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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DISPLAY
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application based on pending
application Ser. No. 14/825,360, filed Aug. 13, 2015, the
entire contents of which is hereby incorporated by reference.
[0002] Korean Patent Application No. 10-2014-0188947,
filed on Dec. 24, 2014, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Diode and
Organic Light Emitting Display Device Including the
Same,” is incorporated by reference herein in its entirety.

BACKGROUND

[0003] 1. Field

[0004] Embodiments relate to an organic light emitting
diode and an organic light emitting display device including
the same.

[0005] 2. Description of the Related Art

[0006] Recently, with an increased demand for weight
reduction and slimness of a monitor, a television, or the like,
a cathode ray tube (CRT) is being replaced by a liquid
crystal display (LCD). However, the liquid crystal display is
a light receiving device and therefore requires a separate
backlight and has a limitation in a response speed, a viewing
angle, and the like.

[0007] As s display device which may overcome the
limitations, an organic light emitting display device having
advantages of a wide viewing angle, an excellent contrast,
and a rapid response time as a self-luminous display device
has been considered.

[0008] The organic light emitting display device may
include an organic light emitting diode that emits light, in
which the organic light emitting diode emits light by com-
bining electrons injected from one electrode with holes
injected from another electrode in an emission layer to form
excitons and letting the excitons emit energy.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0010] Embodiments are directed to an organic light emit-
ting diode and an organic light emitting display device
including the same.

[0011] The embodiments may be realized by providing an
organic light emitting diode, including a first electrode and
a second electrode facing each other; an emission layer
between the first electrode and the second electrode; and a
hole transport layer between the first electrode and the
emission layer, wherein the hole transport layer includes an
organic material and a dipole material, the dipole material
including a first component and a second component, the
first component having a polarity different from that of the
second component and the first component and the second
component being combined with each other.

[0012] The first component may include a metal or a
non-metal and has a work function of 4.0 eV or more, and
the second component may include a halogen.
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[0013] The first component may include an element
selected from 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, In, and Zn.

[0014] The second component may include an element
selected from F, Cl, Br, and 1.

[0015] The dipole material may include one selected from
Nil,, Col,, Cul, Agl, Snl,, and Inl,.

[0016] The organic light emitting diode may further
include an electron injection layer between the emission
layer and the second electrode, wherein the electron injec-
tion layer has a work function of 3.0 eV or less, and includes
at least one selected from an alkali metal, an alkaline earth
metal, a rare earth element, a transition metal, or an alloy
thereof.

[0017] The electron injection layer may include at least
one selected from Li, Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu,
Gd, Yb, and an alloy thereof.

[0018] A dipole moment of the first component and the
second component may be 5 Debye or greater.

[0019] The first component may include at least one
selected from an alkali metal, an alkaline earth metals, a rare
earth element, a transition metal, and an alloy thereof, and
the second component may include a halogen.

[0020] The first component may have a work function of
3.0 eV or less, and may include at least one selected from Li,
Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu, Gd, and Yb, and an
alloy thereof.

[0021] The organic light emitting diode may further
include a hole injection layer between the first electrode and
the hole transport layer, wherein the hole injection layer
includes an organic material and another dipole material, the
other dipole material including a third component and a
fourth component, the third component having a polarity
different from that of the fourth component, and the third
component and the fourth component being combined with
each other.

[0022] The third component may include a metal or a
non-metal having a work function of 4.0 €V or more, and the
fourth component may include a halogen.

[0023] The hole transport layer or the hole injection layer
may have a structure formed of a plurality of layers and
when the organic material and the dipole material each are
a first material and a second material, the plurality of layers
may each comprise at least one of the first material and the
second material.

[0024] The hole transport layer may be formed by a
co-depositing the organic material and the dipole material.
[0025] The embodiments may be realized by providing an
organic light emitting display device including a substrate, a
gate line on the substrate; a data line and a driving voltage
line intersecting the gate line; a switching thin film transistor
connected to the gate line and the data line; a driving thin
film transistor connected to the switching thin film transistor
and the driving voltage line; and an organic light emitting
diode connected to the driving thin film transistor, wherein
the organic light emitting diode includes a first electrode and
a second electrode facing each other; an emission layer
between the first electrode and the second electrode; and a
hole transport layer between the first electrode and the
emission layer, and wherein the hole transport layer includes
an organic material and a dipole material, the first compo-
nent having a polarity different from that of the second
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component and the first component and the second compo-
nent being combined with each other.

[0026] The first component may include a metal or a
non-metal, the metal or non-metal having a work function of
4.0 eV or more, and the second component may include
halogen.

[0027] The first component may include an element
selected from Ag, Ay, 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, In, and Zn.

[0028] The second component may include an element
selected from F, Cl, Br, and 1.

[0029] The dipole material may include one selected from
Nil,, Col,, Cul, Agl, Snl,, and Inl;.

[0030] A dipole moment of the first component and the
second component may be 5 Debye or greater.

[0031] The first component may include at least one
selected from an alkali metal, an alkaline earth metals, a rare
earth element, a transition metal, and an alloy thereof, and
the second component may include a halogen.

[0032] The first component may have a work function of
3.0 eV or less, and may include at least one selected from Li,
Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu, Gd, and Yb, and an
alloy thereof.

[0033] The emission layer may include a red emission
layer, a green emission layer, and a blue emission layer and
the organic light emitting display device may further include
an auxiliary layer on a lower end of the blue emission layer.

[0034] The auxiliary layer may include a compound rep-
resented by the following Chemical Formula 1:

Chemical Formula 1

A2

)
OO

a

o)

Al

[0035] wherein, in Chemical Formula 1, A1, A2, and A3
may each independently include an alkyl group, an aryl
group, a carbazole group, a dibenzothiophene group, a
dibenzofuran group, or a biphenyl group, and a, b, and ¢ may
each independently be an integer of 0 to 4.
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[0036] The auxiliary layer may include a compound rep-
resented by the following Chemical Formula 2:

Chemical Formula 2

[0037] wherein, in Chemical Formula 2, a, b, and ¢ may
each independently be an integer of 0 to 3, and each X may
independently be selected from O, N, and S.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0039] FIG. 1 illustrates a cross-sectional view of an
organic light emitting display device according to an exem-
plary embodiment.

[0040] FIG. 2 illustrates an enlarged cross-sectional view
of an organic light emitting diode of FIG. 1.

[0041] FIG. 3 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. 2
is partially modified.

[0042] FIG. 4 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. 2
is partially modified.

[0043] FIG. 5 illustrates a cross-sectional view of a modi-
fied example of the organic light emitting diode of FIG. 2.
[0044] FIG. 6 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. 5
is partially modified.

[0045] FIG. 7 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. 5
is partially modified.

[0046] FIG. 8 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. §
is partially modified.

DETAILED DESCRIPTION

[0047] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.
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[0048] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
Like reference numerals refer to like elements throughout.
[0049] Hereinafter, an organic light emitting display
device as an example to which an organic light emitting
diode according to an exemplary embodiment is applied will
be described.

[0050] FIG. 1 illustrates a cross-sectional view of an
organic light emitting display device according to an exem-
plary embodiment. FIG. 2 illustrates a partially enlarged
cross-sectional view of an organic light emitting diode of
FIG. 1.

[0051] Referring to FIGS. 1 and 2, an organic light emit-
ting display device according to an exemplary embodiment
may include a substrate 123, a thin film transistor 130, a first
electrode 160, a light emitting device layer 170, and a
second electrode 180. The first electrode 160 may be an
anode and the second electrode 180 may be a cathode, or the
first electrode 160 may be a cathode and the second elec-
trode 180 may be an anode.

[0052] Here, a substrate 123 may be made of| e.g., inor-
ganic materials such as glass, organic materials such as
polycarbonate, polymethyl methacrylate, polyethylene
terephthalate,  polyethylene naphthalate, polyamide,
polyethersulfone or a mixture thereof, a silicon wafer, and
the like.

[0053] A substrate buffer layer 126 may be disposed on the
substrate 123. The substrate buffer layer 126 may help
prevent a penetration of impurity elements and planarize a
surface.

[0054] In this case, the substrate buffer layer 126 may be
made of various materials which may perform the above
functions. For example, as the substrate buffer layer 126, any
one of a silicon nitride (SiNx) layer, a silicon oxide (SiOy)
layer, a silicon oxynitride (SiOxNy) layer may be used. In an
implementation, the substrate buffer layer 126 may be
omitted depending on a kind of the substrate 123 and process
conditions.

[0055] A driving semiconductor layer 137 may be formed
on the substrate buffer layer 126. The driving semiconductor
layer 137 may be made of a material including polysilicon.
Further, the driving semiconductor layer 137 includes a
channel region 135 which is not doped with impurities and
asource region 134 and a drain region 136 formed by doping
both sides of the channel region 135 with impurities. In this
case, the doped ion material may include a P-type impurity
such as boron (B) and as the doped ion material, e.g., B,H,,
may be used. Here, the impurity may be changed depending
on a kind of thin film transistor.

[0056] A gate insulating layer 127 made of silicon nitride
(SiNx), silicon oxide (SiOy), or the like may be disposed on
the driving semiconductor layer 137. A gate wire including
a driving gate electrode 133 may be disposed on the gate
insulating layer 127. Further, the driving gate electrode 133
may overlap at least a portion of the driving semiconductor
layer 137, e.g., the channel region 135.

[0057] An interlayer insulating layer 128 covering the
driving gate electrode 133 may be formed on the gate
insulating layer 127. The gate insulating layer 127 and the
interlayer insulating layer 128 may be provided with a first
contact hole 122¢ and a second contact hole 1225 through
which the source region 134 and the drain region 136 of the
driving semiconductor layer 137. Similar to the gate insu-
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lating layer 127, the interlayer insulating layer 128 may be
made of materials of silicon nitride (SiNx), silicon oxide
(S8i0y), or the like.

[0058] Further, a data wiring including the driving source
electrode 131 and the driving drain electrode 132 may be
disposed on the interlayer insulating layer 128. Further, the
driving source electrode 131 and the driving drain electrode
132 may be each connected to the source region 134 and the
drain region 136 of the driving semiconductor layer 137
through the first contact hole 1224 and the second contact
hole 1226 which are formed on the interlayer insulating
layer 128 and the gate insulating layer 127.

[0059] As such, the driving thin film transistor 130, which
includes the driving semiconductor layer 137, the driving
gate electrode 133, the driving source electrode 131, and the
driving drain electrode 132, may be formed. A configuration
of the driving thin film transistor 130 may be variously
changed to suitable configurations.

[0060] Further, a planarization layer 124 covering the data
wire may be formed on the interlayer insulating layer 128.
The planarization layer 124 may remove a step to planarize
a surface, thereby increasing luminous efficiency of the
organic light emitting diode formed thereon. Further, the
planarization layer 124 may have a third contact hole 122¢
through which a portion of the drain electrode 132 is
exposed.

[0061] The planarization layer 124 may be made of at least
one material of a polyacrylate resin, an epoxy resin, a
phenolic resin, a polyamide resin, a polyimide rein, an
unsaturated polyester resin, a polyphenylenether resin, a
polyphenylenesulfide resin, benzocyclobutene (BCB), and
the like.

[0062] In an implementation, any one of the planarization
layer 124 and the interlayer insulating layer 128 may be
omitted.

[0063] The first electrode 160, e.g., the pixel electrode 160
of the organic light emitting diode may be disposed on the
planarization layer 124. For example, the organic light
emitting display device may include the plurality of pixel
electrodes 160 which are disposed in a plurality of pixels,
respectively. In this case, the plurality of pixel electrodes
160 may be spaced apart from each other. The pixel elec-
trode 160 may be connected to the drain electrode 132
through the third contact hole 122¢ of the planarization layer
124.

[0064] A pixel defining layer 125 may be disposed on the
planarization layer 124. An opening that exposes the pixel
electrode 160 may be formed in the pixel defining layer. For
example, the plurality of openings corresponding to each
pixel may be formed between the pixel defining layers 125.
The organic emission layers 170 may be disposed in each
opening in the pixel defined layer 125. Therefore, the pixel
area in which each light emitting device layer 170 is formed
may be defined by the pixel defined layer 125.

[0065] In this case, the pixel electrode 160 may be dis-
posed to correspond to the opening of the pixel defined layer
125. In an implementation, the pixel electrode 160 may not
be disposed only in the opening of the pixel defined layer
125 but a portion of the pixel electrode 160 may be disposed
under the pixel defined layer 125 to overlap the pixel defined
layer 125.

[0066] The pixel defined layer 125 may be made of resin
such as polyacrylate or polyimide, silica-based inorganic
materials, and the like.
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[0067] The light emitting device layer 170 may be dis-
posed on the pixel electrode 160. A structure of the light
emitting device layer 170 will be described below in greater
detail.

[0068] The second electrode 180, e.g., a common elec-
trode 180, may be disposed on the light emitting device layer
170. As such, the organic light emitting diode LD including
the pixel electrode 160, the light emitting device layer 170,
and the common electrode 180 may be formed.

[0069] In this case, the pixel electrode 160 and the com-
mon electrode 180 may each be made of transparent con-
ductive materials or transflective or reflective conductive
materials. The organic light emitting display device may be
a top emission type, a bottom emission type, a both-sides
emission type depending on a kind of materials forming the
pixel electrode 160 and the common electrode 180.

[0070] As the organic layer, an overcoat 190 covering the
common electrode 180 to protect the common electrode 180
may be formed on the common electrode 180.

[0071] Further, a thin film encapsulation layer 121 may be
formed on the overcoat 190. The thin film encapsulation
layer 121 may encapsulate the organic light emitting diode
LD and a driving circuit unit formed on the substrate 123
from the outside to protect the organic light emitting diode
LD and the driving circuit unit.

[0072] The thin film encapsulation layer 121 may include
encapsulation organic layers 121a and 121¢ and encapsula-
tion inorganic layers 1215 and 121d which are alternately
stacked with each other one by one. In an implementation,
as illustrated in FIG. 1, e.g., two encapsulation inorganic
layers 121a and 121¢ and two encapsulation inorganic layers
1215 and 1214 are alternately stacked with each other one by
one to configure the thin film encapsulation layer 121.
[0073] Hereinafter, the organic light emitting diode
according to an exemplary embodiment will be described
with reference to FIG. 2.

[0074] Referring to FIG. 2, the organic light emitting
diode (portion X of FIG. 1) according to the exemplary
embodiment may include a structure in which the first
electrode 160, a hole injection layer 172, a hole transport
layer 174, an emission layer 175, an electron transport layer
177, and a second electrode 180 are sequentially stacked.
[0075] When the first electrode 160 is an anode, the anode
may include a material having a high work function to
facilitate hole injection. The first electrode 160 may be a
transparent electrode or an opaque electrode. When the first
electrode 160 is the transparent electrode, the first electrode
160 may be formed at a thin thickness using conductive
oxide such as indium tin oxide (ITO), indium zinc oxide
(1Z0), tin oxide (Sn0,), zinc oxide (ZnO), or a combination
thereof or metals such as aluminum, silver, and magnesium.
When the first electrode 160 is the opaque electrode, the first
electrode 160 may be formed using metals such as alumi-
num, silver, or magnesium.

[0076] The first electrode 160 may have a structure of at
least two layers including different kinds of materials. For
example, the first electrode 160 may be formed to have a
structure in which indium tin oxide (ITO)/silver (Ag)/in-
dium tin oxide (ITO) are sequentially stacked.

[0077] The first electrode 160 may be formed by, e.g., a
sputtering method, a vacuum deposition method, or the like.
[0078] The hole injection layer 172 on the first electrode
160 may help improve the hole injection from the first
electrode 160 into the hole transport layer 174. According to
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the exemplary embodiment, the hole injection layer 172 may
include an organic material and a dipole material. In an
implementation, the dipole material may include a third
component and a fourth component having different polari-
ties and that are combined with each other, e.g., the third
component and the fourth component may be combined with
each other, and the third component may have a polarity
different from the polarity of the fourth component. Here,
when the dipole material is ionized, the third component
may be a cation element and the fourth component may be
an anion element. In an implementation, the third compo-
nent may be one element, the fourth component may be
another element, and the elements may be bound to form a
compound of the dipole material.

[0079] In an implementation, the third component may
include, e.g., a metal or a non-metal and may have a work
function of 4.0 eV or more. In an implementation, the third
component may include an element selected from, e.g., 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, In, and Zn.
[0080] The fourth component may include a halogen. The
fourth component may include, e.g., F, Cl, Br, or 1.

[0081] In an implementation, the dipole material may
include one selected from, e.g., Nil,, Col,, Cul, Agl, Snl,
and Inl;. In an implementation, the dipole material may
include a compound in which the first component and the
second component as described above are combined with
each other.

[0082] In an implementation, the organic material
included in the hole injection layer 172 may include, e.g.,
NPD  (N,N-dinaphthyl-N,N'-diphenyl benzidine), TPD
(N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzidine),
s-TAD, MTDATA (4,4'4"-Tris (N-3-methylphenyl-N-phe-
nyl-amino)-triphenylamine), or the like.

[0083] In an implementation, the dipole material and the
organic material included in the hole injection layer may be
formed by co-deposition, e.g., the hole injection layer may
be formed by co-depositing the dipole material and the
organic material.

[0084] In the organic light emitting diode (LD) according
to the exemplary embodiment, the hole injection layer 172
(having strong dipole characteristics) may be disposed at an
interface between the first electrode 160 (made of the
inorganic materials) and organic material layers (e.g., the
hole transport layer 174 or the emission layer 175). There-
fore, a vacuum level of the organic material layer may be
shifted and thus a hole injection barrier may be reduced. In
this case, an electric field may be increased at the interface
and thus the hole may be tunneled.

[0085] For example, when the dipole material (including a
metal or a non-metal (element) and having the work function
(high work function) of 4.0 eV or more and a halogen
combined with each other) is dissociated at the interface, the
carrier injection barrier including holes may be reduced due
to the element having a high work function. When the
element having the high work function is oxidized and thus
electrons are captured at the interface, holes in which
electrons are emptied may be formed in the organic material
layer to form a region like a p-doped interface region,
thereby forming the hole injection layer.

[0086] A halogen ion dissociated at the dipole material
may help prevent In and Sn ions (included in an ITO
material that forms the first electrode 160) from moving to
the organic material layer to help prevent the organic mate-
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rial layer from being crystallized. In addition, the halogen
ion may cover a pin-hole generated at an ITO surface to help
reduce a swelling phenomenon due to an encounter of Ag
and S in the air

[0087] A thickness of the hole injection layer 172 may
range from, e.g., 0.5 nm to 50 nm. In an implementation, a
thickness of the hole injection layer 172 may range from,
e.g., 25 nm to 35 nm.

[0088] The hole transport layer 174 may be on the hole
injection layer 172. The hole transport layer 174 may help
smoothly transport holes transferred from the hole injection
layer 172. According to the exemplary embodiment, the hole
transport layer 174 may include an organic material and the
dipole material (in which a first component and a second
component having different polarities are combined with
each other). In an implementation, when the dipole material
is ionized, the first component may be a cation element and
the second component may be an anion element. The organic
material included in the hole transport layer 174 may
include, e.g., NPD (N,N-dinaphthyl-N,N'-diphenyl benzi-
dine), TPD (N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-
benzidine), s-TAD, MTDATA (4,4',4"-Tris (N-3-methylphe-
nyl-N-phenyl-amino)-triphenylamine), or the like.

[0089] According to the exemplary embodiment, the first
component may include a metal or a non-metal and may
have a work function of 4.0 eV or more. In an implemen-
tation, the first component may include an element selected
from, e.g., 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,
In, and Zn.

[0090] The second component may include a halogen. The
second component may include, e.g., F, Cl, Br, or L.
[0091] In an implementation, the dipole material may
include, e.g.. Nil,, Col,, Cul, Agl, Snl,, or Inl,. In an
implementation, the dipole material may be a compound in
which the first component and the second component as
described above are combined or bound with each other. For
example, the first component may be one element, the
second component may be another element, and the ele-
ments may be bound together to form a compound of the
dipole material.

[0092] In an implementation, the thickness of the hole
injection layer 174 may be, e.g., from 0.5 nm to 50 nm. In
an implementation, the thickness of the hole injection layer
174 may range from, e.g., 15 nm to 25 nm.

[0093] According to the exemplary embodiment, the hole
transport layer 174 may be formed by co-depositing the
organic material and the dipole material. According to the
exemplary embodiment, when the dipole material having the
high work function and the organic material are co-depos-
ited, dipole molecules (which may be uniformly present at
an organic molecular interface) may activate a polarization
phenomenon due to the electric field and may deprive the
organic material of electrons to cause a P doping phenom-
enon. For example, when the dipole is dissociated, remain-
ing element having the high work function may help reduce
the hole injection barrier to smooth the hole injection.
[0094] In an implementation, the hole injection layer 172
and the hole transport layer 174 may be stacked or the hole
injection layer 172 and the hole transport layer 174 may be
formed as a single layer.

[0095] The emission layer 175 may be disposed on the
hole transport layer 174. The emission layer 175 may
include a light emitting material representing a specific
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color. For example, the emission layer 175 may represent a
primary color such as blue, green, and red, or a combined
color thereof.

[0096] A thickness of the emission layer 175 may range
from, e.g., 10 nm to 50 nm. The emission layer 175 may
include a host and dopant. The emission layer 175 may
include a material emitting red, green, blue, and white light
and may be formed using phosphorous materials or fluores-
cent materials.

[0097] When the emission layer 175 emits red light, e.g.,
the emission layer 175 may include host materials including
CBP (carbazole biphenyl) or mCP (1,3-bis(carbazol-9-y1)),
and may be made of dopant including at least any one
selected from PIQIr (acac) (bis (1-phenylisoquinoline)acety-
lacetonate iridium), PQIr (acac) (bis (1-phenylquinoline)
acetylacetonate iridium), PQIr (tris (1-phenylquinoline)
iridium), and PtOEP (octaethylporphyrin platinum), or may
be made of fluorescent materials including PBD:Eu (DBM)
3(Phen) or perylene.

[0098] When the emission layer 175 emits green light,
e.g., the emission layer 175 may include host materials
including the CBP or the mCP and may be made of the
phosphorous material including the dopant material includ-
ing the Ir(ppy);(fac-tris (2-phenylpyridine)iridium), or may
be made of fluorescent materials including Alq3(tris (8-hy-
droxyquinolino)aluminum).

[0099] When the emission layer 175 emits blue light, e.g,,
the emission layer 175 may include a host material including
the CBP or the mCP and may be made of phosphorus
materials including the dopant material including the (4,6-
F,ppy),lrpic. In an implementation, the emission layer 175
may be made of fluorescent materials including any one
selected from spiro-DPVBI, Spiro-6P, distill benzene (DSB),
display trills arylene (DSA), PFO-based polymer, and PPV-
based polymer.

[0100] The electron transport layer 177 may be disposed
on the emission layer 175. The electron transport layer 177
may transfer electrons from the second electrode 180 to the
emission layer 175. Further, the electron transport layer 177
may help prevent the holes injected from the first electrode
160 from moving to the second electrode 180 through the
emission layer 175. For example, the electron transport layer
177 may serve as a hole blocking layer to help combine
holes with electrons at the emission layer 175.

[0101] In an implementation, the electron transport layer
177 may include an organic material. For example, the
electron transport layer 177 may include one selected from
Alg3 (tris (8-hydroxyquinolino)aluminum), PBD, TAZ,
Spiro-PBD, BAlg, and SAlg.

[0102] The second electrode 180 may be disposed on the
electron transport layer 177. When the second electrode 180
is a cathode, the second electrode 180 may include a
material having a low work function to facilitate the electron
injection. For example, the material may include metals such
as magnesium, calcium, sodium, potassium, titanium,
indium, yttrium, lithium, gadolinium, aluminum, silver, tin,
lead, cesium, and barium or an alloy thereof and multi-
layered structure materials such as LiF/Al, LiO,/Al, LiF/Ca,
LiF/Al and BaF,/Ca. The second electrode 180 may include,
e.g., lithium (Li), magnesium (Mg), aluminum (Al), alumi-
num-lithium (Al—Li), calcium (Ca), silver (Ag), magne-
sium-silver (Mg—Ag), or the like.

[0103] When the foregoing second electrode 180 is made
of alloy, an alloy ratio may be controlled depending on
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temperature, atmosphere, vacuum, and the like of a depo-
sition source and may be selected at an appropriate ratio.
[0104] The second electrode 180 may also be configured
of two layers or more.

[0105]
example in which the organic light emitting diode of FIG. 2
is partially modified.

[0106] FIG. 3 illustrates a structure in which the organic
light emitting diode (LD) according to the exemplary
embodiment of FIG. 2 further includes an electron injection
layer 179. For example, the electron injection layer 179 may
be disposed between the electron transport layer 177 and the
second electrode 180. The electron injection layer 179 may
facilitate injection of electrons from the second electrode
180 into the electron transport layer 177. In an implemen-
tation, the electron injection layer 179 may include a metal
material having a low work function. The work function of
the metal material forming the electron injection layer 179
may be equal to or less than 3.0 eV. For example, the
electron injection layer 179 may include an alkali metal,
alkaline earth metal, rare earth element, alkali metal oxide,
alkaline earth metal oxide, rare earth oxide, or an alloy
thereof. For example, the electron injection layer 179 may
include at least one selected from, e.g., Li, Na, K, Rb, Cs,
Ca, Sr, Ba, Ce, Sm, Eu, Gd, and Yb and/or an alloy thereof.

[0107] In addition to the foregoing difference, the content
described with reference to FIG. 2 may be applied to the
exemplary embodiment of FIG. 3.

[0108]
example in which the organic light emitting diode of FIG. 2
is partially modified.

[0109] FIG. 4 illustrates a case in which the emission layer
175 in the organic light emitting diode (LD) described with
reference to FIG. 2 is modified. For example, the emission
layer 175 may include a red emission layer R, a green
emission layer G, and a blue emission layer B, and an
auxiliary layer B-L may be disposed at a lower end of the
blue emission layer B to increase efficiency of the blue
emission layer B. For example, the auxiliary layer B-L may
be between the blue emission layer B and the first electrode
160.

[0110] Inanimplementation, the red emission layer R may
have a thickness of, e.g., 30 nm to 50 nm, the green emission
layer G may have a thickness of, e.g., 10 nm to 30 nm, and
the blue emission layer B may have a thickness of, e.g., 10
nm to 30 nm. In an implementation, the red emission layer
R and the green emission layer G may have about the same
thickness. The auxiliary layer B-L at the lower end of the
blue emission layer B may have a thickness of, e.g., 20 nm
or less, or 1 nm to 20 nm. The auxiliary layer B-L may help
control a hole charge balance to increase the efficiency of the
blue emission layer B. In an implementation auxiliary layer
B-L may include a compound represented by the following
Chemical Formula 1.

FIG. 3 illustrates a cross-sectional view of an

FIG. 4 illustrates a cross-sectional view of an
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Chemical Formula 1

A2

)

Al

a

[0111] In Chemical Formula 1, Al, A2, and A3 may each
independently include, e.g., an alkyl group, an aryl group, a
carbazole group, a dibenzothiophene group, a dibenzofuran
(DBF) group, or a biphenyl group, and a, b, and ¢ may each
independently be an integer of 0 to 4.

[0112]
by the above Chemical Formula 1 may include a compound
represented by one of the following Chemical Formulae 1-1,
1-2, 1-3, 1-4, 1-5, and 1-6.

In an implementation, the compound represented

Chemical Formula 1-1
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[0113] In an implementation, the auxiliary layer B-L may

O include a compound represented by the following Chemical

Formula 2. Chemical Formula 2
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In Chemical Formula 2, a, b, and ¢ may each independently _continued
be an integer of 0 to 3, each X may independently be

selected from O, N, or S.

[0114] In an implementation, the compound represented

by the Chemical Formula 2 may include a compound

represented by one of the following Chemical Formulas 2-1

to 2-6.

Chemical Formula 2-4

Chemical Formula 2-1
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-continued

Chemical Formula 2-6
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In an implementation, the auxiliary layer B-L may include a
compound represented by the following Chemical Formula
3.

Chemical Formula 3

~DBF

[0115]
alkyl group, an aryl group, a carbazole group, a dibenzoth-

In Chemical Formula 3, Al may include, e.g., an

iophene group, or a dibenzofuran (DBF) group, L1 and L2
may each independently be

(in which n is 0 to 3), and the DBF connected to the L1 and
L2 may each independently be substituted into the carbazole
or the dibenzothiophene.

[0116]
layer B-L according to the exemplary embodiment will be

Hereinafier, a synthetic method of the auxiliary

described below. For example, the synthetic method of a
compound represented by the following Chemical Formula
1-1 will be described below.
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Chemical Formula 1-1

Synthesis Example

[0117] Under an argon atmosphere, 6.3 g of 4-dibenzo-
furanboronic acid, 4.8 g of 4,4' 4"-tribromotriphenylamine,
104 mg of tetrakis(triphenylphosphine) palladium (Pd(PPh,)
), 48 ml of a 2 M sodium carbonate (Na,CO,) solution, and
48 ml of toluene were put into a 300 ml three neck
distillation flask and then reacted at 80° C. for 8 hours. A
reaction solution was extracted using toluene/water and
dried by anhydrous sodium sulfate. It was concentrated
under reduced pressure and the acquired crude products
were column purified, thereby acquiring 3.9 g of yellow
white powder.

[0118] In an implementation, referring to FIG. 4, the red
emission layer R and the green emission layer G may be
formed of a single layer, and the blue emission layer B and
the auxiliary layer B-L. may be formed of a double layer.
[0119] In an implementation, an auxiliary layer for a
resonance structure may also be formed at lower ends of the
red emission layer R and/or the green emission layer G.
[0120] In an implementation, like the exemplary embodi-
ment with reference to FIG. 3, the electron injection layer
179 may also be formed between the second electrode 180
and the electron transport layer 177.

[0121] In addition to the foregoing difference, the content
described with reference to FIG. 2 may be applied to the
exemplary embodiment of FIG. 4.

[0122] FIG. 5 illustrates a cross-sectional view of a modi-
fied example of the organic light emitting diode of FIG. 2.
[0123] Referring to FIG. 5, the organic light emitting
diode according to the exemplary embodiment may include
a first electrode 260, a light emitting device layer 270, and
a second electrode 280. A hole injection layer 272 on the first
electrode 260 may include the organic material and the
dipole material (in which the third component and the fourth
component having different polarities as described in the
exemplary embodiment of FIG. 2 are combined with each
other). Here, the third component may include a metal or a
non-metal and may have a work function of 4.0 eV or more
and the fourth component may include a halogen. The metal
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materials or other elements having a high work function may
be introduced to help reduce the hole injection barrier of the
first electrode 260 and the hole transport layer 274.

[0124] Further, the organic light emitting diode (LD)
according to the exemplary embodiment may help prevent a
reduction in light emitting characteristics due to an Ag
material passing through the crystalline ITO and being
transferred to the organic material layer when the first
electrode 260 is made of ITO/Ag/ITO since the hole injec-
tion layer 272 (including, e.g., Rbl or the like) may be
disposed on the first electrode 260 in a thin film form of an
amorphous material.

[0125] The metal materials having the work function of
4.0 eV or more (high work function) included in the hole
injection layer 272 may be include an element selected from,
e.g., 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, In,
and Zn.

[0126] A dipole moment of the third component and the
fourth component of the dipole material included in the hole
injection layer 272 may be, e.g., 5 Debye or more. The third
component may include, e.g., an alkali metal, an alkaline
earth metal, a rare earth element, and/or a transition metal
(e.g., on a periodic table) or an alloy thereof. The fourth
component may include, e.g., a halogen. In an implemen-
tation, the third component may have a work function of 3.0
eV or less and may include at least one selected from, e.g.,
Li, Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu, Gd, and Yb and/or
an alloy thereof.

[0127] The hole transport layer 274 on the hole injection
layer 272 may have a multi-layered structure of a first hole
transport layer 274-1 and a second hole transport layer
274-2. In this case, the first hole transport layer 274-1 may
include a pure organic material (that is not co-deposited) and
the second hole transport layer 274-2 may include a layer in
which the organic material and the dipole material are
co-deposited. In an implementation, the first hole transport
layer 274-1 and the second hole transport layer 274-2 may
be modified to a layer of three layers or more which are
alternately stacked repeatedly.

[0128] The content described with reference to FIG. 2 may
be applied to the emission layer 275, the electron transport
layer 277, and the second electrode 280 which are formed on
the hole transport layer 274.

[0129] FIG. 6 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. 5
is partially modified.

[0130] FIG. 6 illustrates a structure in which the organic
light emitting diode (LD) according to the exemplary
embodiment of FIG. 5 further includes an electron injection
layer 279. According to the exemplary embodiment, the
electron injection layer 279 may be disposed between the
electron transport layer 277 and the second electrode 280.
The electron injection layer 279 may facilitate injection of
electrons from the second electrode 280 into the electron
transport layer 277. According to the exemplary embodi-
ment, the electron injection layer 279 may include the metal
materials having the low work function. The work function
of the metal material forming the electron injection layer
279 may be equal to or less than 3.0 eV. For example, the
electron injection layer 279 may include an alkali metal,
alkaline earth metal, rare earth element, alkali metal oxide,
alkaline earth metal oxide, rare earth oxide, or an alloy
thereof. In an implementation, the electron injection layer
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279 may include at least one selected from, e.g., Li, Na, K,
Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu, Gd, and Yb and/or an alloy
thereof.

[0131] In addition to the foregoing difference, the content
described with reference to FIG. 5§ may be applied to the
exemplary embodiment of FIG. 6.

[0132] FIG. 7 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. §
is partially modified.

[0133] FIG. 7 illustrates a structure in which the hole
injection layer 272 is formed in two layers in the organic
light emitting diode (LD) according to the exemplary
embodiment of FIG. 5. According to the exemplary embodi-
ment, the hole injection layer 272 may include a first hole
injection layer 272-1 and a second hole injection layer
272-2. The first hole injection layer 272-1 may include a
pure organic material (that is not co-deposited) and the
second hole injection layer 272-2 may include a layer in
which the organic material and the dipole material are
co-deposited. In an implementation, the first hole injection
layer 272-1 and the second hole injection layer 272-2 may
be modified to a layer of three layers or more which are
alternately stacked repeatedly.

[0134] In addition to the foregoing difference, the content
described with reference to FIG. 5 may be applied to the
exemplary embodiment of FIG. 7.

[0135] FIG. 8 illustrates a cross-sectional view of an
example in which the organic light emitting diode of FIG. 5
is partially modified.

[0136] FIG. 8 illustrates a can in which the emission layer
275 in the organic light emitting diode (D) described with
reference to FIG. 5 is modified. For example, according to
the exemplary embodiment, the emission layer 275 may
include a red emission layer R, a green emission layer G, and
a blue emission layer B, and an auxiliary layer B-L, may be
disposed at a lower end of the blue emission layer B to help
increase efliciency of the blue emission layer B. For
example, the auxiliary layer B-L may be between the blue
emission layer B and the first electrode 260.

[0137] The content described with reference to FIG. 4 may
be applied to the red emission layer R, the green emission
layer G, and the blue emission layer B, and the auxiliary
layer B-L which is disposed at the lower end of the blue
emission layer B.

[0138] In an implementation, referring to FIG. 8, the red
emission layer R and the green emission layer G may be
formed as a single layer, and thus the blue emission layer B
and the auxiliary layer B-L. may be formed of a double layer.

[0139] In an implementation, an auxiliary layer may also
be formed at the lower ends of the red emission layer R
and/or the green emission layer G.

[0140] In an implementation, like the exemplary embodi-
ment with reference to FIG. 6, the electron injection layer
279 may also be formed between the second electrode 280
and the electron transport layer 277.

[0141] In addition to the foregoing difference, the content
described with reference to FIG. 5 may be applied to the
exemplary embodiment of FIG. 8.

[0142] By way of summation and review, some organic
light emitting display devices may have a high driving
voltage, low luminous brightness or luminous efficiency, and
short [uminous life.
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[0143] The embodiments may provide an organic light
emitting diode and an organic light emitting display device
including the same having advantages of high efficiency and
long life.

[0144] According to an exemplary embodiment, it is pos-
sible to increase the luminous efliciency by forming the hole
transport layer or the hole injection layer including the
organic material and the dipole material based on the high
work function.

[0145] According to an exemplary embodiment, it is pos-
sible to increase the luminous efficiency of the blue emission
layer by forming the auxiliary layer at the lower end of the
blue emission layer.

[0146] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

DESCRIPTION OF SYMBOLS

[0147]

160, 260  First electrode 172,272 Hole injection layer

174,274  Hole transpott layer 175, 275 Emission layer

177,277  Electron transport layer 179, 279 Electron injection
layer

180, 280  Second electrode B-L Auxiliary layer

1.-25. (canceled)

26. An organic light emitting diode, comprising:

a first electrode and a second electrode facing each other;

an emission layer between the first electrode and the

second electrode; and

a hole transfer layer between the first electrode and the

emission layer,

wherein the hole transfer layer includes an organic mate-

rial and an inorganic dipole material, the dipole mate-
rial including a first component and a second compo-
nent, the first component having a polarity different
from that of the second component and the first com-
ponent and the second component being combined with
each other.

27. The organic light emitting diode as claimed in claim
26, wherein:

the first component includes a metal or a non-metal and

has a work function of 4.0 eV or more, and

the second component includes a halogen.

28. The organic light emitting diode as claimed in claim
27, wherein the first component includes an element selected
from 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, In,
and Zn.

29. The organic light emitting diode as claimed in claim
28, wherein the second component includes an element
selected from F, Cl, Br, and I.
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30. The organic light emitting diode as claimed in claim
29, wherein the dipole material includes one selected from
Nil,, Col,, Cul, Agl, Snl,, and Inl,.

31. The organic light emitting diode as claimed in claim
27, further comprising an electron injection layer between
the emission layer and the second electrode,

wherein the electron injection layer has a work function of

3.0 eV or less, and includes at least one selected from
an alkali metal, an alkaline earth metal, a rare earth
element, a transition metal, or an alloy thereof.

32. The organic light emitting diode as claimed in claim
31, wherein the electron injection layer includes at least one
selected from Li, Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu, Gd,
Yb, and an alloy thereof.

33. The organic light emitting diode as claimed in claim
26, wherein a dipole moment of the first component and the
second component is 5 Debye or greater.

34. The organic light emitting diode as claimed in claim
33, wherein:

the first component includes at least one selected from an

alkali metal, an alkaline earth metals, a rare earth
element, a transition metal, and an alloy thereof, and
the second component includes a halogen.
35. The organic light emitting diode as claimed in claim
34, wherein the first component has a work function of 3.0
eV or less, and includes at least one selected from Li, Na, K,
Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu, Gd, and Yb, and an alloy
thereof.
36. The organic light emitting diode as claimed in claim
26, wherein the hole transfer layer includes at least one of a
hole injection layer and a hole transport layer, the hole
injection layer between the first electrode and the hole
transport layer.
37. The organic light emitting diode as claimed in claim
26, wherein:
the hole transfer layer has a structure formed of a plurality
of layers and when the organic material and the dipole
material each are a first material and a second material,

the plurality of layers each comprise at least one of the
first material and the second material.

38. The organic light emitting diode as claimed in claim
26, wherein the hole transfer layer is formed by a co-
depositing the organic material and the dipole material.

39. An organic light emitting display device, comprising:

a substrate,

a thin film transistor,

an organic light emitting diode on the thin film transistor,

wherein the organic light emitting diode includes:

a first electrode and a second electrode facing each other;

an emission layer between the first electrode and the

second electrode; and

a hole transfer layer between the first electrode and the

emission layer, and

wherein:

the hole transfer layer includes an organic material and a

dipole material,

the dipole material includes a first component and a

second component,

the first component has a polarity different from that of the

second component, the first component and the second
component being combined with each other,

the emission layer includes a red emitting layer, a green

emitting layer, and a blue emitting layer, and
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the emission layer further includes an auxiliary layer

disposed at a lower end of the blue emitting layer.

40. The organic light emitting display device as claimed
in claim 39, wherein

the first component includes a metal or a non-metal, the

metal or non-metal having a work function of 4.0 eV or
more, and the second component includes halogen.

41. The organic light emitting display device as claimed
in claim 40, wherein the first component includes an element
selected from Ag, Ay, 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, In, and Zn.

42. The organic light emitting display device as claimed
in claim 41, wherein the second component includes an
element selected from F, Cl, Br, and 1.

43. The organic light emitting display device as claimed
in claim 42, wherein the dipole material includes one
selected from Nil,, Col,, Cul, Agl, Snl,, and Inl;.

44. The organic light emitting display device as claimed
in claim 39, wherein a dipole moment of the first component
and the second component is 5 Debye or greater.

45. The organic light emitting display device as claimed
in claim 44, wherein:

the first component includes at least one selected from an

alkali metal, an alkaline earth metals, a rare earth
element, a transition metal, and an alloy thereof, and
the second component includes a halogen.

46. The organic light emitting display device as claimed
in claim 45, wherein the first component has a work function
of 3.0 eV or less, and includes at least one selected from Li,
Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm, Eu, Gd, and Yb, and an
alloy thereof.

47. The organic light emitting display device as claimed
in claim 39, wherein the auxiliary layer includes a com-
pound represented by the following Chemical Formula 1:

Chemical Formula 1

A2

)

Al

a
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wherein, in Chemical Formula 1,

Al, A2, and A3 each independently include an alkyl
group, an aryl group, a carbazole group, a dibenzoth-
iophene group, a dibenzofuran group, or a biphenyl
group, and

a, b, and ¢ are each independently an integer of 0 to 4.

48. The organic light emitting display device as claimed
in claim 39, wherein the auxiliary layer includes a com-
pound represented by the following Chemical Formula 2:

Chemical Formula 2

wherein, in Chemical Formula 2,
a, b, and ¢ are each independently an integer of 0 to 3, and
each X is independently selected from O, N, and S.

49. The organic light emitting display device as claimed
in claim 39, wherein:

the hole transfer layer has a structure formed of a plurality
of layers and when the organic material and the dipole
matetial each are a first material and a second material,

the plurality of layers each comprise at least one of the
first material and the second material.
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