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ORGANIC LIGHT EMITTING DIODE AND
DISPLAY DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2015-0007049, filed on
Jan. 14, 2015, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the present invention
relate to an organic light emitting diode and a display device
including the same, and more particularly, to an organic light
emitting diode having high luminescent efficiency and an
improved lifespan and to a display device including the same
[0004] 2. Discussion of the Background

[0005] An organic light emitting diode may have fast
response speed, be driven at a low voltage, and is a self-light
emitting type organic light emitting diode. Accordingly, a
display device including the organic light emitting diode may
be manufactured to have a compact size and be lightweight,
since a separate light source may be omitted, and have excel-
lent brightness, no viewing angle dependence, and the like.
[0006] The organic light emitting diode is a display diode
having an emitting layer formed of an organic material dis-
posed between an anode electrode and a cathode electrode.
Holes supplied from the anode electrode and electrons sup-
plied from the cathode electrode are combined in the emitting
layer to generate excitons, and the excitons emit light corre-
sponding to an energy gap between the hole and the electron.
[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0008] Exemplary embodinents of the present invention
provide a display device with improved luminescent effi-
ciency and improved lifespan.

[0009] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent from
the disclosure, or may be learned by practice of the inventive
concept.

[0010] According to an exemplary embodiment of the
present invention, an organic light emitting diode includes a
first electrode layer disposed on a base substrate, a second
electrode layer disposed on the first electrode layer and facing
the first electrode layer, an emitting layer disposed between
the first electrode layer and the second electrode layer, a hole
transport region disposed between the emitting layer and the
first electrode layer, an auxiliary layer disposed between the
hole transport region and the emitting layer, the auxiliary
layer including a first material and a second material, and an
electron transport region disposed between the emitting layer
and the second electrode layer, in which a lowest unoccupied
molecular orbital (LUMO) energy level of the first material is
higher than a LUMO energy level of the emitting layer, and a
LUMO energy level of the second material is lower than the
LUMO energy level of the emitting layer.
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[0011] The emitting layer may include a host material and
a dopant material, and the LUMO energy level of the first
material may be higher than a LUMO energy level of the host
material, and the LUMO energy level of the second material
may be lower than the LUMO energy level of the host mate-
rial.

[0012] Theemitting layer may further include a third mate-
rial, and the third material may be the same as the second
material.

[0013] An energy band gap of the third material may be
larger than an energy band gap of the dopant material.
[0014] The auxiliary layer may include a first layer includ-
ing the first material, and a second layer including the first and
second materials, in which the first layer may be disposed
between the second layer and the emitting layer, and the
second layer may be disposed between the first layer and the
hole transport region.

[0015] Theauxiliary layer may further include a third layer
including the first material disposed between the second layer
and the hole transport region.

[0016] Each of a highest occupied molecular orbital
(HOMO) energy level of the first material and a HOMO
energy level of the second material may be higher than a
HOMO energy level of the host material.

[0017] The HOMO energy level of the first material may be
higher than the HOMO energy level of the second material.
[0018] The auxiliary layer may have a thickness propor-
tional to a wavelength of light emitted from the emitting layer,
and a resonance distance between the first and second elec-
trodes may be adjusted by the thickness of the auxiliary layer.
[0019] According to an exemplary embodiment of the
present invention, a display device includes a base substrate,
and pixels disposed on the base substrate, each of the pixels
including an organic light emitting diode, in which the
organic light emitting diode includes a first electrode layer
disposed on the base substrate, a second electrode layer dis-
posed on the first electrode layer and facing the first electrode
layer, an emitting layer disposed between the first and second
electrode layers, a hole transport region disposed between the
emitting layer and the first electrode layer, an electron trans-
port region disposed between the emitting layer and the sec-
ond electrode layer, and an auxiliary layer disposed between
the hole transport region and the emitting layer, the auxiliary
layer including a first material having a lowest unoccupied
molecular orbital (LUMO) energy level higher than a LUMO
energy level of the emitting layer, and a second material
having a LUMO energy level lower than the LUMO energy
level of the emitting layer.

[0020] The emitting layer may include a host material and
a dopant material, and the LUMO energy level of the first
material may be higher than a LUMO energy level of the host
material, and the LUMO energy level of the second material
may be lower than the LUMO energy level of the host mate-
rial.

[0021] Theemitting layer may further include a third mate-
rial, and the third material may be the same as the second
material and an energy band gap of the third material may be
larger than an energy band gap of the dopant material.
[0022] The auxiliary layer may include a first layer includ-
ing the first material, and a second layer including the first and
second materials, in which the first layer may be disposed
between the second layer and the emitting layer, and the
second layer may be disposed between the first layer and the
hole transport region.
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[0023] The auxiliary layer may further include a third layer
including the first material disposed between the second layer
and the hole transport region.

[0024] A highest occupied molecular orbital (HOMO)
energy level of the first material and a HOMO energy level of
the second material may be respectively higher than a HOMO
energy level of the host material.

[0025] Theemitting layer may include a first emitting layer
emitting light having a first wavelength and a second emitting
layer emitting light having a second wavelength shorter than
the first wavelength, and when the auxiliary layer may include
a firstauxiliary layer disposed between the first emitting layer
and the hole transport region and a second auxiliary layer
disposed between the second emitting layer and the hole
transport region, the first auxiliary layer may be thicker than
the second auxiliary layer.

[0026] According to an exemplary embodiment of the
present invention, a method of manufacturing an organic light
emitting diode includes forming a first electrode layer on a
base substrate, forming a hole transport region on the first
electrode layer, forming an auxiliary layer including a first
material and a second material on the hole transport region,
forming an emitting layer on the auxiliary layer, forming an
electron transport region on the emitting layer, and forming a
second electrode layer on the electron transport region, in
which a lowest unoccupied molecular orbital (LUMQO)
energy level of the first material is higher than a LUMO
energy level of the emitting layer, and a LUMO energy level
of the second material is lower than the LUMO energy level
of the emitting layer.

[0027] A highest occupied molecular orbital (HOMO)
energy level of the first material is higher than a HOMO
energy level of the second material.

[0028] Each of the HOMO energy level of the first material
and the HOMO energy level of the second material is higher
than a HOMO energy level of a host material of the emitting
layer.

[0029] The foregoing general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed subject
matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings, which are included to
provide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concept
and, together with the description, serve to explain principles
of the inventive concept.

[0031] FIG.1isablock diagram of a display device accord-
ing to an exemplary embodiment of the present invention.

[0032] FIG. 2 is an equivalent circuit diagram of the pixels
in FIG. 1.
[0033] FIG. 3 is a cross-sectional view of an organic light

emitting diode according to an exemplary embodiment of the
present invention.

[0034] FIG. 4 is a band diagram of the organic light emit-
ting diode in FIG. 3.

[0035] FIG. 5 is a cross-sectional view of an organic light
emitting diode according to an exemplary embodiment of the
present invention.

[0036] FIG. 6 is a band diagram of the organic light emit-
ting diode in FIG. 5.
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[0037] FIG.7isaband diagram of an organic light emitting
diode according to an exemplary embodiment of the present
invention.

[0038] FIG. 8is a cross-sectional view schematically illus-
trating pixel regions of a display device according to an exem-
plary embodiment of the present invention.

[0039] FIG. 9 is a graph illustrating changes in brightness
of an organic light emitting diode over time.

[0040] FIG. 10 is a graph illustrating changes in efficiency
according to an amount of material included in an auxiliary
layer.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0041] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscuring
various exemplary embodiments.

[0042] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0043] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred to
as being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no intervening
elements or layers present. For the purposes of this disclosure,
“atleastone of X, Y, and 7 and “at least one selected from the
group consisting of X, Y, and Z”” may be construed as X only,
Y only, Z only, or any combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and ZZ. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0044] Although the terms first, second, etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element, com-
ponent, region, layer, and/or section discussed below could be
termed a second element, component, region, layer, and/or
section without departing from the teachings of the present
disclosure.

[0045] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or feature
(s) as illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the ori-
entation depicted in the drawings. For example, if the appa-
ratus in the drawings is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the

29



US 2016/0204370 A1

exemplary term “below” can encompass both an orientation
of above and below. Furthermore, the apparatus may be oth-
erwise oriented (e.g., rotated 90 degrees or at other orienta-
tions), and, as such, the spatially relative descriptors used
herein interpreted accordingly.

[0046] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, components,
and/or groups thereof, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-
tions, elements, components, and/or groups thereof.

[0047] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, exemplary embodiments disclosed herein should not be
construed as limited to the particular illustrated shapes of
regions, but are to include deviations in shapes that result
from, for instance, manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
drawings are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to be limiting.

[0048] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure is a part. Terms, such as those defined in
commonly used dictionaries, should be interpreted as having
ameaning that is consistent with their meaning in the context
of the relevant art and will not be interpreted in an idealized or
overly formal sense, unless expressly so defined herein.

[0049] FIG.1isablock diagram of a display device accord-
ing to anexemplary embodiment of the present invention, and
FIG. 2 is an equivalent circuit diagram of the pixels in FIG. 1.

[0050] Referring to FIGS. 1 and 2, a display device 1000
includes a display panel DP, a timing controller TC, a gate
driver GD, and a data driver DD.

[0051] The timing controller TC receives an input image
signal, and outputs an image data I, and various control
signals SCS and DCS converted to conform to an operating
mode of the display panel DP.

[0052] The gate driver GD receives a gate driver control
signal SCS from the timing controller TC. The gate driver GD
which has received the gate driver control signal SCS gener-
ates gate signals. The gate signals are sequentially supplied to
the display panel DP.

[0053] The data driver DD receives a data driver control
signal DCS and the converted image data I,,,,, from the
timing controller TC. The data driver DD generates data
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signals based on the data driver control signal DCS and the
converted image data I,,,,. The data signals are supplied to
the display panel DP.

[0054] The display panel DP receives an electric signal
from outside to display an image. The display panel DP
includes gate lines GI.1-GLn, data lines DL.1-DLm, and pix-
els PX, ,-PXnm.

[0055] The gate lines GL1-GLn extend in a first direction
D1, and are arranged in a second direction D2 intersecting the
first direction D1. The gate lines GL1-GLn are sequentially
supplied with the gate signals from the gate driver GD.
[0056] The data lines DL1-DLm intersect the gate lines
GL1-GLn and are insulated from the gate lines GL1-GLn.
The data lines DL1-DLm extend in the second direction D2
and are arranged in the first direction D1. The data lines
DL1-DLm receive the data signals from the data driver DD.
[0057] The display panel DP is supplied with a first power
supply voltage ELVDD and a second power supply voltage
ELVSS. Each of the pixels PX,,-PXnm turns on in response
to acorresponding gate signal. Each of the pixels PX | -PXnm
receives the first power supply voltage ELVDD and the sec-
ond power supply voltage ELVSS, and emits light in response
to acorresponding data signal. The first power supply voltage
ELVDD has a higher voltage level than the second power
supply voltage ELVSS.

[0058] Thepixels PX,,-PXnm may be arranged in a matrix
configuration. The pixels PX,,-PXnm are connected to the
corresponding gate lines GL1-GLn, and the pixels PX, ;-
PXnm are connected to the corresponding data lines DL1-
DLm.

[0059] Each of the pixels PX,,-PXnm receives the gate
signal from the corresponding gate line and the data signal
from the corresponding data line. Each of the pixels PX ;-
PXnm turns on in response to a corresponding gate signal.
Each of the pixels PX,,-PXnm emits light corresponding to
the corresponding data signal to display an image.

[0060] Each of the pixels PX, ,-PXnm includes at least one
transistor, at least one capacitor, and an organic light emitting
diode. FIG. 2 illustrates an equivalent circuit of a pixel PXjj
connected to an i-th gate line GLi among the gate lines GL1-
GLn and to a j-th data line DLj among the data lines DL1-
DLm.

[0061] The pixel PXjj includes a first transistor TR1, a
second transistor TR2, a capacitor Cap, and an organic light
emitting diode OLED as a display device. The first transistor
TR1 includes a control electrode connected to the gate line
GL4, an input electrode connected to the data line DLj, and an
output electrode. The first transistor TR1 outputs a data signal
flowing through the data line DL in response to the gate
signal flowing through the gate line GLi.

[0062] The capacitor Cap includes a first capacitor elec-
trode connected to the first transistor TR1 and a second
capacitor electrode receiving the first power supply voltage
ELVDD. The capacitor Cap is charged with a charge amount
corresponding to a difference between a voltage correspond-
ing to the data signal received from the first transistor TR1 and
the first power supply voltage ELVDD.

[0063] The second transistor TR2 includes a control elec-
trode connected to the output electrode of the first transistor
TR1 and to the first capacitor electrode of the capacitor Cap,
an input electrode receiving the first power supply voltage
ELVDD, and an output electrode. The output electrode of the
second electrode TR2 is connected to the OLED.
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[0064] The second transistor TR2 controls a drive current
flowing in the OLED to correspond to the amount of charge
stored in the capacitor Cap. The turn-on time of the second
transistor TR2 is determined according to the charge amount
charged in the capacitor Cap. The output electrode of the
second electrode TR2 may supply voltage of a lower level
than the first power supply voltage ELVDD to the OLED.
[0065] The OLED is connected to the second transistor
TR2 and receives the second power supply voltage ELVSS.
The OLED emits light during the turn-on period of the second
transistor TR2.

[0066] The OLED includes an emitting material. The
OLED may emit light of a color corresponding to the emitting
material. Color of light emitted in the OLED may be any one
ofred, green, blue, and white light. Detailed description of the
OLED will be described below.

[0067] FIG. 3 is a cross-sectional view of an organic light
emitting diode according to an exemplary embodiment of the
present invention.

[0068] Referring to FIG. 3, an OLED may include a first
electrode layer 100, a second electrode layer 200, an emitting
layer 300, a hole transport region 400, an electron transport
region 500, and an auxiliary layer 600.

[0069] The OLED may be disposed on a base substrate BS.
The base substrate BS may include thin films (not shown).
The thin films may include an inorganic thin film and/or an
organic thin film.

[0070] The thin films may include the first transistor (TR1
in FIG. 2), the second transistor (TR2 in FIG. 2), the capacitor
(Cap in FIG. 2), and insulating layers disposed between the
first transistor (TR1 in FIG. 2), the second transistor (TR2 in
FIG. 2), and the capacitor (Cap in FIG. 2).

[0071] Thefirst electrode layer 100 may be disposed on the
base substrate BS. Although not shown, the first electrode
layer 100 may be electrically connected to the second tran-
sistor (TR21nFIG. 2). In this case, the first electrode layer 100
may be connected to the second transistor (TR2 in FIG. 2)
through a through-hole (not shown).

[0072] The first electrode layer 100 may be a pixel elec-
trode or an anode electrode. The first electrode layer 100 may
be formed of a material having a high work function to facili-
tate hole injection.

[0073] The first electrode layer 100 may include a conduc-
tive material. The first electrode layer 100 may be a transmis-
sive electrode, a semi-transmissive electrode, or a reflective
electrode. Alternatively, the first electrode layer 100 may be
formed of a variety of materials according to a structure of the
OLED.

[0074] When the first electrode layer 100 is a transmissive
electrode, the first electrode layer 100 may be formed of a
transparent metal oxide, for example, indium tin oxide (ITO),
indium zinc oxide (IZ0), zinc oxide (Zn0O), indium tin zinc
oxide (ITZO). When the first electrode layer 100 is a semi-
transmissive electrode or a reflective electrode, the first elec-
trode layer 100 may include Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, or a mixture thereof.

[0075] The first electrode layer 100 may have a single-layer
structure or a multi-layer structure, each layer being formed
of a transparent metal oxide or a metal. For example, the first
electrode layer 100 may have a single-layer structure formed
of ITO, Ag or a metal mixture (e.g., a mixture of Ag and Mg),
atwo-layer structure of ITO/Mg or ITO/MgF, or a three-layer
structure of ITO/Ag/ITO.
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[0076] The second electrode layer 200 may be disposed on
the first electrode layer 100. The second electrode layer 200
may be a common electrode or a cathode electrode. Accord-
ingly, the second electrode layer 200 may be formed of a
material having a low work function to facilitate electron
injection.

[0077] The second electrode layer 200 may be a single-
layer or a multi-layer. The multi-layer may include at least
one of a layer including a reflective material and a layer
including a transmissive material. The second electrode layer
200 may be a reflective, semi-transmissive, or transmissive
electrode. The second electrode layer 200 may be formed of
a variety of materials according to a structure of the OLED.

[0078] When the second electrode layer 200 is a transmis-
sive electrode, the second electrode layer 200 may include Li,
Ca, LiF/Ca, LiF/Al, Al, Mg, BaF, Ba, Ag, or a compound
thereof, or a mixture thereof (e.g., a mixture of Ag and Mg).
The second electrode layer 200 may include an auxiliary
electrode. The auxiliary electrode may include a film formed
to face the emitting layer 300 by depositing any of the fore-
going materials, and the film may include a transparent metal
oxide, such as indium tin oxide (ITO), indium zinc oxide
(IZ0), zinc oxide (ZnQ), or indium tin zinc oxide (ITZ0).
Alternatively, the auxiliary electrode may include Mo and Ti.
[0079] When the second electrode layer 200 is a semi-
transmissive electrode or a reflective electrode, the second
electrode layer 200 may include Ag, Mg, Al, Pt, Pd, Au, Ni,
Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti or a compound
thereof, or a mixture thereof (e.g., a mixture of Ag and Mg).
Alternatively, the second electrode layer 200 may have a
multi-layer structure including a reflective film or semi-trans-
missive film formed of any of the foregoing 11i materials, and
a transparent conductive film formed of indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (Zn0O), indium tin
zine oxide (ITZO), or the like.

[0080] When the OLED is a top emission type organic light
emitting diode, the first electrode layer 100 may be a reflec-
tive electrode, and the second electrode layer 200 may be a
transmissive electrode or a semi-transmissive electrode. In
this case, an organic capping layer (not shown) may be further
disposed on the first electrode layer 100. The organic capping
layer may have a refractive index of about 1.8 to about 2.4.
The organic capping layer may reflect light emitted from the
emitting layer 300 toward the emitting layer 300 direction.
Since the reflected light is amplified inside an organic layer by
aresonance effect, luminescent efficiency of a display device
(1000 in FIG. 1) may be improved.

[0081] Theemitting layer 300 may be disposed between the
first electrode layer 100 and the second electrode layer 200.
The emitting layer 300 may be a single-layer of a single
material, a single-layer of multiple materials different form
each other, ora multi-layer structure having multiple layers of
multiple materials different from each other.

[0082] The emitting layer 300 may be formed by using any
of various methods such as vacuum deposition, spin coating,
casting, a Langmuir-Blodgett (LB) method, an inkjet printing
method, a laser printing method, a laser induced thermal
imaging (LITI) method.

[0083] Theemitting layer 300 may be formed of a typically
available material, for example, a material emitting red,
green, and blue light, and may include a fluorescent material
or a phosphorescent material. Further, the emitting layer 300
may include a host material and a dopant material.
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[0084] The host material may include a typically available
host material, for example, tris(8-hydroxyquinolino)alumi-
num (Alg3)., 4.,4'-bis(N-carbazolyl)-1,1'-biphenyl (CBP),
poly(n-vinylcabazole) (PVK), 9,10-di(naphthalene-2-yl)an-
thracene (ADN), 4,4'.4"-Tris(carbazol-9-yl)-triphenylamine
(TCTA),  1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene
(TPBi), 3-tert-butyl1-9,10-di(naphth-2-yl)anthracene
(TBADN), distyrylarylene (DSA), 4,4'-bis(9-carbazolyl)-2,
2'-dimethyl-biphenyl (CDBP), 2-Methyl-9,10-bis(naphtha-
len-2-ylanthracene (MADN), or the like.

[0085] When the emitting layer 300 emits red light, the
emitting layer 300 may include, for example, a fluorescent
material including PBD:Eu(DBM)3(Phen)(tris(dibenzoyl-
methanato)phenanthoroline europium) or perylene. When
the emitting layer 300 emits red light, the dopant material
included in the emitting layer 300 may be selected from a
metal complex or an organometallic complex, such as acac
(bis(1-phenylisoquinoline)acetylacetonate iridium (PIQIr),
acac(bis(1-phenylquinoline)acetylacetonate iridium (PQIr),
tris(1-phenylquinoline)iridium (PQIr), and octaethylporphy-
rin platinum (PtOEP).

[0086] When the emitting layer 300 emits green light, the
emitting layer 300 may include, for example, a fluorescent
material  including  tris(8-hydroxyquinolino)aluminum
(Alg3). When the emitting layer 300 emits green light, the
dopant material included in the emitting layer 300 may be
selected from a metal complex or an organometallic complex,
such as Ir(ppy)3(fac-tris(2-phenylpyridine)iridium).

[0087] When the emitting layer 300 emits blue light, the
emitting layer 300 may include, for example, a fluorescent
material including at least one of spiro-DPVBI, spiro-6P,
distyryl-benzene (DSB), distyryl-arylene (DSA), Polyfluo-
rene (PFO) polymers, and poly(p-phenylene vinylene (PPV)
polymers. When the emitting layer 300 emits blue light, the
dopant material included in the emitting layer 300 may be
selected from a metal complex or an organometallic complex
such as (4,6-F2ppy)2Irpic.

[0088] The hole transport region 400 may be defined
between the auxiliary layer 600 and the first electrode layer
100. The hole transport region 400 may be a region where a
hole injected from the first electrode layer 100 passes through
to reach the emitting layer 300.

[0089] The hole transport region 400 may include at least
one of a hole injection layer, the hole transport layer, and a
single layer having a hole injection function and a hole trans-
port function at the same time. The hole transport region 400
may include at least one of a hole injection material and a hole
transport material.

[0090] When the hole transport region 400 includes the
hole injection layer, the hole transport region 400 may include
a phthalocyanine compound, such as copper phthalocyanine,
N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phe-
nyl]-biphenyl-4,4'-diamine (DNTPD), 4,4'4"-tris(3-meth-
vlphenylphenylamino)triphenylamine (m-MTDATA), 4,4,
4"-Tris(N,N-diphenylamino)triphenylamine (TDATA), 4,4,
4"-tris{N,-(2-naphthyl)-N-phenylamino}-triphenylamine
(2TNATA), Poly(3,4-ethylenedioxythiophene)/Poly(4-styre-
nesulfonate) (PEDOT/PSS), Polyaniline/Dodecylbenzene-
sulfonic acid (PANI/DBSA), Polyaniline/Camphor sulfon-
icacid (PANT/CSA), and (Polyaniline)/Poly(4-
styrenesulfonate) (PANI/PSS).

[0091] When the hole transport region 400 includes hole
transport layer, the hole transport region 400 may include a
carbazole derivative, such as N-phenyl carbazole, polyvinyl
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carbazole, a fluorine derivative, a triphenylamine derivative,
such as N,N'-bis(3-methylphenyl)-N,N'-diphenyl-[1,1-bi-
phenyl]-4,4'-diamine (TPD), 4,4',4"-tris(N-carbazolyl)triph-
enylamine (TCTA); N,N'-di(l-naphthyl)-N,N'-diphenylben-
zidine (NPB), and 4,4'-Cyclohexylidene bis[N,N-bis(4-
methylphenyl)benzenamine] (TAPC).

[0092] The thickness of the hole transport region 400 may
range from about 100 Ato about 10000 A, and in more detail,
from about 100 A to about 1000 A. When the hole transport
region 400 includes both the hole injection layer and the hole
transport layer, the thickness of the hole injection layer may
range from about 100 A to about 10000 A, and in more detail,
from about 100 A to about 1000 A, and the thickness of the
hole transport layer may range from about 50 A to about 2000
A, and in more detail, from about 100 A to about 1500 A,
When the thickness of the hole transport layer satisfies the
above mentioned range, a satisfactory hole transport property
may be obtained without a substantial rise in driving voltage.

[0093] Thehole transport region 400 may further include a
charge generating material to improve the conductivity
thereof in addition to above-mentioned materials. The charge
generating material may be uniformly or non-uniformly dis-
persed in the hole transport region 400. The charge generating
material may be, for example, a p-dopant material. The
p-dopant material may be one of a quinine derivative, a metal
oxide, and a cyano group-containing compound. For
example, the p-dopant material may include a quinone deriva-
tive, such as tetracyanoquinodimethane (TCNQ) or 2,3,5,6-
tetrafluoro-tetracyanoquinodimethane (F4-TCNQ), and a
metal oxide such as tungsten oxide or molybdenum oxide.

[0094] The hole transport region 400 may be formed by
using any of various of methods such as vacuum deposition,
spin coating, casting, a Langmuir-Blodgett (I.B) method, an
inkjet printing method, a laser printing method, and a laser
induced thermal imaging (LITT) method.

[0095] The electron transport region 500 may be defined
between the emitting layer 300 and the second electrode layer
200. The electron transport region 500 may be a region where
an electron injected from the second electrode layer 200
passes through to reach the emitting layer 300.

[0096] The electron transport region 500 may include at
least one of a hole blocking layer, an electron transport layer,
and an electron injection layer. For example, the electron
transport region 500 may have any of the following structures,
including electron transport layer/electron injection layer and
hole blocking layer/electron transport layer/electron injec-
tion layer, in which the respective layers are sequentially
stacked from the emitting layer 300, or a single-layer struc-
ture, in which two or more layers of the above layers are
mixed.

[0097] When the electron transport region 500 includes the
electron transport layer, the electron transport region 500 may
include, Tris(8-hydroxyquinolinato)aluminum (Alg3), 1,3,5-
Tri(1-phenyl-1H-benzo[d]imidazol-2-yl)phenyl (TPBi), 2,9-
Dimethyl-4,7-diphenyl-1,10-phenanthroline  (BCP), 4,7-
Diphenyl-1,10-phenanthroline (Bphen), 3-(4-Biphenylyl)-4-
phenyl-5-tert-butylphenyl-1,2.4-triazole (TAZ),
4-(Naphthalen-1-y1)-3,5-diphenyl-4H-1,2 4-triazole
(NTAZ), 2-(4-Biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxa-
diazole (tBu-PBD), Bis(2-methyl-8-quinolinolato-N1,08)-
(1,1'-Biphenyl-4-olato)aluminum (BAlg), berylliumbis(ben-
zoquinolin-10-olate) (Bebq2), 9,10-di(naphthalene-2-yl)
anthracene (ADN), and a mixture thereof.
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[0098] The thickness of the electron transport layer may
range from about 100 A to about 1000 A, and in more detail,
from about 150 A to about 500 A. When the thickness of the
electron transport layer satisfies the above mentioned range, a
satisfactory electron transport property may be obtained
without a substantial rise in driving voltage.

[0099] When the electron transport region 500 includes the
electroninjection layer, the electron transport region 500 may
use lithium fluoride (LiF), lithium quinolate (LiQ), lithium
oxide (Li,0), barium oxide (BaQ), sodium chloride (NaCl),
caesium fluoride (CsF), a lanthanide metal such as Yb, or a
metal halide such as rubidium chloride (RbCl), rubidium
iodide (RbI). The electron injection layer may also include a
material in which an electron transport material and an insu-
lating organo metal salt are mixed. The organo metal salt may
be a material having an energy band gap of about 4 eV or
higher. Specifically, for example, the organic metal salt may
include metal acetate, metal benzoate, metal acetoacetate,
metal acetylacetonate, or metal stearate.

[0100] The thickness of the electron injection layer may
range from about 1 Atoabout 100 A, and in more detail, from
about 3 A to about 90 A. When the thickness of the electron
injection layer satisfies the above mentioned range, a satis-
factory electron injection property may be obtained without a
substantial rise in driving voltage.

[0101] The electron transport region 500 may include a
hole blocking layer as mentioned above. The hole blocking
layer may include, for example, at least one of 2,9-dimethyl-
4,7-diphenyl-1,10-phenanthroline (BCP) and 4,7-diphenyl-
1,10-phenanthroline (Bphen). The thickness of the hole
blocking layer may range from about 20 A to about 1000 A,
and in more detail, from about 30 A to about 300 A. When the
thickness of the hole blocking layer satisfies the above men-
tioned range, an excellent hole-blocking property may be
obtained without a substantial rise in a driving voltage.
[0102] Theelectron transport region 500 may be formed by
using any of various of methods such as vacuum deposition,
spin coating, casting, a Langmuir-Blodgett (L.B) method, an
inkjet printing method, a laser printing method, and a laser
induced thermal imaging (LITT) method.

[0103] The auxiliary layer 600 may be disposed between
the hole transport region 400 and the emitting layer 300. The
auxiliary layer 600 may prevent an electron passed from the
emitting layer 300 from being injected into the hole transport
region 400.

[0104] The auxiliary layer 600 may include a first material
MALI and a second material MA2.

[0105] The first material MA1 may be an electron blocking
material. The electron blocking material may be a material
having a lowest unoccupied molecular orbital (LUMO)
energy level higher than a LUMO energy level of the emitting
layer 300. For example, the electron blocking material may
include triphenylamine, carbazole, spirofluorene, oxadiaz-
ole, triazole, and phenanthroline, or respective derivatives of
triphenylamine, carbazole, spirofluorene, oxadiazole, triaz-
ole, and phenanthroline, or the like.

[0106] Since the first material MA1 allows excitons to be
easily formed inside the emitting layer 300 by blocking a flow
of electrons to the hole transport region 400 at an interface
between the emitting layer 300 and the auxiliary layer 600,
luminescent efficiency of the OLED may be improved.
[0107] The second material MA2 may be an electron trap-
ping material. The electron tapping material may be a mate-
rial having a LUMO energy level lower than the LUMO
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energy level of the emitting layer 300. For example, the
electron trapping material may include at least one compound
selected from the group consisting of benzene, naphthalene,
anthracene, pyrene, perillin, triphenylene, pentatron, chry-
sene, fluorine, and sprofluorene, or respective derivatives of
benzene, naphthalene, anthracene, pyrene, perillin, triph-
enylene, pentatron, chrysene, fluorine, and sprofluorene, or
the like.

[0108] The second material MA2 may prevent excess elec-
trons introduced into the auxiliary layer 600 from being
moved to the hole transport region 400. In addition, the sec-
ond material MA2 may prevent excess electrons from being
concentrated on an interface between the auxiliary layer 600
and the emitting layer 300, and thus prevent the interface
between the auxiliary layer 600 and the emitting layer 300
from being deteriorated. Therefore, a reduction in lifespan of
the OLED may be suppressed.

[0109] According to the present exemplary embodiment,
luminescent efficiency of the organic light emitting diode
may be improved by the auxiliary layer 600 in which the first
material MA1 and the second material MA2 are mixed, and a
reduction in lifespan of the OLED may be also suppressed.
[0110] FIG. 4 is a band diagram of the organic light emit-
ting diode in FIG. 3.

[0111] Referring to FIGS. 3 and 4, the OLED may include
layers having different energy bands from each other.

[0112] Ingeneral, a bonding force between molecules of an
organic material is relatively very weak compared to that in
ionic bonding or the like. Therefore, an electron energy level
of organic layers may be quantized to be represented by an
energy band having a predetermined gap. An energy band of
the organic layers may be defined by a gap between a lowest
unoccupied molecular orbital (LUMO) energy level and a
highest occupied molecular orbital (HOMO) energy level.

[0113] The LUMO energy level is alowest energy level that
is not occupied by an electron, and may correspond to a
bottom energy level of a conduction band of an inorganic
semiconductor. The LUMO energy level may correspond to
an electron affinity of a relevant layer.

[0114] When a predetermined electric field is applied to the
OLED, electrons in the second electrode layer (200, cathode)
move to anadjacent layer by the electric field. At this time, the
higher the LUMO energy level difference between the adja-
cent layers is, the higher electric field is required.

[0115] The LUMO energy level is related to movement of
an electron. An electron may move from a layer having low
LUMO energy level to a layer having a high LUMO energy
level by an applied electric field. In general, the electron
transport region 500 has a LUMO energy level between a
work function of the emitting layer (200, cathode) and a
LUMO energy level of the emitting layer 300. Further, when
the electron transport region 500 is formed of multiple layers,
a LUMO energy level of the layers may be increased as the
layers are disposed closer to the emitting layer 300 from the
second electrode layer 200.

[0116] The HOMO energy level is a highest energy level
occupied with electrons. The HOMO energy level may cor-
respond to an upper energy level of a valence band of the
inorganic semiconductor. The LUMO energy level of layers
may correspond to an ionization potential. The ionization
potential is an energy required to ionize a material, and the
higher the ionization potential of a material, the more difficult
it is to ionize the material.
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[0117] When a predetermined electric field is applied to the
OLED, holes in the first electrode layer (100, anode) move to
an adjacent layer by the electric field. At this time, the higher
the energy level difference between the adjacent layers, the
higher electric field is required.

[0118] The HOMO energy level is related to movement of
holes. Holes may move from a layer of high HOMO energy
level to a layer of low HOMO energy level by applied electric
field. In general, the hole transport region 400 has a HOMO
energy level between a work function of the first electrode
layer 100 and a HOMO energy level of the emitting layer 300.
Further, when the hole transport region 400 is formed of
multiple layers, HOMO energy levels of the layers may be
decreased as the layers are disposed closer to the emitting
layer 300 from the first electrode layer 100.

[0119] A HOMO energy level of the auxiliary layer 600
may have an intermediate value between the HOMO energy
level of the hole transport region 400 and the HOMO energy
level of the emitting layer 300. For example, a HOMO energy
level MA1_H of the first material MA1 and a HOMO energy
level MA2_H ofthe second material MA2 may be higher than
the HOMO energy level of the emitting layer 300, and may be
lower than the HOMO energy level of the hole transport
region 400. Thus, holes may easily move to the emitting layer
300 via the hole transport region 400 and the auxiliary layer
600.

[0120] The LUMO energy level MA1_L of the first mate-
rial MA1 may be higher than the LUMO energy level of the
emitting layer 300, the LUMO energy level MA2_L. of the
second material MA2 may be lower than the LUMO energy
level of the emitting layer 300. For example, when the LUMO
energy level of the emitting layer 300 is -2.1 eV, the LUMO
energy level MA1_L of the first material MA1 may be -1.5
eV, and the LUMO energy level MA2_L of the second mate-
rial MA2 may be -2.3 eV. Alternatively, the LUMO energy
level MA1_L of the first material MA1 and the LUMO energy
level MA2_T of the second material MA2 may be determined
according to the LUMO energy level of the emitting layer
300.

[0121] Since the first material MA1 has a higher LUMO
energy level MA1_L than the emitting layer 300, the first
material MA1 may prevent electrons from moving from the
emitting layer 300 to the hole transport region 400. Therefore,
excitons may be more easily formed in the emitting layer 300,
and as a result, luminescent efficiency of the organic light
emitting diode may be improved.

[0122] Since the second material MA2 has a lower LUMO
energy level MA2_T than the emitting layer 300, the second
material MA2 may prevent excess electrons introduced into
the auxiliary layer 600 from moving to the hole transport
region 400. In addition, an interface between the emitting
layer 300 and the auxiliary layer 600 may be prevented from
being deteriorated by trapping some of the excess electrons,
and as a result, a lifespan of the organic light emitting diode
may be improved.

[0123] The LUMO energy level of the emitting layer 300
may be a LUMO energy level of the host material included in
the emitting layer 300. The host material may be distributed
over the entire surface of the emitting layer 300, and the
dopant material is either evenly dispersed in the emitting
layer 300, or may be locally doped in the emitting layer 300.
Therefore, FIG. 4 illustrates a LUMO energy level and a
HOMO energy level of the host material forming the emitting
layer 300.
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[0124] More particularly, the dopant material of the emit-
ting layer 300 may become an impurity with respect to the
host material, and the probability that electrons and holes may
move along the LUMO energy level and HOMO energy level
of the host material may be higher. Therefore, the LUMO
energy level MA1_L of'the first material MA1 may be higher
than a LUMO energy level of the emitting layer 300, and the
LUMO energy level MA2_L of the second material MA2
may be lower than the LUMO energy level of the emitting
layer 300.

[0125] FIG. 5 is a cross-sectional view of an organic light
emitting diode according to an exemplary embodiment of the
present invention and FIG. 6 is a band diagram of the organic
light emitting diode in FIG. 5. In FIGS. 5 and 6, like reference
numerals are given to denote the same constituent elements as
those described with reference to FIGS. 3 and 4, and repeated
descriptions for the above constituent elements will be omit-
ted.

[0126] Referring to FIGS. 5 and 6, an auxiliary layer 601
may include a first layer 610 and a second layer 620.

[0127] The first layer 610 is disposed between an emitting
layer 300 and the second layer 620, and the second layer 620
may be disposed between the first layer 610 and a hole trans-
port region 400. According to the present exemplary embodi-
ment, the first layer 610 may include a first material MA1, and
the second layer 620 may include the first material MA1 and
a second material MA2.

[0128] In the present exemplary embodiment, the second
material MA2 with a low LUMO energy level MA2_I may
be disposed to be spaced apart from the emitting layer 300.
Accordingly, electron in the emitting layer 300 may be pre-
vented from being leaked from the emitting layer 300 through
the auxiliary layer 601. In addition, the second material MA2
may trap some of excess electrons introduced into the auxil-
iary layer 601. Therefore, some of the excess electrons may
be trapped by the second material MA2, and as a result, an
interface between the emitting layer 300 and the auxiliary
layer 601 may be prevented from being deteriorated. In addi-
tion, since the auxiliary layer 601 may prevent the excess
electrons having passed through the emitting layer 300 from
moving to the hole transport region 400, a lifespan character-
istic of the organic light emitting diode OLED1 may be
improved.

[0129] According to an exemplary embodiment of the
present invention, the auxiliary layer 601 may further include
a third layer (not shown) including the first material MA1.
The third layer may be disposed between the second layer 620
and the hole transport region 400. In other words, the second
material MA2 is disposed only in a middle area of the auxil-
iary layer 601, thus not contacting with both the hole transport
region 400 and the emitting layer 300. The second material
MA2 may be evenly dispersed in the auxiliary layer 600 as
illustrated in FIG. 4, and may be unevenly dispersed in the
auxiliary layer 601 as illustrated in FIG. 6.

[0130] FIG. 7 is a band diagram of the organic light emit-
ting diode according to an exemplary embodiment of the
present invention.

[0131] Referring to FIG. 7, an emitting layer 301 may fur-
ther include a third material. According to the present exem-
plary embodiment, the third material may be substantially the
same material as the second material MA2 included in the
auxiliary layer 600.
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[0132] The third material may be evenly dispersed in the
emitting layer 301, and may be unevenly dispersed in the
emitting layer 301 as illustrated in FIG. 7.

[0133] According to the present exemplary embodiment,
the third material may have an energy band gap which may
not affect light emission of the emitting layer 301. For
example, the energy band gap of the third material may be
larger than an energy band gap of the dopant material 310.
Therefore, the third material may not affect light emission of
the emitting layer 301.

[0134] Since the emitting layer 301 includes the third mate-
rial, excess electrons may be prevented from being concen-
trated on an interface between the auxiliary layer 600 and the
emitting layer 301. Accordingly, since the interface between
the auxiliary layer 600 and the emitting layer 301 may be
prevented from being deteriorated, a lifespan of the OLED
may be improved.

[0135] FIG. 8isa cross-sectional view schematically illus-
trating pixel regions of a display device according to an exem-
plary embodiment of the present invention. Specifically, FIG.
8 is a cross-sectional view schematically illustrating organic
light emitting diodes disposed at each of a first pixel region
R_PA, a second pixel area G_PA, and a third pixel region
B_PA emitting light of different wavelengths from each other
in a display device 1000.

[0136] An emitting layer 300 may be divided into a first
emitting layer 300R, a second emitting layer 300G, and a
third emitting layer 300B according to a wavelength of emit-
ted light. According to the present exemplary embodiment,
the first emitting layer 300R may emit red light, the second
emitting layer 300G may emit green light, and the third emit-
ting layer 300B may emit blue light.

[0137] An auxiliary layer 600 may include a first auxiliary
layer 600R, a second auxiliary layer 600G, and a third auxil-
iary layer 600B. The first auxiliary layer 600R may be dis-
posed between the first emitting layer 300R and a hole trans-
port region 400, the second auxiliary layer 600G may be
disposed between the second emitting layer 300G and the
hole transport region 400, and the third auxiliary layer 600B
may be disposed between the third emitting layer 300B and
the hole transport region 400.

[0138] According to the present exemplary embodiment,
the auxiliary layer 600 may control excess electrons and
adjust the resonance distance. For example, when resonance
orders are the same, the thickness of the auxiliary layer 600
may be proportional to the wavelength of light emitted from
the emitting layer 300.

[0139] A first resonance distance RD1 of the first pixel
region R_PA, a second resonant distance RD2 of the second
pixel area G_PA, and a third resonance distance RD2 of the
third pixel region B_PA may be different from each other. For
example, since the first emitting layer 300R disposed on the
first pixel region R_PA emits red light of the longest wave-
length, the first resonance distance RD1 may be greater than
the second resonance distance RD2 and the third resonance
distance RD3. In addition, since the third emitting layer 300B
disposed on the third pixel region B_PA emits blue light of the
shortest wavelength, the third resonance distance RD3 may
be smaller than the first resonance distance RD1 and the
second resonance distance RD2.

[0140] Therefore, the first auxiliary layer 600R may be
thicker than the second auxiliary layer 600G and the third
auxiliary layer 600B. The second auxiliary layer 600G may
be thinner than the first auxiliary layer 600R and thicker than
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the third auxiliary layer 600B. The third auxiliary layer 600B
may be thinner than the first auxiliary layer 600R and the
second auxiliary layer 600G.

[0141] According to the present exemplary embodiment,
the auxiliary layer 600 may control a color coordinate by
adjusting the resonance distance between a first electrode
layer 100 and a second electrode layer 200 according to a
wavelength of light emitted from the emitting layer 300. In
addition, since the auxiliary layer 600 prevents excess elec-
trons from moving from the emitting layer 300 to the hole
transport region 400, luminescent efficiency of light emitting
diode and a lifespan characteristic of the organic light emit-
ting diode may be improved.

[0142] FIG. 9 is a graph illustrating a change in brightness
of the organic light emitting diode over time and FIG. 10 is a
graph illustrating a change in efficiency according to an
amount of a material included in an auxiliary layer. The
graphs of FIGS. 9 and 10 illustrate changes in a lifespan and
efficiency according to proportion of the first material MA1
(see FIG. 3) and the second material MA2 (see FIG. 3)
included in the auxiliary layer 600 (see FIG. 3).

[0143] Referring to FIGS. 3 and 9, a first graph GP1 illus-
trates a change in brightness of the OLED over time when the
auxiliary layer 600 includes only the second material MA2. A
second graph GP2 illustrates a change in brightness of the
OLED are illustrated over time when the auxiliary layer 600
includes the first material MA1 and the second material MA2
at aratio of 1 to 3. A third graph GP3 illustrates a change in
brightness of the OLED over time when the auxiliary layer
600 includes the first material MA1 and the second material
MA?2 at a ratio of 1to 1. A fourth graph GP4 illustrates a
change in brightness of the OLED over time when the auxil-
iary layer 600 includes the first material MA1 and the second
material MA2 at aratio of 3 to 1. A fifth graph GP5 illustrates
a change in brightness of the OLED over time when the
auxiliary layer 600 includes only the first material MA1.

[0144] Referring to the first to fifth graphs GP1, GP2, GP3,
GP4, and GP5, it may be seen that as the proportion of the
second material MA2 in the auxiliary layer 600 becomes
higher, a lifespan exhibits an increasing tendency.

[0145] The second material MA2 may prevent an interface
between the auxiliary layer 600 and the emitting layer 300
from being deteriorated by distributing electrons concen-
trated between the emitting layer 300 and the auxiliary layer
600 and by trapping electrons excessively injected into the
auxiliary layer 600. In addition, the second material MA2
may prevent from electrons from being injected into the hole
transport region 400. Accordingly, a lifespan of the organic
light emitting diode may be improved as the proportion of the
second material MA2 becomes higher.

[0146] FIG. 10 is a graph illustrating changes in efficiency
(Cd/A, luminescent efficiency) according to an amount of a
second material included in an auxiliary layer. Referring to
FIGS. 3 and 10, a first point P1 indicates an efficiency when
the auxiliary layer 600 includes only the first material MA1,
a second point P2 indicates an efficiency when the auxiliary
layer 600 includes the first material MA1 and the second
material MA2 at a ratio of 3 to 1, a third point P3 indicates an
efficiency when the auxiliary layer 600 includes the first
material MA1 and the second material MA2 at a ratio of 1 to
1, a fourth point P4 indicates an efficiency when the auxiliary
layer 600 includes the first material MA1 and the second
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material MA?2 at aratio of 1 to 3, and a fifth point P5 indicates
an efficiency when the auxiliary layer 600 includes only the
second material MA2.

[0147] Referring to efficiency values at each of the first to
fifth points P1, P2, P3, P4, and PS5, it can be seen that as the
proportion the first material MA1 in the auxiliary layer 600
goes higher, an efficiency exhibits an increasing tendency.
The first material MA1 may prevent electrons from moving
from the emitting layer 300 to the hole transport region 400.
Therefore, excitons may be more easily formed in the emit-
ting layer 300 by the first material MA1, and as a result,
luminescent efficiency of the OLED may be improved.

[0148] According to the present exemplary embodiment,
the auxiliary layer 600 includes the first material MA1 and the
second material MA2. Therefore, contents of the first mate-
rial MA1 and the second material MA2 may be adjusted
suitably for a characteristic of the display device 1000 and
needs of consumers. When the auxiliary layer 600 is used
according to the present exemplary embodiment, the auxil-
iary layer 600 may be easily applied to a variety of product
specifications by only adjusting the contents of the first mate-
rial MA1 andthe second material MA2, without an additional
structural change of the OLED.

[0149] According to the exemplary embodiments of the
present invention, an organic light emitting diode is disposed
between the emitting layer and the hole transport region, and
includes an auxiliary layer including the first and second
materials. The first material of the auxiliary layer has a lowest
unoccupied molecular orbital energy level higher than a low-
est unoccupied molecular orbital energy level of the emitting
layer. As aresult, the first material may prevent electrons from
moving from the emitting layer to the hole transport region.
The second material has a lowest unoccupied molecular
orbital energy level lower than a lowest unoccupied molecu-
lar orbital energy level of the emitting layer. The second
material may hold excess electrons moved from the emitting
layer.

[0150] Therefore, excitons may be more easily formed by
the first material in the emitting layer, and as a result, lumi-
nescent efficiency of the organic light emitting diode may be
improved. In addition, an interface between the emitting layer
and the auxiliary layer may be prevented from being deterio-
rated by the second material, and excess electrons introduced
into the auxiliary layer may be prevented from moving to the
hole transport region. Accordingly, a lifespan of the organic
light emitting diode may be improved by the second material.

[0151] Further, since an organic light emitting diode
according to the exemplary embodiments of the present
invention includes a third material that is the same as the
second iii material in the emitting layer, excess electrons may
be prevented from being concentrated on an interface
between the auxiliary layer and the emitting layer. Therefore,
the interface between the auxiliary layer and the emitting
layer may be prevented from being deteriorated, and as a
result, a lifespan of the organic light emitting diode may be
improved.

[0152] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to such
exemplary embodiments, but rather to the broader scope of
the presented claims and various obvious modifications and
equivalent arrangements.
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What is claimed is:

1. An organic light emitting diode, comprising:

a first electrode layer disposed on a base substrate;

a second electrode layer disposed on the first electrode
layer and facing the first electrode layer;

an emitting layer disposed between the first electrode layer
and the second electrode layer;

ahole transport region disposed between the emitting layer
and the first electrode layer;

an auxiliary layer disposed between the hole transport
region and the emitting layer, the auxiliary layer com-
prising a first material and a second material; and

an electron transport region disposed between the emitting
layer and the second electrode layer,

wherein:

a lowest unoccupied molecular orbital (LUMO) energy
level of the first material is higher than a LUMO energy
level of the emitting layer; and

a LUMO energy level of the second material is lower than
the LUMO energy level of the emitting layer.

2. The organic light emitting diode of claim 1, wherein:

the emitting layer comprises a host material and a dopant
material;

the LUMO energy level of the first material is higher than
a LUMO energy level of the host material; and

the LUMO energy level of the second material is lower
than the LUMO energy level of the host material.

3. The organic light emitting diode of claim 2, wherein:

the emitting layer further comprises a third material; and

the third material is the same as the second material.

4. The organic light emitting diode of claim 3, wherein an
energy band gap of the third material is larger than an energy
band gap of the dopant material.

5. The organic light emitting diode of claim 2, wherein the
auxiliary layer comprises:

a first layer comprising the first material; and

a second layer comprising the first and second materials,

wherein the first layer is disposed between the second layer
and the emitting layer, and the second layer is disposed
between the first layer and the hole transport region.

6. The organic light emitting diode of claim 5, wherein the
auxiliary layer further comprises a third layer comprising the
first material disposed between the second layer and the hole
transport region.

7. The organic light emitting diode of claim 2, wherein
each of a highest occupied molecular orbital (HOMO) energy
level of the first material and a HOMO energy level of the
second material is higher than a HOMO energy level of the
host material.

8. The organic light emitting diode of claim 1, wherein a
highest occupied molecular orbital (HOMO) energy level of
the first material is higher than a HOMO energy level of the
second material.

9. The organic light emitting diode of claim 1, wherein:

the auxiliary layer has a thickness proportional to a wave-
length of light emitted from the emitting layer; and

a resonance distance between the first and second elec-
trodes is adjusted by the thickness of the auxiliary layer.

10. A display device, comprising:

a base substrate; and

pixels disposed on the base substrate, each of the pixels
comprising an organic light emitting diode,
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wherein the organic light emitting diode comprises:

afirst electrode layer disposed on the base substrate;

a second electrode layer disposed on the first electrode

layer and facing the first electrode layer;

an emitting layer disposed between the first and second

electrode layers;

ahole transport region disposed between the emitting layer

and the first electrode layer;

an electron transport region disposed between the emitting

layer and the second electrode layer; and

an auxiliary layer disposed between the hole transport

region and the emitting layer, the auxiliary layer com-
prising a first material having a lowest unoccupied
molecular orbital (LUMO) energy level higher than a
LUMO energy level of the emitting layer, and a second
material having a LUMO energy level lower than the
LUMO energy level of the emitting layer.

11. The display device of claim 10, wherein:

the emitting layer comprises a host material and a dopant

material;

the LUMO energy level of the first material is higher than

a LUMO energy level of the host material; and

the LUMO energy level of the second material is lower

than the LUMO energy level of the host material.

12. The display device of claim 11, wherein:

the emitting layer further comprises a third material,

the third material is the same as the second material; and

an energy band gap of the third material is lager than an

energy band gap of the dopant material.

13. The display device of claim 11, wherein the auxiliary
layer comprises:

a first layer comprising the first material; and

a second layer comprising the first and second materials,

wherein the first layer is disposed between the second layer

and the emitting layer, and the second layer is disposed
between the first layer and the hole transport region.

14. The display device of claim 13, wherein the auxiliary
layer further comprises a third layer comprising the first
material disposed between the second layer and the hole
transport region.

15. The display device of claim 11, wherein each of a
highest occupied molecular orbital (HOMO) energy level of
the first material and a HOMO energy level of the second
material is higher than a HOMO energy level of the host
material.
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16. The display device of claim 11, wherein:

the emitting layer comprises a first emitting layer emitting
light having a first wavelength and a second emitting
layer emitting light having a second wavelength shorter
than the first wavelength; and

when the auxiliary layer comprises a first auxiliary layer
disposed between the first emitting layer and the hole
transport region, and a second auxiliary layer disposed
between the second emitting layer and the hole transport
region, the first auxiliary layer is thicker than the second
auxiliary layer.

17. A method of manufacturing an organic light emitting

diode, the method comprising:

forming a first electrode layer on a base substrate;

forming a hole transport region on the first electrode layer;

forming an auxiliary layer comprising a first material and a
second material on the hole transport region;

forming an emitting layer on the auxiliary layer;

forming an electron transport region on the emitting layer;
and

forming a second electrode layer on the electron transport
region,

wherein:

a lowest unoccupied molecular orbital (LUMO) energy
level of the first material is higher than a LUMO energy
level of the emitting layer; and

a LUMO energy level of the second material is lower than
the LUMO energy level of the emitting layer.

18. The method of claim 17, wherein forming the auxiliary

layer comprises:

forming a first layer comprising the first material between
the emitting layer and the hole transport region; and

forming a second layer comprising the first and second
materials between the first layer and the hole transport
region.

19. The method of claim 17, wherein a highest occupied
molecular orbital (HOMO) energy level of the first material is
higher than a HOMO energy level of the second material.

20. The method of claim 19, wherein each of the HOMO
energy level of the first material and the HOMO energy level
of the second material is higher than a HOMO energy level of
a host material of the emitting layer.
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