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(57) ABSTRACT

An OLED display includes: a substrate; a thin film transistor
on the substrate; a first insulation layer on the thin film tran-
sistor; a second insulation layer on the first insulation layer,
the second insulation layer having a first opening exposing a
portion of the first insulation layer; a first electrode electri-
cally connected with the thin film transistor and contacting
the second insulation and contacting the first insulation layer
through the first opening;: a pixel defining layer disposed on
the first electrode and having a second opening exposing a
portion of the first electrode in a region corresponding to the
first opening, the second opening being smaller than the first
opening; an organic emission layer on the first electrode in a
region corresponding to the second opening; and a second
electrode on the organic emission layer in a region corre-
sponding to the second opening.
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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. 10-2012-0100520 filed in the
Korean Intellectual Property Office on Sep. 11, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention generally
relate to organic light emitting diode (OLED) displays. More
particularly, embodiments of the present invention generally
relate to an OLED display in which an organic emission layer
is provided in an opening at a location where a pixel defining
layer has been partitioned.

[0004] 2. Description of the Related Art

[0005] A display device is a device that can display an
image, and currently, organic light emitting diode (OLED)
displays are receiving attention.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology 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

[0007] Embodiments of the present invention are directed
to an OLED display having improved luminous efficiency.
[0008] One aspect of the present invention provides an
OLED display including: a substrate; a thin film transistor on
the substrate; a first insulation layer on the thin film transistor;
a second insulation layer on the first insulation layer, the
second insulation layer having a first opening exposing a
portion of the first insulation layer; a first electrode electri-
cally connected with the thin film transistor and contacting
the second insulation layer and contacting the first insulation
layer through the first opening; a pixel defining layer disposed
on the first electrode and having a second opening exposing a
portion of the first electrode in a region corresponding to the
first opening, the second opening being smaller than the first
opening; an organic emission layer on the first electrode in a
region corresponding to the second opening; and a second
electrode on the organic emission layer in a region corre-
sponding to the second opening.

[0009] The pixel defining layer may include a plurality of
inclined surfaces forming the second opening.

[0010] At least one of the organic emission layer and/or the
second electrode may be disposed at fewer than all of the
plurality of inclined surfaces.

[0011] The second opening is in a shape of a flat quad-
rangle, and wherein the pixel defining layer forms the second
opening and may further include first and second inclined
surfaces that are disposed opposite to each other; and third
and fourth inclined surfaces that are disposed opposite to each
other.

[0012] The third inclined surface may connect first ends of
the first and second inclined surfaces, and the fourth inclined
surface may connect the second ends of the first and second
inclined surfaces.
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[0013] Thefirst and second inclined surfaces may be longer
than the third and fourth inclined surfaces.

[0014] Theorganic emission layer and the second electrode
may be disposed only on the third and fourth inclined surfaces
among the first, second, third, and fourth inclined surfaces.
[0015] The second electrode may be disposed only on the
third and fourth inclined surfaces among the first, second,
third, and fourth inclined surfaces.

[0016] The organic emission layer may be disposed on the
first, second, third, and fourth inclined surfaces.

[0017] Theorganic emission layer may be disposed only on
the third and fourth inclined surfaces among the first to fourth
inclined surfaces.

[0018] The second electrode may be disposed on the first,
second, third, and fourth inclined surfaces.

[0019] Thefirstelectrode may be a light reflective electrode
and the second electrode may be a light transmissive elec-
trode.

[0020] The organic emission layer may have a refractive
index that is different from the refractive indexes of the first
electrode, the pixel defining layer, and the second electrode.
[0021] According to one of the exemplary embodiments, an
OLED display having improved luminous efficiency can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a cross-sectional view of an organic light
emitting diode (OLED) display according to a first embodi-
ment of the present invention.

[0023] FIG. 2 is a schematic plan view of a pixel structure
of the OLED display according to the first embodiment of the
present invention.

[0024] FIG. 3isacross-sectional view of the pixel structure
of the first embodiment shown in FIG. 2, taken along the line
M-I

[0025] FIG. 4is a cross-sectional view of the pixel structure
of the first embodiment shown in FIG. 2, taken along the line
VIV,

[0026] FIG. 5 is a table showing characteristics of a first
experimental example, a first comparative example, and a
second comparative example of structures of OLEDs.
[0027] FIG. 6 is a schematic plan view of a pixel structure
ofan OLED display according to a second embodiment of the
present invention.

[0028] FIG. 71sacross-sectional view of the pixel structure
of the second embodiment shown in FIG. 6, taken along the
line VII-VIIL.

[0029] FIG. 8isacross-sectional view of the pixel structure
of the second embodiment shown in FIG. 6, taken along the
line VIII-VIIL

[0030] FIG. 9 is a table showing characteristics of a first
experimental example, a second experimental example, and a
first comparative example of structures of OLED:s.

[0031] FIG. 10 is a schematic plan view of a pixel structure
of an OLED display according to a third embodiment of the
present invention.

[0032] FIG. 11 is a cross-sectional view of the pixel struc-
ture of the third embodiment shown in FIG. 10, taken along
the line XI-XI.

[0033] FIG. 12 is a cross-sectional view of the pixel struc-
ture of the third embodiment shown in FIG. 10, taken along
the line XII-X1I.
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DETAILED DESCRIPTION

[0034] Embodiments of the present invention will be
described more fully hereinafter with reference to the accom-
panying drawings, in which embodiments of the invention are
shown. As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0035] In order to clarify embodiments of the present
invention, parts that are not connected with the description
may be omitted, and the same elements or equivalents may be
referred to using similar reference numerals throughout the
specification.

[0036] In several embodiments, the same reference numer-
als may be used for the elements having the same configura-
tion to representatively explain the elements in a first embodi-
ment, and only a different configuration from that of the first
embodiment may be described in other embodiments.
[0037] The size and thickness of each element may be
arbitrarily shown in the drawings, and the present invention is
not necessarily limited thereto.

[0038] In the drawings, the thickness of several layers and
regions may be magnified for clarification. In the drawings,
the thickness of some of layers and regions may be exagger-
ated for the sake of explanation. It will be understood that
when an element such as a layer, film, region, or plate is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may also be
present.

[0039] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to indicate the
inclusion of stated elements but not the exclusion of any other
elements. Also, throughout the specification, “on” means that
an element is positioned on or above or under or below
another element and may not necessarily mean that an ele-
ment is positioned at an upper side of another element based
on a gravitation direction.

[0040] A conventional OLED display includes one or more
organic light emitting diodes that can display an image by
emitting light. An organic light emitting diode includes a first
electrode and a second electrode that are disposed opposite to
each other, interposed with an organic emission layer and an
organic emission layer disposed in an opening located where
a pixel defining layer has been partitioned.

[0041] In aconventional OLED display, the organic emis-
sion layer, the first electrode, and the second electrode may
have different refractive indexes and the organic emission
layer may function like an optical fiber, and thus a portion of
the light emitted from the organic emission layer may be
continuously reflected between the first electrode and the
second electrode and then emitted to the pixel defining layer
disposed in a side of the organic emission layer. This causes
deterioration of luminous efficiency of the OLED display.
[0042] Hereinafter, an organic light emitting diode (OLED)
display according to a first embodiment will be described
with reference to FIG. 1, FIG. 2, FIG. 3, and FIG. 4.

[0043] FIG.1isa cross-sectional view of an OLED display
according to the first embodiment of the present invention.
[0044] As shown in FIG. 1, an OLED display 1000 accord-
ing to the first embodiment includes a substrate 100, an
encapsulation portion 200, a wiring portion 300, and an
organic light emitting diode 400.
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[0045] The substrate 100 and the encapsulation portion 200
include an insulating material such as glass, polymer, or stain-
less steel, and one of the substrate 100 and the encapsulation
portion 200 is formed of a light transmissive material. The
wiring portion 300 and the organic light emitting diode 400
are disposed on the substrate 100, and the encapsulation
portion 200 is disposed opposite to the substrate 100, with the
wiring portion 300 and the organic light emitting diode 400
interposed between the substrate 100 and the encapsulation
portion 200. The substrate 100 and the encapsulation portion
200 may be sealed together in an air-tight manner, interposing
the organic light emitting diode 400 therebetween, and the
substrate 100 and the encapsulation portion 200 protect the
wiring portion 300 and the organic light emitting diode 400
from external interference or the external environment.
[0046] The wiring portion 300 includes a switching thin
film transistor 10 and a driving thin film transistor 20 (shown,
for example, in FIG. 2), and drives the organic light emitting
diode 400 by transmitting a signal thereto. The organic light
emitting diode 400 emits light according to the signal trans-
mitted from the wiring portion 300.

[0047] The organic light emitting diode 400 is disposed on
the wiring portion 300.

[0048] The organic light emitting diode 400 is disposed in
a display area between the substrate 100 and the encapsula-
tion portion 200, and emits light to display an image by the
signal transmitted from the wiring portion 300.

[0049] Hereinafter, an internal structure of the OLED dis-
play 1000 according to the first embodiment will be described
with reference to FIG. 2, FIG. 3, and FIG. 4.

[0050] FIG. 2 is a schematic plan view of a pixel structure
of the OLED display according to the first embodiment. FIG.
3 is a cross-sectional view of the pixel structure of the first
embodiment shown in FIG. 2, taken along the line III-III.
FIG. 4 is a cross-sectional view of the pixel structure of the
first embodiment shown in FIG. 2, taken along the line [V-IV.
[0051] Hereinafter, the detailed structure of the wiring por-
tion 300 and the organic light emitting diode 400 are illus-
trated in FIG. 2, FIG. 3, and FIG. 4, but the embodiments of
the present invention are not limited to the structures shown in
FIG. 2, FIG. 3, and FIG. 4. The wiring portion 300 and the
organic light emitting diode 400 may be variously changed
within a range that can be easily modified by a person skilled
in the art. For example, FIG. 2, FIG. 3, and FIG. 5 show an
active matrix (AM) organic light emitting diode display
including a pixel having a 2Tr-1Cap structure that includes
two thin film transistors (TFTs) 10 and 20 and one capacitor
80, but embodiments of the present invention are not limited
thereto. Thus, embodiments of the present invention are not
restricted to a particular number of thin film transistors, a
particular number of capacitors, and/or a particular number of
wires of the OLED display. The pixel illustrated in FIG. 2,
FIG. 3, and FIG. 4 represents one possible pixel for display-
ing an image, and an OLED display displays an image using
a plurality of pixels.

[0052] As shown in FIG. 2, FIG. 3, and FIG. 4, an OLED
display 1000 according to the first embodiment includes a
switching thin film transistor 10, a driving thin film transistor
20, a capacitor 80, an interlayer insulation layer 160, an
organic light emitting diode 400, a first insulation layer 180,
a second insulation layer 190, and a pixel defining layer 500
formed in each pixel. Here, a configuration including the
switching thin film transistor 10, the driving thin film transis-
tor 20, and the capacitor 80 may be referred to as the wiring
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portion 300. In addition, the wiring portion 300 may further
include a gate line 151, a data line 171, and a common power
line 172 that crosses and that is electrically insulated from the
gate line 151. Here, one pixel may be defined by the boundary
of the gate line 151, the data line 171, and the common power
line 172, but embodiments of the present invention are not
limited thereto.

[0053] Referring to FIG. 2, the switching thin film transis-
tor 10 includes a switching semiconductor layer 131, a
switching gate electrode 152, a switching source electrode
173, and a switching drain electrode 174. Referring to FIGS.
2 and 3, the driving thin film transistor 20 includes a driving
semiconductor layer 132, a driving gate electrode 155, a
driving source electrode 176, and a driving drain electrode
177.

[0054] The switching thin film transistor 10 is used as a
switch for selecting a pixel for light emission. The switching
gate electrode 152 is connected to the gate line 151. The
switching source electrode 173 is connected to the data line
171. The switching drain electrode 174 is separated from the
switching source electrode 173, and is connected to one plate
158 of the capacitor 80.

[0055] The driving thin film transistor 20 applies driving
power for light emission of an organic emission layer 720 of
the organic light emitting diode 400 in a selected pixel to the
first electrode 710. The driving gate electrode 155 is con-
nected with the capacitor plate 158 that is connected with the
switching drain electrode 174. The driving source electrode
176 and the other capacitor plate 178 are respectively con-
nected with the common power source line 172. The first
electrode 710 of the organic light emitting diode 400 is dis-
posedto extend to contact the driving drain electrode 177, and
the driving drain electrode 177 and the first electrode 710 are
electrically connected with each other.

[0056] The capacitor 80 includes a pair of capacitor plates
158 and 178 disposed with the interlayer insulation layer 160
interposed therebetween. Here, the interlayer insulation layer
160 may be a dielectric material and capacitance of the
capacitor 80 may be determined by charges charged in the
capacitor 80 and a voltage between the two capacitor plates
158 and 178.

[0057] With such a structure, the switching thin film tran-
sistor 101s driven by a gate voltage applied to the gate line 151
to transmit a data voltage applied to the data line 171 to the
driving thin film transistor 20. A voltage corresponding to a
difference between a common voltage applied to the driving
thin film transistor 20 from the common power line 172 and
the data voltage transmitted from the switching thin film
transistor 10 is stored in the capacitor 80, and a current cor-
responding to the voltage stored in the capacitor 80 flows to
the organic light emitting diode 400 through the driving thin
film transistor 20 such that the organic light emitting diode
400 emits light (e.g., in accordance with the data voltage and
the voltage stored in the capacitor).

[0058] The organic light emitting diode 400 includes a first
electrode 710, a second electrode 730 disposed opposite to
the first electrode 710, and an organic emission layer 720
disposed between the first electrode 710 and the second elec-
trode 730. In other words, the first electrode 710, the organic
emission layer 720, and the second electrode 730 are sequen-
tially layered from the substrate 100.

[0059] The first electrode 710 is a light reflective electrode
and a positive electrode which is a hole injection electrode. As
described, according to the first embodiment, the organic
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light emitting diode 400 emits light to a direction toward the
encapsulation portion 200 in the OLED display 1000. That is,
the OLED display 1000 according to the first embodiment is
a top emission type OLED display. The first electrode 710
includes a conductive material such as magnesium-silver
(MgAg), aluminum (Al), silver (Ag), indium tin oxide (ITO),
indium zinc oxide (IZ0), and the like, and is disposed on a
first insulation layer 180 and portions of the first electrode 710
may be disposed on a second insulation layer 190.

[0060] The first insulation layer 180 is disposed on the
switching thin film transistor 10 and the driving thin film
transistor 20, and the thickness of the first insulation layer 180
is thinker than that of the interlayer insulation layer 160. The
firstinsulation layer 180 may include an organic material, and
may function to planarize the surface of the substrate 100.
[0061] The second insulation layer 190 is disposed on the
first insulation layer 180 and includes a first opening 191
exposing the first insulation layer 180. The first opening 191
may be formed in the shape of a flat quadrangle, and may be
formed by four inclined surfaces forming the flat quadrangu-
lar shape. The first electrode 710 is disposed on the first and
second insulation layers 180 and 190 through the opening 191
formed in the second insulation layer 190, and accordingly,
the first electrode 710 has a recess shape (e.g., the first elec-
trode 710 may be recessed into the opening 191 to contact the
first insulation 180 through the opening 191).

[0062] The organic emission layer 720 may include a main
emission layer where light emission occurs, a hole organic
layer disposed between the main emission layer and the first
electrode 710, and an electron organic layer disposed
between the main emission layer and the second electrode
730. The main emission layer is a layer where holes and
electrodes respectively injected from the first electrode 710
and the second electrode 730 are combined, the hole organic
layer may include at least one hole injection layer and at least
one hole transfer layer, and the electron organic layer may
include at least one electron injection layer and at least one
electron transfer layer. The main emission layer may include
a red emission layer for emitting red light, a green emission
layer for emitting green light, a blue emission layer for emit-
ting blue light, and a white emission layer for emitting white
light. The second electrode 730, that is, a cathode, is disposed
on the organic emission layer 720, and holes and electrons are
injected into the organic emission layer 720 respectively from
the first electrode 710 and the second electrode 730. When an
exciton, in which a hole and an electron injected into the
organic emission layer 720 are coupled to each other, falls
from an excited state to a ground state, light emission occurs.
[0063] The organic emission layer 720 is disposed on the
first electrode 710 in a region corresponding to a second
opening 510 partitioned by the pixel defining layer 500.
[0064] The pixel defining layer 500 is disposed on the first
electrode 710 and includes the second opening 510 exposing
the first electrode 710 in a region corresponding to the first
opening 191 (e.g., in the recessed portion of the first electrode
710). The second opening 510 is smaller than the first opening
191 in size and exposes a smaller area compared to the first
opening 191.

[0065] The pixel defining layer 500 includes a plurality of
inclined surfaces forming the second opening 510, and at
least one of the organic emission layer 720 and the second
electrode 730 is formed only on a part of the plurality of
inclined surfaces (see, e.g., FIG. 4). In further detail, the
second opening 510 may be formed in the shape of a flat
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rectangle, and the pixel defining layer 500 forms the second
opening 510 which further includes a first inclined surface
511, a second inclined surface 512, a third inclined surface
513, and a fourth inclined surface 514. The first and second
inclined surfaces 511 and 512 are disposed opposite to (e.g.,
facing) each other, and the third and fourth inclined surfaces
513 and 54 are disposed opposite to (e.g., facing) each other.
[0066] The first inclined surface 511, the second inclined
surface 512, the third inclined surface 513, and the fourth
inclined surface 514 surround the second opening 510 and
form the flat rectangular shape of the second opening. The
third inclined surface 513 is disposed between first ends of the
first inclined surface 511 and the second inclined surface 512
such that the first inclined surface 511 and the second inclined
surface 512 are connected by the third inclined surface 513,
and the fourth inclined surface 514 is disposed in the other (or
second) ends of the first inclined surface 511 and the second
inclined surface 512 such that the first inclined surface 511
and the second inclined surface 512 are connected by the
fourth inclined surface 514.

[0067] The first inclined surface 511 and the second
inclined surface 512 have longer lengths compared to the
third inclined surface 513 and the fourth inclined surface 514,
and accordingly, the second opening 510 has a flat rectangular
shape.

[0068] According to one embodiment of the present inven-
tion, the organic emission layer 720 covers (e.g., completely
covers or only covers) the third and fourth inclined surfaces
513 and 514 among the first to fourth inclined surfaces 511 to
514 that form the second opening 510 of the pixel defining
layer 500 (see, e.g., FIG. 3), and the organic emission layer
720 is not disposed on (or merely partially covers) the first
inclined surface 511 and the second inclined surface 512 (see,
e.g., FIG. 4).

[0069] The second electrode 730 is disposed on the organic
emission layer 720.

[0070] The second electrode 730 is a light transmissive
electrode and is a cathode electrode that is an electron injec-
tion electrode. The second electrode 730 includes a single-
layered or multi-layered light transmissive conducting mate-
rial including a conductive material such as magnesium-
silver (MgAg), aluminum (Al), silver (Ag), indium tin oxide
(ITO), indium zinc oxide (IZ0), and the like.

[0071] Thesecondelectrode 730 is disposed on the organic
emission layer 720 in a region corresponding to the second
opening 510. According to one embodiment, the second elec-
trode 730 is disposed to cover (e.g., completely cover or only
cover) the third and fourth inclined surfaces 513 and 514
among the first to fourth inclined surfaces 511 to 514 of the
second opening 510 of the pixel defining layer 512 and is not
disposed on or partially covers the first inclined surface 511
and the second inclined surface 512.

[0072] The organic emission layer 720 forming the organic
light emitting diode 300 of the OLED display 1000 according
to the first embodiment has a refractive index that is different
from those of the first electrode 710, the pixel defining layer
500, and the second electrode 730 due to a material charac-
teristic, and, accordingly, the organic emission layer 720
functions like an optical fiber such that a part of light L
emitted from the organic emission layer 720 is continuously
reflected between the first electrode 710 and the second elec-
trode 730 and then (e.g., before it is) emitted toward the pixel
defining layer 500 disposed on a side of the organic emission
layer 720. The light [ emitted toward the pixel defining layer
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500 disposed on the side of the organic emission layer 720 is
reflected by the first electrode 710 disposed on the second
insulating layer 190 in a region corresponding to (e.g., sub-
stantially parallel with or facing) the first and second inclined
surfaces 511 and 512 (see, e.g., FIG. 4) and then irradiated
toward a center portion of the pixel because the organic emis-
sion layer 720 and the second electrode 730 are disposed only
on the third inclined surface 513 and the fourth inclined
surface 514. Because the organic emission layer 720 and the
second electrode 730 are not disposed on the first inclined
surface 511 and the second inclined surface 512, the light L
reflected by the first electrode 710 is irradiated toward the
center portion of the pixel without (or with reduced) lumi-
nance deterioration due to the organic emission layer 720 and
the second electrode 730, and accordingly, the luminous effi-
ciency of the OLED display 1000 can be improved.

[0073] In the OLED display 1000 according to the first
embodiment, light [ irradiated to the side of the organic
emission layer 720 is reflected back to the center area of the
pixel by the first electrode 710 without (or with reduced)
luminance deterioration due to the organic emission layer 720
and the second electrode 720 so that the luminous efficiency
of the entire pixel can be improved.

[0074] Improvement of luminous efficiency of the OLED
display 1000 according to the first embodiment can be
observed through a first experimental example; the first
experimental example will now be described. An OLED dis-
play in the first experimental example has the same configu-
ration of the OLED display according to the first embodi-
ment.

[0075] FIG. 5 is a table illustrating characteristics of the
first experimental example, a first comparative example, and
a second comparative example according to the present
invention.

[0076] First, as shown in FIG. 5, the first comparative
example (“Ref”) is a conventional flat OLED display and
includes a first electrode, a pixel defining layer, an organic
emission layer, and a second electrode. The first electrode (or
“Reflector”) has a thickness of 20 nm to 100 nm and has a
refractive index of 1.7 to 1.9, and the pixel defining layer
(PDL) is disposed on the first electrode, has a surface inclined
about 34 degrees that forms an opening, and has a thickness
thereof is 2 um to 6 um. The refractive index of the pixel
defining layer is 1.5 to 1.7. The organic emission layer (or
“EL Layer”) is disposed on the first electrode in a region
corresponding to the opening and has a thickness of 200nm to
400 nm and arefractive index of 1.8, and the second electrode
is disposed on the organic emission layer and the pixel defin-
ing layer.

[0077] Next, the second comparative example (“EGMM
structure”) includes a first electrode, a pixel defining layer, an
organic emission layer, and a second electrode. The first
electrode is inclined about 34 degrees and thus has a recess
shape, and the thickness of the first electrode (or “Reflector™)
of 20 nm to 100 nm and a refractive index thereofis 1.7to 1.9.
The pixel defining layer (PDL) is disposed on the first elec-
trode and, includes a surface inclined about 34 degrees form-
ing an opening. The pixel defining layer has a refractive index
of 1.5 to 1.7 and a thickness of 2 um to 6 um. The organic
emission layer (or “EL, Layer”) is disposed on the first elec-
trode in a region corresponding to the opening and has a
thickness of 200 nm to 400 nm and a refractive index of 1.8.
The second electrode is disposed on the organic emission
layer and the pixel defining layer.
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[0078] Next, the first experimental example (“EGMM
structure (cathode-EL layer elimination)”) is the OLED dis-
play 1000 according to the first embodiment and includes a
first electrode 710, a first inclined surface 51, a pixel defining
layer 500, an organic emission layer 720, and a second elec-
trode 730. The first electrode 710 has a thickness of 20 nm to
100 nm and has a refractive index of 1.7 to 1.9. The pixel
defining layer 500 is disposed on the first electrode and
includes a first inclined surface 511, a second inclined surface
512, athird inclined surface 513, and a fourth inclined surface
514 that form a second opening 510. The inclined surfaces are
inclined about 34 degrees. The pixel defining layer 500 has a
refractive index of 1.5 to 1.7 and a thickness of 2 um to 6 um.
The organic emission layer is disposed on the first electrode
710 in a region corresponding to the second opening 510 and
has a thickness of 200 nm to 400 nm and a refractive index of
1.8, and the second electrode 730 is disposed on the organic
emission layer 720 and the pixel defining layer 500.

[0079] Rays emitted from the respective organic emission
layers of the first experimental example (“EGMM structure
(cathode-EL. layer elimination)”), the first comparative
example (“Ref”), and the second comparative example
(“EGMM structure”) were traced. A result of the ray tracing
showed that luminous efficiency of the first experimental
example (“EGMM structure (cathode-EL layer elimination)
) was improved about 46.6% compared to the first compara-
tive example (Ref) and improved by about 38.2% compared
to the second comparative example (“EGMM structure”), the
second comparative example having an 8.2% improvement in
luminous efficiency over the first comparative example.
[0080] As described above, it can be observed that the
luminous efficiency of the OLED display according to the
first experimental example was improved compared to the
OLED displays of the first and second comparative examples
through comparison between the OLED display of the first
experimental example (“EGMM structure (cathode-EL layer
elimination)”) and the OLED displays of the first and second
comparative examples (e.g., in the “Result(efficiency)” row
of FIG. 5).

[0081] As observed through the first experimental example
of the present invention, the organic emission layer 720 and
the second electrode 730 of the OLED display 1000 accord-
ing to the first embodiment are disposed only on the third and
fourth inclined surfaces 513 and 514 among the first to fourth
inclined surfaces 511 to 514, and accordingly luminous effi-
ciency can be improved.

[0082] Hereinafter, an OLED display according to asecond
embodiment will be described with reference to FIG. 6, FIG.
7, and FIG. 8.

[0083] Hereinafter, only characteristic components distin-
guished from the first embodiment will be described in more
detail, and components omitted from the following descrip-
tion are substantially similar to corresponding components of
the first embodiment. In addition, in the second embodiment,
for the sake of convenience, like constituent elements will be
described by using like reference numerals of the first
embodiment.

[0084] FIG. 6 is a schematic plan view of a pixel structure
of the OLED display according to the second embodiment.
FIG. 7 is a cross-sectional view of the pixel structure of the
second embodiment shown in FIG. 6, taken along the line
VII-VIL FIG. 8 s a cross-sectional view of the pixel structure
of the second embodiment shown in FIG. 6, taken along the
line VIII-VIIL
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[0085] As shown in FIG. 6, FIG. 7, and FIG. 8, an organic
emission layer 720 of an OLED display 1002 according to the
second embodiment is disposed on a first inclined surface
511, a second inclined surface 512, a third inclined surface
513, and a fourth inclined surface 514 that form a second
opening 510 of a pixel defining layer 500 while being dis-
posed on a first electrode 710 in a region corresponding to the
second opening 510.

[0086] The second electrode 730 is disposed on the organic
emission layer 720 in a region corresponding to the second
opening 510. The second electrode 730 covers (e.g., com-
pletely covers) the third and fourth inclined surfaces 513 and
514 among the first to fourth inclined surfaces 511 to 514 that
form the second opening 510 of the pixel defining layer 500
(see, e.g., FIG. 7), and the second electrode 730 is not dis-
posed on (or merely partially covers) the first and second
inclined surfaces 511 and 512 (see, e.g., FIG. 8).

[0087] Theorganic emission layer 720 forming the organic
light emitting diode 300 of the OLED display 1002 according
to the second embodiment has a refractive index that is dif-
ferent from those of the first electrode 710, the pixel defining
layer 500, and the second electrode 730 due to a material
characteristic, and accordingly, the organic emission layer
720 functions like an optical fiber such that a part of light L
emitted from the organic emission layer 720 is continuously
reflected between the first electrode 710 and the second elec-
trode 730 and then emitted toward the pixel defining layer 500
disposed in a side of the organic emission layer 720. The light
L emitted toward the pixel defining layer 500 disposed in the
side of the organic emission layer 720 is reflected by the first
electrode 710 disposed on the second insulating layer 190 in
a region corresponding to the first and second inclined sur-
faces 511 and 51 and then irradiated toward a center portion of
the pixel because the second electrode 730 is disposed to
completely cover only on the third inclined surface 513 and
the fourth inclined surface 514. In this case, because the
second electrode 730 is not disposed on the first inclined
surface 511 and the second inclined surface 512, the light L
reflected by the first electrode 710 is irradiated toward the
center portion of the pixel without (or with reduced) lumi-
nance deterioration due to the presence of the second elec-
trode 730, and accordingly, luminous efficiency of the OLED
display 1002 can be improved.

[0088] 1In the OLED display 1002 according to the second
embodiment, light [ irradiated to the side of the organic
emission layer 720 is reflected back to the center area of the
pixel by the first electrode 710 without (or with reduced)
luminance deterioration due to the second electrode 720 so
that the luminous efficiency of the entire pixel can be
improved.

[0089] Hereinafter, referring to FIG. 9, improvement of
luminous efficiency of the OLED display 1002 according to
the second embodiment can be observed through a second
experimental example, the second experimental example will
now be described. The second experimental example has the
same configuration of the OLED display according to the
second embodiment.

[0090] FIG. 9 is a table illustrating the first experimental
example, a second experimental example, and the first com-
parative example according to the present invention.

[0091] First, as shown in FIG. 9, the first Comparative
Example (Ref) is a conventional flat OLED display, and
includes a first electrode, a pixel defining layer, an organic
emission layer, and a second electrode. The first electrode (or
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“Reflector”) has a thickness of 20 nm to 100 nm and has a
refractive index of 1.7 to 1.9. The pixel defining layer (PDL)
is disposed on the first electrode, and includes a surface
inclined 34 degrees, the surface forming an opening. The
thickness of the pixel defining layer is 2 um to 6 um and a
refractive index thereof is 1.5 to 1.7. The organic emission
layer has a thickness of 200 nm to 400 nm and a refractive
index of 1.8, and is disposed on the first electrode in a region
corresponding to the opening. The second electrode is dis-
posed on the organic emission layer and the pixel defining
layer.

[0092] Next, the first experimental example (EGMM struc-
ture (cathode-EL layer elimination)) is the experimental
example of the first embodiment. As such, a detailed descrip-
tion of the first experimental example will not be repeated.
[0093] Next, the second experimental example (EGMM
structure (cathode layer elimination)) is the OLED display
1002 according to the second embodiment, and includes a
first electrode having a thickness of 20 nm to 100 nm, a pixel
defining layer 500 disposed on the first electrode, an organic
emission layer 720 disposed on the first electrode 710 corre-
sponding to the second opening 510, and a second electrode
730.

[0094] The first electrode has a refractive index of 1.7 to
1.9. The pixel defining layer 500 includes first to fourth
inclined surfaces 511 to 514 inclined at about 34 degrees and
forming a second opening 510, and has a refractive index of
1.5 to 1.7. The organic emission layer has a thickness of 200
nm to 400 nm and has a refractive index of 1.8. The second
electrode 730 is disposed on the organic emission layer 720
and the pixel defining layer 500.

[0095] Rays emitted from the respective organic emission
layers of the first experimental example (EGMM structure
(cathode-EL layer elimination)), the second experimental
example (EGMM structure (cathode layer elimination)), and
the first comparative example (Ref) were traced. A result of
the ray tracing showed that luminous efficiency of the second
experimental example (EGMM structure (cathode layer
elimination)) was improved about 32.9% compared to the
first comparative example (Ref).

[0096] As described above, it can be observed that the
luminous efficiency of the OLED display according to the
second experimental example (EGMM structure (cathode-
EL layer elimination)) was improved compared to the OLED
display of the first comparative example (Ref) through com-
parison between the OLED display of the second experimen-
tal example and the OLED display of the first comparative
example.

[0097] As observed in the second experimental example of
the present invention, the second electrode 730 of the OLED
display 1002 according to the second embodiment is disposed
on (e.g., completely covers) only the third and fourth inclined
surfaces 513 and 514 among the first to fourth inclined sur-
faces 511 to 514, and accordingly luminous efficiency can be
improved.

[0098] Hereinafter, an OLED display according to a third
embodiment will be described with reference to F1G. 10, FIG.
11, and FIG. 12.

[0099] Hereinafter, only characteristic components distin-
guished from the first embodiment will be described, and the
components omitted from the description follow the first
embodiment. In addition, in the third embodiment, for the
sake of convenience, like elements will be described by using
like reference numerals of the first embodiment.
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[0100] FIG. 10 is a schematic plan view of a pixel structure
ofthe OLED display according to the third embodiment. FIG.
11 is a cross-sectional view of FIG. 10, taken along the line
XI-X1. FIG. 12 is a cross-sectional view of FIG. 10, taken
along the line XTI-XTI.

[0101] As shown in FIG. 10, FIG. 11, and FIG. 12, an
organic emission layer 720 of an OLED display 1003 accord-
ing to the third embodiment covers (e.g., completely covers)
only the third and fourth inclined surfaces 513 and 514 among
afirst to fourth inclined surfaces 511 to 514 that form a second
opening 510 of a pixel defining layer 500 while being dis-
posed on the organic emission layer 720 corresponding to the
second opening 510, and thus the second electrode 730 is not
disposed on the first and second inclined surfaces 511 and
512.

[0102] Thesecond electrode 730 is disposed on the organic
emission layer 720 in a region corresponding to the second
opening 510. The second electrode 730 is disposed on the first
to fourth inclined surfaces 511 to 514 that form the second
opening 510 of the pixel defining layer 500 and is also dis-
posed on the organic emission layer 720 in a region corre-
sponding to the second opening 510. The second electrode
730 may be formed in the shape of a plate and may be
disposed on the entire substrate 100.

[0103] Theorganic emission layer 700 forming the organic
light emitting diode 400 of the OLED display 1003 according
to the third embodiment has a refractive index that is different
from those of the first electrode 710, the pixel defining layer
500, and the second electrode 730 due to a material charac-
teristic, and accordingly, the organic emission layer 720 func-
tions like an optical fiber such that a part of light L. emitted
from the organic emission layer 720 is continuously reflected
between the first electrode 710 and the second electrode 730
and then emitted toward the pixel defining layer 500 disposed
in aside of the organic emission layer 720. The light L emitted
to the pixel defiming layer 500 disposed in the side of the
organic emission layer 720 is reflected by the first electrode
710 disposed on the second insulating layer 190 in a region
corresponding to the first and second inclined surfaces 511
and 51 and then irradiated toward a center portion of the pixel
because the organic emission layer 720 and the second elec-
trode 730 are disposed only on the third inclined surface 513
and the fourth inclined surface 514. In this case, because the
organic emission layer 720 and the second electrode 730 are
not disposed on the first inclined surface 511 and the second
inclined surface 512, the light L reflected by the first electrode
710 isirradiated toward the center portion of the pixel without
luminance deterioration due to the organic emission layer
720, and accordingly, luminous efficiency of the OLED dis-
play 1000 can be improved.

[0104] That is, in the OLED display 1003 according to the
third embodiment, light L irradiated to the side of the organic
emission layer 720 is reflected back to the center area of the
pixel by the first electrode 710 without (or with reduced)
luminance deterioration due to the organic emission layer 720
so that the luminous efficiency of the entire pixel can be
improved.

[0105] While this disclosure has been described in connec-
tion with what is presently considered to be practical embodi-
ments, it is to be understood that the invention 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.
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LISTING OF SOME REFERENCE NUMERALS

[0106] substrate 100, thin film transistor 20, first insulation
layer 180, first opening 191, second insulation layer 190, first
electrode 710, second opening 510, pixel defining layer 500,
organic emission layer 720, second electrode 730

What is claimed is:

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

a substrate;

a thin film transistor on the substrate;

a first insulation layer on the thin film transistor;

a second insulation layer on the first insulation layer, the
second insulation layer having a first opening exposing a
portion of the first insulation layer;

a first electrode electrically connected with the thin film
transistor and contacting the second insulation layer and
contacting the first insulation layer through the first
opening;

a pixel defining layer disposed on the first electrode and
having a second opening exposing a portion of the first
electrode in a region corresponding to the first opening,
the second opening being smaller than the first opening;

an organic emission layer on the first electrode in a region
corresponding to the second opening; and

asecond electrode on the organic emission layer in a region
corresponding to the second opening.

2. The OLED display of claim 1, wherein the pixel defining
layer comprises a plurality of inclined surfaces forming the
second opening.

3. The OLED display of claim 2, wherein at least one of the
organic emission layer and the second electrode is disposed
on fewer than all of the plurality of inclined surfaces.

4. The OLED display of claim 1, wherein the second open-
ing is in a shape of a flat quadrangle, and

wherein the pixel defining layer forms the second opening
and further comprises:
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first and second inclined surfaces that are disposed
opposite to each other; and

third and fourth inclined surfaces that are disposed
opposite to each other.

5. The OLED display of claim 4, wherein the third inclined
surface connects first ends of the first and second inclined
surfaces, and the fourth inclined surface connects second
ends of the first and second inclined surfaces.

6. The OLED display of claim 4, wherein the first and
second inclined surfaces are longer than the third and fourth
inclined surfaces.

7. The OLED display of claim 4, wherein the organic
emission layer and the second electrode are disposed only on
the third and fourth inclined surfaces among the first, second,
third, and fourth inclined surfaces.

8. The OLED display of claim 4, wherein the second elec-
trode is disposed only on the third and fourth inclined surfaces
among the first, second, third, and fourth inclined surfaces.

9. The OLED display of claim 8, wherein the organic
emission layer is disposed on the first, second, third, and
fourth inclined surfaces.

10. The OLED display of claim 4, wherein the organic
emission layer is disposed only on the third and fourth
inclined surfaces among the first, second, third, and fourth
inclined surfaces.

11. The OLED display of claim 10, wherein the second
electrode is disposed on the first, second, third, and fourth
inclined surfaces.

12. The OLED display of claim 1, wherein the first elec-
trode 1s a light reflective electrode and the second electrode is
a light transmissive electrode.

13. The OLED display of claim 1, wherein the organic
emission layer has a refractive index that is different from the
refractive indexes of the first electrode, the pixel defining
layer, and the second electrode.

* #* * #* #®
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