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FIG. 3

—m— Comparative Experimental Example 1
—@— Experimental Example 1
—«&— Experimental Example 2
20 T T
| |
| |
1] S — L N - -
| |
| |
Current 12p~-—--=-=--~ ‘i ““““““““ :f “““““““““
Density J | |
(mA/em?) 8f-—--—----—-- *: ——————————————————————
|
7| EERE—— R/ SR
|

Voltage (V)



Patent Application Publication  Feb. 25,2016 Sheet 4 of 9 US 2016/0056403 A1

FIG. 4
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FIG. 5
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FIG. 6
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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DISPLAY
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0109197,
filed on Aug. 21, 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

[0002] 1.Field

[0003] Provided are an organic light emitting diode and an
organic light emitting display device including the same.
[0004] 2. Description of the Related Art

[0005] Lightweight and thin personal computers and tele-
visions sets may require lightweight and thin display devices,
and flat panel displays satisfying such requirements may be
substituted for cathode ray tubes (CRTs). A liquid-crystal
display (LCD) is a passive display device, an additional back-
light as a light source is needed, and an LCD may exhibit a
slow response time and a narrow viewing angle.

SUMMARY

[0006] 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 an
electron injection layer between the second electrode and the
emission layer, the electron injection layer including a metal
having a work function 0f4.0 eV or less and a dipole material
including a first component and a second component having
different polarities.

[0007] The dipole material may have a dipole moment that
is higher than that of LiF.

[0008] The first component may include one or more of an
alkali metal, an alkaline earth metal, a rare earth metal, or a
transition metal, and the second component may include a
halogen.

[0009] The second component may include one or more of
F, Cl, Br, or L.
[0010] The dipole material may include one or more of

RbF, RbBr, RbCl, or RbI.

[0011] Themetal having the work function of4.0 eV orless
may include one or more of Li, Na, K, Rb, Cs, Ca, Sr, Ba, Ce,
Sm, Eu, Gd, La, Nd, Th, Lu, Yb, Mg, or an alloy thereof.
[0012] The electron injection layer may include a dipole
material including RbI and a metal including Mg.

[0013] The electron injection layer may further include an
oxide having relative permittivity of 10 or more.

[0014] The oxide may include one or more of WO,, MoO,,
Cu,0, Yb,05, Sm,04, Nb,O5, Gd,O;, or Eu,0;.

[0015] Theelectron injection layer may include at least two
oxides each having relative permittivity of 10 or more.
[0016] The organic light emitting diode may further
include an electron transport layer between the emission layer
and the electron injection layer; and a hole transport layer
between the emission layer and the first electrode. Each of the
hole transport layer and the electron transport layer may
include an organic material.
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[0017] The electron injection layer may include an oxide
having relative permittivity of 10 or more.

[0018] The electron injection layer may have a structure
including a plurality of layers, and each of the layers may
include at least one of the dipole material, the metal having
the work function of 4.0 €V or less, and the oxide having
relative permittivity of 10 or more.

[0019] 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; 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. 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 an electron injection layer between the second
electrode and the emission layer, the electron injection layer
including a metal having a work function 0of4.0 eV or less and
a dipole material including a first component and a second
component having different polarities.

[0020] The dipole material may have a dipole moment that
is higher than that of LiF.

[0021] The first component may include one or more of an
alkali metal, an alkaline earth metal, a rare earth metal, or a
transition metal, and the second component may include a
halogen.

[0022] The second component may include or more of F,
ClL, Br, or I.
[0023] The dipole material may include or more of RbF,

RbBr, RbCl, or RbI.

[0024] Themetal having the work function 0f4.0 eV or less
may include one or more of Li, Na, K, Rb, Cs, Ca, Sr, Ba, Ce,
Sm, Eu, Gd, La, Nd, Th, Lu, Yb, Mg, or an alloy thereof.

[0025] The electron injection layer may include a dipole
material including RbI and the metal having the work func-
tion of 4.0 eV or less may include Mg.

[0026] The first component may have a work function of
3.0eV or less, and may include one or more of Li, Na, K, Rb,
Cs, Ca, Sr, Ba, Ce, Sm, Fu, Gd, Yb, or an alloy thereof.

[0027] The electron injection layer may include an oxide
having relative permittivity of 10 or more.

[0028] The oxide may include one or more of WO,, MoO,,
Cu,0, Yb,04, Sm,04, Nb,O5, Gd,O;, or Eu,0;.

[0029] Theelectron injection layer may include at least two
oxides each having relative permittivity of 10 or more.
[0030] The organic light emitting display device may fur-
ther include an electron transport layer between the emission
layer and the electron injection layer; and a hole transport
layer between the emission layer and the first electrode. Each
of the hole transport layer and the electron transport layer may
include an organic material.

[0031] The emission layer may include a red light emitting
layer, a green light emitting layer, and a blue light emitting
layer, and the emission layer may further include an auxiliary
layer at a lower end of the blue light emitting layer.

[0032] The organic light emitting element may further
include a red resonance auxiliary layer disposed below the red
light emission layer and a green resonance auxiliary layer
disposed below the green light emission layer.
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[0033] The auxiliary layer may include a compound repre-
sented by the following Chemical Formula 1:

Chemical Formula 1
A2
b
O N
a
| if :
A3

whereeach of “A1,” “A2,” and “A3” may be an alkyl group, an
aryl group, carbazole, dibenzothiophene, dibenzofuran
(DBF), or biphenyl, and each of “a,” “b.” and “c” may be an
integer in a range of from 0 and 4.

[0034] The auxiliary layer may include a compound repre-
sented by the following Chemical Formula 2:

Chemical Formula 2

\g{b X
N
a
X

where each of “a,” “b,” and “c” may be an integer in a range
of from 0 to 3, “X” may be selected from O, N, and S, and the
elements selected for X may be the same as or different from
each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Features will becomeapparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:
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[0036] FIG. 1 illustrates a cross-sectional view of an
organic light emitting display device according to an exem-
plary embodiment;

[0037] FIG. 2 illustrates an enlarged cross-sectional view
of the organic light emitting diode as shown in FIG. 1;
[0038] FIG. 3 to FIG. 5 illustrate graphs of a voltage-cur-
rent density in each of a red pixel, a green pixel, and a blue
pixel in the organic light emitting diode shown in FIG. 2;
[0039] FIG. 6 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2;
[0040] FIG. 7 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2;
[0041] FIG. 8 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2;
and

[0042] FIG. 9 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2.

DETAILED DESCRIPTION

[0043] 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.
[0044] In the drawings, the thickness and dimensions of
layers, films, panels, regions, etc., may be exaggerated for
clarity. It will be understood that when a layer is referred to as
being “on” another layer or substrate, it can be directly on the
other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals designate
like elements throughout the specification.

[0045] FIG. 1 illustrates a cross-sectional view of an
organic light emitting display device according to an exem-
plary embodiment. FIG. 2 illustrates an enlarged cross-sec-
tional view of the organic light emitting diode as shown in
FIG. 1.

[0046] Referring to FIG. 1 and FIG. 2, the organic light
emitting display device according to the exemplary embodi-
ment may include a substrate 123, a thin film transistor 130, a
first electrode 160, a light-emitting element layer 170, and a
second electrode 180. The first electrode 160 and the second
electrode 180 may respectively be an anode and a cathode, or
vice versa.

[0047] Thesubstrate 123 may be made of, e.g., an inorganic
material such as glass, an organic material such as polycar-
bonate (PC), polymethylmethacrylate (PMMA), polyethyl-
ene terephthalate (PET), polyamide (PA), polyethersulfone
(PES), or a combination thereof, or a silicon wafer.

[0048] A substrate buffer layer 126 may be formed on the
substrate 123. The substrate buffer layer 126 may prevent
penetration of impurities and planarize the surface.

[0049] The substrate buffer layer 126 may be made of vari-
ous materials capable of performing the functions. For
example, one of a silicon nitride (SiNXx) layer, a silicon oxide
(810x) layer, and a silicon oxynitride (SiOxNy) layer may be
used as the substrate buffer layer 126. In an embodiment, the
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substrate buffer layer 126 may be omitted according to a kind
of substrate 123 and a process condition.

[0050] A driving semiconductor layer 137 may be formed
on the substrate buffer layer 126. The driving semiconductor
layer 137 may be formed of a material including polysilicon.
The driving semiconductor layer 137 may include a channel
region 135 in which impurities (dopants) are not doped, and a
source region 134 and a drain region 136 in which the impu-
rities are doped at respective sides of the channel region 135.
The doped ion materials may be P-type impurities such as
boron (B), for example, B,H,. The impurities vary according
to a kind of thin film transistor.

[0051] A gate insulating layer 127 made of a silicon nitride
(SiNx) or silicon oxide (SiOx) may be formed on the driving
semiconductor layer 137. A gate wire including a driving gate
electrode 133 may be formed on the gate insulating layer 127.
The driving gate electrode 133 may be formed to overlap at
least a part of the driving semiconductor layer 137, for
example, the channel region 135.

[0052] Aninterlayer insulating layer 128 covering the driv-
ing gate electrode 133 may be formed on the gate insulating
layer 127. A first contact hole 1224 and a second contact hole
122b exposing the source region 134 and the drainregion 136
of the driving semiconductor layer 137 are respectively
formed in the gate insulating layer 127 and the interlayer
insulating layer 128. The interlayer insulating layer 128 may
be formed by using a material such as a silicon nitride (SiNx)
or a silicon oxide (SiOx), like the gate insulating layer 127.
[0053] A datawire including a driving source electrode 131
and a driving drain electrode 132 may be formed on the
interlayer insulating layer 128. The driving source electrode
131 and the driving drain electrode 132 may be connected
with 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 1225 formed in the inter-
layer insulating layer 128 and the gate insulating layer 127,
respectively.

[0054] The driving thin film transistor 130 including the
driving semiconductor layer 137, the driving gate electrode
133, the driving source electrode 131, and the driving drain
electrode 132 may be formed. The configuration of the driv-
ing thin film transistor 130 may be variously modified.

[0055] A planarization layer 124 covering the data wire
may be formed on the interlayer insulating layer 128. The
planarization layer 124 may remove and planarize a step, and
may increase emission efficiency of the organic light emitting
element to be formed thereon. The planarization layer 124
may have a third contact hole 122¢ exposing a part of the drain
electrode 132.

[0056] The planarization layer 124 may be made of one or
more materials of a polyacrylate resin, an epoxy resin, a
phenolic resin, a polyamide resin, a polyimide resin, an unsat-
urated polyester resin, a polyphenylene ether resin, a
polyphenylene sulfide resin, and benzocyclobutene (BCB).

[0057] In an embodiment, one of the planarization layer
124 and the interlayer insulating layer 128 may be omitted.

[0058] A first electrode of the organic light emitting ele-
ment, for example, a pixel electrode 160, may be formed on
the planarization layer 124. For example, the organic light
emitting diode device may include a plurality of pixel elec-
trodes 160 which may be disposed for every plurality of
pixels, respectively. The pixel electrodes 160 may be spaced
apart from each other. The pixel electrode 160 may be con-
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nected to the drain electrode 132 through the third contact
hole 122¢ of the planarization layer 124.

[0059] A pixel defining layer 125 having an opening expos-
ing the pixel electrode 160 may be disposed on the planariza-
tion layer 124. For example, a plurality of openings respec-
tively corresponding to the pixels may be formed between
pixel defining layers 125. The light-emitting element layer
170 may be formed for each opening formed by the pixel
defining layer 125. Accordingly, a pixel area in which each
light-emitting element layer 170 may be formed by the pixel
defining layer 125 may be defined.

[0060] The pixel electrode 160 may be disposed to corre-
spond to the opening of the pixel defining layer 125. In an
embodiment, the pixel electrode 160 is not disposed only in
the opening of the pixel defining layer 125, but may be dis-
posed below the pixel defining layer 125 so that a part of the
pixel electrode 160 overlaps with the pixel defining layer 125.
[0061] The pixel defining layer 125 may be made of, for
example, resin such as a polyacrylate resin and a polyimide,
or a silica-based inorganic material.

[0062] Thelight-emitting element layer 170 may be formed
on the pixel electrode 160. A structure of the light-emitting
element layer 170 will be described below in detail.

[0063] The second electrode, for example, a common elec-
trode 180, may be formed on the light-emitting element layer
170. The organic light emitting diode LD including the pixel
electrode 160, the light-emitting element layer 170, and the
common electrode 180 may be formed.

[0064] Each of the pixel electrode 160 and the common
electrode 180 may be made of a transparent conductive mate-
rial or a transflective or reflective conductive material.
According to kinds of materials forming the pixel electrode
160 and the common electrode 180, the organic light emitting
diode device may be a top emission type, a bottom emission
type, or a double-sided emission type.

[0065] An overcoat 190 covering and protecting the com-
mon electrode 180 may be formed as an organic layer on the
common electrode 180.

[0066] A thin film encapsulation layer 121 may be formed
on the overcoat 190. The thin film encapsulation layer 121
may encapsulate and protect the organic light emitting ele-
ment LD and a driving circuit part formed on the substrate
123 from the external environment.

[0067] The thin film encapsulation layer 121 may include
organic encapsulation layers 121a and 121¢ and inorganic
encapsulation layers 1215 and 1214 which may be alternately
laminated. In FIG. 1, as an example, two organic encapsula-
tion layers 121a and 121¢ and two inorganic encapsulation
layers 1215 and 1214 may be alternately laminated to con-
figure the thin film encapsulation layer 121.

[0068] Hereinafter, an organic light emitting diode accord-
ing to an exemplary embodiment will be described with ref-
erence to F1G. 2.

[0069] Referring to FIG. 2, the organic light emitting diode
according to the present exemplary embodiment (i.e., a part X
shown in FIG. 1) may include a structure in which a first
electrode 160, a hole transport layer 174, an emission layer
175, an electron transport layer 177, an electron injection
layer 179, and a second electrode 180 may be sequentially
stacked.

[0070] The first electrode 160 may be the anode, may be
made of a material selected from materials having high work
functions, and the hole injection may be made easier. The first
electrode 160 may be a transparent electrode or a non-trans-
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parent electrode. The first electrode 160 may be the transpar-
ent electrode, and may be formed to have a thin thickness by
using a conductive oxide such as indium tin oxide (ITO),
indium zinc oxide (IZO), tin oxide (SnO, ), zinc oxide (ZnO),
or acombination thereof, or a metal such as aluminum, silver,
and magnesium. The first electrode 160 may be a non-trans-
parent electrode, and may be formed by using a metal such as
aluminum, silver and magnesium.

[0071] The first electrode 160 may be formed to have a
structure of two or more layers including different materials.
For example, the first electrode 160 may be formed to have a
structure in which indium tin oxide (ITO), silver (Ag), and
indium tin oxide (ITO) may be sequentially stacked.

[0072] The first electrode 160 may be formed by using, for
example, a sputtering method or a vacuum deposition
method.

[0073] Theholetransport layer 174 may be disposed on the
first electrode 160. The hole transport layer 174 may facilitate
smooth transport of the holes transferred from the first elec-
trode 160. The hole transport layer 174 may include an
organic material. For example, the hole transport layer 174
may be formed of N,N-di(1-naphthyl)-N,N'-di(phenyl)ben-
zidine (NPD), N,N-bis(3-methylphenyl)-N,N-bis(phenyl)
(TPD), s-TAD, or 4,4'4"-tris(N-3-methylphenyl-N-phenyl-
amino)-triphenylamine (MTDATA).

[0074] Thethickness of the hole transport layer 174 may be
in arange of from 15 nm to 25 nm. For example, the thickness
of the hole transport layer 174 may be 20 nm. As a modifica-
tion of the hole transport layer 174 according to the present
exemplary embodiment, a hole transport/injection layer may
be formed by adding a hole injection material into the hole
transport layer 174.

[0075] Theemission layer 175 may be disposed on the hole
transport layer 174. The emission layer 175 may contain a
light emitting material for displaying a predetermined color.
For example, the emission layer 175 may display a primary
color such as blue, green, or red, or a combination thereof.

[0076] The thickness of the emission layer 175 may be in a
range of from 10 nm to 50 nm. The emission layer 175 may
contain a host and a dopant. The emission layer 175 may
contain materials for emitting red, green, blue, and white
light, and may be formed by using a phosphorescent or a
fluorescent material.

[0077] The emission layer 175 may emit red light, may
contain a host material including carbazole biphenyl (CBP)
or 1,3-bis(carbazol-9-yl) (mCP), and may be formed of a
phosphorescent material containing a dopant including one or
more of, for example, PIQIr(acac) (bis(l-phenylisoquino-
line)acetylacetonate  iridium), PQIr(acac) (bis(1-phe-
nylquinoline)acetylacetonate iridium), PQIr (tris(1-phe-

nylquinoline Jiridium), or PtOEP (platinum
octaethylporphyrin).
[0078] The emission layer 175 may emit green light, may

contain a host material including CBP or mCP, and may be
formed of a phosphorescent material containing a dopant
including Ir(ppy)3 (fac-tris(2-phenylpyridine)iridium) or a
phosphorescent material containing a dopant including Alq3
(tris(8-hydroxyquinolinoJaluminum).

[0079] The emission layer 175 may emit green light, may
contain a host material including CBP or mCP, and may be
formed of a phosphorescent material containing a dopant
(4,6-F2ppy)2lrpic. The emission layer 175 may be formed of
a phosphorescent material containing one or more of spiro-
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DPVBI, spiro-6P, distyryl benzene (DSB), distyryl arylene
(DSA), a PFO-based polymer, or a PPV-based polymer.
[0080] Theelectron transport layer 177 may be disposed on
the emission layer 175. The electron transport layer 177 may
facilitate transfer of electrons from the second electrode 180
to the emission layer 175. 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. The electron transport layer 177 may
serve as a hole blocking layer, and may improve combination
of the holes and electrons in the emission layer 175.

[0081] The electron transport layer 177 may include an
organic material. For example, the electron transport layer
177 may be formed of one or more of Alg3 (tris(8-hydrox-
yquinolino)aluminum), PBD, TAZ, Spiro-PBD, BAlq, or
SAlg.

[0082] Theelectron injection layer 179 may be disposed on
the electron transport layer 177. The electron injection layer
179 may improve electron injection from the second elec-
trode 180 to the electron transport layer 177. In the present
exemplary embodiment, the electron injection layer 179 may
include a dipole material formed by coupling a first compo-
nent and a second component having different polarities. The
first component may be an element which may be changed to
a positive ion when the dipole material is ionized, and the
second component may be an element which may be changed
to a negative ion.

[0083] The dipole material may have a dipole moment that
1s higher than that of LiF. For example, the dipole moment of
LiF may be 6.28 Debye, and, in the present exemplary
embodiment, the dipole moment of the dipole material may
be higher than 6.28 Debye. Referring to the periodic table, the
first component of the dipole material may include one or
more of an alkali metal, an alkaline earth metal, a rare earth
metal, or a transition metal, and the second component may
include a halogen. For example, the first component may
include one or more of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr, or
Ba, the second component may include one or more of F, Cl,
Br, or I, and the dipole material may include one or more of
RbF, RbBr, RbCl, or RbI.

[0084] In the organic light emitting diode LD according to
the present exemplary embodiment, the electron injection
layer 179 may include a metal having a work function of 4.0
eV or less and/or an oxide having relative permittivity of 10 or
more in addition to the dipole material. The electron injection
layer 179 may be formed by co-deposition of at least two of
oxides each having relative permittivity of 10 or more and the
metal having the work function of 4.0 eV or less.

[0085] 1In the present exemplary embodiment, examples of
the metal having the work function of 4.0 eV or less may
include one or more of Li, Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm,
Eu, Gd, La, Nd, Tb, Lu, Mg, or an alloy thereof. The electron
injection layer 179 may be formed as a single layer by co-
deposition of the metal having the work function of 4.0eV or
less and the dipole material. For example, the electron injec-
tion layer 179 may be formed by co-deposition of a dipole
material including RbI and a metal including Mg.

[0086] Table 1 demonstrates the efficiency when the elec-
tron injection layer is formed by co-deposition of RbI doped
with Mg according to an exemplary embodiment. In Com-
parative Example 1 the electron injection layer was made of
Yb,and in each of Examples 1 to 4 the electron injection layer
was made of RbI doped with Mg. A cathode that was disposed
adjacent to the electron injection layer was made of AgMg,
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and the Mg content of the cathode in Examples 1 to 4 was 10
volume %, 15 volume %, 20 volume %, and 30 volume %,
respectively. In Examples 1 to 4, the electron injection layer
was formed to have a thickness of 10 A.

TABLE 1
B
R G efficiency w

efficiency efficiency  (CE/y)  efficiency Increment
Comparative 55.8 115.0 129.3 46.0 Ref.
Example 1
Example 1 579 122.7 134.9 48.6 5.6%
Example 2 58.6 125.0 140.9 50.1 8.8%
Example 3 58.2 121.5 137.7 49.0 6.5%
Example 4 58.2 177.5 130.5 47.2 2.6%
[0087] Referring to Table 1, Examples 1 to 4 respectively

accomplished white efficiencies which were improved by
5.6%, 8.8%, 6.5%, and 2.6% as compared with Comparative
Example 1. The Mg content of the cathode may be in a range
of from 10 volume % to 30 volume %, for example, from 10
volume % to 20 volume %.

[0088] Table 2 demonstrates the efficiency when the elec-
tron injection layer is formed by co-deposition of RbI doped
with Mg according to an exemplary embodiment. In Com-
parative Example 2 the electron injection layer was made of
Yb, and in each of Examples 5 and 6 the electron injection
layer was made of Rbl doped with Mg. In Examples 5 and 6,
the electron injection layers were formed to have thicknesses
of 10 and 20 A, respectively.

TABLE 2
B
R G efficiency w

efficiency efficiency  (CE/y)  efficiency Increment
Comparative 55.8 115.0 1293 46.0 Ref.
Example 2
Example 5 58.3 117.7 1323 47.6 3.5%
Example 6 58.3 118.1 133.4 47.8 4.0%
[0089] Referring to Table 2, Examples 5 and 6 respectively

accomplished white efficiencies which were improved by
3.5% and 4.0% as compared with Comparative Example 2.
[0090] In the present exemplary embodiment, as for the
thickness of the electron injection layer, the minimum value
may be determined as 5 A in consideration of a process
margin, and the maximum value may be determined as 50 A
in consideration of the intended function of the electron injec-
tion layer. The thickness of the electron injection layer may be
in a range of from 5 to 50 A, for example, in a range of from
1010 20 A.

[0091] In the present exemplary embodiment, examples of
the oxide having relative permittivity of 10 or more may
include one or more of WO,, MoQO,, Cu,O, Yb,0,, Sm,0,,
Nb,0;, Gd,0;, or Eu,0,.

[0092] Theorganic light emitting diode LD according to an
exemplary embodiment may accomplish smoother electron
injection and strong resistance to an external oxygen or mois-
ture by selectively adding a combination of the metal having
the work function of 4.0 eV or less and the oxide having
relative permittivity of 10 or more into a dipole material
having a lower dissociation energy and a higher dipole
moment than those of LiF.
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[0093] For example, without being bound by theory, it is
believed that, when a voltage is applied to opposite ends of the
electrode, a dipole material of an ion joining state in which
positive charges and negative charges may be arranged in a
dipole thin film (e.g., the electron injection layer in the
present exemplary embodiment) according to an electric
field. Electrons disposed at an interface between the electron
transport layer 177 and the dipole thin film may be coupled to
the dipole material of the dipole thin film, and holes disposed
at an interface between the dipole thin film and the second
electrode 180 that may serve as the cathode may be coupled to
the dipole material of the dipole thin film. Many surplus
electrons or holes as the offset amount for voltage mainte-
nance may exist in the interface between the electron trans-
port layer 177 and the dipole thin film or between the dipole
thin film and the second electrode 180. A material like RbI
included in the electron injection layer 179 according to the
present exemplary embodiment may be a polar molecule
having dipole moments without an electric field. The dipole
moments may be present at a larger number, and electrons or
holes to be coupled to the dipole material at the interface may
exist at a larger number. Thus, a larger amount of electrons or
holes may be present in the interface. For example, the inter-
face of the organic electron transport layer 177 which may be
positively charged by gathering holes may be represented as
spaces at which electrons may be removed, which may indi-
cate many empty spaces to which electrons may move. A
vacuum level of the interface of the organic electron transport
layer 177 may be shifted (a LUMO level may be decreased),
and an injection barrier may be lowered. The metal having the
work function of 4.0 eV or less may serve as a positively
charged interface, for example, due to an electron donor char-
acteristic, and the electron injection characteristic may be
farther improved.

[0094] The second electrode 180 may be disposed on the
electron injection layer 179. The second electrode 180 may
serve as the cathode, may include a material having a small
work function, and may help make the electron injection
easier. An example of the material having the small work
function may include, for example, a metal such as magne-
sium, calcium, sodium, potassium, titanium, indium, yttrium,
lithium, gadolinium, aluminum, silver, tin, lead, cesium,
barium, or an alloy thereof, or a multi-layer structure sub-
stance such as LiF/Al, LiO,/Al, LiF/Ca, LiF/Al, and BaF,/Ca
[0095] The aforementioned second electrode 180 may be
made of an alloy, an alloy ratio may be controlled according
to a temperature of a deposition source, an atmosphere, and a
vacuum degree, and may be selected to have an appropriate
ratio value.

[0096] Thesecondelectrode 180 may be configured to have
two or more layers.

[0097] FIG. 3 to FIG. 5 illustrate graphs of a voltage-cur-
rent density in each of a red pixel, a green pixel, and a blue
pixel in the organic light emitting diode shown in FIG. 2.
[0098] In FIG. 3 to FIG. 5, in Comparative Experimental
Example 1 the electron injection layer was made of Yb, in
Experimental Example 1 the electron injection layer was
made of RbI, and in Experimental Example 2 the electron
injection layer was made of Rbl:Mg (a mixture of RbI and
Mg).

[0099] Referring to FIG. 3 to FIG. 5, an electron injection
rate was increased in Experimental Examples 1 and 2, in
which the electron injection layer was made of Rbl or Rbl:
Mg, from the point that Experimental Examples 1 and 2 show
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a low threshold voltage (Vth) and a steep inclination as com-
pared with Comparative Experimental Example 1.

[0100] FIG. 6 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2;
[0101] For example, FIG. 6 illustrates a structure in which
ahole injection layer 172 may be added into the organic light
emitting diode LD in the exemplary embodiment of FIG. 2. In
the present exemplary embodiment, the hole injection layer
172 may be disposed between the hole transport layer 174 and
the first electrode 160. The hole injection layer 172 may
facilitate easier injection of holes from the first electrode 160
to the hole transport layer 174. In the present exemplary
embodiment, the hole injection layer 172 may include a
dipole material in which a metal or a non-metal having a work
function of 4.3 eV or more and a halogen may be combined.
In an embodiment, the hole injection layer 172 may be
formed of an inorganic material or an organic material.
[0102] The metal or the non-metal having the work func-
tion of 4.3 eV or more may include one or more 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, or Zn.

[0103] Thedescription made with reference to FIG. 2 other
than the aforementioned difference is applicable to the modi-
fication of FIG. 6.

[0104] FIG. 7 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2.

[0105] Forexample, FIG. 7 illustrates the same structure as
that of the organic light emitting diode LD in the exemplary
embodiment of FIG. 2, except that the electron injection layer
179 may be formed to have two layers. In the present exem-
plary embodiment, the electron injection layer 179 may
include a first electron injection layer 179-1 and a second
electroninjection layer 179-2. Each of the first electron injec-
tion layer 179-1 and the second electron injection layer 179-2
may be formed by using at least one of a dipole material
having a first component and a second component which have
different polarities, a metal having a work function of 4.0 eV
or less, and an oxide having relative permittivity of 10 or
more, or by co-deposition of at least two of these materials.
The first electron injection layer 179-1 and the second elec-
tron injection layer 179-2 may be formed of the same mate-
rial, or may include different materials.

[0106] The description made with reference to FIG. 2 other
than the aforementioned difference is applicable to the modi-
fication of FIG. 7.

[0107] FIG. 8 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2.

[0108] Forexample, FIG. 8 illustrates the same structure as
that of the organic light emitting diode LD in the exemplary
embodiment of FIG. 2, except that the electron injection layer
179 may be formed to have three layers. In the present exem-
plary embodiment, the electron injection layer 179 may
include a first electron injection layer 179-1, a second elec-
tron injection layer 179-2, and a third electron injection layer
179-3. Each of the first electron injection layer 179-1, the
second electron injection layer 179-2, and the third electron
injection layer 179-3 may be formed by using at least one of
a dipole material having a first component and a second
component which have different polarities, a metal having a
work function of 4.0 eV or less, and an oxide having relative
permittivity of 10 or more, or by co-deposition of at least two
of these materials. The first electron injection layer 179-1, the
second electron injection layer 179-2, and the third electron
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injection layer 179-3 may be formed of the same material, or
may include different materials.

[0109] The description made with reference to FIG. 2 other
than the aforementioned difference is applicable to the modi-
fication of FIG. 8.

[0110] FIG. 9 illustrates a cross-sectional view of a modi-
fication of the organic light emitting diode shown in FIG. 2.

[0111] Forexample, FIG.9 illustrates a modification of the
emission layer 175 in the organic light emitting diode LD of
FIG. 2. In the present exemplary embodiment, the emission
layer 175 may include a red emission layer R, a green emis-
sion layer G, a blue emission layer B, and an auxiliary layer
BIL for increasing efficiency of the blue light emitting layer B
disposed at a lower end thereof.

[0112] The thickness of the red light emitting layer R may
be in a range of from about 30 nm to about 50 nm, the
thickness of the green light emitting layer G may be in arange
of from about 10 nm to about 30 nm, and thickness ofthe blue
light emitting layer B may be in a range of from about 10 nm
to about 30 nm. The thickness of the auxiliary layer BIL may
be about 20 nm. The auxiliary layer BIL may serve to adjust
a hole charge balance, and may improve the efficiency of the
blue light emitting layer B. The auxiliary layer BIL, may
contain a compound that is represented by the following
Chemical Formula 1.

Chemical Formula 1

A2

Al

a

A3

[0113] In Chemical Formula 1, each of “Al1,” “A2” and
“A3” may be an alkyl group, an aryl group, carbazole, diben-
zothiophene, dibenzofuran (DBF), or biphenyl, and each of
“a,” “b,” and “c” may be an integer in a range of from 0 to 4.

[0114] Examples of compounds represented by the chemi-
cal formula 1 may include the following Chemical Formulae
1-1,1-2,1-3,1-4,1-5, and 1-6.
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-continued
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_continued [0115] According to an exemplary embodiment, the auxil-
iary layer BIL may contain a compound that is represented by

Chemical Formula 1-5 X ;
the following Chemical Formula 2.

Chemical Formula 2

w2

%)
>4

[0116] In Chemical Formula 2, each of “a,” “b.” and “c”
may be an integer in a range of from 0 to 3, “X” may be
selected from 0, N, and S, and the elements selected for X may
be the same as or different from each other.

Chemical Formula 1-6

[0117] Examples of compounds represented by Chemical
Formula 2 may include the following Chemical Formulae 2-1
to 2-6.

Chemical Formula 2-1
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-continued -continued

Chemical Formula 2-2 Chemical Formula 2-4
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-continued
Chemical Formula 2-6

[0118] According to an exemplary embodiment, the auxil-
iary layer BIL may contain a compound that is represented by
the following Chemical Formula 3.

Chemical Formula 3

- DBF

11
0
N
\
L2

~DBF

[0119] In Chemical Formula 3, “A1” may be an alkyl
group, an aryl group, carbazole, dibenzothiophene, or diben-
zofuran (DBF), and each of L1 and L.2 may be

n

n being an integral in a range of from 0 to 3. The DBF
connected to L1 and .2 may be substituted with carbazole or
dibenzothiophene.

[0120] Hereinafter, a synthesis method of the auxiliary
layer BIL according to an exemplary embodiment will be
described. Asone example, the synthesis method of Chemical
Formula 1-1 will be described.
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Chemical Formula 1-1

SYNTHESIS EXAMPLE

[0121] 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 mlofa 2M solution of sodium carbonate (Na,CO;), and
48 ml of toluene were put into a 300 m1 three-neck flask, and
then they were reacted at a temperature of 80° C. for 8 hours.
The reaction liquid was extracted by using toluene and water,
and the extract was dried by using sodium sulfate anhydrous.
The resultant mixture was concentrated under a reduced pres-
sure, and a crude product obtained was refined through a
column purifying process, thereby obtaining 3.9 g of a whit-
ish yellow powder.

[0122] Referring to FIG. 9, a red resonance auxiliary layer
R'may be disposed below the red light emission layer R, and
a green resonance auxiliary layer G' may be disposed below
the green light emission layer G. The red resonance auxiliary
layer R' and the green resonance auxiliary layer G' are layers
that set a resonant distance (a resonance distance) for a
respective one of the colors (e.g., red or green). In some
embodiments, a blue resonance auxiliary layer is not
included. For example, a separate resonance auxiliary layer
disposed between the hole transport layer 174 and the blue
light emission layer B and the auxiliary layer BIL may not be
formed below the blue light emission layer B and the auxil-
iary layer BIL corresponding to the red light emission layer R
or the green light emission layer G. In some embodiments, the
auxiliary layer BIL physically contacts the hole transport
layer 174.

[0123] Although not shown in FIG. 9, the hole injection
layer 172 may be formed between the first electrode 160 and
the hole transport layer 174 as in the exemplary embodiment
described with reference to FIG. 6.

[0124] The description made with reference to FIG. 2 other
than the aforementioned difference is applicable to the modi-
fication of FIG. 9.

[0125] By way of summation and review, an organic light
emitting display device as a display device may have a wide
viewing angle, outstanding contrast, and a fast response time.
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The organic light emitting display device may include an
organic light emitting diode for emitting light, and, in the
organic light emitting diode device, electrons injected from
one electrode and holes injected from another electrode may
be combined with each other in an emission layer, excitons
may be generated, energy may be outputted from the exci-
tons, and light may be emitted.

[0126] Provided are an organic light emitting diode and an
organic light emitting display device including the same,
which may exhibit high efficiency and a long lifespan.
According to an exemplary embodiment, it may be possible
to increase light emitting efficiency by forming the electron
injection layer including a dipole material. According to an
exemplary embodiment, it may be possible to increase light
emitting efficiency of the blue emission layer by forming an
auxiliary layer below the blue emission layer.

[0127] 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 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 connection with other embodi-
ments unless otherwise specifically 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.

What is claimed is:

1. 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 sec-

ond electrode; and

an electron injection layer between the second electrode

and the emission layer, the electron injection layer
including a metal having a work function of 4.0 eV or
less and a dipole material including a first component
and a second component having different polarities.

2. The organic light emitting diode as claimed in claim 1,
wherein the dipole material has a dipole moment that is higher
than that of LiF.

3. The organic light emitting diode as claimed in claim 2,
wherein the first component includes one or more of an alkali
metal, an alkaline earth metal, a rare earth metal, or a transi-
tion metal, and the second component includes a halogen.

4. The organic light emitting diode as claimed in claim 3,
wherein the second component includes one or more of F, Cl,
Br, or I.

5. The organic light emitting diode as claimed in claim 4,
wherein the dipole material includes one or more of RbF,
RbBr, RbCl, or Rbl.

6. The organic light emitting diode as claimed in claim 5,
wherein the metal having the work function of 4.0 eV or less
includes one or more of Li, Na, K, Rb, Cs, Ca, Sr, Ba, Ce, Sm,
Fu, Gd, La, Nd, Tb, Lu, Yb, Mg, or an alloy thereof.

7. The organic light emitting diode as claimed in claim 6,
wherein the electron injection layer includes a dipole material
including RbI and a metal including Mg.

8. The organic light emitting diode as claimed in claim 2,
wherein the electron injection layer further includes an oxide
having relative permittivity of 10 or more.
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9. The organic light emitting diode as claimed in claim 8,
wherein the oxide includes one or more of WO;, MoO;,
Cu,0, Yb,05, Sm,05, Nb,O;, Gd,O;, or Eu,O;.

10. The organic light emitting diode as claimed in claim 9,
wherein the electron injection layer includes at least two
oxides each having relative permittivity of 10 or more.

11. The organic light emitting diode as claimed in claim 2,
further comprising:

an electron transport layer between the emission layer and
the electron injection layer; and

a hole transport layer between the emission layer and the
first electrode, wherein each of the hole transport layer
and the electron transport layer includes an organic
material.

12. The organic light emitting diode as claimed in claim 11,
wherein the electron injection layer further includes an oxide
having relative permittivity of 10 or more.

13. The organic light emitting diode as claimed in claim 12,
wherein:

the electron injection layer has a structure including a
plurality oflayers, and each of the layers includes at least
one of the dipole material, the metal having the work
function of 4.0 eV or less, and the oxide having relative
permittivity of 10 or more.

14. An organic light emitting display device, comprising:
a substrate;

a gate line on the substrate;

a data line and a driving voltage 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 sec-
ond electrode; and

an electron injection layer between the second electrode
and the emission layer,

the electron injection layer including a metal having a work
function of 4.0 eV or less and adipole material including
a first component and a second component having dif-
ferent polarities.

15. The organic light emitting display device as claimed in
claim 14, wherein the dipole material has a dipole moment
that is higher than that of LiF.

16. The organic light emitting display device as claimed in
claim 15, wherein the first component includes one or more of
an alkali metal, an alkaline earth metal, a rare earth metal, or
atransition metal, and the second component includes a halo-
gen.

17. The organic light emitting display device as claimed in
claim 16, wherein the second component includes or more of
F, ClL, Br,or L.
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18. The organic light emitting display device as claimed in
claim 17, wherein the dipole material includes or more of
RbF, RbBr, RbCl, or Rbl.

19. The organic light emitting display device as claimed in
claim 18, wherein the metal having the work function of 4.0
eV or less includes one or more of Li, Na, K, Rb, Cs, Ca, Sr,
Ba, Ce, Sm, Eu, Gd, La, Nd, Tb, Lu, Yb, Mg, or an alloy
thereof.

20. The organic light emitting display device as claimed in
claim 19, wherein the electron injection layer includes a
dipole material including RbI and the metal having the work
function of 4.0 eV or less includes Mg.

21. The organic light emitting display device as claimed in
claim 15, wherein the first component has a work function of
3.0eV orless, and includes one or more of Li, Na, K, Rb, Cs,
Ca, Sr, Ba, Ce, Sm, Eu, Gd, Yb, or an alloy thereof.

22. The organic light emitting display device as claimed in
claim 20, wherein the electron injection layer further includes
an oxide having relative permittivity of 10 or more.

23. The organic light emitting display device as claimed in
claim 22, wherein the oxide includes one or more of WO,,
MoO;, Cu,0, Yb,0,, Sm,0;, Nb,0,, Gd,O;, or Eu,0,.

24. The organic light emitting display device as claimed in
claim 23, wherein the electron injection layer includes at least
two oxides each having relative permittivity of 10 or more.

25. The organic light emitting display device as claimed in
claim 15, further comprising;

an electron transport layer between the emission layer and
the electron injection layer; and

a hole transport layer between the emission layer and the
first electrode, wherein each of the hole transport layer
and the electron transport layer includes an organic
material.

26. The organic light emitting display device as claimed in
claim 15, wherein;

the emission layer includes a red light emitting layer, a
green light emitting layer, and a blue light emitting layer,
and

the emission layer further includes an auxiliary layer at a
lower end of the blue light emitting layer.

27. The organic light emitting display device as claimed in
claim 26, further comprising a red resonance auxiliary layer
disposed below the red light emission layer and a green reso-
nance auxiliary layer disposed below the green light emission
layer.

28. The organic light emitting display device as claimed in
claim 26, wherein the auxiliary layer includes a compound
represented by the following Chemical Formula 1:
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Chemical Formula 1
A2
b
O N
a
| % :
A3

where each of “A1,” “A2.” and “A3” is an alkyl group, an
aryl group, carbazole, dibenzothiophene, dibenzofuran
(DBF), or biphenyl, and each of “a,” “b,” and “¢” is an
integer in a range of from 0 and 4.
29. The organic light emitting display device as claimed in
claim 26, wherein the auxiliary layer includes a compound
represented by the following Chemical Formula 2:

Chemical Formula 2

N
a
%:‘

where each of “a,” “b,” and “c” is an integer in a range of
from 0 to 3, “X” is selected from O, N, and S, and the
elements selected for X are the same as or different from
each other.
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