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(7) ABSTRACT

An organic light emitting element according to an exem-
plary embodiment of the present invention includes a first
electrode; a second electrode; an emission layer between the
first electrode and the second electrode; and a hole auxiliary
layer between the first electrode and the emission layer. The
hole auxiliary layer includes at least one hole blocking layer
and at least one hole transport layer contacting the hole
blocking layer, and a thickness of the hole auxiliary layer is
in a range of 140 angstroms to 220 angstroms.
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FIG. 9
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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DIODE
DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2015-0158690,
filed on Nov. 12, 2015, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

[0002] Field

[0003] Exemplary embodiments relate to electronic
devices, more particularly, to an organic light emitting
element and an organic light emitting diode display includ-
ing the same.

[0004] Discussion of the Background

[0005] Electronic devices, such as mobile phones, note-
book computers, personal digital assistants, tablets, and so
on are widely used. These devices typically include a display
to provide users with visual information, such as an image
or video information, in order to support various functions.
[0006] A liquid crystal display requires an additional ele-
ment to provide backlight because the liquid crystal display
cannot emit light by itself. The liquid crystal display lags in
response speed and its viewing angle is narrow. An organic
light emitting diode display is a self-emitting display ele-
ment and does not require the additional element to emit
light. Further, the organic light emitting diode display pro-
vides a wider viewing angle, excellent contrast, and a fast
response time.

[0007] The organic light emitting diode display includes
an organic light emitting element. The organic light emitting
element includes two electrodes and an emission layer
between the two electrodes. Electrons injected from one
electrode into the emission layer and holes injected from the
other electrode into the emission layer may be combined to
form excitons and emit light when releasing energy.
[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding 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

[0009] Exemplary embodiments provide an organic light
emitting element having improved current efficiency and
lifespan, and an organic light emitting diode display includ-
ing the same.

[0010] 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.

[0011] According to exemplary embodiments, an organic
light emitting element includes a first electrode; a second
electrode; an emission layer between the first electrode and
the second electrode; and a hole auxiliary layer between the
first electrode and the emission layer. The hole auxiliary
layer includes at least one hole blocking layer and at least
one hole transport layer contacting the hole blocking layer,
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and the thickness of the hole auxiliary layer is in a range of
140 angstroms to 220 angstroms.

[0012] The hole auxiliary layer may include a multi-
layered structure consisting of more than three layers, in
which the hole blocking layer and the hole transport layer
are alternately positioned.

[0013] The hole auxiliary layer may include two hole
blocking layers as the at least one hole blocking layer, and
the at least one hole transport layer may be positioned
between the two hole blocking layers.

[0014] The thickness of each of the at least one hole
blocking layer may be in the range of 30 angstroms to 60
angstroms.

[0015] The thickness of each of the at least one hole
transport layer may be in the range of 30 angstroms to 120
angstroms.

[0016] An energy level of a highest occupied molecular
orbital (HOMO) of the at least one hole blocking layer may
be lower than the energy level of the highest occupied
molecular orbital of the at least one hole transport layer.
[0017] An energy level of the highest occupied molecular
orbital of the at least one hole blocking layer may be lower
than the energy level of the highest occupied molecular
orbital of the emission layer.

[0018] An energy level of the highest occupied molecular
orbital of the at least one hole blocking layer may be higher
than the energy level of the highest occupied molecular
orbital of the emission layer.

[0019] An energy level of a lowest unoccupied molecular
orbital (LUMO) of the at least one hole blocking layer may
be higher than the energy level of the lowest unoccupied
molecular orbital of the emission layer.

[0020] The hole auxiliary layer may include two hole
transport layers as the at least one hole transport layers, and
the at least one hole blocking layer may be positioned
between the two hole transport layers.

[0021] According to exemplary embodiments, an organic
light emitting diode display includes a substrate; a transistor
positioned on the substrate; and an organic light emitting
element connected to the transistor, wherein the organic light
emitting element includes a first electrode, a second elec-
trode, an emission layer between the first electrode and the
second electrode, and a hole auxiliary layer between the first
electrode and the emission layer. The hole auxiliary layer
includes at least one hole blocking layer and at least one hole
transport layer contacting the hole blocking layer, and the
thickness of the hole auxiliary layer is in a range of 140
angstroms to 220 angstroms.

[0022] The hole auxiliary layer may include a multi-
layered structure of more than three layers, in which the hole
blocking layer and the hole transport layer are alternately
positioned.

[0023] The hole auxiliary layer may include two hole
blocking layers as the at least one hole blocking layer, and
the at least one hole transport layer may be positioned
between the two hole blocking layers.

[0024] The thickness of each of the at least one hole
blocking layer may be in the range of 30 angstroms to 60
angstroms.

[0025] The thickness of each of the at least one hole
transport layer may be in the range of 30 angstroms to 120
angstroms.

[0026] An energy level of a highest occupied molecular
orbital (HOMO) of the at least one hole blocking layer may
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be lower than the energy level of the highest occupied
molecular orbital of the at least one hole transport layer.

[0027] An energy level of the highest occupied molecular
orbital of the at least one hole blocking layer may be lower
than the energy level of the highest occupied molecular
orbital of the emission layer.

[0028] An energy level of the highest occupied molecular
orbital of the at least one hole blocking layer may be higher
than the energy level of the highest occupied molecular
orbital of the emission layer.

[0029] An energy level of a lowest unoccupied molecular
orbital (LUMO) of the at least one hole blocking layer may
be higher than the energy level of the lowest unoccupied
molecular orbital of the emission layer.

[0030] The hole auxiliary layer may include two hole
transport layers as the at least one hole transport layers, and
the at least one hole blocking layer may be positioned
between the two hole transport layers.

[0031] According to exemplary embodiments, an organic
light emitting element includes a first electrode; a second
electrode; an emission layer between the first electrode and
the second electrode; and one or more hole blocking layers
and one or more hole transport layers alternately stacked
between the first electrode and the emission layer. Fach of
the one or more hole blocking layers has a thickness of
between 30 angstroms and 60 angstroms.

[0032] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] 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 speci-
fication, illustrate exemplary embodiments of the inventive
concept, and, together with the description, serve to explain
principles of the inventive concept.

[0034] FIG. 1is a cross-sectional view of an organic light
emitting element according to an exemplary embodiment.
[0035] FIG. 2 is a view illustrating an energy level of the
organic light emitting element described in FIG. 1 according
to an exemplary embodiment.

[0036] FIG. 3 is a view showing an energy level of the
organic light emitting element described with reference to
FIG. 1 according to another exemplary embodiment.
[0037] FIG. 4is a cross-sectional view of the organic light
emitting element according to another exemplary embodi-
ment.

[0038] FIG. 51is a cross-sectional view of the organic light
emitting element according to still another exemplary
embodiment.

[0039] FIG. 6 is a top plan view of one pixel of an organic
light emitting diode display including an organic light
emitting element according to an exemplary embodiment.

[0040] FIG. 7 is a cross-sectional view taken along line
VII-VII of FIG. 6.
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[0041] FIG. 8 is a cross-sectional view taken along line
VIII-VIII of FIG. 6.

[0042] FIG. 9 is a graph showing luminance and lifespan
according to an experimental example 1 and a comparative
example 1 for an organic light emitting element.

[0043] FIG. 10 is a graph showing conversion efficiency
depending on the thickness of a hole auxiliary layer.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0044] 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 exem-
plary 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.

[0045] 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.

[0046] 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, “at least one of X, Y, and Z” 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 77. Like numbers 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.

[0047] 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,
component, 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.

[0048] 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 element or feature’s relationship to another
element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
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ings. For example, if the apparatus 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 exemplary term
“below” can encompass both an orientation of above and
below. Furthermore, the apparatus may be otherwise ori-
ented (e.g.. rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0049] 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, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0050] 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
manufacturing techniques and/or tolerances, are to be
expected. Thus, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated 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.

[0051] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing 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 inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0052] FIG. 1is a cross-sectional view of an organic light
emitting element according to an exemplary embodiment.

[0053] Referring to FIG. 1, an organic light emitting
element includes a first electrode 10, a second electrode 50
facing the first electrode 10, an emission layer 30 between
the first electrode 10 and the second electrode 50, a hole
auxiliary layer 20 between the first electrode 10 and the
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emission layer 30, and an electron transport layer 40
between the emission layer 30 and the second electrode 50.
[0054] The first electrode 10 may be an anode, and the
second electrode 50 may be a cathode. The first electrode 10
of the anode as an electrode injecting holes to the emission
layer 30 may have a high work function, and the second
electrode 50 of the cathode as an electrode injecting elec-
trons to the emission layer 30 may have a low work function
when a current is supplied. However, it is not limited thereto.
For instance, the first electrode may be the cathode and the
second electrode may be the anode.

[0055] In one or more exemplary embodiments, the first
electrode 10 may be a transparent electrode or a non-
transparent electrode.

[0056] In one or more exemplary embodiments, the trans-
parent electrode may include a conductive oxide, such as,
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn0,), zinc oxide (ZnO), or combinations thereof, or may
include a metal, such as, aluminum, silver, or magnesium
having a thin thickness. For example, the transparent elec-
trode may include multi-layers having at least one of the
conductive oxide and the metal. In one or more exemplary
embodiments, the non-transparent electrode may be formed
of a metal such as aluminum, silver, or magnesium.
[0057] In one or more exemplary embodiments, the first
electrode 10 may include a reflective layer made of silver
(Ag), aluminum (Al), Magnesium (Mg), chromium (Cr),
molybdenum (Mo), tungsten (W), titanium (T1), gold (Au),
palladium (Pd), or an alloy thereof when the light generated
from the emission layer 30 is emitted in the direction from
the first electrode 10 to the second electrode 50. Further, the
first electrode 10 may be made of a multi-layered structure
having the reflective layer and the transparent electrode
positioned over and/or under the reflective layer.

[0058] In one or more exemplary embodiments, the first
electrode 10 may be formed using a sputtering method, a
vapor phase deposition method, an ion beam deposition
method, an electron beam deposition method, or a laser
ablation method.

[0059] The hole auxiliary layer 20 is positioned between
the first electrode 10 and the emission layer 30. The hole
auxiliary layer 20 helps the holes to be transmitted from the
first electrode 10 to the emission layer 30.

[0060] According to an exemplary embodiment, the hole
auxiliary layer 20 is in a range of about 140 angstroms (A)
to 220 angstroms (A) thick. The organic light emitting
element may be too thick when the hole auxiliary layer 20
is thicker than 220 angstroms. Hole auxiliary layer 20
thinner than 140 angstroms may overdose the hole injection
and crumbles a charge balance in the emission layer 30,
deteriorating current efficiency. In this case, it may be
difficult to provide the color by the organic light emitting
element.

[0061] The hole auxiliary layer 20 includes at least one
hole blocking layer 20A and at least one hole transport layer
20B contacting the hole blocking layer 20A. In an exem-
plary embodiment shown in FIG. 1, the hole auxiliary layer
20 may include two hole blocking layers 20A and a hole
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transport layer 20B between the two hole blocking layers
20A. However, its structure and composition are not limited
thereto. In one or more exemplary embodiments, the hole
auxiliary layer 20 may include an even number of hole
blocking layers 20A and an odd number of hole transport
layers 20B, and the hole blocking layers 20A and the hole
transport layers 20B are alternately positioned. Two of the
hole blocking layers 20A may be outer layers among the
hole blocking layers 20A and the hole transport layers 20B.
In one or more exemplary embodiments, the hole auxiliary
layer 20 may include a multi-layered structure having three
or more of the hole blocking layers 20A and the hole
transport layers 20B which are alternately positioned. In one
or more exemplary embodiments, the hole auxiliary layer 20
may include single hole blocking layer and single hole
transport layer.

[0062] The hole blocking layer 20A controls the transmis-
sion of the holes injected from the first electrode 10. The
hole blocking layer 20A may prevent the holes from being
excessively injected from the first electrode 10 to the emis-
sion layer 30 even though the thickness of the hole auxiliary
layer 20 is thin, thereby adjusting the charge balance in the
emission layer 30.

[0063] The thickness of the hole blocking layer 20A may
be in the range of about 30 angstroms to 60 angstroms.
When the hole blocking layer 20A is thinner than 30
angstroms, the holes from the first electrode 10 can just pass
through the hole blocking layer 20A. The hole blocking
layer 20A thicker than 60 angstroms, may significantly
decrease efficiency (for example, conversion efficiency)
transporting the holes to the emission layer 30 by exces-
sively blocking the hole transmission. According to an
exemplary embodiment of the present invention, each hole
blocking layer 20A may be between 30 angstroms to 60
angstroms thick.

[0064] In one or more exemplary embodiments, the hole
blocking layer 20A may include a compound represented by
Chemical Formula 1.

Chemical Formula 1

A2
b

| iE j
A3
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[0065] In Chemical Formula 1, Al, A2, and A3 may be an
alkyl group, an aryl group, carbazole, dibenzothiophene,
dibenzofuran (DBF), or biphenyl, and a, b, and ¢ may be an
integer of 0 to 4.

[0066] As an example of compounds represented by
Chemical Formula 1, Chemical Formulas 1-1, 1-2, 1-3, 1-4,
1-5, and 1-6 may be provided.

Chemical Formula 1-1

Chemical Formula 1-2
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-continued -continued

Chemical Formula 1-3 Chemical Formula 1-5

OOO

Q S Q

Chemical Formula 1-4

f, Chemical Formula 1-6
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[0067] In one or more exemplary embodiments, the hole
blocking layer 20A may include a compound represented by
Chemical Formula 2.

Chemical Formula 2

[0068] In Chemical Formula 2, a, b, and ¢ may be 0 to 3,
X may be selected from O, N or S, and each X may be equal
to the other or may be different from the other.

[0069] As an example of the compound represented by
Chemical Formula 2, Chemical Formulas 2-1 to 2-5 may be
provided.

Chemical Formula 2-1

g
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-continued

Chemical Formula 2-2
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-continued
Chemical Formula 2-4

Chemical Formula 2-5

[0070] In one or more exemplary embodiments, the hole
blocking layer 20A may include a compound represented by
Chemical Formula 3.

Chemical Formula 3

[0071] In Chemical Formula 3, A1 may be an alkyl group,
aryl group, carbazole, dibenzothiophene, or dibenzofuran
(DBF), and L1 and [.2 may be
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(n is 0 to 3), and DBF connected to L1 and L2 may be
replaced with carbazole or dibenzothiophene.

[0072] The hole transport layer 20B is positioned between
the plurality of hole blocking layers 20A and transmits the
holes that is moved from the first electrode 10 into the hole
blocking layer 20A to the emission layer 30.

[0073] The thickness of the hole transport layer 20B may
be in the range of about 30 angstroms to 120 angstroms.
Hole transport layer 20B thinner than 30 angstroms may not
fanction properly in transmitting the hole. Hole transport
layer 20B thicker than 120 angstroms, may not properly
control the hole transmission due to it excessive thickness
occupied by the hole transport layer 20B in the hole auxil-
iary layer 20, and may deteriorate the current efficiency.
According to an exemplary embodiment of the present
invention, the hole transport layer 20B may have be between
about 30 angstroms to about 120 angstroms thick.

[0074] In one or more exemplary embodiments, the hole
transport layer 20B may have a carbazole derivative such as
N-phenylcarbazole, polyvinylcarbazole, or the like, or a
typical amine derivative having an aromatic fused ring such
as N,N'-bis (3-methylphenyl)-N,N'-diphenyl-[1,1-biphe-
nyl]-4,4'-diamine (TPD), N,N'-di(naphthalen-1-yl)-N,N'-di-
phenylbenzidine (c-NPD), or the like. However, the hole
transport layer 20B is not limited thereto. A material func-
tioning as the above-described materials and that is widely
used in the art related to the exemplary embodiment of the
present invention may be used.

[0075] The emission layer 30 is positioned between the
first electrode 10 and the second electrode 50. The emission
layer 30 includes an emission material associated with a
specific color. In one or more exemplary embodiments, the
emission layer 30 may display a basic color such as blue,
green, or red, or a combination thereof. For instance, the
emission layer 30 according to an exemplary embodiment of
the present invention may emit blue. Since the hole auxiliary
layer 20 of the organic light emitting element emitting blue
is thinner than the hole auxiliary layer 20 of the organic light
emitting element emitting red and green, it is more to control
of the holes moving into the blue emission layer 30. The
organic light emitting element emitting blue with the hole
blocking layer 20A may effectively control holes moving
into the emission layer 30.

[0076] In one or more exemplary embodiments, the emis-
sion layer 30 includes a host and a dopant to emit any one
color.

[0077] In one or more exemplary embodiments, the emis-
sion layer 30 includes a host material including CBP (car-
bazole biphenyl) or mCP (1,3-bis(carbazol-9-yl), and a
phosphorescent material including at least one selected from
a group consisting of PIQIr(acac) (bis(1-phenylisoquino-
line)acetylacetonate iridium), PQIr(acac) (bis(1-phenylqui-
noline)acetylacetonate iridium), PQIr (tris(1-phenylquino-
line)iridium), and PtOEP (platinum octaethylporphyrin)
when the emission layer 30 emits red light. Alternatively, the
emission layer 30 may be formed of a fluorescent material
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including PBD:Eu(DBM)3(Phen) or pervlene, but the
above-described materials are only examples, and are not
limited thereto.

[0078] In one or more exemplary embodiments, the emis-
sion layer 30 includes a host material including CBP or mCP,
and a phosphorescent material including a dopant material
including Ir(ppy)3 (fac-tris(2-phenylpyridine)iridium) when
the emission layer 30 emits green light. Alternatively, the
emission layer 30 may be formed of a fluorescent material
including Alq3(tris(8-hydroxyquinolino)aluminum), but the
above-described materials are only examples and are not
limited thereto.

[0079] In one or more exemplary embodiments, the emis-
sion layer 30 includes a host material including CBP or mCP,
and a phosphorescent material including a dopant that
includes (4,6-F2ppy)2lrpic when the emission layer 30
emits blue light. Alternatively, the emission layer 30 may be
made of a fluorescent material including at least one selected
from a group consisting of spiro-DPVBA, spiro-6P, distyryl-
benzene (DSB), distyrylarylene (DSA), a PFO-based poly-
mer, and a PPV-based polymer, but the above-described
materials are examples and are not limited thereto.

[0080] The electron transport layer 40 is positioned
between the emission layer 30 and the second electrode 50.
The electron transport layer 40 helps the electron injected
from the second electrode 50 to be easily moved into the
emission layer 30.

[0081] The electron transport layer 40 may include an
organic material. For example, the electron transport layer
40 may include at least one selected from a group including
Alg3(tris (8-hydroxyquinolino)aluminum), PBD (2-[4-bi-
phenyl-5-[4-tert-butylphenyl]]-1,3,4-oxadiazole), TAZ (1,2,
4-triazole), spiro-PBD(spiro-2-[4-biphenyl-5-[4-tert-butyl-
phenyl]]-1,3,4-oxadiazole), and BAlq (8-hydroxyquinoline
beryllium salt).

[0082] The second electrode 50 may be the cathode. In this
manner, the second electrode 50 may include a material
having a low work function so as to easily inject the electron
to the emission layer 30.

[0083] For example, the second electrode 50 may include,
but not limited thereto, a metal such as magnesium, calcium,
sodium, potassium, titanium, indium, yttrium, lithium, gado-
linium, aluminum, silver, tin, lead, cesium, barium, and the
like, or an alloy thereof, or a multi-layered structure material
such as LiF/Al, LiO,/Al, LiF/Ca, LiF/Al, and BaF,/Ca.
[0084] In one or more exemplary embodiments, the sec-
ond electrode 50 may include a conductive oxide such as
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn O,), zinc oxide (ZnO), or combinations thereof, or may
include a metal such as aluminum, silver, magnesium of thin
thickness. For instance, the second electrode 50 may be
made of a multi-layered structure having combinations of
the conductive oxide and the metal, or one of the conductive
oxide and the metal.

[0085] In one or more exemplary embodiments, the entire
organic light emitting element for red light may be about
1100 angstroms or less thick when the organic light emitting
element emits red light, the entire organic light emitting
element for green light may be about 900 angstroms or less
thick, and the entire organic light emitting element for blue
light may be about 700 angstroms or less thick.

[0086] FIG. 2 is a view illustrating an energy level of the
organic light emitting element described in FIG. 1 according
to an exemplary embodiment.
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[0087] 1In FIG. 2, a horizontal direction from left to right
sequentially represents an energy level 1 of the first elec-
trode 10, a highest occupied molecular orbital (hereinafter,
HOMO) energy level 2A_H and a lowest unoccupied
molecular orbital (hereinafter, LUMO) energy level 2A_L of
the hole blocking layer 20A, a HOMO energy level 2B_H
and a LUMO energy level 2B_L of the hole transport layer
20B, a HOMO energy level 2A_H and a LUMO energy level
2A_L of the hole blocking layer 20A, a HOMO energy level
3H and a LUMO energy level 3L of the emission layer 30,
a HOMO energy level 4H and a LUMO energy level 4L of
the electron transport layer 40, and an energy level 5 of the
second electrode 50.

[0088] Also, a vertical axis represents an energy level eV
with reference to a vacuum level VL. Since the energy level
has a negative value, the energy level has a higher value as
it is closer to the vacuum level VL. Meanwhile, the work
function means energy required to move the charge at each
energy level to the vacuum level VL, therefore an absolute
value of the energy level is the same as the work function.
[0089] Referring to FIG. 1 and FIG. 2, the movement of
the hole injected from the first electrode 10 will be
described.

[0090] Referring to FIG. 1 and FIG. 2, the hole is injected
from the first electrode 10 having a predetermined energy
level 1 and reaches the HOMO energy level 3H of the
emission layer 30 after passing through the HOMO energy
level 2A_H of the hole blocking layer 20A adjacent to the
first electrode 10, the HOMO energy level 2B_H of the hole
transport layer 20B, and the HOMO energy level 2A_H of
the hole blocking layer 20A adjacent to the emission layer
30. The hole may move along the HOMO energy level of
each layer in order of the first electrode 10, the hole blocking
layer 20A, the hole transport layer 20B, the hole blocking
layer 20A, and the emission layer 30.

[0091] The hole moved 1o the hole transport layer 20B
through the first electrode 10 and the hole blocking layer
20A adjacent to the first electrode 10 may move to the
emission layer 30 through the hole blocking layer 20A,
adjacent to the emission layer 30, which has a lower HOMO
energy level than the hole transport layer 20B. Sine the hole
blocking layer 20A adjacent to the emission layer 30 has the
lower HOMO energy level 2A_H than the HOMO energy
level 2B_H of the hole transport layer 20B as shown in FIG.
2, adifference between the HOMO energy level 2A_H of the
hole blocking layer 20A adjacent to the emission layer 30
and the HOMO energy level 2B_H of the hole transport
layer 20B acts as a barrier.

[0092] That is, compared to the case that has no hole
blocking layer 20A, the hole moves to the emission layer 30
through the hole blocking layer 20A, thereby passing the
barrier depending on the energy level difference. This may
control the hole mobility to the emission layer.

[0093] In an exemplary embodiments, the difference
between the HOMO energy level of the hole blocking layer
20A and the HOMO energy level of the hole transport layer
20B may be about 0.2 eV or more to 1.0 eV or less. It may
allow to control the hole mobility appropriately. Energy
level difference less than 0.2 eV makes it difficult to form the
energy barrier. Energy level difference over 1.0 eV, the hole
mobility may be too low to move proper number of holes to
the emission layer 30.

[0094] The HOMO energy level 2A_H of the hole block-
ing layer 20A may be lower than the HOMO energy level 3H
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of the emission layer 30. Accordingly, the hole moved to the
hole blocking layer 20A adjacent to the emission layer 30 is
moved to the emission layer 30 having the HOMO energy
level 3H.

[0095] The movement of the electron injected from the
second electrode 50 will be described below.

[0096] The electron is injected from the second electrode
50 having the predetermined energy level 5 and reaches the
LUMO energy level 3L of the emission layer 30 through the
LUMO energy level 4L of the electron transport layer 40.

[0097] The electron that reaches the emission layer 30
along this path may be combined with the hole that reaches
the emission layer 30 to form the exciton, emitting a light
while releasing energy.

[0098] In one or more embodiments, the LUMO energy
level 2A_L of the hole blocking layer 20A may be higher
than the LUMO energy level 3L of the emission layer 30,
thereby controlling the movement of the electron toward the
first electrode 10 through the emission layer 30.

[0099] In one or more embodiments, the organic light
emitting element may further include function layers (not
shown), such as, a hole injection layer between the first
electrode 10 and the hole auxiliary layer 20, and an electron
injection layer between the electron transport layer 40 and
the second electrode 50.

[0100] According to an exemplary embodiment of the
present invention, the organic light emitting element may
have high stability and emission efficiency by controlling the
hole injected to the emission layer 30, even if the organic
light emitting element and/or the hole auxiliary layer 20 is
thin. In addition, this may also extend the lifespan of the
element.

[0101] FIG. 3 is a view showing an energy level of the
organic light emitting element described with reference to
FIG. 1 according to another exemplary embodiment. The
description for the same or similar constituent elements as
the constituent elements described in FIG. 1 and FIG. 2 may
be omitted.

[0102] The electron having the energy level 5 may move
from the second electrode 50 to the emission layer 30 in a
similar manner described with reference to FIG. 2. Herein-
after, overlapping descriptions will be omitted.

[0103] Referring to FIG. 1 and FIG. 3, first the hole is
injected from the first electrode 10 having the predetermined
energy level 1 and reaches the HOMO energy level 3H of the
emission layer 30 after passing through the HOMO energy
level 2A_H of the hole blocking layer 20A adjacent to the
first electrode 10, the HOMO energy level 2B_H of the hole
transport layer 20B, and the HOMO energy level 2A_H of
the hole blocking layer 20A adjacent to the emission layer
30. That is, the hole may move along the HOMO energy
level of each layer in order of the first electrode 10, the hole
blocking layer 20A, the hole transport layer 20B, the hole
blocking layer 20A, and the emission layer 30.

[0104] As shown in FIG. 3, the hole that moves to the hole
transport layer 20B through the hole blocking layer 20A
adjacent to the first electrode 10 is moved to the hole
blocking layer 20A. The hole in the hole blocking layer 20A
adjacent to the emission layer 30 may move to the emission
layer 30. The HOMO energy level 2A_H of the hole
blocking layer 20A may be lower than the HOMO energy
level 2B_H of the hole transport layer 20B. The HOMO
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energy level 3H of the emission layer 30 may be lower than
the HOMO energy level 2A_H of the hole blocking layer
20A.

[0105] According to the exemplary embodiment shown in
FIG. 3, the hole is moved through the HOMO energy levels
that are sequentially decreased along the hole transport layer
20B, hole blocking layer 20A, and the emission layer 30.
The mobility of the hole moving along the emission layer 30
may be effectively controlled by moving the hole along the
step-shaped HOMO energy level.

[0106] Thehole may move directly from the hole transport
layer 20B to the emission layer 30 if the hole blocking layer
20A adjacent to the emission layer 30 is not provided. It
means that the hole moves the HOMO energy level of one
step shape such that it is difficult to control the hole mobility
compared to the hole mobility according to the exemplary
embodiment shown in FIG. 3.

[0107] In one or more exemplary embodiments, the dif-
ference between the HOMO energy level 2A_H of the hole
blocking layer 20A and the HOMO energy level 2B_H of the
hole transport layer 20B may be in the range of more than
about 0.2 eV to less than about 1 eV. It may allow to control
the mobility of the hole appropriately. When the energy level
difference is less than 0.2 eV, it is difficult to form the energy
barrier. When the energy level difference is more than 1 eV,
the hole mobility may be very low and the amount of the
hole transmitted to the emission layer 30 may be remarkably
decreased.

[0108] FIG. 4is a cross-sectional view of the organic light
emitting element according to another exemplary embodi-
ment.

[0109] Referring to FIG. 4, an organic light emitting
element includes the first electrode 10, the second electrode
50 facing the first electrode 10, the emission layer 30
between the first electrode 10 and the second electrode 50,
the hole injection layer 15 and the hole auxiliary layer 20
between the first electrode 10 and the emission layer 30, and
the electron transport layer 40 between the emission layer 30
and the second electrode 50. The first electrode 10, the
emission layer 30, the electron transport layer 40, and the
second electrode 50 are the same as shown in FIG. 1 such
that a duplicate description thereof is omitted.

[0110] Referring to FIG. 4, the hole injection layer 15 is
positioned between the first electrode 10 and the hole
auxiliary layer 20. The hole injection layer 15 transmits the
hole injected from the first electrode 10 to the hole auxiliary
layer 20, thereby functioning to improve the injection of the
hole.

[0111] The hole injection layer 15 may include a bipolar
material in which a metal or non-metal having a predeter-
mined work function to improve the hole injection and
halogen are combined. However, the hole injection layer 15
is not limited thereto and other inorganic materials or
organic materials may be included.

[0112] As one example, the metal or the non-metal may be
one element selected from the group consisting of Ag, Au,
B, Be, C, Co, Cr, Cu, Fe, Hg, Ir, Mo, Nb, Ni, Os, Pd, Pt, Re,
Rh, Ru, Sb, Se, Si, Sn, Ta, Te, Ti, V, W, and Zn.

[0113] The hole auxiliary layer 20 is positioned between
the hole injection layer 15 and the emission layer 30. The
hole auxiliary layer 20 may help the hole to be transmitted
from the first electrode 10 to the emission layer 30.
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[0114] According to an exemplary embodiment, the hole
auxiliary layer 20 is in the range from about 140 angstroms
(A) to 220 angstroms (A) thick.

[0115] The hole auxiliary layer 20 includes two hole
transport layers 20B and one hole blocking layer 20A
between two hole transport layers 20B. However, it is not
limited thereto. For instance, the hole auxiliary layer 20 may
include an even number of hole transport layers 20B and odd
number of hole blocking layers 20A that are alternately
positioned.

[0116] The hole blocking layer 20A may control the
transmission of the holes injected from the first electrode 10.
Even though the hole auxiliary layer 20 is thin, the hole
blocking layer 20A prevents the holes from being exces-
sively injected from the first electrode 10 to the emission
layer 30, thereby adjusting the charge balance in the emis-
sion layer 30.

[0117] The hole transport layer 20B transmits the hole
injected from the first electrode 10 to the hole blocking layer
20A or the emission layer 30.

[0118] According to the exemplary embodiment of shown
in FIG. 4, the hole injected from the first electrode 10 may
be moved in order to the hole transport layer 20B adjacent
to the first electrode 10, the hole blocking layer 20A, the
hole transport layer 20B adjacent to the emission layer 30,
and the emission layer 30. The hole reaching the hole
transport layer 20B adjacent to the first electrode 10 may
move beyond the barrier of the HOMO energy level differ-
ence of the hole blocking layer 20A and hole transport layer
20B to reach the HOMO energy level of the hole blocking
layer 20A.

[0119] Accordingly, the hole auxiliary layer 20 including
the hole blocking layer 20A may effectively control the hole
mobility compared to the organic light emitting element
without the hole blocking layer, thereby providing improved
efficiency and lifespan of the organic light emitting element.

[0120] FIG. 51is a cross-sectional view of the organic light
emitting element according to still another exemplary
embodiment.

[0121] Referring to FIG. 5, the organic light emitting
element includes the first electrode 10, the second electrode
50 facing the first electrode 10, the emission layer 30
between the first electrode 10 and the second electrode 50,
the hole auxiliary layer 20 between the first electrode 10 and
the emission layer 30, and the electron transport layer 40
between the emission layer 30 and the second electrode 50.
The first electrode 10, the emission layer 30, the electron
transport layer 40, and the second electrode 50 are the same
as shown in FIG. 1 such that a duplicate description thereof
is omitted.

[0122] The hole auxiliary layer 20 includes three hole
blocking layers 20A and two hole transport layers 20B.
Three hole blocking layers 20A and two hole transport
layers 20B are alternately positioned. It is understood that
the number of the hole blocking layers 20A and the number
of the hole transport layers 20B may be modified variously.
For example, an even number of hole blocking layers and
odd number of hole transport layers between the adjacent
hole blocking layers may be included in, or an even number
of hole transport layers and odd number of hole blocking
layers between the adjacent hole transport layers may be
included in, and the even number and odd number may be
any natural number greater than 1.
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[0123] FIG. 61is a top plan view of one pixel of an organic
light emitting diode display including an organic light
emitting element according to an exemplary embodiment,
FIG. 7 is a cross-sectional view taken along line VII-VII of
FIG. 6, and FIG. 8 is a cross-sectional view taken along line
VIII-VIII of FIG. 6.

[0124] Referring to FIG. 6 to FIG. 8, a blocking layer 111
formed of a silicon oxide or silicon nitride is disposed on a
substrate 110 made of transparent glass.

[0125] A plurality of pairs of first and second semicon-
ductor patterns 151a and 1515 that are preferably formed of
polysilicon are disposed on the blocking layer 111. The first
and second semiconductors patterns 151a and 1515 include
extrinsic regions including conductive impurities of an
n-type or a p-type, and at least one intrinsic region that does
not include conductive impurities.

[0126] In the first semiconductor pattern 151a, the extrin-
sic region includes first source and drain regions 153a and
155a and an intermediate region 1535 which are separated
from each other. In one or more exemplary embodiments,
the extrinsic regions 153a, 1535, and 155a of the first
semiconductor pattern 151a may be doped with an n-type
impurity. The intrinsic region includes a pair of first channel
regions 154al and 15442 disposed between the extrinsic
regions 153a, 1535, and 155¢.

[0127] In the second semiconductor pattern 15154, the
extrinsic region includes a second source region 1535 and a
second drain region 1555. The second source region 1535
and the second drain region 1555 are doped with the p-type
impurity and separated from each other. The intrinsic region
includes a second channel region 1545 disposed between the
second source and drain regions 1536 and 1556 and a
storage region 157 extending from the second drain region
1535 upward.

[0128] Inone or more exemplary embodiments, the extrin-
sic region further includes lightly doped regions (not shown)
disposed between the channel regions 154al, 15442, and
1545, and the source and drain regions 153a, 1554, 1535,
and 155b. The lightly doped regions may be replaced by
offset regions that do not include impurities.

[0129] Alternatively, the extrinsic regions 153a and 155a
of the first semiconductor pattern 151a may be doped with
p-type impurities, and the extrinsic regions 1534 and 1555
of the second semiconductor pattern 1516 may be doped
with n-type impurities. The conductive p-type impurity may
be boron (B) or gallium (Ga), and the conductive impurity
of the n-type may be phosphorus (P) or arsenic (As).
[0130] A gate insulating layer 140 preferably formed of a
silicon nitride or silicon oxide is disposed on the first and
second semiconductor patterns 151a and 1515 and the
blocking layer 111.

[0131] A gate line 121 including a first control electrode
124a and a gate conductor including a second control
electrode 1245 is disposed on the gate insulating layer 140.

[0132] The gate lines 121 function to transfer a gate signal
and generally extend in a transverse direction. The first
control electrode 124¢ extends from the gate line 121 to
cross the first semiconductor pattern 151a, thereby overlap-
ping the first channel regions 154a1 and 15442.

[0133] Each gate line 121 may include an end portion
having a large area for contacting another layer or an
external driving circuit. When a gate driving circuit (not
shown) for generating gate signals is disposed on the sub-
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strate 110, the gate lines 121 may extend and be directly
connected to the gate driving circuit.

[0134] The second control electrode 12456 is separated
from the gate line 121 and overlaps the second channel
region 1545 of the second semiconductor pattern 1515. The
second control electrode 1245 extends to form the storage
electrode 127, and the storage electrode 127 ovetlaps the
storage region 157 of the second semiconductor pattern
1515.

[0135] The interlayer insulating layer 160 is disposed on
the gate conductor and gate insulating layer 140.

[0136] In one or more exemplary embodiments, the first
interlayer insulating layer 160 is formed of an inorganic
insulator such as a silicon nitride, a silicon oxide, and so on,
an organic insulator, or an insulator having a low dielectric
constant. It is preferable that the dielectric constant of the
organic insulator and the low dielectric insulator is less than
4.0, for example a-Si:C:O or a-Si:O:F, which is formed
through plasma enhanced chemical vapor deposition
(PECVD). In one or more exemplary embodiments, the first
interlayer insulating layer 160 may be formed of an organic
insulator having photosensitivity, and may provide a flat
surface.

[0137] A contact hole 164 exposing the second control
electrode 1245 is provided in the interlayer insulating layer
160. Further contact holes 163a, 1635, 165a, and 165b
exposing the source regions and the drain regions 153a,
153b, 1554, and 1555 are provided in the interlayer insu-
lating layer 160 and the gate insulating layer 140.

[0138] A data conductor including a data line 171, a
driving voltage line 172, and first and second output elec-
trodes 175a and 1755 is disposed on the interlayer insulating
layer 160.

[0139] The data line 171 transmits a data signal and
mainly extends in a longitudinal direction, thereby crossing
the gate line 121. Each data line 171 includes a first input
electrode 173a connected to the first source region 1534
through the contact hole 163a.

[0140] Each data line 171 may include an end portion
having a large area for contacting another layer or an
external driving circuit. When a data driving circuit (not
shown) for generating data signals is disposed on the sub-
strate 110, the data line 171 may extend and be directly
connected to the data driving circuit.

[0141] The driving voltage line 172 transmits a driving
voltage and mainly extends in the longitudinal direction,
thereby crossing the gate line 121. The driving voltage line
172 includes a second input electrode 1735 connected to the
second source region 1535 through the contact hole 1635.
The driving voltage line 172 overlaps the storage electrode
127 and they may be connected to each other.

[0142] The first output electrode 1754 is separated from
the data line 171 and the driving voltage line 172. The first
output electrode 1754 is connected to the first drain region
1554 through the contact hole 1654 and is connected to the
second control electrode 1245 through the contact hole 164.
[0143] The second output electrode 1755 is separated from
the data line 171, the driving voltage line 172, and the first
output electrode 175a, and is connected to the second drain
region 1554 through the contact hole 1654.

[0144] In one or more exemplary embodiments, side sur-
faces of the data conductors 171, 172, 1754, and 1755 are
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also inclined to the surface of the substrate 110, and an
inclination angle thereof is about 30° to 80° like the gate
conductors 121 and 1245.

[0145] The passivation layer 180 is disposed on the data
conductors 171, 172, 1754, and 1756 and the interlayer
insulating layer 160. The passivation layer 180 is formed of
an inorganic material, an organic material, or a low dielectric
constant insulating material.

[0146] A contact hole 185 exposing the second output
electrode 1756 is provided in the passivation layer 180.
Further, a contact hole (not shown) exposing the end of the
data line 171 may be provided in the passivation layer 180,
and a contact hole (not shown) exposing the end of the gate
line 121 may be provided in the passivation layer 180 and
the interlayer insulating layer 160.

[0147] The pixel electrode 190 is disposed on the passi-
vation layer 180. The pixel electrode 190 is physically and
electrically connected to the second output electrode 1756
through the contact hole 185. In one or more exemplary
embodiments, the pixel electrode 190 may be formed of a
transparent conductive material such as ITO or IZO or a
reflective metal such as aluminum, silver, or alloys thereof.
[0148] A partition 361 is disposed on the passivation layer
180. The partitions 361 define a plurality of openings
enclosing edges of the pixel electrodes 191 like a bank, and
are formed of an organic insulator or an inorganic insulator.
In one or more exemplary embodiments, the partitions 361
may be formed of a photoresist including black pigments. In
this manner, the partitions 361 function as a light blocking
member, thereby simplifying the manufacturing process.
[0149] A light-emitting element layer 370 is disposed on
the pixel electrode 190, and a common electrode 270 is
disposed on the light-emitting element layer 370. The
organic light emitting element includes the pixel electrode
190, the light-emitting element layer 370, and the common
electrode 270.

[0150] The pixel electrode 190 and the common electrode
270 may be provided as the first electrode 10 and the second
electrode 50 shown in FIG. 1. In one or more exemplary
embodiments, the pixel electrode 190 may correspond to the
anode of the hole injection electrode, i.c., the above-de-
scribed first electrode 10, and the common electrode 270
may correspond to the cathode of the electron injection
electrode, i.e., the above-described second electrode 50.
However, the exemplary embodiment is not limited thereto.
In one or more exemplary embodiments, the pixel electrode
190 may be a cathode and the common electrode 270 may
be an anode.

[0151] The light-emitting element layer 370 may include
the hole auxiliary layer 20, the emission layer 30, and the
electron transport layer 40 described with reference to FIG.
1 to FIG.

[0152] The hole and electron are injected into the organic
emission layer 370 from the pixel electrode 190 and the
common electrode 270, respectively, and an exciton genet-
ated by coupling the injected hole and electron falls from an
excited state to a ground state to emit light.

[0153] The first semiconductor pattern 151a, the first
control electrode 124a connected to the gate line 121, the
first input electrode 173a connected to the data line 171, and
the first output electrode 1754 form a switching transistor
(switching TFT) Qs, and the channel of the switching
transistor Qs is formed in the channel regions 1544l and
15442 of the first semiconductor pattern 151a. The second
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semiconductor pattern 1515, the second control electrode
1245 connected to the first output electrode 1754, the second
input electrode 1734 connected to the driving voltage line
172, and the second output electrode 1755 connected to the
pixel electrode 190 form a driving transistor (driving TFT)
Qd, and the channel of the driving transistor Qd is formed
in the channel region 154b of the second semiconductor
pattern 1515. The pixel electrode 190, the light-emitting
element layer 370, and the common electrode 270 form the
organic light emitting diode, and the pixel electrode 190 is
an anode and the common electrode 270 is a cathode, or
conversely, the pixel electrode 191 is a cathode and the
common electrode 270 is an anode. The storage electrode
127, and the driving voltage line 172, and the storage region
157 overlapping each other form a storage capacitor Cst.
[0154] The switching transistor Qs transmits the data
signal of the data line 171 in response to the gate signal of
the gate line 121. The driving transistor Qd may provide the
current having a magnitude corresponding to the voltage
difference between the second control electrode 1245 and
the second input electrode 173h when receiving the data
signal. The voltage difference between the second control
electrode 124H and the second input electrode 1736 is
charged to the storage capacitor Cst and is maintained after
the switching transistor Qs is turned off. The organic light
emitting diode emits light by differentiating an intensity
depending on the magnitude of the current flowing to the
driving transistor Qd, thereby displaying images.

[0155] However, the structure of the described organic
light emitting diode display is one example, and the organic
light emitting element according to an exemplary embodi-
ment of the present invention may be clearly applied to an
organic light emitting diode display having a different struc-
ture.

[0156] FIG. 9 is a graph showing the luminance and
lifespan according to an experimental example 1 and a
comparative example 1 for an organic light emitting ele-
ment.

[0157] Referring to FIG. 9, the experimental example 1
relates to the organic light emitting element including the
hole auxiliary layer having about 140 angstroms thick
according to an exemplary embodiment, and specifically, the
hole blocking layer has about 30 angstroms thick, the hole
transport layer has about 80 angstroms thick, and the hole
auxiliary layer has the deposition structure of the hole
blocking layer, the hole transport layer, and the hole block-
ing layer. Comparative example 1 relates to the organic light
emitting element including the hole auxiliary layer having
about 140 angstroms thick while the hole auxiliary layer
does not separately include the hole blocking layer. In
experimental example 1 and comparative example 1, con-
figurations other than the hole auxiliary layer are the same.
[0158] Referring to the luminance deterioration depending
on the time passage for experimental example 1 and com-
parative example 1, as shown in FIG. 9, after about 300
hours have elapsed, it may be confirmed that about 90%
luminance appears in experimental example 1 and about
83% luminance appears in comparative example 1.

[0159] Also, experimental example 1 may have a lifespan
of about 140 hours when based on about 95% luminance,
whereas comparative example 1 has a lifespan of about 40
hours when based on about 90% luminance. Accordingly,
experimental example 1 may have a lifespan of more than
about 2.5 times that of comparative example 1.
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[0160] It may be confirmed that the organic light emitting
element including the hole blocking layer according to an
exemplary embodiment of the present invention has
improved lifespan and luminance compared to the compara-
tive example.

[0161] FIG. 10 is a graph showing conversion efliciency
depending on the thickness of a hole auxiliary layer. In FIG.
10, An X-axis represents the conversion efficiency, and a
Y-axis represents the thickness of the hole auxiliary layer.

[0162] Referring to FIG. 10, experimental example 2
relates to the hole auxiliary layer including the hole blocking
layer having in the range of 120 angstroms to 240 angstroms
thick, and comparative example 2 relates to the hole auxil-
iary layer without the hole blocking layer having about 180
angstroms thick. The configurations of the organic light
emitting element other than the hole auxiliary layer are the
same as in experimental example 2 and comparative
example 2.

[0163] The conversion efficiency means a value obtained
by dividing the current efliciency (Cd/A) by a y color
coordinate, which means that the efliciency of the organic
light emitting element is excellent when the value of the
conversion efficiency is high.

[0164] Inexperimental example 2, when the hole auxiliary
layer has in a range of 120 angstroms to 140 angstroms thick
and when the hole auxiliary layer has in a range of 220
angstroms to 240 angstroms thick, the conversion efficiency
is similar and low compared to comparative example 2. That
is, when the hole auxiliary layer has the above thickness,
although the hole blocking layer is included, the efficiency
of the organic light emitting element may not be improved
compared to comparative example 2, in which the hole
blocking layer is not included.

[0165] According to an exemplary embodiment, the hole
auxiliary layer including the hole blocking layer in a range
of about 140 angstroms to 220 angstroms thick.

[0166] Thickness range of the hole blocking layer and hole
transport layer according to an exemplary embodiment and

Comparative Example will be described with reference to
the Table 1.

TABLE 1
Thickness (A) of
a hole blocking
layer/a hole
transport layer/a  Total thickness — Current Color Conversion
hole (A) of a hole  efficiency coordinate  efficiency
blocking layer  auxiliary layer — (Cd/A) ) (Cd/A-y)
Comparative 180 2.8 0.049 57.14
Example 2
40/60/40 140 2.8 0.049 57.14
50/40/50 140 2.8 0.048 5833
30/100/30 160 3.9 0.064 60.94
40/80/40 160 4.1 0.066 62.12
40/100/40 180 33 0.050 66.00
50/80/50 180 32 0.050 64.00
60/60/60 180 4.1 0.065 63.08
50/100/50 200 3.1 0.051 60.78
60/80/60 200 3.1 0.050 62.00
50/120/50 220 52 0.091 5714
60/100/60 220 52 0.090 57.78
70/80/70 220 52 0.094 553
[0167] First, referring to Table 1, the case in which the

hole transport layer is constant at 80 angstroms thick and the
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hole blocking layer is 40 angstroms, 50 angstroms, 60
angstroms, and 70 angstroms thick will be described.
[0168] As shown by the current efficiency and the con-
version efficiency depending on the thickness variation of
the hole blocking layer described in Table 1, when the
thickness of the hole blocking layer is in a range of 40 to 60
angstroms thick, improved conversion efficiency appears
compared to the comparative example, however it may be
confirmed that the conversion efficiency is deteriorated, and
is particularly lower than the conversion efficiency of the
comparative example when the thickness of the hole block-
ing layer has 70 angstroms thick.
[0169] Accordingly, the hole blocking layer is in the range
of 30 angstroms to 60 angstroms thick according to an
exemplary embodiment.
[0170] Next, referring to Table 1, the case in which the
hole blocking layer has 50 angstroms thick, and the hole
transport layer is 40 angstroms, 80 angstroms, 100 ang-
stroms, and 120 angstroms thick will be described.
[0171] When the hole blocking layer has constant thick,
the characteristic of the current efficiency and the conversion
efficiency being different depending on the thickness of the
hole transport layer occurs, particularly as the thickness of
the hole transport layer is increased to 80 angstroms, 100
angstroms, and 120 angstroms, the conversion efliciency
decreases occurs. Specifically, when the hole transport layer
is 120 angstroms thick, since the conversion efficiency is the
same as the conversion efliciency of the comparative
example, the conversion efficiency may be lower than that of
the comparative example when the hole transport layer has
more than 120 angstroms thick.
[0172] Thus, the hole transport layer according to an
exemplary embodiment is in the range from 30 angstroms to
120 angstroms thick.
[0173] Although the comparative description is not sepa-
rately listed, the various exemplary embodiments described
in Table 1 as the organic light emitting element according to
an exemplary embodiment may have improved current
efficiency and conversion efficiency compared with the
comparative example.
[0174] According to an exemplary embodiment, a hole
auxiliary layer including a hole blocking layer has 140
angstroms to 220 angstroms thick. Therefore, a organic light
emitting element including the hole auxiliary layer may have
improved current efficiency and lifespan. Further, a organic
light emitting diode display including the organic light
emitting element may provide excellent display quality and
have improved lifespan.
[0175] 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 embodiments, but rather to the broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.

What is claimed is:

1. An organic light emitting element comprising:

a first electrode;

a second electrode;

an emission layer between the first electrode and the

second electrode; and
a hole auxiliary layer between the first electrode and the
emission layer,
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wherein the hole auxiliary layer includes:
at least one hole blocking layer; and
at least one hole transport layer contacted with the hole
blocking layer, and

wherein a thickness of the hole auxiliary layer is in a

range of 140 angstroms to 220 angstroms.

2. The organic light emitting element of claim 1, wherein
the hole auxiliary layer includes a multi-layered structure
comprising more than three layers, in which the hole block-
ing layer and the hole transport layer are alternately posi-
tioned.

3. The organic light emitting element of claim 1, wherein
the hole auxiliary layer includes two hole blocking layers as
the at least one hole blocking layer, and the at least one hole
transport layer is positioned between the two hole blocking
layers.

4. The organic light emitting element of claim 1, wherein
the thickness of each of the at least one hole blocking layer
is in a range of 30 angstroms to 60 angstroms.

5. The organic light emitting element of claim 1, wherein
the thickness of each of the at least one hole transport layer
is in a range of 30 angstroms to 120 angstroms.

6. The organic light emitting element of claim 1, wherein
an energy level of a highest occupied molecular orbital
(HOMO) of the at least one hole blocking layer is lower than
the energy level of the highest occupied molecular orbital of
the at least one hole transport layer.

7. The organic light emitting element of claim 1, wherein
an energy level of the highest occupied molecular orbital of
the at least one hole blocking layer is lower than the energy
level of the highest occupied molecular orbital of the emis-
sion layer.

8. The organic light emitting element of claim 1, wherein
an energy level of the highest occupied molecular orbital of
the at least one hole blocking layer is higher than the energy
level of the highest occupied molecular orbital of the emis-
sion layer.

9. The organic light emitting element of claim 1, wherein
an energy level of a lowest unoccupied molecular orbital
(LUMO) of the at least one hole blocking layer is higher
than the energy level of the lowest unoccupied molecular
orbital of the emission layer.

10. The organic light emitting element of claim 1, wherein
the hole auxiliary layer includes two hole transport layers as
the at least one hole transport layers, and the at least one hole
blocking layer is positioned between the two hole transport
layers.

11. An organic light emitting diode display comprising;

a substrate;

a transistor positioned on the substrate; and

an organic light emitting element connected to the tran-

sistor,

wherein the organic light emitting element includes:

a first electrode;

a second electrode;

an emission layer between the first electrode and the
second electrode; and

a hole auxiliary layer between the first electrode and the
emission layer,

wherein the hole auxiliary layer includes:

at least one hole blocking layer; and
at least one hole transport layer contacting the hole
blocking layer, and
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wherein a thickness of the hole auxiliary layer is in a

range of 140 angstroms to 220 angstroms.

12. The organic light emitting diode display of claim 11,
wherein:

the hole auxiliary layer includes a multi-layered structure

comprising more than three layers, in which the hole
blocking layer and the hole transport layer are alter-
nately positioned.

13. The organic light emitting diode display of claim 11,
wherein the hole auxiliary layer includes two hole blocking
layers as the at least one hole blocking layer, and the at least
one hole transport layer is positioned between the two hole
blocking layers.

14. The organic light emitting diode display of claim 11,
wherein:

the thickness of each of the at least one hole blocking

layer is in a range of 30 angstroms to 60 angstroms.

15. The organic light emitting diode display of claim 11,
wherein:

the thickness of each of the at least one hole transport

layer is in a range of 30 angstroms to 120 angstroms.

16. The organic light emitting diode display of claim 11,
wherein the energy level of a highest occupied molecular
orbital (HOMO) of the at least one hole blocking layer is
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lower than the energy level of the highest occupied molecu-
lar orbital of the at least one hole transport layer.

17. The organic light emitting diode display of claim 11,
wherein an energy level of the highest occupied molecular
orbital of the at least one hole blocking layer is lower than
the energy level of the highest occupied molecular orbital of
the emission layer.

18. The organic light emitting diode display of claim 11,
wherein an energy level of the highest occupied molecular
orbital of the at least one hole blocking layer is higher than
the energy level of the highest occupied molecular orbital of
the emission layer.

19. The organic light emitting diode display of claim 11,
wherein an energy level of a lowest unoccupied molecular
orbital (LUMO) of the at least one hole blocking layer is
higher than the energy level of the lowest unoccupied
molecular orbital of the emission layer.

20. The organic light emitting diode display of claim 11,
wherein the hole auxiliary layer includes two hole transport
layers as the at least one hole transport layers, and the at least
one hole blocking layer is positioned between the two hole
transport layers.
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