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(57) ABSTRACT

Provided are an organic light emitting device with improved
UV lifespan, based on changed configuration of an electron
transport layer, and an organic light emitting display includ-
ing the same.
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FIG. 6C
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ORGANIC LIGHT EMITTING DEVICE AND
ORGANIC LIGHT EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0183503, filed on Dec. 29,
2017, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light
emitting device, more particularly, to an organic light emit-
ting device which can be stably operated under harsh
conditions and an organic light emitting display including
the same.

Description of the Related Art

[0003] Owing to advantages of reduced size and weight,
flat panel displays are widely used for monitors of desktop
computers, as well as notebook computers, portable com-
puters such as PDAs or cellular phones. These flat panel
displays include liquid crystal displays (LCDs), plasma
display panels (PDPs), field emission displays (FEDs),
organic light emitting displays (OLEDs) and the like.
[0004] Thereamong, organic light emitting displays have a
rapid response speed, excellent brightness based on high
luminous efficiency and a wide viewing angle.

[0005] Meanwhile, organic light emitting displays can be
utilized in various applications including smart watches,
cellular phones, navigation systems and various exploration
equipment. In addition, these applications need to stably
operate even under harsh environments including serious
exposure to sunshine since they may be directly exposed to
indoor environments as well as outdoor environments.
[0006] However, recent organic light emitting displays
have a problem of undergoing rapid deterioration in lifespan
upon operation under harsh environments of prolonged UV
exposure, since they are produced to have an indoor display
function.

BRIEF SUMMARY

[0007] Accordingly, the present disclosure is directed to
an organic light emitting device and an organic light emit-
ting display including the same that substantially obviate
one or more problems due to limitations and disadvantages
of the related art.

[0008] It is an object of the present disclosure to provide
an organic light emitting device with improved UV lifespan,
based on changed configuration of an electron transport
layer, and an organic light emitting display including the
same.

[0009] Additional advantages, objects, and features of the
disclosure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the disclosure. The
objectives and other advantages of the disclosure may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.
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[0010] The present disclosure can improve efficiency and
UV lifespan by changing the configuration and materials of
the electron transport layer.

[0011] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, an organic light emitting
device includes an anode and a cathode opposing each other,
a light emitting layer interposed between the anode and the
cathode, a hole transport layer interposed between the anode
and the light emitting layer, and an electron transport layer
interposed between the light emitting layer and the cathode
and including a first electron transport layer comprising a
benzimidazole derivative and a compound of Formula 1, and
a second electron transport layer comprising the compound
of Formula 1 and the benzimidazole derivative is absent,
wherein the compound of Formula 1 has the following
structure:

RY,-L-12>R?), Formula 1

[0012] wherein a and b are each independently 1, 2 or 3,
L' is, at each occurrence, independently a substituted or
unsubstituted divalent, trivalent, or tetravalent arylene
group, L” is a direct bond or a substituted or unsubstituted
arylene group, R? is a unsubstituted aryl or an aryl substi-
tuted with 1, 2, or 3 cyano substituents, and R' is a
substituted or unsubstituted heteroaryl group.

[0013] In addition, the first and second electron transport
layers may be in contact each other, the first electron
transport layer may be positioned more distal to the cathode
relative to the second electron transport layer and the second
electron transport layer may be positioned more proximal to
the cathode.

[0014] The organic light emitting device may further
include an electron injection layer between the second
electron transport layer and the cathode, wherein the second
electron transport layer and the cathode are each in contact
with a different surface of the electron injection layer.

[0015] The organic light emitting device may further
include a third electron transport layer consisting essentially
of the benzimidazole derivative, wherein the third electron
transport layer is in contact with a surface of the first
electron transport layer and is not in contact with the second
electron transport layer.

[0016] Alternatively, the electron transport layer may
include the electron transport layer comprises a plurality of
electron transport layer groups, wherein each electron trans-
port layer group comprising the first electron transport layer,
the second electron transport layer in contact with a first
surface of the first electron transport layer, and a third
electron transport layer consisting essentially of the benz-
imidazole derivative in contact with a second surface of the
first electron transport layer.

[0017] Among the electron transport layers, the first and
second electron transport layers are in contact with each
other; the first electron transport layer is positioned to be
more distal to the cathode relative to the second electron
transport layer; and the second electron transport layer is
positioned to be more proximal to the cathode relative to the
first electron transport layer.

[0018] In addition, the first electron transport layer may be
thicker than the second electron transport layer.

[0019] Inaddition, the benzimidazole derivative may have
a LUMO energy level ranging from -3.0 eV to 2.9 ¢V, and
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the compound of Formula 1 has a LUMO energy level
ranging from -3.2 eV to -3.1 eV.

[0020] The heteroaryl group (R') may be represented by
the following Formula A or B:

Formula A
RH/XZ\(R“; or
X __zX
Formula B

wherein X', X* and X? are, at each occurrence, indepen-
dently N, CH or CD provided that at least one of X', X* or
X2 is N; R? and R* are, at each occurrence, independently
hydrogen, or a substituted or unsubstituted aryl group; R>¢,
R>% R>¢, R R>¢ RY, R, and R™ are, at each occurrence,
independently a direct bond to L', hydrogen, a substituted or
unsubstituted aryl group, or two of R, R>?, R, R, R>¢,
R¥, R*¢, and R** may join with each other, along with the
carbon to which they are attached, to form a substituted or
unsubstituted carbocyclic or heterocyclic ring.

[0021] In addition, the benzimidazole derivative may be
represented by the following Formula 2:

] Formula 2
RE
R6b N
\>7L3_(L4_[R7]0)d
¢ N
RS \ 6
R6d R™
[0022] wherein R%, R%, R%, R, and R% are each

independently selected from the group consisting of substi-
tuted or unsubstituted C,-Cy,, alkyl, substituted or unsubsti-
tuted aryl, and substituted or unsubstituted 5 to 7-atom
heterocyclyl; L* and L* are each independently a direct bond
or a substituted or unsubstituted divalent, trivalent, or tet-
ravalent arylene group; R” is a substituted or unsubstituted
aryl group; c is, at each occurrence, independently 1, 2, or
3;and dis 1, 2, or 3.

[0023] In addition, an absolute value of a LUMO level of
the compound of Formula 1 may be higher than an absolute
value of a LUMO level of the benzimidazole derivative and
is lower than a work function of the cathode.

Jul. 4,2019

[0024] Meanwhile, a first electron mobility of the benz-
imidazole derivative may be higher than a second electron
mobility of the compound of Formula 1.

[0025] In another aspect of the present disclosure, pro-
vided is an organic light emitting display including a sub-
strate having a plurality of sub-pixels positioned on a surface
of the substrate, a thin film transistor in each sub-pixel on the
surface of the substrate, and the organic light emitting device
connected to the thin film transistor and an anode.

[0026] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0027] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the disclosure and together with
the description serve to explain the principle of the disclo-
sure. In the drawings:

[0028] FIG. 1 is a sectional view illustrating an organic
light emitting device according to the present disclosure;

[0029] FIGS. 2A and 2B are sectional views illustrating
another embodiment of the electron transport layer of FIG.
1

[0030] FIGS. 3A and 3B show the configuration of a

process chamber for forming the electron transport layer
shown in FIGS. 2A and 2B;

[0031] FIG. 4 is a band diagram showing first and com-
pounds of Formula 1 constituting the electron transport layer
of FIG. 1,

[0032] FIG. 5 is a band diagram of a third compound and
a fourth compound constituting the electron transport layer
of the organic light emitting device according to Compara-
tive Example;

[0033] FIGS. 6A, 6B and 6C are graphs showing varia-
tions in absorbance spectra of a Liq material, a benzimida-
zole derivative and a compound of Formula 1, respectively,
upon UV non-irradiation and UV irradiation;

[0034] FIG. 7 is a graph showing lifespan upon UV
non-irradiation and irradiation in the organic light emitting
device according to Comparative Example;

[0035] FIG. 8 is a band diagram of electron transporting
materials used for the first Experiment;

[0036] FIG. 9 is a graph showing current density as a
function of voltage, in various Examples used for the first
Experiment;

[0037] FIG. 10 is a graph showing luminous efliciency as
a function of voltage, in various Examples used for the first
Experiment;

[0038] FIG. 11 is a graph showing lifespan upon blue

driving in First Example, Fifth Example and Sixth Example;
and

[0039] FIG. 12 is a sectional view illustrating an organic
light emitting display including the organic light emitting
device according to the present disclosure.
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DETAILED DESCRIPTION

[0040] Reference will now be made in detail to the pre-
ferred embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings.
[0041] The advantages, features and methods of achieving
the same of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings. However, the
present disclosure is not limited to a variety of embodiments
described below and can be implemented in various forms.
The embodiments of the present disclosure are provided
only to completely disclose the present disclosure and fully
inform a person having ordinary knowledge in the field to
which the present disclosure pertains of the scope of the
present disclosure. Accordingly, the present disclosure is
defined by the scope of the claims.

[0042] The shape, size, ratio, angle, number and the like
shown in the drawings to illustrate the embodiments of the
present disclosure are only for illustration and are not
limited to the contents shown in the drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts. In the
following description, detailed descriptions of technologies
or configurations related to the present disclosure may be
omitted so as not to unnecessarily obscure the subject matter
of the present disclosure. When terms such as “including”,
“having” and “comprising” are used throughout the speci-
fication, are to be construed in an open, inclusive sense, that
is, as “including, but not limited to”. As used herein, the
phrase “consisting of” excludes any element, step, ingredi-
ent, or component that is not specified. As used herein, the
phrase “consisting essentially of” limits the scope of the
embodiment to the specified elements, steps, ingredients, or
components, and to those that do not materially affect the
basic and novel characteristics of the claimed disclosure. A
component described in a singular form encompasses com-
ponents in a plural form unless particularly stated otherwise.
[0043] It should be interpreted that the components
included in the embodiments of the present disclosure
include an error range, although there is no additional
particular description.

[0044] In describing a variety of embodiments of the
present disclosure, when terms for positional relationships
such as “on”, “above”, “under”, “proximal”, “distal”, and
“next to” are used, at least one intervening element may be
present between two elements unless “immediately” or
“directly” is used. “Proximal” or “more proximal” refers to
a positional relationship that is closer and may refer to a
position relative to another element. “Distal” and “more
distal” refers to a positional relationship that is further way
and may refer to a position relative to another element.
[0045] In describing a variety of embodiments of the
present disclosure, when terms related to temporal relation-
ship, such as “after”, “subsequently”, “next” and “before”, a
non-continuous case may be present, unless “immediately”
or “directly” is used.

[0046] In describing a variety of embodiments of the
present disclosure, terms such as “first” and “second” may
be used to describe a variety of components, but these terms
only aim to distinguish the same or similar components from
one another. Accordingly, throughout the specification, a
“first” component may be the same as a “second” compo-
nent within the technical concept of the present disclosure,
unless specifically mentioned otherwise.
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[0047] Throughout the specification, “LUMO (lowest
unoccupied molecular orbital) energy level” and “HOMO
(highest occupied molecular orbital) energy level” of any
layer means LUMO and HOMO energy levels of a material
which occupies most of a weight ratio of the corresponding
layer, for example, a host material, unless LUMO and
HOMO energy levels of a dopant doped in the correspond-
ing layer are referred.

[0048] Throughout the specification, the term “HOMO
energy level” means an energy level which is measured by
cyclic voltammetry (CV) that determines an energy level
from a relative voltage of a reference electrode having a
known potential. For example, a HOMO energy level of any
material can be measured based on, as the reference elec-
trode, ferrocene having known oxidation and reduction
potentials.

[0049] “Arylene” refers to a cyclic group comprising one
or more aromatic rings and can refer to a linker that connects
two or more parts of a molecule. For example, when an
arylene connects two parts of a molecule, it is referred to as
“diavalent”; when 3 parts of a compound connected by an
arylene, it is referred to as “trivalent”; similarly, when
connecting 4 parts, it is referred to as “tetravalent.” Arylene
groups include, but are not limited to benzene, naphthalene,
anthracene, phenanthrene, chrysene, pyrene, corannulene,
foronene, and the like.

[0050] The respective features of various embodiments
according to the present disclosure can be partially or
entirely joined or combined and technically variably related
or operated, and the embodiments can be implemented
independently or in combination.

[0051] Meanwhile, throughout the specification, the
organic light emitting device is, for example, implemented
in the form of a single stack, but may be in the form of a
plurality of stacks, between which a change generation layer
is interposed. Each stack means a unit structure which
includes a hole transport layer, an organic layer including the
hole transport layer, and an organic light emitting layer
disposed between the hole transport layer and an electron
transport layer. The organic layer may further include a hole
injection layer, an electron blocking layer, a hole blocking
layer and an electron injection layer, and may further include
other organic layers depending on the structure or design of
the organic light emitting device.

[0052] Hereinafter, preferred embodiments of the present
disclosure will be described with reference to the annexed
drawings.

[0053] Hereinafter, an organic light emitting device and an
organic light emitting display including the same will be
described in more detail with reference to the annexed
drawings.

[0054] FIG. 1 is a sectional view illustrating an organic
light emitting device according to the present disclosure.
[0055] As shown in FIG. 1, the organic light emitting
device according to the present disclosure includes an anode
110 and a cathode 180 opposing each other, a light emitting
layer 150 interposed between the anode and the cathode, a
hole transport layer 130 interposed between the anode and
the light emitting layer, and an electron transport layer 160
including a first electron transport layer 162 interposed
between the light emitting layer 150 and the cathode 180,
and including a mixture of a benzimidazole derivative and of
a compound of Formula 1, and a second electron transport
layer 163 made of only the compound of Formula 1.
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[0056] As shown in FIG. 1, in addition to the aforemen-
tioned elements, the organic light emitting device may
further include a hole injection layer 120 between the anode
110 and the hole transport layer 130, an electron injection
layer 170 between the electron transport layer 160 and the
cathode 180, and an electron blocking layer 140 between the
hole transport layer 130 and the light emitting layer 150.
However, these injection layers 120 and 170, and the elec-
tron blocking layer 140 may be omitted, if necessary and, in
addition to these layers, the hole transport layer 130 and the
electron transport layer 160 may include two or more layers
of different materials, or further include an additional control
layer adjacent thereto.

[0057] The layers, excluding the light emitting layer 150
between the anode 110 and the cathode 180, function to
transport holes and electrons to the light emitting layer 150
and thereby induce recombination between holes and elec-
trons in the light emitting layer 150. Substantially, layers
interposed between the anode 110 and the light emitting
layer 150 help inject holes into the light emitting layer and
transport holes thereto, and layers interposed between the
light emitting layer 150 and the cathode 180 help inject
electrons into the light emitting layer and transport electrons
thereto.

[0058] The organic light emitting device according to the
present disclosure is characterized by the electron transport
layer 160.

[0059] The electron transport layer 160 shown in FIG. 1
further includes, in addition to the first electron transport
layer 162 and the first electron transport layer 163, a third
electron transport layer 161 including only the benzimida-
zole derivative adjacent to the light emitting layer 150,
because, when the benzimidazole derivative and the com-
pound of Formula 1 are codeposited in general codeposition
equipment, in a formation direction, a single layer of the
benzimidazole derivative is first formed, a mixed layer of the
benzimidazole derivative and compound of Formula 1 is
formed and a single layer of the compound of Formula 1 is
then formed. When the mixed layer can be formed without
formation of the single layer, the third electron transport
layer 161 can be omitted.

[0060] The benzimidazole derivative and compound of
Formula 1, which are materials contained in the electron
transport layer 160, exclude materials vulnerable to UV,
such as lithium quinolate (Liq). That is, the benzimidazole
derivative and compound of Formula 1 used for the electron
transport layer 160 according to the present disclosure are
materials which are found not to change absorbance even
upon prolonged UV exposure (see FIGS. 6B and 6C).
[0061] In addition, specifically, the second electron trans-
port layer 163 adjacent to the cathode 180 includes a single
material of a compound of Formula 1:

RY,-L-12R?), Formula 1

[0062] wherein

[0063] a and b are each independently 1, 2 or 3, L' is, at
each occurrence, independently a substituted or unsubsti-
tuted divalent, trivalent, or tetravalent arylene group, L2 is a
direct bond or a substituted or unsubstituted arylene group,
R? is a unsubstituted aryl or an aryl substituted with 1, 2, or
3 cyano (—CN) substituents, and R' is a substituted or
unsubstituted heteroaryl group.

[0064] The compound represented by Formula 1 has a
LUMO energy level of about -3.10 to -3.20 eV and thus has
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a lower LUMO energy level (a greater absolute value of
LUMO energy level) than the lithium quinolate compound.
Accordingly, the LUMO energy level of the compound is
similar to the work function of the metal used for the cathode
180, thereby functioning to reduce barrier upon injection of
electrons from the cathode 180. In order to reduce the
electron injection barrier, the compound of Formula 1
should be disposed as a single material adjacent to the
cathode 180. As shown in FIG. 1, the second electron
transport layer 163 is formed by supplying only a material
for the compound of Formula 1 in the last step of codepos-
iting the benzimidazole derivative and the compound of
Fornula 1 and is a thin layer which is at most ¥5™ as thick
as the codeposited first electron transport layer 162. The first
and second electron transport layers 162 and 163 are formed
in the continuous codeposition process and contact each
other.

[0065] In a structure not including the electron injection
layer 170, the second electron transport layer 163 may
directly contact the cathode 180 and, in a structure including
the electron injection layer 170, the second electron trans-
port layer 163 and the cathode 180 may contact both
surfaces of the electron injection layer 170.

[0066] In addition, specifically, the heteroaryl (R') group
may be represented by the following Formula A or B:

Formula A
R3

szﬁ/w
P
RSa
5
Ny
N,
/ RN
/
R3e RS/

Formula B

!
R b
RSh
RSC
R¥ PE

[0067] In Fornmulae A and B, X', X* and X are, at each
occurrence, independently N, CH or CD provided that at
least one of X', X* or X® is N; R® and R* are, at each
occurrence, independently hydrogen, a substituted or unsub-
stituted aryl group; R4, R®%, R>*, R*¢ R>¢ R¥,R’8, and R**
are, at each occurrence, independently a direct bond to I},
hydrogen, a substituted or unsubstituted aryl group, or two
of R**, R>, R*®, R*, R*, RY, R*, and R*" may join with
each other, along with the carbon to which they are attached,
to form a substituted or unsubstituted carbocyclic or hetero-
cyclic ring.

[0068] That is, since the benzimidazole derivative code-
posited with the compound of Formula 1 in the first electron
transport layer 162 has a LUMO energy level of about -2.90
to =3.0 eV, which is higher than that of the compound of
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Formula 1, the compound of Formula 1 is preferably dis-
posed closer to the cathode 180 in order to reduce the
electron injection barrier.

[0069] Meanwhile, the benzimidazole derivative con-
tained together with the compound of Formula 1 in the first
electron transport layer 162 may be represented by the
following Formula 2:

Formula 2
Rﬁa
6b
R N
\>7L3—<L4—[R7]f>d
6c N
K \
Rﬁd RGe

[0070] In Formula 2, R®, R®, R®, R®, and R® are each
independently selected from the group consisting of substi-
tuted or unsubstituted C,-C,, alkyl, substituted or unsubsti-
tuted aryl, and substituted or unsubstituted 5 to 7-atom
heterocyclyl; L* and L* are each independently a direct
bond, or a substituted or unsubstituted divalent, trivalent, or
tetravalent arylene group; R” is a substituted or unsubstituted
aryl group; ¢ is, at each occurrence, independently 1. 2, or
3;and dis 1, 2, or 3.

[0071] Here, the first electron transport layer 162 includ-
ing a mixture of benzimidazole derivative and compound of
Formula 1 is a major component of the electron transport
layer 160 and supplies electrons injected through the second
electron transport layer 163 to the light emitting layer 150 at
a high rate owing to the high electron mobility of the
benzimidazole derivative.

[0072] Meanwhile, “OS”, which is not described with
regard to FIG. 1, means an organic stack which is a stack of
the anode 110, the cathode 180 and a formed organic
material. The electron injection layer 170 is made of a
compound of an alkali metal such as LiF or LiO, and
halogen as an inorganic material and may be excluded from
the organic stack. The electron injection layer 170 may be
formed together with the cathode 180.

[0073] Embodiments including the electron transport layer
160 and methods for forming the same will be described
below.

[0074] FIGS. 2A and 2B are sectional views illustrating
another embodiment of the electron transport layer of FIG.
1, and FIGS. 3A and 3B show the configuration of a process
chamber for forming the electron transport layer shown in
FIGS. 2A and 2B.

[0075] As shown in FIG. 3A, a benzimidazole derivative
source 310 and a compound of Formula 1 source 320 are
provided under a substrate 1000, on which an organic
material is deposited, in a chamber 600.

[0076] In addition, first and second control plates 330 and
340 to open deposition regions are spaced from each other
between the substrate 1000 and the benzimidazole derivative
and compound of Formula 1 sources 310 and 320, respec-
tively.

[0077] Referring to FIG. 1, when benzimidazole and com-
pound of Formula 1 are each supplied in the form of gases
from benzimidazole derivative and compound of Formula 1
sources 310 and 320 toward the substrate 1000 in a depo-
sition region, on the substrate 1000 where the anode 110 to
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the light emitting layer 150 are completely formed, an
electron transport layer 160 is formed. When scanning the
substrate 1000 from the left to the right, a third electron
transport layer 161 made of a single material of the benz-
imidazole derivative and a second electron transport layer
163 made of the compound of Formula 1 is formed before
and after a first electron transport layer 162 including a
mixed layer of codeposited benzimidazole derivative and
compound of Formula 1.

[0078] When deposition is conducted only in the region
where the benzimidazole derivative and the compound of
Formula 1 overlap each other by making the deposition
region considerably narrow, only a first electron transport
layer 162 of a mixed layer (comprising the benzimidazole
derivative and the compound of Formula 1) could be
formed. However, in this case, due to bad utilization effi-
ciency of an organic material, the organic light emitting
device shown in FIG. 1 is designed by allowing the organic
material single layer to be left before and after the mixed
layer during the process in order to maximize utilization
efficiency of each compound source.

[0079] The organic light emitting device according to the
present disclosure uses the effect of reducing barrier upon
injection of electrons into the cathode 180, by disposing a
second electron transport layer 163, which is a single layer
of the compound of Formula 1, among the single layers
formed during formation of the codeposited first electron
transport layer 162, adjacent to the cathode 180.

[0080] Meanwhile, as shown in FIG. 2A, in order to
reduce a constant electron injection barrier, the electron
transport layer may contact the light emitting layer (150 of
FIG. 1), without interposition of a single layer, and may have
a double layer structure including a first electron transport
layer 162, which is a mixed layer of benzimidazole deriva-
tive and compound of Formula 1, and a second electron
transport layer 163 which is adjacent to the first electron
transport layer 162 and is a single layer including a com-
pound of Formula 1. In this case, the area of the first control
plate 330 at the left side of FIG. 3A is increased and the
second control plate 340 at the right side has an open region
along a direction in which the process is conducted on the
substrate 1000, so that, when, in an early stage, benzimida-
zole derivative and compound of Formula 1 are supplied
from benzimidazole derivative and compound of Formula 1
sources 310 and 320 onto the substrate 1000 such that the
benzimidazole derivative and compound of Formula 1 over-
lap, to form an electron transport layer 160 including the first
electron transport layer 162, which is a mixed layer of
benzimidazole derivative and compound of Formula 1, and
the second electron transport layer 163, which is a thin
single layer made of the compound of Formula 1 and
continuously contacts the first electron transport layer 162.
[0081] The electron transport layer 160 may include four
or more layers, which can be formed by alternating the
single layer with the mixed layer while changing the scan
direction of the substrate 1000 from left to right, from right
to left, or from forward to reverse, not in one direction. At
this time, left-right scanning of the substrate 1000 of FIG.
3B is used. That is, the electron transport layer can be
provided with identical single layers 261 and 265 made of
the compound of Formula 1 on both ends thereof by first
scanning the substrate 1000 in a direction of (1) to form, as
shown in FIG. 2B, a first layer 261, which is a single layer
made of the compound of Formula 1, a second layer 262
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which is a mixed layer made of benzimidazole and the
compound of Formula 1, and a third layer 263, which is a
single layer made of the benzimidazole derivative, and by
then scanning the substrate 1000 in a direction of @ which
is reverse to the direction @, to form a fourth layer 264,
which is a mixed layer made of the benzimidazole derivative
and the compound of Formula 1, and a fifth layer 265, which
is a single layer made of the compound of Formula 1.
[0082] In addition, the structure shown in FIG. 2B is
advantageous in that, when the single layer of the compound
of Formula 1 is close to the cathode, electron injection
efficiency is improved, and the compound of Formula 1 has
a low HOMO level (a high absolute value of HOMO level)
of -6.00 to -6.10 ¢V and thus prevents isolation of holes
from the light emitting layer 150 and deterioration in lifes-
pan due to improved recombination between holes and
electrons in the light emitting layer 150.

[0083] In some cases, when extending the application of
the structure shown in FIG. 2B, the electron transport layer
may include a plurality of mixed layers (see 262 and 264 of
FIG. 2B) of benzimidazole derivative and the compound of
Formula 1, and a single layer made of the compound of
Formula 1 and a single layer made of the benzimidazole
derivative at both sides of each mixed layer.

[0084] In this case, as shown in FIG. 2B, the layer closest
to the light emitting layer (see 150 of FIG. 1), among the
electron transport layers, is preferably a single layer made of
the compound of Formula 1 because isolation of holes from
the light emitting layer can be prevented. The layer closest
to the cathode (see 180 of FIG. 1) is preferably a single layer
made of the compound of Formula 1 in terms of improve-
ment in efficiency of electron injection.

[0085] In any embodiment, the organic light emitting
device according to the present disclosure includes a stack
configuration including a first electron transport layer (or
mixed layer 262 or 264), as a mixed layer, and a second
electron transport layer (163 or ET2 single layer 261 or 254)
made of a compound of Formula 1, as a single layer, and
utilizes the effect of reducing barrier upon injection of
electrons by disposing the second electron transport layer
163 as the single layer made of the compound of Formula 1
to be close to the cathode 180. Accordingly, the organic light
emitting device can maintain the electron injection effi-
ciency over time, thereby maintaining lifespan. That is, the
compound of Formula 1 used as the material of the mixed
layer according to the present disclosure functions to
improve lifespan.

[0086] In addition, in any embodiment, the first electron
transport layer 162 formed as a mixed layer is formed to a
greater thickness than that of the single layer for sufficient
and stable transportation of electrons.

[0087] In addition, the benzimidazole derivative and the
compound of Formula 1 are compounds resistant to UV,
unlike lithium quinolate (Liq), and when these compounds
are used as materials for codeposition of the electron trans-
port layer 160, the electron transport layer can be stably
operated even under outdoor environments involving long-
time exposure to room temperature or UV.

[0088] FIG. 4 is a band diagram showing the benzimida-
zole derivative and compound of Formula 1 constituting the
electron transport layer of FIG. 1.

[0089] The benzimidazole derivative having the structure
of Formula 2 and may be, for example, 2-[3-(10-naphtha-
lene-2-yl-anthracene-9-yl)-phenyl]-1-phenyl-1H-benzimi-
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dazole, 2-(4-iodophenyl)-1-phenyl-1H-benzimidazole, or
1-(2-pyridyl)-2-(4-bromophenyl)-1H-benzimidazole.

Compound Name Compound Structure

Q.

2-[3-(10-naphthalene-

2-yl-anthracene-9-yl)-

phenyl]-1-phenyl-1H-
benzimidazole

v
-0

-

[0090] In addition, as shown in FIG. 4, the LUMO energy
level of the benzimidazole derivative is about -3.0 eV to
-2.9 ¢V, which is higher than -3.2 eV to -3.1 eV, which is
a LUMO energy level of the compound of Formula 1 (when
comparing the LUMO energy level, based on the absolute
value, the LUMO level of the compound of Formula 1 is
great). In the illustrated example, comparison in LUMO and
HOMO energy levels of respective materials is shown under
conditions that the benzimidazole derivative and the com-
pound of Formula 1 are each limited to certain materials of
Formulae 2 and 1, a third electron transport layer 161 is
stacked as a single layer of the benzimidazole derivative, a
first electron transport layer 162 is stacked as a mixed layer
of benzimidazole derivative and the compound of Formula
1, and a second electron transport layer 163 is stacked as a
single layer made of the compound of Formula 1. The
benzimidazole derivative has a LUMO level of -2.96 eV
and a HOMO level of -5.87 eV, and the compound of
Formula 1 has a LUMO level of -3.14 ¢V and a HOMO

2-(4-iodophenyl)-1-
phenyl-1H-
benzimidazole

1-(2-pyridyl)-2-(4-
bromophenyl)-1H-
benzimidazole
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level of =6.09 eV, that is, certain values of LUMO and
HOMO energy levels of respective materials are shown. By
changing substituted groups contained in respective com-
pounds, although the shown HOMO and LUMO levels
undergo variation within 0.1 eV, similar properties can be
obtained.

[0091] In addition, since the benzimidazole derivative
used for the electron transport layer of the present disclosure
has a high electron mobility of 10~ cm?/V-s or more which
is higher than the electron mobility of the compound of
Formula 1, transport of electrons into the first electron
transport layer 162 depends on the benzimidazole deriva-
tive. Here, the second electron transport layer 163 contacting
the first electron transport layer 162 has an electron mobility
of about 107° cm*/V's to 10~> cm™/V's.

[0092] The organic light emitting device according to the
present disclosure has the properties of LUMO energy level
and the electron mobility as described above, and is char-
acterized in that the material is chosen as the compound of
Formula 1 that can be stable even under certain environ-
ments involving exposure to room temperature or UV irra-
diation, when mixed with the benzimidazole derivative
(ET1) in the first electron transport layer 162.

[0093] Meanwhile, FIG. 4 shows that the cathode 180 has
a work function of 4.1 eV, when the cathode 180 is AgMg.
The work function of the cathode 180 may change from 3 eV
to 5.5 eV. The organic light emitting device according to the
present disclosure can improve electron injection efliciency
by decreasing the energy barrier when injecting electrons
from the cathode, because the absolute value of the LUMO
level of the compound of Formula 1 (ET2) is similar to or
slightly different from the work function of the cathode 180.
[0094] Hereinafter, Comparative Example will be com-
pared with the organic light emitting device according to the
present disclosure.

[0095] FIG. 5 is a band diagram of a third compound and
a fourth compound constituting the electron transport layer
of the organic light emitting device according to Compara-
tive Example.

[0096] The organic light emitting device according to
Comparative Example has the same stack structure as in
FIG. 1, excluding the materials for the electron transport
layer.

[0097] The organic light emitting device according to
Comparative Example uses, as the material for the electron
transport layer, a mixed layer of a third compound ET3 of
lithium quinolate (Liq) and a fourth compound (ET4) of an
electron transporting organic material having a wider band-
gap including the bandgap of lithium quinolate.

[0098] Here, regarding the electron transport layer of the
organic light emitting device according to Comparative
Example, Liq, the third compound, has a LUMO level of
-2.80 ¢V and a HOMO level of -5.80 €V, and the fourth
compound of the electron transporting organic material has
a LUMO level of -2.73 ¢V and a HOMO level of -6.10 eV.
[0099] The third compound of the electron transporting
organic material of the organic light emitting device accord-
ing to Comparative Example is a combination of generally
well-known Alg3 and lithium quinolate (Liq). Here, lithium
quinolate is an electron transporting material which is found
to exhibit excellent electron injection upon operation at
room temperature and to function to reduce driving voltage.
[0100] The electron transport layer including the material
shown in FIG. 5 is formed as a mixed layer of a third
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compound, which is lithium quinolate, and a fourth com-
pound, which is an electron transporting organic material
having a wider bandgap including the bandgap of the lithium
quinolate, and includes lithium quinolate (third compound)
having a LUMO level at a lower side thereof to help
injection of electrons, and the electron transporting fourth
compound involved in transport of electrons.

[0101] In this regard, the organic light emitting device
according to Comparative Example has advantages of high
electron injection efliciency and low driving voltage, owing
to a complex of Li, as an alkali metal, but rapidly changes
electron injection of the organic light emitting device, when
used under outdoor environments involving serious UV
exposure in addition to operation at room temperature.
[0102] In addition, lithium quinolate (Liq) used in Com-
parative Example has a LUMO level of -2.8 eV, which
causes a great difference between the absolute value of the
LUMO level and the work function of the cathode, and the
lithium quinolate thus has a greater barrier upon electron
injection than that of the compound of Formula 1.

[0103] FIGS. 6A, 6B and 6C are graphs showing varia-
tions in absorbance spectra of a Liq material, a benzimida-
zole derivative and a compound of Formula 1, respectively,
upon UV non-irradiation and UV irradiation.

[0104] FIGS. 6A to 6C show absorbance as a function of
wavelength before and after UV irradiation at an intensity of
0.8 W/m> for 150 hours, after deposition of respective
materials to a thickness of 1,000 A.

[0105] As shown in FIG. 6A, there is the difference in
absorbance between UV non-irradiation and irradiation
within the UV range of 350 nm or less, upon use of lithium
quinolate (Liq). That is, absorbance of lithium quinolate
within the certain wavelength range of 350 nm or less is
halved upon UV irradiation, which means that light emission
capability is deteriorated and reliability is low under UV
irradiation environment, upon UV exposure for a predeter-
mined period of time or longer, when using lithium quinolate
for the organic light emitting device.

[0106] In particular, in consideration of materials for the
mixed layer, when a mixed layer is formed by mixing
lithium quinolate (Liq) with other organic materials, a single
layer made of lithium quinolate is formed in the codeposi-
tion process. The single layer made of lithium quinolate
maintains its inherent properties, causing the aforemen-
tioned deterioration in absorbance shown in FIG. 6A under
UV irradiation environment, which makes lithium quinolate
having high efficiency at room temperature to be unsuitable
as the material for the electron transport layer.

[0107] On the other hand, the benzimidazole derivative
involved in the electron mobility of the electron transport
layer 160 according to the present disclosure, and the
compound of Formula 1 involved in improvement in elec-
tron injection and lifespan have no difference in absorbance
between before and after UV irradiation, as shown in FIGS.
6B and 6C.

[0108] That is, the benzimidazole derivative and the com-
pound of Formula 1 each have identical absorbance peak
characteristics before and after UV irradiation at a wave-
length of 200 nm to 400 nm. Accordingly, the organic light
emitting device that includes a single layer made of a
benzimidazole derivative and a single layer made of a
compound of Formula 1, which are formed and remain in the
codeposition process, before and after the mixed layer of a
benzimidazole derivative and a compound of Formula 1,
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does not undergo variation in light-emission properties upon
exposure to UV for a long time and thus serves as an organic
light emitting device having reliability under outdoor envi-
ronments.

[0109] FIG. 7 is a graph showing lifespan upon UV
non-irradiation and irradiation in the organic light emitting
device according to Comparative Example.

[0110] Comparative Example relates to formation of an
electron transport layer as a mixed layer of the third com-
pound (ET3: Liq) and the fourth compound (ET4) illustrated
in FIG. 5, and shows a structure in which the single layer of
the third compound and the single layer of the fourth
compound are formed, before and after the mixed layer,
during the codeposition process.

[0111] As shown in FIG. 7, the organic light emitting
device of Comparative Example shows a decrease in lifes-
pan upon UV irradiation which corresponds to 60% of
lifespan upon UV non-irradiation.

[0112] Accordingly, the inventors of the present disclosure
considered the formation of an electron transport layer with
a single electron transporting organic material like a benz-
imidazole derivative, while excluding lithium quinolate
from the material for the electron transport layer.

[0113] FIG. 8 is a band diagram of the electron transport-
ing materials used for the first Experiment and FIG. 9 is a
graph showing current density as a function of voltage, in
Examples used for the first Experiment. In addition, FIG. 10
is a graph showing luminous efliciency as a function of
voltage in various Examples used for the first Experiment.
[0114] Referring to FIG. 8, considering the bandgap of the
organic material of the electron transporting materials used
for tests, in comparison with lithium quinolate, the third
compound, Liq, included in the electron transport layer of
Comparative Example, has a LUMO energy level of —2.80
eV and a HOMO energy level of =5.80 eV, and the fourth
compound included in the electron transport layer of Com-
parative Example has a LUMO energy level of -2.73 eV and
a HOMO energy level of -6.10 eV.

[0115] In addition, a single electron transport layer is
formed using the fourth compound, and the comparison in
driving voltage, efficiency and lifespan between First
Examples and Comparative Example is shown in Table 1.

[0116] In the same manner as in the fourth compound, an
electron transport layer is formed using a single material of
fifth to seventh compounds, and the comparison in driving
voltage, efficiency and lifespan between Second to Fourth
Examples and Comparative Example is shown in Table 1.

[0117] The fifth compound has a LUMO energy level of
-2.80 eV and a HOMO energy level of -6.08 eV, the sixth
compound has a LUMO energy level of -2.90 ¢V and a
HOMO energy level of =5.90 eV, and the seventh compound
has a LUMO energy level of -2.85 eV and a HOMO energy
level of -5.85 eV.

[0118] The Fifth Example is an example in which the
electron transport layer is made of only the benzimidazole
derivative shown in FIG. 1, and its LUMO energy level is
-2.96 eV and its HOMO energy level is -5.87 eV. The
benzimidazole derivative used for Fifth Example is a ben-
zimidazole derivative, for example, 2-[3-(10-naphthalene-
2-yl-anthracene-9-yl)-phenyl]-1-phenyl-1H-benzimidazole.
However, any alternative material may be used as the
benzimidazole derivative so long as it is a benzimidazole
derivative represented by Formula 2 described above.
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TABLE 1

Blue driving (By: 0.045)

Room-
Structure Driving temperature
Electron transport voltage Efficiency  lifespan
Example NO.  layer structure V) (Cd/A) (T95)
Comparative  Liq (third Refv 100% 100%
Example compound) +
fourth compound
First Example  Fourth compound Refv +4.3 57% 5%
Second Fifth compound  Refv + 2.9 66% 5%
Example
Third Example Sixth compound Refv + 0.7 72% 5%
Fourth Seventh Refv +2.8 63% 5%
Example compound
Fifth Example benzimidazole Refv - 0.6 100% 70%
derivative
[0119] Referring to Table 1, even when using only the

single benzimidazole derivative, superior driving voltage
and efficiency properties are obtained, that is, blue driving
voltage is lower and efliciency is comparably excellent,
compared to Comparative Example involving a mixture of
two materials, but room-temperature lifespan is low (70%
level), compared to the electron transport layer of the mixed
layer including lithium quinolate. In addition, when forming
the electron transport layer with the single organic material,
excluding the benzimidazole derivative (First to Fourth
Examples), all cases show a great deterioration in room-
temperature lifespan which correspond to 5% of Compara-
tive Example.

[0120] Considering IV properties shown in FIGS. 9 and
10, when one of fourth to seventh compounds in First to
Fourth Examples is used for the electron transport layer, the
driving voltage is increased and there is difficulty in improv-
ing current density even with increasing voltage.

[0121] On the other hand, as shown in FIGS. 9 and 10,
when the electron transport layer is formed using a single
material (a benzimidazole derivative), driving voltage and
efficiency are excellent. This might be due to the fact that the
electron mobility of the benzimidazole derivative has a
higher electron mobility than fourth to seventh compounds
and a LUMO level slightly different from the work function
of the cathode.

TABLE 2

Electron mobility (ecm?/V - s)

Fourth compound 3.0 x 1073
Fifth compound 9.7 x 107
Sixth compound 5.5 % 10’%
Seventh compound 24 x 107
benzimidazole derivative 2.7 x 1074

[0122] However, as can be seen from Table 1, the Fifth
Example, wherein an electron transport layer is formed
using only a benzimidazole derivative as a single material,
exhibits worse room-temperature lifespan than Comparative
Example. In an attempt to improve room-temperature lifes-
pan, the organic light emitting device according to the
present disclosure includes incorporation, into the electron
transport layer, a mixed layer of the benzimidazole deriva-
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tive and the compound of Formula 1 having different elec-
tron transporting properties from the benzimidazole deriva-
tive.

[0123] Meanwhile, tests are conducted using the material
used for the benzimidazole derivative, for example, 2-[3-
(10-naphthalene-2-yl-anthracene-9-yl)-phenyl]-1-phenyl-
1H-benzimidazole. Any alternative material may be used as
the benzimidazole derivative represented by Formula 2
described above.

[0124] FIG. 11 is a graph showing lifespan upon blue
driving in First Example, Fifth Example and Sixth Example.
[0125] In the tests of FIG. 11 and Table 3, First Example
and Sixth Example relate to tests using a electron transport
layer 160 having a structure in which a third electron
transport layer 161 made of a single material of a benzimi-
dazole derivative, a first electron transport layer 162 made of
a mixture material of the benzimidazole derivative and the
compound of Formula 1, and a second electron transport
layer 162 made of a single material of the compound of
Formula 1 are stacked in this order, as shown in the structure
of FIG. 1. On the other hand, Fifth Example relates to the
electron transport layer 160 formed as a single layer made of
the benzimidazole derivative.

[0126] As shown in FIG. 11 and Table 3, when the mixed
layer of the electron transport layer is formed using the
compound of Formula 1 in combination with the benzimi-
dazole derivative, the driving voltage is 0.6V lower than
Comparative Example due to properties of the benzimida-
zole derivative, efficiency is comparable to Comparative
Example, and lifespan is increased to 110% or more. The
lifespan is a lifespan at room temperature, and Sixth
Example indicates that, as compared to Comparative
Example, including a mixed layer of lithium quinolate,
which is found to cause deterioration in driving voltage and
improvement in efficiency at room temperature, as the
material for the electron transport layer, and of the fourth
compound, the present disclosure excludes lithium quinolate
and adopts the electron transport layer including a mixed
layer of the benzimidazole derivative and the compound of
Formula 1, thereby stably operating under high UV exposure
environments and securing excellent room-temperature
lifespan.

TABLE 3
Structure Blue driving (By: 0.045)

Mixed layer Driving Efficiency Lifespan
Example NO.  structure voltage (V) (Cd/A) (T93)
Comparative  Third compound  Refv 100% 100%
Example (Lig + fourth

compound
Fifth Example benzimidazole Refv - 0.6 100% 70%

derivative
Sixth Example benzimidazole Refv - 0.6 100% 110%

derivative +

compound of

Formula 1
[0127] Meanwhile, a material having the structure of the

following Formula 3 is used as the compound of Formula 1
used for Sixth Example. However, the compound of For-
mula 1 of the electron transport layer according to the
present disclosure is not limited to the compound repre-
sented by the following Formula 3 and any material, which
includes the structure of Formula 1 and has the difference of

Jul. 4,2019

0.1 eV or less in each LUMO and HOMO levels described
in FIG. 4, can exhibit similar efficiency and lifespan.

Formula 3

N
=

N /N

CN

[0128] Meanwhile, the organic light emitting device
according to the present disclosure shown in FIG. 1 may be
electrically connected to a thin film transistor on the sub-
strate so that it can be used for an organic light emitting
display.

[0129] FIG. 12 is a sectional view illustrating an organic
light emitting display including the organic light emitting
device according to the present disclosure.

[0130] As shown in FIG. 11, the organic light emitting
display according to the present disclosure includes a plu-
rality of sub-pixels on a substrate 100 and an organic light
emitting device connected to a driving transistor in each
sub-pixel.

[0131] In addition, each sub-pixel includes an anode 110
connected to a transistor, an organic stack (OS: a hole
transport layer 130, a light emitting layer 150, an electron
transport layer 160) shown in FIG. 1, and a second electrode
180 in this order. The shown organic stack (OS) does not
include a hole injection layer, an electron blocking layer, and
an electron injection layer, but may include or not include
these layers, if necessary. In addition, the electron transport
layer 160, as shown in FIGS. 1 to 2B, includes a first
electron transport layer 162, which is a mixed layer of the
benzimidazole derivative of Formula 2 and the compound of
Formula 1 including a heteroarylene group of Formula 1,
and a second electron transport layer 163, which is a single
layer made of a compound of Formula 1.

[0132] Meanwhile, when considering the cross-section of
a thin film transistor array including the transistor, the thin
film transistor array includes, on a substrate 100, a transistor
including a semiconductor layer 102 made of amorphous
silicon or poly-silicon or an oxide semiconductor, a gate
electrode 104 provided by forming a gate insulation film 103
on the semiconductor layer 102, and a drain electrode 106
and a source electrode 107 connected to both ends of the
semiconductor layer 102. The transistor may include a
driving transistor, a switching transistor and/or a sensing
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transistor, a light-emitting control transistor, or the like, and
the drain electrode 106 of the driving transistor may be
connected to the anode 110.

[0133] In addition, the thin film transistor array includes
an interlayer insulation film 105, in a region excluding a
contact area, between the semiconductor layer 102, and the
drain electrode 106 and the source electrode 107, and an
inorganic protective film 108 and an organic protective film
109 covering the drain electrode 106 and the source elec-
trode 107, in a region excluding a part of the contact hole on
the drain electrode 106, so that the anode 110 in the organic
light emitting device provided in each sub-pixel on the
transistor is connected to the drain electrode 106 through the
contact hole.

[0134] In addition, a capping layer 200 is provided on the
cathode 180 to protect the organic light emitting device
(OLED) and out-coupling properties of the organic light
emitting device (OLED).

[0135] In addition, in addition to the configuration shown
in the drawings, the organic light emitting display may be
further provided with a sealing layer for sealing on the
capping layer 200.

[0136] The organic light emitting device and the organic
light emitting display including the same according to the
present disclosure have the following effects.

[0137] First, since organic light emitting devices devel-
oped to date are designed to be driven under optimal
conditions at room temperature, they have problems of
undergoing variation in electron injection over time and thus
rapid deterioration in lifespan, even under outdoor environ-
ments involving prolonged UV exposure. The organic light
emitting device according to the present disclosure can be
stably operated even under harsh UV environments by
mixing a novel electron transporting material which is
capable of exhibiting high electron transporting perfor-
mance and of reducing electron injection barrier, rather than
lithium quinolate which has high efliciency at room tem-
perature, but is vulnerable to UV, among the materials used
for the electron transport layer.

[0138] Second, when forming an electron transport layer
with a single electron transporting material, while avoiding
electron transporting materials vulnerable to UV, disadvan-
tageously, electron injection properties are changed over
time and long-time driving is impossible. For this purpose,
the electron transport layer is formed using a mixture of two
or more materials for electron injection and electron trans-
port by codeposition. During the codeposition process, a
single material layer may be formed in the electron transport
layer. The organic light emitting device according to the
present disclosure can reduce the barrier and prevent change
of electron injection properties by limiting the material
adjacent to the cathode, among single material layers gen-
erated during the process.

[0139] Third, process stability can be obtained by avoid-
ing materials, which are difficult to treat and are harmful, as
a material for the electron transport layer.

[0140] In addition, although the preferred embodiments of
the present disclosure have been disclosed for illustrative
purposes with reference to the annexed drawings, it will be
apparent to those skilled in the art that the present disclosure
is not limited to the same configurations, actions and effects
as the specific embodiments, and various modifications and
variations can be made in the present disclosure without
departing from the spirit and scope of the disclosure.
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Accordingly, it is intended that such modifications and
alterations fall within the scope of the present disclosure and
the true technical protection scope of the disclosure is
defined by the technical spirit of the appended claims.
[0141] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.
[0142] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.
1. An organic light emitting device, comprising:
an anode and a cathode opposing each other;
a light emitting layer interposed between the anode and
the cathode;
a hole transport layer interposed between the anode and
the light emitting layer; and
an electron transport layer interposed between the light
emitting layer and the cathode, the electron transport
layer comprising a first electron transport layer com-
prising a benzimidazole derivative and a compound of
Formula 1, and a second electron transport layer com-
prising the compound of Formula 1 and the benzimi-
dazole derivative is absent, wherein the compound of
Formula 1 has the following structure:

RY,-L-1L2*R?), Formula 1

wherein:

a and b are each independently 1, 2 or 3;

L' is, at each occurrence, independently a substituted or
unsubstituted divalent, trivalent, or tetravalent arylene
group;

[? is a direct bond or a substituted or unsubstituted
arylene group;

R? is a unsubstituted aryl or an aryl substituted with 1, 2,
or 3 cyano substituents; and

R! is a substituted or unsubstituted heteroaryl group.

2. The organic light emitting device according to claim 1,
wherein the first and second electron transport layers are in
contact with each other;

the first electron transport layer is positioned to be more
distal to the cathode relative to the second electron
transport layer; and

the second electron transport layer is positioned to be
more proximal to the cathode relative to the first
electron transport layer.

3. The organic light emitting device according to claim 2,
further comprising an electron injection layer between the
second electron transport layer and the cathode, wherein the
second electron transport layer and the cathode are each in
contact with a different surface of the electron injection
layer.
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4. The organic light emitting device according to claim 2,
further comprising a third electron transport layer consisting
essentially of the benzimidazole derivative, wherein the
third electron transport layer is in contact with a surface of
the first electron transport layer and is not in contact with the
second electron transport layer.

5. The organic light emitting device according to claim 1,
wherein the electron transport layer comprises a plurality of
electron transport layer groups, wherein each electron trans-
port layer group comprises:

the first electron transport layer;

the second electron transport layer in contact with a first

surface of the first electron transport layer; and

a third electron transport layer consisting essentially of
the benzimidazole derivative in contact with a sec-
ond surface of the first electron transport layer.

6. The organic light emitting device according to claim 5,
wherein the second electron transport layer of each electron
transport layer group is more proximal to the light emitting
layer and the cathode relative to the first electron transport
layer and third electron transport layer of the same electron
transport layer group.

7. The organic light emitting device according to claim 1,
wherein the first electron transport layer is thicker than the
second electron transport layer.

8. The organic light emitting device according to claim 1,
wherein the benzimidazole derivative has a LUMO energy
level ranging from -3.0 eV to -2.9 eV, and the compound of
Formula 1 has a LUMO energy level ranging from -3.2 eV
to -3.1 eV.

9. The organic light emitting device according to claim 1,
wherein R has the following Formula A or B:

Formula A
RH/XZ\KR“; or
X _zX
Formula B

R¥*  RY

wherein:

X!, X? and X? are, at each occurrence, independently N,
CH or CD provided that at least one of X, X? or X is
N;

R? and R* are, at each occurrence, independently hydro-
gen, a substituted or unsubstituted aryl group:;

R% R, R, R, R, RY, R, and R* are, at each
occurrence, independently a direct bond to L', hydro-
gen, a substituted or unsubstituted aryl group, or
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two of R*%, R*®, R*°, R>?, R*>*, RY, R*¢, and R*" may join
with each other, along with the carbon to which they are
attached, to form a substituted or unsubstituted carbo-
cyclic or heterocyclic ring.
10. The organic light emitting device according to claim
1, wherein the benzimidazole derivative has the following
Formula 2:

Formula 2
Rﬁa
6b
R N
\>_ L — (A —[R7].)y
6¢ N
R \
de RGe
wherein:

R%% R%, R®, R% and R are each independently
selected from the group consisting of substituted or
unsubstituted C, -C, alkyl, substituted or unsubstituted
aryl, and substituted or unsubstituted 5 to 7-atom
heterocyclyl;

L? and L* are each independently a direct bond or a
substituted or unsubstituted divalent, trivalent, or tet-
ravalent arylene group;

R” is absent or a substituted or unsubstituted aryl group;

¢ is, at each occurrence, independently 1, 2, or 3; and

dis 1,2, or3.

11. The organic light emitting device according to claim
1, wherein an absolute value of a LUMO level of the
compound of Formula 1 is higher than an absolute value of
a LUMO level of the benzimidazole derivative and is lower
than a work function of the cathode.

12. The organic light emitting device according to claim
1, wherein electron mobility of the benzoimidazole deriva-
tive is greater than 10~* cm*/V-s and electron mobility of the
compound of Formula 1 is less than 107 cm®/V's.

13. The organic light emitting device according to claim
1, wherein the benzoimidazole derivative and compound of
Formula 1 each have identical absorbance peak character-
istics before and after UV irradiation at a wavelength
ranging from 200 nm to 400 nm.

14. An organic light emitting display, comprising:

a substrate having a plurality of sub-pixels positioned on

a surface of the substrate;

a thin film transistor in each sub-pixel on the surface of
the substrate; and

an organic light emitting device connected to the thin film
transistors, the organic light emitting device compris-
ing:
an anode and a cathode opposing each other;

a light emitting layer interposed between the anode and
the cathode;

a hole transport layer interposed between the anode and
the light emitting layer; and

an electron transport layer interposed between the light
emitting layer and the cathode, the electron transport
layer comprising a first electron transport layer com-
prising a benzimidazole derivative and a compound of
Formula 1, and a second electron transport layer com-
prising the compound of Formula 1 and the benzimi-
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dazole derivative is absent, wherein the compound of
Formula 1 has the following structure:

RY,-L-12R?), Formula 1

wherein:

a and b are each independently 1, 2 or 3;

L' is, at each occurrence, independently a substituted or
unsubstituted divalent, trivalent, or tetravalent arylene
group;,

L7 is a direct bond or a substituted or unsubstituted
arylene group;

R? is a unsubstituted aryl or an aryl substituted with 1, 2,
or 3 cyano substituents; and
R! is a substituted or unsubstituted heteroaryl group.

15. The organic light emitting display according to claim
14, wherein the first and second electron transport layers are
in contact with each other;

the first electron transport layer is positioned to be more
distal to the cathode relative to the second electron
transport layer; and

the second electron transport layer is positioned to be
more proximal to the cathode relative to the second
electron transport layer.

16. The organic light emitting display according to claim
15, further comprising an electron injection layer between
the second electron transport layer and the cathode, wherein
the second electron transport layer and the cathode are each
in contact with a different surface of the electron injection
layer.
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17. The organic light emitting display according to claim
15, further comprising a third electron transport layer con-
sisting essentially of the benzimidazole derivative, wherein
the third electron transport layer is in contact with a surface
of the first electron transport layer and is not in contact with
the second electron transport layer.

18. The organic light emitting display according to claim
15, wherein the electron transport layer comprises a plurality
of electron transport layer groups, wherein each electron
transport layer group comprises:

the first electron transport layer;

the second electron transport layer in contact with a first

surface of the first electron transport layer; and

a third electron transport layer consisting essentially of

the benzimidazole derivative in contact with a second
surface of the first electron transport layer.

19. The organic light emitting display according to claim
18, wherein the second electron transport layer of each
electron transport layer group is more proximal to the light
emitting layer and the cathode relative to the first electron
transport layer and third electron transport layer of the same
electron transport layer group.

20. The organic light emitting display according to claim
14, wherein the benzoimidazole derivative and the com-
pound of Formula 1 each have identical absorbance peak
characteristics before and after UV irradiation at a wave-
length ranging from 200 nm to 400 nm.
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