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FIG. 1
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FIG. 2
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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. 10-2014-0107647
filed on Aug. 19, 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] Embodiments relate to an organic light emitting
diode and an organic light emitting device including the same.
[0004] 2. Description of the Related Art

[0005] Lightweight and thin personal computers and tele-
visions sets may use lightweight and thin display devices. Flat
panel displays satisfying such features are replacing conven-
tional cathode ray tubes (CRT). An LCD is a passive display
device, an additional backlight as a light source may be used,
and the LCD may exhibit a slow response time and a narrow
viewing angle.

[0006] An organic light emitting diode (OLED) display
may have merits such as a wide viewing angle, outstanding
contrast, and a fast response time. 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, thereby generating excitons, and
energy may be outputted from the excitons to thereby emit
light.

[0007] 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

[0008] Embodiments are directed to an organic light emit-
ting diode and an organic light emitting device including the
same.

[0009] The embodiments may be realized by providing an
organic light emitting diode including a first compound rep-
resented by the following Formula 1; and a second compound
represented by the following Formula 2,
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[Formula 1]
SHO
AII\N II\/ / N/A1r4
L, L.

[0010] wherein, in Formula 1, Ar, to Ar, are each indepen-
dently a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic
group, or a substituted or unsubstituted condensed polycyclic
aromatic group, and n is an integer of 2 to 4,

(e O i),

[0011] wherein, in Formula 2, Ar' is a substituted or unsub-
stituted phenylene group, Ar? is a substituted or unsubstituted
phenylene group or a substituted or unsubstituted naphthyl-
ene group, HAr" and HAr are each independently a substi-
tuted or unsubstituted pyridine group, a quinoline group, or an
isoquinoline group, p and q are each independently integers
of 0to 3, and when p or q is 2 or greater, each HAr" is the same
as or different from each other or each HAr? is the same as or
different from each other.

[0012] The organic light emitting diode may include an
anode, a cathode facing the anode, an emission layer between
the anode and the cathode, a hole transport layer between the
anode and the emission layer, an electron blocking layer
between the emission layer and the hole transport layer, an
electron transport layer between the cathode and the emission
layer, and a hole blocking layer between the emission layer
and the electron transport layer, the electron blocking layer
includes the first compound, and the hole blocking layer
includes the second compound.

[0013] The first compound represented by Formula 1 may
be represented by one of Formula 1-1 to Formula 1-15:

¢

[Formula 2]

O‘
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[0014] The second compound represented by Formula 2 -continued
may be represented by one of Formula 2-1 to Formula 2-9:

(1-14)

(1-15)
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-continued

(2-5)

27

(2-8)

(2-9)

[0015]
(8-quinolinolate)aluminum  (Alg3),
naphthyl) anthracene (MADN), 4,4'-N,N'-dicarbazol-biphe-
nyl (CBP), or poly(n-vinylcarbazole) (PVK).

The emission layer may include at least one of tris
2-methyl-9,10-di(2-

Feb. 25,2016

[0016] The emission layer may be doped with a third com-
pound represented by the following Formula 3:

[Formula 3]

[0017] The third compound may be included in the emis-
sion layer in an amount of about 5 wt % or less, based on a
total weight of the emission layer.

[0018] The hole transport layer may include at least one of
44" 4""-tris[ (3-methylphenyl(phenyl)amino)|tripheny-
lamine (m-MTDATA), 1,3,5-tris[4-(3-methylphenylpheny-
lamino)phenyl|benzene (m-MTDATB), copper phthalocya-
nine (CuPc), N-phenylcarbazole, polyvinylcarbazole, N,N'-
bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-
diamine (TPD), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl
benzidine (a-NPD), or 4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino|biphenyl (NPB).

[0019] Theelectron transport layer may include at least one
of Alg3, TAZ, Balg, or Bebq2.

[0020] The embodiments may be realized by providing an
organic light emitting device including a substrate; a gate line
on the substrate; a data line and a driving voltage line crossing
the gate line; a switching thin film transistor connected to the
gate line and the data line; a driving thin film transistor con-
nected 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 compound represented by the
following Formula 1, and a second compound represented by
the following Formula 2:

[Formula 1]
|
Ny \/ A v
Ary Arz
[0021] wherein, in Formula 1, Ar, to Ar, are each indepen-

dently a substituted or unsubstituted aromatic hydrocarbon
group, a substituted or unsubstituted aromatic heterocyclic
group, or a substituted or unsubstituted condensed polycyclic
aromatic group, and n is an integer of 2 to 4,
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[Formula 2]

(B A O Ar—tag),

[0022] wherein,in Formula 2, Ar' is a substituted or unsub-
stituted phenylene group, Ar? is a substituted or unsubstituted
phenylene group or a substituted or unsubstituted naphthyl-
ene group, HAr' and HAr? are each independently a substi-
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tuted or unsubstituted pyridine group, a quinoline group, or an
isoquinoline group, p and q are each independently integers
of 0to3,and when p or q is 2 or greater, each HAr" is the same
as or different from each other or each HAr is the same as or
different from each other.

[0023] The organic light emitting diode may include an
anode, a cathode facing the anode, an emission layer between
the anode and the cathode, a hole transport layer between the
anode and the emission layer, an electron blocking layer
between the emission layer and the hole transport layer, an
electron transport layer between the cathode and the emission
layer, and a hole blocking layer between the emission layer
and the electron transport layer, the electron blocking layer
includes the first compound, and the hole blocking layer
includes the second compound.

[0024] The first compound represented by Formula 1 may
be represented by one of Formula 1-1 to Formula 1-15:

C
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-continued
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[0025] The second compound represented by Formula 2 —continued
may be represented by one of Formula 2-1 to Formula 2-9:

(1-13)

(1-14)
(1-15)
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-continued

2-9)

[0026] The emission layer may include at least one of tris
(8-quinolinolate)aluminum  (Alg3), 2-methyl-9,10-di(2-
naphthyl)anthracene (MADN), 4,4'-N,N'-dicarbazol-biphe-
nyl (CBP), or poly(n-vinylcarbazole) (PVK).

[0027] The emission layer may be doped with a third com-
pound represented by the following Formula 3:

[Formula 3]

[0028] The third compound may be included in the emis-
sion layer in an amount of about 5 wt % or less, based on a
total weight of the emission layer.

[0029] The hole transport layer may include at least one of
44" 4""tris[ (3-methylphenyl(phenyl)amino)|tripheny-
lamine (m-MTDATA), 1,3,5-tris[4-(3-methylphenylpheny-
lamino)phenyl|benzene (m-MTDATB), copper phthalocya-
nine (CuPc), N-phenylcarbazole, polyvinylcarbazole, N,N'-
bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-
diamine (TPD), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl
benzidine (a-NPD), or 4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino]biphenyl (NPB).

[0030] The electron transport layer may include at least one
of Alg3, TAZ, Balg, or Bebq?2.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] 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:

[0032] FIG. 1illustrates a configuration of an organic light
emitting diode according to an exemplary embodiment.
[0033] FIG. 2 illustrates a layout view of an organic light
emitting device according to an exemplary embodiment.
[0034] FIG. 3 illustrates a cross-sectional view of the
organic light emitting device of FIG. 2 taken along a line
HI-I1.
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[0035] FIG. 4 illustrates a cross-sectional view of the
organic light emitting device of FIG. 2 taken along a line
IV-IV.

DETAILED DESCRIPTION

[0036] 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.
[0037] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0038] Itwill be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0039] In the present specification, the term “substituted”,
unless separately defined otherwise, means a substitution of
at least one hydrogen atom with a substituent selected from a
group consisting of deuterium, C1 to C30 alkyl groups, C6 to
C36 aryl groups, C2 to C30 heteroaryl groups, C1 to C30
alkoxy groups, C2 to C30 alkenyl groups, C6 to C30 aryloxy
groups, C3 to C30silyloxy groups, C1 to C30 acyl groups, C2
to C30 acyloxy groups, C2 to C30 heteroacyloxy groups, C1
to C30 sulfonyl groups, C1 to C30 alkylthiol groups, C6 to
C30 arylthiol groups, C1 to C30 heterocyclothiol groups, C1
to C30 phosphoric acid amide groups, C3 to C40 silyl groups,
NR"R™ (here, R" and R™ are respectively substituents
selected from a group consisting of a hydrogen atom, C1 to
C30 alkyl groups, and C6 to C30 aryl groups), a carboxylic
acid group, a halogen group, a cyano group, a nitro group, an
azo group, a fluorene group, and a hydroxyl group.

[0040] As used herein, the term “hetero,” unless separately
defined otherwise, means that a single ring contains one to
three heteroatoms selected from the group consisting of B, N,
0, S, P, Si, and P(=0), and carbon atoms as the remainder.
[0041] Further, among groups used in chemical formulae of
the present specification, definition of a representative group
is as follows. (The number of carbons that limits substituents
is not restrictive, and does not limit characteristics of the
constituents).

[0042] An unsubstituted C1 to C20 alkyl group may be a
linear type or a branched type, and nonrestrictive examples of
the unsubstituted C1 to C30 alkyl may be methyl, ethyl,
propyl, iso-propyl, sec-butyl, hexyl, iso-amyl, hexyl, heptyl,
octyl, nonanyl, dodecyl, and the like.

[0043] An unsubstituted C1 to C20 alkoxy group indicates
a group having a structure of —OA (wherein A is an unsub-
stituted C1 to C20 alkyl group as described above). Non-
limiting examples of the unsubstituted C1 to C30 include a
methoxy group, an ethoxy group, a propoxy group, an iso-
propyloxy group, a butoxy group, and a pentoxy group.
[0044] An unsubstituted C6 to C30 aryl group indicates a
carbocyclic aromatic system containing at least one ring. At
least two rings may be fused to each other or linked to each
other by a single bond. The term aryl refers to an aromatic
system, such as phenyl, naphthyl, or anthracenyl. Examples
of the unsubstituted C6 to C30 aryl group may be selected
from a group consisting of a phenyl group, a tolyl group, a

Feb. 25,2016

biphenyl group, a naphthyl group, an anthracenyl group, a
terphenyl group, a fluorenyl group, a phenanthrenyl group, a
pyrenyl group, a diphenylanthracenyl group, a dinaphthylan-
thracenyl group, a pentacenyl group, a bromophenyl group, a
hydroxyphenyl group, a stilbene group, an azobenzenyl
group, and a ferrocenyl group.

[0045] An unsubstituted C2 to C30 heteroaryl group
includes one, two, or three heteroatoms selected from a group
consisting of B,N, O, S, P, Si, and P(=0), and at least two rings
may be fused to each other or linked to each other by a single
bond. An example of the unsubstituted C2 to C30 heteroaryl
group includes a pyrazolyl group, an imidazolyl group, an
oxazolyl group, a triazolyl group, a triazinyl group, a triazolyl
group, a tetrazolyl group, an oxadiazole group, a thiadiazole
group, a pyridinyl group, a pyridazinyl group, a pyrimidinyl
group, a triazinyl group, a carbazole group, an N-phenylcar-
bazole group, an indolyl group, a quinolyl group, an iso-
quinolyl group, a thiophene group, a dibenzothiophene
group, a dibenzofuran group, and a benzimidazolyl group.
[0046] An organic light emitting diode according to an
exemplary embodiment will now be described in detail. FIG.
1 and FIG. 2 illustrate views of an organic light emitting diode
according to an exemplary embodiment.

[0047] Referring to FIG. 1, the organic light emitting diode
may include, e.g., an anode 10, a cathode 20 facing the anode
10, an emission layer 70 between the anode 10 and the cath-
ode 20, ahole transport layer 30 between the anode 10 and the
emission layer 70, an electron transport layer 40 between the
cathode 20 and the emission layer 70, an electron blocking
layer 50 between the hole transport layer 30 and the emission
layer 70, and a hole blocking layer 60 between the electron
transport layer 40 and the emission layer 70.

[0048] A substrate (not shown) may be disposed on a side
of the anode 10 or the cathode 20. The substrate may be made
of, e.g., an inorganic material such as glass, an organic mate-
rial such as polycarbonate, (PC), polymethylmethacrylate
(PMMA), polyethylene terephthalate (PET), polyamide
(PA), polyethersulfone (PES), or a combination thereof, a
silicon wafer, or the like.

[0049] The anode 10 may be a transparent or non-transpar-
ent electrode. The transparent electrode may be made of a
conductive oxide, e.g., indium tin oxide (ITO), indium zinc
oxide (IZ0O), tin oxide (Sn0O,), zinc oxide (ZnO), or a com-
bination thereof, or a metal such as aluminum, silver, or
magnesium, having a thin thickness. The non-transparent
electrode may be made of, e.g., a metal, e.g., aluminum,
silver, or magnesium.

[0050] Inanimplementation, regarding the anode 10 of the
organic light emitting diode device according to an exem-
plary embodiment, a reflective layer may be formed with
silver (Ag), aluminum (Al), chromium (Cr), molybdenum
(Mo), tungsten (W), titanium (T1), gold (Au), palladium (Pd),
or an alloy thereof, and transparent electrode materials such
as ITO, 1Z0, or ZnO may be stacked as the reflective layer.
[0051] The anode 10 may be formed by using, e.g., a sput-
tering method, a vapor phase deposition method, an ion beam
deposition method, an electron beam deposition method, or a
laser abrasion method.

[0052] The cathode 20 may contain a substance with a
small work function to facilitate electron injection. An
example of the substance may include a metal such as mag-
nesium, calcium, sodium, potassium, titanium, indium,
yttrium, lithium, gadolinium, aluminum, silver, tin, lead,
cesium, barium, or an alloy thereof, or a multilayer structure
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substance such as LiF/Al, LiO,/Al, LiF/Ca, LiF/Al, or BaF./
Ca. In an implementation, the electrode of a metal such as
aluminum or the like may be employed as the cathode.
[0053] In an implementation, magnesium, calcium, tin,
lead, titanium, yttrium, lithium, ruthenium, manganese, alu-
minum, lithium fluoride, and their alloys may be usable for a
conductive material used in the cathode 20 according to an
exemplary embodiment, e.g., magnesium/silver, magnesium/
indium, or lithium/aluminum may be used for the alloy. An
alloy ratio of the alloys may be controlled according to a
temperature of a deposition source, an atmosphere, and a
vacuum degree, and may be selected to have a suitable ratio
value.

[0054] Inanimplementation, the anode 10 and the cathode
20 may be configured to have a plurality of layers.

[0055] The emission layer 70 may include a blue, red, or
green emission material, and the emission layer 70 may
include a host and a dopant. The host of the emission layer
may include, e.g., at least one material selected from a group
including tris(8-quinolinolate)aluminum (Alg3), 2-methyl-9,
10-di(2-naphthyl) anthracene (MADN), 4,4'-N,N'-dicarba-
zol-biphenyl (CBP), or poly(n-vinylcarbazole) (PVK).
[0056] The emission layer 50 may be doped with a third
compound represented by Formula 3.

[Formula 3]

[0057] A weightratio ofthe host of the emission layer to the
third compound may be, e.g., 95:5.

[0058] The emission layer 70 may additionally include
another dopant material. In the case of the dopant material,
IDE102 or IDE105 that may be purchased from Idemitsu
Company and C545T that may be bought from Hayashibara
Company may be usable for a fluorescent dopant, and a
PtOEP red phosphorescent dopant, RD 61 made by UDC
Company, an Ir(PPy), (PPy=2-phenylpyridine) green phos-
phorescent dopant, an F,Irpic blue phosphorescent dopant,
and an RD 61 red phosphorescent dopant made by UDC
Company may be usable for a phosphorescent dopant.
[0059] In an implementation, Ir(ppy)s, Ir(ppy).acac, (piq)
sIr(acac), and Pt(OEP) may be used for the dopant of the
emission layer 70.

[0060] In an implementation, a content of the dopant may
be about 0.01 to 15 parts by weight, based on 100 parts by
weight of the host. In an implementation, the dopant may be
included in the emission layer in an amount of about 5 wt %
or less, based on a total weight of the emission layer.
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[0061] The emission layer may be 100 A to 1,000 A thick,
e.g. 200 A to 600 A. Maintaining the thickness of the emis-
sion layer at about 100 A or greater may help prevent dete-
rioration in an emission characteristic. Maintaining the thick-
ness of the emission layer at about 1,000 A or less may help
prevent an increase in driving voltage and may help prevent
deterioration in efficiency and service life.

[0062] The emission layer 70 may be formed by using
various methods, e.g., a vacuum deposition method, a spin
coating method, a cast method, or an LB method.

[0063] When anorganic layer such as the emission layer 70
is formed by using the vacuum deposition method, deposition
conditions depend on a compound used as a material of the
organic layer, and a configuration and a thermal characteristic
of the target organic layer, and in general, a deposition tem-
perature can be selected between 100 and 500° C., the
vacuum degree can be selected between 10~® and 10~ torr,
and the deposition speed can be selected between 0.01 and
100 A/sec.

[0064] When an organic layer such as the emission layer 70
is formed by using the spin coating method, coating condi-
tions depend ona compound used as a material of the organic
layer and a configuration and a thermal characteristic of the
target organic layer, and a coating speed can be selected
between 2,000 to 5,000 rpm and a heat treatment temperature
for removing a solvent after a coating process can be selected
within an 80 to 200° C. temperature range.

[0065] The hole transport layer 30 may include a suitable
hole transport material, e.g., an arylene diamine derivative, a
starburst compound, a biphenyl diamine derivative including
a spiro group, or a ladder-type compound. In an implemen-
tation, the hole transport material may include, e.g., 4,4",4""-
tris[(3-methylphenyl(phenyl )Jamino)]triphenylamine
(m-MTDATA), 1,3,5-tris[4-(3-methylphenylphenylamino)
phenyl]benzene (m-MTDATB), and copper phthalocyanine
(CuPc), a carbazole derivative such as N-phenylcarbazole or
polyvinylcarbazole, or an amine derivative including an aro-
matic condensed ring such as N,N'-bis(3-methylphenyl )-N,
N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD) or N,N'-di
(naphthalene-1-y1)-N,N'-diphenyl benzidine (c.-NPD).
[0066] Thehole transport layer 30 may be about 50 to 2,000
A thick, e.g., 500 1o 1500 A thick. When the thickness of the
hole transport layer 30 satisfies the above-noted range, an
excellent hole transport characteristic may be obtainable
without a substantial increase of the driving voltage.

[0067] The hole transport layer 30 may further include an
auxiliary material to help improve conductivity of the layer.
When the hole transport layer 30 includes the auxiliary mate-
rial, the auxiliary material may be modifiable with numerous
variations, e.g., it may be uniformly or non-uniformly spread
to the layers.

[0068] The hole transport layer may be formed by using
various methods such as a vacuum deposition method, a spin
coating method, a cast method, or an LB method. When the
hole transport layer is formed by the vacuum deposition
method and the spin coating method, the deposition condi-
tions and the coating conditions may be different according to
the compound used.

[0069] In an implementation, a hole injection layer (not
shown) that is a material for facilitating injection of holes
from the anode may be stacked between the hole transport
layer 30 and the anode.

[0070] The material of the hole injection layer may be a
suitable hole injection material including, e.g., TCTA, m-MT-



US 2016/0056386 A1l

12

DATA, m-MTDAPB, polyaniline/dodecylbenzenesulfonic
acid (Pani/DBSA) which is a soluble conductive polymer, or
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate)
(PEDOT/PSS), polyaniline/camphor sulfonic acid (Pani/
CSA), or polyaniline/poly(4-styrenesulfonate) (PANI/PSS).

[0071] The hole injection layer may be formed by using
various methods such as the vacuum deposition method, the
spin coating method, the cast method, or the LB method.
When the hole injection layer is formed according to the
vacuum deposition method, the deposition conditions may
depend on a compound used for a material of the hole injec-
tion layer, and a configuration and a thermal characteristic of
the target hole injection layer, and in general, it may be
desirable to appropriately select a deposition temperature
between 100 and 500° C., a vacuum degree between 107° and
1073 torr, adeposition speed between 0.01 and 100 A/sec, and
a layer thickness between 10 A and 5 um.

[0072] When the hole injection layer is formed by using the
spin coating method, coating conditions may depend on a
compound used as a material of the hole injection layer, and
a configuration and a thermal characteristic of the target hole
injection layer, and it may be desirable to appropriately select
a coating speed substantially between 2,000 and 5,000 rpm
and a heat treatment temperature for removing a solvent after
a coating process substantially between 80 and 200° C.
[0073] The deposition conditions and the coating condi-
tions of the hole injection layer may be similarly applicable to
formation of the hole transport layer.

[0074] Theelectron transport layer 40 may include a quino-
line derivative, e.g., at least one compound selected from a
group including tris(8-quinolinolate)aluminum (Alq3), TAZ,
Balg, and Bebq?2.

[0075] The electron transport layer may be about 100 to
1,000 A thick, e.g. 20010 500 A. Maintaining the thickness of
electron transport layer at about 100 A of greater may help
prevent deterioration of electron transport characteristics.
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Maintaining the thickness of the electron transport layer at
about 1,000 A or less may help prevent an increase in the
driving voltage.

[0076] The electron transport layer 40 may be formed by
using various methods such as the vacuum deposition
method, the spin coating method, or the cast method. When
the electron transport layer 40 is formed by using the vacuum
deposition method and the spin coating method, the condi-
tions may be changeable according to the compound.

[0077] An electron injection layer (not shown) that is a
material for facilitating injection of electrons from the cath-
ode may be stacked between the electron transport layer and
the cathode. The material may include, e.g., LiF, NaCl, CsF,
Li,0, or BaO. The deposition conditions of the electron injec-
tion layer may follow the compound used, and may generally
be selected from among almost the same condition range as
formation of the hole injection layer.

[0078] Inanimplementation, the electron blockinglayer 50
may include a first compound represented by the following
Formula 1.

[Formula 1]

[N) A
NP/ NS

AI‘Z AI3

Ar
\N

[0079] InFormulal,Ar, to Ar, mayeach independently be,
e.g., a substituted or unsubstituted aromatic hydrocarbon
group (e.g., an aryl group), a substituted or unsubstituted
aromatic heterocyclic group (e.g., a heteroaryl group), or a
substituted or unsubstituted condensed polycyclic aromatic
group. n may be an integer of 2 to 4, e.g., may be 2, 3, or 4.
[0080] The first compound represented by Formula 1 may
be represented by one of Formula 1-1 to Formula 1-15.
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[0081] Theelectron blocking layer 50 may have a thickness —continued
of about 50 A to about 1,000 A, e.g., about 100 A to about 300

A. Maintaining the thickness of the electron blocking layer 50

at about 50 A or greater may help prevent deterioration of

electron blocking properties. Maintaining the thickness of the

electron blocking layer 50 at about 1,000 A or less may help

prevent an increase in the driving voltage.

[0082] In an implementation, the hole blocking layer 60

may include a second compound represented by Formula 2.

(HAr 5 Ar! O Ar’HAr), :

[0083] In Formula 2, Ar' may be, e.g., a substituted or O

[Formula 2]

2-3)

unsubstituted phenylene group, Ar* may be, e.g., a substituted
or unsubstituted phenylene group or a substituted or unsub-
stituted naphthylene group, and HAr' and HAr* may each
independently be, e.g., a substituted or unsubstituted pyridine
group, a quinoline group, or an isoquinoline group. p and q
may each independently be integers of 0 to 3, e.g., may each
independently be 0, 1, 2, or 3. In an implementation, when p
or q is 2 or greater, each HAr" or HAr* may be the same as or
different from each other. In an implementation, a sum of p
and q may be 1 or greater, e.g., may be an integer of 1 to 6.

[0084] The second compound represented by Formula 2
may be represented by one of Formula 2-1 to Formula 2-9.

2-4)

(2-1)
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-continued

(2-6)

2-9)

[0085] The hole blocking layer may have a thickness of
about 10 A to 1,000 A. Maintaining the thickness of the hole
blocking layer at about 10 A or greater may help prevent
deterioration of hole blocking characteristics. Maintaining
the thickness of the hole blocking layer at about 1,000 A or
less may help prevent an increase in the driving voltage.
[0086] The organic light emitting diode according to the an
embodiment may include the phenyl-based (e.g., phenyl-con-
taining) compound represented by Formula 1 in the electron
blocking layer and may simultaneously include the
anthracene-based (e.g., anthracene-containing) compound
represented by Formula 2 in the hole blocking layer. Thus,
efficiency and lifespan of the diode may be improved.
[0087] An organic light emitting device including an
organic light emitting diode according to an embodiment will
now be described with reference to FIG. 2 to FIG. 4.

[0088] FIG. 2 illustrates a layout view of an organic light
emitting device according to an exemplary embodiment. FIG.
3 illustrates a cross-sectional view of the organic light emit-
ting device of FIG. 2 with respect to a line III-II1. FIG. 4
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illustrates a cross-sectional view of the organic light emitting
device of FIG. 2 with respect to a line IV-IV.

[0089] A blocking or buffer layer 111 (made of a silicon
oxide or a silicon nitride) may be formed on a substrate 110
(made of transparent glass). The blocking or buffer layer 111
may have a dual-layer structure.

[0090] A plurality of pairs of first and second semiconduc-
tor islands or layers 151a and 1515 (made of polysilicon) may
be formed on the blocking or buffer layer 111. The semicon-
ductor islands or layers 151a and 1515 may respectively
include a plurality of extrinsic regions including an n- or
p-type conductive impurity, and at least one intrinsic region
substantially not including a conductive impurity.

[0091] Regarding the first semiconductor layer 151a, the
extrinsic region may include first source and drain regions
1534 and 155¢ and an intermediate region 1535, and they may
be doped with an n-type impurity and are separated from each
other. The intrinsic region may include a pair of first channel
regions (154al, 154a2) provided between the extrinsic
regions 153a, 1535, and 155a.

[0092] Regarding the second semiconductor layer 1515,
the extrinsic region may include second source and drain
regions 1535 and 1555, and they may be doped with a p-type
impurity and are separated from each other. The intrinsic
region may include a second channel region 1545 provided
between the second source and drain regions 1535 and 1556
and a storage region 157 extended upwardly from the second
source region 1535.

[0093] The extrinsic region may further include a lightly
doped region (not shown) between the channel regions
(154al, 15442, and 1544) and the source and drain regions
(1534, 1554, 1535, and 1555). The lightly doped region may
be replaced with an offset region substantially not including
an impurity.

[0094] In contrast, the extrinsic regions 1534 and 1554 of
the first semiconductor layer 151a may be doped with a
p-type impurity, or the extrinsic regions 1535 and 1556 of the
second semiconductor layer 1515 may be doped with an
n-type impurity. The p-type conductive impurity may
include, e.g., boron (B) and gallium (Ga), and the n-type
conductive impurity may include, e.g., phosphorus (P) and
arsenic (As).

[0095] A gate insulating layer 140 (formed with a silicon
oxide or a silicon nitride) may be formed on the semiconduc-
tor layers 151a and 1515 and the blocking or buffer layer 111.

[0096] A plurality of gate lines 121 (including a first control
electrode 124q and a plurality of gate conductors including a
plurality of second control electrodes 124b) may be formed
on the gate insulating layer 140.

[0097] The gate line 121 may transmit a gate signal and
may extend in a horizontal direction. The first control elec-
trode 124a may be extended upward from the gate line 121,
may cross the first semiconductor layer 151, and may over-
lap the first channel regions (154al and 154a2). Each gate
line 121 may include a wide end portion for accessing another
layer or an external driving circuit. When a gate driving
circuit for generating a gate signal is integrated on the sub-
strate 110, the gate line 121 may be extended to be connected
to the gate driving circuit.

[0098] Thesecond control electrode 124b may be separated
from the gate line 121 and may overlap the second channel
region 1545 of the second semiconductor layer 1514.
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[0099] The second control electrode 124h may be extended
to configure a storage electrode 127, and the storage electrode
127 may overlap the storage region 157 of the second semi-
conductor 1515.

[0100] The gate conductors 121 and 124b may be made of
an aluminum-based metal such as aluminum (Al) or an alu-
minum alloy, a silver-based metal such as silver (Ag) or a
silver alloy, a copper-based metal such as copper (Cu) or a
copper alloy, a molybdenum-based metal such as molybde-
num (Mo) or a molybdenum alloy, chromium (Cr), tantalum
(Ta), titanium (Ti), or the like. In an implementation, they
may have a multilayer structure including at least two con-
ductive layers with different physical properties. One of the
conductive layers may be formed using a metal having low
resistivity, such as an aluminum-based metal, a silver-based
metal, or a copper-based metal, in order to help reduce signal
delay or voltage drop. Another conductive layer may be
formed using a material having good physical, chemical, and
electrical contact characteristics particularly with indium tin
oxide (ITO) and indium zinc oxide (IZ0), such as a molyb-
denum-based metal, chromium, tantalum, titanium, or the
like. Examples of the combination may include a lower chro-
mium film and an upper aluminum (alloy) film, and a lower
aluminum (alloy) film and an upper molybdenum (alloy) film.
In an implementation, the gate conductors 121 and 1245 may
be made of various metals or conductors.

[0101] Sides of the gate conductors 121 and 1245 may be
slanted with respect to the surface of the substrate 110 by, e.g,.,
an angle of about 30 to 80°.

[0102] Aninterlayer insulating layer 160 may be formed on
the gate conductors 121 and 124b. The interlayer insulating
layer 160 may be made of an inorganic insulator such as a
silicon nitride or silicon oxide, an organic insulator, and a low
dielectric insulator. A dielectric constant of the low dielectric
insulator may be, e.g., less than 4.0, and a-Si:C:O and a-Si:
O:F formed by plasma enhanced chemical vapor deposition
(PECVD) may be exaniples thereof. The interlayer insulating
layer 160 may be made of an organic insulator having pho-
tosensitivity, and may have a flat surface.

[0103] A plurality of contact holes 164 for exposing the
second control electrode 1245 may be formed on the inter-
layer insulating layer 160. A plurality of contact holes 163a,
1635, 165a, and 1655 for exposing the source and drain
regions 153a, 153b, 1554, and 155b may be formed on the
interlayer insulating layer 160 and the gate insulating layer
140.

[0104] A plurality of data conductors (including a data line
171, a driving voltage line 172, and first and second output
electrodes 175a and 1754) may be formed on the interlayer
insulating layer 160.

[0105] The dataline 171 may transmit a data signal, it may
be mainly extended in a longitudinal direction, and may cross
the gate line 121. Each data line 171 may include a plurality
of first input electrodes 173a connected to the first source
region 153a through the contact hole 163a, and may include
awide end portion for accessing another layer or an external
driving circuit. When a data driving circuit for generating a
data signal is integrated on the substrate 110, the dataline 171
may be extended to be connected to the data driving circuit.

[0106] The driving voltage line 172 may transmit a driving
voltage, may be mainly extended in the perpendicular direc-
tion, and may cross the gate line 121. Each driving voltage
line 172 may include a plurality of second input electrodes
1735 connected to the second source region 1535 through the
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contact hole 1635. The driving voltage line 172 may overlap
the storage electrode 127 and may be connected to the same.
[0107] The first output electrode 175a may be separated
from the data line 171 and the driving voltage line 172. The
first output electrode 1754 may be connected to the first drain
region 155a through the contact hole 165a, and may be con-
nected to the second control electrode 1245 through the con-
tact hole 164.

[0108] The second output electrode 1756 may be separated
from the data line 171, the driving voltage line 172, and the
first output electrode 1754, and may be connected to the
second drain region 1555 through the contact hole 1655.
[0109] The data conductors 171,172, 175a, and 1755 may
be made of, e.g., a refractory metal such as molybdenum,
chromium, tantalum, titanium, or an alloy thereof, and they
may have a multilayer structure including a refractory metal
layer (not shown) and a low resistance conductive layer (not
shown). Examples of the multilayer structure may include a
double layer including a chromium or molybdenum (alloy)
lower layer and an aluminum (alloy) upper layer, and a triple
layer including a molybdenum (alloy) lower layer, an alumi-
num (alloy) intermediate layer, and a molybdenum (alloy)
upper layer. In an implementation, the data conductors 171,
172, 175a, and 1756 may be made of various kinds of metals
and conductors.

[0110] In a like manner of the gate conductors 121 and
1215, sides of the data conductors 171, 172, 1754, and 1756
may be slanted with respect to the surface of the substrate 110
by an angle of, e.g., about 30 to 80°.

[0111] A passivation layer 180 may be formed on the data
conductors 171, 172, 175a, and 1755. The passivation layer
180 may be formed with an inorganic material, an organic
material, or a low dielectric insulating material.

[0112] A plurality of contact holes 185 for exposing the
second output electrode 17556 may be formed on the passiva-
tion layer 180. A plurality of contact holes (not shown) for
exposing an end portion of the data line 171 may be formed on
the passivation layer 180, and a plurality of contact holes (not
shown) for exposing an end portion of the gate line 121 may
be formed on the passivation layer 180 and the interlayer
insulating layer 160.

[0113] A plurality of pixel electrodes 190 may be formed
on the passivation layer 180. The pixel electrode 190 may be
physically and electrically connected to the second output
electrode 1755 through the contact hole 185, and it may be
made of'a transparent conductive material such as ITO or IZO
or a reflective metal such as aluminum, silver, or alloys
thereof.

[0114] A plurality of contact assistants (not shown) or con-
necting members (not shown) may be formed on the passiva-
tion layer 180, and may be connected to the exposed end
portions of the gate line 121 and the data line 171.

[0115] A partition or pixel defining layer 361 may be
formed on the passivation layer 180. The partition 361 may
define an opening by wrapping edges of the pixel electrodes
190 like a bank, and may be made of an organic insulator or an
inorganic insulator. The partition 361 may be made of a
photoresist including black pigments, and it may function as
a light blocking member in this case thereby simplifying the
manufacturing process.

[0116] An organic emission layer 370 may be formed on
the pixel electrode 190, and a common electrode 270 may be
formed on the organic emission layer 370. As described, the
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organic light emitting diode including the pixel electrode 190,
the organic emission layer 370, and the common electrode
270 may be formed.

[0117] A description on the organic light emitting diode
corresponds to the previous description. In an implementa-
tion, the organic light emitting diode may have a stacked
configuration of, e.g., anode’hole transport layer/electron
blocking layer/emission layet/hole blocking layer/electron
transport layer/cathode or anode/hole injection layer/hole
transport layer/electron blocking layer/emission layer/hole
blocking layer/electron transport layer/electron injection
layer/cathode.

[0118] For example, the pixel electrode 190 may be an
anode that is a hole injection electrode, and the common
electrode 270 may be a cathode that is an electron injection
electrode. In an implementation, the pixel electrode 190 may
be a cathode and the common electrode 270 may be an anode
according to a method for driving an organic light emitting
device. Holes and electrons may be injected from the pixel
electrode 190 and the common electrode 270 into the organic
light emitting layer 370, and when excitons formed as the
holes and electrons injected into the organic light emitting
layer 370 are combined change from an excited state to a
ground state, the organic light emitting layer 370 may emit
light.

[0119] The common electrode 270 may receive a common
voltage and may be made of a reflective metal such as calcium
(Ca), barium (Ba), magnesium (Mg), aluminum, silver, or the
like, or a transparent conductive material such as ITO or 1ZO.
[0120] Compositions of the electron blocking layer and the
hole blocking layer of the organic light emitting diode corre-
spond to the previous description. For example, a first com-
pound (e.g., a phenyl-based compound) may be included in
the electron blocking layer of the organic light emitting diode,
and simultaneously a second compound (e.g., an anthracene-
based compound) may be included in the hole blocking layer.
[0121] In the organic light emitting device, the first semi-
conductor layer 151a, the first control electrode 124a con-
nected to the gate line 121, the first input electrode 173a
connected to the data line 171, and the first output electrode
175a may configure a switching thin film transistor (TFT) Qs,
and a channel of the switching thin film transistor Qs may be
formed in channel regions 154a1 and 15442 of the first semi-
conductor layer 151a. The second semiconductor layer 1515,
the second control electrode 1245 connected to the first out-
put electrode 175a, the second input electrode 1735 con-
nected to the driving voltage line 172, and the second output
electrode 1755 connected to the pixel electrode 190 may
configure a driving thin film transistor (TFT) Qd, and a chan-
nel of the driving thin film transistor Qd may be formed in the
channel region 1545 of the second semiconductor layer 1515.
The pixel electrode 190, the organic light emitting member
370, and the common electrode 270 may configure an organic
light emitting diode, and the pixel electrode 190 may be and
anode and the common electrode 270 may be a cathode, or the
pixel electrode 190 may be a cathode and the common elec-
trode 270 may be an anode. The overlapping storage electrode
127, the driving voltage line 172, and the storage region 157
may configure a storage capacitor (Cst).

[0122] Theswitching thin film transistor Qs may transmit a
data signal of the data line 171 in response to the gate signal
of the gate line 121. Upon receiving a data signal, the driving
thin film transistor Qd may supply a current that follows a
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voltage difference between the second control electrode 1245
and the second input electrode 1734. A voltage difference
between the second control electrode 1245 and the second
input electrode 1735 may be charged in the storage capacitor
Cst and may be maintained when the switching thin film
transistor Qs is turned off. The organic light emitting diode
may display an image by changing intensity according to the
current supplied by the driving thin film transistor Qd and
emitting light.

[0123] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

Example 1

[0124] Astheanode,a 15 Q/cm® 500 A ITO glass substrate
(manufactured by Corning) was cut to the size of 50 mmx50
mmx0.5 mm, an ultrasonic wave cleaning process was pet-
formed for ten minutes using isopropyl alcohol and pure
water, ultraviolet rays were irradiated thereto for ten minutes,
they were exposed to ozone to be cleaned, and the glass
substrate is was in a vacuum deposition device.

[0125] A fourth compound (2-TNATA) represented by For-
mula 4 was vacuum-deposited as a 600 A-thick hole injection
layer on the glass substrate.

[Formula 4]

ool

OO

O

[0126] A fifth compound (4,4'-bis[N-(1-naphthyl)-N-phe-
nyl-amino]biphenyl (NPB)) represented by Formula 5 was
formed to be a 300 A thick hole transport layer.
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[Formula 5]

O I
O Z

[0127] A compound represented by Formula 1-1 was
vacuum-deposited to a thickness of 100 A as an electron
blocking layer on an upper portion of the hole transport layer.

[Formula 1-1]

avavlatas

[0128] A 300 A-thick emission layer was formed on an
upper portion of the electron blocking layer by doping 5 wt %
of a third compound represented by Formula 3 (as a dopant of
the emission layer) into a sixth compound (MADN) repre-
sented by Formula 6 (as a host of the emission layer).

[Formula 6]

©§O ~

[Formula 3]

19
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[0129] A compound represented by Formula 2-1 was
formed to a thickness of 50 A as the hole blocking layet on an
upper portion of the emission layer.

v
O PaUay
\

[0130] Alg3 was deposited to a thickness of 300 A as an
electron transport layer on the hole blocking layer, and Al was
vactum-deposited to a thickness of 1,200 A to form an Al
electrode (cathode electrode), and accordingly manufacture
an organic electroluminescence element.

[0131] Element performance (=current efficiency, Cd/A)
when driving the manufactured organic light emitting diode
was measured with a current density of 10 mA/cm?, and a
time (=lifespan) when initial luminance was reduced to be
80% of initial luminance with the current density 50 mA/cm?®
was determined.

[0132] For Examples 2 to 15 and Comparative Examples 2
to 5, a diode was manufactured under the same conditions as
in Example 1, except for using the materials outlined in Table
1, below, in the electron blocking layer or the hole blocking
layer, or omitting the electron blocking layer or hole blocking
layer, and performance and lifespan thereof were measured.
[0133] For Comparative Example 1, a diode was manufac-
tured under the same conditions, except for not including the
electron blocking layer and the hole blocking layer, and effi-
ciency and lifespan were evaluated.

[0134] Measurement results are shown in Table 1.
TABLE 1

Electron

blocking Hole Efficiency

layer blocking layer (cd/A)  Lifespan (h)
Example 1  Formula 1-1 Formula 2-1 5.2 130
Example 2 Formula 1-2 Formula 2-1 5 120
Example 3 Formula 1-3 Formula 2-1 5.1 120
Example 4  Formula 1-8 Formula 2-1 5.6 110
Example 5 Formula 1-9 Formula 2-1 55 130
Example 6  Formula1-13  Formula 2-1 54 110
Example 7  Formula1-14  Formula 2-1 55 120
Example 8  Formula 1-15  Formula 2-1 5.6 130
Example 9  Formula 1-2 Formula 2-2 54 120
Example 10  Formula 1-8 Formula 2-2 53 130
Example 11  Formula 1-13  Formula 2-2 5.1 100
Example 12 Formula 1-15  Formula 2-2 5.2 110
Example 13 Formula 1-14  Formula 2-5 53 110
Example 14 Formula 1-15  Formula 2-8 5.4 140
Example 15 Formula 1-14  Formula 2-9 5.5 120
Comparative — — 37 55
Example 1
Comparative Formula 1-1 — 4.6 47
Example 2
Comparative — Formula 2-1 4.5 35
Example 3
Comparative Formula 1-15 — 44 50
Example 4
Comparative — Formula 2-2 4.7 60

Example 5
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[0135] As may be seen in Table 1, when the compound of
Formula 1 was included in an electron blocking layer and the
compound of Formula 2 was included in a hole blocking
layer, efficiency and lifespan were substantially improved,
compared to Comparative Example 1 in which the electron
blocking layer and the hole blocking layer were not included.

[0136] Further, compared to the case of selectively includ-
ing the electron blocking layer or the hole blocking layer, as
in Comparative Examples 2 to 4, the Examples acquired a
substantial effect in the viewpoint of efficiency and lifespan.

[0137] By way of summation and review, an organic light
emitting diode device may require a high driving voltage,
may exhibit low light emission luminance or efficiency, and
may have a short light emission lifespan.

[0138] The organic light emitting diode according to an
embodiment may have improved efficiency and lifespan by
including the phenyl-based compound represented by For-
mula 1 as an electron blocking layer and simultaneously
including the anthracene-based compound represented by
Formula 2 as a hole blocking layer.

[0139] The embodiments may provide an organic light
emitting diode having high efficiency and a long lifespan.

[0140] The organic light emitting diode according to an
embodiment may include the phenyl-based compound in the
electron blocking layer ofthe organic light emitting diode and
the anthracene-based compound in the hole blocking layer of
the organic light emitting diode to help improve efficiency
and lifespan of the organic light emitting diode.

[0141] 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 ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments 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 compound represented by the following Formula 1;
and

a second compound represented by the following Formula

[Formula 1]
SN
SN N NG N
b A
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wherein, in Formula 1,

Ar, to Ar, are each independently a substituted or unsub-
stituted aromatic hydrocarbon group, a substituted or
unsubstituted aromatic heterocyclic group, or a substi-
tuted or unsubstituted condensed polycyclic aromatic
group, and

nis an integer of 2 to 4,

(HAr! 57— Ar! O A~ HAS),

wherein, in Formula 2,

[Formula 2]

Ar' is a substituted or unsubstituted phenylene group,

Ar? is a substituted or unsubstituted phenylene group or a
substituted or unsubstituted naphthylene group,

HAr' and HAr* are each independently a substituted or
unsubstituted pyridine group, a quinoline group, or an
isoquinoline group,

p and q are each independently integers of 0 to 3, and

when p or q is 2 or greater, each HAr" is the same as or
different from each other or each HAr? is the same as or
different from each other.

2. The organic light emitting diode as claimed in claim 1,
wherein:

the organic light emitting diode includes:
an anode,
a cathode facing the anode,
an emission layer between the anode and the cathode,

a hole transport layer between the anode and the emis-
sion layer,

an electron blocking layer between the emission layer
and the hole transport layer,

an electron transport layer between the cathode and the
emission layer, and

ahole blocking layer between the emission layer and the
electron transport layer,

the electron blocking layer includes the first compound,
and

the hole blocking layer includes the second compound.
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3. The organic light emitting diode as claimed in claim 1,
wherein the first compound represented by Formula 1 is rep-
resented by one of Formula 1-1 to Formula 1-15:
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4. The organic light emitting diode as claimed in claim 1, —continued
wherein the second compound represented by Formula 2 is
represented by one of Formula 2-1 to Formula 2-9:

o r}o. e -
C‘/ oSt

2-4)

(1-14)

(1-15)

(2-3)
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-continued

(2-5)

2-9)

5. The organic light emitting diode as claimed in claim 2,
wherein the emission layer includes at least one of tris(8-
quinolinolate)aluminum (Alg3), 2-methyl-9,10-di(2-naph-
thyl) anthracene (MADN), 4,4'-N,N'-dicarbazol-biphenyl
(CBP), or poly(n-vinylcarbazole) (PVK).

6. The organic light emitting diode as claimed in claim 5,

wherein the emission layer is doped with a third compound
represented by the following Formula 3:

Feb. 25,2016

[Formula 3]

g5
9ge
O~

7. The organic light emitting diode as claimed in claim 6,
wherein the third compound is included in the emission layer
in an amount of about 5 wt % or less, based on a total weight
of the emission layer.

8. The organic light emitting diode as claimed in claim 2,
wherein the hole transport layer includes at least one of 4,4",
4""-tris[ (3-methylphenyl(phenyl)amino)|triphenylamine
(m-MTDATA), 1,3,5-tris[4-(3-methylphenylphenylamino)
phenyl]benzene (m-MTDATB), copper phthalocyanine
(CuPc), N-phenylcarbazole, polyvinylcarbazole, N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'-diamine
(TPD), N,N'-di(naphthalene-1-yl)-N,N'-diphenyl benzidine
(a-NPD), or 4,4'-bis[N-(1-naphthyl)-N-phenylaminobiphe-
nyl (NPB).

9. The organic light emitting diode as claimed in claim 2,
wherein the electron transport layer includes at least one of
Alg3, TAZ, Balg, or Bebq?2.

10. An organic light emitting device, comprising:

a substrate;

a gate line on the substrate;

a data line and a driving voltage line crossing 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 compound represented by the following Formula

1, and
a second compound represented by the following For-
mula 2:
[Formula 1]
| N N 7 |
- I /
Ar Ar
NN AU NG N

Ar Arz

wherein, in Formula 1,
Ar, to Ar, are each independently a substituted or unsub-
stituted aromatic hydrocarbon group, a substituted or
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unsubstituted aromatic heterocyclic group, or a substi-
tuted or unsubstituted condensed polycyclic aromatic
group, and

nis an integer of 2 to 4,

(HAr! - Ar! O A —HAP),

wherein, in Formula 2,

Ar! is a substituted or unsubstituted phenylene group,

Ar? is a substituted or unsubstituted phenylene group or a
substituted or unsubstituted naphthylene group,

HAr' and HAr" are each independently a substituted or
unsubstituted pyridine group, a quinoline group, or an
isoquinoline group,

a-n

[Formula 2]

{1-3)

csasVe
Q

O
O

-5

ove

o ae
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p and q are each independently integers of 0 to 3, and
when p or q is 2 or greater, each HAr" is the same as or
different from each other or each HAr? is the same as or
different from each other.
11. The organic light emitting device as claimed in claim
10, whetrein:
the organic light emitting diode includes:
an anode,
a cathode facing the anode,
an emission layer between the anode and the cathode,
a hole transport layer between the anode and the emis-
sion layer,
an electron blocking layer between the emission layer
and the hole transport layer,
an electron transport layer between the cathode and the
emission layer, and
ahole blocking layer between the emission layer and the
electron transport layer,
the electron blocking layer includes the first compound,
and
the hole blocking layer includes the second compound.
12. The organic light emitting device as claimed in claim
10, wherein the first compound represented by Formula 1 is
represented by one of Formula 1-1 to Formula 1-15:

0
OO

(1-4)

OOO

(1-6)
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-continued

N@
9
)

X 000"
G OO0

13. The organic light emitting device as claimed in claim -continued
10, wherein the second compound represented by Formula 2 -
is represented by one of Formula 2-1 to Formula 2-9: @2

D
aPaPa®
XY

(1-13)

(1-14)

(1-15)

2-1)

")
SaOaVaw
\/
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-continued

2-9)

14. The organic light emitting device as claimed in claim
11, wherein the emission layer includes at least one of tris(8-
quinolinolate)aluminum (Alg3), 2-methyl-9,10-di(2-naph-
thyl)anthracene (MADN), 4,4'-N,N'-dicarbazol-biphenyl
(CBP), or poly(n-vinylcarbazole) (PVK).

15. The organic light emitting device as claimed in claim
14, wherein the emission layer is doped with a third com-
pound represented by the following Formula 3:

[Formula 3]

16. The organic light emitting device as claimed in claim
15, wherein the third compound is included in the emission
layer in an amount of about 5 wt % or less, based on a total
weight of the emission layer.

17. The organic light emitting device as claimed in claim
11, wherein the hole transport layer includes at least one of
44" 4""-tris[(3-methylphenyl(phenyl)amino)]tripheny-
lamine (m-MTDATA), 1,3,5-tris[4-(3-methylphenylpheny-
lamino)phenyl|benzene (m-MTDATB), copper phthalocya-
nine (CuPc), N-phenylcarbazole, polyvinylcarbazole, N,N'-
bis(3-methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-
diamine (TPD), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl
benzidine (a-NPD), or 4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino[biphenyl (NPB).

18. The organic light emitting device as claimed in claim
11, wherein the electron transport layer includes at least one
of Alq3, TAZ, Balq, or Bebq2.

* ok %k
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