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(57) ABSTRACT

An organic light emitting diode display includes: a substrate,
an insulating layer on the substrate; a plurality of pixel elec-
trodes on the insulating layer; a pixel defining layer on the
insulating layer overlapping with an end of at least one of the
pixel electrodes and defining an emission region and a non-
emission region; an organic emission layer on the pixel elec-
trodes; and a common electrode on the organic emission
layer, wherein the insulating layer has a plurality of concave
portions in the non-emission region adjacent corresponding
ones of the pixel electrodes, wherein each of the concave
portions has a bottom portion and an inclined portion, and
wherein a reflective surface is on at least one of the inclined
portions.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
from Korean Patent Application No. 10-2012-0110557, filed
on Oct. 5,2012 in the Korean Intellectual Property Office, the
entire disclosure of which s incorporated herein by reference.

FIELD

[0002] Embodiments of the present invention relate to an
organic light emitting diode display and a manufacturing
method thereof, and more particularly, to an organic light
emitting diode display with enhanced light efficiency and
visibility by differentiating structures for each pixel of red R,
green G, and blue B and a manufacturing method thereof.

BACKGROUND

[0003] An organic light emitting diode display is a self-
emission display device which has one or more organic light
emitting diodes that emit light to display an image. Because
the organic light emitting diode display does not require a
separate light source unlike a liquid crystal display, it is pos-
sible to reduce a thickness and a weight of the display device,
as compared with a liquid crystal display. Further, because the
organic light emitting diode display has high-quality charac-
teristics such as low power consumption, high luminance, and
a high response speed, organic light emitting diode displays
have received attention as a next-generation display device
for portable electronic apparatuses.

[0004] In general, an organic light emitting diode includes
a hole injection electrode, an organic emission layer, and an
electron injection electrode. In the organic light emitting
diode, a hole supplied from thehole injection electrode and an
electron supplied from the electron injection electrode are
coupled with each other in the organic emission layer to form
an exciton, and light is generated by energy generated when
the exciton falls to a ground state. In the case of the organic
light emitting diode, because self efficiency is not high, an
internal resonance environment may be made in order to
improve efficiency. However, in the internal resonance envi-
ronment, because a path of light at the front is different,
efficiency ratios of red, green, and blue are different from
each other, and, as a result, a color difference (WAD) accord-
ing to angles at the front and the side is generated (e.g., color
shifts or brightness changes may appear based on viewing
angle). In addition, because a large part of the light emitted
from the organic emission layer is guided in a direction par-
allel to a laminated surface due to total reflection (e.g., total
internal reflection) and is lost, light extraction efficiency may
be low. Light extraction efficiency is a ratio of a quantity of
light extracted from the diode at an observer (or viewing) side
to an amount of light emitted from the emission layer, and
because the organic light emitting diode has low light extrac-
tion efficiency, there is room for improvement with respect to
characteristics of the display device such as luminance.
[0005] As such, various methods are being developed to
improve the light efficiency by efficiently extracting the light
generated in the organic emission layer and improving vis-
ibility by reducing the color difference (or color or brightness
shifts)
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SUMMARY

[0006] Aspects of embodiments of the present invention are
directed to providing an organic light emitting diode display
having increased light efficiency by differentiating structures
for each pixel of red, green, and blue and improving visibility
by reducing a color difference (WAD) according to an angle
(e.g., a viewing angle) and a manufacturing method thereof.
[0007] An exemplary embodiment of the present invention
provides an organic light emitting diode display including: a
substrate; an insulating layer on the substrate; a plurality of
pixel electrodes on the insulating layer; a pixel defining layer
on the insulating layer overlapping with an end of at least one
of the pixel electrodes and defining an emission region and a
non-emission region; an organic emission layer on the pixel
electrodes; and a common electrode on the organic emission
layer, wherein the insulating layer has a plurality of concave
portions in the non-emission region adjacent corresponding
ones of the pixel electrodes, wherein each of the concave
portions has a bottom portion and an inclined portion, and
wherein a reflective surface is on at least one of the inclined
portions.

[0008] The pixel electrodes may include a red pixel elec-
trode, a green pixel electrode, and a blue pixel electrode.

[0009] The pixel electrodes may further include a white
pixel electrode.
[0010] Thecommon electrode may be on the pixel defining

layer and the insulating layer.

[0011] A first reflective surface may be on a first inclined
portion at a first concave portion adjacent the red pixel elec-
trode and a second reflective surface may be on a second
inclined portion at a second concave portion adjacent the
green pixel electrode.

[0012] Thefirst and second reflective surfaces may be sepa-
rated from the common electrode.

[0013] The common electrode may be on the first inclined
portion and the second inclined portion and form the first and
second reflective surfaces.

[0014] A third reflective surface may be on a third inclined
portion at a third concave portion adjacent the blue pixel
electrode and may be spaced from and separate from the
common electrode.

[0015] Thereflective surface may include at least one mate-
rial selected from the group consisting of Al, Ti, Mg and Ag.

[0016] The insulating layer may include a first insulating
layer and a second insulating layer on the first insulating
layer, wherein the bottom portion may be a surface of the first
insulating layer and the inclined portion may be a surface of
the second insulating layer.

[0017] Further, embodiments of the present invention pro-
vide a manufacturing method of the organic light emitting
diode display.

[0018] Another exemplary embodiment of the present
invention provides a method of manufacturing an organic
light emitting diode display, including: forming an insulating
layer on a substrate; forming a plurality of pixel electrodes on
the insulating layer; forming a pixel defining layer on the
insulating layer overlapping with an end of at least one of the
pixel electrodes; forming an organic emission layer on the
pixel electrodes; and forming a common electrode on the
organic emission layer, wherein the insulating layer has a
plurality of concave portions in a non-emission region adja-
cent corresponding ones of the pixel electrodes, wherein each
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of the concave portions has a bottom portion and an inclined
portion, and wherein a reflective surface is formed on at least
one of the inclined portions.

[0019] The forming of the plurality of pixel electrodes may
include forming a red pixel electrode, a green pixel electrode,
and a blue pixel electrode.

[0020] The forming of the plurality of pixel electrodes may
further include forming a white pixel electrode.

[0021] Thecommon electrode may be on the pixel defining
layer and the insulating layer.

[0022] A first reflective surface may be on a first inclined
portion at a first concave portion adjacent the red pixel elec-
trode and a second reflective surface may be on a second
inclined portion at a second concave portion adjacent the
green pixel electrode.

[0023] The first and second reflective surfaces may be
spaced apart from the common electrode.

[0024] The common electrode may be on the first inclined
portion and the second inclined portion and may form the first
and second reflective surfaces.

[0025] A third reflective surface is on a third inclined por-
tion at a third concave portion adjacent the blue pixel elec-
trode 1is spaced from and separate from the common elec-
trode.

[0026] Thereflective surface may include at least one mate-
rial selected from the group consisting of Al, Ti, Mg and Ag.
[0027] The forming the insulating layer may include form-
ing a first insulating layer, the bottom portion being a surface
of the first insulating layer; and forming a second insulating
layer on the first insulating layer, the inclined portion being a
surface of the second insulating layer.

[0028] According to the organic light emitting diode dis-
play according to one embodiment of the present invention,
by differentially forming a red pixel unit and a green pixel unit
in a structure having excellent efficiency and front luminance
and a blue pixel unit in a structure having excellent efficiency
and side luminance, it is possible to increase light efficiency
and improve visibility by reducing the occurrence of a color
difference.

[0029] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.1isa cross-sectional view schematically illus-
trating structures of a red pixel unit and/or a green pixel unit
of an organic light emitting diode display according to a first
exemplary embodiment of the present invention.

[0031] FIG. 2is a cross-sectional view schematically illus-
trating a blue pixel unit of the organic light emitting diode
display according to the first exemplary embodiment of the
present invention.

[0032] FIG. 3 isa cross-sectional view schematically illus-
trating structures of a red pixel unit and/or a green pixel unit
of an organic light emitting diode display according to a
second exemplary embodiment of the present invention.
[0033] FIG. 4isa cross-sectional view schematically illus-
trating a structure of a blue pixel unit of the organic light
emitting diode display according to the second exemplary
embodiment of the present invention.
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[0034] FIG. 5is a cross-sectional view schematically illus-
trating structures of a red pixel unit and/or a green pixel unit
of an organic light emitting diode display according to yet a
third exemplary embodiment of the present invention.
[0035] FIG. 6 is a cross-sectional view schematically illus-
trating a structure of a blue pixel unit of the organic light
emitting diode display according to the third exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

[0036] Hereinafter, exemplary embodiments of the present
invention will be described in more detail with reference to
the accompanying drawings.

[0037] Although embodiments of the present invention can
be modified variously and have several embodiments, spe-
cific exemplary embodiments are illustrated in the accompa-
nying drawings and will be mainly described in the specifi-
cation. However, the scope of the present invention is not
limited to the specific embodiments and should be construed
as including all the changes, equivalents, and substitutions
included in the spirit and scope of the present invention.

[0038] Inthisspecification, specific structural or functional
descriptions are provided to describe exemplary embodi-
ments, and the exemplary embodiments of the present inven-
tion can be implemented in various forms. Embodiments of
the present invention are not limited to the exemplary
embodiments. It should be understood that the present inven-
tion contains all changes, equivalents, and substitutions
included in the spirit and the scope of the present invention. It
will be understood that when an element is referred to as
being ‘connected to’ or ‘contacted to” another element with-
out being ‘directly connected to” or ‘directly contacted to’
another element in the present description, it may be ‘directly
connected to” or ‘directly contacted to” another element or be
connected to or coupled to another element, having the
another element intervening therebetween. Further, when an
element is referred to as being ‘directly connected to’ or
‘directly contacted to’ another element, no other element is
intervening therebetween. Other expressions describing the
relationships among the elements, for example, ‘between’,
‘directly between’ or ‘adjacent to’ and ‘directly adjacent to’
may also be understood similarly.

[0039] Terms used in the specification are used to describe
illustrative exemplary embodiments and are not to be con-
strued as limiting embodiments of the present invention.
Aspects described using a singular expression should be con-
strued as including plural expressions as long as the expres-
sions do not clearly indicate a different contextual meaning.
In this specification, terms such as ‘comprise’, ‘include’, or
‘have’ are used to designate presence of implemented fea-
tures, figures, steps, operations, elements, parts, or combina-
tions thereof and it should be understood that presence or
addition possibilities of presence or addition possibilities of
other features or figures, steps, operations, elements, parts, or
combinations thereof are not excluded in advance. If not
differently defined, all terms used herein, which include tech-
nical or scientific terms, have meanings in accordance with
what would be understood by those skilled in the art. It should
be understood that terms defined in advance, which are gen-
erally used, have the same meanings as contextual meanings
of associated techniques and, if not apparently or explicitly
defined in this application, the terms are not defined so as to
limit the scope of the meanings of the terms.
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[0040] Terms used in the specification, such as “first’, ‘sec-
ond’, ‘third’, etc. can be used to describe various elements,
but the elements are not to be construed as being limited to the
terms. Such terms are merely used to differentiate one ele-
ment from other elements. For example, the “first” element
may be named the ‘second’ or ‘third” element without depart-
ing from the scope of the present invention and similarly, the
‘second’ or ‘third” element may also be similarly alternately
named.

[0041] Parts which are not associated with the description
are omitted in order to concisely describe the present inven-
tion and like reference numerals refer to like elements
throughout the specification. Further, in the drawings, the size
and thickness of each element are arbitrarily illustrated for the
sake of convenience of description, and embodiments of the
present invention are not limited to those illustrated in the
drawings.

[0042] In the drawings, the thicknesses of layers and
regions are enlarged for clarity. In the drawings, the thick-
nesses of some layers and regions are exaggerated for the sake
of convenience of description.

[0043] FIGS. 1 and 2 are cross-sectional views schemati-
cally illustrating structures for each type of pixel ofan organic
light emitting diode display according to a first exemplary
embodiment of the present invention.

[0044] In more detail, in the organic light emitting diode
display according to the first exemplary embodiment of the
present invention, structures of a red pixel unit and/or a green
pixel unit are illustrated in FIG. 1 and a structure of a blue
pixel unit is illustrated in FIG. 2 (e.g., in some embodiments,
the structures of the red pixel unit and the green pixel unit are
substantially similar when compared with the structure of the
blue pixel unit).

[0045] First, structures of a red pixel unit and a green pixel
unit of an organic light emitting diode display according to
the first exemplary embodiment of the present invention will
be described with reference to FI1G. 1.

[0046] The organic light emitting diode display according
to the first exemplary embodiment of the present invention
includes a substrate 1100, an insulating layer 1200 disposed
on the substrate, a pixel electrode 1300 disposed on the insu-
lating layer, a pixel defining layer 1400 formed on the insu-
lating layer overlapping with an end ofthe pixel electrode and
defining an emission region and a non-emission region, an
organic emission layer 1500 disposed on the pixel electrode,
and a common electrode 1600 disposed on the organic emis-
sion layer.

[0047] First, the substrate 1100 may be a transparent insu-
lation substrate. For example, the substrate 1100 may be a
glass substrate, a quartz substrate, a transparent resin sub-
strate, or the like. Types of transparent resin substrates which
may be used as the substrate 1100 may include a polyimide
resin, an acrylic resin, a polyacrylate resin, a polycarbonate
resin, a polyether resin, a polyethylene terephthalate resin, a
sulfonic acid resin, and the like. These materials may be used
either alone or in a combination (or combinations) thereof.
[0048] A semiconductor device may be formed on the sub-
strate 1100. An example of the semiconductor device is a thin
film transistor (TFT) including a gate electrode, a source
electrode, and a drain electrode. In the first exemplary
embodiment of the present invention described herein, a case
where the pixel electrode is a positive electrode is described,
and the pixel electrode 1300 as the positive electrode may be
electrically connected with the drain electrode of the thin film
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transistor (TFT). The semiconductor device may be formed
by a general method of forming thin film transistors as is well
known in the art. Accordingly, the description for a detailed
method of forming the semiconductor device or the thin film
transistor is omitted herein.

[0049] According to one embodiment of the present inven-
tion a lower structure including a switching element, a con-
tact, a pad, a plug, an electrode, a conductive pattern, an
insulation pattern, or the like may be provided on the sub-
strate. In this case, the lower structure may be disposed at a
position which is not overlapped with a main luminescent
region on the pixel electrode.

[0050] According to the first exemplary embodiment of the
present invention, the TFT as the semiconductor device may
be formed on the substrate. On the substrate 1100, a gate
electrode is formed and a gate insulating layer for insulating
the gate electrode is formed. A source electrode and a drain
electrode are formed on the gate insulating layer. The gate
electrode, the drain electrode, and the source electrode are
elements of the TFT, which is referred to as a semiconductor
device.

[0051] After the source electrode and the drain electrode
are formed, the insulating layer 1200 is formed all over the
surface of the substrate (e.g., over the entire surface of the
substrate). The insulating layer 1200 has a thickness suffi-
cient to cover the lower structures formed on the substrate.
[0052] The insulating layer 1200 may be formed as a
single-layered structure or may be formed as a multilayered
structure including two or more insulating layers.

[0053] As illustrated in FIG. 1, the insulating layer 1200
may include a first insulating layer 1210 and a second insu-
lating layer 1220 which are sequentially formed on the sub-
strate 1100. In one embodiment, the first insulating layer
1210 and the second insulating layer 1220 may be formed by
using substantially the same or similar material. In other
embodiments, the first insulating layer 1210 and the second
insulating layer 1220 may be formed by using different mate-
rials.

[0054] The insulating layer 1200 has a concave portion.
The concave portion has a bottom portion and an inclined
portion which is an inclined side portion. In more detail, the
concave portion is formed by the first insulating layer 1210
and the second insulating layer 1220. In the embodiment
shown in FIG. 1, the first insulating layer 1210 forms the
bottom portion, and the side portion of the second insulating
layer 1220 forms the inclined portion.

[0055] According to the first exemplary embodiment of the
present invention, in order to improve the degree of planariza-
tion of the insulating layer 1200 formed on the substrate, a
planarization process may be performed on the substrate. For
example, the substrate may have a flat upper surface by apply-
ing a chemical mechanical polishing (CMP) process, an etch-
back process, or the like onto the substrate.

[0056] According to the first exemplary embodiment of the
present invention, the insulating layer 1200 may contain an
organic material. For example, the insulating layer 1200 may
contain a material selected from photoresist, acrylate-based
polymers, polyimide-based polymers, polyamide-based
polymers, siloxane-based polymers, polymers containing a
photosensitive acryl carboxyl group, novolac resins, and
alkali developable resins. These materials may be used either
alone or in a combination (or combinations) thereof.

[0057] Insome embodiments of the present invention, the
insulating layer 1200 may be formed by using an inorganic
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material such as a silicon compound, metal, metal oxide, or
the like. For example, the insulating layer 1200 may contain
a material selected from silicon oxide (Si0x), silicon nitride
(SiNx), silicon oxynitride (SiOxNy), silicon oxycarbide
(Si0OxCy), silicon carbonitride (SiCxNy), aluminum (Al),
magnesium (Mg), zinc (Zn), hafnium (Hf), zirconium (Zr),
titanium (Ti), tantalum (Ta), aluminum oxide (AlOx), tita-
nium oxide (TiOx), tantalum oxide (TaOx), magnesium oxide
(MgOx), zinc oxide (ZnOx), hafnium oxide (HfOx), zirco-
nium oxide (ZrOx), and titanium oxide (TiOx). These mate-
rials may be used either alone or in a combination (or com-
binations) thereof.

[0058] The insulating layer 1200 may be formed on the
substrate by using a spin coating process, a printing process,
a sputtering process, a chemical vapor deposition (CVD)
process, an atomic layer deposition (ALD) process, a plasma
enhanced chemical vapor deposition (PECVD) process, a
high density plasma-chemical vapor deposition (HDP-CVD)
process, a vacuum deposition process, or the like according to
a constituent material.

[0059] According to one embodiment, the pixel electrode
1300 is formed on the insulating layer 1200. The pixel elec-
trode 1300 may be electrically connected to the drain elec-
trode of the thin film transistor.

[0060] According to the first exemplary embodiment of the
present invention, the pixel electrode 1300 includes a red R
pixel electrode, a green G pixel electrode, and a blue B pixel
electrode and may be formed by using a light emitting con-
ductive material. For example, the pixel electrode 1300 may
contain at least one of indium tin oxide, indium zinc oxide,
zine tin oxide, zinc oxide, tin oxide, and gallium oxide. These
materials may be used either alone or in a combination (or
combinations) thereof.

[0061] According to the first exemplary embodiment of the
present invention, the pixel electrode 1300 may be formed on
apart ofthe insulating layer 1200 by coating a material for the
pixel electrode on the entire surface (or substantially the
entire surface) of the insulating layer 1200 and then pattern-
ing the material for the pixel electrode. Here, the pixel elec-
trode may be formed by a method such as a sputtering pro-
cess, a vacuum deposition process, a chemical vapor
deposition process, a pulse laser deposition process, a print-
ing process, and an atomic layer deposition process using the
material for the pixel electrode.

[0062] A through-hole which is connected to the semicon-
ductor device, that is, the TFT, through the insulating layer
1200 may be formed in the insulating layer 1200. A part ofthe
semiconductor device is exposed by the through-hole, a con-
tact structure or a pad structure is formed in the through-hole
and on the exposed semiconductor element, for example, the
thin film transistor (TFT), and the pixel electrode 1300
formed on the insulating layer 1200 may be connected to the
contact structure or the pad structure. Accordingly, the pixel
electrode 1300 may be electrically connected to the semicon-
ductor device through the contact structure or the pad struc-
ture.

[0063] Next, the pixel defining layer 1400 is formed on the
insulating layer 1200 and the pixel electrode 1300. The pixel
defining layer 1400 may be formed by using an organic mate-
rial, an inorganic material, or the like. For example, the pixel
defining layer 1400 may contain a material selected from an
organic material such as photoresist, a polyacryl-based resin,
a polyimide-based resin, and an acryl-based resin or an inor-
ganic material such as a silicon compound.
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[0064] A material for forming the pixel defining layer is
coated on the pixel electrode 1300 and the entire upper por-
tion of the insulating layer 1200 and then partially etched to
form the pixel defining layer 1400 so that a part of the pixel
electrode 1300 is exposed. For example, an opening exposing
the pixel electrode 1300 may be formed by using a photoli-
thography process or an etching process using an additional
etching mask. In this case, a side wall of the opening of the
pixel defining layer 1400 may have substantially the same or
similar angle of inclination as an angle of inclination of the
inclined portion.

[0065] According to the first exemplary embodiment of the
present invention, the pixel defining layer 1400 may be
formed by etching up to (or through to) the top of the first
insulating layer 1210 so that the concave portion formed by
the first insulating layer 1210 and the second insulating layer
1220 is exposed, as illustrated in FIG. 1.

[0066] As the opening is formed in the pixel defining layer
1400, an emission region and a non-emission region of the
organic light emitting diode display are defined. Here, a
region where the opening of the pixel defining layer 1400 is
disposed (or located) corresponds to the emission region, and
a region adjacent to the opening corresponds to the non-
emission region.

[0067] As described above, after the pixel defining layer
1400 is formed, the organic emission layer 1500 is formed on
the pixel defining layer 1400 and the pixel electrode 1300.
[0068] The organic emission layer 1500 may be formed by
using emission materials capable of emitting lights of differ-
ent colors such as red light, green light, and blue light accord-
ing to each pixel of the organic light emitting diode display.
According to some embodiments, the organic emission layer
1500 may have a multilayered structure which emits white
light by laminating a plurality of emission materials capable
of emitting lights of different colors such as red light, green
light, and blue light. According to other embodiments of the
present invention, the organic emission layer 1500 may addi-
tionally include a host material having a substantially larger
band gap than the emission materials.

[0069] According to the first exemplary embodiment of the
present invention, the organic emission layer 1500 is located
on the pixel electrode 1300. Further, the organic emission
layer 1500 extends from the pixel electrode 1300 in the emis-
sion region to also be formed above the pixel defining layer
1400 and the insulating layer 1200. That is, as illustrated in
FIG. 1, the bottom of the organic emission layer 1500 is
located on (e.g., contacts) the pixel electrode 1300, and the
side of the organic emission layer 1500 contacts the pixel
defining layer 1400 and the insulating layer 1200.

[0070] According to some embodiments of the present
invention, a first auxiliary emission layer may be formed
between the pixel electrode 1300 and the organic emission
layer 1500. In this case, the first auxiliary emission layer may
include at least one of a hole injection layer and a hole trans-
port layer. Further, a second auxiliary emission layer may be
formed between the organic emission layer 1500 and a com-
mon electrode 1600. In this case, the second auxiliary emis-
sion layer may include at least one of an electron injection
layer and an electron transport layer.

[0071] Next, the common electrode 1600 is formed on the
organic emission layer 1500. The common electrode 1600
may be formed on the organic emission layer 1500 at a regular
(e.g., substantially uniform) thickness. The common elec-
trode 1600 may be formed by using a reflective material. For
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example, the common electrode 1600 may contain a material
selected from metal such as aluminum (Al), silver (Ag), plati-
num (Pt), gold (Au), chromium (Cr), tungsten (W), molyb-
denum (Mo), titanium (Ti), palladium (Pd), and iridium (Ir),
and an alloy (or alloys) thereof. These materials may be used
either alone or in a combination (or combinations) thereof.

[0072] According to the first exemplary embodiment of the
present invention, the common electrode 1600 may be formed
all over the surface (e.g., over the entire surface) of the
organic emission layer 1500. That is, the common electrode
1600 may be formed to extend onto the pixel defining layer
1400 and the insulating layer 1200.

[0073] According to some embodiments of the present
invention, the common electrode 1600 may be located only in
the emission region. For example, the common electrode
1600 may be disposed on a part of the organic emission layer
1500. In this case, a common electrode layer is formed all
over the surface (e.g., over the entire surface) of the organic
emission layer 1500 and then patterned to form the common
electrode 1600 which is selectively disposed only in the emis-
sion region.

[0074] According to the first exemplary embodiment of the
present invention, as illustrated in FIG. 1, the common elec-
trode 1600 formed to extend to the inclined portion of the
insulating layer 1200 which serves as a reflective surface and
thus light that would have dissipated due to the total reflection
therein (e.g., total internal reflection) are instead reflected to
the common electrode 1600 to be discharged toward the sub-
strate, thereby improving light extraction efficiency of the
entire surface.

[0075] Next, a structure of a blue pixel unit of an organic
light emitting diode display according to the first exemplary
embodiment of the present invention will be described with
reference to FIG. 2.

[0076] In the blue pixel unit, constituent elements other
than the pixel defining layer 1400 (e.g., the substrate 1100, the
insulating layer 1200, the pixel electrode 1300, the organic
emission layer 1500, and the common electrode 1600) may be
the same as or substantially similar to the structures of the red
pixel unit and the green pixel unit described with reference to
FIG. 1.

[0077] The blue pixel unit of the organic light emitting
diode display according to the first exemplary embodiment of
the present invention has a structure is which a thickness of
the common electrode 1600 is protected from being reduced
(e.g., excessively reduced) due to forming the common elec-
trode on a rapid (or steep) inclination. This may be accom-
plished by performing etching so that the concave portion of
the insulating layer 1200 formed by the first insulating layer
1210 and the second insulating layer 1220 is not exposed
when the pixel defining layer 1400 is formed (e.g., the pixel
defining layer 1400 is not completely etched away in the
concave portion of the insulating layer 1200), as illustrated in
FIG. 2, thereby reducing the steepness of the incline of the
common electrode 1600. Accordingly, in embodiment of the
present invention, current non-uniformity due to increase in
resistance of the common electrode is reduced or minimized
as compared with an organic light emitting diode display in
the related art.

[0078] FIGS. 3 and 4 are cross-sectional views schemati-
cally illustrating structures for each pixel of an organic light
emitting diode display according to a second exemplary
embodiment of the present invention.
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[0079] In more detail, in the organic light emitting diode
display according to the second exemplary embodiment of
the present invention, structures of a red pixel unit and/or a
green pixel unit are illustrated in FIG. 3 and a structure of a
blue pixel unit is illustrated in FIG. 4.

[0080] First, structures of a red pixel unit and/or a green
pixel unit of an organic light emitting diode display according
to the second exemplary embodiment of the present invention
will be described with reference to FIG. 3.

[0081] The organic light emitting diode display according
to the second exemplary embodiment of the present invention
includes a substrate 2100, an insulating layer 2200 disposed
on the substrate, a pixel electrode 2300 disposed on the insu-
lating layer, a pixel defining layer 2400 formed on the insu-
lating layer overlapping with an end ofthe pixel electrode and
defining an emission region and a non-emission region, an
organic emission layer 2500 disposed on the pixel electrode,
and a common electrode 2600 disposed on the organic emis-
sion layer.

[0082] First, the substrate 2100 may be a transparent insu-
lation substrate. For example, the substrate 2100 may be a
glass substrate, a quartz substrate, a transparent resin sub-
strate, or the like. Types of transparent resin substrate which
may be used as the substrate 2100 may include a polyimide
resin, an acrylic resin, a polyacrylate resin, a polycarbonate
resin, a polyether resin, a polyethylene terephthalate resin, a
sulfonic acid resin, or the like. These materials may be used
either alone or in a combination (or combinations) thereof.

[0083] A semiconductor device may be formed on the sub-
strate 2100. An example of the semiconductor device is a thin
film transistor (TFT) including a gate electrode, a source
electrode, and a drain electrode. In some embodiments of the
present invention described herein, a case where the pixel
electrode is a positive electrode is described, and the pixel
electrode 2300 as the positive electrode may be electrically
connected with the drain electrode of the thin film transistor
(TFT). The semiconductor device may be formed by a general
method of forming thin film transistors as is well known in the
art. Accordingly, the description for a detailed method of
forming the semiconductor device or the thin film transistor is
omitted herein.

[0084] According to one embodiment of the present inven-
tion a lower structure including a switching element, a con-
tact, a pad, a plug, an electrode, a conductive pattern, an
insulation pattern, or the like may be provided on the sub-
strate. In this case, the lower structure may be disposed at a
position which is not overlapped with a main emission region
on the pixel electrode.

[0085] According to the second exemplary embodiment of
the present invention, the TFT as the semiconductor device
may be formed on the substrate. On the substrate 2100, a gate
electrode is formed and a gate insulating layer for insulating
the gate electrode is formed. A source electrode and a drain
electrode are formed on the gate insulating layer. The gate
electrode, the drain electrode, and the source electrode are
elements of the TFT, which is referred to as a semiconductor
device.

[0086] After the source electrode and the drain electrode
are formed, the insulating layer 2200 is formed all over the
surface of the substrate (e.g., over the entire surface of the
substrate). The insulating layer 2200 has a thickness suffi-
cient to cover the lower structures formed on the substrate.
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[0087] The insulating layer 2200 may be formed as a
single-layered structure or may be formed as a multilayered
structure including two or more insulating layers.

[0088] As illustrated in FIG. 3, the insulating layer 2200
may include a first insulating layer 2210 and a second insu-
lating layer 2220 which are sequentially formed on the sub-
strate 2100. In one embodiment, the first insulating layer
2210 and the second insulating layer 2220 may be formed by
using substantially the same or similar material. In other
embodiments, the first insulating layer 2210 and the second
insulating layer 2220 may be formed by using different mate-
rials.

[0089] The insulating layer 2200 has a concave portion.
The concave portion has a concave bottom portion and an
inclined portion which is an inclined side portion. In more
detail, the concave portion is formed by the first insulating
layer 2210 and the second insulating layer 2220. In the
embodiment shown in FIG. 3, the first insulating layer 2210
forms the bottom portion, and the side portion of the second
insulating layer 2220 forms the inclined portion.

[0090] According to the second exemplary embodiment of
the present invention, in order to improve the degree of pla-
narization of the insulating layer 2200 formed on the sub-
strate, a planarization process may be performed on the sub-
strate. For example, the substrate may have a flat upper
surface by applying a chemical mechanical polishing (CMP)
process, an etch-back process, or the like onto the substrate.
[0091] According to the second exemplary embodiment of
the present invention, the insulating layer 2200 may contain
an organic material. For example, the insulating layer 2200
may contain a material selected from photoresist, acrylate-
based polymers, polyimide-based polymers, polyamide-
based polymers, siloxane-based polymers, polymers contain-
ing a photosensitive acryl carboxyl group, novolac resins, and
alkali developable resins. These materials may be used either
alone or in a combination (or combinations) thereof.

[0092] According to the second exemplary embodiment of
the present invention, the insulating layer 2200 may be
formed by using an inorganic material such as a silicon com-
pound, metal, and metal oxide. For example, the insulating
layer 2200 may contain a material selected from silicon oxide
(Si0x), silicon nitride (SiNX), silicon oxynitride (SiOxNy),
silicon oxycarbide (Si0xCy), silicon carbonitride (SiCxNy),
aluminum (Al), magnesium (Mg), zinc (Zn), hafnium (Hf),
zirconium (Zr), titanium (Ti), tantalum (Ta), aluminum oxide
(AlOx), titanium oxide (TiOx), tantalum oxide (TaOx), mag-
nesium oxide (MgOx), zinc oxide (ZnOx), hafnium oxide
(HfOx), zirconium oxide (ZrOx), and titanium oxide (TiOx).
These materials may be used either alone or in a combination
(or combinations) thereof.

[0093] The insulating layer 2200 may be formed on the
substrate by using a spin coating process, a printing process,
a sputtering process, a chemical vapor deposition (CVD)
process, an atomic layer deposition (ALD) process, a plasma
enhanced chemical vapor deposition (PECVD) process, a
high density plasma-chemical vapor deposition (HDP-CVD)
process, a vacuum deposition process, or the like in accor-
dance with a constituent material.

[0094] According to one embodiment, pixel electrode 2300
is formed on the insulating layer 2200. The pixel electrode
2300 may be electrically connected to the drain electrode of
the thin film transistor.

[0095] According to the second exemplary embodiment of
the present invention, the pixel electrode 2300 includes a red
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R pixel electrode, a green G pixel electrode, and a blue B pixel
electrode and may be formed by using a light emitting con-
ductive material. For example, the pixel electrode 2300 may
contain at least one of indium tin oxide, indium zinc oxide,
zinc tin oxide, zinc oxide, tin oxide, and gallium oxide. These
materials may be used either alone or in a combination (or
combinations) thereof.

[0096] According to the second exemplary embodiment of
the present invention, the pixel electrode 2300 may be formed
on a part of the insulating layer 2200 by coating a material for
the pixel electrode on the entire surface of the insulating layer
2200 and then patterning the material for the pixel electrode.
Here, the pixel electrode may be formed by a method such as
asputtering process, a vacuum deposition process, a chemical
vapor deposition process, a pulse laser deposition process, a
printing process, and an atomic layer deposition process
using the material for the pixel electrode.

[0097] A through-hole which is connected to the semicon-
ductor device, that is, the TFT, through the insulating layer
2200 may be formed in the insulating layer 2200. A part of the
semiconductor device is exposed by the through-hole, a con-
tact structure or a pad structure is formed in the through-hole
and on the exposed semiconductor element, for example, the
thin film transistor (TFT), and the pixel electrode 2300
formed on the insulating layer 2200 may be connected to the
contact structure or the pad structure. Accordingly, the pixel
electrode 2300 may be electrically connected to the semicon-
ductor device through the contact structure or the pad struc-
ture.

[0098] Next, the pixel defining layer 2400 is formed on the
insulating layer 2200 and the pixel electrode 2300. The pixel
defining layer 2400 may be formed by using an organic mate-
rial, an inorganic material, or the like. For example, the pixel
defining layer 2400 may contain a material selected from an
organic material such as photoresist, a polyacryl-based resin,
a polyimide-based resin, and an acryl-based resin or an inor-
ganic material such as a silicon compound.

[0099] A material for forming the pixel defining layer is
coated on the pixel electrode 2300 and the entire upper por-
tion of the insulating layer 2200 and then partially etched to
form the pixel defining layer 2400 so that a part of the pixel
electrode 2300 is exposed. For example, an opening exposing
the pixel electrode 2300 may be formed by using a photoli-
thography process or an etching process using an additional
etching mask. In this case, a side wall of the opening of the
pixel defining layer 2400 may have substantially the same or
similar angle of inclination as an angle of inclination of the
inclined portion.

[0100] According to the second exemplary embodiment of
the present invention, the pixel defining layer 2400 may be
formed by etching up to (or through to) the top of the first
insulating layer 2210 so that the concave portion formed by
the first insulating layer 2210 and the second insulating layer
2220 is exposed, as illustrated in FIG. 3.

[0101] As the opening is formed in the pixel defining layer
2400, the emission region and the non-emission region of the
organic light emitting diode display are defined. Here, a
region where the opening of the pixel defining layer 2400 is
disposed (or located) corresponds to the emission region, and
a region adjacent to the opening corresponds to the non-
emission region.

[0102] As described above, after the pixel defining layer
2400 is formed, the organic emission layer 2500 is formed on
the pixel defining layer 2400 and the pixel electrode 2300.
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[0103] The organic emission layer 2500 may be formed by
using emission materials capable of emitting lights of differ-
ent colors such as red light, green light, and blue light accord-
ing to each pixel of the organic light emitting diode display.
According to the second exemplary embodiment, the organic
emission layer 2500 may have a multilayered structure which
emits white light by laminating a plurality of emission mate-
rials capable of emitting lights of different colors such as red
light, green light, and blue light. According to yet the second
exemplary embodiment, the organic emission layer 2500 may
additionally include a host material having a substantially
larger band gap than the emission materials.

[0104] According to the second exemplary embodiment of
the present invention, the organic emission layer 2500 is
located on the pixel electrode 2300. Further, the organic emis-
sion layer 2500 extends from the pixel electrode 2300 in the
emission region to be also formed above the pixel defining
layer 2400 and the insulating layer 2200. That is, as illustrated
in FIG. 3, the bottom of the organic emission layer 2500 is
located on (e.g., contacts) the pixel electrode 2300, and the
side of the organic emission layer 2500 contacts the pixel
defining layer 2400 and the insulating layer 2200.

[0105] According to the second exemplary embodiment of
the present invention, a first auxiliary emission layer may be
formed between the pixel electrode 2300 and the organic
emission layer 2500. In this case, the first auxiliary emission
layer may include at least one of a hole injection layer and a
hole transport layer. Further, a second auxiliary emission
layer may be formed between the organic emission layer 2500
and a common electrode 2600. In this case, the second aux-
iliary emission layer may include at least one of an electron
injection layer and an electron transport layer.

[0106] Next, the common electrode 2600 is formed on the
organic emission layer 2500. The common electrode 2600
may be formed on the organic emission layer 2500 at a regular
(e.g., substantially uniform) thickness. The common elec-
trode 2600 may be formed by using a reflective material. For
example, the common electrode 2600 may contain a material
selected from metal such as aluminum (Al), silver (Ag), plati-
num (Pt), gold (Au), chromium (Cr), tungsten (W), molyb-
denum (Mo), titanium (T1), palladium (Pd), and iridium (Ir),
and an alloy (or alloys) thereof. These materials may be used
either alone or in a combination (or combinations) thereof.

[0107] According to the second exemplary embodiment of
the present invention, the common electrode 2600 may be
formed all over the surface of (e.g., over the entire surface of)
the organic emission layer 2500. That is, the common elec-
trode 2600 may be formed to extend onto the pixel defining
layer 2400 and the insulating layer 2200.

[0108] According to the second exemplary embodiment,
the common electrode 2600 may be located only in the emis-
sion region. For example, the common electrode 2600 may be
disposed on a part of the organic emission layer 2500. In this
case, a common electrode layer is formed all over (e.g., over
the entire surface of) the surface on the organic emission layer
2500 and then patterned to form the common electrode 2600
which is selectively disposed only in the emission region.

[0109] According to the second exemplary embodiment of
the present invention, as illustrated in FIG. 3, the common
electrode 2600 formed to extend to the inclined portion of the
insulating layer 2200 serves as a reflective surface and thus
light that would have dissipated due to the total reflection
therein (e.g., total internal reflection) are instead reflected to
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the common electrode 2600 to be discharged toward the sub-
strate, thereby improving light extraction efficiency of the
entire surface.

[0110] Next, FIG. 4 is a cross-sectional view schematically
illustrating a blue pixel unit of the organic light emitting diode
display according to the second exemplary embodiment of
the present invention.

[0111] The blue pixel unit may be the same as or substan-
tially similar to the structures of the red pixel unit and the
green pixel unit described with reference to FIG. 3, except
that a separate reflective surface 2700 and a spacer 2410 are
disposed on the pixel defining layer 2400.

[0112] As illustrated in FIG. 4, in the case of the blue pixel
unit according to the second exemplary embodiment of the
present invention, the separate reflective surface 2700 is
formed at the side of the pixel defining layer 2400 corre-
sponding to the inclined portion of the insulating layer 2200
(e.g., the inclined portions of the insulating layer 2200 adja-
cent the pixel electrode 2300).

[0113] Because a material having low conductivity and
high reflection can be used as a material for forming the
reflective surface 2700, a wide range of materials may be used
for the reflective surface 2700. For example, the reflective
surface 2700 may contain at least one material selected from
the group consisting of Al, Ti, Mg, and Ag.

[0114] The spacer 2410 is formed on the reflective surface
2700. The spacer 2410 may extend onto the pixel defining
layer 2400 to cover the reflective surface 2700.

[0115] In more detail, the reflective surface 2700 is buried
between the pixel defining layer 2400 and the spacer 2410. In
FIG. 4, an embodiment in which the reflective surface 2700
covers the pixel defining layer 2400 is illustrated, but in other
embodiments, the reflective surface 2700 may be formed in
any form capable of reflecting light at the side.

[0116] Next, the organic emission layer 2500 is formed on
the exposed pixel electrode 2300 and the spacer 2410.
[0117] According to the second exemplary embodiment of
the present invention, the organic emission layer 2500 is
located on the pixel electrode 2300. Further, the organic emis-
sion layer 2500 extends from the pixel electrode 2300 in the
emission region to be also formed above the pixel defining
layer 2400 and the spacer 2410. That s, as illustrated in FIG.
4, the bottom of the organic emission layer 2500 is located on
(e.g., contacts) the pixel electrode 2300, and the side of the
organic emission layer 2500 contacts the pixel defining layer
2400 and the spacer 2410.

[0118] Because the reflective surface 2700 is additionally
formed on the pixel defining layer 2400 corresponding to the
inclined portion of the insulating layer 2200 to mitigate or
prevent total reflection (e.g., total internal reflection) of light
generated therein, it is possible to reduce or minimize the
reduction in the thickness of (e.g., mitigate the thinning of)
the common electrode 2600 which is caused by forming the
common electrode 2600 on the inclined portion for reflecting
light in the organic light emitting diode display in the related
art. Therefore, in one embodiment of the organic light emit-
ting diode display according to the present invention, current
non-uniformity due to an increase in resistance of the com-
mon electrode is reduced or minimized as compared with the
organic light emitting diode display in the related art.

[0119] FIGS. 5 and 6 are cross-sectional views schemati-
cally illustrating structures for each pixel of an organic light
emitting diode display according to a third exemplary
embodiment of the present invention.
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[0120] In more detail, in the organic light emitting diode
display according to the third exemplary embodiment of the
present invention, structures of a red pixel unit and a green
pixel unit are illustrated in FIG. 5§ and a structure of a blue
pixel unit is illustrated in FIG. 6.

[0121] First, structures of a red pixel unit and a green pixel
unit of an organic light emitting diode display according to
the third exemplary embodiment of the present invention will
be described with reference to FIG. 5.

[0122] The organic light emitting diode display according
to the third exemplary embodiment of the present invention
includes a substrate 3100, an insulating layer 3200 disposed
on the substrate, a pixel electrode 3300 disposed on the insu-
lating layer, a pixel defining layer 3400 formed on the insu-
lating layer overlapping with an end ofthe pixel electrode and
defining an emission region and a non-emission region, an
organic emission layer 3500 disposed on the pixel electrode,
and a common electrode 3600 disposed on the organic emis-
sion layer.

[0123] First, the substrate 3100 may be a transparent insu-
lation substrate. For example, the substrate 3100 may be a
glass substrate, a quartz substrate, a transparent resin sub-
strate, ot the like. Types of transparent resin substrate which
may be used as the substrate 3100 may include a polyimide
resin, an acrylic resin, a polyacrylate resin, a polycarbonate
resin, a polyether resin, a polyethylene terephthalate resin, a
sulfonic acid resin, and the like. These materials may be used
either alone or in a combination (or combinations) thereof.

[0124] A semiconductor device may be formed on the sub-
strate 3100. An example of the semiconductor device is a thin
film transistor (TFT) including a gate electrode, a source
electrode, and a drain electrode. In the third exemplary
embodiments of the present invention described herein, a case
where the pixel electrode is a positive electrode is exempli-
fied, and the pixel electrode 3300 as the positive electrode
may be electrically connected with the drain electrode of the
thin film transistor (TFT). The semiconductor device may be
formed by a general method of forming thin film transistors as
is well known in the art. Accordingly, the description for a
detailed method of forming the semiconductor device or the
thin film transistor is omitted herein.

[0125] According to one embodiment of the present inven-
tion a lower structure including a switching element, a con-
tact, a pad, a plug, an electrode, a conductive pattern, an
insulation pattern, or the like may be provided on the sub-
strate. In this case, the lower structure may be disposed at a
position which is not overlapped with a main emission region
on the pixel electrode.

[0126] According to the third exemplary embodiment of
the present invention, the TFT as the semiconductor device
may be formed on the substrate. On the substrate 3100, a gate
electrode is formed and a gate insulating layer for insulating
the gate electrode is formed. A source electrode and a drain
electrode are formed on the gate insulating layer. The gate
electrode, the drain electrode, and the source electrode are
elements of the TFT, which is referred to as a semiconductor
device.

[0127] After the source electrode and the drain electrode
are formed, the insulating layer 3200 is formed all over the
surface of the substrate (e.g., over the entire surface of the
substrate). The insulating layer 3200 has a thickness suffi-
cient to cover the lower structures formed on the substrate.
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[0128] The insulating layer 3200 may be formed as a
single-layered structure or may be formed as a multilayered
structure including two or more insulating layers.

[0129] As illustrated in FIG. 5, the insulating layer 3200
may include a first insulating layer 3210 and a second insu-
lating layer 3220 which are sequentially formed on the sub-
strate 3100. In one embodiment, the first insulating layer
3210 and the second insulating layer 3220 may be formed by
using substantially the same or similar material. In other
embodiments, the first insulating layer 3210 and the second
insulating layer 3220 may be formed by using different mate-
rials.

[0130] The insulating layer 3200 has a concave portion.
The concave portion has a concave bottom portion and an
inclined portion which is an inclined side portion. In more
detail, the concave portion is formed by the first insulating
layer 3210 and the second insulating layer 3220. In this case,
the first insulating layer 3210 forms the bottom portion, and
the side portion of the second insulating layer 3220 forms the
inclined portion.

[0131] According to the third exemplary embodiment of
the present invention, in order to improve the degree of pla-
narization of the insulating layer 3200 formed on the sub-
strate, a planarization process may be performed on the sub-
strate. For example, the substrate may have a flat upper
surface by applying a chemical mechanical polishing (CMP)
process, an etch-back process, or the like onto the substrate.
[0132] According to the third exemplary embodiment of
the present invention, the insulating layer 3200 may contain
an organic material. For example, the insulating layer 3200
may contain a material selected from photoresist, acrylate-
based polymers, polyimide-based polymers, polyamide-
based polymers, siloxane-based polymers, polymers contain-
ing a photosensitive acryl carboxyl group, novolac resins, and
alkali developable resins. These materials may be used either
alone or in a combination (or combinations) thereof.

[0133] According to some embodiments of the present
invention, the insulating layer 3200 may be formed by using
an inorganic material such as a silicon compound, metal, and
metal oxide. For example, the insulating layer 3200 may
contain a material selected from silicon oxide (SiOx), silicon
nitride (SiNx), silicon oxynitride (SiOxNy), silicon oxycar-
bide (SiOxCy), silicon carbonitride (SiCxNy), aluminum
(Al), magnesium (Mg), zinc (Zn), hafnium (Hf), zirconium
(Zr), titanium (Ti), tantalum (Ta), aluminum oxide (AlOx),
titanium oxide (TiOx), tantalum oxide (TaOx), magnesium
oxide (MgOx), zinc oxide (ZnOx), hafnium oxide (HfOx),
zirconium oxide (ZrOx), and titanium oxide (TiOx). These
materials may be used either alone or in a combination (or
combinations) thereof.

[0134] The insulating layer 3200 may be formed on the
substrate by using a spin coating process, a printing process,
a sputtering process, a chemical vapor deposition (CVD)
process, an atomic layer deposition (ALD) process, a plasma
enhanced chemical vapor deposition (PECVD) process, a
high density plasma-chemical vapor deposition (HDP-CVD)
process, a vacuum deposition process, or the like according to
a constituent material.

[0135] According to one embodiment, pixel electrode 3300
is formed on the insulating layer 3200. The pixel electrode
3300 may be electrically connected to the drain electrode of
the thin film transistor.

[0136] According to the some embodiments of the present
invention, the pixel electrode 3300 includes a red R pixel
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electrode, a green G pixel electrode, and a blue B pixel elec-
trode and may be formed by using a light emitting conductive
material. For example, the pixel electrode 3300 may contain
at least one of indium tin oxide, indium zinc oxide, zinc tin
oxide, zinc oxide, tin oxide, and gallium oxide. These mate-
rials may be used either alone or in a combination (or com-
binations) thereof.

[0137] According to the third exemplary embodiment of
the present invention, the pixel electrode 3300 may be formed
on a part of the insulating layer 3200 by coating a material for
the pixel electrode on the entire surface of the insulating layer
3200 and then patterning the material for the pixel electrode.
Here, the pixel electrode may be formed by a method such as
asputtering process, a vacuum deposition process, a chemical
vapor deposition process, a pulse laser deposition process, a
printing process, and an atomic layer deposition process
using the material for the pixel electrode.

[0138] A through-hole which is connected to the semicon-
ductor device, that is, the TFT, through the insulating layer
3200 may be formed in the insulating layer 3200. A partofthe
semiconductor device is exposed by the through-hole, a con-
tact structure or a pad structure is formed in the through-hole
and on the exposed semiconductor element, for example, the
thin film transistor (TFT), and the pixel electrode 3300
formed on the insulating layer 3200 may be connected to the
contact structure or the pad structure. Accordingly, the pixel
electrode 3300 may be electrically connected to the semicon-
ductor device through the contact structure or the pad struc-
ture.

[0139] Next, the pixel defining layer 3400 is formed on the
insulating layer 3200 and the pixel electrode 3300. The pixel
defining layer 3400 may be formed by using an organic mate-
rial, an inorganic material, or the like. For example, the pixel
defining layer 3400 may contain a material selected from an
organic material such as photoresist, a polyacryl-based resin,
a polyimide-based resin, and an acryl-based resin or an inor-
ganic material such as a silicon compound.

[0140] A material for forming the pixel defining layer is
coated on the pixel electrode 3300 and the entire upper por-
tion of the insulating layer 3200 and then partially etched to
form the pixel defining layer 3400 so that a part of the pixel
electrode 3300 is exposed. For example, an opening exposing
the pixel electrode 3300 is formed by using a photolithogra-
phy process or an etching process using an additional etching
mask. In this case, a side wall of the opening of the pixel
defining layer 3400 may have substantially the same or simi-
lar angle of inclination as an angle of inclination of the
inclined portion.

[0141] According to the third exemplary embodiment of
the present invention, the pixel defining layer 3400 may be
formed by etching up to (or through to) the top of the first
insulating layer 3210 so that the concave portion formed by
the first insulating layer 3210 and the second insulating layer
3220 is exposed, as illustrated in FIG. 5.

[0142] As the opening is formed in the pixel defining layer
3400, the emission region and the non-emission region of the
organic light emitting diode display are defined. Here, a
region where the opening of the pixel defining layer 3400 is
disposed (or located) corresponds to the emission region, and
a region adjacent to the opening corresponds to the non-
emission region.

[0143] As described above, after the pixel defining layer
3400 is formed, a separate reflective surface 3700 is formed at
the side of the pixel defining layer 3400, as illustrated in FIG.
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5. Because a material having low conductivity and high
reflection is used as a material for forming the reflective
surface 3700, a selection range of the material is wide. For
example, the reflective surface 3700 may contain at least one
selected from the group consisting of Al, Ti, Mg, and Ag.

[0144] A spacer 3410 is formed on the reflective surface
3700. The spacer 3410 extends onto the pixel defining layer
3400 to cover the reflective surface 3700.

[0145] In more detail, the reflective surface 3700 is buried
between the pixel defining layer 3400 and the spacer 3410.
FIG. 5 depicts an embodiment in which the reflective surface
3700 covers the pixel defining layer 3400, but may be formed
in any form capable of reflecting light at the side.

[0146] Next, the organic emission layer 3500 is formed on
the exposed pixel electrode 3300 and the spacer 3410.

[0147] The organic emission layer 3500 may be formed by
using emission materials capable of emitting lights of differ-
ent colors such as red light, green light, and blue light accord-
ing to each pixel of the organic light emitting diode display.
According to some embodiments of the present invention, the
organic emission layer 3500 may have a multilayered struc-
ture which emits white light by laminating a plurality of
emission materials capable of emitting lights of different
colors such as red light, green light, and blue light. According
to some embodiments of the present invention, the organic
emission layer 3500 may additionally include a host material
having a substantially larger band gap than the emission
materials.

[0148] According to the third exemplary embodiment of
the present invention, the organic emission layer 3500 is
located on the pixel electrode 3300. Further, the organic emis-
sion layer 3500 extends from the pixel electrode 3300 in the
emission region to be also formed above the pixel defining
layer 3400 and the spacer 3410. That 1s, as illustrated in FIG.
5, the bottom of the organic emission layer 3500 is located on
(e.g., contacts) the pixel electrode 3300, and the side of the
organic emission layer 3500 contacts the pixel defining layer
3400 and the spacer 3410.

[0149] According to the third exemplary embodiment of
the present invention, a first auxiliary emission layer may be
formed between the pixel electrode 3300 and the organic
emission layer 3500. In this case, the first auxiliary emission
layer may include at least one of a hole injection layer and a
hole transport layer. Further, a second auxiliary emission
layer may be formed between the organic emission layer 3500
and a common electrode 3600. In this case, the second aux-
iliary emission layer may include at least one of an electron
injection layer and an electron transport layer.

[0150] Next, the common electrode 3600 is formed on the
organic emission layer 3500. The common electrode 3600
may be formed on the organic emission layer 3500 at a regular
thickness. The common electrode 3600 may be formed by
using a reflective material. For example, the common elec-
trode 3600 may contain a material selected from metal such as
aluminum (Al), silver (Ag), platinum (Pt), gold (Au), chro-
mium (Cr), tungsten (W), molybdenum (Mo), titanium (T1),
palladium (Pd), and iridium (Ir), and an alloy (or alloys)
thereof. These materials may be used either alone or in a
combination (or combinations) thereof.

[0151] According to the third exemplary embodiment of
the present invention, the common electrode 3600 may be
formed all over the surface of (e.g., over the entire surface of)
the organic emission layer 3500. That is, the common elec-
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trode 3600 may be formed to extend onto the pixel defining
layer 3400 and the insulating layer 3200.

[0152] According to one embodiment, the common elec-
trode 3600 may be located only in the emission region. For
example, the common electrode 3600 may be disposed on a
part of the organic emission layer 3500. In this case, a com-
mon electrode layer is formed all over the surface of (e.g,,
over the entire surface of) the organic emission layer 3500 and
then patterned to form the common electrode 3600 which is
selectively disposed only in the emission region.

[0153] According to the third exemplary embodiment of
the present invention, as illustrated in FIG. 5, the separate
reflective surface 3700 is additionally formed on the pixel
defining layer 3400 in a region corresponding to the inclined
portion of the insulating layer 3200 and thus light dissipating
due to the total reflection therein (e.g., total internal reflec-
tion) is reflected by the reflective surface 3700 to be dis-
charged toward the substrate, thereby improving light extrac-
tion efficiency of the entire surface.

[0154] Next, a structure of a blue pixel unit of an organic
light emitting diode display according to the third exemplary
embodiment of the present invention will be described with
reference to FIG. 6.

[0155] The structure of the blue pixel unit according to the
third exemplary embodiment may be the same as or substan-
tially similar to the structure of the blue pixel unit according
to the first exemplary embodiment of the present invention
described with reference to FIG. 2.

[0156] As illustrated in FIG. 6, the blue pixel unit of the
organic light emitting diode display according to the third
exemplary embodiment of the present invention has a struc-
ture capable of reducing or minimizing a reduction in thick-
ness of (e.g., a thinning of) the common electrode 3600 due to
a rapid inclination by performing etching so that the concave
portion of the insulating layer 3200 formed by the first insu-
lating layer 3210 and the second insulating layer 3220 is not
exposed when the pixel defining layer 3400 is formed, as
illustrated in FIG. 2. Accordingly, in one embodiment of the
present invention, current non-uniformity due to increase in
resistance of the common electrode is reduced or minimized
as compared with an organic light emitting diode display in
the related art.

[0157] As illustrated in FIGS. 1, 3, and 5, the organic light
emitting diode displays according to exemplary embodi-
ments of the present invention may be a rear emission type
displays in which a display surface is formed on the substrate
side, and in this case, the reflective surface is formed on the
inclined portion so that a part of the light generated from the
emission layer is reflected by the reflective surface to be
discharged toward the substrate side.

[0158] In more detail, part of the light generated from the
emission layer is directly discharged toward the substrate
side, buta significant portion of the light is directed within the
organic light emitting diode display. Particularly, in an
organic light emitting diode display formed in a multilayer
structure, an optical waveguide is generally formed, and a
significant amount of light moves through the optical
waveguide by total reflection (e.g., total internal reflection)
and is then then dissipates in the organic light emitting diode
display. In embodiments of the present invention, a reflective
surface is disposed on a path of the optical waveguide and
thus the light moving along the optical waveguide by the total
reflection (e.g., total internal reflection) is reflected by the
reflective surface to be discharged toward the substrate side.
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[0159] As such, in order that the reflective surface is dis-
posed on the optical wave-guide, in the exemplary embodi-
ments of the present invention, an inclined portion is formed
on the insulating layer and a reflective surface (reflective
common electrode or separate reflective surface) is disposed
on the inclined portion, and, as a result, the light that would
otherwise dissipate due to the total reflection (e.g., total inter-
nal reflection) is instead reflected by the reflective surface to
be discharged toward the substrate side, thereby improving
light extraction efficiency.

[0160] Further, as illustrated in FIGS. 2, 4, and 6, the
organic light emitting diode display according to exemplary
embodiments of the present invention may reduce or mini-
mize the reduction (or thinning) of a thickness of the common
electrode caused by forming a portion of the common elec-
trode on the inclined portion for reflection of light in the
organic light emitting diode display in the related art. There-
fore, in the organic light emitting diode display according to
embodiments of the present invention, current non-unifor-
mity due to increase in resistance of the common electrode
may be reduced or minimized as compared with the organic
light emitting diode display in the related art.

[0161] As described above, according to the present inven-
tion, a red pixel unit and a green pixel unit have a structure
with improved luminance and a blue pixel unit has a structure
with improved side luminance to differentially form struc-
tures for each pixel of red, green, and blue, and as a result, it
is possible to improve visibility due to color differences and
light extraction efficiency.

[0162] From the foregoing, it will be appreciated that vari-
ous embodiments of the present invention have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the scope
and spirit of the present invention. Accordingly, the various
embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims and equivalents thereof.

What is claimed is:

1. An organic light emitting diode display comprising:

a substrate;

an insulating layer on the substrate;

a plurality of pixel electrodes on the insulating layer;

a pixel defining layer on the insulating layer overlapping
with an end of at least one of the pixel electrodes and
defining an emission region and a non-emission region;

an organic emission layer on the pixel electrodes; and

a common electrode on the organic emission layer,

wherein the insulating layer has a plurality of concave
portions in the non-emission region adjacent corre-
sponding ones of the pixel electrodes,

wherein each of the concave portions has a bottom portion
and an inclined portion, and

wherein a reflective surface is on at least one of the inclined
portions.

2. The organic light emitting diode display of claim 1,
wherein the pixel electrodes comprise a red pixel electrode, a
green pixel electrode, and a blue pixel electrode.

3. The organic light emitting diode display of claim 2,
wherein the pixel electrodes further comprise a white pixel
electrode.

4. The organic light emitting diode display of claim 1,
wherein the common electrode is on the pixel defining layer
and the insulating layer.



US 2014/0097409 A1

5. The organic light emitting diode display of claim 2,
wherein a first reflective surface is on a first inclined portion
at a first concave portion adjacent the red pixel electrode and
a second reflective surface is on a second inclined portion at a
second concave portion adjacent the green pixel electrode.

6. The organic light emitting diode display of claim 5,
wherein the first and second reflective surfaces are spaced
apart from the common electrode.

7. The organic light emitting diode display of claim 5,
wherein the common electrode is on the first inclined portion
and the second inclined portion and forms the first and second
reflective surfaces.

8. The organic light emitting diode display of claim 7,
wherein a third reflective surface is on a third inclined portion
at a third concave portion adjacent the blue pixel electrode
and is spaced from and separate from the common electrode.

9. The organic light emitting diode display of claim 1,
wherein the reflective surface comprises at least one material
selected from the group consisting of Al, Ti, Mg and Ag.

10. The organic light emitting diode display of claim 1,
wherein the insulating layer comprises a first insulating layer
and a second insulating layer on the first insulating layer, and

wherein the bottom portion is a surface of the first insulat-

ing layer and the inclined portion is a surface of the
second insulating layer.

11. A method of manufacturing an organic light emitting
diode display comprising;

forming an insulating layer on a substrate;

forming a plurality of pixel electrodes on the insulating

layer;

forming a pixel defining layer on the insulating layer over-

lapping with an end of at least one of the pixel elec-
trodes;

forming an organic emission layer on the pixel electrodes;

and

forming a common electrode on the organic emission layer,

wherein the insulating layer has a plurality of concave

portions in a non-emission region adjacent correspond-
ing ones of the pixel electrodes,

wherein each of the concave portions has a bottom portion

and an inclined portion, and

wherein a reflective surface is on at least one of the inclined

portions.
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12. The method of manufacturing an organic light emitting
diode display of claim 11, wherein the forming the plurality
of pixel electrodes comprises forming a red pixel electrode, a
green pixel electrode, and a blue pixel electrode.

13. The method of manufacturing an organic light emitting
diode display of claim 12, wherein

the forming the plurality of pixel electrodes further com-

prises forming a white pixel electrode.

14. The method of manufacturing an organic light emitting
diode display of claim 11, wherein the common electrode is
on the pixel defining layer and the insulating layer.

15. The method of manufacturing an organic light emitting
diode display of claim 12, wherein a first reflective surface is
on a first inclined portion at a first concave portion adjacent
the red pixel electrode and a second reflective surface is on a
second inclined portion at a second concave portion adjacent
the green pixel electrode.

16. The method of manufacturing an organic light emitting
diode display of claim 15, wherein the first and second reflec-
tive surfaces are spaced apart from the common electrode.

17. The method of manufacturing an organic light emitting
diode display of claim 15, wherein the common electrode is
on the first inclined portion and the second inclined portion
and forms the first and second reflective surfaces.

18. The method of manufacturing an organic light emitting
diode display of claim 17, wherein a third reflective surface is
on a third inclined portion at a third concave portion adjacent
the blue pixel electrode is spaced from and separate from the
common electrode.

19. The method of manufacturing an organic light emitting
diode display of claim 11, wherein the reflective surface
comprises at least one material selected from the group con-
sisting of Al, Ti, Mg and Ag.

20. The method of manufacturing an organic light emitting
diode display of claim 11, wherein the forming the insulating
layer comprises:

forming a first insulating layer, the bottom portion being a

surface of the first insulating layer; and

forming a second insulating layer on the first insulating

layer, the inclined portion being a surface of the second
insulating layer.
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