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QUANTUM DOT LIGHT EMITTING DEVICE
AND DISPLAY APPARATUS INCLUDING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority of Korean
Patent Application No. 10-2018-0094938 filed on Aug. 14,
2018, which is hereby incorporated by reference in its
entirety.

BACKGROUND

Field of the Disclosure

[0002] The present disclosure relates to a display device,
and more particularly, to a quantum dot light-emitting device
and a display apparatus including the same.

Description of the Background

[0003] Quantum dots (QDs) refer to nanometer-sized
semiconductor nano-particles, and are characterized by a
change in an energy band-gap depending on a size and shape
thereof. The quantum dots have a large surface area per unit
volume, and most of atoms thereof define surfaces of the
nano-particles. The QDs exhibit a quantum confinement
effect. The quantum confinement effect may allow a light-
emitting wavelength to be controlled only by adjusting a size
of the quantum dot. The QDs exhibit excellent color purity
and high PL (photoluminescence) emission efliciency.

[0004] A quantum dot light-emitting device employing
quantum particles such as quantum dots as a material for a
light-emitting layer is attracting attention rather than an
organic electro-luminescent device. The quantum dot light-
emitting device (QD-LED) including a quantum dot-based
light-emitting layer has a basic 3-layers stacked structure of
a hole transport layer (HTL), the quantum dot-based light-
emitting layer, and an electron transport layer (ETL).

SUMMARY

[0005] A purpose of the present disclosure is to provide a
quantum dot light-emitting device with improved external
quantum efficiency and device stability, and a display appa-
ratus including the same.

[0006] The purposes of the present disclosure are not
limited to the above-mentioned purposes. Other purposes
and advantages of the present disclosure, as not mentioned
above, may be understood from the following descriptions
and more clearly understood from the aspects of the present
disclosure. Further, it will be readily appreciated that the
objects and advantages of the present disclosure may be
realized by features and combinations thereof as disclosed in
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of the disclosure,
illustrate aspects of the disclosure and together with the
description serve to explain the principle of the disclosure.
[0008] In the drawings:

[0009] FIG. 1 is a schematic diagram of a quantum dot
light-emitting device according to the present disclosure;
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[0010] FIG. 2 is a schematic band-gap energy diagram of
the quantum dot light-emitting device of FIG. 1;

[0011] FIG. 3 is a scanning electron microscope (SEM)
image of a quantum dot light-emitting device according to
one aspect of the present disclosure;

[0012] FIG. 4 is a graph for comparing lifespan charac-
teristics between quantum dot light-emitting devices accord-
ing to Present Examples of the present disclosure and a
quantum dot light-emitting device according to a Compara-
tive Example; and

[0013] FIG. 5 and FIGS. 6A and 6B show comparison
between FRETs under absence and presence of a buffer layer
between a quantum dot layer and a hole transport layer. FIG.
5 compares reduction characteristics of PL (photolumines-
cence) over a decay time. In FIG. 6 A shows a FRET rate and
FIG. 6B shows a FRET efliciency.

DETAILED DESCRIPTIONS

[0014] Examples of various aspects of the present disclo-
sure are illustrated and described further below. It will be
understood that the description herein is not intended to limit
the claims to the specific aspects described. On the contrary,
it is intended to cover alternatives, modifications, and
equivalents as may be included within the spirit and scope
of the present disclosure as defined by the appended claims.
[0015] For simplicity and clarity of illustration, elements
in the figures are not necessarily drawn to scale. The same
reference numbers in different figures denote the same or
similar elements, and as such perform similar functionality.
[0016] Descriptions and details of well-known steps and
elements are omitted for simplicity of the description. Fur-
thermore, in the following detailed description of the present
disclosure, numerous specific details are set forth in order to
provide a thorough understanding of the present disclosure.
However, it will be understood that the present disclosure
may be practiced without these specific details. In other
instances, well-known methods, procedures, components,
and circuits have not been described in detail so as not to
unnecessarily obscure aspects of the present disclosure.
[0017] It will be understood that, although the terms
“first”, “second”, “third”, and so on 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 used to distinguish one element, component,
region, layer or section from another element, component,
region, layer or section. Thus, a first element, component,
region, layer or section described below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the present
disclosure.

[0018] It will be understood that when an element or layer
is referred to as being “bound to0”, or “coupled to” another
element or layer, it can be directly on, bound to, or coupled
to the other element or layer, or one or more intervening
elements or layers may be present. In addition, it will also be
understood that when an element or layer is referred to as
being “between” two elements or layers, it can be the only
element or layer between the two elements or layers, or one
or more intervening elements or layers may also be present.
[0019] Spatially relative terms, such as “beneath,”
“below,” “lower,” “under,” “above,” “upper,” and the like,
may be used herein for ease of explanation to describe one
element or feature’s relationship to another element s or
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feature s as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” or “under” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, the example terms “below” and
“under” can encompass both an orientation of above and
below. The device may be otherwise oriented for example,
rotated 90 degrees or at other orientations, and the spatially
relative descriptors used herein should be interpreted
accordingly.

[0020] The terminology used herein is for the purpose of
describing particular aspects only and is not intended to be
limiting of the present disclosure. As used herein, the
singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises”, “comprising”, “includes”, and “including”
when used in this specification, specify the presence of the
stated features, integers, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, operations, elements, com-
ponents, and/or portions thereof. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. Expression such as “at least
one of” when preceding a list of elements may modify the
entire list of elements and may not modify the individual
elements of the list.

[0021] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art
to which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0022] As used herein, “Ca to Cb” is defined as a hydro-
carbon group or a hydrocarbon derivative group having a
inclusive to b inclusive carbon atoms, a and b are natural
numbers. As used herein, “a and/or b”* means “a or b” or “a
and b”.

[0023] As used herein, in a phrase “substituted or unsub-
stituted”, a term “substituted” means that at least one hydro-
gen of a hydrocarbon compound or hydrocarbon derivative
is substituted with a hydrocarbon group, a hydrocarbon
derivative group, a halogen or a cyano group (—CN). A term
“unsubstituted” mean that at least one hydrogen of a hydro-
carbon compound or a hydrocarbon derivative is unsubsti-
tuted with a hydrocarbon group, a hydrocarbon derivative
group or a halogen or a cyano group (—CN). Examples of
the hydrocarbon group or the hydrocarbon derivative group
may include C1 to C6 alkyl, C2 to C6 alkenyl, C2 to C6
alkynyl, C6 to C15 aryl, C1 to C6 alkyl C6 to C15 aryl, C6
to C15 aryl C1 to C6 alkyl, C1 to C6 alkylamino, C6 to C15
arylamino, C1 to C6 alkylidene, and the like. The present
disclosure is not limited thereto.

[0024] FIG. 1 is a schematic diagram of a quantum dot
light-emitting device 100 according to the present disclo-
sure. FI1G. 2 is a schematic band-gap energy diagram of the
quantum dot light-emitting device 100 of FIG. 1.
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[0025] Refer to FIG. 1 and FIG. 2, the quantum dot
light-emitting device 100 includes an anode A, a hole
transport layer HTL, a buffer layer B, a light-emitting layer
EML, and a cathode C. The light-emitting layer EML
includes quantum dots QDs, each having a core-shell struc-
ture.

[0026] The hole transport layer HTL is disposed between
the anode A and the cathode C. The light-emitting layer
EML is disposed between the hole transport layer HTL and
the cathode C. The buffer layer B is disposed between the
hole transport layer HTL and the light-emitting layer EML.
[0027] Hereinafter, the anode A, the hole transport layer
HTL, the light-emitting layer EML, the buffer layer B, and
the cathode C will be described in this order.

[0028] The anode A may be made of a doped or undoped
metal oxide selected from a group consisting of indium-tin-
oxide (ITO), indium-tin-zinc-oxide (ITZO), indium-zinc-
oxide (IZO), indium-copper-oxide (ICO), indium oxide
(In,0,), tin oxide (Sn0,), cadmium:zinc oxide (Cd:Zn0O),
fluorine:tin oxide (F:SnO,), indium:tin oxide (In:SnO,),
gallium:tin oxide (Ga:Sn0,), and aluminum:zinc oxide (Al:
Zn0; A70).

[0029] The hole transport layer HTL may serve to trans-
port holes from the anode A to the light-emitting layer EML.
The hole transport layer HTL may have a single layer
structure or a multi-layer structure. The hole transport layer
HTL may be made of an inorganic compound or an organic
compound.

[0030] When the hole transport layer HTL is made of an
organic compound, an example of a material of the hole
transport layer HTL may include at least one selected from
a group consisting of 4,4'-N,N'-dicarbazolyl-biphenyl
(CBP), a-NPD, spiro-NPB, N,N'-diphenyl-N,N'-bis(3-eth-
ylphenyl)-(1,1'-biphenyl)-4,4'-diamine (TPD), N,N'-di(4-
(N,N'-diphenyl-amino)phenyl)-N,N'-diphenylbenzidine
(DNTPD), 4 4' 4"-tris(N-carbazolyl)-triphenylamine
(TCTA), poly(9-vinylcarbazole) (PVK), and PEDOT:PSS.
[0031] When the hole transport layer HTL is made of an
inorganic compound, an example of a material of the hole
transport layer HTL may include at least one selected from
a group consisting of NiO, MoO;, Cr,0,, CuSCN, Mo,S,
Bi,0; and combinations thereof.

[0032] The light-emitting layer EML contains quantum
dots (QDs), each having a core-shell structure that emits red,
green, or blue light. The light-emitting layer EML may be
configured to emit light of any one of red, green, and blue
independently.

[0033] The quantum dot (QD) having the core-shell struc-
ture includes a core, at least one shell that surrounds the
core, and a ligand that surrounds the at least one shell. When
there is more than one shell, the ligand encloses an outer
shell. The ligand may mean a molecule or an ion that binds
to surroundings of a metal ion to form a coordinate bond.
The ligand forms a covalent bond with the metal ion, so that
the ligand is not ionized in an aqueous solution. When the
ligand forms the coordinate bond on a surface of a metal
particle or a semiconductor nano particle, a defect existed on
the surface of the particle can be stabilized and a shape of the
particle can be maintained. Also, dispersion of the particle is
enhanced, so that agglomeration between a particle and a
particle can be prevented.

[0034] An example of a material of each of the core and
the shell may include, but is not limited to, a 1I-VI group
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compound, a III-V group compound, a IV-VI group com-
pound, a IV group element, a IV group compound, or
combinations thereof.

[0035] The II-VI group compound may be selected from a
group consisting of: a binary element compound selected
from a group consisting of CdSe, CdTe, ZnS, ZnSe, ZnTe,
Zn0O, HgS, HgSe, HgTe, MgSe, MgS and combinations
thereof; a ternary element compound selected from a group
consisting of CdSeS, CdSeTe, CdSTe, ZnSeS, ZnSeTe,
ZnSTe, HgSeS, HgSeTe, HgSTe, CdZnS, CdZnSe, CdZnTe,
CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe, HgZnTe,
MgZnSe, MgZnS and combinations thereof; and a quater-
nary element compound selected from a group consisting of
HgZnTeS, CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS,
CdHgSeTe, CdHgSTe, HgZnSeS, HgZnSeTe, HgZnSTe and
combinations thereof.

[0036] The III-V group compound may be selected from a
group consisting of: a binary element compound selected
from a group consisting of GaN, GaP, GaAs, GaSb, AIN,
AlP, AlAs, AlISb, InN, InP, InAs, InSb and combinations
thereof; a ternary element compound selected from a group
consisting of GaNP, GaNAs, GaNSb, GaPAs, GaPSb, AINP,
AINAs, AINSb, AIPAs, AIPSb, InNP, InNAs, InNSb, InPAs,
InPSb, GaAINP and combinations thereof, and a quaternary
element compound selected from a group consisting of
GaAlINAs, GaAINSbh, GaAlPAs, GaAlIPSb, GalnNP, Galn-
NAs, GalnNSbh, GalnPAs, GalnPSbh, InAINP, InAINAs,
InAINSD, InAIPAs, InAIPSb and combinations thereof.
[0037] The IV-VI group compound may be selected from
a group consisting of: a binary element compound selected
from a group consisting of SnS, SnSe, SnTe, PbS, PbSe,
PbTe and combinations thereof; a ternary element com-
pound selected from a group consisting of SnSeS, SnSeTe,
SnSTe, PbSeS, PbSeTe, PbSTe, SnPbS, SnPbSe, SnPbTe
and combinations thereof; and a quaternary element com-
pound selected from a group consisting of SnPbSSe, SnPb-
SeTe, SuPbSTe and combinations thereof. The IV group
element may be selected from a group consisting of Si, Ge
and combinations thereof. The IV group compound may
include a binary element compound selected from a group
consisting of SiC, SiGe and combination thereof.

[0038] The shell has a larger band-gap than the core. As a
result, the quantum dots (QD), each having the core-shell
structure improve quantum yield (QY) and stability com-
pared to quantum dots, each having a single particle type.
[0039] The ligand may include an aliphatic hydrocarbon
compound containing a functional group with an unshared
electron pair, or derivatives thereof, or an aromatic hydro-
carbon compound containing a functional group with an
unshared electron pair, or derivatives thereof. For example,
the functional group with the unshared electron pair may be
selected from a group consisting of a hydroxyl group
(—OH), a carboxyl group (—COOH), an amino group
(—NR, —NH, —NH,, where R is a C1 to C6 monovalent
hydrocarbon group or derivatives thereof) and a thiol group
(—SH).

[0040] An organic material constituting the ligand may
include at least one selected from a group consisting of a
substituted or unsubstituted saturated fatty acid, a substi-
tuted or unsubstituted unsaturated fatty acid, a substituted or
unsubstituted saturated fatty amine, a substituted or unsub-
stituted unsaturated fatty acid amine, a substituted or unsub-
stituted C4 to C34 alkanethiol, a substituted or unsubstituted
C6 to C34 aromatic thiol and combinations thereof.
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[0041] An example of the organic material constituting the
ligand may include at least one selected from a group
consisting of oleic acid, oleylamine, 1-octanethiol, octane-
2-thiol, 1-dodecanethiol, dodecane-2-thiol, lauric acid,
2-methylbenzenethiol, 3-methylbenzenethiol, 4-methylben-
zenethiol and combinations thereof.

[0042] The quantum dots QDs, each having the core-shell
structure may have a full width of half maximum (FWHM)
of a light-emitting wavelength spectrum of about 45 nm or
shorter, about 40 nm or shorter, or about 30 nm or shorter.
Color purity and color reproducibility can be improved in
this FWHM range.

[0043] The quantum dots QDs, each having the core-shell
structure may be synthesized by a wet process in which a
precursor material is placed in an organic solvent and then
particles are grown therein. The quantum dots QDs, each
having the core-shell structure, may emit light beams of
various wavelengths via varying of an energy band-gap
according to a degree of growth of the particles.

[0044] The buffer layer B contains an organic compound
or derivatives thereof. For example, the buffer layer B may
contain an organic compound or derivatives thereof, which
function as the ligand. The buffer layer B may contain the
organic compound or derivatives thereof same as the ligand.
For example, the buffer layer B may be composed of an
organic compound or derivatives thereof. For example, the
buffer layer B may be composed of an organic compound or
derivatives thereof, which function as the ligand. The buffer
layer B may be composed of the organic compound or
derivatives thereof same as the ligand. When an inorganic
material layer instead of the buffer layer B is disposed
between the hole transport layer HTL and the light-emitting
layer EML, following disadvantages may occur.

[0045] Since the inorganic material has a band-gap, the
inorganic material is likely to absorb light emitted from the
quantum dots QDs, each having the core-shell structure.
Thus, a absorption wavelength of the inorganic material
overlaps a light-emission wavelength of the quantum dots
QDs, each having the core-shell structure, resulting in a
fluorescence resonance energy transfer (FRET) phenom-
enon. Since the organic compound or derivatives thereof
constituting the buffer layer B are free of a band-gap, unlike
the inorganic material layer, the buffer layer B does not
cause the FRET phenomenon.

[0046] The inorganic material has the band-gap. Thus,
when a LUMO level of the quantum dots QDs of the
core-shell structure is similar to a LUMO level of the
inorganic material, and even when charges are not inten-
tionally injected, charges may be injected into the quantum
dots QDs of the core-shell structure. Since the organic
compound or derivatives thereof constituting the buffer layer
B are free of a LUMO level, unlike the inorganic material
layer, the buffer layer B has no possibility of injection of the
charges into the quantum dots QDs of the core-shell struc-
ture when charges are not intentionally injected.

[0047] Furthermore, an inorganic material such as silicon
oxide and titanium oxide as mainly used as an insulator has
poor electrical conductivity, thereby deteriorating the light
emitting efficiency of the device. To the contrary, the buffer
layer B is made of an organic material, which functions as
the ligand of the quantum dots QDs of the core-shell
structure. Thus, unlike the inorganic material, the organic
material has no possibility of lowering the electrical con-
ductivity.
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[0048] Otherwise, when the buffer layer B is absent, a
difference between a HOMO (High Occupied Molecular
Orbital) level of the shell of the quantum dot QD of the
core-shell structure and a HOMO level of the hole transport
layer HTL is large, such that charge imbalance occurs.

[0049] A HOMO Ilevel of the buffer layer B is present
between the HOMO level of the hole transport layer HTL
and a HOMO level of the light-emitting layer EML. Thus,
the buffer layer B may serve to lower an energy barrier
between the hole transport layer HTL and the shells of the
quantum dots QDs, each having the core-shell structure.
Thus, the buffer layer B may increase the emission efficiency
of the quantum dot light-emitting device 100 by lowering
the energy barrier between the hole transport layer HTL and
the light-emitting layer EML.

[0050] A difference between the HOMO level of the hole
transport layer HTL and the HOMO level of the shells of the
quantum dots QDs, each having the core-shell structure,
may be greater than or equal to 2.0 eV. A difference between
the HOMO level of the buffer layer B and the HOMO level
of the hole transport layer HTL may be smaller than 2.0 eV.
For example, the difference between the HOMO level of the
buffer layer B and the HOMO level of the hole transport
layer HTL may be greater than or equal to 1.1 ¢V and
smaller than 2.0 eV. Further, for example, the HOMO level
of the buffer layer B may be in a range of -7.35 eV to -6.5
eVv.

[0051] The ligand may escape from the shells of the
quantum dots QDs, each having the core-shell structure,
during a manufacturing process of the device. Due to the
escape of the ligand, a balance between positive and nega-
tive charges on surfaces of the quantum dots QDs is lost
such that a density of the positive charges is higher on the
surfaces of the quantum dots QDs that that of the negative
charges. As a result, the escape of the ligand causes surface
instability of the quantum dots QDs, each having the core-
shell structure, thereby degrading the stability of the device.

[0052] The organic compound or derivatives thereof func-
tion as the ligand of the quantum dot QD of the core-shell
structure. The organic compound or derivatives thereof may
include an aliphatic hydrocarbon compound having a func-
tional group with an unshared electron pair or derivatives
thereof or an aromatic hydrocarbon compound having a
functional group with an unshared electron pair or deriva-
tives thereof. For example, the functional group with the
unshared electron pair may be selected from a group con-
sisting of a hydroxyl group (—OH), a carboxyl group
(—COOQH), an amino group (—NR, —NH, —NH,, where
R is a C1 to C6 monovalent hydrocarbon group or deriva-
tives thereof) and a thiol group (—SH).

[0053] Even when the ligand escapes from the shells of the
quantum dots QDs, the positive and negative charge imbal-
ances on the surfaces of the quantum dots QDs having the
core-shell structures respectively may be mitigated or elimi-
nated by the functional group with the unshared electron
pair. For this reason, the buffer layer B may improve the
stability of the quantum dot light-emitting device 100.

[0054] The organic compound or derivatives thereof con-
stituting the buffer layer B may include at least one selected
from a group consisting of a substituted or unsubstituted
saturated fatty acid, a substituted or unsubstituted unsatu-
rated fatty acid, a substituted or unsubstituted saturated fatty
amine, a substituted or unsubstituted unsaturated fatty acid
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amine, a substituted or unsubstituted C4 to C34 alkanethiol,
a substituted or unsubstituted C6 to C34 aromatic thiol and
combinations thereof.

[0055] An example of each of the organic compound or
derivatives thereof may include at least one selected from a
group consisting of oleic acid, oleylamine, 1-octanethiol,
octane-2-thiol, 1-dodecanethiol, dodecane-2-thiol, lauric
acid, 2-methylbenzenethiol, 3-methylbenzenethiol, 4-meth-
ylbenzenethiol and combinations.

[0056] Otherwise, the absorption wavelength of the hole
transport layer HTL overlaps with the light-emission wave-
length of the quantum dots QDs of the core-shell structure,
resulting in FRET phenomenon. This may reduce the exter-
nal quantum efficiency (EQE) of the quantum dot light-
emitting device 100.

[0057] In accordance with the present disclosure, the buf-
fer layer B is disposed between the hole transport layer HTL
and the light-emitting layer EML. Thus, a distance between
the hole transport layer HTL and the light-emitting layer
EML, specifically, a distance between the hole transport
layer HTL and the quantum dots QDs of the core-shell
structure increases. This may reduce FRET phenomenon
between the hole transport layer HTL and the light-emitting
layer EML. Thus, the buffer layer B may suppress the
degradation of the external quantum efliciency by minimiz-
ing the FRET phenomenon.

[0058] A thickness of the buffer layer B may be in a range
of 0.1 nm to 10 nm. When the thickness of the buffer layer
B is smaller than 0.1 nm, the FRET phenomenon between
the hole transport layer HTL and the light-emitting layer
EML may not be minimized or suppressed. When the
thickness of the buffer layer B is greater than 10 nm, the
charge injection may be degraded.

[0059] The cathode C may be made of at least one selected
from a group consisting of Ca, Ba, Ca/Al, LiF/Ca, LiF/Al,
BaF,/Al, CsF/Al, CaCo,/Al, BaF,/Ca/Al, Al, Mg, Au:Mg or
Ag:Mg.

[0060] In one example, the quantum dot light-emitting
device 100 may further include an electron transport layer
ETL that transports electrons to the light-emitting layer
EML. The buffer layer B is not disposed between the
light-emitting layer EML and the electron transport layer
ETL. The electron transport layer ETL is disposed between
the light-emitting layer EML and the cathode C. The elec-
tron transport layer ETL is in direct contact with the light-
emitting layer EML.

[0061] Hereinafter, comparative experiments for compari-
son between Present Examples and Comparative Example
showing that the buffer layer B contributes to the perfor-
mance improvement of the quantum dot light-emitting
device 100 will be described. The comparative experiments
were carried out using quantum dot light-emitting devices
according to Present Examples and a quantum dot light-
emitting device according to Comparative Example, which
were produced as follows.

EXAMPLE 1

[0062] An ITO substrate was washed with UV ozone, and
then a hole injection layer HIL, a hole transport layer HTL,
a buffer layer B, a light-emitting layer EML, an electron
transport layer ETL and a cathode C are stacked on the ITO
substrate in a following process order (a) to (e). Thus, a
quantum dot light-emitting device (ITO/HIL/HTL/B/EML/
ETL/C) was prepared.



US 2020/0058884 A1l

[0063] FIG. 3 is a scanning electron microscope (SEM)
image of the quantum dot light-emitting device as prepared.
FIG. 3 shows that the hole injection layer (PEDOT:PSS), the
hole transport layer HTL, the buffer layer (Ligand), the
light-emitting layer (QD), the electron transport layer (Zn-
MgO) and the cathode (Al) are sequentially stacked on the
anode (ITO).

[0064] (a) The hole injection layer (thickness 25 nm):
PEDOT:PSS (Sigma-Aldrich) was used for the hole injec-
tion layer. PEDOT:PSS was spin-coated on the ITO sub-
strate, and then was heated and dried at 140° C. for 30
minutes.

[0065] (b) The hole transport layer (thickness 25 nm):
PVK (Sigma-Aldrich) was used for the hole transport layer.
PVK was spin-coated on the hole injection layer and then
dried by heating at 210° C. for 40 minutes.

[0066] (c) The buffer layer (thickness 2 nm to 3 nm): oleic
acid (OA) (Sigma-Aldrich) was used for the buffer layer.
Oleic acid was spin-coated on the hole transport layer and
then dried by heating at 100° C. for 20 minutes.

[0067] (d) The light-emitting layer (thickness 25 nm):
Quantum dots (Sigmia-Aldrich), each having a core (ZnSe)-
shell (ZnS) structure, were used for the light emission layer.
The quantum dots having the core-shell structure were
spin-coated on the buffer layer.

[0068] (e) The electron transport layer (thickness 40 nm):
ZnMgO (Sigma-Aldrich) was used for the electron transport
layer. ZnMgO was spin-coated on the light-emitting layer.
[0069] (f) The cathode (thickness 500 A): Al was used for
the cathode. Al was deposited on the electron transport layer.

EXAMPLE 2

[0070] A quantum dot light-emitting device was fabricated
in the same manner as in Present Example 1 except that
olevlamine (OLA) (Sigma-Aldrich) was used as the buffer
layer material.

EXAMPLE 3

[0071] A quantum dot light-emitting device was fabricated

in the same manner as in Present Example 1 except that
4-methylbenzenethiol (MBT) (Sigma-Aldrich) was used as
the buffer layer material.

EXAMPLE 4

[0072] A quantum dot light-emitting device was fabricated
in the same manner as in Present Example 1 except that
1-dodecanethiol (DDT) (Sigma-Aldrich) was used as the
buffer layer material.

EXAMPLE 5

[0073] A quantum dot light-emitting device was fabricated
in the same manner as in Present Example 1 except that
lauric acid (LA) (Sigma-Aldrich) was used as the buffer
layer material.

COMPARATIVE EXAMPLE 1

[0074] A quantum dot light-emitting device was fabricated
in the same manner as Present Example 1 except that no
buffer layer was formed.

[0075] HOMO levels of oleic acid (OA), oleylamine
(OLA), 4-methylbenzenethiol (MBT), 1-dodecanethiol
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(DDT) and lauric acid (LA) were measured by ultraviolet
photoelectron spectroscopy respectively.

[0076] Analysis equipment: PHI 5000 VersaProbe (UL-
VAC PHI)
[0077] Sample preparation: A 2 wt % oleic acid (OA)

ethanol solution was spin-coated on a 2 cmx2 cm ITO
glass to prepare a present sample 1. A 2 wt % oley-
lamine (OLA) ethanol solution was spin-coated on a 2
cmx2 cm 1TO glass to prepare a present sample 2. A 2
wt % 4-methylbenzenethiol (MBT) ethanol solution
was spin coated on a 2 cmx2 cm ITO glass to prepare
a present sample 3. A 2 wt % 1-dodecanethiol (DDT)
ethanol solution was spin-coated on a 2 cmx2 cm ITO
glass to prepare a present sample 4. A 2 wt % lauric acid
(LA) ethanol solution was spin-coated on a 2 cmx2 cm
ITO glass to prepare a present sample 5.

[0078] Table 1 summarizes the HOMO levels of ITO,

PEDOS: PSS, PVK, OA, OLA, MBT, DDT and LA.

TABLE 1

HOMO level (eV)

ITO -4.7
PEDOT:PSS -5.0
PVK -54
OA -7.28
OLA -7.35
MBT -6.58
DDT -6.96
LA -7.28

Experimental Example 1—FEvaluation of EQE by
Buffer Layer

[0079] Using the quantum dot light-emitting devices
obtained from Present Examples 1 to 5 and the quantum dot
light-emitting device obtained from the Comparative
Example 1, the external quantum efficiency (EQE), lumi-
nance, voltage, color coordinates, FWHM and Wp were
evaluated depending on the absence or presence of the buffer
layer. Measurement results thereof are summarized in Table
2 below.

TABLE 2
Lumi- Color

EQE nance Voltage coordinate

%) (Cdm?) (V) Wp FWHM CIE(x,¥)
Comparative 1.51 4262  4.43 436 19 0.163, 0.022
Example 1
Present 831 2032 4.24 436 19 0.163, 0.022
Example 1
Present 7.74  201.0 431 436 19 0.163, 0.022
Example 2
Present 7.95 2027 4.20 436 19 0.163, 0.022
Example 3
Present 7.62  181.2 431 436 19 0.163, 0.022
Example 4
Present 7.45 1942 4.33 436 19 0.163, 0.022
Example 5
[0080] Referring to Table 2, each of the quantum dot

light-emitting devices of Present Examples 1 to 5 has
significantly improved external quantum efficiency (EQE)
and luminance and low voltage driving characteristics, com-
pared to the quantum dot light-emitting device of Compara-
tive Example 1.
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Experimental Example 2—Device Stability
Evaluvation

[0081] Using the quantum dot light-emitting devices
obtained from Present Examples 1 to 5 and the quantum dot
light-emitting devices obtained from the Comparative
Example 1, we evaluated device stability based on the
absence or presence of the buffer layer.

[0082] FIG. 4 is a graph for comparing lifespan (T90)
characteristics of the quantum dot light-emitting devices
according to Present Examples 1 to 5 and the quantum dot
light-emitting device according to Comparative Example 1.
Referring to FIG. 4, the lifespan (T90) characteristic of each
of the quantum dot light-emitting devices of Present
Examples 1 to 5 is greatly improved compared to that of the
quantum dot light-emitting device of Comparative Example
1.

Experimental Example 3—FRET Reduction
Evaluvation

[0083] The quantum dot layer QD, the buffer layer (Li-
gand) and the hole transport layer HTL were sequentially
spin-coated on a glass in order to prepare a present sample
(QD-Ligand-HTL). The quantum dot layer QD and the hole
transport layer HTL, were sequentially spin-coated onto a
glass to prepare a comparative sample (QD-HTL).
[0084] Then, change of the FRET phenomenon according
to absence and presence of the buffer layer was evaluated
using Quanturus-Tau (Hamamtchu, C11367-31).
[0085] FIG. 5 is a graph for comparing reduction charac-
teristics of PL (photoluminescence) over a decay time.
Referring to FIG. 5, the present sample (QD-ligand-HTL)
was reduced in the FRET compared to the comparative
sample (QD-HTL).
[0086] In FIG. 6A is about the FRET rate. In FIG. 6B is
about the FRET efficiency. Referring to FIGS. 6A and 6B,
the present sample (QD-ligand-HTL) had lower FRET rate
and lower FRET efficiency than those of the comparative
sample (QD-HTL).
[0087] On the other hand, the present disclosure also
provides a display apparatus including the quantum dot
light-emitting device as described above.
[0088] While the aspects have been described with refer-
ence to the accompanying drawings, it is to be understood
that the present disclosure is not limited to the aspects, but
may be embodied in various forms via combinations of
features of the aspects. Those of ordinary skill in the art to
which the present disclosure pertains may understand that
the present disclosure may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics of the present disclosure. It is to be understood,
therefore, that the aspects as described above are in all
respects illustrative and not restrictive.
What is claimed is:
1. A quantum dot light-emitting device, comprising:
an anode;
a cathode;
a hole transport layer disposed between the anode and the
cathode;
a light-emitting layer disposed between the hole transport
layer and the cathode, the light-emitting layer including
a quantum dot having a core-shell structure; and
a buffer layer disposed between the hole transport layer
and the light-emitting layer,
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wherein the buffer layer includes an organic compound or

derivatives thereof.
2. The quantum dot light-emitting device of claim 1,
wherein the quantum dot includes a core, at least one shell
that surrounds the core and a ligand that surrounds the at
least one shell.
3. The quantum dot light-emitting device of claim 2,
wherein the buffer layer includes the ligand.
4. The quantum dot light-emitting device of claim 2,
wherein the organic compound or the derivatives thereof
includes an aliphatic hydrocarbon compound having a func-
tional group with an unshared electron pair or derivatives
thereof, or an aromatic hydrocarbon compound having a
functional group with an unshared electron pair or deriva-
tives thereof.
5. The quantum dot light-emitting device of claim 4,
wherein the organic compound or the derivatives thereof
include:
an aliphatic hydrocarbon compound or derivatives thereof
having a functional group selected from a group con-
sisting of a hydroxyl group (—OH), a carboxyl group
(—COOQOH), an amino group (—NR, —NH, —NH,,
where R is a C1 to C6 monovalent hydrocarbon group
or derivatives thereof) and a thiol group (—SH); or

an aromatic hydrocarbon compound or detivatives thereof
having a functional group selected from a group con-
sisting of a hydroxyl group (—OH), a carboxyl group
(—COOQOH), an amino group (—NR, —NH, —NH,,
where R is a C1 to C6 monovalent hydrocarbon group
or derivatives thereof) and a thiol group (—SH).

6. The quantum dot light-emitting device of claim 5,
wherein the organic compound or the derivatives thereof
includes at least one selected from the group consisting of a
substituted or unsubstituted saturated fatty acid, a substi-
tuted or unsubstituted unsaturated fatty acid, a substituted or
unsubstituted saturated fatty amine, a substituted or unsub-
stituted unsaturated fatty acid amine, a substituted or unsub-
stituted C4 to C34 alkanethiol, a substituted or unsubstituted
C6 to C34 aromatic thiol and combinations thereof.

7. The quantum dot light-emitting device of claim 6,
wherein the organic compound or derivatives thereof
includes at least one selected from the group consisting of
oleic acid, oleylamine, 1-octanethiol, octane-2-thiol, 1-do-
decanethiol, dodecane-2-thiol, lauric acid, 2-methylben-
zenethiol, 3-methylbenzenethiol, 4-methylbenzenethiol and
combinations thereof.

8. The quantum dot light-emitting device of claim 1,
wherein a HOMO level of the buffer layer is present between
a HOMO level of the hole transport layer and a HOMO level
of the light-emitting layer.

9. The quantum dot light-emitting device of claim 8,
wherein a difference between the HOMO level of the buffer
layer and the HOMO level of the hole transport layer is
smaller than 2.0 eV.

10. The quantum dot light-emitting device of claim 9,
wherein the difference between the HOMO level of the
buffer layer and the HOMO level of the hole transport layer
is greater than or equal to 1.1 eV and smaller than 2.0 eV.

11. The quantum dot light-emitting device of claim 8,
wherein the HOMO level of the buffer layer is in a range of
-7.35eV 10 -6.5 eV.

12. The quantum dot light-emitting device of claim 1,
wherein a thickness of the buffer layer is in a range of 0.1 nm
to 10 nm.
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13. The quantum dot light-emitting device of claim 1,
further comprising an electron transport layer disposed
between the light-emitting layer and the cathode, wherein
the electron transport layer is in direct contact with the
light-emitting layer.

14. A quantum dot light-emitting device, comprising:

an anode;

a cathode;

a hole transport layer disposed between the anode and the

cathode;
a light-emitting layer disposed between the hole transport
layer and the cathode, the light-emitting layer including
a quantum dot having a core-shell structure;

an electron transport layer disposed between the light-
emitting layer and the cathode, the electron transport
layer directly in contact with the light-emitting layer;
and

a buffer layer disposed between the hole transport layer

and the light-emitting layer,

wherein the buffer layer includes an organic compound or

derivatives thereof and functions as a ligand.

15. The quantum dot light-emitting device of claim 14,
wherein the organic compound or the derivatives thereof
includes an aliphatic hydrocarbon compound having a func-
tional group with an unshared electron pair or derivatives
thereof, or an aromatic hydrocarbon compound having a
functional group with an unshared electron pair or deriva-
tives thereof.

16. The quantum dot light-emitting device of claim 15,
wherein the organic compound or the derivatives thereof
include:
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an aliphatic hydrocarbon compound or derivatives thereof
having a functional group selected from the group
consisting of a hydroxyl group (—OH), a carboxyl
group (—COOH), an amino group (—NR, —NH,
—NH,, where R is a C1 to C6 monovalent hydrocarbon
group or derivatives thereof) and a thiol group (—SH).

17. The quantum dot light-emitting device of claim 16,
wherein the organic compound or the derivatives thereof
includes at least one selected from the group consisting of a
substituted or unsubstituted saturated fatty acid, a substi-
tuted or unsubstituted unsaturated fatty acid, a substituted or
unsubstituted saturated fatty amine, a substituted or unsub-
stituted unsaturated fatty acid amine, a substituted or unsub-
stituted C4 to C34 alkanethiol, a substituted or unsubstituted
C6 to C34 aromatic thiol and combinations thereof.

18. The quantum dot light-emitting device of claim 17,
wherein the organic compound or derivatives thereof
includes at least one selected from the group consisting of
oleic acid, oleylamine, 1-octanethiol, octane-2-thiol, 1-do-
decanethiol, dodecane-2-thiol, lauric acid, 2-methylben-
zenethiol, 3-methylbenzenethiol, 4-methylbenzenethiol and
combinations thereof.

19. The quantum dot light-emitting device of claim 14,
wherein a HOMO level of the buffer layer is present between
a HOMO level of the hole transport layer and a HOMO level
of the light-emitting layer.

20. The quantum dot light-emitting device of claim 19,
wherein a difference between the HOMO level of the buffer
layer and the HOMO level of the hole transport layer is
smaller than 2.0 eV.
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