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FIG. 1
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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2015-0187560,
filed on Dec. 28, 2015, in the Korean Intellectual Property
Office, and entitled: “Organic Light Fmitting Diode and
Organic Light Emitting Diode Display Device Including the
Same,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Embodiments relate to an organic light emitting
element and an organic light emitting display device includ-
ing the same.

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode (OLED) display
device is a self-emissive display element having advantages
of a wide viewing angle, excellent contrast, and a fast
response time.

[0006] The organic light emitting diode (OLED) display
device includes an organic light emitting element for light
emission. The organic light emitting element forms excitons
from combination of electrons injected from one electrode
and holes injected from another electrode in an emission
layer. The excitons emit energy in the form of light is
emitted.

SUMMARY

[0007] Embodiments are directed to an organic light emit-
ting element including a first electrode a second electrode
that faces the first electrode, an emission layer between the
first electrode and the second electrode, the emission layer
including quantum dots, and a hole transport layer between
the first electrode and the emission layer. The quantum dots
include at least one of a Group I-VI compound, a Group
1I-VI compound, and a Group 11I-VI compound. The hole
transport layer includes at least one of a p-doped Group I-VI
compound, a p-doped Group II-VI compound, and a
p-doped Group I11-VI compound.

[0008] The quantum dots may include at least one of
In,S;, Cu,S, Ag,S, ZnSe, ZnS, ZnO, ZnTe, ZnSe, and ZnS.
[0009] The quantum dots may each have a core/shell
structure in which the shell covers the core. The core and the
shell may each include at least one of In,S;, Cu,S, Ag,S,
ZnSe, 708, Zn0, ZnTe, ZnSe, and ZnS.

[0010] The core may include at least one of In,S;, Cu,S,
and Ag,S. The shell may include at least one of ZnSe and
ZnS.

[0011] The hole transport layer may include at least one of
p-In, S5, p-Cu,S, p-Ag,S, p-ZnSe, p-ZnS, p-ZnO, p-ZnTe,
p-ZnSe, and p-ZnS.

[0012] A p-dopant of the at least one of p-In,S;, p-Cu,S,
p-Ag,S, p-ZnSe, p-ZnS, p-Zn0, p-ZnTe, p-ZnSe, and p-ZnS
may be a metal or a halogen element.

[0013] The hole transport layer may include a compound
doped with the p-type dopant, wherein the compound of the
hole transport layer is the same as the compound of the core
of the quantum dots.

[0014] The core of the quantum dots may include at least
one of In,S;, Cu,S, and Ag,S. The shell of the quantum dots

Jun. 29,2017

may include at least one of ZnSe and ZnS. The hole transport
layer includes at least one of p-ZnSe, p-ZnS, and p-ZnTe.

[0015] The organic light emitting element may further
include an electron transport layer between the emission
layer and the second electrode.

[0016] The electron transport layer may include at least
one of an n-doped Group I-VI compound, an n-doped Group
11-VI compound, and an n-doped Group ITI-VI compound.
[0017] The electron transport layer may include at least
one of n-In,S;, n-Cu,S, n-Ag,S, n-ZnSe, n-ZnS, n-Zn0O,
n-ZnTe, n-ZnSe, and n-ZnS.

[0018] The core of the quantum dots may include at least
one of In,S;, Cu,S, and Ag,S. The shell of the quantum dots
may include at least one of ZnSe and ZnS. The hole transport
layer includes at least one of p-ZnSe, p-ZnS, and p-ZnTe.

[0019] Embodiments are also directed to an organic light
emitting diode display, including a substrate, a thin film
transistor on the substrate, a first electrode connected with
the thin film transistor, a hole transport layer on the first
electrode, an emission layer on the hole transport layer, the
emission layer including quantum dots, and a second elec-
trode on the emission layer. The quantum dots may include
at least one of a Group 1-VI compound, a Group II-VI
compound, and a Group I1I-VI compound. The hole trans-
port layer may include at least one of a p-doped Group I-VI
compound, a p-doped Group II-VI compound, and a
p-doped Group I11-VI compound.

[0020] The quantum dots may include at least one of
In,S;, Cu,S, Ag,S, ZnSe, ZnS, ZnO, ZnTe, ZnSe, and ZnS.
[0021] The quantum dots may include a core/shell struc-
ture in which the shell covers the core. The core may include
at least one of In,S;, Cu,S, and Ag,S. The shell may include
at least one of ZnSe and ZnS. The hole transport layer may
include at least one of p-ZnSe, p-ZnS, and p-ZnTe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0023] FIGS. 1 and 6 illustrate a cross-sectional views of
an organic light emitting diode display according to exem-
plary embodiments.

[0024] FIG. 2 illustrates a partially enlarged cross-sec-
tional view of the organic light emitting diode display of
FIG. 1.

[0025] FIG. 3 to FIG. 5 illustrate schematic diagrams
depicting an energy level of each layer of the organic light
emitting diode display according to the exemplary embodi-
ment.

DETAILED DESCRIPTION

[0026] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0027] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
Like reference numerals refer to like elements throughout.
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[0028] FIG. 1 illustrates a cross-sectional view of an
organic light emitting diode display according to an exem-
plary embodiment, and FIG. 2 illustrates a partially enlarged
cross-sectional view of the organic light emitting diode
display of FIG. 1.

[0029] Referring to FIG. 1 and FIG. 2, an organic light
emitting diode (OLED) display device according to an
exemplary embodiment may include a substrate 123, a thin
film transistor 130, a first electrode 160, a second electrode
180, and an emission element layer 170 disposed between
the first electrode 160 and the second electrode 180.
[0030] The emission element layer 170 may include a hole
transport layer 171, an emission layer 173, and an electron
transport layer 175.

[0031] The hole transport layer 171 and the electron
transport layer 175 may respectively be formed as a single
layer or as multiple layers. For example, the hole transport
layer 171 may include a hole injection layer and a hole
transporting layer. The electron transport layer 175 may
include an electron transporting layer and an electron injec-
tion layer.

[0032] The first electrode 160 may be an anode and the
second electrode 180 may be a cathode, or the first electrode
160 may be a cathode and the second electrode 180 may be
an anode.

[0033] The substrate 123 may be an insulating substrate.
For example, the substrate may be made of glass, quartz,
ceramic, plastic, or the like. In some implementations, the
substrate 123 may be a metallic substrate that is made of
stainless steel or the like or may be made of an organic
material such as a polycarbonate, polymethylmethacrylate,
polyethylene terephthalate, polyethylene naphthalate, a
polyamide, polyether sulfone, or a combination thereof, or
of a silicon wafer.

[0034] A substrate buffer layer 126 may be provided on the
substrate 123. The substrate buffer layer 126 may be made
of a suitable material to prevent permeation of an impurity
element, and provide a flat surface. For example, the sub-
strate buffer layer 126 may be formed of at least one of a
silicon nitride (SiN,) layer, a silicon oxide (SiO,) layer, and
a silicon oxynitride (SiO,N,) layer. In some implementa-
tions, the substrate buffer layer 126 may be omitted, depend-
ing on types and process conditions of the substrate 123.
[0035] A driving semiconductor layer 137 may be pro-
vided on the substrate buffer layer 126. The driving semi-
conductor layer 137 may be formed as a polysilicon layer.
The driving semiconductor layer 137 may include a channel
region 135 that is not doped with an impurity, a source
region 134, and a drain region 136. The source region 134
and the drain region 136 may be doped and may be disposed
at opposite ends of the channel region 135. The doped ion
impurity may be selected depending on the type of a thin
film transistor.

[0036] A gate insulating layer 127 that is formed of a
silicon nitride (SiNx) or a silicon oxide (SiOy) may be
provided on the driving semiconductor layer 137. Gate wires
including a driving gate electrode 133 may be provided on
the gate insulating layer 127. The driving gate electrode 133
may overlap at least a part of the driving semiconductor
layer 137. For example, the driving gate electrode 133 may
overlap the channel region 135.

[0037] An interlayer insulating layer 128 that covers the
driving gate electrode 133 may be provided on the gate
insulating layer 127. A first contact hole 122a and a second
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contact hole 1224 that expose the source region 134 and the
drain region 136 may be provided in the gate insulating layer
127 and the interlayer insulating layer 128. Similar to the
gate insulating layer 127, the interlayer insulating layer 128
may be made by using a ceramic-based material such as a
silicon nitride (SiNx) or a silicon oxide (SiOy).

[0038] Data wires including a source driving electrode 131
and a driving drain electrode 132 may be provided on the
interlayer insulating layer 128. The driving source electrode
131 and the driving drain electrode 132 may be respectively
connected with the source region 134 and the drain region
136 of the driving semiconductor layer 137 through the first
contact hole 122a and the second contact hole 1224 respec-
tively provided in the interlayer insulating layer 128 and the
gate insulating layer 127.

[0039] As described, the driving semiconductor layer 137,
the driving gate electrode 133, the driving source electrode
131, and the driving drain electrode 132 form a driving thin
film transistor 130. The configuration of the driving thin film
transistor 130 may be variously modified.

[0040] A planarization layer 124 covering the data wire
may be provided on the interlayer insulating layer 128. The
planarization layer 124 may serve to remove and planarize
a step in order to increase emission efficiency of the organic
light emitting element to be formed thereon. The planariza-
tion layer 124 may include a third contact hole 122¢ expos-
ing a part of the drain electrode 132.

[0041] The planarization layer 124 may be made of one or
more materials including a polyacrylate resin, an epoxy
resin, a phenolic resin, a polyamide resin, a polyimide resin,
an unsaturated polyester resin, a polyphenylene ether resin,
a polyphenylene sulfide resin, and benzocyclobutene (BCB).

[0042] In some implementations, one of the planarization
layer 124 and the interlayer insulating layer 128 may be
omitted.

[0043] A first electrode of the organic light emitting ele-
ment, for example, a pixel electrode 160, may be formed on
the planarization layer 124. The organic light emitting diode
device may include a plurality of pixel electrodes 160 that
are disposed for each of a plurality of pixels, respectively.
The plurality of pixel electrodes 160 may be spaced apart
from each other. The pixel electrode 160 may be connected
to the drain electrode 132 through the third contact hole 122¢
of the planarization layer.

[0044] A pixel defining layer 125 including an opening
that exposes the pixel electrode 160 may be formed is
provided on the planarization layer 124. The pixel defining
layer 125 may have a plurality of openings, each opening
being formed for a respective one of the pixels. The emission
element layer 170 may be formed with respect to each
opening that is formed by the pixel defining layer 125.
Accordingly, a pixel area in which each emission element
layer 170 is located in at an opening defined by the pixel
defining layer 125 may be formed.

[0045] The pixel electrode 160 may be disposed to corre-
spond to the opening of the pixel defining layer 125. In some
implementations, the pixel electrode 160 may be disposed
below the pixel defining layer 125 such that a part of the
pixel electrode 160 overlaps with the pixel defining layer
125.

[0046] The pixel defining layer 125 may be made of a
resin such as a polyacrylate resin and a polyimide, a silica-
based inorganic material, or the like.
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[0047] The emission element layer 170 may be provided
on the pixel electrode 160. A structure of the emission
element layer 170 will be described in detail below.
[0048] The second electrode, for example, a common
electrode 180, may be provided on the light-emitting ele-
ment layer 170. As described, an organic light emitting
element LD including the pixel electrode 160, the emission
element layer 170, and the common electrode 180 may be
formed.

[0049] The pixel electrode 160 and the common electrode
180 may be made of a transparent conductive material or a
transflective or reflective conductive material. According to
kinds of materials forming the pixel electrode 160 and the
common electrode 180, the organic light emitting diode
device may be a top emission type, a bottom emission type,
or a double-sided emission type.

[0050] An overcoat 190 covering and protecting the com-
mon electrode 180 may be formed as an organic layer on the
common electrode 180.

[0051] Inaddition, a thin film encapsulation layer 121 may
be formed on the overcoat 190. The thin film encapsulation
layer 121 may encapsulate and protect the organic light
emitting element LD and a driving circuit part formed on the
substrate 123 from the external environment.

[0052] The thin film encapsulation layer 121 may include
organic encapsulation layers 121a and 121¢ and inorganic
encapsulation layers 1215 and 1214 that are alternately
laminated. In FIG. 1, for example, a case where two organic
encapsulation layers 121¢ and 121c¢ and two inorganic
encapsulation layers 1216 and 1214 are alternately lami-
nated to configure the thin film encapsulation layer 121 is
illustrated. The structure of the thin film encapsulation layer
121 may be variously modified as desired.

[0053] An organic light emitting element (LD) according
to the exemplary embodiment will be described in detail
with reference to FIG. 2. FIG. 2 is a partially enlarged
cross-sectional view of the organic light emitting diode
display of FIG. 1 (i.e., the portion X in FIG. 1).

[0054] The organic light emitting element according to the
exemplary embodiment may have a structure in which the
first electrode 160, the hole transport layer 171, the emission
layer 173, the electron transport layer 175, and the second
electrode 180 are sequentially layered.

[0055] For example, the emission element layer 170 of
FIG. 1 may include the hole transport layer 171, the emis-
sion layer 173, and the electron transport layer 175 of FIG.
2.

[0056] When the first electrode 160 is an anode, a material
selected from materials having a high work function may be
selected for easy hole injection.

[0057] The first electrode 160 according to the exemplary
embodiment may be a transparent electrode, and may be
formed of a conductive oxide such as indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc tin oxide (ZTO),
copper indium oxide (CIO), copper zinc oxide (CZO),
gallium zinc oxide (GZO), aluminum zinc oxide (AZO), tin
oxide (Sn0,), zinc oxide (ZnO), or a combination thereof, a
metal such as sodium (Ca), ytterbium (Yb), aluminum (Al),
silver (Ag), and magnesium (Mg), or a conductive polymer
such as graphene, carbon nanotubes, or poly(3,4-ethylene-
dioxythiophene) polystyrene sulfonate (PEDOT:PSS), with
a small thickness. In some implementations, the first elec-
trode 160 may have a structure in which two or more layers
are layered.
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[0058] The hole transport layer 171 may be disposed on
the first electrode 160. The hole transport layer 171 may
serve to inject and transport holes to the emission layer 173
from the first electrode 160.

[0059] The hole transport layer 171 may include a Group
1-VI compound, Group 1I-VI compound, Group III-VI com-
pound, or a combination thereof. These compounds are
doped with a p-type dopant.

[0060] Here, the p-type dopant may be a metal or a
halogen element.

[0061] For example, the hole transport layer 171 may
include, for example, one or more of p-In,S;, p-Cu,S,
p-Ag.S, p-ZnSe, p-ZuS, p-ZnO, p-ZnTe, p-ZnSe, and
p-ZnS, where p-In,S,, p-Cu,S, p-Ag,S, p-ZnSe, p-ZnS,
p-Zn0, p-ZnTe, p-ZnSe, and p-ZnS refer to In,S,, Cu,S,
Ag,S, 7ZnSe, ZuS, 7n0, ZnTe, ZnSe, and ZnS doped with a
p-type dopant.

[0062] The hole transport layer 171 includes a material to
which the p-type dopant is applied such that a driving
voltage of the organic light emitting element can be reduced,
thereby improving a hole injection characteristic.

[0063] The hole transport layer 171 may be formed as a
single layer. In some implementations, the hole transport
layer 171 may be formed as a multilayer where two or more
layers are stacked.

[0064] The emission layer 173 may be provided on the
hole transport layer 171. The emission layer 173 may
include an emission material that displays a specific color.
For example, the emission layer 173 may display a basic
color such as blue, green, or red, or a combination thereof.
[0065] The emission material included in the emission
layer 173 according to the exemplary embodiment may
include quantum dots.

[0066] The quantum dots included in the emission layer
173 according to the exemplary embodiment may include a
Group I-VI compound, a Group II-VI compound, a Group
1I-VI compound, or a combination thereof.

[0067] The quantum dots included in the emission layer
173 may include one or more selected from In,S,, Cu,S,
Ag,S, ZnSe, 718, ZnO, ZnTe, ZnSe, and ZnS, as examples.
[0068] The quantum dots may have a core/shell structure
where one quantum dot surrounds another quantum dot. An
interface between the core and the shell may have a con-
centration gradient, such that a concentration of an element
existing in the shell is gradually reduced nearing to the
center thereof.

[0069] The core may be a Group I-VI compound, a Group
11-VI compound, or a Group I1I-VI compound. The core may
include one or more materials selected from In,S,, Cu,S,
Ag,S, ZnSe, Z1S, ZnQ, ZnTe, ZnSe, and ZnS, as examples.
The shell may be a Group 1-VI compound, a Group I1-VI
compound, or a Group III-VI compound. The shell may
include one or more materials selected from In,S,, Cu,S,
Ag,S, ZnSe, ZuS, ZnQ, ZnTe, ZnSe, and Zn8S, as examples.
For example, the shell may include ZnSe or ZnS.

[0070] An average particle diameter of the core of the
core/shell quantum dot may be 2 nm to 5 nm. An average
thickness of the shell may be 3 nm to 5 nm. The average
particle diameter of the quantum dot may be 5 nm to 10 nm.
In the case where the core, the shell, and the quantum dot
satisfy the aforementioned range of the average particle
diameter or average thickness, a characteristic behavior as
the quantum dot may be performed. In a composition for
forming a pattern, excellent dispersibility may be secured. In
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the aforementioned range, by variously selecting the particle
diameter of the core, the average thickness of the shell, and
the average particle diameter of the quantum dots, light
emitting colors of the quantum dots and/or semiconductor
characteristics of the quantum dots and the like may be
variously selected.

[0071] Further, the quantum dots may be in a suitable form
such as spherical, pyramidal, multi-armed, or cubic nano-
particles, nanotubes, nanowires, nanofibers, or nanoplate-
shaped particles.

[0072] The quantum dot may further include a ligand that
is formed in the surface of the shell and chemically bonded
thereto. The ligand may include an organic functional group.
For example, the ligand may include oleate or trioctyl
phosphine.

[0073] The hole transport layer 171 according to an
embodiment may include P-type quantum dots where a
P-type dopant is applied to quantum dots that are the same
as the quantum dots included in the emission layer 173.
[0074] A general hole transport layer applied to a organic
light emitting diode display generally includes an organic
material. An energy level of the hole transport layer that
includes the organic material and an energy level of the
emission layer may be significantly different from each
other. Such an energy level difference between the hole
transport layer and the emission layer may interfere with
hole injection into the emission layer.

[0075] In contrast, the electron transport layer including a
zinc (Zn) compound and the emission layer may not have a
significant energy level difference. Thus electron injection
may be be relatively smoothly performed in the organic light
emitting diode display.

[0076] As described above, hole injection may not be
smoothly performed by a general hole injection layer due to
the big energy level difference between the hole transport
layer and the emission layer, but electron injection may be
smoothly performed when the electron transport layer and
the emission layer have a small energy level difference.
Accordingly, electrons and holes combined in the emission
layer may be imbalanced, and thereby, stability and lumi-
nous efficiency of a general organic light emitting element
may be deteriorated.

[0077] In the organic light emitting diode display includ-
ing the quantum dots according to the exemplary embodi-
ment, the hole transport layer may be formed with quantum
dots to which the p-type dopant is applied. The quantum dots
may have a similar energy level as the quantum dots
included in the emission layer such that an energy level
difference between the hole transport layer and the emission
layer may be minimized. Accordingly hole injection may be
smoothly performed. When the holes are smoothly injected,
balancing between the electrons and holes combined in the
emission layer may be enhanced, thereby improving stabil-
ity and emission efficiency of the organic light emitting
element.

[0078] The electron transport layer 175 may be disposed
on the emission layer 173. The electron transport layer 175
may serve to inject and transport electrons to the emission
layer 173 from the second electrode 180.

[0079] The electron transport layer 175 may include an
N-type Group I-VI compound, Group II-VI compound,
Group II1-VI compound, or a combination thereof. These
compounds may be doped with an n-type dopant.
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[0080] For example, the electron transport layer 175 may
include one or more selected from n-In,S;, n-Cu,S, n-Ag,S,
n-ZnSe, n-ZnS, n-ZnO, n-ZnTe, n-ZnSe, and n-ZnS, as
examples.

[0081] The electron transport layer 175 may be formed as
a single layer. In some implementations, the electron trans-
port layer 175 may be formed as a multilayer where two or
more layers are stacked.

[0082] The second electrode 180 may be provided on the
electron transport layer 175. In the organic light emitting
diode display according to the exemplary embodiment, the
first electrode 160 may be provided as an anode, and the
second electrode 180 may be a cathode.

[0083] The second electrode 180 may be a transparent
electrode. The second electrode 180 may be formed of a
conductive oxide such as indium tin oxide (ITO), indium
zine oxide (1ZO), zinc tin oxide (ZTO), copper indium oxide
(CIO), copper zinc oxide (CZ0), gallium zinc oxide (GZ0),
aluminum zinc oxide (AZ0), tin oxide (SnO,), zinc oxide
(ZnO), or a combination thereof, a metal such as sodium
(Ca), ytterbium (Yb), aluminum (Al), silver (Ag), and
magnesium (Mg), or a conductive polymer such as gra-
phene, carbon nanotubes, or PEDOT:PSS, with a small
thickness. In some implementations, the second electrode
180 may have a structure in which two or more layers are
stacked.

[0084] Hereinafter, an energy level of the organic light
emitting diode display according to the exemplary embodi-
ment will be described with reference to FIG. 3 to FIG. 5.
[0085] FIG. 3 to FIG. 5 are schematic diagrams that show
an energy level of each level of the organic light emitting
diode display according to the exemplary embodiment.
[0086] FIG. 3 illustrates an energy level of the organic
light emitting diode display of which Cu,S/ZnS is applied as
a core/shell of the quantum dots of the emission layer 173
and p-ZnTe and p-ZnSe are applied to the hole transport
layer 171. In addition, FIG. 4 and FIG. 5 show an energy
level of the organic light emitting diode display, which is the
same as that of FIG. 3, except that Ag,S/ZnS and In,S;/ZnS
are respectively applied as the core/shell of the quantum
dots.

[0087] InFIG. 3 to FIG. 5, a first direction D1 sequentially
represents an energy level 7 of the cathode, a highest
occupied molecular orbital (HOMO) energy level 6H and a
lowest unoccupied molecular orbital (LUMO) energy level
6L of the electron transport layer, a HOMO energy level SH
and a LUMO energy level 5L of the emission layer, a
HOMO energy level 4H and a LUMO energy level 4L of the
hole transport layer, and an energy level 3 of the anode.
[0088] Further, a second direction D2 represents an energy
level (eV) with reference to a vacuum level (VL). The term
“work function” indicates energy required to migrate a
charge at a Fermi level to a vacuum level (VL). Therefore,
the energy levels shown in FIG. 3 to FIG. § are equivalent
to the absolute value of a work function.

[0089] First, the migration of holes injected to the anode
will be described.

[0090] Holes may be injected from the anode and then
reach the HOMO S5H of the emission layer through the
HOMO 4H of the hole transport layer.

[0091] The hole transport layer and the emission layer of
the organic light emitting diode display according to the
present exemplary embodiment include materials that have
similar energy levels. The energy level 3 of the anode, the
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HOMO 4H of the hole transport layer, and the HOMO 5H
of the emission layer, for example, a migration path of the
holes, may have similar energy levels, and accordingly holes
can smoothly migrate along the migration path.
[0092] The holes may sequentially migrate along the
anode, the hole transport layer, and the emission layer with
such an energy level.
[0093] When electrons migrate from the cathode, the
electrons pass through the LUMO 6L of the electron trans-
port layer and reach the LUMO 5L of the emission layer.
[0094] In addition, as shown in FIG. 3 to FIG. 5, in a
migration path of electrons, from the cathode, the electron
transport, and the emission layer, the energy level 7 of the
cathode, the LUMO (6L) of the electron transport layer, and
LUMO (5L) of the emission layer may also have similar
energy levels, and accordingly, electron migration also can
be smoothly performed.
[0095] As described, according to the exemplary embodi-
ment, the hole transport layer of the organic light emitting
element may be formed as a P-type material of which an
energy level is similar to a material included in the emission
layer such that holes and electrons can be injected in
balance, thereby enhancing stability and emission efliciency
of the organic light emitting element.
[0096] By way of summation and review, in a general
OLED display, holes may not be efficiently injected into the
emission layer from the hole transfer, thereby creating an
undesirable imbalance between electrons and holes.
[0097] Embodiments provide an organic light emitting
element having excellent stability and emission efficiency, in
which holes and electrons including quantum dots may be
injected in balance, and an organic light emitting diode
display including the same.
[0098] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope
thereof as set forth in the following claims.
What is claimed is:
1. An organic light emitting element, comprising:
a first electrode;
a second electrode that faces the first electrode;
an emission layer between the first electrode and the
second electrode, the emission layer including quantum
dots; and
a hole transport layer between the first electrode and the
emission layer,
wherein the quantum dots include at least one of a Group
1-VI compound, a Group I1I-VI compound, and a Group
1I-VI compound, and
the hole transport layer includes at least one of a p-doped
Group I-VI compound, a p-doped Group II-VI com-
pound, and a p-doped Group II1-VI compound.
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2. The organic light emitting element as claimed in claim
1, wherein the quantum dots each include at least one of
In,S;, Cu,S, Ag,S, ZnSe, ZnS, ZnO, ZnTe, ZnSe, and 7ZnS.

3. The organic light emitting element as claimed in claim
2, wherein:

the quantum dots have a core/shell structure in which the

shell covers the core, and

the core and the shell each include at least one of In,S,,

Cu,S, Ag,S, ZnSe, Zn8, ZnO, ZnTe, ZnSe, and ZnS.

4. The organic light emitting element as claimed in claim
3, wherein:

the core of the quantum dots includes at least one of In, S,

Cu,S, and Ag,S, and

the shell of the quantum dots includes at least one of ZnSe

and ZnS.

5. The organic light emitting element as claimed in claim
3, wherein the hole transport layer includes at least one of
p-In, S5, p-Cu,S, p-Ag,S, p-ZnSe, p-ZnS, p-ZnO, p-ZnTe,
p-ZnSe, and p-ZnS.

6. The organic light emitting element as claimed in claim
5, wherein a p-dopant of the at least one of p-In,S,, p-Cu,S,
P-Ag,S, p-ZuSe, p-Zn8, p-ZnO, p-ZnTe, p-ZnSe, and p-ZnS
is a metal or a halogen element.

7. The organic light emitting element as claimed in claim
5, wherein the hole transport layer includes a same com-
pound as the core of the quantum dots, the compound of the
hole transport layer being further doped with a p-dopant.

8. The organic light emitting element as claimed in claim
2, wherein:

the core of the quantum dots includes at least one of In,S,,

Cu,S, and Ag,S,

the shell of the quantum dots includes at least one of ZnSe

and ZnS, and

the hole transport layer includes at least one of p-ZnSe,

p-ZnS, and p-ZnTe.

9. The organic light emitting element as claimed in claim
1, further comprising an electron transport layer between the
emission layer and the second electrode.

10. The organic light emitting element as claimed in claim
9, wherein the electron transport layer includes at least one
of an n-doped Group I-VI compound, an n-doped Group
11-VI compound, and an n-doped Group III-VI compound.

11. The organic light emitting element as claimed in claim
10, wherein the electron transport layer includes at least one
of n-In,S;, n-Cu,S, n-Ag,S, n-ZnSe, n-ZnS, n-Zn0, n-ZnTe,
n-ZnSe, and n-ZnS.

12. An organic light emitting diode display, comprising:

a substrate;

a thin film transistor on the substrate;

a first electrode connected with the thin film transistor;

a hole transport layer on the first electrode;

an emission layer on the hole transport layer, the emission

layer including quantum dots; and
a second electrode on the emission layer,
wherein the quantum dots includes at least one of a Group
1-VI compound, a Group II-VI compound, and a Group
1I-VI compound, and

the hole transport layer includes at least one of a p-doped
Group I-VI compound, a p-doped Group II-VI com-
pound, and a p-doped Group III-VI compound.

13. The organic light emitting diode display as claimed in
claim 12, wherein quantum dots include at least one of
In,S;, Cu,S, Ag,S, ZnSe, ZnS, Zn0O, ZnTe, ZnSe, and 7nS.
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14. The organic light emitting diode display as claimed in
claim 13, wherein:

the quantum dots include a core/shell structure in which
the shell covers the core,

the core includes at least one of In,S;, Cu,S, and Ag,S,

the shell includes at least one of ZnSe and ZnS, and

the hole transport layer includes at least one of p-ZnSe,
p-ZnS, and p-ZnTe.

# % % k&
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