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7) ABSTRACT

An organic light-emitting display device includes a pixel
including a first sub-pixel, a second sub-pixel, a third
sub-pixel, and a fourth sub-pixel, where the first sub-pixel
includes a first emission layer that emits a first color light,
the second sub-pixel includes a second emission layer that
emits a second color light, the third sub-pixel includes a
third emission layer that emits a third color light, and the
fourth sub-pixel includes a fourth emission layer that emits
a fourth color light; the first color light, the second color
light, the third color light, and the fourth color light are
different from each other; at least one emission layer
selected from the first emission layer, the second emission
layer, the third emission layer, and the fourth emission layer
includes an organometallic compound; and the organome-
tallic compound includes iridium (Ir).
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0078667, filed
on Jun. 3, 2015, in the Korean Intellectual Property Office,
the entire content of which is incorporated herein by refer-
ence.

BACKGROUND

[0002] 1. Field

[0003] One or more exemplary embodiments relate to an
organic light-emitting display device.

[0004] 2. Description of the Related Art

[0005] Organic light-emitting display devices have wide
viewing angles, high contrast ratios, short response times,
and low power consumption, and thus, application ranges
thereof are expanded from personal portable devices, such as
an MP3 player or a mobile phone, to a television (TV).
[0006] Organic light-emitting display devices are charac-
terized as self-emitting devices, and are different from liquid
crystal display devices in terms of not requiring an addi-
tional light source. Thus, organic light-emitting display
devices may have reduced thickness and weight.

SUMMARY

[0007] One or more exemplary embodiments include an
organic light-emitting display device.

[0008] Additional aspects of embodiments will be set forth
in part in the description which follows and, in part, will be
apparent from the description, or may be learned by practice
of the presented embodiments.

[0009] According to one or more exemplary embodi-
ments, an organic light-emitting display device includes a
pixel including a first sub-pixel, a second sub-pixel, a third
sub-pixel, and a fourth sub-pixel,

[0010] where the first sub-pixel includes a first emission
layer that emits a first color light, the second sub-pixel
includes a second emission layer that emits a second color
light, the third sub-pixel includes a third emission layer that
emits a third color light, and the fourth sub-pixel includes a
fourth emission layer that emits a fourth color light;
[0011] the first color light, the second color light, the third
color light, and the fourth color light are different from each
other;

[0012] at least one emission layer selected from the first
emission layer, the second emission layer, the third emission
layer, and the fourth emission layer includes an organome-
tallic compound; and

[0013] the organometallic compound includes iridium (Ir).

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the exemplary embodiments, taken in conjunction with
the accompanying drawings in which:

[0015] FIG. 1A s a plan view schematically illustrating a
structure of a pixel of an organic light-emitting display
device according to an exemplary embodiment of the pres-
ent disclosure, and FIG. 1B is a plan view schematically
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illustrating a structure of a pixel of an organic light-emitting
display device according to an exemplary embodiment of
the present disclosure;

[0016] FIG. 2 is a cross-sectional view schematically
illustrating a structure of a pixel of an organic light-emitting
display device according to an exemplary embodiment of
the present disclosure;

[0017] FIG. 3 is a plan view schematically illustrating a
structure of a pixel of an organic light-emitting display
device according to an exemplary embodiment of the pres-
ent disclosure;

[0018] FIG. 4 is a plan view schematically illustrating a
structure of a pixel of an organic light-emitting display
device according to an exemplary embodiment of the pres-
ent disclosure; and

[0019] FIG. 5 is a diagram showing CIE chromaticity
coordinates of a pixel including a red sub-pixel, a green
sub-pixel, and a blue sub-pixel.

DETAILED DESCRIPTION

[0020] Reference will now be made in more detail to
exemplary embodiments, examples of which are illustrated
in the accompanying drawings, wherein like reference
numerals refer to like elements throughout, and thus
repeated description thereof is not necessary. In this regard,
the present exemplary embodiments may have different
forms and should not be construed as being limited to the
descriptions set forth herein. Accordingly, the exemplary
embodiments are merely described below, by referring to the
figures, to explain aspects of embodiments of the present
description. Expressions such as “at least one of,” when
preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the
list.

[0021] While terms such as “first,” “second,” etc., may be
used to describe various components, such components
should not be limited to the above terms. The above terms
are used only to distinguish one component from another.
[0022] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0023] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the pres-
ence of stated features or components, but do not preclude
the presence or addition of one or more other features or
components.

[0024] Tt will be understood that when a layer, region, or
component is referred to as being “on,” “formed on,” or
“connected to” another layer, region, or component, it can be
directly or indirectly on, formed on, or connected to the
other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
In addition, it will also be understood that when an element
or layer is referred to as being “between” two elements or
layers, it can be the only element or layer between the two
elements or layers, or one or more intervening elements or
layers may also be present.

[0025] Sizes of components in the drawings may be exag-
gerated for convenience of explanation. In other words,
since sizes and thicknesses of components in the drawings
may be arbitrarily illustrated for convenience of explanation,
the following embodiments are not limited thereto.

[0026] FIG. 1Ais a view schematically illustrating a plane
structure (e.g., a structure in a plane) of a pixel 100 of an
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organic light-emitting display device 1 according to an
exemplary embodiment of the present disclosure. The
organic light-emitting display device 1 may be prepared as
a stripe type (e.g., a stripe kind of device).

[0027] The organic light-emitting display device 1
includes the pixel 100 including a first sub-pixel 110, a
second sub-pixel 120, a third sub-pixel 130, and a fourth
sub-pixel 140, wherein the first sub-pixel 110 includes a first
emission layer that emits a first color light (e.g., a first color
of light having a first color), the second sub-pixel 120
includes a second emission layer that emits a second color
light (e.g., a second color of light having a second color), the
third sub-pixel 130 includes a third emission layer that emits
a third color light (e.g., a third color of light having a third
color), and the fourth sub-pixel 140 includes a fourth emis-
sion layer that emits a fourth color light (e.g., a fourth color
of light having a fourth color); the first color light, the
second color light, the third color light, and the fourth color
light are different from each other (e.g., the respective colors
of the first color of light, the second color of light, the third
color of light, and the fourth color of light may be different
from each other); at least one emission layer selected from
the first emission layer, the second emission layer, the third
emission layer, and the fourth emission layer includes an
organomnietallic compound; and the organometallic com-
pound includes iridium (Ir). In some embodiments, the first
sub-pixel, the second sub-pixel, the third sub-pixel, and the
fourth sub-pixel are each a stripe type (e.g., in a stripe kind
of device), a rectangular type (e.g., in a rectangular kind of
device), or a pentile type (e.g., in a pentile kind of device).
[0028] For example, the organometallic compound may
have a maximum emission wavelength in a range of about
540 nm to about 620 nm (e.g., the organometallic compound
may emit light having a maximum wavelength of about 540
nm to about 620 nm), but the present disclosure is not
limited thereto.

[0029] For example, the organometallic compound may be
represented by Formula 1, but the present disclosure is not
limited thereto:

Formula 1

> Ir—(Lin12

(Ri2)s12

— all

[0030] In Formula 1,

[0031] X,, to X,, may each be independently selected
from a nitrogen atom and a carbon atom,

[0032] A,, and A, may each be independently selected
from a C5-Cy, cyclic group and a C, -C, heterocyclic group,
[0033] Y,, may be selected from a single bond and a
divalent linking group,
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[0034] R,, and R,, may each be independently selected
from a hydrogen, a deuterium, —F, —CI, —Br, —I, a
substituted or unsubstituted C,-C, alkyl group, a substi-
tuted or unsubstituted C,-C,, aryl group, and a substituted or
unsubstituted C,-Cy, heteroaryl group,

[0035] R, and R,, may be optionally fused to each other
(e.g., combined together) to form a saturated or unsaturated
rng,

[0036] b1l and b12 may be each independently selected
from 1, 2, 3, and 4,

[0037] nll may be selected from 1, 2, and 3,

[0038] L, may be selected from a monovalent organic
ligand, a divalent organic ligand, a trivalent organic ligand,
and a tetravalent organic ligand, and

[0039] nl2 may be selected from 1, 2, 3, and 4.

[0040] The organometallic compound may be a phospho-
rescent dopant, but the organometallic compound is not
limited thereto. Here, the phosphorescent dopant refers to a
compound that emits phosphorescence (e.g., phosphorescent
light). The organometallic compound may be a yellow
phosphorescent dopant, but the present disclosure is not
limited thereto.

[0041] In an exemplary embodiment, in Formula 1, X,
may be a nitrogen atom and X,, to X, may each be
independently a carbon atom, but the present disclosure is
not limited thereto.

[0042] In an exemplary embodiment, in Formula 1, A;;
and A | , may each be independently selected from a benzene,
a naphthalene, a fluorene, an indene, a pyrrole, a thiophene,
a furan, an imidazole, a pyrazole, a thiazole, an isothiazole,
an oxazole, an isoxazole, a triazole, a pyridine, a pyrazine,
a pyrimidine, a pyridazine, a triazine, a quinoline, an iso-
quinoline, a quinoxaline, a quinazoline, an indole, a benz-
imidazole, a benzothiazole, a benzoxazole, a thienopyridine,
a benzofuran, a benzothiophene, a dibenzofuran, and a
dibenzothiophene, but the present disclosure is not limited
thereto.

[0043] In an exemplary embodiment, in Formula 1, A,
and A | , may each be independently selected from a benzene,
a naphthalene, a pyridine, a pyrazine, a quinoline, an iso-
quinoline, a benzothiazole, a benzoxazole, and a thienopyri-
dine, but the present disclosure is not limited thereto.
[0044] In an exemplary embodiment, in Formula 1, Y,
may be a single bond, but the present disclosure is not
limited thereto.

[0045] In an exemplary embodiment, in Formula 1, R,
and R, , may each be independently selected from a hydro-
gen, a methyl group, an ethyl group, and a phenyl group, but
the present disclosure is not limited thereto.

[0046] In an exemplary embodiment, in Formula 1, Ry,
and R, may be connected to each other via Y ,,

[0047] Y,, may be selected from a single bond, *—O0—*,
SR N(Zy ), Oy )(Zyo)] iy —', @ group
represented by Formula 10-1, and a group represented by
Formula 10-2, but the present disclosure is not limited
thereto:
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-continued
10-2
Zp Zi3
Zy Zi4
[0048] In some embodiments, in Formula 1, R;; and R,

may be connected to each other via a single bond, *—O—*,
S Ny ), O )y )] @ group
represented by Formula 10-1, or a group represented by
Formula 10-2, but the present disclosure is not limited
thereto. In Formulae 10-1 and 10-2, Z,, to Z,, may each be
independently selected from a hydrogen, a deuterium, —F,
—Cl, —Br, —I, a substituted or unsubstituted C,-C, alkyl
group, and a substituted or unsubstituted C,-Cy, aryl group,
[0049] m11 may be selected from 1, 2, 3, and 4, and
[0050] * and *' may each be independently a binding site
to a neighboring atom.

[0051] In an exemplary embodiment, in Formulae 10-1
and 10-2, Z,, to Z, , may each be a hydrogen, but the present
disclosure is not limited thereto.

[0052] In an exemplary embodiment, in Formula 1, n1l
may be selected from 2 and 3, but the present disclosure is
not limited thereto.

[0053] In an exemplary embodiment, in Formula 1, L,
may be a monovalent organic ligand selected from a halogen
ligand (e.g., I, Br~, or CI"), a carbon monoxide ligand, an
isonitrile ligand, a cyano ligand, and a phosphorus ligand
(e.g., phosphine, phosphate, or phosphite), but the present
disclosure is not limited thereto.

[0054] In an exemplary embodiment, in Formula 1, L,
may be a divalent organic ligand selected from a diketone
ligand (e.g., acetylacetonate, 1,3-diphenyl-1,3-propanedion-
ate, 2,2,6,6-tetramethyl-3,5-heptanedionate, or hexafluoro-
acetonate), a carboxylic acid ligand (e.g., picolinate, dim-
ethyl-3-pyrazolecarboxylate, or benzoate), and a ligand
represented by Formula 9, but the present disclosure is not
limited thereto:

Formula 9

N—N  N—N
\
" B
/
N—N  N—N
VRN

[0055] In Formula 9, * and *' may each be independently
a binding site to a neighboring atom.

[0056] In an exemplary embodiment, in Formula 1, L,
may be a divalent organic ligand, but the present disclosure
is not limited thereto. In an exemplary embodiment, in
Formula 1, L;; may be selected from acetylacetonate and the
ligand of Formula 9, but the present disclosure is not limited
thereto.
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[0057] In an exemplary embodiment, in Formula 1, n12
may be 1, but the present disclosure is not limited thereto.
[0058] The organometallic compound of Formula 1 may
be represented by one of Formulae 1-1 and 1-2, but the
present disclosure is not limited thereto:

1-1

Xp /Ir_(Lu)nlz

Ri2b12
—all
1-2

RDe11-1

Xps >IT_(L11)n12

RiDp12-1
—all

[0059] In Formulae 1-1 and 1-2,

[0060] descriptions of X, to X,,, A;, A, 2,1, 745, Ryy,
R,,, b11, b12, nll, L;,, and n12 are defined the same as
those provided in connection with Formula 1, and

[0061] Y, may be selected from a single bond, *—0—*,
S, R N(Z ), ()], the
group of 10-1, and the group of Formula 10-2:

10-1
Zy 712
* ®!
10-2
Zp 213
Zn Zy
* £l

[0062] InFormulae 10-1 and 10-2, Z |, to Z,, may each be
independently selected from a hydrogen, a deuterium, —F,
—Cl, —Br, —I, a substituted or unsubstituted C,-C, alkyl
group, and a substituted or unsubstituted C4-Cy, aryl group,
[0063] mll may be selected from 1, 2, 3, and 4, and
[0064] * and *' may each be independently a binding site
to a neighboring atom.
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[0065] The organometallic compound of Formula 1 may _continued
be selected from Compounds 1 to 12 below, but the present 6
disclosure is not limited thereto:

10
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-continued

11

12

[0066] In an exemplary embodiment, the first color light,
the second color light, the third color light, and the fourth
color light of the pixel 100 may be combined with each other
to emit white light.

[0067] In an exemplary embodiment, only one emission
layer selected from the first to fourth emission layers may
include the organometallic compound. For example, in some
embodiments, only the fourth emission layer may include
the organometallic compound, but the present disclosure is
not limited thereto.

[0068] In an exemplary embodiment, the first color light
may be red color light (e.g., the first color of light may be
red), the second color light may be green color light (e.g., the
second color of light may be green), the third color light may
be blue color light (e.g., the third color of light may be blue),
and the fourth color light may be yellow color light (e.g., the
fourth color of light may be yellow), but the present disclo-
sure is not limited thereto. In an exemplary embodiment, the
fourth color light (e.g., the yellow color light) may have a
maximum wavelength in a range of about 540 nm to about
620 nm, but the present disclosure is not limited thereto. In
an exemplary embodiment, the first color light (e.g., the red
color light) may have a maximum wavelength in a range of
about 580 nm to about 700 nm, but the present disclosure is
not limited thereto. In an exemplary embodiment, the second
color light (e.g., the green color light) may have a maximum
wavelength in a range of about 500 nm to about 600 nm, but
the present disclosure is not limited thereto. In an exemplary
embodiment, the third color light (e.g., the blue color light)
may have a maximum wavelength in a range of about 400
nm to about 500 nm, but the present disclosure is not limited
thereto.

[0069] In an exemplary embodiment, at least one of exter-
nal quantum efficiencies of the first sub-pixel 110, the
second sub-pixel 120, the third sub-pixel 130, and the fourth
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sub-pixel 140 may be greater than 20% to 100% (e.g., at
least one selected from the first sub-pixel 110, the second
sub-pixel 120, the third sub-pixel 130, and the fourth sub-
pixel 140 may have an external quantum efficiency of
greater than 20% to 100%), but the present disclosure is not
limited thereto.

[0070] In an exemplary embodiment, areas of the first
sub-pixel 110, the second sub-pixel 120, the third sub-pixel
130, and the fourth sub-pixel 140 may be identical (e.g,,
substantially identical) to or different from each other, but
the present disclosure is not limited thereto.

[0071] InFIG. 1A, astructure of the pixel 100 in which the
first sub-pixel 110, the second sub-pixel 120, the third
sub-pixel 130, and the fourth sub-pixel 140 are sequentially
disposed in the stated order is illustrated, but the structure is
not limited thereto. For example, the pixel 100 may have a
structure in which the first sub-pixel 110 and the fourth
sub-pixel 140 are disposed adjacent to each other, a structure
in which the second sub-pixel 120 and the fourth sub-pixel
140 are disposed adjacent to each other, or a structure in
which the third sub-pixel 130 and the fourth sub-pixel 140
are disposed adjacent to each other.

[0072] FIG. 1B is a plan view schematically illustrating a
structure of the pixel 100 of the organic light-emitting
display device 1 according to an exemplary embodiment.
The organic light-emitting display device 1 may be prepared
as a stripe type (e.g., a stripe kind of device). For example,
the organic light-emitting display device of FIG. 1B may
further include a sub-pixel in addition to the organic light-
emitting display device of FIG. 1A.

[0073] In an exemplary embodiment, the pixel 100 may
further include a fifth sub-pixel 150. The fifth sub-pixel 150
may include a fifth emission layer that emits a fifth color
light (e.g., a fifth color of light having a fifth color), wherein
the fifth color light may be identical (e.g., substantially
identical) to or different from one selected from the the first
color light, the second color light, the third color light, and
the fourth color light (e.g., the color of the fifth color of light
may be identical (e.g., substantially identical) to or different
from a color selected from the respective colors of the first
color of light, the second color of light, the third color of
light, and the fourth color of light), but the present disclosure
is not limited thereto.

[0074] FIG. 2 is a cross-sectional view schematically
illustrating a structure of a pixel of an organic light-emitting
display device 2 according to an exemplary embodiment.
[0075] The organic light-emitting display device 2 may
include a first sub-pixel 210, a second sub-pixel 220, a third
sub-pixel 230, and a fourth sub-pixel 240.

[0076] The organic light-emitting display device 2 may
include a substrate 200 including a first sub-pixel region
201, a second sub-pixel region 202, a third sub-pixel region
203, and a fourth sub-pixel region 204.

[0077] The substrate 200 may be a glass substrate or a
transparent plastic substrate, each having excellent mechani-
cal strength, thermal stability, transparency, surface smooth-
ness, ease of handling, and water repellency.

[0078] The first sub-pixel 210 may be disposed on the first
sub-pixel region 201, the second sub-pixel 220 may be
disposed on the second sub-pixel region 202, the third
sub-pixel 230 may be disposed on the third sub-pixel region
203, and the fourth sub-pixel 240 may be disposed on the
fourth sub-pixel region 204.
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[0079] The first sub-pixel 210, the second sub-pixel 220,
the third sub-pixel 230, and the fourth sub-pixel 240 may
include first electrodes 211, 221, 231, and 241, respectively,
and second electrodes 213, 223, 233, and 243, respectively,
wherein the second electrodes 213, 223, 233, and 243 face
opposite to the first electrodes 211, 221, 231, and 241,
respectively.

[0080] The first electrodes 211, 221, 231, and 241 may be
formed by, for example, depositing or sputtering a respective
material for forming the first electrodes 211, 221, 231, and
241 on the substrate 200. When the first electrodes 211, 221,
231, and 241 are anodes, the material for forming the first
electrodes 211, 221, 231, and 241 may be selected from
materials having a high work function to facilitate hole
injection. The first electrodes 211, 221, 231, and 241 may be
reflective electrodes, semi-transmissive electrodes, or trans-
missive electrodes. The material for forming the first elec-
trodes 211, 221, 231, and 241 may be indium tin oxide
(ITO), indium zinc oxide (IZO), tin oxide (SnO,), or zinc
oxide (Zn0Q), each having transparency and excellent con-
ductivity. Alternatively, or additionally, to form the first
electrodes 211, 221, 231, and 241 as semi-transmissive
electrodes or reflective electrodes, the material for forming
the first electrodes 211, 221, 231, and 241 may be at least
one selected from magnesium (Mg), aluminum (Al), alumi-
num-lithium (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), and magnesium-silver (Mg—Ag).

[0081] The first electrodes 211, 221, 231, and 241 may
have a single-layer structure or a multi-layer structure
including a plurality of layers. For example, the first elec-
trodes 211, 221, 231, and 241 may have a triple-layered
structure of ITO/Ag/ITO, but the structure is not limited
thereto.

[0082] The second electrodes 213, 223, 233, and 243 may
be cathodes, which are electron injection electrodes. Here, a
material for forming the second electrodes 213, 223, 233,
and 243 may be metals having a low work function, alloys,
electrically conductive compounds, or mixtures thereof.
Examples of the second electrodes 213, 223, 233, and 243
include Li, Mg, Al, Al—Li, Ca, Mg—In, and Mg—Ag.
Alternatively, or additionally, the material for forming sec-
ond electrodes 213, 223, 233, and 243 may be ITO or 1ZO.
The second electrodes 213, 223, 233, and 243 may be
reflective electrodes, semi-transmissive electrodes, or trans-
missive electrodes.

[0083] Organic layers 218, 228, 238, and 248 may be
disposed between the first electrodes 211, 221, 231, and 241
and the second electrodes 213, 223, 233, and 243.

[0084] The first sub-pixel 210 may include a first emission
layer 212 that emits a first color light (e.g., a first color of
light having a first color), the second sub-pixel 220 may
include a second emission layer 222 that emits a second
color light (e.g., a second color of light having a second
color), the third sub-pixel 230 may include a third emission
layer 232 that emits a third color light (e.g., a third color of
light having a third color}, and the fourth sub-pixel 240 may
include a fourth emission layer 242 that emits a fourth color
light (e.g., a fourth color of light having a fourth color).
[0085] The organic layers 218, 228, 238, and 248 may
further include hole transport regions respectively between
respective ones of the first electrodes 211, 221, 231, and 241
and the first to fourth emission layers 212, 222, 232, and
242. The organic layers 218, 228, 238, and 248 may also
further include electron transport regions respectively
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between respective ones the first to fourth emission layers
212, 222, 232, and 242 to the second electrodes 213, 223,
233, and 243.

[0086] FIG. 3 is a plan view schematically illustrating a
structure of a pixel 300 of an organic light-emitting display
device 3 according to an exemplary embodiment. The
organic light-emitting display device 3 may be prepared as
a rectangular (e.g., square) type (e.g., a rectangular or square
kind of device).

[0087] The organic light-emitting display device 3
includes the pixel 300 including a first sub-pixel 310, a
second sub-pixel 320, a third sub-pixel 330, and a fourth
sub-pixel 340, wherein the first sub-pixel 310 includes a first
emission layer that emits a first color light (e.g., a first color
of light having a first color), the second sub-pixel 320
includes a second emission layer that emits a second color
light (e.g., a second color of light having a second color), the
third sub-pixel 330 includes a third emission layer that emits
a third color light (e.g., a third color of light having a third
color), and the fourth sub-pixel 340 includes a fourth emis-
sion layer that emits a fourth color light (e.g., a fourth color
of light having a fourth color); the first color light, the
second color light, the third color light, and the fourth color
light may be different from each other (e.g., the respective
colors of the first color of light, the second color of light, the
third color of light, and the fourth color of light may be
different from each other); and at least one emission layer of
the first to fourth emission layers may include the organo-
metallic compound of Formula 1.

[0088] In an exemplary embodiment, the first color light,
the second color light, the third color light, and the fourth
color light of the pixel 300 may be combined with each other
to emit white light.

[0089] In an exemplary embodiment, only one emission
layer selected from the first to fourth emission layers the
organometallic compound. For example, only the fourth
emission layer may include the organometallic compound,
but the present disclosure is not limited thereto.

[0090] In an exemplary embodiment, the first color light
may be red color light (e.g., the first color of light may be
red), the second color light may be green color light (e.g., the
second color of light may be green), the third color light may
be blue color light (e.g., the third color of light may be blue),
and the fourth color light may be yellow color light (e.g., the
fourth color of light may be yellow), but the present disclo-
sure is not limited thereto. In an exemplary embodiment, the
fourth color light (e.g., the yellow color light) may have a
maximum wavelength in a range of about 540 nm to about
620 nm, but the present disclosure is not limited thereto. In
an exemplary embodiment, the first color light (e.g., the red
color light) may have a maximum wavelength in a range of
about 580 nm to about 700 nm, but the present disclosure is
not limited thereto. In an exemplary embodiment, the second
color light (e.g., the green color light) may have a maximum
wavelength in a range of about 500 nm to about 600 nm, but
the present disclosure is not limited thereto. In an exemplary
embodiment, the third color light (e.g., the blue color light)
may have a maximum wavelength in a range of about 400
nm to about 500 nm, but the present disclosure is not limited
thereto.

[0091] Inan exemplary embodiment, at least one of exter-
nal quantum efficiencies of the first sub-pixel 310, the
second sub-pixel 320, the third sub-pixel 330, and the fourth
sub-pixel 340 may be greater than 20% to 100% (e.g., at
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least one selected from the first sub-pixel 310, the second
sub-pixel 320, the third sub-pixel 330, and the fourth sub-
pixel 340 may have an external quantum efliciency of
greater than 20% to 100%), but the present disclosure is not
limited thereto.

[0092] In an exemplary embodiment, areas of the first
sub-pixel 310, the second sub-pixel 320, the third sub-pixel
330, and the fourth sub-pixel 340 may be identical (e.g.,
substantially identical) to or different from each other, but
the present disclosure is not limited thereto.

[0093] InFIG. 3, a structure of the pixel 300 in which the
first sub-pixel 310 is disposed adjacent to the second sub-
pixel 320 and the third sub-pixel 330, the second sub-pixel
320 is disposed adjacent to the first sub-pixel 310 and the
fourth sub-pixel 340, the third sub-pixel 330 is disposed
adjacent to the first sub-pixel 310 and the fourth sub-pixel
340, and the fourth sub-pixel 340 is disposed adjacent to the
second sub-pixel 320 and the third sub-pixel 330 is illus-
trated, but the structure is not limited thereto. For example,
the pixel 300 may have a structure in which the first
sub-pixel 310 and the fourth sub-pixel 340 are disposed
adjacent to each other.

[0094] In an exemplary embodiment, the pixel 300 may
further include a fifth sub-pixel. The fifth sub-pixel may
include a fifth emission layer that emits a fifth color light
(e.g., a fifth color of light having a fifth color), wherein the
fifth color light may be identical (e.g., substantially identi-
cal) to or different from one selected from the first color
light, the second color light, the third color light, and the
fourth color light (e.g., the color of the fifth color of light
may be identical (e.g., substantially identical) to or different
from a color selected from the respective colors of the first
color of light, the second color of light, the third color of
light, and the fourth color of light), but the present disclosure
is not limited thereto.

[0095] FIG. 4 is a plan view schematically illustrating a
structure of a pixel 400 of an organic light-emitting display
device 4 according to an exemplary embodiment. The
organic light-emitting display device 4 may be prepared as
a pentile type (e.g., a pentile kind of device where the pixels
are arranged in a pentile matrix).

[0096] The organic light-emitting display device 4
includes the pixel 400 including a first sub-pixel 410, a
second sub-pixel 420, a third sub-pixel 430, and a fourth
sub-pixel 440, wherein the first sub-pixel 410 includes a first
emission layer that emits a first color light (e.g., a first color
of light having a first color), the second sub-pixel 420
includes a second emission layer that emits a second color
light (e.g., a second color of light having a second color), the
third sub-pixel 430 includes a third emission layer that emits
a third color light (e.g., a third color of light having a third
color), the fourth sub-pixel 440 includes a fourth emission
layer that emits a fourth color light (e.g., a fourth color of
light having a fourth color); the first color light, the second
color light, the third color light, and the fourth color light
may be different from each other; and at least one emission
layer selected from the first to fourth emission layers may
include the organometallic compound of Formula 1.
[0097] In an exemplary embodiment, the first color light,
the second color light, the third color light, and the fourth
color light of the pixel 400 may be comhbined with each other
to emit (e.g., form) white light.

[0098] In an exemplary embodiment, only one emission
layer selected from the first to fourth emission layers
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includes the organometallic compound. For example, in
some embodiments, only the fourth emission layer may
include the organometallic compound, but the present dis-
closure is not limited thereto.

[0099] In an exemplary embodiment. the first color light
may be red color light (e.g., the first color of light may be
red), the second color light may be green color light (e.g., the
second color of light may be green), the third color light may
be blue color light (e.g., the third color of light may be blue),
and the fourth color light may be yellow color light (e.g., the
fourth color of light may be yellow), but the present disclo-
sure is not limited thereto. In an exemplary embodiment, the
fourth color light (e.g., the yellow color light) may have a
maximum wavelength in a range of about 540 nm to about
620 nm, but the present disclosure is not limited thereto. In
an exemplary embodiment, the first color light (e.g., the red
color light) may have a maximum wavelength in a range of
about 580 nm to about 700 nm, but the present disclosure is
not limited thereto. In an exemplary embodiment, the second
color light (e.g., the green color light) may have a maximum
wavelength in a range of about 500 nm to about 600 nm, but
the present disclosure is not limited thereto. In an exemplary
embodiment, the third color light (e.g., the blue color light)
may have a maximum wavelength in a range of about 400
nm to about 500 nm, but the present disclosure is not limited
thereto.

[0100] Inan exemplary embodiment, at least one of exter-
nal quantum efficiencies of the first sub-pixel 410, the
second sub-pixel 420, the third sub-pixel 430, and the fourth
sub-pixel 440 may be greater than 20% to 100% (e.g., at
least one selected from the first sub-pixel 410, the second
sub-pixel 420, the third sub-pixel 430, and the fourth sub-
pixel 440 may have an external quantum efficiency of
greater than 20% to 100%), but the present disclosure is not
limited thereto.

[0101] In an exemplary embodiment, areas of the first
sub-pixel 410, the second sub-pixel 420, the third sub-pixel
430, and the fourth sub-pixel 440 may be identical (e.g,,
substantially identical) to or different from each other, but
the present disclosure is not limited thereto.

[0102] 1In FIG. 4, a structure of the pixel 400 in which the
first sub-pixel 410 is disposed adjacent to the second sub-
pixel 420 and the third sub-pixel 430, the second sub-pixel
420 is disposed adjacent to the first sub-pixel 410 and the
fourth sub-pixel 440, the third sub-pixel 430 is disposed
adjacent to the first sub-pixel 410 and the fourth sub-pixel
440, and the fourth sub-pixel 440 is disposed adjacent to the
second sub-pixel 420 and the third sub-pixel 430 is illus-
trated, but the structure is not limited thereto. For example,
the pixel 400 may have a structure in which the first
sub-pixel 410 and the fourth sub-pixel 440 are disposed
adjacent to each other.

[0103] In an exemplary embodiment, the pixel 400 may
further include a fifth sub-pixel. The fifth sub-pixel may
include a fifth emission layer that emits a fifth color light
(e.g., a fifth color of light having a fifth color), wherein the
fifth color light may be identical (e.g., substantially identi-
cal) to or different from one of the the first color light, the
second color light, the third color light, and the fourth color
light (e.g., the color of the fifth color of light may be
identical (e.g., substantially identical) to or different from a
color selected from the respective colors of the first color of
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light, the second color of light, the third color of light, and
the fourth color of light), but the present disclosure is not
limited thereto.

[0104] Hereinabove, the organic light-emitting display
device has been described with reference to FIGS. 1to 4, but
the present disclosure is not limited thereto.

[0105] The first color light, the second color light, the third
color light, and the fourth color light may form a convex
polygon including white color in CIE chromaticity coordi-
nates, wherein two color lights selected from the first color
light, the second color light, the third color light, and the
fourth color light may be complementary to each other.
[0106] A standard color gamut that represents the color
reproduction ranges may be, for example, the National
Television System Committee (NTSC) standard. A method
of defining a color gamut that is 100% of the NTSC color
gamut is described by referring to FIG. 5. FIG. 5 shows CIE
chromaticity coordinates for each of red, green, and blue,
wherein red has CIE chromaticity coordinates of x=0.67 and
y=0.33, green has CIE chromaticity coordinates of x=0.21
and y=0.71, blue has CIE chromaticity coordinates of x=0.
14 and y=0.08, and white has CIE chromaticity coordinates
of x=0.31 and y=0.316. In FIG. 5, an area of a triangle
produced by given CIE chromaticity coordinates of red,
green, and blue is defined as 100% of the NTSC color gamut
area. As described herein, widening the color gamut of the
organic light-emitting display device means that the color
gamut of the organic light-emitting display device
approaches close to 100% of the NTSC color gamut.
[0107] Thus, to widen the color gamut of the organic
light-emitting display device, the organic light-emitting dis-
play device may further include, in addition to a red sub-
pixel, a green sub-pixel, and a blue sub-pixel, a sub-pixel
that emits a color outside the gamut defined by red, green,
and blue.

[0108] Here, the sub-pixel that emits a color outside the
gamut defined by red, green, and blue may include an
iridium  (Ir)-including organometallic compound, and
accordingly, the organic light-emitting display device may
have high color purity, low power consumption, and long
lifespan characteristics.

[0109] In addition, since various types or kinds of the
Ir-including organometallic compound have been devel-
oped, in manufacturing the organic light-emitting display
device, one of ordinary skill in the art may have advantages
in selecting materials. For example, any suitable Ir-including
organometallic compound available in the art may be
selected for the organic light-emitting display device, and
the Ir-including organometallic compound may be selected
based on performance characteristics of the resultant organic
light-emitting display device.

[0110] As used herein, the term “C,-C, alkyl group”
refers to a linear or branched aliphatic monovalent hydro-
carbon group having 1 to 60 carbon atoms, and examples of
the C,-Cy, alkyl group include a methyl group, an ethyl
group, an n-propyl group, an iso-propyl group, an n-butyl
group, an iso-butyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, an iso-amyl group, and a hexyl group.
As used herein, the term “C,-Cg, alkylene group” refers to
a divalent group having substantially the same structure as
the C,-Cq, alkyl group, except that the C,-Cq, alkylene
group is divalent instead of monovalent.

[0111] As used herein, the term “C,-Cy, aryl group” refers
to a monovalent group including a carbocyclic aromatic
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system having 6 to 60 carbon atoms, and the term “C4-Cg,
arylene group,” as used herein, refers to a divalent group
including a carbodyclic aromatic system having 6 to 60
carbon atoms. Examples of the C,-C,, aryl group include a
phenyl group, a naphthyl group, an anthracenyl group, a
phenanthrenyl group, a pyrenyl group, and a chrysenyl
group. When the C4-Cy, aryl group and the C¢-Cy arylene
group include two or more rings, the respective rings may be
fused to each other.

[0112] As used herein, the term “C,-C, heteroaryl group”
refers to a monovalent group having a carbocyclic aromatic
system including at least one hetero atom selected from N,
O, P, and S as a ring-forming atom and 1 to 60 carbon atoms.
As used herein, the term “C,-C,, heteroarylene group”
refers to a divalent group having a carbocyclic aromatic
system including at least one hetero atom selected from N,
O, P, and S as a ring-forming atom and 1 to 60 carbon atoms.
Examples of the C,-Cy, heteroaryl group include a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, a pyridazinyl
group, a triazinyl group, a quinolinyl group, and an isoqui-
nolinyl group. When the C,-C,, heteroaryl group and the
C,-Cg heteroarylene group include two or more rings, the
respective rings may be fused to each other.

[0113] At least one substituent of the substituted C;-Cg,
alkyl group, the substituted C,-Cg, aryl group, and the
substituted C,-Cg, heteroaryl group may be selected from:
[0114] a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-Cq, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, and a C,-C, alkoxy group;

[0115] a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a
C,-Cg alkynyl group, and a C,-Cg, alkoxy group, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C;-C,, cycloalkyl group, a
C,-C,o heterocyclo alkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C,-Cg, aryl
group, a C¢-Cg,, aryloxy group, a C4-Cg, arylthio group, a
C,-Cg heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,)(Q;,), —Si(Q,3)
(Qua)(Q;5) and —B(Q,6)(Q;7);

[0116] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a Cq-Cy, aryl group, a Cy4-Ce,
aryloxy group, a C4-Cy, arylthio group, a C,-Cg, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0117] a C,-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-C,
aryloxy group, a C4-Cg, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from a deuterium, —F, —Cl, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
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group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-Cq,
alkyl group, a C,-C, alkenyl group, a C,-C , alkynyl group,
a C,-Cg, alkoxy group, a C;-C, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cq, aryl group, a
Cs-Ceo aryloxy group, a C4-Cy, arylthio group, a C,-Cy,
heteroaryl group, a monovalent non-aromatic condensed
polycyclic group, a monovalent non-aromatic condensed
heteropolycyclic group, 7N(Q21)(Q22)5 *Si(st)(QM)
(Qz5), and —B(Q,4)(Q,); and

[0118] —N(Q;)(Q52), —31(Q33)(Q34)(Qs5), and
—B(Q36)(Qs7):
[0119] wherein Q,, t0 Q,;, Q;, 10 Q5,and Q5 to Q;; may

each be independently selected from:

[0120] aC,-C,,alkyl group, a Ce-Cgq aryl group, a C,-Cg,
heteroaryl group, a monovalent non-aromatic condensed
polycycelic group, and a monovalent non-aromatic con-
densed heteropolycyclic group; and

[0121] a C4-Cy, aryl group, a C,-C, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group, each substituted with a C4-Cy, aryl group.

[0122] For example, at least one substituent of the substi-
tuted C,-C,, alkyl group, the substituted C4-C,, aryl group,
and the substituted C,-Cg, heteroaryl group may be selected
from:

[0123] a deuterium, —F, —Cl, —Br, —I, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-C,, alkyl group, a C,-C,, alkenyl group, a C,-C;,
alkynyl group, and a C,-C,,, alkoxy group;

[0124] a C,-C,, alkyl group, a C,-C,, alkenyl group, a
C,-C;, alkynyl group, and a C,-C,, alkoxy group, each
substituted with at least one selected from a deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C;-C,, cycloalkyl group, a
C,-C,, heterocyclo alkyl group, a C;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C4-C,, aryl
group, a C4-C;, aryloxy group, a C.-C,, arylthio group, a
C,-C;, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(C),,)(Q,,), —Si(Q,3)
(Q14)(Q;5), and —B(Q,6)(Qy7);

[0125] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluore-
nyl group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a naphthacenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pyrrolyl
group, an imidazolyl group, a pyrazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
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group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny! group, a phenanthrolinyl group,
a phenazinyl group, a benzoxazolyl group, a benzimidazolyl
group, a furanyl group, a benzofuranyl group, a thiophenyl
group, a benzothiophenyl group, a thiazolyl group, an iso-
thiazolyl group, a benzothiazolyl group, an isoxazolyl
group, an oxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imidazopyrim-
idinyl group, and an imidazopyridinyl group, each
substituted with at least one selected from a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a cyclopentenyl group, a cyclohepcenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group, an
anthracenyl group, a pyrenyl group, a phenanthrenyl group,
a fluorenyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a quinolinyl group, an isoquinolinyl group,
a phthalazinyl group, a quinoxalinyl group, a cinnolinyl
group, and a quinazolinyl group;

[0126] a phenyl group, a pentalenyl group, an indenyl
group, a naphthyl group, an azulenyl group, a heptalenyl
group, an indacenyl group, an acenaphthyl group, a fluore-
nyl group, a spiro-fluorenyl group, a phenalenyl group, a
phenanthrenyl group, an anthracenyl group, a fluoranthenyl
group, a triphenylenyl group, a pyrenyl group, a chrysenyl
group, a naphthacenyl group, a picenyl group, a perylenyl
group, a pentaphenyl group, a hexacenyl group, a pyrrolyl
group, an imidazolyl group, a pyrazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl
group, an isoindolyl group, an indolyl group, an indazolyl
group, a purinyl group, a quinolinyl group, an isoquinolinyl
group, a benzoquinolinyl group, a phthalazinyl group, a
naphthyridinyl group, a quinoxalinyl group, a quinazolinyl
group, a cinnolinyl group, a carbazolyl group, a phenan-
thridinyl group, an acridiny! group, a phenanthrolinyl group,
a phenazinyl group, a benzoxazolyl group, a benzimidazolyl
group, a furanyl group, a benzofuranyl group, a thiophenyl
group, a benzothiophenyl group, a thiazolyl group, an iso-
thiazolyl group, a benzothiazolyl group, an isoxazolyl
group, an oxazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a triazinyl group, a dibenzo-
furanyl group, a dibenzothiophenyl group, a benzocarba-
zolyl group, a dibenzocarbazolyl group, an imidazopyrim-
idinyl group, and an imidazopyridinyl group, each
substituted with at least one selected from a cyclopentyl
group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl
group, a cyclopentenyl group, a cyclohexenyl group, a
cycloheptenyl group, a phenyl group, a naphthyl group, an
anthracenyl group, a pyrenyl group, a phenanthrenyl group,
a fluorenyl group, a carbazolyl group, a benzocarbazolyl
group, a dibenzocarbazolyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a quinolinyl group, an isoquinolinyl group,
a phthalazinyl group, a quinoxalinyl group, a cinnolinyl
group, and a quinazolinyl group, each substituted with at
least one selected from a deuterium, —F, —Cl, —Br, —1, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C5, alkyl group. C,-C,, alkenyl group, a
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C,-C5, alkynyl group, a C,-C;, alkoxy group, a C;-C,
cycloalkyl group, a C, -C, , heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cy aryl group, a C,-C, aryloxy group, a C,-C,, arylthio
group, a C,-C,, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, a monovalent non-aro-
matic condensed heteropolycyclic group, —N(Q,,)(Q,,),

—5(Q23)(Q24)(Q15). and —B(Q4)(Qy7); and

Eglz)ﬂ *N(Qs 1)(Q32)s *Si(Q33)(Q34)(Q35)5 *B(Qse)
[01358’] wherein Q; t0 Q,;, Q,, 0 Q,,, and Q,, 10 Q,, may

each be independently selected from a phenyl group, a
pentalenyl group, an indenyl group, a naphthyl group, an
azulenyl group, a heptalenyl group, an Indaceny! group, an
acenaphthyl group, a fluorenyl group, a spiro-fluorenyl
group, a phenalenyl group, a phenanthrenyl group, an
anthracenyl group, a fluoranthenyl group, a triphenylenyl
group, a pyrenyl group, a chrysenyl group, a naphthacenyl
group, a picenyl group, a perylenyl group, a pentaphenyl
group, a hexacenyl group, a pyrrolyl group, an imidazolyl
group, a pyrazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyridazinyl group, an isoin-
dolyl group, an Indolyl group, an indazolyl group, a purinyl
group, a quinolinyl group, an isoquinolinyl group, a benzo-
quinolinyl group, a phthalazinyl group, a naphthyridinyl
group, a quinoxalinyl group, a quinazolinyl group, a cinno-
linyl group, a carbazolyl group, a phenanthridinyl group, an
acridinyl group, a phenanthrolinyl group, a phenazinyl
group, a benzoxazolyl group, a benzimidazolyl group, a
furanyl group, a benzofuranyl group. a thiophenyl group, a
benzothiophenyl group, a thiazolyl group, an isothiazolyl
group, a benzothiazolyl group, an isoxazolyl group, an
oxazolyl group, a triazolyl group, a tetrazolyl group, an
oxadiazolyl group, a triazinyl group, a dibenzofuranyl
group, a dibenzothiophenyl group, a benzocarbazolyl group,
a dibenzocarbazolyl group, an imidazopyrimidinyl group,
and an imidazopyridinyl group, each substituted with at least
one selected from a hydrogen, a C,-C,, alkyl group, a
C,-C;, alkenyl group, a C,-C,, alkynyl group, a C,-C,,
alkoxy group, a cyclopentyl group, a cyclohexyl group, a
cycloheptyl group, a cyclooctyl group, a cyclopentenyl
group, a cyclohepcenyl group, a cycloheptenyl group, a
phenyl group, a naphthyl group, an anthracenyl group, a
pyrenyl group, a phenanthrenyl group, a fluorenyl group, a
carbazolyl group, a benzocarbazolyl group, a dibenzocarba-
zolyl group, a pyridinyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolinyl group, an isoquinolinyl group, a phthalazinyl
group, a quinoxalinyl group, a cinnolinyl group, and a
quinazolinyl group, but embodiments are not limited thereto.
[0129] Hereinafter, an organic light-emitting display
device according to an embodiment will be described in
more detail with respect to Examples.

EXAMPLES

Example 1

[0130] An organic light-emitting display device including
a pixel having a configuration as illustrated in FIG. 1 is
manufactured as follows,

[0131] A TFT was formed on a glass substrate, and a
polyimide resin was used to form a planarization film on the
TFT. Then, silver (Ag) was patterned on the planarization
film to a thickness of about 100 nm, and ITO was patterned
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on the Ag to a thickness of 20 nm, so as to form a first
electrode. A polyimide resin was used again to form a
pixel-defining layer on the first electrode. The glass substrate
was ultrasonically washed with isopropyl alcohol, irradiated
with UV light for 30 minutes, cleaned by exposure to ozone,
and then, mounted on a vacuum depositor.

[0132] Compound HT1 was deposited on the glass sub-
strate to form a hole injection layer (HIL), as a common
layer, to a thickness of 75 nm. Compound HT2 was then
deposited on the Compound HT1 to form, as common
layers, a first sub-pixel HIL to a thickness of 50 nm, a second
sub-pixel HIL to a thickness of 30 nm, a third sub-pixel HIL,
to a thickness of 20 nm, and a fourth sub-pixel HIL to a
thickness of 25 nm.

[0133] CBP and RD1 were co-deposited on the HIL at a
volume ratio of 99:1 to form a first sub-pixel emission layer
(i.e., ared emission layer), CBP and GD1 were co-deposited
on the HIL at a volume ratio of 92:8 to form a second
sub-pixel emission layer (i.e., a green emission layer) to a
thickness of 40 nm, BH1 and BD1 were co-deposited on the
HIL at a volume ratio of 95:5 to form a third sub-pixel
emission layer (i.e., a blue emission layer) to a thickness of
20 nm, and CBP and Compound 4 were co-deposited on the
HIL at a volume ratio of 95:5 to form a fourth sub-pixel
emission layer (i.e., a yellow emission layer).

[0134] ET1 was deposited on the emission layer to form,
as a common layer, an electron transport layer (ETL) to a
thickness of 10 nm. ET2 and Liq were co-deposited on the
ETL at a volume ratio of 50:50 to form, as a common layer,
an electron injection layer (EIL) to a thickness of 20 nm.
[0135] Mg and Ag were co-deposited on the EIL at a
volume ratio of 80:20 to form a second electrode to a
thickness of 12 nm, thereby completing the manufacture of
the organic light-emitting display device.

e
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O
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Example 2

[0136] An organic light-emitting display device was
manufactured in the same manner as in Example 1, except
that Compound 5 was used instead of Compound 4.
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Example 3

[0137] An organic light-emitting display device was
manufactured in the same manner as in Example 1, except
that Compound 10 was used instead of Compound 4.

10

Comparative Example 1

[0138] An organic light-emitting display device was
manufactured in the same manner as in Example 1, except
that the fourth sub-pixel was not formed.

Comparative Example 2

[0139] An organic light-emitting display device was
manufactured in the same manner as in Example 1, except
that the fourth sub-pixel emission layer (cyan) was formed
to a thickness of 25 nm by using Flrpic instead of Compound
4.

Comparative Example 3

[0140] An organic light-emitting display device was
manufactured in the same manner as in Example 1, except
that the fourth sub-pixel emission layer (i.e., a yellow
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emission layer) was manufactured in the same manner as in
Example 1 by using Compound A instead of Compound 4.

Evaluation Example

[0141] The chromaticity coordinates and efficiencies of
the organic light-emitting display devices of Examples 1 to
3 and Comparative Examples 1 to 3 were measured. In
addition, the power consumption and lifespan of the organic
light-emitting display devices of Examples 1 to 3 and
Comparative Examples 1 to 3 were measured when white
light (0.310, 0.316) at a luminance of 100 cd/m® was
emitted. Consequently, the measurement results are shown
in Tables 1 to 6 below (where the measurement results of the
organic light-emitting display device of Example 1 are
shown in Table 1, the measurement results of the organic
light-emitting display device of Example 2 are shown in
Table 2, the measurement results of the organic light-
emitting display device of Example 3 are shown in Table 3,
the measurement results of the organic light-emitting display
device of Comparative Example 1 are shown in Table 4, the
measurement results of the organic light-emitting display
device of Comparative Example 2 are shown in Table 5, and
the measurement results of the organic light-emitting display
device of Comparative Example 3 are shown in Table 6).
Here, the power consumption was based on an aperture ratio
of 50% and a driving voltage of 10V, and the lifespan results
were obtained by measuring the time at which the brightness
of the organic light-emitting display devices was 90% of the
initial brightness.

TABLE 1

{Example 1)

Chromaticity ~ Effi- 100 nit, NTSC (0.310, 0.316)

Sub- coordinates ciency Luminance Current Lifespan
pixel CIE_x CIE_y (cd/A) ratio (mW) )
Red 0.650 0.348 212 0.00 229 160
Green 0.260 0.658 324 0.17

Blue 0.136 0.108 25 0.14

Yellow 0.460 0.432 29.1 0.69
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TABLE 2 TABLE 6-continued
(Example 2) (Comparative Example 3)
Chromaticity Effi- 100 nit, NTSC (0.310, 0.316) Chromaticity Effi- 100 nit, NTSC (0.310, 0.316)
Sub- coordinates ciency Luminance Current Lifespan Sub- coordinates ciency Luminance Current Lifespan
pixel CIE_x CIE_y (cd/A) ratio (mW) ) pixel CIE_x CIE_y (cd/A) ratio (mW) (hy
Blue 0.136 0108 25 0.15
Red 0650 0348 212 0.00 228 180 velow 0397 0560 194 126
Green 0260 0658 324 0.15 - ' i
Blue 0136 0108 25 0.14
Yellow 0455 0436 302 0.70 [0142] Referring to Tables 1 to 6, it was confirmed that the
organic light-emitting display devices of Examples 1 to 3
had low power consumption and improved lifespan proper-
TABILE 3 ties, as compared with those. of the organic hght-emlttmg
display devices of Comparative Examples 1 to 3. In addi-
(Example 3) tion, the organic light-emitting display devices of Examples
N , 1 to 3 had excellent color reproducibility, as compared with
Chromaticity Effi- 100 nit, NTSC (0.310, 0.316) . g o . B
that of the organic light-emitting display device of Com-
Sub- coordinates ciency Luminance Current Lifespan parative Example 1, based on the fact that the organic
light-emitting display devices of Examples 1 to 3 had
pxel  CIE x CIEy (cd/A)  matio mw) ) high-resolution of the NTSC color gamut.
Red 0.650 0348 212 0.00 212 190 [0143] As described above, according to one or more of
Green 0260 0658 324 0.05 the above exemplary embodiments, an organic light-emit-
Blue 0.136 - 0.108 23 0.17 ting display device shows high color purity, low power
Yellow 0491 0513 782 0.78 . . .
consumption, and long lifespan characteristics.
[0144] It should be understood that exemplary embodi-
ments described herein should be considered in a descriptive
TABLE 4 sense only and not for purposes of limitation. Descriptions
(Compara of features or aspects within each exemplary embodiment
omparative Example 1) 8 . | X
should typically be considered as being available for other
Chromaticity ~ Effi- 100 nit, NTSC (0.310, 0.316) similar features or aspects in other exemplary embodiments.
Sub- coordinates clency Luminance Current Lifespan [0145] X As used herem’ the terms SUbStant.laHy" ) abOUt’
and similar terms are used as terms of approximation and not
pixel CIE_x CIE_y (cd/A) ratio (mW) (h) as terms of degree, and are intended to account for the
Red 0650 0348 210 030 o 20 inherent deVlatlops in measured or cglculateq Vglues that
Green 0260 0658 324 0.54 would be recognized by those of orcyr}ary skill in the art.
Blue 0136 0108 25 0.16 Further, the use of “may” when describing embodiments of
the present disclosure refers to “one or more embodiments
TABLE 5 of the present disclosure.” As used herein, the terms “use,”
. “using,” and “used” may be considered synonymous with
(Comparative Example 2) the terms “utilize,” “utilizing,” and “utilized,” respectively.
Chromaticity ~ Bfi- 100 nit. NTSC (0,310, 0.316) Also, the term “e).(emplary” is intended to refer to an
example or illustration.
Sub- coordnates clency  Luminance  Current  Lifespan [0146] Also, any numerical range recited herein is
pixel CIE_x CIE_y (cd/A) ratio (mW) () intended to include all subranges of the same numerical
precision subsumed within the recited range. For example, a
Red 0.650 0348 21.2 0.37 136 3 range of “1.0 to 10.0” is intended to include all subranges
Green 0260 0.658 324 0.17 . . . ..
Blue 0136 0108 25 0.00 between (agd 1nclud%ng) the recited minimum yalue qf 1.0
Cyan 0123 0250 165 0.46 and the recited maximum value of 10.0, that is, having a
minimum value equal to or greater than 1.0 and a maximum
value equal to or less than 10.0, such as, for example, 2.4 to
7.6. Any maximum numerical limitation recited herein is
TABLE 6 . . . .
intended to include all lower numerical limitations sub-
(Comparative Example 3) sumed therein, and any minimum numerical limitation
recited in this specification is intended to include all higher
Chromaticity ~ Efi- _100 nit, NTSC (0.310, 0.316) numetical limitations subsumed therein. Accordingly, Appli-
Sub- coordinares _ ciency Tuminance Current Lifespan cant reserves the right to amer}d this specification, including
the claims, to expressly recite any sub-range subsumed
pixel CIE_x CIE_y (cd/A) ratio (mW) (h) within the ranges expressly recited herein.
Red 0.650 0348 212 0.00 304 130 [0147] While one or more exemplary embodiments have
Green 0260 0658 324 -0.62 been described with reference to the figures, it will be

understood by those of ordinary skill in the art that various
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changes in form and details may be made therein without
departing from the spirit and scope of the present disclosure
as defined by the following claims, and equivalents thereof.

What is claimed is:

1. An organic light-emitting display device comprising:

a pixel comprising a first sub-pixel, a second sub-pixel, a

third sub-pixel, and a fourth sub-pixel,
wherein the first sub-pixel comprises a first emission layer
that emits a first color light, the second sub-pixel
comprises a second emission layer that emits a second
color light, the third sub-pixel comprises a third emis-
sion layer that emits a third color light, and the fourth
sub-pixel comprises a fourth emission layer that emits
a fourth color light;

the first color light, the second color light, the third color
light, and the fourth color light are different from each
other;

at least one emission layer selected from the first emission

layer, the second emission layer, the third emission
layer, and the fourth emission layer comprises an
organometallic compound; and

the organometallic compound comprises iridium (Ir).

2. The organic light-emitting display device of claim 1,
wherein a maximum emission wavelength of the organome-
tallic compound is in a range of about 540 nm to about 620
nm.

3. The organic light-emitting display device of claim 1,
wherein the organometallic compound is represented by
Formula 1:

Formula 1

\II_(Ln)nlz
/

— —nll

wherein X, to X, are each independently selected from
a nitrogen atom and a carbon atom;

A,, and A, are each independently selected from a
C5-Cyq cyclic group and a C,-C, heterocyclic group;

Y, is selected from a single bond and a divalent linking
group;

R,; and R, are each independently selected from a
hydrogen, a deuterium, —F, —Cl, —Br, —I, a substi-
tuted or unsubstituted C,-C,, alkyl group, a substituted
or unsubstituted C4-Cy, aryl group, and a substituted or
unsubstituted C,-Cg, heteroaryl group;

R,; and R, are optionally fused to each other to form a
saturated or unsaturated ring;

b11 and b12 are each independently selected from 1, 2, 3,
and 4,

nll is selected from 1, 2, and 3;
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L,, is selected from a monovalent organic ligand, a
divalent organic ligand, a trivalent organic ligand, and
a tetravalent organic ligand; and

nl2 is selected from 1, 2, 3, and 4.

4. The organic light-emitting display device of claim 1,
wherein the organometallic compound comprises a phos-
phorescent dopant.

5. The organic light-emitting display device of claim 3,
wherein, in Formula 1, X is a nitrogen atom and X, , to X,
are each independently a carbon atom.

6. The organic light-emitting display device of claim 3,
wherein, in Formula 1, A}, and A, are each independently
selected from a benzene, a naphthalene, a fluorene, an
indene, a pyrrole, a thiophene, a furan, an imidazole, a
pyrazole, a thiazole, an isothiazole, an oxazole, an isoxazole,
atriazole, a pyridine, a pyrazine, a pyrimidine, a pyridazine,
a triazine, a quinoline, an isoquinoline, a quinoxaline, a
quinazoline, an indole, a benzimidazole, a benzothiazole, a
benzoxazole, a thienopyridine, a benzofuran, a benzothio-
phene, a dibenzofuran, and a dibenzothiophene.

7. The organic light-emitting display device of claim 3,
wherein, in Formula 1, A;; and A, are each independently
selected from a benzene, a naphthalene, a pyridine, a pyra-
zine, a quinoline, an isoquinoline, a benzothiazole, a ben-
zoxazole, and a thienopyridine.

8. The organic light-emitting display device of claim 3,
wherein, in Formula 1, Y, is a single bond.

9. The organic light-emitting display device of claim 3,
wherein, in Formula 1, R, and R, are each independently
selected from a hydrogen, a methyl group, an ethyl group,
and a phenyl group.

10. The organic light-emitting display device of claim 3,
wherein, in Formula 1, R;, and R,, are connected to each
other via Y, ,,

Y,, is selected from a single bond, *—O—*', *—S—*',
*—N(Zy )", *—{C(Zy NZ12)] 1 —", a group rep-
resented by Formula 10-1, and a group represented by
Formula 10-2:

Zy 712
* ®!
10-2
Zp Zy3
le Z14
* £l

wherein Z,, to Z,, are each independently selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —1, a
substituted or unsubstituted C,-Cg, alkyl group, and a
substituted or unsubstituted C4-Cg, aryl group,

mll is selected from 1, 2, 3, and 4, and

* and * each indicate a binding site to a neighboring
atom.

11. The organic light-emitting display device of claim 3,

wherein, in Formula 1, nl1 is selected from 2 and 3.
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12. The organic light-emitting display device of claim 3,
wherein the organometallic compound is represented by one

of Formulae 1-1 and 1-2:

1-1

>If_(L11)n12

R
Rz _|

15

12

Ry

>If_ Lin12

RiDe12-n

nll

wherein X, t0 X, Ay, Ayy, 2y, 2,5, Ry, Ry, b1, b12,
nll, L;;, and nl2 are defined the same as those

provided in connection with Formula 1,

Y,, is selected from a single bond, *—O—*", *—S—*
*—N(Zy )", *—{C(Z 1 (Z12)]m—", a group rep-
resented by Formula 10-1, and a group represented by

Formula 10-2:
Zy Zp
5 «
Zp Zy3
Zy Zia
% £l

wherein 7, to 7, are each independently selected from
a hydrogen, a deuterium, —F, —Cl, —Br, —I, a
substituted or unsubstituted C,-Cg, alkyl group, and a

substituted or unsubstituted C,-Cg, aryl group,

mll is selected from 1, 2, 3, and 4, and

* and * each indicate a binding site to a neighboring

atom.
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13. The organic light-emitting display device of claim 1,
wherein the organometallic compound is at least one
selected from Compounds 1 to 12:

Q

N 0
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-continued -continued

P

L —I

i N,
4 \O_

S N
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14. The organic light-emitting display device of claim 1,
wherein the first color light, the second color light, the third
color light, and the fourth color light are combined with each
other to emit white light.

15. The organic light-emitting display device of claim 1,
wherein only one emission layer selected from the first
emission layer, the second emission layer, the third emission
layer, and the fourth emission layer comprises the organo-
metallic compound.

16. The organic light-emitting display device of claim 1,
wherein the first color light is red color light, the second
color light is green color light, the third color light is blue
color light, and the fourth color light is yellow color light.

17. The organic light-emitting display device of claim 1,
wherein at least one selected from the first sub-pixel, the
second sub-pixel, the third sub-pixel, and the fourth sub-
pixel has an external quantum efliciency that is greater than
20% to 100%.

18. The organic light-emitting display device of claim 1,
wherein the first sub-pixel, the second sub-pixel, the third
sub-pixel, and the fourth sub-pixel each have an area that is
identical to or different from each other.

19. The organic light-emitting display device of claim 1,
10 wherein the pixel further comprises a fifth sub-pixel,

wherein the fifth sub-pixel comprises a fifth emission
layer that emits a fifth color light, and
the fifth color light is identical to or different from one
selected from the first color light, the second color
light, and third color light, and the fourth color light.
20. The organic light-emitting display device of claim 1,
wherein the first sub-pixel, the second sub-pixel, the third
sub-pixel, and the fourth sub-pixel are disposed in a stripe
type, a rectangular type, or a pentile type.

—2

* ok %k
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