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(57) ABSTRACT

An organic light emitting device includes: a first electrode;
a second electrode that overlaps the first electrode; and an
organic layer that is disposed between the first electrode and
the second electrode, wherein the organic layer comprises a
hole transport region that includes a hole transport material
and a p-dopant, and wherein when a doping amount of the
p-dopant doped to the hole transport region exceeds 1 wt %,
the following Equation 1 is satisfied, while when the doping
amount of the p-dopant is 1 wt % or less than 1 wt %, the
following Equation 2 is satisfied:

HOMO_HTM-LUMO_p-dopant<-0.05 eV [Equation 1]

HOMO_HTM-LUMO_p-dopant>-0.05 eV

In Equation 1 and Equation 2, HOMO_HTM denotes
HOMO energy of the hole transport material and LUMO_p-
dopant denotes LUMO energy of the p-dopant.

[Equation 2]
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ORGANIC LIGHT EMITTING DEVICE AND
DISPLAY DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2017-0121288, filed in
the Korean Intellectual Property Office on Sep. 20, 2017, the
entire content of which is incorporated herein by reference.

BACKGROUND

1. Field

The present disclosure relates to an organic light emitting
device and a display device including the same.

2. Description of the Related Art

An organic light emitting device as a self-light emitting
device has enhanced features of a large viewing angle,
excellent contrast, and/or a fast response time, and is capable
of representing various colors, compared to a conventional
device.

The organic light emitting device may have a structure in
which a first electrode is disposed on a substrate, and a hole
transport region, an emission layer, an electron transport
region, and a second electrode are sequentially formed on
the first electrode. Holes injected from the first electrode
move to the emission layer via the hole transport region, and
electrons injected from the second electrode move to the
emission layer via the electron transport region. Carriers
such as holes and electrons are recombined in an emission
region and generate excitons. Light is emitted when the
excitons transition from an excited state to a ground state.

The above information disclosed in this Background
section is only for enhancement of understanding of the
background of the invention and therefore it may contain
information that does not form the prior art that is already
known to a person of ordinary skill in the art.

SUMMARY

The present invention has been made in an effort to
provide an organic light emitting device, and a display
device including the same.

An organic light emitting device according to an exem-
plary embodiment includes: a first electrode; a second
electrode that overlaps the first electrode; and an organic
layer between the first electrode and the second electrode,
wherein the organic layer includes a hole transport region
that includes a hole transport material and a p-dopant, and
wherein when a doping amount of the p-dopant doped to the
hole transport region exceeds 1 wt %, the following Equa-
tion 1 is satisfied, and when the doping amount of the
p-dopant is 1 wt % or less than 1 wt %, the following
Equation 2 is satisfied:

HOMO_HTM-LUMO _p-dopant<-0.05 eV Equation 1

HOMO_HTM-LUMO_p-dopant>-0.05 eV

wherein, in Equation 1 and Equation 2, HOMO_HTM
denotes HOMO energy of the hole transport material and
LUMO_p-dopant denotes LUMO energy of the p-dopant.

The hole transport material may satisfy -5.3
eV<HOMO_HTM<-4.9 eV, and the p-dopant may satisfy
-5.25 eV<LUMO_p-dopant<-4.85 eV.

Equation 2
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2

The p-dopant may be included at an amount of about 0.25
wt % to about 20 wt % based on a total content of the hole
transport region.

A thickness of the hole transport region including the
p-dopant may be about 10 A to about 300 A.

The organic light emitting device may further include an
emission layer, and recombination of holes and electrons in
the emission layer may be generated adjacent to the hole
transport region.

When the doping amount of the p-dopant in the hole
transport region exceeds 1 wt %, and when an absolute value
of a difference between the HOMO HTM and the
LUMO_p-dopant is increased, light emission efficiency of
the organic light emitting device may be increased.

When the doping amount of the p-dopant is 1 wt % or less
than 1 wt %, and when a doping concentration of the
p-dopant is decreased, light emission efficiency of the
organic light emitting device may be increased.

Light emission efficiency of the organic light emitting
device may be increased as a thickness of the hole transport
region that includes the p-dopant is decreased.

A display device according to an exemplary embodiment
includes: a transistor on a substrate; and an organic light
emitting device connected with the transistor, wherein the
organic light emitting device includes: a first electrode; a
second electrode that overlaps the first electrode; and an
organic layer between the first electrode and the second
electrode, wherein the organic layer includes an electron
transport region, a hole transport region, and an emission
layer where holes and electrons are recombined, the emis-
sion layer including a first region adjacent to the hole
transport region and a second region adjacent to the electron
transport region. The holes and the electrons are recombined
in the first region of the emission layer more than the second
region of the emission layer.

The organic light emitting device according to the exem-
plary embodiments may have high efficiency, high lumi-
nance, and long life-span.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustratration of a structure of an
organic light emitting device according to an exemplary
embodiment.

FIG. 2 is a schematic illustratration of a structure of an
organic light emitting device according to an exemplary
embodiment.

FIG. 3 is a schematic illustratration of a structure of an
organic light emitting device according to an exemplary
embodiment.

FIG. 4 is a schematic illustratration of a structure of an
organic light emitting device according to an exemplary
embodiment.

FIG. 5 is a partial cross-sectional view of a display device
including the organic light emitting device of FIG. 1.

FIG. 6 is a graph illustrating light emission efliciency
according to a doping region in an emission layer.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present
invention will be described in more detail with reference to
the accompanying drawings. As those skilled in the art
would realize, the described embodiments may be modified
in various different ways, all without departing from the
spirit or scope of the present invention.
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The drawings and description are to be regarded as
illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

In addition, the size and thickness of each configuration
shown in the drawings are arbitrarily shown for better
understanding and ease of description, but the present inven-
tion is not limited thereto. In the drawings, the thickness of
layers, films, panels, regions, etc., are exaggerated for clar-
ity.

It will be understood that when an element such as a layer,
film, region, or substrate is referred to as being “on” another
element, it can be directly on the other element or interven-
ing elements may also be present. In contrast, when an
element is referred to as being “directly on” another element,
there are no intervening elements present. The word “on” or
“above” means positioned on or below the object portion,
and does not necessarily mean positioned on the upper side
of the object portion based on a gravitational direction.

In addition, unless explicitly described to the contrary, the
word “comprise” and variations such as “comprises,” “com-
prising,” “include,” “includes,” or “including” will be
understood to imply the inclusion of stated elements but not
the exclusion of any other elements.

Further, in this specification, the phrase “on a plane”
means viewing a target portion from the top, and the phrase
“on a cross-section” means viewing a cross-section formed
by vertically cutting a target portion from the side.

Hereinafter, an organic light emitting diode according to
an exemplary embodiment will be described with reference
to FIG. 1. FIG. 1 is a schematic cross-sectional view of the
organic light emitting diode according to the exemplary
embodiment.

An organic light emitting diode includes a first electrode
110, an organic layer 150, and a second electrode 190.

A substrate may be additionally provided below the first
electrode 110 or above the second electrode 190. As the
substrate, a glass substrate or a plastic substrate having
excellent mechanical strength, thermal stability, transpar-
ency, surface flatness, ease of handling, and water resistance
may be utilized.

The first electrode 110 may be formed by depositing or
sputtering a material on the substrate, but the present inven-
tion is not limited thereto. When the first electrode 110 is an
anode, the material may be selected from materials having
a high work function. In such a case, holes can be easily
injected through the first electrode 110.

The first electrode 110 may be a reflective electrode, a
transflective electrode, or a transmissive electrode. In order
to form the first electrode 110 as a transmissive electrode,
the material utilized to form the first electrode 110 may be
selected from indium tin oxide (ITO), indium zinc oxide
(1Z0), tin oxide (SnO,), zinc oxide (ZnO), and combina-
tions thereof, but the present invention is not limited thereto.
In order to form the first electrode 110 as a transflective
electrode or a reflective electrode, the material utilized to
form the first electrode 110 may be selected from magne-
sium (Mg), aluminum (Al), aluminum-lithium (Al—Li),
calcium (Ca), magnesium-indium (Mg—In), magnesium-
silver (Mg—Ag), and combinations thereof, but the present
invention is not limited thereto.

The first electrode 110 may have a single-layered struc-
ture or a multi-layered structure having a plurality of layers.
For example, the first electrode 110 may have a three-
layered structure of ITO/Ag/ITO, but the present invention
is not limited thereto.
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The organic layer 150 is disposed on the first electrode
110. The organic layer 150 includes an emission layer. The
organic layer 150 may include a hole transport region
disposed between the first electrode 110 and the emission
layer, and an electron transport region disposed between the
emission layer and the second electrode 190.

The hole transport region may have the following struc-
tures: 1) a single-layered structure of a single layer formed of
a single material; ii) a single-layered structure of a single
layer formed of a plurality of different materials; or iii) a
multi-layered structure formed of a plurality of layers, each
formed of a plurality of different materials.

The hole transport region may include at least one
selected from a hole injection layer HIL, a hole transport
layer HTL, an auxiliary emission layer, and an electron
blocking layer (EBL).

For example, the hole transport region may have a single-
layered structure of a single layer that is made of a plurality
of different materials, or a multi-layered structure of hole
injection layer/hole transport layer, hole injection layer/hole
transport layer/auxiliary emission layer, hole injection layer/
auxiliary emission layer, hole transport layer/auxiliary emis-
sion layer, or hole injection layer/hole transport layer/elec-
tron blocking layer, sequentially stacked from the first
electrode 110, but the present invention is not limited
thereto.

The hole transport region may include a hole transport
material and a p-dopant. The hole transport region according
to the exemplary embodiment of the present invention may
satisfy the following Equation 1 and Equation 2. Specifi-
cally, when an amount of the p-dopant doped in the hole
transport region exceeds 1 wt %, Equation 1 may be
satisfied, and when an amount of a p-dopant is 1 wt % or less
than 1 wt %, Equation 2 may be satisfied.

HOMO_HTM-LUMO_p-dopant<-0.05 eV Equation 1

HOMO_HTM-LUMO_p-dopant>-0.05 eV

In Equation 1 and Equation 2, HOMO_HTM denotes the
highest occupied molecular orbital (HOMO) energy of the
hole transport material, and HOMO energy of the hole
transport material satisfies -5.3 eV<HOMO_HTM<-4.9 eV.
In Equation 1 and Equation 2, the LUMO_p-dopant is the
lowest unoccupied molecular orbital (LUMO) energy of the
p-dopant doped (e.g., injected) into the hole transport region,
and LUMO energy of the p-dopant satisfies -5.25
eV<LUMO_p-dopant<-4.85 eV.

Here, in the hole transport region according to the exem-
plary embodiment, the HOMO energy of the hole transport
material may satisfy -5.3 eV<HOMO_HTM<-4.9 eV. As an
absolute value of the HOMO energy of the hole transport
material is increased, excessive ijection of holes into the
emission layer can be prevented or reduced. Because an
appropriate level (e.g., amount) of holes can be injected into
the emission layer, an injection amount of holes and an
injection amount of electrons into the emission layer are
balanced, thereby increasing luminous efficiency.

LUMO energy supplied to the hole transport region may
satisfy -5.25 eV<LUMO_p-dopant<-4.85 eV. When the
absolute value of the LUMO energy of the p-dopant supplied
to the hole transport region is decreased while satisfying the
above-stated range, the injection amount of holes supplied to
the emission layer can be controlled. When the absolute
value of the LUMO energy of the p-dopant is decreased, a
difference with a constant HOMO energy level of the hole
transport material may be increased. Accordingly, energy
required for holes moving to the emission layer is increased.

Equation 2
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That is, an excessive amount of holes can be prevented or
substantially prevented from being injected into the emis-
sion layer to thereby inject an appropriate level of holes into
the emission layer.

When an amount of the p-dopant included in the hole
transport region exceeds 1 wt % (i.e., based on a total weight
of the hole transport region), the hole transport region that
satisfies the above-stated Equation 1 can be provided. Here,
as the amount of the p-dopant is increased, an injection
amount of holes provided to the emission layer may be
increased (e.g., excessively increased). According to the
present exemplary embodiment, an inappropriate level of
holes can be prevented or substantially prevented from being
injected, thereby injecting an appropriate level of holes.
Thus, when the amount of the p-dopant included in the hole
transport region exceeds 1 wt %, energy required for moving
of the holes to the emission layer is controlled to be
increased according to Equation 1 to control movement of
the holes. Accordingly, the injection amount of holes into the
emission layer can be controlled to be at an appropriate
level.

On the contrary, when the amount of the p-dopant sup-
plied to the hole transport region is 1 wt % or less than 1 wt
%, the hole transport region that satisfies Equation 2 can be
provided. When a small amount of the p-dopant is included
in the hole transport region, the amount of the p-dopant is
small even through energy required for holes moving to the
emission layer is low such that the injection amount of holes
into the emission layer can be controlled.

A method of manufacturing an organic light emitting
device may include forming a first electrode; forming a
second electrode overlapping with the first electrode; and
forming an organic layer between the first electrode and the
second electrode, wherein the organic layer comprises a hole
transport region, the hole transport region including a hole
transport material and a p-dopant, wherein the forming of
the organic layer includes: determing a doping amount of the
p-dopant in the hole transport region, and selecting the hole
transport material according to the doping amount of the
p-dopant, wherein when the doping amount of the p-dopant
in the hole transport region exceeds 1 wt %, the hole
transport material is selected to satisfy the following Equa-
tion 1, and when the doping amount of the p-dopant is 1 wt
% or less than 1 wt %, the hole transport material is selected
to satisfy the following Equation 2:

HOMO_HTM-LUMO_p-dopant<-0.05 eV [Equation 1]

HOMO_HTM-LUMO_p-dopant>-0.05 eV

In Equation 1 and Equation 2, HOMO_HTM denotes
HOMO energy of the hole transport material and LUMO_p-
dopant denotes LUMO energy of the p-dopant.

In this case, the amount of the p-dopant supplied to the
hole transport region according to the exemplary embodi-
ment of the present invention may be about 0.25 wt % to
about 20 wt % with respect to (i.e., based on) a total amount
(i.e., total weight) of the hole transport region.

Meanwhile, a thickness of the hole transport region may
be about 300 A or less and may be greater than or equal to
about 10 A. When the thickness of the hole transport region
exceeds about 300 A, the injection amount of holes to the
emission layer may be excessively increased due to a large
thickness of the hole transport region, and when the thick-
ness of the hole transport region is about 10 A or less, the
injection amount of holes to the emission layer is too small
such the light emission may hardly occur.

[Equation 2]
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When the thickness of the hole transport region (for
example, including the hole injection layer HIL, and the hole
transport layer HTL) satisfies the above-stated range, a
satisfactory hole transport characteristic can be acquired
without causing an actual increase of a driving voltage.

The hole transport region may include at least one hole
transport material selected from m-MTDATA, TDATA,
2-TNATA, NPB(NPD), -NPB, TPD, Spiro-TPD, Spiro-
NPB, metalized-NPB, TAPC, HMTPD, TCTA (4,4',4"-tris
(N-carbazolyl)triphenylamine), Pani/DBSA (polyaniline/do-
decylbenzenesulfonic acid), PEDOT/PSS(poly(3,4-
ethylenedioxythiophene)/poly(4-styrenesulfonate) (poly(3,
4-ethylenethiophene)/poly (4-styrenesulfonate))), Pani/CSA
(polyaniline/camphor sulfonic acid), PANI/PSS (polyani-
line/poly(4-styrenesulfonate)), a compound represented by
Chemical Formula 201, and a compound represented by
Chemical Formula 202.
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-continued

) Chemical Formula 201
(Lao2kaa—Ra02

Raor—Logt)ar—N
\

(La03kaz—Ra03

Chemical Formula 202

Raor—(L20Dxa1 (La03)xas™Rao3

N—(Laos)ras—N

Roop—Lo02)za2 (L204)xas—Rao4

In Chemical Formula 201 and Chemical Formula 202,
L,,, to L, may be each independently selected from a
substituted or non-substituted (i.e., unsubstituted) C,-C,,
cycloalkylene group, a substituted or non-substituted C,-C,
heterocycloalkylene group, a substituted or non-substituted
C,-C,,, cycloalkenyl group, a substituted or non-substituted
C,-C,,, heterocycloalkenyl group, a substituted or non-sub-
stituted C,-C,, arylene group, a substituted or non-substi-
tuted C,-Cq, heteroarylene group, a substituted or non-
substituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic hetero-condensed polycyclic group. L,y may be
selected from *—O—*, *—S—* *_N Q,,-*, a substi-
tuted or unsubstituted C,-C,, alkylene group, a substituted
or unsubstituted C;-C,, cycloalkylene group, a substituted
or unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C5-C,, cycloalkenyl group, a substi-
tuted or unsubstituted C,-C,, heterocycloalkenyl group, a
substituted or unsubstituted Cq-Cg, arylene group, a substi-
tuted or unsubstituted C,-Cq, heteroarylene group, a substi-
tuted or unsubstituted divalent non-aromatic condensed
polycyclic group, and a divalent non-aromatic hetero-con-
densed polycyclic group. xal to xa4 may be each indepen-
dently selected from integers of 0 to 3. xa5 may be selected
from integers of 1 to 10. R, to R,,, and Q,,; may be each
independently selected from a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C;5-C,, cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cg,, aryl group, a substituted or unsubsti-
tuted C4-Cy, aryloxy group, a substituted or unsubstituted
C-Cy, arylthio group, a substituted or unsubstituted C,-C,
heteroaryl group, a substituted or unsubstituted monovalent
non-aromatic condensed polycyclic group, and a substituted
or unsubstituted monovalent non-aromatic hetero-con-
densed polycyclic group.

The hole transport region may include at least one
selected from compound HT1 to compound HT43, but the
present invention is not limited thereto.
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The auxiliary emission layer (i.e., auxiliary light emission

layer) serves to increase light emission efficiency by com-
pensating an optical resonance distance according to a
65 wavelength of light emitted from the emission layer, and the
electron blocking layer serves to prevent or reduce electron
injection from the electron transport region. The above-
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stated material may be included in the auxiliary light emis-
sion layer and the electron blocking layer.

The hole transport region may further include a charge-
generation material for improving conductivity, in addition
the above-stated materials. The charge-generation material
may be evenly or unevenly dispetsed in the hole transport
region. The charge-generation material may be, for example,
a p-dopant. The p-dopant may include at least one selected
from a quinone derivative, a metal oxide, and a cyano
group-containing compound, but the present invention is not
limited thereto. For example, the p-dopant may include a
quinone derivative (such as tetracyanoquinodimethane
(TCNQ), F4-TCNQ (2.,3,5,6-tetrafluoro-7,7.8,8-tetracyano-
quinodimethane), and the like), a metal oxide (such as a
tungsten oxide, a molybdenum oxide, and the like), HAT-CN
(1,4,5,8,9,11-hexaazatriphenylene-hexacarbonitrile), a com-
pound represented by Chemical Formula 221, and/or at least
one selected from Chemical Formula P1 to Chemical For-
mula P18, but the present invention is not limited thereto.

CN

CN

CN

CN CN
CN CN
F F

<F4-TCNQ>

Chemical Formula 221
CN

Ry
CNwL\( Rz

P1
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P15

P17

P18

In Chemical Formula 221, R,,, to Ry, may be each
independently selected from a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
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C,-C,, heterocycloalkyl group, a substituted or unsubsti-
tuted C,-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C,-C,, heterocycloalkenyl group, a substituted or
unsubstituted C4-Cgy,, aryl group, a substituted or unsubsti-
tuted C,-Cg, heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group, and
a substituted or unsubstituted monovalent non-aromatic het-
ero-condensed polycyclic group. At least one of R,,, toR,,5
has at least one selected from a cyano group; a C,;-C,, alkyl
group substituted with —F, —Cl, —Br, or —I; a C,-C,,
alkyl group substituted with —Cl; a C,-C,,, alkyl group
substituted with —Br; and a C,-C,, alkyl group substituted
with —I.

With the above-stated hole transport region, an injection
amount of holes into the emission layer can be adjusted.
Thus, an appropriate level of holes are provided to the
emission layer by preventing or substantially preventing an
excessive amount of holes from being injected into the
emission layer so that collision between holes and electrons
can be increased, thereby increasing the formation of exci-
tons from recombination of the holes and electrons. Accord-
ingly, light emission efficiency of the organic light emitting
diode according to the exemplary embodiment of the present
invention can be increased.

When the organic light emitting device is provided as a
full-color organic light emitting device, the emission layer
may be patterned into a red emission layer, a green emission
layer, and a blue emission layer per sub-pixel. Alternatively,
the emission layer may have a structure in which two or
more layers selected from the red emission layer, the green
emission layer, and the blue emission layer are stacked while
contacting each other or stacked apart from each other, or
may have a structure in which two or more materials
selected from a red light emission material, a green light
emission material, and a blue light emission layer are mixed
in the same layer such that white light can be emitted.

According to the exemplary embodiment of the present
invention, in the emission layer, holes and electrons can be
more actively recombined in a region that is adjacent to
(e.g., closer to) the hole transport region than in a region
adjacent to (e.g., closer to) an electron transport region. The
excitons may be formed in all regions of the emission layer,
but a region with the largest light emission may be disposed
adjacent to the hole transport region.

In the above-described hole transport region, because the
amount of holes injected into the emission layer can be
adjusted, a plurality of holes can be provided at a location
adjacent to the hole transport region in the emission layer.
Accordingly, excitons formed from recombination of the
electrons and holes may be dispersed adjacent to the hole
transport region.

The emission layer may include a host and a dopant. The
dopant may include at least one of a phosphorescent dopant
and a fluorescent dopant. An amount of the dopant in the
emission layer may be included within a range of about 0.01
wt % to about 15 wt % with respect to (i.e., based on) about
100 wt % of the host in general, but the present invention is
not limited thereto.

The emission layer may have a thickness of about 100 A
to about 1000 A, for example, from about 200 A to about
600 A. When the thickness of the emission layer satisfies the
above-stated range, excellent light emission characteristics
can be achieved without substantially increasing a driving
voltage.
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The host may include a compound represented by Chemi-
cal Formula 301.

[Ar301]p117 (L3016~ Rao1]ce21 Chemical Formula 301

In Chemical Formula 301, Ar,,, may be a substituted or
unsubstituted Cs-Cy, carbocyclic group or a substituted or
unsubstituted C,-C, heterocyclic group. Xb11 may be 1, 2,
or 3. L;,, may be selected from a substituted or unsubsti-
tuted C;-C,, cycloalkylene group, a substituted or unsub-
stituted C,-C,,, heterocycloalkylene group, a substituted or
unsubstituted C;-C,, cycloalkenyl group, a substituted or
unsubstituted C, -C, , heterocycloalkenylene group, a substi-
tuted or unsubstituted C4-C, arylene group, a substituted or
unsubstituted C,-C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic hetero-condensed polycyclic group. xb1 is selected
from integers of 0 to 5. R, is selected from deuterium, —F,
—Cl, —Br, —I, a hydroxyl group, a cyano group, a nitro
group, an amidino group, a hydrazino group, a hydrazono
group, a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-Cg, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or unsub-
stituted C;-C,, cycloalkyl group, a substituted or unsubsti-
tuted C,-C, , heterocycloalkyl group, a substituted or unsub-
stituted C;-C;, cycloalkenyl group, a substituted or
unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C,-C, aryl group, a substituted or
unsubstituted C4-Cy, aryloxy group, a substituted or unsub-
stituted C,-Cy,, arylthio group, a substituted or unsubstituted
C,-Cg, heteroaryl group, a substituted or unsubstituted mon-
ovalent non-aromatic condensed polycyclic group, a substi-
tuted or unsubstituted monovalent non-aromatic hetero-
condensed  polycyclic ~ group, —Si(Q301)(Q302)(Q303);
_N(Qsol)(Qsoz)s _B(Q301)(Q302)s _C(:O)(Qsm)s

—S(=0)5(Qs01), and —P(=0)(Q301)(Qa02). xb21 is
selected from integers of 1 to 5, and Q,,; to Q,,; may be

each independently selected from a C,-C,, alkyl group, a
C,-C,, alkoxy group, a phenyl group, a biphenyl group, a
terphenyl group, and a naphthyl group, but the present
invention is not limited thereto.

As another example, the host may include an alkali earth
metal complex. For example, the host may be selected from
a Be complex (e.g., compound H55), a Mg complex, and a
Zn complex.

The host may include at least one selected from ADN
(9,10-di(2-naphthylanthracene). MADN (2-methyl-9,10-
bis(naphthalen-2-yl)anthracene), TBADN (9,10-di-(2-naph-
thyl)-2-t-butyl-anthracene), CBP (4,4'-bis(N-carbazolyl)-1,
1"-biphenyl), mCP (1,3-di-9-carbazolylbenzene), TCP (1,3,
S-tri(carbazol-9-yl)benzene), and compounds H1 to HS53,
but the present invention is not limited thereto.
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The phosphor dopant (e.g., the phosphorescent dopant)
may include an organic metal complex represented by
Chemical Formula 401.

Chemical Formula 401
M(Laop)ee1(Lao2)eez
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In Chemical Formula 401 and Chemical Formula 402, M
may be selected from iridium (Ir), platinum (Pt), palladium
(Pd), osmium (Os), titanium (T1), zirconium (Zr), hafnium
(Hf), europium (Eu), terbium (Tb), rhodium (Rh), and
thulium (Tm). L,,, may be selected from a ligand repre-
sented by Chemical Formula 402. xc1 may be 1, 2, or 3.
When xc1 is greater than or equal to 2, 2 or more of L, (s)
may be the same as or different from each other. L,,, may
be an organic ligand. xc2 may be selected from integers of
0 to 4. When xc2 is greater than or equal to 2, 2 or more of
L 40,(s) may be the same as or different from each other. X ,;
to X, may each independently be nitrogen or carbon. X,
and X,,, may be connected with each other through a single
bond or a double bond. X,,, and X,,, may be connected
with each other through a single bond or a double bond. A,
and A, may independently be a C5-Cg, carbocyclic group
or a C;-Cg, heterocyclic group. X, may be a single bond,
T WL T *4(:0)7*15 **N(le)'*'s ¥ O
(Qu1)(Qur2)-*. *—ClQu1)"C(Qua12)-*, *—C(Quy )=, 0r
*—C(Q,4,)="". Qqy, and Q,,, may each independently be
hydrogen, deuterium, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a biphenyl group, a terphenyl group,
or a naphthyl group. X, may be a single bond, O, or S. R,
and R,,, may each independently be hydrogen, deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group, a
substituted or unsubstituted C4-Cy, aryloxy group, a substi-
tuted or unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic hetero-condensed polycyclic group, —Si(Q,,;)
(Qu02)(Qa03): —N(Qu01)(Qa02): —B(Qa401)(Quo2),

—C(=0)Qu01)s —S(=0)x(Quo1); or —P(=0)(Quoy)
(Q402), Wherein Q. to Q,,; may be each independently

selected from a C,-C,, alkyl group, a C,-C,,, alkoxy group,
a C4-Cyy aryl group, and a C,-C,, heteroaryl group. xcl1l
and xc12 may be each independently selected from integers
of 0 to 10, and * and *' in Chemical Formula 402 each
represent a binding site with M in Chemical Formula 401.

Alternatively, the phosphor dopant may be selected from
compound PD1 to compound PD 25, but the present inven-
tion 1s not limited thereto.
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The fluorescent dopant may include a compound repre-
sented by Chemical Formula 501.
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Chemical Formual 501

(LsoDxa1—Rso1
Lsozhaz—N

(Ls02)xa2 — Rs02

Arsg)

xd4

In Chemical Formula 501, Ars,, may be a substituted or
unsubstituted C5-C, carbocyclic group or a substituted or
unsubstituted C,-Cg, heterocyclic group. L, to Lsy; may
be each independently selected from a substituted or unsub-
stituted C;-C,, cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substituted or
unsubstituted C5-C,, cycloalkenylene group, a substituted
or unsubstituted C, -C, , heterocycloalkenylene group, a sub-
stituted or unsubstituted C4-C, arylene group, a substituted
or unsubstituted C, -C, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic hetero-condensed polycyclic group. xdl to xd3
may be each independently selected from integers of 0 to 3.
Ry, and Ry, may be each independently selected from a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C,-C,, heterocycloalkyl group, a
substituted or unsubstituted C;-C,, cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-C, aryl group, a
substituted or unsubstituted C4-Cg, aryloxy group, a substi-
tuted or unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, and a substituted or unsubstituted monovalent
non-aromatic hetero-condensed polycyclic group. Xd4 may
be selected from integers of 1 to 6.

For example, the fluorescent dopant may be selected from
compound FD1 to compound FD22.
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Alternatively, the fluorescent dopant may be selected
from the following compounds, but the present invention is
not limited thereto.

DPVBI
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Coumarin 6

The electron transport region according to the exemplary
embodiment may have 1) a single-layered structure formed
of a single layer made of a single material; ii) a single-
layered structure formed of a single layer made of a plurality
of different materials; or iii) a multi-layered structure formed
of a plurality of layers formed of a plurality of different
materials.

The electron transport region may include at least one
selected from a buffer layer, a hole blocking layer, an
electron adjusting layer, an electron transport layer (ETL),
and an electron injection layer, but the present invention is
not limited thereto.

For example, the electron transport region may have a
structure of electron transport layer/electron injection layer,
hole blocking layer/electron transport layer/electron injec-
tion layer, electron adjusting layer/electron transport layer/
electron injection layer, or buffer layer/electron transport
layer/electron injection layer, stacked sequentially from the
emission layer, but the present invention is not limited
thereto.

The electron transport region (e.g., the buffer layer, the
hole blocking layer, the electron adjusting layer, and/or the
electron transport layer in the electron transport region) may
include a metal-free compound including at least one m
electron deficient nitrogen ring.
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The term “z electron deficient nitrogen ring” refers to that
as a ring-forming moiety, a C,-C, heterocyclic group hav-
ing at least one *—N—* moiety. For example, the term “m
electron deficient nitrogen ring” may be 1) a 5 to 7-mem-
bered heteromonocyclic group having at least one *—N—*
moiety; ii) a heteromonocyclic group having two or more of
5 to 7-membered heteromonocyclic groups having at least
one *—N—*" moiety condensed with each other; or iii) a
heteropolycyclic group having at least one of 5 to 7-mem-
bered heteromonocyclic groups having at least one
*—N—* moiety and at least one C,-C, carbocylic group
condensed with each other.

For example, the x electron deficient nitrogen ring may be
imidazole, pyrazon, thiazole, isothiazole, oxazole, isox-
azole, pyridine, pyrazine, pyrimidine, pyridazine, indazole,
purine, quinoline, isoquinoline, benzoquinoline, phthala-
zine, naphthyridine, quinoline, quinoxaline, quinazoline,
cinnoline, phenanthridine, acridine, phenanthroline,
phenazine, benzoimidazole, isobenzothiazole, benzoxazole,
isobenzoxazole, triazole, tetrazole, oxadiazole, triazine,
thiadiazole, imidazopyridine, imidazopyrimidine, azacava-
zole, and the like, but the present invention is not limited
thereto.
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The electron transport region may include a compound
represented by Chemical Formula 601.

[AT601]xe117[Loo1xe1 Re01 a1 Chemical Formula 601

In Chemical Formula 601, Ar,,, may be a substituted or
unsubstituted C5-Cg, carbocyclic group or a substituted or
unsubstituted C,-C, heterocyclic group. xell may be 1, 2,
or 3. L, may be selected from a substituted or unsubsti-
tuted C,-C,,, cycloalkylene group, a substituted or unsub-
stituted C,-C,, heterocycloalkylene group, a substituted or
unsubstituted C;-C,, cycloalkenylene group, a substituted
or unsubstituted C,-C,, heterocycloalkenyl group, a substi-
tuted or unsubstituted C4-C, arylene group, a substituted or
unsubstituted C,-Cy, heteroarylene group, a substituted or
unsubstituted divalent non-aromatic condensed polycyclic
group, and a substituted or unsubstituted divalent non-
aromatic hetero-condensed polycyclic group. xel may be
selected from integers of 0 to 5. Ry, may be selected from
a substituted or unsubstituted C5-C,,, cycloalkyl group, a
substituted or unsubstituted C,-C, , heterocycloalkyl group,
a substituted or unsubstituted C,-C, , cycloalkenyl group, a
substituted or unsubstituted C,-C,, heterocycloalkenyl
group, a substituted or unsubstituted C4-Cy, aryl group, a
substituted or unsubstituted C,-Cg, aryloxy group, a substi-
tuted or unsubstituted C4-Cg,, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic hetero-condensed polycyclic group, —(SiQgq;)

(Qs02)Qs03):  —C=0)Qg01), —S(=0)x(Qe01), and
—P(E=0)Q401)(Qe02), Wherein Qg to Qg may each inde-
pendently be a C,-C,, alkyl group, a C,-C,, alkoxy group,
a phenyl group, a biphenyl group, a terphenyl group, or a
naphthyl group. xe21 may be selected from integers of 1 to
5. According to an exemplary embodiment, at least one of
the xell Arg,, and xe21 Ry,, may include the above-stated
7t electron deficient nitrogen ring.

The electron transport region may include at least one
selected from compound ET1 to compound ET36, but the
present invention is not limited thereto.
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Alternatively, the electron transport region may include at
least one selected from BCP (2,9-dimethyl-4,7-diphenyl-1,
10-phenanthroline), BPhen (4,7-diphenyl-1,10-phenanthro-
line), Alq3, BAlg, TAZ (3-(biphenyl-4-y1)-5-(4-tert-butyl-
phenyl)-4-phenyl-4H-1,2,4-triazole), and NTAZ.
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The buffer layer, the hole blocking layer, or the electron
adjusting layer may each independently have a thickness of
about 20 A to about 1000 A, for example, about 30 A to
about 300 A. When the thickness of the buffer layer, the hole
blocking layer, or the electron adjusting layer satisfies the
above-stated ranges, an excellent hole blocking character-
istic or electron adjusting characteristic can be acquired
without substantially increasing a driving voltage.

The thickness of the electron transport layer ETL may be
about 100 A to about 1000 A, for example, about 150 A to
about 500 A. When the thickness of the electron transport
layer ETL satisfies the above-stated ranges, a satisfactory
electron transport characteristic can be acquired without
substantially increasing a driving voltage.

The electron transport region (e.g., the electron transport
layer ETL in the electron transport region) may further
include a metal-containing material in addition to the above-
described materials.

The metal-containing material may include at least one
selected from an alkali metal complex and an alkali earth
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metal complex. Metal ions in the alkali metal complex may
be selected from Li ions, Na ions, K ions, Rb ions, and Cs
ions, and metal ions of the alkali earth metal complex may
be selected from Be ions, Mg ions, Ca ions, Sr ions, and Ba
ions. The ligand coordinated to the metal ions of the alkali
metal complex and the alkaline earth metal complex may be
each independently selected from hydroxyquinoline,
hydroxyisoquinoline, hydroxybenzoquinoline, hydroxyacri-
dine, hydroxyphenanthridine, hydroxydiphenyl oxadiazole,
hydroxydiphenyl thiadiazole, hydroxyphenyl pyridine,
hydroxyphenyl benzoimidazole, hydroxyphenyl benzothiaz-
ole, bipyridine, phenanthroline, and cyclopentadiene, but the
present invention is not limited thereto.

For example, the metal-containing material may include a
Li complex. The Li complex may include, for example, a
compound ET-D1 (lithium quinolate, LiQ) or ET-D2.

ET-D1

—N
~ /O
Li
ET-D2
(0]
L
S N N”

The electron transport region may include an electron
injection layer that eases electron injection from the second
electrode 190. The electron injection layer may directly
contact the second electrode 190.

The electron injection layer may have i) a single-layered
structure formed of a single layer made of a single material,
i) a single-layered structure formed of a single layer made
of a plurality of different materials; or iii) a multi-layered
structure formed of a plurality of layers formed of a plurality
of different materials.

The electron injection layer may include a reducing
dopant. The reducing dopant may include at least one
selected from an alkali metal, an alkali earth metal, a rare
earth metal, an alkali metal compound, an alkali earth metal
compound, a rare earth metal compound, an alkali metal
complex, an alkali earth metal complex, and a rare earth
metal complex.

The alkali metal may be selected from Na, K, Rb, and Cs.
According to an exemplary embodiment, the alkali metal
may be K, Rb, or Cs. According to another exemplary
embodiment, the alkali metal may be Rb or Cs, but the
present invention is not limited thereto.

The alkali earth metal may be selected from Ca, Sr, and
Ba. The rare earth metal may be selected from Sc, Y, Ce, Th,
Yb, Gd, and Tb. The alkali metal compound, the alkali earth
metal compound, and the rare earth metal compound may be
selected from an oxide of the alkali metal, the alkali earth
metal, and the rare earth metal, and a halide (e.g., fluoride,
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chloride, bromide, iodide, and the like) of the alkali metal,
the alkali earth metal, and the rare earth metal.

The alkali metal compound may be selected from an
alkali metal oxide (such as Li,O, Cs,0O, K,0, and the like),
and an alkali metal halide (such as LiF, NaF, CsF, KF, Lil,
Nal, Csl, KI, and the like). According to an exemplary
embodiment, the alkali metal compound may be selected
from LiF, Li,0, NaF, Lil, Nal, Csl, and KI, but the present
invention is not limited thereto.

The alkali earth metal compound may be selected from
alkali earth metal compounds such as BaQO, SrO, CaQ,
Ba,Sr; O (0<x<l), Ba,Ca, XO (0<x<1), and the like.
According to an exemplary embodiment, the alkali earth
metal compound may be selected from BaO, SrO, and CaO,
but the present invention is not limited thereto.

The rare earth metal compound may be selected from
YbF;, ScF;, ScO,, Y,0,, Ce,0,, GdF,, and TbF,. Accord-
ing to an exemplary embodiment, the rare earth metal
compound may be selected from YbF,, ScF,, TbF;, Ybl,,
Scl;, and Tbl;, but the present invention is not limited
thereto.

The alkali metal complex, the alkali earth metal complex,
and the rare earth metal complex may include ions of the
above-described alkali metal, alkali earth metal, and rare
earth metal, and the ligand coordinate to the metal ion of the
alkali metal complex, alkali earth metal complex, and rare
earth metal complex may be independently selected from
hydroxyquinoline, hydroxyisoquinoline, hydroxybenzoqui-
noline, hydroxyacridine, hydroxyphenanthridine, hydroxy-
phenyloxazole, hydroxyphenylthiazole, hydroxydipheny-
loxadiazole, hydroxydiphenyl thiadiazole,
hydroxyphenylpyridine,  hydroxyphenylbenzoimidazole,
hydroxyphenylbenzothiazole, bipyridine, phenanthroline,
and cyclopentadiene, but the present invention is not limited
thereto.

The electron injection layer may be formed of only the
above-described reducing dopant, or may further include an
organic material in addition to the reducing dopant. When
the electron injection layer includes the reducing dopant and
the organic material, the reducing dopant may be evenly or
unevenly dispersed in a matrix formed of the organic mate-
rial.

The electron injection layer may have a thickness of about
1 A to about 100 A, for example, about 3 A to about 90 A.
When the thickness of the electron injection layer satisfies
such a range, a satisfactory electron injection characteristic
can be acquired without a substantial increase of a driving
voltage.

The second electrode 190 is disposed on the organic layer
150. The second electrode 190 may be a cathode, which is
an electron injection electrode. As a material for the second
electrode 190, a metal having a low work function, an alloy,
an electrically conductive compound, and a mixture thereof
may be utilized.

The second electrode 190 may include at least one
selected from lithium (Li), magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magne-
sium-indium (Mg—In), magnesium-silver (Mg—Ag), 1TO,
and IZ0, but the present invention is not limited thereto. The
second electrode 190 may be a transmissive electrode, a
transflective electrode, or a reflective electrode.

The second electrode 190 may have a single-layered
structure of a single layer or a multi-layered structure of a
plurality of layers.

Meanwhile, the organic light emitting device of FIG. 2
has a structure in which a first capping layer 210, the first
electrode 110, the organic layer 150, and the second elec-
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trode 190 are sequentially stacked; the organic light emitting
device of FIG. 3 has a structure in which the first capping
layer 210, the first electrode 110, the organic layer 150, and
the second electrode 190 are sequentially stacked; and the
organic light emitting device of FIG. 4 has a structure in
which the first capping layer 210, the first electrode 110, the
organic layer 150, the second electrode 190, and a second
capping layer 220 are sequentially stacked.

Descriptions of the first electrode 110, the organic layer
150, and the second electrode 190 of FIG. 2 to FIG. 4 can
be found in the description of FIG. 1.

Light generated from the emission layer of the organic
layer 150 may be emitted to the outside through the first
electrode 110, which is a transflective electrode or a trans-
missive electrode, and the first capping layer 210; and/or
light generated from the emission layer of the organic layer
150 may be emitted to the outside through the second
electrode 190, which is a transflective electrode or a trans-
missive electrode, and the second capping layer 220.

The first capping layer 210 and the second capping layer
220 may serve to improve external light emission efliciency
based on constructive interference.

The first capping layer 210 and the second capping layer
220 may each independently be an organic capping layer
formed of an organic material, an inorganic capping layer
formed of an inorganic material, and a complex capping
layer including an organic material and an inorganic mate-
rial.

At least one of the first capping layer 210 and the second
capping layer 220 may independently include at least one
material selected from a carbocyclic compound, a hetero-
cyclic compound, an amine-based compound, porphine
derivatives, phthalocyanine derivatives, naphthalocyanine
derivatives, an alkali metal complex, and an alkali earth
metal complex. The carbocyclic compound, the heterocyclic
compound, and the amine-based compound may be selec-
tively substituted with a substituent including at least one
selected from O, N, S, Se, Si, F, Cl, Br, and I. According to
an exemplary embodiment, at least one of the first capping
layer 210 and the second capping layer 220 may indepen-
dently include an amine-based compound.

According to another exemplary embodiment, at least one
of the first capping layer 210 and the second capping layer
220 may independently include a compound represented by
Chemical Formula 201 and a compound represented by
Chemical Formula 202.

According to still another exemplary embodiment, at least
one of the first capping layer 210 and the second capping
layer 220 may independently include a compound selected
from compounds HT1 to HT43 and compounds CP1 to CP3,
but the present invention is not limited thereto.
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The organic light emitting device has been described with
reference to FIG. 1 to FIG. 4, but the present invention is not
limited thereto.

Each layer included in the hole transport region, the
emission layer, and the hole transport region may be formed
in a predetermined area utilizing various suitable methods
such as vacuum deposition, spin coating, casting, a Lanmuir-
Blodgett method, inkjet printing, laser printing, laser
induced thermal imaging (LITI), and the like.
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When the respective layers included in the hole transport
region, the emission layer, and the electron transport region
are formed by vacuum deposition, a deposition condition,
for example, a deposition temperature, may be selected
within a range of about 100° C. to about 500° C., a vacuum
level may be selected within a range of about 107* torr to
about 107* torr, and a deposition speed may be selected
within a range of about 0.01 A/s to about 100 A/s in
consideration of a compound to be included in a layer to be
formed and a structure of the layer to be formed.

When the respective layers included in the hole transport
region, the emission layer, and the respective layers included
in the electron transport region are formed by spin coating,
a coating condition, for example, a coating speed, may be
selected within a range of about 2000 rpm to about 5000
rpm, and a heat treatment temperature may be selected
within a range of about 80° C. to about 200° C. in consid-
eration of a compound to be included in a layer to be formed
and a structure of the layer to be formed.

Hereinafter, typical substituents among the substituents
utilized in the present specification will be described (the
number of carbon atoms defining the substituent is not
limited and does not limit the characteristic of the substitu-
ent, and substituents not defined in this specification are as
defined in the general definition).

In the present specification, a C,-Cg, alkyl group may
refer to a linear or branched monovalent aliphatic hydrocar-
bon group having 1 to 60 carbon atoms, and for example, a
methyl group, an ethyl group, a propyl group, an isobutyl
group, a sec-butyl group, a terbutyl group, a pentyl group,
and the like are included. In the present specification, a
C,-Cg, alkylene group refers to a divalent group having the
same (or substantially the same) structure as the C,-Cg,
alkyl group.

In the present specification, a C,-Cy, alkenyl group refers
to a hydrocarbon group including one or more double carbon
bounds at a middle or end of the C,-C, alkyl group, and
includes, for example, an ethynyl group, a propenyl group,
a butenyl group, and the like. In the present specification, a
C,-Cy, alkenylene group refers to a divalent group having
the same (or substantially the same) structure as the C,-Cg,
alkenyl group.

In the present specification, a C,-Cg, alkenyl group refers
to one or more triple carbon bonds at a middle or end of the
C,-Cgp alkyl group, and includes, for example, an ethynyl
group, a propynyl group, and the like. In the present speci-
fication, a C,-C, alkenylene group refers to a divalent group
having the same (or substantially the same) structure as the
C,-Cg, alkynyl group.

In the present specification, a C,-Cy, alkoxy group refers
to a monovalent group having a chemical formula of
—O0A,,, (where A, represents the C,-C, alkyl group),
and includes, for example, a methoxy group, an ethoxy
group, an iso-propyloxy group, and the like.

In the present specification, a C5-C,, cycloalkyl group
refers to a C, to C,, monovalent saturated hydrocarbon
monocyclic group, and for example, includes a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
group, or a cycloheptyl group. In the present specification,
the C5-C,, cycloalkylene group refers to a divalent group
having the same (or substantially the same) structureas the
C;-C,, cycloalkyl group.

In the present specification, a C,-C,, heterocycloalkyl
group refers to a C, to C,, monovalent monocyclic group
including at least one heteroatom selected from N, O, Si, P,
and S as a ring-forming atom, and includes, for example, a
1,2,3.4-oxatriazolidiny group, a tetrahydrofuranyl group,
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and a tetrahydrothiophenyl group. In the present specifica-
tion, a C,-C |, heterocycloalkylene group refers to a divalent
group having the same (or substantially the same) structure
as the C,-C,, heterocycloalkyl group.

In the present specification, a C,-C,, cycloalkenyl group
refers to a C1 to C3 monovalent monocyclic group that does
not have aromaticity while having at least one double bond
in a ring, and includes, for example, a cyclopentenyl group,
a cyclohexenyl group, a cycloheptenyl group, and the like.
In the present specification, a C5-C, , cycloalkenylene group
refers to a divalent group having the same (or substantially
the same) structure as the C5-C,, cycloalkenyl group.

In the present specification, a C,-C,, heterocycloalkenyl
group refers to a C1 to C10 monocyclic group including at
least one heteroatom selected from N, O, Si, P, and S as a
ring-forming atom, and at least one double bond in a ring.
The C,-C, , heterocycloalkenyl group includes, for example,
a 4,5-dihydro-1,2.3 ,4-oxatriazolyl group, a 2,3-hyrofuranyl
group, a 2,3-hydrothiophenyl group, and the like. In the
present specification, a C,-C, ; heterocycloalkenylene group
refers to a divalent group having the same (or substantially
the same) structure as the C,-C,, heterocycloalkenyl group.

In the present specification, a C4-Cy, aryl group refers to
a monovalent group having a C6 to C60 carbocyclic aro-
matic system, and a C4-Cy, arylene group refers to a divalent
group having a C6 to C60 carbocyclic aromatic system. The
Cs-Cg aryl group includes, for example, a phenyl group, a
naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, a glycenyl group, and the like. When
the C4-Cy, aryl group and the C4-Cy, arylene group include
two or more rings, the two or more rings may be condensed
to each other.

In the present specification, a C,-Cg,, heteroaryl group
refers to a monovalent group including at least one heteroa-
tom selected from N, O, Si, P, and S as a ring-forming atom
and having a C1 to C60 heterocyclic aromatic system, and
a C;-Cq, heteroarylene group refers to a divalent group
having at least one heteroatom selected from N, O, Si, P, and
S as a ring-forming atom and having a C1 to C60 hetero-
cyclic aromatic system. The C,-Cg, heteroaryl group
includes, for example, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, an isoquinolinyl group, and the
like. When the C,-C,, heteroaryl group and the C,-Cg,
heteroarylene group include two or more rings, the two or
more rings may be condensed to each other.

In the present specification, a C4-Cy, aryloxy group may
be represented by —OA |, (where A, denotes the C4-Cg,
aryl group), and the C,-Cy, arylthio group may be repre-
sented by —SA,,; (where A5 denotes the C,-Cgy, aryl
group).

In the specification, a monovalent non-aromatic con-
densed polycyclic group refers to a monovalent group
having two or more rings condensed to each other, including
only carbon as a ring-forming atom, and of which all
molecules have non-aromaticity (e.g., having C8 to C60).
The monovalent non-aromatic condensed polycyclic group
includes, for example, a fluorenyl group. In the present
specification, a divalent non-aromatic condensed polycyclic
group refers to a divalent group having the same (or sub-
stantially the same) structure as the monovalent non-aro-
matic condensed polycyclic group.

In the present specification, the monovalent non-aromatic
condensed polycyclic group refers to a monovalent group
having two or more rings condensed to each other, including
at least one heteroatom selected from N, O, Si, P, and S in
addition to carbon atoms as a ring-forming atom, and of
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which all molecules have non-aromaticity (e.g., having C1
to C60). The monovalent non-aromatic condensed polycy-
clic group includes, for example, a carbazolyl group. In the
present specification, the divalent non-aromatic condensed
polycyclic group refers to a divalent group having the same
(or substantially the same) structure as the monovalent
non-aromatic condensed polycyclic group.

In the present specification, a C5-Cg, carboeylic group
refers to a C5 to C60 monocyclic or polycyclic group
including only carbon atoms as a ring-forming atom. The
C5-Cg, carbocyclic group may be an aromatic carbocyclic
group or a non-aromatic carbocyclic group. The C5-Cg
carbocyclic group may be a ring such as a benzene ring, a
monovalent group such as a phenyl group, or a divalent
group such as a phenylene group. Alternatively, depending
on the number of substituents connected to the C;-Cg
carbocyclic group, the C5-Cy, carbocyclic group may be
variously deformed to a trivalent group or a tetravalent
group.

In the present specification, a C,-Cy, heterocyclic group
refers to a group having the same (or substantially the same)
structure as the C5-Cq, carbocyclic group, but includes at
least one heteroatom selected from N, O, Si, P and S in
addition to carbon (may be C1 to C60) as a ring-forming
atom.

In the present specification, at least one of the substituents
of the substituted Cs-C, carbocyclic group, the substituted
C,-Cq4, heterocyclic group, the substituted C;-C,
cycloalkylene group, the substituted C,-C,, heterocy-
cloalkylene group, the substituted C;-C,, cycloalkenylene
group, the substituted C,-C, , heterocycloalkenylene group,
the substituted C4-Cy, arvlene group, the substituted C,-Cg,
heteroarylene group, the substituted divalent non-aromatic
condensed polycyclic group, the substituted divalent non-
aromatic hetero-condensed polycyclic group, the substituted
C,-Cg, alkyl group, the substituted C,-Cg, alkenyl group,
the substituted C,-Cy, alkynyl group, the substituted C;-Cg,
alkoxy group, the substituted C;-C,, cycloalkyl group, the
substituted C,-C,, heterocycloalkyl group, the substituted
C;-C,, cycloalkenyl group, the substituted C,-C,, hetero-
cycloalkenyl group, the substituted C4-Cg, aryl group, the
substituted C4-C, aryloxy group, the substituted C4-Cqyy
arylthio group, the substituted C,-Cg, heteroaryl group, the
substituted monovalent non-aromatic condensed polycyclic
group, and the substituted monovalent non-aromatic hetero-
condensed polycyclic group is selected from:

deuterium (-D), —F, —CI, —Br, —I, a hydroxyl group,
a cyano group, a nitro group, an amidino group, a hydrazino
group, a hydrazono group, a C,-C, alkyl group, a C,-Cy,
alkenyl group, a C,-Cg, alkynyl group, and a C,-C,, alkoxy
group;

a C,-Cq, alkynyl group, a C,-Cg, alkenyl group, a C,-Cg,
alkynyl group, and a C,-C, alkoxy group, each substituted
with at least one selected from deuterium, —F, —Cl, —Br,
—I, a hydroxyl group, a cyano group, a nitro group, an
amidino group, a hydrazino group, a hydrazino group, a
C;-C, cycloalkyl group, a C,-C, , heterocycloalkyl group, a
C;-C,, cycloalkenyl group, a C,-C,, heterocycloalkenyl
group, a Cg-Cq, aryl group, a C¢-Cqy aryloxy group, a
Cs-Cgo arylthio group, a C,-Cg, heteroaryl group, a mon-
ovalent non-aromatic condensed polycyclic group, a mon-
ovalent non-aromatic hetero-condensed polycyclic group,

7Si(Q11)(Q12)(Q13)5 7N(Q11)(Q12)5 7B(Q11)(Q12)5
—C(=0)@Q11), —S(=0),(Qyy), and —P(=0)(Q,1)(Qy2);

a C;-C,, cycloalkyl group, a C,-C,, heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, heterocy-
cloalkenyl group, a C4-Cq, aryl group, a Cy-Cq, aryloxy
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group, a C¢-Cy, arylthio group, a C,-C, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic hetero-condensed polycyclic
group, each substituted with one selected from deuterium,
—F, —Cl, —Br, —I, a hydroxyl group, a cyano group, a
nitro group, an amidino group, a hydrazino group, a hydra-
zono group, a C,-Cg, alkyl group, a C,-C, alkenyl group,
a C,-C,, alkynyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkyl group, a C,-C, , heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Cyp aryl group, a C,-Cy, aryloxy group, a C4-Cy, arylthio
group, a C,-Cg, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, a monovalent non-aro-
matic hetero-condensed polycyclic group, —Si(Q,,)(Q,,)

(Q2s), —NQ)Q22), —BQu)Qx). —C(=0)Quy),
—S8(=0)(Q;,), and —P(=0)(Q,,)(Q,,); and —Si(Q;,)
(Qsz)(st)s 7N(Q31)(Q32)5 7B(Q31)(Q32)5 *C(:O)
(Qs1), —S(=0)2(Qs,), and —P(=0)(Q5,)(Qs,), wherein
Q,; 10Q 5, Q,, 10 Q,5, and Q5 to Q55 may be independently
selected from hydrogen, deuterium, —F, —Cl, —Br, —I, a
hydroxyl group, a cyano group, a nitro group, an amidino
group, a hydrazino group, a hydrazono group, a C,-Cy, alkyl
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C,-Cg, alkoxy group, a C;-C,, cycloalkyl group, a C,-C,
heterocycloalkyl group, a C;-C,, cycloalkenyl group, a
C,-C,, heterocycloalkenyl group, a C4-Cq, aryl group, a
C,-Cy, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic het-
ero-condensed polycyclic group, biphenyl group, and a
terphenyl group.

In the present specification, “Ph” refers to a phenyl group,
“Me” refers to a methyl group, “Et” refers to an ethyl group,
“ter-Bu” or “Bu” refers to a tert-butyl group, and “OMe”
refers to a methoxy group.

In the present specification, the term “biphenyl group”
refers to a “phenyl group substituted with a phenyl group”.
The term “biphenyl group” is included in a “substituted
phenyl group” of which a substituent is a “Cg-Cg, aryl
group”. In the present specification, the term “terphenyl
group” refers to a “phenyl group substituted with a biphenyl
group”. The term “terphenyl group” is included in a “sub-
stituted phenyl group” of which a substituent is a “Cg-Cg,
aryl group”. In the present specification, “*” and “*” each
refers to a binding site with a neighboring atom in the
corresponding chemical formula.

Next, a display device according to an exemplary embodi-
ment will be described with reference to FIG. 5. FIG. Sis a
cross-sectional view of the display device according to the
exemplary embodiment.

Referring to FIG. 5, a blocking layer 111 that is made of
a silicon oxide or a silicon nitride is provided on a substrate
510.

A semiconductor layer 151 is provided on the blocking
layer 111. The semiconductor layer 151 includes a source
region 153 and a drain region 155 that are doped with an
impurity, and a channel region 154 disposed between the
source region 153 and the drain region 155.

A gate insulation layer 140 is disposed on the semicon-
ductor layer 151 and the blocking layer 111, and may include
a silicon oxide or a silicon nitride. A control electrode 124
overlaps the channel region 154 of the semiconductor layer
151, and is disposed on the gate insulation layer 140.

An interlayer insulation layer 160 is disposed on the
control electrode 124 and the gate insulation layer 140. The
interlayer insulation layer 160 includes a first contact hole
165 and a second contact hole 163.
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A data conductor that includes a data line 171, an input
electrode 173, and an output electrode 175 is disposed on an
interlayer insulation layer 160.

The output electrode 175 is connected with the drain
region 155 through the first contact hole 165. In addition, the
input electrode 173 is connected with the source region 153
through the second contact hole 163.

A passivation layer 180 is disposed on the data conductors
171, 173, and 175 and the interlayer insulation layer 160,
and the passivation layer 180 includes a contact hole 185.

The pixel electrode 190 is disposed on the passivation
layer 180. The pixel electrode 190 is connected with the
output electrode 175 through the contact hole 185. A barrier
rib 361 is provided on the passivation layer 180. An emis-
sion element layer 370 is disposed to overlap with the pixel
electrode 190, and a common electrode 270 is disposed to
overlap with the emission element layer 370. A light emit-
ting element includes the pixel electrode 190, the emission
element layer 370, and the common electrode 270.

In this case, the pixel electrode 190 may be an anode,
which is a hole injection electrode, and may correspond to
the first electrode 110 described with reference to FIG. 1 to
FIG. 4, and the common electrode 270 may be a cathode,
which is an electron injection electrode, and may correspond
to the second electrode 190 described with reference to FIG.
1 to FIG. 4. However, the present invention is not limited
thereto. The pixel electrode 190 may be a cathode and the
common electrode 270 may be an anode depending on a
driving method of the display device.

The emission element layer 370 may include the organic
layer 150 described with reference to FIG. 1, and thus a
description of the organic layer 150 will not be repeated.

An encapsulation layer 390 is disposed to overlap with the
common electrode 270. The encapsulation layer 390 may
include an organic material or an inorganic material, and
alternatively, the organic material and the inorganic material
may be alternately stacked. The encapsulation layer 390 may
protect the display device from external moisture, heat, and
other pollutants.

The above-described structure of the display device is an
example, and the light emitting diode according to an
exemplary embodiment of the present disclosure may be
applied to a display device having another structure.

Hereinafter, an effect of the present invention will be
described with reference to exemplary embodiments and
comparative examples.

In Exemplary Embodiment 1, a Corning 15 €/cm? 1200
ATTO glass substrate was cut into a 50 mmx50 mmx0.7 mum
size and ultrasonic wave-cleaned utilizing isopropyl alcohol
and pure water for 5 minutes, and then the cleaned substrate
was irradiated with ultraviolet (UV) light for 30 min and
exposed to ozone such that an anode was prepared. The ITO
glass substrate was provided to a vacuum deposition device.

A compound represented by HT22 and a compound
represented by P1 at 3 wt % were deposited with a thickness
of 100 A on the substrate, and a known hole transport
material was deposited thereon with a thickness of 600 A
such that a hole transport region was formed.

A blue fluorescent host and DPAVBI, which is a blue
fluorescent dopant, were simultaneously deposited (e.g.,
co-deposited) with a weight ratio of 95:5 on the hole
transport region such that an emission layer having a thick-
ness of 20 nm was formed.

Next, a compound represented by Chemical Formula 6-1
and a compound represented by Chemical Formula 6-2 were
vacuum deposited with a weight ratio of 1:1 on the emission
layer such that an electron transport region having a thick-
ness of 300 A was formed.

LiQ, which is a halogenated alkali metal, was deposited
with a thickness of 10 A on an electron injection region such
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that an electron injection region was formed, and Al was
vacuum-deposited with a thickness of 1000 A such that a
cathode was formed.

Chemical Formula 6-1

Chemical Formula 6-2

x

IN/

\

1

Exemplary Embodiment 2 is the same (or substantially
the same) as Exemplary Embodiment 1, except that the
compound represented by HT22 in Exemplary Embodiment
1 was replaced with a compound represented by HT37.

Exemplary Embodiment 3 is the same (or substantially
the same) as Exemplary Embodiment 1, except that the
compound represented by HT22 in Exemplary Embodiment
1 was replaced with a compound represented by HT39.

Comparative Example 1 is the same (or substantially the
same) as Exemplary Embodiment 1, except that the com-
pound represented by HT22 was replaced with a compound
represented by HT1.

Exemplary Embodiments 1 to 3 and Comparative
Example 1 are almost the same, except for a difference in a
HOMO energy level of a hole transport material.

Exemplary Embodiments 1 to 3 and Comparative
Example 1 will now be described with reference to Table 1.
As in the exemplary embodiments of the present invention,
when a doping content of a p-dopant exceeds 3 wt %, a
difference between HOMO_HTM and LUMO_p-dopant
(HOMO_HTM-LUMO_p-dopant) value may be less than
-0.05. When Equation 1 is satisfied, light emission effi-
ciency of an organic light emitting diode according to the
exemplary embodiments is increased by up to 40% com-
pared to Comparative Example 1 where Equation 1 is not
satisfied.

According to the exemplary embodiment of the present
invention, it is desirable for an amount of a p-dopant that
increases an injection amount of holes to be low in order to
control the injection amount of holes to the emission layer.
However, as in Exemplary Embodiments 1 to 3 and Com-
parative Example 1, when a content of the p-dopant is
somewhat high, energy required for hole movement is
increased when Equation 1 is satisfied, and accordingly, the
injection amount of holes to the emission layer can be
appropriately controlled.
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TABLE 1
HOMO_HTM - Doping
Organic light HOMO_HTM LUMO_p-dopant LUMO_ p-dopant concentration Efficiency
emitting device (eV) (eV) (eV) (wt %) (cd/A)
Exemplary -5.20 -5.05 -0.15 3 1.3
Embodiment 1
Exemplary -525 -5.05 -0.2 3 1.4
Embodiment 2
Exemplary -5.15 -5.05 -0.10 3 1.1
Embodiment 3
Comparative -5.10 -5.05 -0.05 3 1.0
Example 1

Exemplary Embodiment 4 is the same (or substantially
the same) as Exemplary Embodiment 1, except that a hole
transport region includes a compound represented by HT1
and a p-dopant is a compound represented by P2. Exemplary
Embodiment 5 is the same (or substantially the same) as
Exemplary Embodiment 4, except that a p-dopant is a
compound represented by P3. Comparative Example 2 is the
same as the Exemplary Embodiment 4, except that a p-dop-
ant is represented by P1. Exemplary Embodiment 4, Exem-
plary Embodiment 5, and Comparative Example 2 have
almost the same (or substantially the same) composition
except for a difference in a LUMO energy level of a
p-dopant.

Referring to Table 2, light emission efficiency was
improved by about 30% in Exemplary Embodiment 4 and
Exemplary Embodiment 5 compared to Comparative
Example 2. The LUMO energy level of the p-dopant is high
in Exemplary Embodiment 4 and Exemplary Embodiment 5
compared to Comparative Example 2. Accordingly, when
HOMO energy of the hole transport material is consistent, a
difference (i.e., an absolute value in the difference) between
HOMO energy of the hole transport material and LUMO
energy of the p-dopant may be increased depending on
LUMO energy of the p-dopant. When the energy difference
is increased, energy required for hole movement is
increased, so that excessive injection of holes can be pre-
vented or substantially prevented and an appropriate amount
of holes can be supplied. Accordingly, it was determined that
light emission efficiency of the organic light emitting device

was increased.
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Exemplary Embodiment 6 is the same (or substantially
the same) as Exemplary Embodiment 1, except that a hole
transport region includes a compound represented by HT1
and a p-dopant amount is 1.0%. Exemplary Embodiment 7
is the same (or substantially the same) as Exemplary
Embodiment 6, except that a p-dopant amount is 0.5 wt %,
and Exemplary Embodiment 8 is the same as (or substan-
tially the same) Exemplary Embodiment 6, except that an
injected amount of p-dopant is 0.25%. Comparative
Example 3 is the same (or substantially the same) as
Exemplary Embodiment 6, except that an injected amount of

p-dopant is 3.0 wt %.

Referring to Table 3, efficiency of a light emission device
was increased as the amount of p-dopant doped in the hole
transport region according to Exemplary Embodiment 6 to
Exemplary Embodiment 8 is decreased. As a doping amount
of the p-dopant is increased, an injection amount of holes
supplied to the emission layer is increased. According to the
exemplary embodiment of the present invention, the injec-
tion amount of holes supplied to the emission layer is
controlled as the injection amount of p-dopant is decreased,
and accordingly, light efficiency was increased in the emis-
sion layer. That is, light emission efliciency can be increased
by injecting an appropriate level of holes rather than inject-

ing a large amount of holes.

TABLE 2
HOMO_HTM - Doping

Organic light HOMO_HTM LUMO_p-dopant LUMO_p-dopant concentration Efficiency
emitting device (eV) (eV) (eV) (wt %) (cd/A)
Exemplary -5.10 -5.01 -0.09 3% 13
Embodiment 4
Exemplary -5.10 -4.99 -0.11 3% 1.35
Embodiment 5
Comparative -5.10 -5.05 -0.05 3% 1.0

Example2
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TABLE 3
HOMO_HTM - Doping
Organic light HOMO_HTM LUMO_p-dopant LUMO_ p-dopant concentration Efficiency
emitting device (eV) (eV) (eV) (wt %) (cd/A)
Exemplary -5.10 -5.05 -0.05 1.0% 1.03
Embodiment 6
Exemplary -5.10 -5.05 -0.05 0.5% 1.13
Embodiment 7
Exemplary -5.10 -5.05 -0.05 0.25% 1.30
Embodiment 8
Comparative -5.10 -5.05 -0.05 3% 1.0
Example 3
Exemplary Embodiment 9 is the same (or substantially 5 to a doping region in an emission layer. Specifically, an

the same) as Exemplary Embodiment 1, except that a hole
transport region that includes a compound represented by
HT1 and a p-dopant has a thickness of 50 A, Exemplary
Embodiment 10 is the same (or substantially the same) as
Exemplary Embodiment 9, except that a hole transport
region including a p-dopant has a thickness of 30 A, and
Comparative Example 4 is the same (or substantially the
same) as Exemplary Embodiment 9, except that a hole
zansport region including a p-dopant has a thickness of 100

Referring to Table 4, it can be determined that as a
thickness of a hole transport region including a p-dopant is
decreased, light emission efficiency is increased. When a
hole transport region including a p-dopant has a thick
thickness, an injection amount of holes supplied to an
emission layer is increased. However, it can be determined
that when a hole transport region having a thin thickness is
provided as in the exemplary embodiment of the present
invention, rather than injecting a large amount of holes to the
emission layer, an appropriate level of holes are injected,
thereby increasing light efliciency.

TABLE 4

20

25

30

emission layer is divided into three regions according to a
thickness direction, and light emission efficiency of each
region is observed by doping a dopant (e.g., a light-emitting
dopant) only to each region. Region 1 is a region adjacent to
the hole transport region in the emission layer, region III is
aregion adjacent to a second electrode in the emission layer,
and region II is a region disposed between region 1 and
region III. In the present specification, the term “light
emission region” refers to a region where light emission
predominates by combination of electrons and holes.

It can be determined that in the case of the light emitting
device according to Comparative Example 1, the light
emission region is disposed in a center (i.e., region II) in the
emission layer, but in the case of the light emitting device
according to Exemplary Embodiment 2, the light emission
region is formed in region I that is adjacent to the hole
transport region.

It can also be determined that, in the case of the light
emitting device according to the exemplary embodiment, the
light emission region moves to a region adjacent to the hole
transport region depending on hole injection control, and as

Organic light ~HOMO_ LUMO_ HOMO_HTM- Doping

Organic light

emitting HTM p-dopant LUMO_p-  concentration Efficiency  emitting
device (eV) (eV) dopant {eV) (wt %) (cd/A) device
Exemplary -5.10 =505 -0.05 0.5% 50 1.20
Embodiment 9

Exemplary -5.10 =505 -0.05 0.5% 30 1.40
Embodiment 10

Comparative -5.10 =505 -0.05 0.5% 100 1.15
Example 4

According to the above-described exemplary embodi-
ments, the doping concentration of the p-dopant supplied to
the hole transport region and the thickness of the hole
transport region that includes the p-dopant are controlled to
adjust an injection amount of holes supplied to the emission
layer, thereby increasing light emission efficiency of the
organic light emitting device. In addition, regardless of the
doping concentration and the thickness of the hole transport
region, energy levels of the hole transport material and the
p-dopant are adjusted to prevent or substantially prevent an
excessive amount of holes from being injected into the
emission layer, thereby supplying an appropriate level of
holes. Accordingly, the organic light emitting device can
provide improved light efficiency.

Hereinafter, light emission efficiency in region I to region
11T according to an exemplary embodiment and a compara-
tive example will be described with reference to FIG. 6. FIG.
6 is a graph illustrating light emission efficiency according

60

65

the light emission region is further densified, the probability
of the hole and the electron meeting within the light emis-
sion region is increased, so that the probability of formation
of the exciton in the emission layer is increased. When the
probability of formation of the exciton in the emission layer
is increased, a large amount of excitons generated from the
host is energy-transferred to a dopant, thereby achieving
higher light efficiency. The limitation of the hole injection is
consequently effective in densifying the light emitting
region in the emission layer and consequently increasing the
efficiency of the light emitting device.

While this invention has been described in connection
with what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims, and equivalents thereof.
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DESCRIPTION OF SOME OF THE SYMBOLS

110: first electrode
150: organic layer
190: second electrode
210: first capping layer
220: second capping layer
What is claimed is:
1. An organic light emitting device comprising:
a first electrode;
a second electrode that overlaps the first electrode; and
an organic layer between the first electrode and the second
electrode,
wherein the organic layer comprises a hole transport
region, the hole transport region comprising a hole
transport material and a p-dopant,
wherein when the doping amount of the p-dopant is less
than 1 wt %, the following Equation 2 is satisfied:

HOMO_HTM-LUMO_p-dopant>-0.05 eV [Equation 2]

wherein, in Equation 2, HOMO_HTM denotes HOMO
energy of the hole transport material and LUMO_p-
dopant denotes LUMO energy of the p-dopant.

2. The organic light emitting device of claim 1, wherein
the  hole  transport  material  satisfies =53
eV<HOMO_HTM=<-4.9 ¢V, and the p-dopant satisfies
-5.25 eV<LUMO_p-dopant<-4.85 eV.

3. The organic light emitting device of claim 1, wherein
the p-dopant is included at an amount of about 0.25 wt % to
about 1 wt % based on a total weight of the hole transport
region.

4. The organic light emitting device of claim 1, wherein
a thickness of the hole transport region comprising the
p-dopant is about 10 A to about 300 A.

5. The organic light emitting device of claim 1, wherein
the organic layer further comprises an emission layer, and
recombination of holes and electrons in the emission layer is
generated adjacent to the hole transport region.

6. The organic light emitting device of claim 1, wherein
when the doping amount of the p-dopant is 1 wt % or less
than 1 wt %, and when a doping concentration of the
p-dopant is decreased, light emission efficiency of the
organic light emitting device is increased.

7. The organic light emitting device of claim 1, wherein
light emission efficiency of the organic light emitting device
is increased as a thickness of the hole transport region that
includes the p-dopant is decreased.

8. The organic light emitting device of claim 1, wherein
the p-dopant is selected from the group consisting of a metal
oxide, tetracyanoquinodimethane (TCNQ), 1.4,5,8,9,11-
hexaazatriphenylene-hexacarbonitrile (HAT-CN), Chemical
Formula P1 to Chemical Formula P18, and a compound
represented by Chemical Formula 221,

Chemical Formula 221
Ry CN

CN / \ Rom

Rox CN
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-continued
P16
P17
P18

wherein in Chemical Formula 221, R,,, to R,,; are each
independently selected from the group consisting of a
substituted or unsubstituted C;-C, ; cycloalkyl group, a
substituted or unsubstituted C,-C,,, heterocycloalkyl
group, a substituted or unsubstituted C,-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C,, het-
erocycloalkenyl group, a substituted or unsubstituted
Ce-Cqo aryl group, a substituted or unsubstituted
C,-C¢o heteroaryl group, a substituted or unsubstituted
monovalent non-aromatic condensed polycyclic group,
and a substituted or unsubstituted monovalent non-
aromatic hetero-condensed polycyclic group, and at
least one of R,,, to R,,5 has at least one selected from
a cyano group; a C,-C,, alkyl group substituted with
—F, —Cl, —Br, or —I; a C,-C,, alkyl group substi-
tuted with —Cl; a C,-C,, alkyl group substituted with
Br; and a C,-C,, alkyl group substituted with —I.

ok % k&
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