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(57) ABSTRACT

An organic electroluminescence device includes a first elec-
trode, a hole transport region on the first electrode, a light
emitting layer on the hole transport region, an electron
transport region on the light emitting layer, and a second
electrode on the electron transport region. The electron
transport region includes an electron transport layer directly
on the light emitting layer. The electron transport layer
includes a first ternary compound including a halogen ele-
ment.
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ORGANIC ELECTROLUMINESCENCE
DEVICE, METHOD FOR MANUFACTURING
THE SAME, AND DISPLAY DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0177437,
filed on Dec. 21, 2017, in the Korean Intellectual Property
Office, and entitled: “Organic Electroluminescence Device,
Method for Manufacturing the Same, and Display Device
Including the Same,” is incorporated by reference herein in
its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to an organic electrolumines-
cence device, a method for manufacturing the same, and an
organic electroluminescence display device including the
same, and more particularly, to an organic electrolumines-
cence device including an electron transport layer composed
of an inorganic material, a method for manufacturing the
same, and an organic electroluminescence display device
including the same.

2. Description of the Related Art

[0003] As an image display device, an organic electrolu-
minescence display device has been actively developed. An
organic electroluminescence display device is different from
a liquid crystal display device and the like in that it is a
so-called self-luminescence display device that realizes dis-
play by recombining holes and electrons injected from a first
electrode and a second electrode in a light emitting layer to
emit a light emitting material which is an organic compound
included in the light emitting layer.

[0004] Furthermore, an organic electroluminescence
device is not limited to the configuration described above,
and various modifications thereof may be made.

SUMMARY

[0005] Embodiments are directed to an organic electrolu-
minescence device including a first electrode, a hole trans-
port region on the first electrode, a light emitting layer on the
hole transport region, an electron transport region on the
light emitting layer, and a second electrode on the electron
transport region. The electron transport region includes an
electron transport layer directly on the light emitting layer.
The electron transport layer includes a first ternary com-
pound including a halogen element.

[0006] The electron transport region may be composed of
only an inorganic material.

[0007] The first ternary compound may be represented by
Formula 1 below:

[0008] [Formula 1]

[0009] X,Y,Z, wherein, in Formula 1, X and Y are each
independently an alkali metal, an alkaline earth metal, or a
lanthanide metal; 7 is a halogen element; and n, m, and q are
each independently an integer of 1 to 5.

[0010] The first ternary compound may be at least one of
KYbl;, RbYbI,, CsYbl,, NaYbl,, LiYbl,, RbSml;, CsSml;,
KSml;, NaSml;, LiSml;, RbMgl,, CsMgl,, KMgl,,
NaMgl;, or LiMgl..

Jun. 27,2019

[0011] The organic electroluminescence device may fur-
ther include an electron injection layer directly on the
electron transport layer and contacting the second electrode.
The electron injection layer may include an inorganic mate-
rial.

[0012] The electron injection layer may include a second
ternary compound, wherein the first ternary compound and
the second ternary compound are the same or different.
[0013] The electron injection layer may include at least
one of LiF, lithium quinolate (Liq), Li,O, BaQ, NaCl, CsF,
or a lanthanide metal.

[0014] Embodiments are also directed to a method for
manufacturing an organic electroluminescence device, the
method including forming a first electrode, forming a hole
transport region on the first electrode, forming a light
emitting layer on the hole transport region, forming an
electron transport region on the light emitting layer, and
forming a second electrode on the electron transport region.
Forming the electron transport region includes forming an
electron transport layer to be directly disposed on the light
emitting layer. Forming the electron transport layer is per-
formed by co-deposing a first component, the first compo-
nent being a halide of any one of an alkali metal, an alkaline
earth metal, or a lanthanide metal, and a second component,
the second component being any one of an alkali metal, and
alkaline earth metal, or, a lanthanide metal.

[0015] The volume ratio of the first component to the
second component may be 1:9 to 9:1.

[0016] The first component may be potassium iodide (KI),
potassium chloride (KCI), lithium chloride (LiCl), sodium
chloride (NaCl), rubidium chloride (RbCl), cesium chloride
(CsCl), potassium bromide (KBr), rubidium bromide
(RbBr), cesium bromide (CsBr), rubidium iodide (RbI),
sodium iodide (Nal), lithium iodide (Lil) or cesium iodide
(CsD).

[0017] The second component may be ytterbium (Yb),
lanthanum (La), cerium (Ce), praseodymium (Pr), neo-
dymium (Nd), promethium (Pm), samarium (Sm), europium
(Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy),
holmium (Ho), erbium (Er), thulium (Tm), lutetium (Lu),
beryllium (Be), magnesium (Mg), calcium (Ca), strontium
(Sr), barium (Ba), or radium (Ra).

[0018] Forming the electron transport region may further
include forming an electron injection layer to be directly
disposed on the electron transport layer. Forming the second
electrode may include forming the second electrode to be
directly provided on the electron injection layer. Forming
the electron injection layer may include depositing an inor-
ganic material.

[0019] Forming the electron injection layer may include
co-depositing the first component and the second compo-
nent. A volume ratio of the first component to the second
component in forming the electron injection layer may be
either the same as or different from a volume ratio in the
forming of an electron transport layer.

[0020] Forming the electron injection layer may include
depositing at least one of LiF, lithium quinolate (Liq), Li,O,
BaO, NaCl, CsF, or a lanthanide metal.

[0021] Embodiments are also directed to an organic elec-
troluminescence display device, including a base substrate,
a thin film transistor on the base substrate, and an organic
electroluminescence device connected to the thin film tran-
sistor. The organic electroluminescence device includes a
first electrode, a hole transport region on the first electrode,
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a light emitting layer on the hole transport region, an
electron transport region on the light emitting layer, and a
second electrode on the electron transport region. The elec-
tron transport region includes an electron transport layer
directly on the light emitting layer. The electron transport
layer includes a first ternary compound including a halogen
element.

[0022] The electron transport region may be composed of
only an inorganic material.

[0023] The first ternary compound may be represented by
Formula 1 below:
XY, Zg, [Formula 1]

wherein, in Formula 1, X and Y are each independently an
alkali metal, an alkaline earth metal, or a lanthanide metal;
7 is a halogen element; and n, m, and q are each indepen-
dently an integer of 1 to 5.

[0024] The first ternary compound may be at least one of
KYbI;, RbYbI,, CsYbl,, NaYbl,, LiYbl,, RbSml;, CsSml;,
KSml;, NaSml,, LiSml,, RbMgl,, CsMgl,, KMgl,,
NaMgl;, and LiMgl,.

[0025] The organic electroluminescence display device
may further include an electron injection layer directly on
the electron transport layer and contacting the second elec-
trode, wherein the electron injection layer includes an inor-
ganic material.

[0026] The electron injection layer may include at least
one of LiF, lithium quinolate (Lig), Li,O, BaO, NaCl, CsF,
a lanthanide metal, or a second ternary compound. The first
ternary compound and the second ternary compound are
either the same or different.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Features will become apparent to those of ordinary
skill in the art by describing in detail exemplary embodi-
ments with reference to the attached drawings in which:
[0028] FIG. 1 illustrates a cross-sectional view of an
organic electroluminescence device according to an embodi-
ment;

[0029] FIG. 2 illustrates a cross-sectional view of an
organic electroluminescence device according to an embodi-
ment;

[0030] FIG. 3 illustrates a cross-sectional view of an
organic electroluminescence device according to an embodi-
ment;

[0031] FIG. 4 illustrates a perspective view of an organic
electroluminescence display device according to an embodi-
ment;

[0032] FIG. § illustrates a circuit diagram of one of the
pixels included in an organic electroluminescence display
device according to an embodiment;

[0033] FIG. 6 illustrates a plan view showing one of the
pixels included in an organic electroluminescence display
device according to an embodiment;

[0034] FIG. 7 illustrates a cross-sectional view taken
along line I-I' of FIG. 6; and

[0035] FIG. 8 illustrates a schematic flowchart of a
method for manufacturing an organic electroluminescence
display device according to an embodiment.

DETAILED DESCRIPTION

[0036] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
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should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0037] In describing each the drawing, similar reference
numerals were used for similar elements. Also, in the
accompanying drawings figures, the dimensions of struc-
tures are layers and regions may be exaggerated for the
clarity of the inventive concept. It will be understood that,
although the terms first, second. etc. may be used herein to
describe various elements, these elements should not be
limited by the terms. These terms are used only to distin-
guish one element from another. For example, a first element
could be termed a second element, and similarly, a second
element could be termed a first element without departing
from the scope of the inventive concept. Terms of a singular
form may include terms of a plural form unless the context
clearly indicates otherwise.

[0038] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Further, it will be understood that when
a layer is referred to as being “under” another layer, it can
be directly under, and one or more intervening layers may
also be present. In addition, it will also be understood that
when a layer is referred to as being “between” two layers, it
can be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0039] FIG. 1 illustrates a cross-sectional view of an
organic electroluminescence device according to an embodi-
ment. FIG. 2 illustrates a cross-sectional view of an organic
electroluminescence device according to an embodiment.
FIG. 3 illustrates a cross-sectional view of an organic
electroluminescence device according to an embodiment.
[0040] Referring to FIGS. 1 to 3, an organic electrolumi-
nescence device OEL according to an embodiment may
include a first electrode EL1, a hole transport region HTR
disposed on the first electrode EL1, a light emitting layer
EML disposed on the hole transport region HTR, an electron
transport region ETR disposed on the light emitting layer
EML, and a second electrode EL2 disposed on the electron
transport region ETR.

[0041] The first electrode EL1 may have conductivity. The
first electrode EL1 may be a pixel electrode or a positive
electrode. The first electrode EL.1 may be a transmissive
electrode, a transflective electrode, or a reflective electrode.
When the first electrode EL1 is a transmissive electrode, the
first electrode EL1 may include a transparent metal oxide,
such as, for example, indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (ZnQ), indium tin zinc oxide
(ITZO), or the like. When the first electrode EL1 is a
transflective electrode or a reflective electrode, the first
electrode EL1 may include Ag, Mg, Cu, Al, Pt, Pd, Au, Ni,
Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, or a compound or
a mixture thereof (for example, a mixture of Ag and Mg), or
the first electrode EL1 may be in a form of a multilayer
structure including a reflective film or a transflective film,
both composed of the above materials, and a transparent
conductive film composed of indium tin oxide (ITO), indium
zine oxide (IZ0), zinc oxide (Zn0), indium tin zinc oxide
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(ITZ0), or the like. For example, the first electrode EL1 may
have a three-layer structure of ITO/Ag/ITO, or a three-layer
structure of Ag/TTO/Ag.

[0042] The hole transport region HTR may be provided on
the first electrode ELI. The hole transport region HTR may
be in a form of a single layer structure having a single layer
composed of a single material, a single layer structure
having a single layer composed of a plurality of different
materials, or a multilayer structure having a plurality of
layers composed of a plurality of different materials.
[0043] The hole transport region HTR may include at least
one of a hole injection layer HIL, a hole transport layer HTL,
a hole buffer layer, and an electron blocking layer EBL.
[0044] For example, the hole transport region HTR may
have a single layer structure having a single layer of the hole
injection layer HIL or the hole transport layer HTL, or have
a single layer structure having a single layer formed of'a hole
injection material and a hole transport material. In some
implementations, the hole transport region HIR may have a
single layer structure having a single layer composed of a
plurality of different materials, or have a structure of the hole
injection layer HIL/the hole transport layer HTL, the hole
injection layer HIL/the hole transport layer HTL/the hole
buffer layer, the hole injection layer HIL/the hole buffer
layer, the hole transport layer HTL/the hole buffer layer, or
the hole injection layer HIL/the hole transport layer HTL/the
electron blocking layer EBL, sequentially laminated on the
first electrode ELL as examples.

[0045] The hole transport region HTR may be formed by
a suitable method such as vacuum deposition, spin coating,
casting, Langmuir-Blodgett (LB), inkjet printing, laser print-
ing, or laser induced thermal imaging (LITT).

[0046] The hole injection layer HIL may include, for
example, a phthalocyanine compound such as copper phtha-
locyanine; N,N-diphenyl-N,N-bis-[4-(phenyl-m-tolyl-
amino)-phenyl|-biphenyl-4,4'-diamine (DNTPD), 4.4'4"-
tris(3-methylphenylphenylamino) triphenylamine
(m-MTDATA), 4,4'4"-Tris(N,N-diphenylamino )triph-
enylamine (TDATA), 4,4',4"-tris{N,-(2-naphthyl)-N-phe-
nylamino} -triphenylamine (2-TNATA), Poly(3,4-ethylene-
dioxythiophene)/Poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/dodecylbenzenesulfonic acid (PANI/DBSA),
polyaniline/camphor sulfonic acid (PANI/CSA), (polyani-
line)/poly(4-styrenesulfonate) (PANI/PSS), N,N'-di(naph-
thalene-1-y1)-N,N'-diphenyl-benzidine (NPD), triphenylam-
ine-containing polyether ketone (TPAPEK), 4-isopropyl-4'-
methyldiphenyliodonium tetrakis(pentafluorophenyl)
borate], dipyrazino[2,3-f: 2',3'-h] quinoxaline-2,3,6,7,10,11-
hexacarbonitrile (HAT-CN), or the like.

[0047] The hole transport layer HIL may include, for
example, a carbazole-based derivative such as N-phenylcar-
bazole and polyvinylcarbazole, a fluorine-based derivative,
a triphenylamine-based derivative such as N,N'-bis(3-meth-
ylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine

(TPD) and 4,4 4"-tris(N-carbazolyl)triphenylamine
(TCTA), N,N'-di(naphthalene-1-yl)-N,N-diphenyl-benzi-
dine (NPD), 4,4-Cyclohexylidene bis[N,N-bis(4-methyl-
phenyl)benzenamine]  (TAPC),  4,4'-Bis[N,N'-(3-tolyl)
amino]-3,3'-dimethylbiphenyl (HMTPD), or the like.
[0048] The electron blocking layer EBL may include a
suitable material in the art. The electron blocking layer EBL
may include, for example, a carbazole-based derivative such
as N-phenylcarbazole and polyvinylcarbazole, a fluorene-
based derivative, a triphenylamine derivative such as N,N'-
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bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-di-
amine (TPD) and 4,4'4"-tris(N-carbazolyl)triphenylamine
(TCTA), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-benzi-
dine (NPD), 4,4'-cyclohexylidene bis|N,N-bis(4-methylphe-
nyl)benzenamine] (TAPC), 4,4'-bis[N,N-(3-tolyl)amino]-3,
3'-dimethylbiphenyl (HMTPD), or 1,3-bis(carbazole-9-yl)
benzene (mCP). In addition, as described above, the electron
blocking layer EBL may include a nitrogen-containing com-
pound according to an embodiment.

[0049] The thickness of the hole transport region HTR
may be about 100 A to about 10000 A, or for example, about
100 A to about 5,000 A. The thickness of the hole injection
layer HIL may be, for example, about 30 A to about 1,000
A, and the thickness of the hole transport layer HTL may be
about 30 A to about 1,000 A. For example, the thickness of
the electron blocking layer EBL may be about 10 A to about
1,000 A. When the thicknesses of the hole transport region
HTR, the hole injection layer HIL, the hole transport layer
HTL, and the electron blocking layer EBL satisfy the
above-described ranges, satisfactory hole transport proper-
ties may be obtained without a substantial increase in
driving voltage.

[0050] The hole transport region HTR may further include
a charge generating material to improve conductivity in
addition to the above-mentioned materials. The charge gen-
erating material may be uniformly or non-uniformly dis-
persed in the hole transport region HTR. The charge gen-
erating material may be, for example, a p-dopant. The
p-dopant may be one of a quinone derivative, a metal oxide,
or a compound containing a cyano group, as examples. For
example, the p-dopant may include a quinone derivative
such as tetracyanoquino dimethane (TCNQ) or 23,5,6-
tetrafluoro-tetracyanoquinodimethane (F4-TCNQ), and a
metal oxide such as a tungsten oxide and a molybdenum
oxide.

[0051] The light emitting layer EML may be provided on
the hole transport region HTR. The thickness of the light
emitting layer EML may be, for example, about 100 A to
about 1,000 A, or about 100 A to about 300 A. The light
emitting layer EML, may be in a form of a single layer
structure having a single layer composed of a single mate-
rial, a single layer structure having a single layer composed
of a plurality of different materials, or a multilayer structure
having a plurality of layers composed of a plurality of
different materials.

[0052] The light emitting layer EML may include a blue,
red, or green light emitting material. The light emitting layer
EML may include a host and a dopant. As a material of the
light emitting layer EML, a general light emitting material
may be used. The material of the light emitting layer EML
may be selected from a fluoranthene derivative, a pyrene
derivative, an arylacetylene derivative, an anthracene
derivative, a fluorene derivative, a perylene derivative, a
chrysene derivative, and the like. For example, a pyrene
derivative, a perylene derivative, and an anthracene deriva-
tive may be used.

[0053] The light emitting layer EML may include, for
example, a fluorescent material including any one selected
from the group consisting of spiro-DPVBA, 2,2',7,7'-tetrakis
(biphenyl-4-y1)-9,9"-spirobifluorene  (spiro-6P), distyryl-
benzene (DSB), distyryl-arylene (DSA), a polyfluorene
(PFO)-based polymer, and a poly(p-phenylene vinylene)
(PPV)-based polymer.
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[0054] As described above, the light emitting layer EML
may include a dopant. As a red dopant, for example, a light
emitting layer EML may include a fluorescent material
including tris(dibenzoylmethanato)phenanthroline euro-
pium (PBD:Eu(DBM),(Phen)) or perylene. Dopants that
may be included in the light emitting layer EML may be
selected from, for example, a metal complex such as bis(1-
phenylisoquinoline) acetylacetonate iridium (PIQIr(acac)),
bis(1-phenylquincline)acetylacetonate iridium (PQIr(acac)),
tris(1-phenylquinoline)iridium (PQIr}, and octaethylporphy-
rin platinum (PtOEP), or an organometallic complex.
[0055] As a green dopant, for example, a light emitting
layer EML may include a fluorescent material including
tris(8-hydroxyquinolino)aluminum (Alq,). Dopants that
may be included in the light emitting layer EML may be
selected from, for example, a metal complex such as fac-
tris(2-phenylpyridine)iridium Ir(ppy); or an organometallic
complex.

[0056] As a blue dopant, for example, a light emitting
layer EML may include a fluorescent material including any
one selected from the group consisting of spiro-DPVB,
spiro-6P, distyryl-benzene (DSB), distyryl-arylene (DSA), a
polyfluorene (PFO)-based polymer, and a poly(p-phenylene
vinylene) (PPV)-based polymer. Dopants that may be
included in the light emitting layer EML may be selected
from, for example, a metal complex such as (4,6-F,ppy)
Llrpic or an organometallic complex.

[0057] The electron transport region ETR may be pro-
vided on the light emitting layer EML. The electron trans-
port region ETR may be in a form of a single layer structure
having a single layer composed of a single material, a single
layer structure having a single layer composed of a plurality
of different materials, or a multilayer structure having a
plurality of layers composed of a plurality of different
materials.

[0058] For example, the electron transport region ETR
may be in a form of a single layer structure having a single
layer of an electron injection layer EIL or an electron
transport layer ETL, or a single layer structure having a
single layer formed of an electron injection material and an
electron transport material. In some implementations, the
electron transport region ETR may be in a form of a single
layer structure having a single layer formed of a plurality of
different materials, or a structure of the electron transport
layer ETL/the electron injection layer EIL, a hole blocking
layer HBL/the electron transport layer ETL/the electron
injection layer EIL, sequentially laminated on the first
electrode ELIL The thickness of the electron transport region
ETR may be, for example, about 100 A to about 1500 A.

[0059] The electron transport region ETR may be formed
by a suitable method such as vacuum deposition, spin
coating, casting, Langmuir-Blodgett (LB), inkjet printing,
laser printing, and laser induced thermal imaging (LITI).
[0060] The electron transport region ETR may include
only an inorganic material.

[0061] The electron transport region ETR may include the
electron transport layer ETL, which is directly disposed on
the light emitting layer EML. The electron transport layer
ETL may contact the light emitting layer EML. The electron
transport layer may include an inorganic material. The
electron transport layer ETL may be a layer composed only
of an inorganic material. The electron transport layer ETL
may include a first ternary compound including a halogen
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element. The electron transport layer ETL may be composed
of the first ternary compound including a halogen element.
[0062] The thickness of the electron transport layer ETL
may be, for example, about 100 A to about 1,500 A, about
100 A to about 1,000 A, or about 150 A to about 500 A.
When the thicknesses of the electron transport layers ETL
satisfy the above-described ranges, satisfactory electron
transport properties may be obtained without a substantial
increase in driving voltage.

[0063] The first ternary compound may be represented by
Formula 1 below.

X,Y,Z,

[0064] In Formula 1, X and Y may each independently be
an alkali metal, an alkaline earth metal, or a lanthanide
metal, Z may be a halogen element, and n, m, and q may
each independently be an integer of 1 to 5.

[0065] In Formula 1, X and Y may each independently be
a Group 1 element, a Group 2 element, a rare earth metal, a
transition metal, or a post transition metal.

[0066] In Formula 1, n, m, and p may be appropriately
selected depending on the choice of X, Y and Z elements,
respectively.

[0067] The first ternary compound may include at least
one of KYbI;, RbYbl;, CsYbl;, NaYbl;, LiYbl;, RbSmI;,
CsSml,, KSml,, NaSml,, LiSml,, RbMgl,, CsMgl,,
KMgl,, NaMgl,, or LiMgl,. For example, the first ternary
compound may be KYbl, or RbYbI,.

[0068] A halide of an alkali metal, a halide of an alkaline
earth metal, or a halide of a lanthanide metal may be
optically transparent while having electron injection prop-
erties. However, a halide of an alkali metal, a halide of an
alkaline earth metal, or a halide of a lanthanide metal is an
insulator, thereby having low electrical conductivity such
that it may be difficult to apply the same to an organic
electroluminescence device except for an application in an
extremely thin thickness. As a material of the electron
transport layer ETL, the organic electroluminescence device
OEL according to an embodiment may use a material
obtained by doping an alkali metal, an alkaline earth metal,
or a lanthanum metal with a halide of an alkali metal, a
halide of an alkaline earth metal, or a halide of a lanthanide.
A halide of an alkali metal, a halide of an alkaline earth
metal, or a halide of a lanthanide metal reacts with an alkali
metal, an alkaline earth metal, or a lanthanide metal to
generate surplus electrons, thereby improving electrical
properties. The first ternary compound formed by the reac-
tion is also optically transparent.

[0069] The electron transport region ETR may further
include the electron injection layer EIL. The electron injec-
tion layer EIL. may be directly disposed on the electron
transport layer ETL and may contact the second electrode
EL2. The electron injection layer EIL may be composed of
only an inorganic material.

[0070] The electron injection layer EIL may include the
second ternary compound. The second ternary compound
may be the same as or different from the first ternary
compound. The second ternary compound may be repre-
sented by Formula 1 described above, as an example. For
example, the electron injection layer EIL may include at
least one of LiF, Lithium quinolate (Liqg), Li,O, BaO, NaCl,
CsE, or a lanthanide metal

[0071] The thickness of the electron injection layers EIL
may be about 1 A to about 100 A, about 3 A to about 90 A,

[Formula 1]
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or about 10 A to about 30 A. When the thicknesses of the
electron injection layers EIL satisfy the above-described
ranges, satisfactory electron injection properties may be
obtained without a substantial increase in driving voltage

[0072] The second electrode EL.2 may be provided on the
electron transport region ETR. The second electrode EL2
may be a common electrode or a negative electrode. The
second electrode EL.2 may be a transmissive electrode, a
transflective electrode, or a reflective electrode. When the
second electrode EL2 is a transmissive electrode, the second
electrode EL2 may be composed of a transparent metal
oxide, for example, indium tin oxide (ITO), indium zinc
oxide (IZO), zinc oxide (ZnO), indium tin zinc oxide
(ITZ0), or the like.

[0073] When the second electrode EL2 is a transflective
electrode or a reflective electrode, the second electrode EL2
may include Ag, Mg, Cu, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
Ca, LiF/Ca, LiF/Al, Mo, Ti, or a compound or a mixture
thereof (for example, a mixture of Ag and Mg). Also, the
second electrode EL2 may be in a form of a multilayer
structure including a reflective film or a transflective film,
both composed of the above materials, and a transparent
conductive film composed of indium tin oxide (ITO), indium
zine oxide (IZ0), zinc oxide (ZnQ), indium tin zinc oxide
(ITZ0), or the like.

[0074] The second electrode EL.2 may be connected to an
auxiliary electrode. When the second electrode EL2 is
connected to the auxiliary electrode, the resistance of the
second electrode EL2 may be reduced.

[0075] When the organic electroluminescence device OEL
is a top emission type, the first electrode EL1 may be a
reflective electrode, and the second electrode EL1 may be a
transmissive electrode or a transflective electrode. When the
organic electroluminescence device OEL is a bottom emis-
sion type, the first electrode EL1 may be a transmissive
electrode or a transflective electrode, and the second elec-
trode EL2 may be a reflective electrode.

[0076] In the case of a general organic luminescence
device, an electron transport layer generally includes an
organic material. When an electron transport layer includes
an organic material, reliability may be reduced in a high
temperature and high humidity environment. There is also a
limitation in that costs of organic materials are high. The
organic electroluminescence device OEL according to an
embodiment may include the electron transport layer ETL
including an inorganic material. Thus, the organic electrolu-
minescence device OEL according to an embodiment may
be capable of maintaining high reliability in a high tempera-
ture and high humidity environment, and may also be
advantageous in terms of costs when compared with an
electron transport layer ETL that includes an organic mate-
rial. Also, an inorganic material may be applied to the first
ternary compound. Accordingly, it is possible to realize
effects of low driving voltage and high efficiency.

[0077] The following Examples and Comparative
Examples are provided in order to highlight characteristics
of one or more embodiments, but it will be understood that
the Examples and Comparative Examples are not to be
construed as limiting the scope of the embodiments, nor are
the Comparative Examples to be construed as being outside
the scope of the embodiments. Further, it will be understood
that the embodiments are not limited to the particular details
described in the Examples and Comparative Examples.
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EXPERIMENTAL EXAMPLE 1

EXAMPLE 1

[0078] An organic electroluminescence device according
to Example 1 was formed as follows.

[0079] After a first electrode was formed of ITO, a hole
injection layer and a hole transport layer were sequentially
formed. Thereafter, a red light emitting layer was formed on
the hole transport layer. On the red light emitting layer, Yb
and Rbl were co-deposited in a volume ratio of 9:1 to form
an electron transport layer. On the electron transport layer,
Ag and Mg were co-deposited in a volume ratio of 9:1 to
form a second electrode. As materials of the hole injection
layer, the hole transport layer, and the light emitting layer,
suitable materials were used.

EXAMPLE 2

[0080] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that a
green light emitting layer was formed instead of the red light
emitting layer.

EXAMPLE 3

[0081] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that a
blue light emitting layer was formed instead of the red light
emitting layer.

EXAMPLE 4

[0082] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that Yb
and RbI were co-deposited in a volume ratio of 1:9.

EXAMPLE 5

[0083] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that Yb
and Rbl were co-deposited in a volume ratio of 1:9, and
except that a green light emitting layer was formed instead
of the red light emitting layer.

EXAMPLE 6

[0084] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that Yb
and Rbl were co-deposited in a volume ratio of 1:9, and
except that a blue light emitting layer was formed instead of
the red light emitting layer.

EXAMPLE 7

[0085] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that Yb
and KI were co-deposited in a volume ratio of 3:7.

EXAMPLE 8

[0086] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that Yb
and KI were co-deposited in a volume ratio of 3:7. and
except that a green light emitting layer was formed instead
of the red light emitting layer.
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EXAMPLE 9

[0087] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that Yb
and KI were co-deposited in a volume ratio of 3:7, and
except that a blue light emitting layer was formed instead of
the red light emitting layer.

EXAMPLE 10

[0088] An organic electroluminescence device was manu-
factured in the same manner as in Example 7 except that Yb
and KI were co-deposited in a volume ratio of 1:9.

EXAMPLE 11

[0089] An organic electroluminescence device was manu-
factured in the same manner as in Example 10 except that a
green light emitting layer was formed instead of the red light
emitting layer.

EXAMPLE 12

[0090] An organic electroluminescence device was manu-
factured in the same manner as in Example 10 except that a
blue light emitting layer was formed instead of the red light
emitting layer.

COMPARATIVE EXAMPLE 1

[0091] An organic electroluminescence device was manu-
factured in the same manner as in Example 1 except that an
electron transport layer was formed of an organic material,
Yb was deposited on the electron transport layer to form an
electron injection layer, and then a second electrode was
formed. As a material of the electron transport layer, a
suitable organic compound was used.

COMPARATIVE EXAMPLE 2)

[0092] An organic electroluminescence device was manu-
factured in the same manner as in Comparative Example 1
except that a green light emitting layer was formed instead
of the red light emitting layer.

COMPARATIVE EXAMPLE 3)

[0093] An organic electroluminescence device was manu-
factured in the same manner as in Comparative Example 1
except that a blue light emitting layer was formed instead of
the red light emitting layer.

[0094] The light emitting efficiency of the organic elec-
troluminescence devices according to Examples 1 to 12 and
Comparative Examples 1 to 3 are shown in Table 1 below.

TABLE 1
Light emitting
efficiency

(cd/A)
Example 1 (Red light emitting device) 34.2
Example 2 (Green light emitting device) 57.5
Example 3 (Blue light emitting device) 104.0
Example 4 (Red light emitting device) 34.2
Example 5 (Green light emitting device) 57.5
Example 6 (Blue light emitting device) 102.5
Example 7 (Red light emitting device) 343
Example 8 (Green light emitting device) 58.0
Example 9 (Blue light emitting device) 104.0
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TABLE 1-continued

Light emitting

efficiency

(cd/A)
Example 10 (Red light emitting device) 33.8
Example 11 (Green light emitting device) 56.8
Example 12 (Blue light emitting device) 102.1
Comparative Example 1 (Red light 34.1
emitting device)
Comparative Example 2 (Green light 545
emitting device)
Comparative Example 3 (Blue light 102.0

emitting device)

EXPERIMENTAL EXAMPLE 2

[0095] The light emitting efficiency and the driving volt-
age of a first white organic electroluminescence display
device including Examples 1 to 3, a second white organic
electroluminescence display device including Examples 4 to
6, a third white organic electroluminescence display device
including Examples 7 to 9, a fourth white organic electrolu-
minescence display device including Examples 10 to 12, and
a fifth white organic electroluminescence display device
including Comparative examples 1 to 3 are shown in Table
2 below.

TABLE 2
Driving
Voltage Light emitting
W) efficiency (cd/A)

First white organic electroluminescence 2.5 30.7
display device
Second white organic 3.00 305
electroluminescence display device
Third white organic electroluminescence 2.33 30.8
display device
Fourth white organic electroluminescence 2.94 30.2
display device
Fifth white organic electroluminescence 3.62 29.8

display device

[0096] From the results shown in Table 1 and Table 2, it
can be seen that in the case in which an electron transport
layer is composed of an inorganic material that is a first
ternary compound, the light emitting efficiency is excellent
and the driving voltage is low compared with the case in
which the electron transport layer is composed of an organic
material.

[0097] Hereinafter, referring to FIGS. 4 to 7, an organic
electroluminescence display device according to an embodi-
ment will be described. Hereinafter, differences from the
organic electroluminescence device described above will be
described in detail, and the undescribed parts are in accor-
dance with the descriptions described above.

[0098] An organic electroluminescence display device DD
according to an embodiment includes the above-described
organic electroluminescence device (OEL of FIG. 1) accord-
ing to an embodiment.

[0099] FIG. 4 illustrates a perspective view of an organic
electroluminescence display device according to an embodi-
ment. The upper surface of each component is parallel to a
plane defined by a first direction axis DR1 and a second
direction axis DR2. The thickness direction of each com-
ponent is indicated by a third direction axis DR3. The upper
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side (or upper portion) and the lower side (or lower portion)
of each component are distinguished by the third direction
axis DR3. However, the directions indicated by the first to
third direction axes DR1 to DR3 are relative and may be
converted to other directions. Hereinafter, a first to third
directions are directions respectively indicated by the first to
third direction axes DR1 to DR3 and refer to the same
reference numerals thereof.

[0100] The organic electroluminescence display device
DD according to an embodiment includes a plurality of
pixels PX. The pixels PX may be arranged in a matrix form.
Each of the pixels PX includes the above-described organic
electroluminescence device OEL according to an embodi-
ment. At least some of the pixels PX may generate light of
different wavelength regions, respectively.

[0101] FIG. 5 illustrates a circuit diagram of one of the
pixels included in an organic electroluminescence display
device according to an embodiment. FIG. 6 illustrates a plan
view showing one of the pixels included in an organic
electroluminescence display device according to an embodi-
ment. FIG. 7 illustrates a cross-sectional view taken along
line I-I' of FIG. 6.

[0102] Referring to FIGS. 5 to 7, each of the pixels PX
may be connected to a wiring portion composed of a gate
line GL, a data line DL, and a driving voltage line DVL. The
pixel PX may include thin film transistors TFT1 and TFT2
connected to the wiring portion, the organic electrolumines-
cence device OEL connected to the thin film transistors
TFT1 and TFT2, and a capacitor Cst.

[0103] The gate line GL may extend in the first direction
DR1. The data line DL may extend in the second direction
DR2 crossing the gate line GL. The driving voltage line
DVL may extend in substantially the same direction as the
data line DL, that is, the second direction DR2. The gate line
GL transmits a scanning signal to the thin film transistors
TFT1 and TFT2. The data line DL may transmit a data signal
to the thin film transistors TFT1 and TFT2. The driving
voltage line DVL may provide driving voltage to the thin
film transistors TFT1 and TFT2.

[0104] The thin film transistors TFT1 and TFI2 may
include a driving thin film transistor TFT2 that controls the
organic electroluminescence device OEL, and a switching
thin film transistor TFT1 that switches the driving thin film
transistor TFT2. In an embodiment, the pixel PX including
two thin film transistors TFT1 and TFT2 is described. In
some implementations, the pixel PX may include one thin
film transistor and a capacitor, or the pixel PX may include
three or more thin film transistors and two or more capaci-
tors.

[0105] The switching thin film transistor TFT1 may
include a first gate electrode GE1, a first source electrode
SE1, and a first drain electrode DE1. The first gate electrode
GE1 may be connected to the gate line GL, and the first
source electrode SE1 may be connected to the data line DL.
The first drain electrode DE1 may be connected to a first
common electrode CE1 through a fifth contact hole CHS.
The switching thin film transistor TFT1 may deliver a data
signal applied to the data line DL to the driving thin film
transistor TFT2 according to a scanning signal applied to the
gate line GL.

[0106] The driving thin film transistor TFT2 may include
a second gate electrode GE2, a second source electrode SE2,
and a second drain electrode DE2. The second gate electrode
GE2 may be connected to the first common electrode CE1.
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The second source electrode SE2 may be connected to the
driving voltage line DVL. The second drain electrode DE2
may be connected to the first electrode EL1 through a third
contact hole CH3.

[0107] The capacitor Cst may be connected between the
second gate electrode GE2 of the driving thin film transistor
TFT2 and the second source electrode SE2 of the driving
thin film transistor TFT2. The capacitor Cst may charge and
maintain a data signal inputted to the second gate electrode
GE2 of the driving thin film transistor TFT2. The capacitor
Cst may include the first common electrode CE1 connected
to the first drain electrode DE1 through a sixth contact hole
CHS6, and a second common electrode CE2 connected to the
driving voltage line DVL.

[0108] The organic electroluminescence display device
DD according to an embodiment may include a base sub-
strate BS on which the thin film transistors TFT1 and TFT2
and the organic electroluminescence device OEL are lami-
nated. The base substrate BS may be formed of, for example,
an insulating material such as glass, plastic, and quartz. An
organic polymer forming the base substrate BS may include
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), polyimide, polyether sulfone, or the like. The base
substrate BS may be selected in consideration of the
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, water resistance, or the like
thereof

[0109] A substrate buffer layer may be disposed on the
base substrate BS. The substrate buffer layer may prevent
impurities from diffusing into the switching thin film tran-
sistor TFT1 and the driving thin film transistor TFT2. The
substrate buffer layer may be formed of silicon nitride
(SiNx), silicon oxide (SiOx), silicon oxynitride (SiOxNy),
or the like, and may be omitted according to the material and
processing conditions of the base substrate BS.

[0110] A first semiconductor layer SM1 and a second
semiconductor layer SM2 may be disposed on the base
substrate BS. The first semiconductor layer SM1 and the
second semiconductor layer SM2 may be formed of a
semiconductor material, and may respectively act as an
active layer for the switching thin film transistor TFT1 and
the driving thin film transistor TFT2. The first semiconduc-
tor layer SM1 and the second semiconductor layer SM2 may
respectively include a source area SA, a drain area DRA, and
a channel area CA, which is disposed between the source
area SA and the drain area DRA. The first semiconductor
layer SM1 and the second semiconductor layer SM2 may be
respectively selected from and formed of an inorganic
semiconductor or an organic semiconductor. The source area
SA and the drain area DRA may be doped with an n-type
impurity or a p-type impurity.

[0111] A gate insulating layer GI may be disposed on the
first semiconductor layer SM1 and the second semiconduc-
tor laver SM2. The gate insulating layer GI may cover the
first semiconductor layer SM1 and the second semiconduc-
tor layer SM1. The gate insulating layer GI may be formed
of an organic insulating material or an inorganic insulating
material,

[0112] The first gate electrode GE1 and the second gate
electrode GE2 may be disposed on the gate insulating layer
GI. The first gate electrode GE1 and the second gate
electrode GE2 may be provided to cover areas each corre-
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sponding to the channel area CA of the first semiconductor
layer SM1 and the channel area CA of the second semicon-
ductor layer SM2.

[0113] An interlayer insulating layer 1L may be disposed
on the first gate electrode GE1 and the second gate electrode
GE2. The interlayer insulating layer I may cover the first
gate electrode GE1 and the second gate electrode GE2. The
interlayer insulating layer IL may be formed of an organic
insulating material or an inorganic insulating material.
[0114] The first source electrode SE1, the first drain elec-
trode DE1, the second source electrode SE2, and the second
drain electrode DE2 may be disposed on the interlayer
insulating layer 1L. The second drain electrode DE2 may
contact the drain area DRA of the second semiconductor
layer SM2 through a first contact hole CH1 formed on the
gate insulating layer GI and the interlayer insulating layer
IL. The second source electrode SE2 may contact the source
area SA of the second semiconductor SM2 through a second
contact hole CH2 formed on the gate insulating layer GI and
an interlayer insulating layer IL. The first source electrode
SE1 may contact a source area of the first semiconductor
layer SM1 through a fourth contact hole CH4 formed on the
gate insulating layer GI and the interlayer insulating layer
IL. The first drain electrode DE1 may contact a drain area of
the first semiconductor layer SM1 through the fifth contact
hole CH5 formed on the gate layer GI and the interlayer
insulating layer IL.

[0115] The first drain electrode DE1, the second source
electrode SE2, and the second drain electrode DE2, a
passivation layer PL. may be disposed on the first source
electrode SE1. The passivation layer PL may serve as a
protection layer for protecting the switching thin film tran-
sistor TFT1 and the driving thin film transistor TFT2, or as
a planarization layer for planarizing the upper surfaces
thereof.

[0116] The above-described organic electroluminescence
device OEL according to an embodiment may be disposed
on the passivation layer PL. The organic electrolumines-
cence device OEL may include the first electrode ELL the
second electrode EL2 disposed on the first electrode EL1,
and an organic layer OL disposed between the first electrode
EL1 and the second electrode EL2. The organic layer OL
may include the hole transport region HTR, the light emit-
ting layer EML, and the electron transport region ETR. The
electron transport region ETR may be directly disposed on
the light emitting layer EML The electron transport region
ETR may include the electron transport layer ETL including
the first ternary compound, and may further include the
electron injection layer EIL disposed on the electron trans-
port layer ETL as desired. The detailed description of the
organic electroluminescence device OEL may be the same
as described above.

[0117] The first electrode EL1 may be provided on the
passivation layer PL, and a pixel defining layer PDL may be
disposed on the passivation layer PL and the first electrode
ELI An opening OH that exposes at least a portion of the
upper surface of the first electrode FLL1 may be defined on
the pixel defining layer PDL. The pixel defining layer PDL
may be configured to partition the organic electrolumines-
cence device OEL so as to correspond to each of the pixels
PX.

[0118] The pixel defining layer PDL may be formed of a
polymer resin. For example, the pixel defining layer PDL
may be formed by including a polyacrylate-based resin, or
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a polyimide-based resin. In some implementations, the pixel
defining layer PDL may be formed by further including an
inorganic material in addition to a polymer resin. The pixel
defining layer PDL may be formed by including a light
absorbing material, or may be formed by including a black
pigment or a black dye. The pixel defining layer PDL formed
by including a black pigment or a black dye may provide a
black pixel defining layer. When forming the pixel defining
layer PDL, carbon black or the like, as example, may be used
as a black pigment or a black dye.

[0119] In some implementations, the pixel defining layer
PDL may be composed of an inorganic material. For
example, the pixel defining layer PDL may include SiNXx,
Si0x, SiOxNy, or the like.

[0120] The organic electroluminescence display device
DD according to an embodiment may be capable of main-
taining high reliability even in a high temperature and high
humidity environment, and may be capable of realizing high
efficiency even at low driving voltage. In addition, by
applying an inorganic material to the electron transport layer
ETL, costs may be reduced compared with using an organic
material.

[0121] Hereinafter, a method for manufacturing an organic
electroluminescence display device described above will be
described with reference to FIG. 8.

[0122] FIG. 8 illustrates a schematic flowchart of stages of
a method for manufacturing an organic electroluminescence
display device according to an embodiment. Herein, S100,
S200, etc., refer to respective stages as illustrated in FIG. 8.
[0123] Referring to FIGS. 1 to 8, a method for manufac-
turing an organic electroluminescence display device
according to an embodiment includes forming the first
electrode EL1 (S100), forming the hole transport region
HTR on the first electrode EL1

[0124] (S200), forming the light emitting layer EML on
the hole transport region HTR (S300), forming the electron
transport region ETR on the light emitting layer EML
(S400), and forming the second electrode EL2 on the
electron transport region ETR (5500).

[0125] Forming the first electrode EL1 (3100), forming
the hole transport region HTR (S200), forming the light
emitting layer EML (S300), and forming the second elec-
trode EL2 (S500) may each be performed by a suitable
method. For example, each step may be performed by
vacuum deposition, or by spin coating, casting, Langmuir-
Blodgett (LB), inkjet printing, laser printing, or laser
induced thermal imaging (LITI).

[0126] Forming the electron transport region ETR on the
light emitting layer EML (S400) may include forming the
electron transport layer ETL, which is directly disposed on
the light emitting layer EML. For example, forming the
electron transport region ETR may include forming the
electron transport layer ETL directly on the light emitting
layer EML. As a result, the electron transport layer ETL may
contact the light emitting layer EML.

[0127] Forming the electron transport layer ETL may be
performed by co-depositing a first component and a second
component. By co-depositing a first component and a sec-
ond component, the ternary compound is produced.

[0128] In some implementations, forming the electron
transport layer ETL may be performed by mixing the first
component and the second component, and then applying
the mixture on the light emitting layer EML. For example,
forming the electron transport layer ETL may be performed
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by mixing the first component and the second component in
a crucible, heating the mixture to form a ternary compound,
and then subjecting the mixture to thermal evaporation and
deposition.

[0129] The first component may be a halide of any one of
an alkali metal, an alkaline earth metal, or a lanthanide
metal. The second component may be any one of an alkali
metal, and alkaline earth metal, or a lanthanide metal

[0130] The first component may be potassium iodide (KI),
potassium chloride (KCl), lithium chloride (LiCl), sodium
chloride (NaCl), rubidium chloride (RbCl), cesium chloride
(CsCl), potassium bromide (KBr), rubidium bromide
(RbBr), cesium bromide (CsBr), rubidium iodide (RbI),
sodium iodide (Nal), lithium iodide (Lil) or cesium iodide
(CsD).

[0131] The second component may be ytterbium (YD),
lanthanum (La), cerium (Ce), praseodymium (Pr), neo-
dymium (Nd), promethium (Pm), samarium (Sm), europium
(Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy),
holmium (Ho), erbium (Er), thulium (Tm), lutetium (Lu),
beryllium (Be), magnesium (Mg), calcium (Ca), strontium
(Sr), barium (Ba), or radium (Ra).

[0132] Forming the electron transport layer ETL. may
include co-depositing the first component and the second
component in a volume ratio of 1:9 to 9:1, or, for example,
4:6 to 6:4. For example, forming the electron transport layer
ETL may include co-depositing Rbl and Yb. As another
example, forming the electron transport layer ETL. may
include co-depositing KI and Yb.

[0133] Forming the electron transport region ETR (5400)
may further include forming the electron injection layer EIL
after forming the electron transport layer ETL. Forming the
electron injection layer EIL may include depositing an
inorganic material directly on the electron transport layer
ETL. Subsequently forming the second electrode EL2
(S500) may include forming the second electrode EL2
directly on the electron injection layer EIL. Forming the
second electrode EL2 (S500) may include, for example,
co-depositing Ag and Mg.

[0134] Forming the electron injection layer EIL. may be
performed by co-depositing the first component and the
second component described above. At this time, the volume
ratio of the first component to the second component may be
either the same as or different from that used in forming the
electron transport layer ETL.

[0135] As another example, forming the electron injection
layer EIL may include co-depositing at least one of LiF,
lithium quinolate (Liq), Li,O, BaO, NaCl, CsF, or a lan-
thanide metal.

[0136] By way of summation and review, as an organic
electroluminescence device, for example, an organic device
may be composed of a first electrode, a hole transport layer
disposed on the first electrode, a light emitting layer dis-
posed on the hole transport layer, an electron transport layer
disposed on the light emitting layer, and a second electrode
disposed on the electron transport layer. From the first
electrode, a hole is injected, and the injected hole moves
through the hole transport layer to be injected to the light
emitting layer. From the second electrode, an electron is
injected, and the injected electron moves through the elec-
tron transport layer to be injected to the light emitting layer.
The hole and the electron both injected to the light emitting
layer are recombined to generate an exciton in the light
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emitting layer. An organic electroluminescence device emits
light using light generated when the exciton falls to a ground
state again.

[0137] The method for manufacturing an organic elec-
troluminescence device according to an embodiment
includes forming an electron transport layer with an inor-
ganic material, thereby providing an organic electrolumi-
nescence device capable of maintaining high reliability in a
high temperature and high humidity environment, a method
for manufacturing the same, and a display device including
the same.

[0138] An organic electroluminescence device according
to an embodiment provides an organic electroluminescence
device having excellent process economics, a method for
manufacturing the same, and a display device including the
same, thereby providing a method of manufacturing an
organic electroluminescence device of high efficiency at
relatively low costs.

[0139] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope
thereof as set forth in the following claims.

What is claimed is:

1. An organic electroluminescence device, comprising:

a first electrode;

a hole transport region on the first electrode;

a light emitting layer on the hole transport region;

an electron transport region on the light emitting layer;

and

a second electrode on the electron transport region,

wherein

the electron transport region includes an electron transport

layer directly on the light emitting layer, and

the electron transport layer includes a first ternary com-

pound including a halogen element.

2. The organic electroluminescence device as claimed in
claim 1, wherein the electron transport region is composed
of only an inorganic material.

3. The organic electroluminescence device as claimed in
claim 1, wherein the first ternary compound is represented
by Formula 1 below:

X,Y,.Z

n L mg

[Formula 1]

in Formula 1, X and Y are each independently an alkali
metal, an alkaline earth metal, or a lanthanide metal; 7
is a halogen element; and n, m, and q are each inde-
pendently an integer of 1 to 5.

4. The organic electroluminescence device as claimed in
claim 1, wherein the first ternary compound is at least one
of KYbl,, RbYbIL,, CsYbl,, NaYbl,, LiYbl;, RbSmI,,
CsSml,, KSml;, NaSml;, LiSml;, RbMgl;, CsMgl,,
KMgl,, NaMgl, or LiMgl..

5. The organic electroluminescence device as claimed in
claim 1, further comprising an electron injection layer
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directly on the electron transport layver and contacting the
second electrode, wherein the electron injection layer
includes an inorganic material.

6. The organic electroluminescence device as claimed in
claim 5, wherein the electron injection layer includes a
second ternary compound, wherein the first ternary com-
pound and the second ternary compound are the same or
different.

7. The organic electroluminescence device as claimed in
claim 5, wherein the electron injection layer includes at least
one of LiF, lithium quinelate (Liq), Li,0, BaO, NaCl, CsF,
or a lanthanide metal.

8. A method for manufacturing an organic electrolumi-
nescence device, the method comprising:

forming a first electrode;

forming a hole transport region on the first electrode;

forming a light emitting layer on the hole transport region;

forming an electron transport region on the light emitting
layer; and

forming a second electrode on the electron transport

region, wherein

forming the electron transport region includes forming an

electron transport layer directly on the light emitting
layer, and

forming the electron transport layer is performed by

co-deposing a first component, the first component
being a halide of any one of an alkali metal, an alkaline
earth metal, or a lanthanide metal, and a second com-
ponent, the second component being any one of an
alkali metal, and alkaline earth metal, or a lanthanide
metal.

9. The method as claimed in claim 8, wherein a volume
ratio of the first component to the second component is 1:9
to 9:1.

10. The method as claimed in claim 8, wherein the first
component is potassium iodide (KI), potassium chloride
(KC1), lithium chloride (LiCl), sodium chloride (NaCl),
rubidium chloride (RbCI), cesium chloride (CsCl), potas-
sium bromide (KBr), rubidium bromide (RbBr), cesium
bromide (CsBr), rubidium iodide (RbI), sodium iodide
(Nal), lithium iodide (Lil), or cesium iodide (CsI).

11. The method as claimed in claim 8, wherein the second
component is ytterbium (Yb), lanthanum (La), cerium (Ce),
praseodymium (Pr), neodymium (Nd), promethium (Pm),
samarium (Sm), europium (Eu), gadolinium (Gd), terbium
(Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), lutetium (Lu), beryllium (Be), magnesium (Mg),
calcium (Ca), strontium (Sr), barium (Ba), or radium (Ra).

12. The method as claimed in claim 8, wherein:

forming the electron transport region further includes

forming an electron injection layer directly on the
electron transport layer,

forming the second electrode includes forming the second

electrode directly on the electron injection layer, and
forming the electron injection layer includes depositing an
inorganic material.
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13. The method as claimed in claim 12, wherein:

forming the electron injection layer includes co-deposit-

ing the first component and the second component, and

a volume ratio of the first component to the second

component in forming the electron injection layer is
either the same as or different from a volume ratio in
the forming of the electron transport layer.

14. The method as claimed in claim 12, wherein forming
the electron injection layer includes depositing at least one
of LiF, lithium quinolate (Liq), Li,O, BaO, NaCl, CsF, or a
lanthanide metal.

15. An organic electroluminescence display device, com-
prising:

a base substrate;

a thin film transistor on the base substrate; and

an organic electroluminescence device connected to the

thin film transistor, wherein the organic electrolumi-
nescence device includes:

a first electrode;

a hole transport region on the first electrode;

a light emitting layer on the hole transport region;

an electron transport region on the light emitting layer;

and

a second electrode on the electron transport region,

wherein

the electron transport region includes an electron transport

layer directly on the light emitting layer, and

the electron transport layer includes a first ternary com-

pound including a halogen element.

16. The organic electroluminescence display device as
claimed in claim 15, wherein the electron transport region is
composed of only an inorganic material.

17. The organic electroluminescence display device as
claimed in claim 15, wherein the first ternary compound is
represented by Formula 1 below:

XYLy, [Formula 1]

in Formula 1, X and Y are each independently an alkali
metal, an alkaline earth metal, or a lanthanide metal; Z
is a halogen element; and n, m, and q are each inde-
pendently an integer of 1 to 5.

18. The organic electroluminescence display device as
claimed in claim 15, wherein the first ternary compound is
at least one of KYbI,, RbYbl,, CsYbl;, NaYbl,, LiYbI,,
RbSml;, CsSml;, KSml;, NaSml;, LiSml;, RbMgl;,
CsMgl,, KMgl,, NaMgl,, and LiMgl,.

19. The organic electroluminescence display device as
claimed in claim 15, further comprises an electron injection
layer directly on the electron transport layer and contacting
the second electrode, wherein the electron injection layer
includes an inorganic material.

20. The organic electroluminescence display device as
claimed in claim 19, wherein the electron injection layer
includes at least one of LiF, lithium quinolate (Lig), Li,O,
BaO, NaCl, CsF, a lanthanide metal, or a second ternary
compound, and the first ternary compound and the second
ternary compound are either the same or different.
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