)
that may be needed to make the pixel area actually capable
of emitting light.

[0055] The organic light emitting layer 170 is formed on
the first electrode 160, and the second electrode 180 is
formed on the organic light emitting layer 170. Together, the
first electrode 160, the organic light emitting layer 170, and
the second electrode 180 form an organic light emitting
element LD.

[0056] Here, the first electrode is an anode, which is a hole
injection electrode, and the second electrode 180 is a cath-
ode, which is an electron injection electrode. However, the
present invention is not necessarily limited thereto, and in
other embodiments, the first electrode 160 may become the
cathode and the second electrode 180 may become the anode
depending on factors such as a driving method of the organic
light emitting diode display. When holes and electrons are
injected into the organic light emitting layer 170 from the
first electrode 160 and the second electrode 180, respec-
tively, and combine to form excitons that fall from an
excited state to a ground state, light is emitted.

[0057] In addition, the organic light emitting layer 170 is
formed of a multilayer including a light emitting layer
(EML) and at least one of a hole injection layer (HIL), a hole
transporting layer (HTL), an electron transporting layer
(ETL), and an electron injection layer (FIL). When the
organic light emitting layer includes all of the hole injection
layer, the hole transporting layer, the electron transporting
layer, and the electron injection layer, the hole injection
layer may be disposed on the first electrode 160, which is the
anode, and the hole transporting layer, the light emitting
layer, the electron transporting layer, and the electron injec-
tion layer may be sequentially stacked thereon.

[0058] Each of the first electrode 160 and the second
electrode 180 may be formed of a transparent conductive
material or a transflective or reflective conductive material.
The organic light emitting diode display may be classified,
for example, into a top-emission type, a bottom-emission
type, or a two-sided emission type, depending on the kind of
material (for example, its transparency) forming the first
electrode 160 and the second electrode 180.

[0059] In the organic light emitting diode display of FIG.
1, the light blocking layer 500 is partially disposed on the
second electrode 180, exposing the second electrode 180 at
a position corresponding to the pixel area. For example, the
light blocking layer 500 may coincide with the pixel defin-
ing layer 125.

[0060] Referring to FIG. 2, the light blocking layer 500
(the shaded portion) covers the second electrode 180 except
for the pixel area (the unshaded portion) in which the
organic light emitting layer 170 is positioned. For example,
in the light blocking layer 500, openings are formed at
positions corresponding to pixel areas of a red pixel (PX-R),
a green pixel (PX-G), and a blue pixel (PX-B). Light emitted
from the organic light emitting layer 170 may be transferred
to the outside through the openings of the light blocking
layer 500.

[0061] The light blocking layer 500 may contain a light
blocking material. In more detail, the light blocking layer
500 may be made of material capable of blocking reflection
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of light transferred from the outside of the organic light
emitting diode display. For example, the light blocking layer
500 may contain at least one of carbon black, carbon
nanotube (CNT), and a black dye. When light transferred
from the outside, for example, sunlight, is reflected, contrast
and visibility may be deteriorated. However, when reflection
of external light is blocked by the light blocking layer 500
as described above, it may be possible to prevent contrast
and visibility from being deteriorated. When a user uses
such a display outdoors, the user may see a vivid image of
which contrast and visibility are not deteriorated.

[0062] Further, in comparable organic light emitting diode
displays, a circular polarizing plate may be provided to
block reflection of external light. This circular polarizing
plate does not have high light transmittance, such that
although reflection of external light may be decreased,
transmission of light emitted from the inside of the organic
light emitting elements may also decrease. In addition, this
circular polarizing plate is composed of a linear polarizing
plate and a 90° phase retardation film, which increases
thickness of the organic light emitting diode display. There-
fore, according to embodiments of the present invention, the
light blocking layer 500 is disposed instead of the circular
polarizing plate of comparable organic light emitting diode
displays, such that light emitted from the organic light
emitting layer is appropriately transferred to the outside,
thereby making it possible to increase light efficiency.
[0063] In addition, the circular polarizing plate of compa-
rable organic light emitting diode displays is removed, such
that the entire thickness of the display may be decreased.
Therefore, the organic light emitting diode display accord-
ing to embodiments of the present invention may be applied
to a flexible display, which may be an ultra-thin type display.
[0064] In addition, the light blocking layer 500 may fur-
ther contain a conductive metal, a conductive metal oxide, or
a conductive metal nitride. The light blocking layer 500 may
contain the conductive metal, the conductive metal oxide, or
the conductive metal nitride in addition to the light blocking
material,

[0065] When the light blocking layer 500 has conductiv-
ity, resistance of the second electrode 180 coming in direct
contact with the light blocking layer 500 may be decreased.
For example, when the light blocking layer 500 having
conductivity comes in direct contact with the second elec-
trode 180, an effect of increasing the thickness of the second
electrode 180 may be obtained. When the effective thickness
of the second electrode 180 is increased, resistance of the
second electrode 180 is decreased. Therefore, it is possible
to prevent luminance from being non-uniform by a voltage
drop (IR drop) generated in the organic light emitting diode
display. As a result, when the light blocking layer 500 has
conductivity, the light blocking layer 500 may serve as an
auxiliary electrode for preventing the voltage drop.

[0066] The conductive metal of the light blocking layer
500 may be, for example, any one metal selected from the
group consisting of Al, Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca,
Co, Fe, Mo, W, Pt, YD, and NiS, or an alloy thereof. Further,
the conductive metal oxide of the light blocking layer 500
may be any one selected from the group consisting of CrO,
(xz1), CuO, (x=1), and MoO, (xz1), or a combination
thereof. In addition, the conductive metal nitride of the light
blocking layer 500 may be any one selected from the group
consisting of TiN, (x=1), TiN_ Al (x21), and CrN_(x=1), or
a combination thereof.
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[0067] An encapsulation layer 400 may be formed on the
second electrode 180 and the light blocking layer 500. The
encapsulation layer 400 seals the organic light emitting
element LD and a driving circuit unit from the outside to
protect them.

[0068] The encapsulation layer 400 may include a thin-
film encapsulation layer that may be formed by depositing
an inorganic film and an organic film on the second electrode
180. The thin film encapsulation layer may include organic-
and inorganic-encapsulation films that are alternately
stacked one by one. For example, two organic encapsulation
films and two inorganic encapsulation films that are alter-
nately stacked one by one may be used to constitute the
encapsulation layer 400, but the present invention is not
limited thereto.

[0069] In addition, a touch panel 700 may be disposed on
the encapsulation layer 400. The touch panel 700 may sense
a contact by an external object. Here, the contact may refer
to when an external object such as a hand of a user
approaches the organic light emitting diode display or hov-
ers in an approached state as well as when the external object
comes in direct contact with a front surface of the organic
light emitting diode display.

[0070] A first adhesive layer 600 may be interposed
between the touch panel 700 and the encapsulation layer
400. The touch panel 700 may be adhered onto the encap-
sulation layer 400 by the first adhesive layer 600. The first
adhesive layer 600 may include a silicon-based or acrylic
compression-bonding type adhesive having a low modulus
such as PSA, but the present invention is not limited thereto.
[0071] In addition, a second adhesive layer 800 is dis-
posed on the touch panel 700. A window 900 may be
adhered to the touch panel 700 by the second adhesive layer
800. Like the first adhesive layer 600, the second adhesive
layer 800 may include a silicon-based or acrylic compres-
sion-bonding type adhesive having a low modulus such as
PSA, but the present invention is not limited thereto.
[0072] Hereinafter, an organic light emitting diode display
according to a second embodiment will be described with
reference to FIG. 3. Detailed descriptions of the same or
similar components to those of FIG. 1 may not be repeated.
[0073] FIG. 3 is a schematic cross-sectional view of the
organic light emitting diode display. Referring to the organic
light emitting diode display of FIG. 3, a color filter layer 530
contacting the second electrode 180 may be disposed at a
position corresponding to the pixel area.

[0074] In the embodiment of FIG. 1, the light blocking
layer 500 is disposed on the second electrode 180, exposing
the second electrode 180 at positions corresponding to the
pixel area.

[0075] 1In FIG. 3, the color filter layer 530 is disposed in
the exposure region of the light blocking layer 500. The
color filter layer 530 contacts the second electrode 180. In
further detail, the color filter layer 530 contacts the second
electrode 180 while filling the exposure region of the light
blocking layer 500.

[0076] The color filter layer 530 is disposed at the pixel
area, such that the color filter layer 530 is positioned
corresponding to a path of light emitted from the organic
light emitting layer 170. The light emitted from the organic
light emitting layer 170 passes through the color filter layer
530. The color filter layer 530 may be formed on the second
electrode 180 by, for example, an inkjet printing process, a
transcription process, or a deposition process.
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[0077] The color filter layer 530 may increase transmit-
tance of the light emitted from the organic light emitting
layer 170 as compared to the polarizing plate of comparable
organic light emitting diode displays. Transmittance of such
polarizing plates may be only 40% to 45%, but when the
color filter layer 530 is used instead, transmittance may be
increased to 80% or more. The organic light emitting diode
display according to embodiments of the present invention
has excellent light efficiency as compared to a comparable
organic light emitting diode display using the polarizing
plate.

[0078] Further, when the light efficiency of the organic
light emitting diode display is increased, power consump-
tion may be decreased. In addition, lifetime of the organic
light emitting layer 170 of the organic light emitting diode
display may be increased.

[0079] An encapsulation layer 400 may be formed on the
light blocking layer 500 and the color filter layer 530. As
described above, the encapsulation layer 400 seals the
organic light emitting element LD and a driving circuit umt
from the outside to protect them.

[0080] The encapsulation layer 400 may include a thin-
film encapsulation layer that may be formed by depositing
an inorganic film and an organic film on the second electrode
180. The thin film encapsulation layer may include organic-
and inorganic-encapsulation films that are alternately
stacked one by one. For example, two organic encapsulation
films and two inorganic encapsulation films are alternately
stacked one by one may be used to constitute the encapsu-
lation layer 400, but the present invention is not limited
thereto.

[0081] In addition, as described in the embodiment of FIG.
1, a touch panel 700 and a window 900 may be disposed on
the encapsulation layer 400. A first adhesive layer 600 may
be interposed between the touch panel 700 and the encap-
sulation layer 400. The touch panel 700 may be adhered onto
the encapsulation layer 400 by the first adhesive layer 600.
Further, a second adhesive layer 800 may be disposed on the
touch panel 700. The window 900 may be adhered to the
touch panel 700 by the second adhesive layer 800.

[0082] Hereinafter, an organic light emitting diode display
according to a third embodiment will be described with
reference to FIG. 4 in addition to FIGS. 1 and 3 described
above. Detailed descriptions of the same or similar compo-
nents to those of the above-mentioned displays may not be
repeated.

[0083] FIG. 4 is a schematic cross-sectional view of the
organic light emitting diode display. Referring to the organic
light emitting diode display of FIG. 4, an encapsulation layer
400 is disposed on a second electrode 180 and a light
blocking layer 500, unlike the organic light emitting diode
display of FIG. 3. In FIG. 4, a color filter layer contacting the
second electrode 180 is not disposed on the second electrode
180 at a position corresponding to a pixel area. In other
respects, the organic light emitting diode display of FIG. 4
has substantially the same configuration from the substrate
123 to the encapsulation layer 400 of the organic light
emitting diode display of FIGS. 1 and 3.

[0084] In the organic light emitting diode display of FIG.
4, a color filter layer 530 may be disposed on the encapsu-
lation layer 400. The color filter layer 530 is positioned
corresponding to a path of light emitted from the organic
light emitting layer 170. FIG. 4 illustrates a structure of a
pixel emitting single-color light, for example, red light.
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Here, the color filter layer 530 may have a red color, and a
red organic light emitting layer 170 emitting red light may
be positioned under the color filter layer 530. In other
embodiments, a white organic light emitting layer 170 (or
some other color light emitting layer 170 whose light
emission includes at least red light) may be positioned under
the color filter layer 530.

[0085] In the embodiment of FIG. 3, the color filter layer
530 is disposed to contact the second electrode 180 at the
position corresponding to the pixel area, but in the embodi-
ment of FIG. 4, the color filter layer 530 is disposed to be
spaced apart from the second electrode 180.

[0086] As described above, the organic light emitting
diode display of FIG. 4 including the color filter layer 530
may increase transmittance of light emitted from the organic
light emitting layer 170 as compared to the polarizing plate
of comparable organic light emitting diode displays. Trans-
mittance of such polarizing plates may be only 40% to 45%,
but when the color filter layer 530 is disposed, transmittance
may be increased to 80% or more. The organic light emitting
diode display of FIG. 4 has excellent light efliciency as
compared to an organic light emitting diode display using
the polarizing plate.

[0087] Further, when the light efficiency of the organic
light emitting diode display of FIG. 4 is increased, power
consumption may decrease. In addition, lifetime of the
organic light emitting layer 170 may increase.

[0088] An overcoat layer 560 for protecting the color filter
layer 530 and planarizing a surface of a layer on which the
color filter layer 530 is formed may be provided on the color
filter layer 530. As an example, an inorganic insulating layer
or organic insulating layer may be used for the overcoat
layer 560. Here, the inorganic insulating layer may contain
Si0,, SiNx, SiON, AlL,O,, TiO,, Ta,0,, HfO,, ZrO,, BST,
PZT, or the like, and the organic insulating layer may
contain one or more of a general purpose polymer (PMMA,
PS), a polymer derivative having a phenol group, an acrylic
polymer, an imide-based polymer, a arylether-based poly-
mer, an amide-based polymer, a fluorine-based polymer, a
p-xylene-based polymer, a vinylalcohol-based polymer, and
a blend thereof, and the like. The overcoat layer 560 may
also be formed as a composite laminate of the inorganic
insulating layer and the organic insulating layer. In addition,
using a material having high transmittance helps keeping the
light emitting efficiency as high as possible or practical.

[0089] In the present embodiment, a touch panel 700 may
be disposed on the overcoat layer 560 covering the color
filter layer 530. The touch panel 700 may sense a contact by
an external object. Here, contact may refer to when an
external object such as a hand of a user approaches the
organic light emitting diode display or hovers in an
approached state as well as when the external object comes
in direct contact with a front surface of the organic light
emitting diode display.

[0090] A first adhesive layer 600 may be interposed
between the touch panel 700 and the overcoat layer 560. The
touch panel 700 may be adhered onto the color filter layer
530 by the first adhesive layer 600.

[0091] The first adhesive layer 600 may include a silicon-
based or acrylic compression-bonding type adhesive having
a low modulus such as PSA, but the present invention is not
limited thereto. In other embodiments, the overcoat layer
560 may be omitted.
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[0092] 1In addition, a second adhesive layer 800 is dis-
posed on the touch panel 700. A window 900 may be
adhered to the touch panel 700 by the second adhesive layer
800. Like the first adhesive layer 600, the second adhesive
layer 800 may include a silicon-based or acrylic compres-
sion-bonding type adhesive having a low modulus such as
PSA, but the present invention is not limited thereto.
[0093] Hereinafter, an organic light emitting diode display
according to a fourth embodiment will be described with
reference to FIG. 5 in addition to FIGS. 1, 3, and 4 described
above. Detailed descriptions of the same or similar compo-
nents to those of the above-mentioned displays may not be
repeated.

[0094] FIG. 5 is a schematic cross-sectional view of the
organic light emitting diode display. Referring to the organic
light emitting diode display of FIG. 5, a polarizing plate 550
is positioned at a position corresponding to the color filter
layer 530 of FIG. 4.

[0095] The organic light emitting diode display of FIG. 5
has substantially the same configuration from the substrate
123 to the encapsulation layer 400 as those of the organic
light emitting diode displays of FIGS. 1, 3, and 4.

[0096] InFIG. 5, the polarizing plate 550 may be disposed
on the encapsulation layer 400. The polarizing plate 550
changes an optical axis of light emitted from the organic
light emitting layer 170 to the outside. The polarizing plate
may have a structure in which a transparent protective film
is stacked on both surfaces or one surface of a polarizer
made of a poly vinyl alcohol-based resin.

[0097] In further detail, the polarizing plate 550 may have
a structure in which a triacetyl cellulose (TAC) film as the
protective film is adhered to a polarizer having a structure in
which a poly vinyl alcohol (hereinafter, referred to as
PVA)-based molecular chain is aligned in a set or predeter-
mined direction and an iodine-based compound or a dichroic
polarizing material is contained. For example, the polarizer
and the protective film may be adhered to each other by an
aqueous adhesive made of a poly vinyl alcohol-based aque-
ous solution. However, the polarizing plate 550 is not
limited thereto, and in other embodiments, polarizing plates
having various structures may be used.

[0098] An overcoat layer 560 may be provided on the
polarizing plate 550. However, in other embodiments, the
overcoat layer 560 may be omitted.

[0099] Inaddition, as described in the embodiment of FIG.
4, a touch panel 700 and a window 900 may be disposed on
the polarizing plate 550. In addition, a first adhesive layer
600 may be interposed between the touch panel 700 and the
polarizing plate 550. The touch panel 700 may be adhered
onto the polarizing plate 550 by the first adhesive layer 600
(possibly with the overcoat layer 560 therebetween).
[0100] In addition, a second adhesive layer 800 is dis-
posed on the touch panel 700. The window 900 may be
adhered to the touch panel 700 by the second adhesive layer
800.

[0101] Hereinafter, an organic light emitting diode display
according to a fifth embodiment will be described with
reference to FIG. 6 in addition to FIG. 1 and other embodi-
ments described above. Detailed descriptions of the same or
similar components to those of the above-described displays
may not be repeated.

[0102] FIG. 6 is a schematic cross-sectional view of the
organic light emitting diode display. Referring to the organic
light emitting diode display of FIG. 6, a first metal layer 541,
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a first intermediate layer 543, a second metal layer 545, and
a second intermediate layer 547 are disposed on a second
electrode 180. External light reflected by the first metal layer
541 destructively interferes with light reflected by the sec-
ond metal layer 545 and light that does not destructively
interfere is absorbed in the second metal layer 545 by
adjusting thicknesses of the first and second intermediate
layers 543 and 547.

[0103] An exposure region at which the second electrode
180 is exposed is formed in the first metal layer 541 at a
position corresponding to the pixel area. The first metal layer
541 may cover the second electrode 180 except for the pixel
area in which the organic light emitting layer 170 is posi-
tioned. The first metal layer 541 may be a highly reflective
layer, and may be made of any one selected from the group
consisting of Ag, Al, Mg, Cr, Ti, Ni, W, Au, Ta, Cu, Co, Fe,
Mo, and Pt, or an alloy thereof.

[0104] In addition, the first intermediate layer 543 is
positioned on the first metal layer 541. The first intermediate
layer 543 may cover the first metal layer 541 and the second
electrode 180. However, the first intermediate layer 543 is
not limited thereto, and in other embodiments, may be
formed at positions corresponding to only the first metal
layer 541. The first intermediate layer 543 may be positioned
to cover only the first metal layer 541.

[0105] The first intermediate layer 543 may serve, for
example, to control a relative phase of light reflected by the
second electrode 180 with respect to light reflected by the
second metal layer 545 to be about 180°. As described
above, the first intermediate layer 543 used as a phase
control layer may be made of any one or more selected from
the group consisting of SiO, (x=1), SiN, (x=1), MgF,, CaF,,
Al 0O,, Sn0,, ITO, 170, ZnO, Ta, 0, Nb,O,, HfO,, TiO,,
and In,0;.

[0106] The second metal layer 545 may be positioned on
the first intermediate layer 543. The second metal layer 545
may cover the first intermediate layer 543. However, the
second metal layer 545 is not limited thereto, and in other
embodiments, may be formed at positions corresponding to
only the first metal layer 541. The second metal layer 545
may be positioned on the first intermediate layer 543 to
cover only the first metal layer 541.

[0107] The second metal layer 545 may include a material
capable of performing destructive interference as described
above and absorbing a large amount of light. For example,
the second metal layer 545 may be made of any one selected
from the group consisting of Cr, Ti, Mo, Co, Ni, W, Al, Ag,
Au, Cu, Fe, Mg, and Pt, or an alloy thereof. With the metal
layers as described above, light may be effectively absorbed
in the entire wavelength region of visible light due to a
destructive interference effect caused by reflection of the
metal layers and a high light absorption ratio, such that
reflection of external light may be decreased.

[0108] In addition, the second intermediate layer 547 is
positioned on the second metal layer 545. The second
intermediate layer 547 may cover the second metal layer
545. However, the second intermediate layer 547 is not
limited thereto, and in other embodiments, may be formed at
positions corresponding to only the first metal layer 541.
[0109] The second intermediate layer 547 may perform a
phase compensation function of compensating for a phase to
correspond to a deviation from a 180° phase depending on
a wavelength of external light. It is difficult to maintain a
phase difference of light reflected in the entire wavelength of
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visible light to 180° only with the above-mentioned first
intermediate layer 543. Therefore, the second intermediate
layer 547 compensates for the phase to correspond to the
deviation from the 180° phase. As described above, the
second intermediate layer 547 used as the phase compen-
sation layer may be made of any one or more selected from
the group consisting of SiO, (x=1), SiN, (x=1), MgF,, CaF,,
Al0O,, Sn0O,, ITO, 170, ZnO, Ta,0;,, Nb,Os, HfO,, TiO,,
and In,0,.

[0110] FIG. 7 is a partially enlarged cross-sectional view
of region A of the organic light emitting diode display of
FIG. 6. External light transferred from the outside of the
display may be reflected by the second intermediate layer
547, the second metal layer 545, the first intermediate layer
543, and the first metal layer 541. As described above,
external light reflected by the first metal layer 541 may
destructively interfere with light reflected by the second
metal layer 545. In addition, light that does not destructively
interfere may be absorbed in the second metal layer 545. As
described above, reflection of the external light by the first
metal layer 541, the first intermediate layer 543, the second
metal layer 545, and the second intermediate layer 547 may
be decreased.

[0111] FIG. 8is a graph illustrating an effect of decreasing
external reflection by the organic light emitting diode dis-
play of FIGS. 6 and 7. As illustrated in FIG. 8, as compared
to when the first metal layer 541, the first intermediate layer
543, the second metal layer 545, and the second intermediate
layer 547 are made of Al, SiO,, Ag, and SiO,, respectively
(the top line in FIG. 8), or when the first metal layer 541, the
first intermediate layer 543, the second metal layer 545, and
the second intermediate layer 547 are made of Al, SiO,, Al,
and SiO,, respectively (the middle line of FIG. 8), when the
first metal layer 541, the first intermediate layer 543, the
second metal layer 545, and the second intermediate layer
547 are made of Al, Si0,, Cr or Mo, and Si0,, respectively
(the bottom line of FIG. 8), reflectivity of external light is
low.

[0112] As described above, when the second metal layer
545 is made of Cr or Mo, reflectivity of external light may
be significantly decreased.

[0113] As illustrated in FIGS. 1, 3, 4, and 5, in organic
light emitting diode displays according to embodiments of
the present invention, reflection of external light may be
blocked by the light blocking layer 500 positioned on the
pixel defining layer 125, which may prevent contrast and
visibility from being deteriorated. When a user uses such a
display outdoors, the user may see a vivid image of which
contrast and visibility are not deteriorated. Further, as illus-
trated in FIGS. 1, 3, 4, and 6, when removing the polarizing
plate present in comparable organic light emitting diode
displays, the entire thickness of the display may be
decreased. Therefore, organic light emitting diode displays
according to embodiments of the present invention may be
applied to a flexible display, which may be an ultra-thin type
display,

[0114] While the present invention has been described in
connection with what is presently considered to be practical
example embodiments, it is to be understood that the inven-
tion is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims and their equivalents.
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Description of some symbols

123 substrate 125 pixel defining layer

160  first electrode 170 organic light emitting layer
180  second electrode 400 encapsulation layer

500  light blocking layer 530  color filter layer

550  polarizer 541  first metal layer

543 first intermediate layer 545  second metal layer

547  second intermediate layer 900  window

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate;

a thin film transistor on the substrate;

a first electrode on and connected to the thin film tran-

sistor;

a pixel defining layer on the first electrode and defining a

pixel area;

an organic light emitting layer on the first electrode and

contacting the first electrode exposed in the pixel area;

a second electrode on the organic light emitting layer; and

a light blocking layer on the second electrode and expos-

ing the second electrode at a position corresponding to
the pixel area.

2. The organic light emitting diode display of claim 1,
wherein the light blocking layer comprises a light blocking
material.

3. The organic light emitting diode display of claim 2,
wherein the light blocking material comprises at least one of
carbon black, carbon nanotube (CNT), and black dye.

4. The organic light emitting diode display of claim 2,
wherein the light blocking layer further comprises a con-
ductive metal, a conductive metal oxide, or a conductive
metal nitride.

5. The organic light emitting diode display of claim 4,
wherein the conductive metal is selected from the group
consisting of Al, Ag, Mg, Cr, Ti, Ni, Au, Ta, Cu, Ca, Co, Fe,
Mo, W, Pt, Yb, and NiS, or an alloy thereof.

6. The organic light emitting diode display of claim 4,
wherein the conductive metal oxide is selected from the
group consisting of CrO, (xz1), CuO, (x=1), and MoO,
(xz1), or a combination thereof.

7. The organic light emitting diode display of claim 4,
wherein the conductive metal nitride is selected from the
group consisting of TiN, (x=1), TiN Al (x=1), and CrN_
(xz1), or a combination thereof.

8. The organic light emitting diode display of claim 1,
further comprising a color filter layer at a position corre-
sponding to the pixel area and contacting the second elec-
trode.

9. The organic light emitting diode display of claim 1,
further comprising:

an encapsulation layer on the light blocking layer to cover

the light blocking layer and the second electrode; and

a color filter layer on the encapsulation layer.

10. The organic light emitting diode display of claim 1,
further comprising a polarizing plate on the light blocking
layer.

11. The organic light emitting diode display of claim 10,
further comprising an encapsulation layer between the light
blocking layer and the polarizing plate.

12. An organic light emitting diode display comprising;

a substrate;

a thin film transistor on the substrate;



US 2016/0322444 Al

a first electrode on and connected to the thin film tran-
sistor;

a pixel defining layer on the first electrode and defining a
pixel area;

an organic light emitting layer on the first electrode and
contacting the first electrode exposed in the pixel area;

a second electrode on the organic light emitting layer;

a first metal layer on the second electrode and exposing
the second electrode at a position corresponding to the
pixel area;

a first intermediate layer covering the first metal layer;

a second metal layer covering the first intermediate layer;
and

a second intermediate layer covering the second metal
layer.

13. The organic light emitting diode display of claim 12,

wherein the first and second metal layers are configured so
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that external light reflected by the first metal layer and
external light reflected by the second metal layer destruc-
tively interfere with each other.

14. The organic light emitting diode display of claim 12,
wherein the first metal layer is selected from the group
consisting of Ag, Al, Mg, Cr, Ti, Ni, W, Au, Ta, Cu, Co, Fe,
Mo, and Pt, or an alloy thereof.

15. The organic light emitting diode display of claim 12,
wherein the second metal layer is selected from the group
consisting of Cr, Ti, Mo, Co, Ni, W, Al, Ag, Ay, Cu, Fe, Mg,
and Pt, or an alloy thereof.

16. The organic light emitting diode display of claim 12,
wherein the first and second intermediate layers are selected
from the group consisting of SiO, (x=1), SiN, (x=1), MgF,,
CaF,, Al,0,, Sn0O,, ITO, 170, ZnO, Ta,05, Nb,Os, HfO,,
TiO,, and In,O;, or a combination thereof.

* ok %k
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