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(57)  An electroluminescent device comprising a first
electrode (110) and a second electrode (160) facing each
other, an emission layer (140) disposed between the first
electrode and the second electrode and including at least
two light emitting particles, a hole transport layer (130)
disposed between the first electrode and the emission
layer, and an electron transport layer (150) disposed be-
tween the emission layer and the second electrode,

FIG. 1

wherein the electron transport layer comprises an inor-
ganic layer (151) disposed on the emission layer, the
inorganic layer comprising a plurality of inorganic nano-
particles; and an organic layer (153) directly disposed on
at least a portion of the inorganic layer on a side opposite
the emission layer, wherein a work function of the organic
layer is greater than a work function of the inorganic layer.
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Description
FIELD OF THE INVENTION

[0001] An electroluminescent device and a display de-
vice comprising thereof are disclosed.

BACKGROUND OF THE INVENTION

[0002] Quantum dots are a nanocrystal semiconductor
material having a diameter of about several to several
hundreds of nanometers (nm) that provides a large sur-
face area per unit volume, and exhibit quantum confine-
ment effects. Quantum dots generate stronger light in a
narrower wavelength region than the commonly used
phosphor. Quantum dots emitlight while the excited elec-
trons are transited from a conduction band to a valence
band and wavelengths are changed depending upon a
particle size, even withinthe same material. The quantum
dot particle sizes can be selected to obtain light in a de-
sirable wavelength region.

[0003] In other words, the emission layer including
quantum dots, and the various types of electronic devices
including the same, may generally reduce production
cost, compared to the use of organic light emitting diodes
having an emission layer including a phosphorescence
and/or phosphor material. In addition, a desirable color
may be emitted by changing sizes of quantum dots, rather
than having to use other organic materials in the emission
layer for emitting other colors of light.

[0004] The luminous efficiency of the emission layer
including quantum dots is determined by the external
quantum efficiency (EQE) of quantum dots, which is de-
termined based on a balance of charge carriers, light
extraction efficiency, and the like. Accordingly, when an
emission layer including a quantum dot is applied as an
electro-luminescence layer, improving the luminous effi-
ciency of the emission layer requires adjusting the bal-
ance of charge carriers and light extraction efficiency,
together with reducing current leakage that can be asso-
ciated with the use of various charge carrier layers.

SUMMARY OF THE INVENTION

[0005] An electroluminescent device capable of mini-
mizing a leakage current while improving a charge carrier
balance and light extraction efficiency of an emission lay-
er is provided.

[0006] According to an embodiment, an electrolumi-
nescent device includes a first electrode and a second
electrode facing each other; an emission layer disposed
between the first electrode and the second electrode and
including at least two light emitting particles; a hole trans-
port layer disposed between the first electrode and the
emission layer; and an electron transport layer disposed
between the emission layer and the second electrode,
wherein the electron transportlayerincludes aninorganic
layer disposed on the emission layer, the inorganic layer
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comprising a plurality of inorganic nanoparticles; and an
organic layer directly disposed on at least a portion of
the inorganic layer on a side opposite the emission layer,
wherein a work function of the organic layer is greater
than a work function of the inorganic layer.

[0007] The organic layer may completely cover an up-
per surface of the inorganic layer between the inorganic
layer and the second electrode.

[0008] The organic layer may have a lowest unoccu-
pied molecular orbital (LUMO) energy level of about-1.8
electron Volts (eV) to about -2.8 eV.

[0009] The organiclayer may have an electron mobility
of about 10-3 square centimeters per Volt-second
(cm2/V-s) to about 101 cm?2/Vs.

[0010] An inorganic nanoparticle of the plurality of in-
organic nanoparticles can be ZnO, TiO,, ZrO,, SnO,,
WO, Ta,05, or a combination thereof.

[0011] An average particle diameter of the plurality of
inorganic nanoparticles may be less than or equal to
about 150 nanometers (nm).

[0012] The inorganic layer may be disposed on the
emission layer as a cluster layer comprising the plurality
of the inorganic nanoparticles.

[0013] The cluster layer may be disposed directly on
the emission layer.

[0014] The upper surface of the cluster layer may in-
clude a surface region having two or more grains each
comprising the inorganic nanoparticles, wherein a grain
boundary is formed between adjacent grains, and the
organic layer may fill at least a portion of the grain bound-
ary.

[0015] The organic layer may include an organic sem-
iconductor compound that is a quinolone-based com-
pound, a triazine-based compound, a quinoline-based
compound, a triazole-based compound, a naphthalene-
based compound, or a combination thereof.

[0016] The organic layer may include at least two dif-
ferent organic semiconductor compounds.

[0017] The organic layer may include a first organic
semiconductor compound and a second organic semi-
conductor compound that are different from each other
and a weightratio of the first organic semiconductor com-
pound and the second organic semiconductor compound
in the organic layer may be about 3:7 to about 7:3.
[0018] An average thickness of the organic layer may
be about 2 nm to about 20 nm.

[0019] The electron transport layer may further include
atleast one additional unit comprising a second inorganic
layer and a second organic layer, wherein the at least
one additional unit may be alternately stacked.

[0020] The plurality of light emitting particles may in-
clude quantum dots.

[0021] The quantum dots may be a Group II-VI com-
pound that does notinclude Cd, a Group IlI-V compound,
a Group IV-VI compound, a Group |V element or com-
pound, a Group I-lll-VI compound, a Group I-lI-IV-VI
compound that does not include Cd, or a combination
thereof.
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[0022] The quantum dots may have a core-shell struc-
ture.

[0023] The electron transport layer may not have elec-
troluminescence.

[0024] Accordingto anotherembodiment, adisplay de-
vice includes the electroluminescent device.

[0025] An electroluminescent device having driving
characteristics and life-span characteristics by improving
a charge carrier balance and light extraction efficiency
of an emission layer and simultaneously minimizing a
leakage current and a display device including the same
may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawing, in which:

FIG. 1is a schematic cross-sectional view of an elec-
troluminescent device according to an embodiment;
FIG. 2 is a scanning electron microscope (SEM) im-
age showing the upper surface of the inorganic layer
of the electroluminescent devices according to an
embodiment;

FIG. 3is a graph of height (nm) versus distance (mil-
limeters, mm) for the linear portion indicated in the
top view, showing an upper surface three-dimen-
sional shape image and a height deviation depend-
ing on a position for the inorganic layer of the elec-
troluminescent device according to an embodiment
measured using a Zygo interferometer;

FIG. 4 is a schematic energy band diagram of an
electroluminescent device according to an embodi-
ment;

FIG. 5is a graph of current density (milliamperes per
square centimeter, mA/cm?) versus Voltage (volts,
V) showing a voltage-current density relationship of
the electroluminescent devices according to Exam-
ple 1 and Comparative Examples 1 to 3;

FIG. 6 is a graph of luminescence (candela per
square meter, cd/m2) versus Voltage (V) showing a
voltage-luminance relationship of the electrolumi-
nescent devices according to Example 1 and Com-
parative Examples 1 to 3;

FIG. 7 is a graph of external quantum efficiency
(EQE, %) versus luminescence (cd/m2) showing a
luminance-external quantum efficiency relationship
of the electroluminescent devices according to Ex-
ample 1 and Comparative Examples 1 to 3;

FIG. 8 is a graph of current density (mA/cm2, loga-
rithmic scale) versus Voltage (V) showing a voltage-
current density relationship of the electrolumines-
cent devices according to Example 1 and Compar-
ative Examples 1 to 3;

FIG. 9is a graph of luminance (%) versus time (hour,
h) showing a time-luminance relationship of the elec-
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troluminescent devices according to Example 2,
Comparative Example 1, and Comparative Example
2;

FIG. 10is a graph of current density (mA/cm?2) versus
Voltage (V) showing a voltage-current density rela-
tionship of the electroluminescent devices according
to Example 3 and Comparative Example 4;

FIG. 11 is a graph of luminescence (cd/m2) versus
Voltage (V) showing a voltage-luminance relation-
ship of the electroluminescent devices according to
Example 3 and Comparative Example 4;

FIG. 12 is a graph of external quantum efficiency
(EQE, %) versus luminescence (cd/m2) showing a
luminance-external quantum efficiency relationship
of the electroluminescent devices according to Ex-
ample 3 and Comparative Example 4; and

FIG. 13 is a graph of current density (mA/cm?2, log-
arithmic scale) versus Voltage (V) showing a volt-
age-current density relationship of the electrolumi-
nescent devices according to Example 3 and Com-
parative Example 4.

DETAILED DESCRIPTION

[0027] Example embodiments of the present disclo-
sure will hereinafter be described in detail, and may be
understood by a person skilled in the art. However, this
disclosure may be embodied in many different forms, and
is not to be construed as limited to the example embod-
iments set forth herein. If not defined otherwise, all terms
(including technical and scientific terms) in the specifica-
tion may be defined as commonly understood by one
skilled in the art. The terms defined in a generally-used
dictionary may notbe interpreted ideally or exaggeratedly
unless clearly defined. In addition, unless explicitly de-
scribed to the contrary, the word "comprise" and varia-
tions such as "comprises" or "comprising”, will be under-
stood to imply the inclusion of stated elements but not
the exclusion of any other elements. The term "a combi-
nation thereofis open ended and means including atleast
one of the listed components, and may include other like
components.

[0028] Further, the singular includes the plural unless
mentioned otherwise.

[0029] Accordingly, the embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present description. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items. The term "or" means
"and/or." Expressions such as "at least one of" when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.
[0030] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like
reference numerals designate like elements throughout
the specification. It will be understood that when an ele-
ment such as a layer, film, region, or substrate is referred
to as being "on" another element, it can be directly on
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the other element or intervening elements may also be
present. In contrast, when an element is referred to as
being "directly on" another element, there are no inter-
vening elements present.

[0031] It will be understood that, although the terms
first, second, third, etc. may be used herein to describe
various elements, components, regions, layers and/or
sections, these elements, components, regions, layers
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another ele-
ment, component, region, layer, or section. Thus, a first
element, component, region, layer, or section discussed
below could be termed a second element, component,
region, layer, or section without departing from the teach-
ings of the present embodiments.

[0032] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting. 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.
[0033] "About" or "approximately" as used herein is in-
clusive of the stated value and means within an accept-
able range of deviation for the particular value as deter-
mined by one of ordinary skill in the art, considering the
measurement in question and the error associated with
measurement of the particular quantity (i.e., the limita-
tions of the measurement system).

[0034] Exemplary embodiments are described herein
with reference to cross section illustrations that are sche-
matic illustrations of idealized embodiments. As such,
variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or toler-
ances, are to be expected. Thus, embodiments de-
scribed herein should not be construed as limited to the
particular shapes of regions as illustrated herein but are
to include deviations in shapes that result, for example,
from manufacturing. For example, a region illustrated or
described as flat may, typically, have rough and/or non-
linear features. Moreover, sharp angles that are illustrat-
ed may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present claims.
[0035] Relative terms, such as "lower" or "bottom" and
"upper" or "top," may be used herein to describe one
element’s relationship to another element as illustrated
in the Figures. It will be understood that relative terms
are intended to encompass different orientations of the
device in addition to the orientation depicted in the Fig-
ures. For example, if the device in one of the figures is
turned over, elements described as being on the "lower"
side of other elements would then be oriented on "upper"
sides of the other elements. The exemplary term "lower,"
can therefore, encompasses both an orientation of "low-
er" and "upper," depending on the particular orientation
of the figure. Similarly, if the device in one of the figures
is turned over, elements described as "below" or "be-
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neath" other elements would then be oriented "above"
the other elements. The exemplary terms "below" or "be-
neath" can, therefore, encompass both an orientation of
above and below.

[0036] In an embodiment, for sizes or particle diame-
ters of various particles, although they may be numerized
by a measurement to show an average size of a group,
the generally used method includes a mode diameter
showing the maximum value of the distribution, a median
diameter corresponding to the center value of integral
distribution curve, a variety of average diameters (nu-
meral average, length average, area average, mass av-
erage, volume average, etc.), and the like. Unless par-
ticularly mentioning otherwise, average sizes or average
particle diameters means to numeral average sizes or
numeral average diameters in the present disclosure,
and it is obtained by measuring D50 (particle diameters
at a position of distribution rate of 50 %).

[0037] As used herein, "Group" in the term Group I,
Group Il, and the like refers to a group of Periodic Table.
[0038] As used herein, "Group II" refers to Group IIA
and Group IIB, and examples of a Group Il metal include
Cd, Zn, Hg, and Mg, but are not limited thereto.

[0039] As used herein, examples of "Group |l metal
thatdoes notinclude Cd" refersto a Group Il metal except
Cd, for example Zn, Hg, Mg, etc.

[0040] As used herein, "Group III" refers to Group IlIA
and Group 1lIB, and examples of Group Il metal include
Al, In, Ga, and TI, but are not limited thereto.

[0041] As used herein, "Group IV" refers to Group IVA
and Group IVB, and examples of a Group IV metalinclude
Si, Ge, and Sn, butare notlimited thereto. As used herein,
"metal" may include a semi-metal such as Si.

[0042] As used herein, "Group I" refers to Group IA
and Group IB, and examples include Li, Na, K, Ru, and
Cs, but are not limited thereto.

[0043] As used herein, "Group V" refers to Group VA,
and examples include nitrogen, phosphorus, arsenic, an-
timony, and bismuth, but are not limited thereto.

[0044] As used herein, "Group VI"refers to Group VIA,
and examples include sulfur, selenium, and tellurium, but
are not limited thereto.

[0045] Hereinafter, a work function (WF), a highest oc-
cupied molecular orbital (HOMO) energy level, and alow-
est unoccupied molecular orbital (LUMO) energy level
are expressed as an absolute value from a vacuum en-
ergy level (i.e., 0 electron volts (eV)). In addition, when
the work function, HOMO energy level, or LUMO energy
level is said to be ’deep,’ 'high’, or ’large,” the work func-
tion or HOMO energy level has a larger absolute value
from the vacuum energy level (0 eV), while when the
work function, HOMO energy level, orLUMO energy level
is 'shallow,’ ’low,” or 'small,” the work function or HOMO
energy level has a smaller absolute value from the vac-
uum energy level (0 eV).

[0046] First, referring to FIG. 1, a schematic structure
of an electroluminescent device according to an embod-
iment is described.
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[0047] FIG. 1is a schematic cross-sectional view of an
electroluminescent device according to an embodiment.
[0048] An electroluminescent device 10 according to
an embodiment includes a first electrode 110 and a sec-
ond electrode 160 facing each other, an emission layer
140 disposed between the first electrode 110 and the
second electrode 160 and including a plurality of (e.g.,
at least two) light emitting particles 141, a hole transport
layer 130 disposed between the first electrode 110 and
the emission layer 140, and an electron transport layer
150 disposed between the emission layer 140 and the
second electrode 160.

[0049] The electroluminescent device 10 according to
an embodiment supplies current to the emission layer
140 including light emitting particles 141 through the first
electrode 110 and the second electrode 160 and causes
electro-luminescence of the light emitting particles 141
to generate light. The electroluminescent device 10 may
generate light in various wavelength regions according
to materials, sizes, or fine structures of the light emitting
particles 141 of the emission layer 140.

[0050] In an embodiment, the first electrode 110 may
be directly connected to a driving power source so may
function to flow current to the emission layer 140. The
first electrode 110 may include a material having light
transmittance in at least a visible light wavelength region
but is not limited thereto. The first electrode 110 may
include a material having light transmittance in an infra-
red or ultraviolet (UV) wavelength region. For example,
the first electrode 110 may be made of an optically trans-
parent material.

[0051] In an embodiment, the first electrode 110 may
include molybdenum oxide, tungsten oxide, vanadium
oxide, rhenium oxide, niobium oxide, tantalum oxide, ti-
tanium oxide, zinc oxide, nickel oxide, copper oxide, co-
balt oxide, manganese oxide, chromium oxide, indium
oxide, or a combination thereof.

[0052] Meanwhile, in an embodiment, the first elec-
trode 110 may be disposed on the substrate 100 as
shown in FIG. 1. The substrate 100 may be a transparent
insulating substrate or may be made of a ductile material.
The substrate 100 may include a glass or a polymer ma-
terial in a film having a glass transition temperature (T)
of greater than about 150 °C. For example, it may include
a cycloolefin copolymer (COC) or cycloolefin polymer
(COP)-based material.

[0053] In an embodiment, the substrate 100 supports
the hole transport layer 130, the emission layer 140, and
the electron transport layer 150 sandwiched by the first
electrode 110 and the second electrode 160. However,
the first electrode 110 of the electroluminescent device
10 according to an embodiment is not necessarily dis-
posed on the substrate 100, and the substrate may be
disposed on the second electrode 160 or may be omitted
as needed.

[0054] The second electrode 160 includes an optically
transparent material and may function as a light-trans-
mitting electrode to transmit light generated in the emis-
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sion layer 140 that will be described later. In an embod-
iment, the second electrode 160 may include atleastone
selected from silver (Ag), aluminum (Al), copper (Cu),
gold (Au), and an alloy thereof, molybdenum oxide, tung-
sten oxide, vanadium oxide, rhenium oxide, niobium ox-
ide, tantalum oxide, titanium oxide, zinc oxide, nickel ox-
ide, copper oxide, cobalt oxide, manganese oxide, chro-
mium oxide, indium oxide, or a combination thereof.
[0055] Each of the first electrode 110 and the second
electrode 160 may be formed by depositing a material
for forming an electrode on the substrate 100 or an or-
ganic layer 153 described later by a method such as sput-
tering.

[0056] The emission layer 140 may include a plurality
of light emitting particles 141 (i.e., at least two light emit-
ting particles). The emission layer 140 may be formed
by applying a resin in which at least two light emitting
particles 141 are dispersed on a hole transport layer 130
(described later) and curing the same.

[0057] The emissionlayer 140is a site where electrons
and holes transported by a current supplied from the first
electrode 110 and the second electrode 160, the elec-
trons and holes are combined in the emission layer 140
to generate excitons, and the generated excitons are
transited from an excited state to a ground state to emit
lightin a wavelength corresponding to the size of the light
emitting particles 141.

[0058] In an embodiment, the light emitting particles
141 may include a quantum dot.

[0059] The quantum dot has a discontinuous energy
bandgap by the quantum confinement effect. That is,
when the emission layer 140 includes a quantum dot as
a light emitting particle 141, the emission layer 140 may
produce light having excellent color reproducibility and
color purity.

[0060] In an embodiment, a material of the quantum
dot is not particularly limited and known or commercially
available quantum dots may be used. For example, the
quantum dot may include a Group II-VI compound that
does not include Cd, a Group IlI-V compound, a Group
IV-VI compound, a Group IV element or compound, a
Group I-llI-VI compound, a Group I-lI-1V-VI compound
that does not include Cd, or a combination thereof. The
quantum dot according to an embodiment may be a non-
cadmium-based quantum dot. Like this, when the quan-
tum dot comprises or consists of a non-cadmium-cadmi-
um-based material, it has no toxicity compared with a
conventional cadmium-based quantum dot and thus is
less dangerous and is environmentally-friendly.

[0061] The Group II-VI compound may be a binary el-
ement compound that is ZnS, ZnSe, ZnTe, ZnO, HgS,
HgSe, HgTe, MgSe, MgS, or a combination thereof; a
ternary element compound that is ZnSeS, ZnSeTe, Zn-
STe, HgSeS, HgSeTe, HgSTe, HgZnS, HgZnSe,
HgZnTe, MgZnSe, MgZnS, or a combination thereof; or
a quaternary element compound that is HgZnTeS,
HgZnSeS, HgZnSeTe, HgZnSTe, or a combination
thereof. The Group II-VI compound may further include



9 EP 3 540 806 A1 10

a Group lll metal.

[0062] The Group llI-V compound may be a binary el-
ement compound that is GaN, GaP, GaAs, GaSb, AIN,
AlP, AlAs, AISb, InN, InP, InAs, InSb, or a combination
thereof; a ternary element compound that is GaNP, Ga-
NAs, GaNSb, GaPAs, GaPSb, AINP, AINAs, AINSb, Al-
PAs, AIPSb, InNP, InNAs, InNSb, InPAs, InPSb, InZnP,
or a combination thereof; or a quaternary element com-
pound that is GaAINP, GaAINAs, GaAINSb, GaAlPAs,
GaAlIPSb, GalnNP, GalnNAs, GalnNSb, GalnPAs,
GalnPSb, INAINP, InAINAs, INAINSb, InAIPAs, InAIPSb,
or a combination thereof. The Group IlI-V compound may
further include a Group Il metal (e.g., InZnP).

[0063] The Group IV-VI compound may be a binary
element compound thatis SnS, SnSe, SnTe, PbS, PbSe,
PbTe, or a combination thereof; a ternary element com-
pound thatis SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe,
PbSTe, SnPbS, SnPbSe, SnPbTe, or a combination
thereof; or a quaternary element compound that is SnPb-
SSe, SnPbSeTe, SnPbSTe, or a combination thereof.
Examples of the Group I-lll-VI compound may be
CulnSe,, CulnS,, CulnGaSe, and CulnGa$, but are not
limited thereto. Examples of the Group I-lI-IV-VI com-
pound may be CuZnSnSe and CuZnSnS, but are not
limited thereto. Examples of the Group IV compound may
be a single substance that is Si, Ge, or a combination
thereof; or a binary element compound that is SiC, SiGe,
or a combination thereof.

[0064] The binary element compound, the ternary el-
ement compound, or the quaternary element compound
respectively may exist in a uniform concentration in the
particle orin partially different concentrations in the same
particle.

[0065] According to an embodiment, the quantum dot
may have a core-shell structure including one semicon-
ductor nanocrystal core and another semiconductor na-
nocrystal shell surrounding the core. The core and the
shell may have a concentration gradient wherein the con-
centration of the element(s) of the shell decreases toward
the core. In addition, the quantum dot may have one sem-
iconductor nanocrystal core and multiple shells sur-
rounding the core. Herein, the multi-layered shell struc-
ture has a structure of two or more shells and each layer
may have a single composition or an alloy, or may have
a concentration gradient.

[0066] When the quantum dot according to an embod-
iment has a core-shell structure, a material composition
of the shell has a larger energy bandgap than that of the
core, which may exhibit an effective quantum confine-
ment effect. However, the embodiment is not limited
thereto. Meanwhile, in the multi-layered shell, a shell that
is outside of the core has may have a higher energy band-
gap than a shell that is near to the core and the quantum
dot may have ultraviolet (UV) to infrared wavelength
ranges.

[0067] The quantum dot may have an external quan-
tum efficiency (EQE) of greater than or equal to about
10%, for example, greater than or equal to about 30%,
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greater than or equal to about 50%, greater than or equal
to about60%, greater than or equal to about 70%, greater
than or equal to about 90%, or even 100%.

[0068] In adisplay, the quantum dot may have a rela-
tively narrow spectrum so as to improve color purity or
color reproducibility. The quantum dot may have for ex-
ample a full width at half maximum (FWHM) of a wave-
length spectrum of less than or equal to about 45 nm,
less than or equal to about 40 nm, or less than or equal
to or about 30 nm. Within the ranges, color purity or color
reproducibility of a device may be improved.

[0069] The quantum dot may have an average particle
diameter (the longest diameter for a non-spherically
shaped particle) of about 1 nm to about 100 nm. For
example, the quantum dot may have an average particle
diameter of about 1 nm to about 20 nm, for example,
about 2 nm (or about 3 nm) to about 15 nm.

[0070] In addition, a shape of the quantum dot particle
may be general shapes in this art and thus may not be
particularly limited. For example, the quantum dot particle
may have a spherical, oval, tetrahedral, pyramidal,
cuboctahedral, cylindrical, polyhedral, multi-armed, or
cube nanoparticle, nanotube, nanowire, nanofiber, na-
nosheet, or a combination thereof. The quantum dot may
have any cross-sectional shape.

[0071] The quantum dot may be commercially availa-
ble or may be synthesized in any method. For example,
several nano-sized quantum dots may be synthesized
according to a wet chemical process. In the wet chemical
process, precursors react in an organic solvent to grow
crystal particles, and the organic solvent or a ligand com-
pound may coordinate the surface of the quantum dot,
controlling the growth of the crystal. Examples of the or-
ganic solvent and the ligand compound are known. The
organic solvent coordinated on the surface of the quan-
tum dot may affect stability of a device, and thus excess
organic materials that are not coordinated on the surface
of the nanocrystals may be removed by pouring it in ex-
cessive non-solvent and centrifuging the resulting mix-
ture. Examples of the non-solvent may be acetone, eth-
anol, methanol, and the like, but are not limited thereto.
After the removal of excess organic materials, the
amount of the organic materials coordinated on the sur-
face of the quantum dot may be less than or equal to
about 50% by weight (wt%), for example, less than or
equal to about 30 wt%, less than or equal to about 20
wt%, or less than or equal to about 10 wt% based on a
weight of the quantum dot. The organic material may
include aligand compound, an organic solvent, or a com-
bination thereof.

[0072] The quantum dot may have for example an or-
ganic ligand having a hydrophobic moiety bound to its
surface. In an embodiment, the organic ligand having the
hydrophobic moiety may be RCOOH, RNH,, R,NH, R3N,
RSH, R;PO, R3P, ROH, RCOOR’, RPO (OH),, R,POOH
(wherein, R and R’ are independently a C5 to C24 alkyl
group, a C5 to C24 alkenyl group, a C5 to C20 alicyclic
group, or a C5 to C20 aryl group), a polymeric organic
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ligand, or a combination thereof. The organic ligand may
be a mono-functional group organic ligand and the func-
tional group may be bound to the surface of the quantum
dot.

[0073] In an embodiment, the hole transport layer 130
may be disposed between the first electrode 110 and the
emission layer 140. The hole transport layer 130 may
transport holes into the emission layer 140.

[0074] The electroluminescent device 10 according to
an embodiment may further include a hole injection layer
120 between the hole transport layer 130 and the first
electrode 110. The hole injection layer 120 supplies holes
to the hole transport layer 130.

[0075] Each of the hole injection layer 120 and the hole
transport layer 130 may include, independently, for ex-
ample poly(3,4-ethylenedioxythiophene):poly(sty-
renesulfonate) (PEDOT:PSS), poly(9,9-dioctyl-fluorene-
co-N-(4-butylphenyl)-diphenylamine) (TFB), a polyar-
ylamine, poly(N-vinylcarbazole), a polyaniline, a polypyr-
role, N,N,N’,N’-tetrakis(4-methoxyphenyl)-benzidine
(TPD), 4-bis[N-(1-naphthyl)-N-phenyl-amino]biphenyl
(a-NPD), m-MTDATA (4,4,4"-tris[phenyl(m-tolyl)amino]
triphenylamine), 4,4’ 4"-tris(N-carbazolyl)-triphe-
nylamine (TCTA), 1,1-bis[(di-4-tolylamino)phenyl]cy-
clohexane (TAPC), or a combination thereof, but is not
limited thereto. Various semiconductor materials, or
combinations thereof may be applied according to an in-
ternal energy level of the electroluminescent device 10.
[0076] The hole injection layer 120 and the hole trans-
port layer 130 according to an embodiment may be
formed by coating a solution-type commercially available
materials on the first electrode 110 and then curing the
same but is not limited thereto.

[0077] In an embodiment, the electron transport layer
150 is disposed between the emission layer 140 and the
second electrode 160 and transports electrons into the
emission layer 140.

[0078] The electron transport layer 150 according to
an embodiment may comprise or consist of a non-light-
emitting charge transporting material that does not emit
light by an electric field. Thereby, internal light emission
of the electroluminescent device 10 according to an em-
bodiment occurs in the emission layer 140 and not in the
electron transport layer 150.

[0079] The electron transport layer 150 according to
an embodiment may include an inorganic layer 151
formed on the emission layer 140 and including a plurality
ofinorganic nanoparticles 152 (i.e., two or more inorganic
nanoparticles) and an organic layer 153 formed directly
ontheinorganiclayer 151 on aside opposite the emission
layer 140.

[0080] AsshowninFIG. 1, theinorganiclayer 151 may
directly be formed on the emission layer 140.

[0081] The inorganic layer 151 may include two or
more (i.e., plurality of) inorganic nanoparticles 152 and
the two or more inorganic nanoparticles 152 may be ag-
glomerated with each other to form a cluster layer. In an
embodiment, the inorganic layer 151 may include a clus-
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ter layer composed of two or more inorganic nanoparti-
cles 152.

[0082] In the case where the cluster layer composed
of two or more inorganic nanoparticles 152 is directly on
the emission layer 140, the non-emission quenching of
the charge exchange excitons generated in the emission
layer 140 may be reduced or prevented, and the lumi-
nance of the emission layer 140 may be improved.
[0083] The inorganic nanoparticles 152 according to
an embodiment may include inorganic oxide nanoparti-
cles including ZnO, TiO,, ZrO,, SnO,, WO, Ta,05, or
a combination thereof, but are not limited thereto.
[0084] In the case where the cluster layer is made of
inorganic oxide nanoparticles, for example, the emission
layer 140 including a non-cadmium quantum dot gener-
ates a large amount of charge exchange excitons due to
internal heat generation during driving of the device, and
the generated charge exchange exciton may emit auger
electrons on the interface with the cluster layer without
non-emission quenching by the clusterlayer. The emitted
auger electrons may emit light by recombination with
holes in the emission layer 140, roll-off of the electrolu-
minescent device 10 in a high luminance region may be
minimized.

[0085] Onthe otherhand, anaverage particle diameter
(as for a non-spherically shaped particle, diameter
means the longest dimension) of the inorganic nanopar-
ticles 152 according to an embodiment may be for ex-
ample less than or equal to about 150 nm, less than or
equal to about 140 nm, less than or equal to about 130
nm, less than or equal to about 120 nm, less than or equal
to about 110 nm, less than or equal to about 100 nm,
less than or equal to about 90 nm, less than or equal to
about 80 nm, less than or equal to about 70 nm, less than
or equal to about 60 nm, less than or equal to about 50
nm, less than or equal to about 40 nm, less than or equal
to about 30 nm, less than or equal to about 20 nm, or
less than or equal to about 10 nm and for example greater
than or equal to about 1 nm, greater than or equal to
about 2 nm, greater than or equal to about 3 nm, greater
than or equal to about 4 nm, or greater than or equal to
about 5 nm.

[0086] Whentheinorganiclayer 151 isthe clusterlayer
composed of two or more inorganic nanoparticles 152
as described above, electron mobility thereof is much
higher than that of a general inorganic semiconductor
film or an organic semiconductor film. Therefore lumines-
cence stability and the luminance of the non-cadmium
quantum dot may be improved through the cluster layer
to which the inorganic layer 151 is applied.

[0087] In addition, an average thickness of the cluster
layer according to an embodiment may be for example
less than or equal to about 100 nm, less than or equal to
about 90 nm, less than or equal to about 80 nm, less than
or equal to about 70 nm, less than or equal to about 60
nm, less than or equal to about 50 nm, or less than or
equal to about 40 nm and for example greater than or
equal to about 10 nm, greater than or equal to about 15
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nm, greater than or equal to about 20 nm, greater than
or equal to about 25 nm, or greater than or equal to about
30 nm.

[0088] When the average particle diameter of the in-
organic nanoparticles 152 and the average thickness of
the cluster layer are within the above ranges, the inor-
ganic layer 151 may exhibit excellent electron mobility.
[0089] FIG. 2 is a microscopic image showing the up-
per surface of the inorganic layer of the electrolumines-
cent devices according to an embodiment and FIG. 3 is
a graph showing an upper surface three-dimensional
shape image and a height deviation depending on a po-
sition of an inorganic layer and a position of the inorganic
layer of the electroluminescent device according to an
embodiment measured using a Zygo interferometer.
[0090] FIGS. 2 and 3 correspond to a case where a
cluster layer having a thickness of about 40 nm is formed
by agglomerating ZnO nanoparticles having an average
particle diameter of 3 nm.

[0091] First, referring to FIG. 2, it may be seen that the
surface of the cluster layer includes two or more grains
composed of inorganic nanoparticles and a grain bound-
ary formed between neighboring grains.

[0092] In addition, referring to the graph showing the
surface roughness curve of the linear portion indicated
in the surface profile image of the cluster layer of FIG. 3,
a peak to valley (PV) of the surface of the cluster layer
is 16.343 nm and a root mean square roughness (Rq)
calculated by a root mean square (rms) method is 1.914
nm.

[0093] Thus, referring nowto FIG. 1, the surface region
151a of the cluster layer according to an embodiment
may exhibit an uneven surface morphology, which may
be caused by a non-uniform agglomeration of the inor-
ganic nanoparticles 152a in the surface region 151a, a
particle size variation of the inorganic nanoparticles 152a
in the surface region 151a, detachment of the inorganic
nanoparticles 152a from the cluster layer, a combination
thereof, or the like, which results in the existence of grain
boundaries in the surface region 151a. In some embod-
iments, the upper surface of the cluster layer includes
the surface region 151a having two or more grains each
comprising inorganic nanoparticles, wherein a grain
boundary is formed between adjacent grains. The inor-
ganic nanoparticles in the surface region 151a can in-
clude inorganic nanoparticles 152a. In other words, the
inorganic nanoparticles 152a are inorganic nanoparticles
of the plurality of nanoparticles that are not included in
the cluster layer.

[0094] On the other hand, according to an embodi-
ment, the organic layer 153 is formed directly on at least
a portion of the inorganic layer 151. The organic layer
153 may be formed through a deposition process or the
like on the cluster layer of the inorganic nanoparticles
152.

[0095] The organic layer 153 is a layer composed of
organic semiconductor compounds and may include
conductive monomolecular molecule, alow molecular or-
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ganic nano-material having a conjugation structure, or a
combination thereof. Specific examples of the organic
semiconductor compounds forming the organiclayer 153
may be a quinolone-based compound, a triazine-based
compound, a quinoline-based compound, a triazole-
based compound, a naphthalene-based compound, or a
combination thereof, but are not limited thereto. In some
embodiments, the organic semiconductor compound can
be phosphine oxide based compound (NET-218, No-
valed Electron Transport material 218, obtained from No-
valed), phosphonyl phenol based compound (NDN-87,
Novaled Dopant n-side material 87, obtained from No-
valed), or a combination thereof.

[0096] The organic layer 153 may be composed of an
organic semiconductor compound having a higher work
function than that of the inorganic layer 151. Accordingly,
the organic layer 153 may be an energy barrier against
electrons moving from the second electrode 160 to the
inorganic layer 151.

[0097] A LUMO (Lowest Unoccupied Molecular Orbit-
al) energy level of the organic layer 153 may be for ex-
ample about -1.8 electron Volts (eV) to about -2.8 eV,
about -1.8 eV to - about 2.7 eV, about -1.8 eV to about
-2.6 eV, about -1.8 eV to about -2.5 eV, - about 1.8 eV
to about-2.4 eV, about-1.8 eV to about -2.3 eV, or about
-1.8 eV to about -2.2 eV.

[0098] On the other hand, the organic layer 153 may
have for example, electron mobility of greater than or
equal to about 10-4 square centimeters per Volt-second
(cm2/V-s) or greater than or equal to about 10-3 cm2/V-s,
and for example, less than or equal to about 1 cm?2/V-s
or less than or equal to about 101 cm2/V-s.

[0099] The organic layer 153 according to an embod-
iment fully or completely covers the upper surface of the
inorganic layer 151, so that the inorganic layer 151 may
not be exposed toward the second electrode 160 as
shown in FIG. 1. In other words, the organic layer 153 is
disposed on and in contact with the entire upper surface
of the inorganic layer 151. Accordingly, the organic layer
153 fills at least a part or a whole of a grain boundary
formed at, on, or in the surface (i.e., in the surface region
151a between the inorganic nanoparticles 152a) of the
cluster layer being in contact therewith.

[0100] On the other hand, the organic layer 153 may
fill a part of or all of the cracks or voids generated by
detachment or non-uniform agglomeration of the inor-
ganic nanoparticles 152a on the surface of the cluster
layer being in contact therewith. In some embodiments,
the organic layer 153 is disposed on the upper surface
of the inorganic layer 151 such that substantially all of
the cracks, voids, grain boundaries, or the like, at the
upper surface are filled with or include the semiconductor
organic compounds of the organic layer 153.

[0101] A thickness of the organic layer 153 may be
variously designed depending on electron mobility, a
work function, and the like of the organic layer 153. It
may be thin enough to transport at least electrons through
tunneling to the inorganic layer 151 while it may be thick
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enough to fill a grain boundary, a crack, and a void on
the surface of the inorganic layer 151 and not expose but
cover the inorganic layer 151.

[0102] In an embodiment, a thickness of the organic
layer 153 may be for example less than or equal to about
20 nm, less than or equal to about 18 nm, less than or
equal to about 16 nm, less than or equal to about 14 nm,
less than or equal to about 12 nm, less than or equal to
about 10 nm, less than or equal to about 8 nm, less than
or equal to about 6 nm, or less than or equal to about 4
nm and for example greater than or equal to about 2 nm,
greater than or equal to about 2.5 nm, or greater than or
equal to about 3 nm.

[0103] Since the organic layer 153 has a higher work
function than the inorganic layer 151, a driving voltage
for transporting electrons may be increased compared
with a case of using the inorganic layer alone as an elec-
tron transport layer. However, when the organic layer
153 according to an embodiment has a LUMO and an
electron mobility within the range and in addition, a thick-
ness adjusted within the range, the driving voltage and
an electron mobility rate may be adjusted to have an ap-
propriate level due to band bending and tunneling effects.
[0104] On the other hand, the organic layer 153 may
include at least two different organic semiconductor com-
pounds. The organic layer 153 according to an embodi-
ment may be formed, for example, in a method of co-
depositing at least two different organic semiconductor
compounds, or the like.

[0105] For example, when either one of the organic
semiconductor compounds is used, a plurality of island-
shaped intermediates is formed due to uneven morphol-
ogy on the surface of the inorganic layer 151 during the
formation of the organic semiconductor compound, and
accordingly, the organic layer 153 may have a large thick-
ness deviation. On the other hand, when at least two
different organic semiconductor compounds are used,
the organic layer 153 may have a relatively small thick-
ness deviation.

[0106] In addition, the organic layer 153 may include
two different organic semiconductor compounds (a first
organic semiconductor compound and a second organic
semiconductor compound).

[0107] Herein, the first organic semiconductor com-
pound and the second organic semiconductor compound
in the organic layer 153 may be used in various weight
ratios depending on materials of each organic semicon-
ductor compound, wherein the weight ratio may be ad-
justed to minimize formation of the island-shaped inter-
mediate.

[0108] In an embodiment, the first organic semicon-
ductor and the second organic semiconductor in the or-
ganic layer 153 may, for example, have a weight ratio of
about 2:8 to about 8:2, about 3:7 to about 7:3, about 4:6
to about 6:4, or about 5:5.

[0109] Ontheotherhand, additional units including the
inorganic layer 151 and the organic layer 153 may be
alternately stacked on the emission layer 140. In other
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words, the electron transport layer 150 may include plu-
rality of stacked units, such as at least two stacked units,
with each unit including the inorganic layer 151 and the
organic layer 153. In this way, the number of alternately
stacking units each including the inorganic layer 151 and
the organic layer 153 may be adjusted to appropriately
maintain a charge carrier balance in an electrolumines-
cent device by considering each energy level of the first
electrode 110, the second electrode 160, the hole injec-
tion layer 120, the hole transport layer 130, and the emis-
sion layer 140, a difference of their energy differences,
and the like.

[0110] On the other hand, when the cluster layer com-
posed of the inorganic nanoparticles is applied to an
emission layer including quantum dots, device efficiency
at high luminance may be secured, but since a crack, a
void, a grain boundary, or the like on the surface of the
cluster layer may for example result in a leakage path of
a current, a leakage current from the leakage path may
deteriorate device efficiency at a low voltage and in a low
luminance region.

[0111] However, the electroluminescent device 10 ac-
cording to an embodiment includes the organic layer 153
filling the crack, the void, the grain boundary, or the like,
on the surface of the cluster layer and thus may minimize
the generation of the leakage current due to the cluster
layer.

[0112] The electroluminescent device 10 according to
an embodiment may further include an electron injection
layer (not shown) between the second electrode 160 and
the electron transport layer 150 and may further include
an electron blocking layer (not shown) between the sec-
ond electrode 160 and the electron injection layer (not
shown) or between the electron injection layer (not
shown) and the electron transport layer 150. However,
the embodiment is not limited thereto and the electron
injection layer (not shown) and the electron blocking layer
(not shown) may be omitted in order to maintain charge
carrier balance of the electroluminescent device 10 to be
an appropriate level.

[0113] Hereinafter, referring to FIG. 4, a driving princi-
ple of an electroluminescent device according to an em-
bodiment is explained.

[0114] FIG. 4 is an energy band diagram showing an
electroluminescent device according to an embodiment.
[0115] The electroluminescent device 10 according to
an embodiment includes quantum dots as the light emit-
ting particles 141, and accordingly, the emission layer
140 formed thereof has a different energy level from that
of a general organic light emitting diode.

[0116] Inparticular, the general electroluminescentde-
vice sequentially transports electrons along with a LUMO
energy level from an electrode through an electron trans-
port layer toward an emission layer, but the electrolumi-
nescent device 10 according to an embodiment has the
organic layer 153 having a higher LUMO energy level
than that of the inorganic layer 151 and thus working as
a high energy barrier. Accordingly, the electron transport



17 EP 3 540 806 A1 18

layer 150 according to an embodiment has a hybrid struc-
ture consisting of the inorganic layer 151 as a cluster
layer formed of inorganic nanoparticles and the organic
layer 153 covering the inorganic layer 151.

[0117] In an embodiment, when the cluster layer
formed of inorganic nanoparticles is formed on the sur-
face of the emission layer 140 including quantum dots,
this cluster layer has very high electron mobility relative
to hole mobility between the hole injection layer (HIL) 120
and the hole transport layer (HTL) 130, and a leakage
current may be generated due to uneven surface mor-
phology of the cluster layer.

[0118] Accordingly, in an embodiment, the organic lay-
er 153 having a higher work function than that of the
cluster layer may be formed to cover the surface of the
cluster layer to minimize the leakage current generated
from the cluster layer. In addition, the organic layer 153,
as shown in FIG. 4, simultaneously works as a kind of
an energy barrier and thus may adjust entire electron
mobility of the electron transport layer 150 into an appro-
priate level and thus improve a charge carrier balance.
[0119] Asdescribed above, the electroluminescentde-
vice 10 according to an embodiment includes the inor-
ganic layer 151 having very high electron mobility and
improving luminous efficiency of the emission layer 140
including quantum dots and the organic layer 153 mini-
mizing the leakage current due to the surface morphology
of the inorganic layer 151 and simultaneously, adjusting
entire electron mobility of the electron transport layer 150
into an appropriate level, and accordingly, the electron
transport layer 150 has a hybrid stacking structure of the
inorganic layer 151/the organic layer 153.

[0120] Accordingly, the electroluminescent device 10
according to an embodiment may improve a charge car-
rier balance and light extraction efficiency of an emission
layerand also, minimize a leakage currentand thus show
excellent driving characteristics and life-span character-
istics.

[0121] A display device according to an embodiment
including the electroluminescent device 10 is described.
[0122] A display device according to an embodiment
includes a substrate, a driving circuit formed on the sub-
strate, and a first electroluminescent device, a second
electroluminescent device, and a third electrolumines-
cent device spaced apart from each other in a predeter-
mined interval and disposed on the driving circuit.
[0123] The first to third electroluminescent devices
have the same structure as the electroluminescent de-
vice 10 and but the wavelengths of the light emitted from
each of the quantum dots may be different from each
other.

[0124] In an embodiment, the first electroluminescent
device is a red device emitting red light, the second elec-
troluminescent device is a green device emitting green
light, and the third electroluminescent device is a blue
device emitting blue light. In other words, the first to third
electroluminescent devices may be pixels expressing
(i.e., emitting) red, green, or blue colored light, respec-
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10

tively, in the display device.

[0125] However, anembodimentisnotnecessarily lim-
ited thereto, and the first to third electroluminescent de-
vices may respectively express magenta, yellow, orcyan,
or may express other colors.

[0126] One or more of the first to third electrolumines-
cent devices may be the electroluminescent device 10.
For example, an electroluminescent device displaying
blue in the display device is the electroluminescent de-
vice 10 and electroluminescent devices displaying red
and green may include an electron transport layer that
consists of an organic layer or inorganic layer or that in-
cludes both organic layer and inorganic layer, provided
that an organic layer is formed directly on the emission
layer. Alternatively, one of the first to third electrolumi-
nescent devices may be the electroluminescent device
10 and the rest may be electroluminescent devices in-
cluding a fluorescent material or a phosphor material in-
stead of the quantum dot as the light emitting particle.
[0127] The substrate may be a transparent insulating
substrate or may be made of a ductile material. The sub-
strate may include glass or a polymer material in a film
having a glass transition temperature (Tg) of greater than
about 150 °C. For example, it includes a cycloolefin co-
polymer (COC) or cycloolefin polymer (COP) based ma-
terial.

[0128] The driving circuit is disposed on the substrate
and is independently connected to each of the first to
third electroluminescent devices. The driving circuit may
include at least one set of lines including a scan line, a
data line, a driving power source line, a common power
source line, and the like, atleast two of thin film transistors
(TFT) connected to the wire and corresponding to one
organic light emitting diode, and at least one capacitor,
or the like. The driving circuit may have a variety of the
known structures.

[0129] Asdescribed above, a display device according
to an embodiment may display images having improved
color purity and color reproducibility without separate
light source such as a backlight unit, and particularly may
exhibit improved driving characteristics and life-span
characteristics.

[0130] Hereinafter, the embodiments are illustrated in
more detail with reference to examples. However, these
examples are exemplary, and the present disclosure is
not limited thereto.

EXAMPLES
Example 1

[0131] An indium time oxide (ITO) layer is deposited
on a glass substrate as a first electrode (an anode), and
aPEDOT:PSS layer (hole injection layer) and a poly(9,9-
dioctyl-fluorene-co-N-(4-butylphenyl)-diphenylamine)

(TFB) polymer layer (hole transport layer) are respec-
tively and sequentially formed thereon by using a solution
process. Subsequently, a blue emission layer is formed
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thereon by coating blue quantum dots (ZnTeSe) dis-
persed in an organic solvent and heat-treating it under a
nitrogen atmosphere at 80 °C for 30 minutes.

[0132] On the other hand, ZnO particles having an av-
erage particle diameter of 3 nm are three times washed
andthen, formed into aZnO cluster layer (inorganiclayer)
having a thickness of about 40 nm on the blue emission
layer.

[0133] Subsequently, onthe surface of the ZnO cluster
layer, an organic compound 1 layer which includes an
organic compound 1 (phosphine oxide based compound,
NET-218, Novaled Electron Transport material 218, ob-
tained from Novaled) layer (organic layer) is formed to
be 2 nm to 20 nm thick at a deposition rate of 0.5 A/s to
1.0 AJs, and an Al layer is deposited thereon to manu-
facture an electroluminescent device according to Exam-
ple 1.

Example 2

[0134] An electroluminescent device is manufactured
according to the same method as Example 1 except that
the organic compound 1 and an organic compound 2
(phosphonyl phenol based compound, Novaled Co.,
NDN-87, Novaled Dopant n-side material 87) in a weight
ratio of 1:1 are co-deposited to form an organic com-
pound 1: organic compound 2 blend layer instead of the
organic layer.

Example 3

[0135] An electroluminescent device is manufactured
according to the same method as Example 1, except that
the ZnO cluster layer is formed to have a thickness of 20
nm.

Comparative Example 1

[0136] An electroluminescent device is manufactured
according to the same method as Example 1, except that
the Al layer is formed directly on the ZnO cluster without
forming the organic compound 1 layer.

Comparative Example 2

[0137] An electroluminescent device is manufactured
according to the same method as Example 1, except that
the organic compound 1: organic compound 2 blend layer
is formed on the blue emission layer by twice to three
times washing the ZnO particles having an average par-
ticle diameter of 3 nm and then mixing them with the
organic compound 1 in a weight ratio of 20:1, and then,
the Al layer is deposited thereon.

Comparative Example 3

[0138] An electroluminescent device is manufactured
according to the same method as Comparative Example

10

15

20

25

30

35

40

45

50

55

1"

2, except that the ZnO: organic compound 2 blend layer
is formed by mixing ZnO and the organic compound 2 in
a weight ratio of 20:1 instead of the organic compound 1.

Comparative Example 4

[0139] An electroluminescent device is manufactured
according to the same method as Example 1, except that
the Al layer is formed directly on the ZnO cluster without
forming the organic compound 1 layer.

Characterization

[0140] First, I-V-L characteristics of the electrolumi-
nescent devices according to Example 1 and Compara-
tive Examples 1 to 3 are respectively shown in FIGS. 5
to 7, and J-V characteristics thereof are shown in FIG. 8.
[0141] FIGS. 5to 7 are graphs showing I-V-L charac-
teristics of the electroluminescent devices according to
Example 1 and Comparative Examples 1 to 3; FIG. 5
shows voltage-current density, FIG. 6 shows voltage-lu-
minance, and FIG. 7 shows luminance-external quantum
efficiency (EQE), respectively.

[0142] Referring to FIGS. 5 and 6, Example 1 shows
a lower current density at the same voltage and a lower
luminance at the same voltage compared with Compar-
ative Examples 1 and 2, and the reason is that the organic
compound 1 layer works as an energy barrier and de-
creases current density at a lower voltage.

[0143] However, referring to FIG. 7, Example 1 shows
very excellent external quantum efficiency at luminance
of less than or equal to about 1000 cd/m?2 compared with
the Comparative Examples. In particular, Example 1
shows the best external quantum efficiency (about 1.7
%) at a luminance of about 100 cd/mZ2. In addition, Ex-
ample 1 shows a smaller external quantum efficiency de-
crease at a higher voltage in a higher luminance region
compared with the Comparative Examples, and thus pro-
vides stable driving characteristics.

[0144] In other words, since the organic compound 1
layer is further formed on the ZnO cluster layer and thus
works as an energy barrier against electrons moving from
the Al layer to the ZnO cluster layer, Example 1 has a
slight decrease in current density and luminance but
shows excellent luminous efficiency at low luminance.
[0145] On the other hand, Comparative Example 3
shows lower current density at the same voltage, lower
luminance at the same voltage, and lower external quan-
tum efficiency at the same luminance compared with Ex-
ample 1 as well as Comparative Example 2, and these
results are expected based on a difference of organic
semiconductor materials.

[0146] FIG.8isagraphshowinga voltage-currentden-
sity relationship of the electroluminescent devices ac-
cording to Example 1 and Comparative Examples 1 to
3. FIG. 8 is a graph showing the current density in the y-
axis on a logarithmic scale.

[0147] ReferringtoFIG.8,Example 1 hasaninorganic-
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organic hybrid stacking structure by further forming the
organic compound 1 layer on the surface of the ZnO clus-
ter layer and thus shows about 1,000 times less current
leakage compared with Comparative Example 1 includ-
ing only the ZnO cluster layer.

[0148] On the other hand, when electroluminescence
intensity relative to a wavelength is examined regarding
the electroluminescent device of Example 1, the electro-
luminescent device of Example 1 shows a narrow full
width at half maximum (FWHM) of about 28 nm.

[0149] The electroluminescent devices according to
Example 2 and Comparative Examples 1 and 2 are meas-
ured regarding a luminance decrease depending ontime,
and the results are shown in FIG. 9.

[0150] FIG. 9is a time-luminance graph of the electro-
luminescent devices according to Example 2, Compar-
ative Example 1, and Comparative Example 2.

[0151] Referring to FIG. 9, the electroluminescent de-
vice of Example 2 shows a slower rate of luminance de-
crease compared with those of Comparative Examples
1 and 2, and when Tg is defined as a time when an
electroluminescent device shows 50 % luminance rela-
tive to initial luminance, Example 2 shows the longest
Tsq of 1.42 hours, Comparative Example 1 shows T, of
0.27 hours, and Comparative Example 2 shows Tz of
0.74 hours.

[0152] The life-span characteristics decrease as a
leakage path due to surface morphology of the ZnO clus-
terlayerincreases, and accordingly, Example 2 including
the organic compound 1: organic compound 2 blend layer
covering and minimizing the leakage path of the ZnO
cluster layer shows excellent life-span characteristics
compared with the Comparative Examples.

[0153] On the other hand, I-V-L characteristics of the
electroluminescent devices of Example 3 and Compar-
ative Example 4 are respectively shown in FIGS. 10 to
12, and J-V characteristics are shown in FIG. 13.
[0154] FIGS. 10 to 12 are graphs showing I-V-L char-
acteristics of the electroluminescent devices according
to Example 3 and Comparative Example 4; FIG. 10
shows voltage-current density, FIG. 11 shows voltage-
luminance, and FIG. 12 shows luminance-external quan-
tum efficiency, respectively.

[0155] Referring to FIGS. 10 to 12, Example 3 shows
a slightly lower current density at the same voltage and
a slightly lower luminance at the same voltage, since the
organic compound 1: organic compound 2 blend layer
works as an energy barrier against electrons moving from
the Al layer to the ZnO cluster, and also a very high lu-
minance-external quantum efficiency of about 2.6 % at
a lower luminance of less than or equal to about 500
cd/m2 and particularly, less than or equal to about 100
cd/m2,

[0156] FIG. 13is a voltage-current density graph of the
electroluminescent devices according to Example 3 and
Comparative Example 4. FIG. 13 is a graph showing the
current density in the y-axis on a logarithmic scale.
[0157] Referring to FIG. 13, Example 1 further having
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the organic compound 1: organic compound 2 blend layer
on the surface of the ZnO cluster layer shows an excellent
reduction in leakage current compared with Comparative
Example 4 having only the ZnO cluster layer.

[0158] Whilethisdisclosure hasbeendescribedincon-
nection with what is presently considered to be practical
example embodiments, it is to be understood that the
bounds of this disclosure are not limited to the disclosed
embodiments. On the contrary, it is intended to cover
various modifications and equivalent arrangements in-
cluded within the scope of the appended claims.

Claims
1. An electroluminescent device, comprising:

a first electrode and a second electrode facing
each other;

an emission layer disposed between the first
electrode and the second electrode and com-
prising a plurality of light emitting particles;

a hole transport layer disposed between the first
electrode and the emission layer; and

an electron transport layer disposed between
the emission layer and the second electrode,
wherein the electron transport layer comprises:

aninorganic layer disposed on the emission
layer, the inorganic layer comprising a plu-
rality of inorganic nanoparticles; and
anorganiclayerdirectly disposed on atleast
a portion of an upper surface of the inorgan-
ic layer on a side opposite the emission lay-
er,

and wherein a work function of the organic layer
is higher than a work function of the inorganic
layer.

2. The electroluminescent device of claim 1, wherein
the organic layer completely covers the upper sur-
face of the inorganic layer between the inorganic lay-
er and the second electrode.

3. The electroluminescent device of claim 1 or 2,
wherein the organic layer has a lowest unoccupied
molecular orbital, LUMO, energy level of - 1.8 elec-
tron Volts to -2.8 electron Volts.

4. The electroluminescent device of any preceding
claim, wherein the organic layer has an electron mo-
bility of 10-3 square centimeters per Volt-second to
10-1 square centimeters per Volt-second.

5. The electroluminescent device of any preceding
claim, wherein an inorganic nanoparticle of the plu-
rality of inorganic nanoparticles is ZnO, TiO,, ZrO,,



10.

1.

12.

13.

23
Sn0,, WO, Ta,03, or a combination thereof.

The electroluminescent device of any preceding
claim, wherein an average particle diameter of the
plurality of inorganic nanoparticles is less than or
equal to 150 nanometers.

The electroluminescent device of any preceding
claim, wherein the inorganic layer is disposed on the
emission layer as a cluster layer comprising the plu-
rality of the inorganic nanoparticles, and optionally
wherein the cluster layer is disposed directly on the
emission layer.

The electroluminescent device of claim 7, wherein
the upper surface of the cluster layer comprises a
surface region having two or more grains each com-
prising the inorganic nanoparticles, wherein a grain
boundary is formed between adjacent grains, and
the organic layer fills at least a portion of the grain
boundary.

The electroluminescent device of any preceding
claim, wherein the organic layer comprises an or-
ganic semiconductor compound that is a quinolone-
based compound, atriazine-based compound, a qui-
noline-based compound, a triazole-based com-
pound, a naphthalene-based compound, or a com-
bination thereof.

The electroluminescent device of claim 9, wherein
the organic layer comprises at least two different or-
ganic semiconductor compounds, and optionally
wherein

the organic layer comprises a first organic semicon-
ductor compound and a second organic semicon-
ductor compound that are different from each other,
and

aweightratio of the first organic semiconductor com-
pound and the second organic semiconductor com-
pound in the organic layer is 3:7 to 7:3.

The electroluminescent device of any preceding
claim, wherein an average thickness of the organic
layer is 2 nanometers to 20 nanometers.

The electroluminescent device of any preceding
claim, wherein the electron transport layer further
comprises at least one additional unit comprising a
second inorganic layer and a second organic layer,
wherein the at least one additional unit is alternately
stacked.

The electroluminescent device of any preceding
claim, wherein the plurality of light emitting particles
comprises quantum dots, and optionally wherein the
quantum dots are a Group II-VI compound that does
not comprise Cd, a Group IlI-V compound, a Group
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IV-VI compound, a Group IV element or compound,
a Group I-llI-VI compound, a Group I-lI-IV-VI com-
pound that does not comprise Cd, or a combination
thereof.

The electroluminescent device of claim 13, wherein
the quantum dots have a core-shell structure.

A display device comprising the electroluminescent
device of any preceding claim.
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