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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an organic light emitting device and a flat panel display device, and more
particularly, to an organic light emitting device including a hole injection layer having a predetermined range of thickness
between a pair of electrodes capable of generating resonance during the operation of the light emitting device, and a
flat panel display device including the organic light emitting device. The organic light emitting device has low driving
voltage, excellent current density, high brightness, excellent color purity, high efficiency, and long lifetime. Particularly,
the organic light emitting device has excellent lifetime.

2. Description of the Related Art

[0002] Organic light emitting devices are self-emission displays that emit light by recombination of electrons and holes
in an organic layer made of a fluorescent or phosphorescent compound when a current is applied to the organic layer.
Organic light emitting devices are lightweight, have simple constituent elements, an easy fabrication process, superior
image quality, and a wide viewing angle. Furthermore, organic light emitting devices can realize dynamic images and
high color purity. Organic light emitting devices also have electrical properties such as low power consumption and low
driving voltage suitable for portable electronic equipment.

[0003] Organic light emitting devices generally have an organic layer in the form of a multi-layer structure including
an electron injection layer, an emission layer, a hole transport layer, etc. instead of including only a single emission layer
toimprove efficiency and to lower driving voltage. For example, Japanese Patent Laid-Open Publication No. 2002-252089
discloses an organic light emitting device including a hole transport layer. US 2006/0017377 A1 discloses another organic
light emitting device with an emission layer having red, green and blue emission regions and a hole injection layer of
uniform thickness formed under the emission regions.

[0004] However, the driving voltage, current density, brightness, color purity, efficiency and lifetime of a conventional
organic light emitting device do not meet desired levels. Accordingly, these properties must be improved.

SUMMARY OF THE INVENTION

[0005] The invention is defined by the claims.

[0006] According to the present invention, there is provided an organic light emitting device. The device comprises a
substrate, a pair of electrodes comprising a reflective electrode and a semitransparent or transparent electrode, and an
organic layer interposed between the reflective electrode and the semitransparent or transparent electrode. The organic
layer comprises an emission layer having a red emission region, a green emission region and a blue emission region.
The organic layer further comprises an hole injection layer having a first region formed under the red emission region,
a second region formed under the green emission region and a third region formed under the blue emission region. The
thickness of the first region is in the range of 1.600 to 2.200 A, the thickness of the second region is in the range of 1.400
to 1.800 A, and the thickness of the third region is in the range of 1.000 to 1.400 A.

[0007] The organic light emitting device may further comprise a hole transport layer. The total thickness of a region
of the hole transport layer and the hole injection layer formed under the red emission region is preferably in the range
of 2.000 to 2.400 A, especially in the range of 1.600 to 2.200 A. The total thickness of a region of the hole transport layer
and the hote injection layer formed under the green emission region is preferably in the range of 1.600 to 2.000 A,
especially in the range of 1.400 to 1.800 A. The total thickness of a region of the hole transport layer and the hole injection
layer formed under the blue emission region is preferably in the range of 1.200 to 1.600 A, especially in the range of
1.000 to 1.400 A.

[0008] The organic light emitting device according to the invention may be used in a flat panel display device, wherein
the first electrode of the organic light emitting device is electrically connected to a source electrode or a drain electrode
of a thin film transistor.

[0009] The organic light emitting device has low driving voltage, excellent current density, high brightness, excellent
color purity, high efficiency, and long lifetime. Particularly, the organic light emitting device has excellent lifetime.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete appreciation of the present invention, and many of the above and other features and advan-
tages of the present invention, will be readily apparent as the same becomes better understood by reference to the
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following detailed description when considered in conjunction with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

FIG. 1 schematically illustrates a structure of an organic light emitting device according to an embodiment of the
present invention;

FIG. 2 schematically illustrates an organic light emitting device including an emission layer comprised of a red
emission region, a green emission region, and blue emission region according to the present invention; and

FIGS. 3 through 7 are graphs illustrating current efficiencies, luminance, and driving voltages of an organic light
emitting device according to Reference Examples 1 to 10.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Hereinafter, the presentinvention will now be described more fully with reference to the accompanying drawings,
in which exemplary embodiments of the invention are shown. The invention may, however, be embodied in many different
forms and should not be construed as being 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 the concept of the invention to those
skilled in the art.

[0012] An organic light emitting device according to an embodiment of the present invention includes a substrate, a
first electrode, a second electrode and an organic layer. The organic layer is disposed between the first electrode and
the second electrode and includes an emission layer.

[0013] One of the first electrode and the second electrode is a reflective electrode and the other is a semitransparent
or transparent electrode. Accordingly, resonance may occur between the first electrode and the second electrode during
the operation of the light emitting device. Thus, the light generated in the organic layer between the first electrode and
the second electrode resonates between the first electrode and the second electrode during the operation of the light
emitting device, and the light is extracted from of the organic light emitting device. Thus, luminance of the light and light
emitting efficiency can be enhanced.

[0014] Thefirstelectrode may be formed on the substrate. For example, the first electrode may be a reflective electrode,
and the second electrode may be a semitransparent or transparent electrode. Accordingly, the light generated in the
organic layer between the first electrode and the second electrode resonates between the first electrode and the second
electrode during the operation of the light emitting device, and the light is extracted through the second electrode, that
is, in a direction away from the substrate.

[0015] The organic layer of the organic light emitting device according to the current embodiment of the present
invention includes a phenylcarbazole-based compound. In particular, the organic layer may include a layer including at
least one of the compounds represented by formulae (1) to (3) below.

(1)

where X is selected from the group consisting of a substituted or unsubstituted C4-C5 alkylene group, a substituted or
unsubstituted C,-C5, alkenylene group, a substituted or unsubstituted C4-Cs, arylene group, a substituted or unsubsti-
tuted C,-Cj3q heteroarylene group, and a substituted or unsubstituted C,-C5, hetero ring,

each R4, each R, and each Rj is independently selected from the group consisting of a hydrogen atom, a substituted
or unsubstituted C4-Cj alkyl group, a substituted or unsubstituted C4-C5 alkoxy group, a substituted or unsubstituted
Ce-Csg aryl group, a substituted or unsubstituted Cg-C5 aryloxy group, a substituted or unsubstituted C,-C5, hetero
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ring, a substituted or unsubstituted C5-C3, polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted
or unsubstituted amino group, wherein two or more of R4, R, and R5 can be optionally bound with one another to form
a saturated or unsaturated carbon ring, and

each Ary, is independently selected from the group consisting of substituted or unsubstituted Cg-C5 aryl group and a
substituted or unsubstituted C,-C3, heteroaryl group;

0%
N

wherein R, and Ry are independently selected from the group consisting of a hydrogen atom, a substituted or unsub-
stituted C4-C5 alkyl group, a substituted or unsubstituted C4-C5, alkoxy group, a substituted or unsubstituted Cg-Cs,
aryl group, a substituted or unsubstituted -Cg-C5 aryloxy group, a substituted or unsubstituted C,-Cs, hetero ring, a
substituted or unsubstituted C5-C5 polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted or
unsubstituted amino group, wherein R, and Rg, can be optionally bound with one another to form a saturated or unsatu-
rated carbon ring, and

Ar, is a substituted or unsubstituted C4-Cjq aryl group or a substituted or unsubstituted C,-C5, heteroaryl group; and

(3)

wherein Rg, R; and Rg are independently selected from the group consisting of a hydrogen atom, a substituted or
unsubstituted C4-C5, alkyl group, a substituted or unsubstituted C4-C5, alkoxy group, a substituted or unsubstituted
Cg-C5 aryl group, a substituted or unsubstituted Cg-C5 aryloxy group, a substituted or unsubstituted C,-C5, hetero
ring, a substituted or unsubstituted C5-C3, polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted
or unsubstituted amino group, wherein Rg and R; can be optionally bound with one another to form a saturated or
unsaturated carbon ring,

Ar, is a substituted or unsubstituted Cg-Cjq aryl group or a substituted or unsubstituted C,-C5, heteroaryl group,

each Y is selected independently from the group consisting of a substituted or unsubstituted C4-C5, alkyl group, a
substituted or unsubstituted C4-C3q aryl group, and a substituted or unsubstituted C,-Cs, hetero ring, and

m and n are an integer from 0 to 5.

The compounds represented by formula (1), (2), and (3) have a stiff carbazole group, and thus the glass transition
temperature or the melting point of the compounds increases. During the operation of the organic light emitting device
according to the current embodiment of the present invention, the compounds are highly resistant to heat generated in
the organic layer, between the organic layers, or between the organic layer and the electrode according to Joule’s Law,
and are stable in a high temperature environment. Thus, when the compounds are used to form the organic layer of the
organic light emitting device of the present embodiment, long lifetime and excellent luminance can be obtained.
[0016] In particular, the compounds represented by formulae (1) and (2) which have two or more carbazole groups
may provide long lifetime and excellent brightness.

[0017] In addition, the organic light emitting device of the present embodiment including an organic layer containing
a compound represented by formula (1), (2) or (3) has excellent stability during storage and operation. This feature can
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be explained by, for example, but not limited to, a high Tg (glass transition temperature) of the compound represented
by formula (1), (2) or (3).

[0018] The compound represented by formula (1) may include a compound represented by formula (1a) below, but
is not limited thereto.

Formula {1a)

Ri~E_ N \ R
_— Y

[0019] Here, each R4, each R,, and each R; are each independently one of a hydrogen atom, a substituted or
unsubstituted C4-C5, alkyl group, a substituted or unsubstituted C4-C5 alkoxy group, a substituted or unsubstituted
Ce-Csg aryl group, a substituted or unsubstituted Cg-C5 aryloxy group, a substituted or unsubstituted C,-C5, hetero
ring, a substituted or unsubstituted C5-C3 polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted
or unsubstituted amino group, wherein two or more of R4, R, and R4 can be optionally bound with one another to form
a saturated or unsaturated carbon ring; and

each Q; is independently one of a hydrogen atom, a cyano group, a fluorine atom, a substituted or unsubstituted C4-C5,
alkyl group, a substituted or unsubstituted C4-C5( aryl group, a substituted or unsubstituted C,-C5, hetero ring, and a
substituted or unsubstituted amino group.

[0020] The compound represented by formula (1) may include a compound represented by formula (1 b) below, but
is not limited thereto.

Formula (1b)

Here, each R4, each R,, and each R; are each independently one of a hydrogen atom, a substituted or unsubstituted
C-C3q alkyl group, a substituted or unsubstituted C4-C5, alkoxy group, a substituted or unsubstituted Cg-C3q aryl group,
a substituted or unsubstituted Cg-Cj aryloxy group, a substituted or unsubstituted C,-C5, hetero ring, a substituted or
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unsubstituted C5-C5 polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted or unsubstituted
amino group, wherein two or more of Ry, R, and R; can be optionally bound with one another to form a saturated or
unsaturated carbon ring; and

each Q, is one selected from the group consisting of a hydrogen atom, a cyano group, a fluorine atom, a substituted or
unsubstituted C4-C3q alkyl group, a substituted or unsubstituted Cg-C4q aryl group, a substituted or unsubstituted C,-Cs
hetero ring, and a substituted or unsubstituted amino group.

[0021] The compound represented by formula (2) may include a compound represented by formula (2a) below, but
is not limited thereto.

Formula (2a)

.

[0022] Here, R, and Rg are each independently one of a hydrogen atom, a substituted or unsubstituted C4-C5 alkyl
group, a substituted or unsubstituted C4-C5, alkoxy group, a substituted or unsubstituted C4-C3 aryl group, a substituted
or unsubstituted Cg-Cs aryloxy group, a substituted or unsubstituted C,-Cs hetero ring, a substituted or unsubstituted
C5-Cj polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted or unsubstituted amino group,
wherein R4, and R; can be optionally bound with one another to form a saturated or unsaturated carbon ring; and

Qs is one of a hydrogen atom, a cyano group, a fluorine atom, a substituted or unsubstituted C4-C3 alkyl group, a
substituted or unsubstituted C4-Cs, aryl group, a substituted or unsubstituted C,-C5 hetero ring, and a substituted or
unsubstituted amino group.

[0023] The compounds of formula (3) may be represented by formula (3c¢):

(3¢)

where Ry is selected from the group consisting of a hydrogen atom, a substituted or unsubstituted C4-Cj alkyl group,
a substituted or unsubstituted C4-C5 alkoxy group, a substituted or unsubstituted Cg-C5 aryl group, a substituted or
unsubstituted Cg-C5 aryloxy group, a substituted or unsubstituted C,-C5( hetero ring, a substituted or unsubstituted
C5-Cjq polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted or unsubstituted amino group.
[0024] The compound represented by formula (3) may include a compound represented by formula (3a) or formula
(3d) below, but is not limited thereto.
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Formula (3a)

[0025] Here, Rg, R; and Ry are each independently one of a hydrogen atom, a substituted or unsubstituted C4-C5,
alkyl group, a substituted or unsubstituted C4-C5, alkoxy group, a substituted or unsubstituted Cg-C5, aryl group, a
substituted or unsubstituted Cg-C5 aryloxy group, a substituted or unsubstituted C,-C3, hetero ring, a substituted or
unsubstituted C5-C5( polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted or unsubstituted
amino group, wherein two or more of Rg, R; and Rg can be optionally bound with one another to form a saturated or
unsaturated carbon ring; and Qq is one of a hydrogen atom, a cyano group, a fluorine atom, a substituted or unsubstituted
C4-C5 alkyl group, a substituted or unsubstituted Cg-C5 aryl group, a substituted or unsubstituted C,-C3, hetero ring,
and a substituted or unsubstituted amino group.

Formula (3d)

(3d)

where Rg, R; and Rg are each independently selected from the group consisting of a hydrogen atom, a substituted or
unsubstituted C4-C5, alkyl group, a substituted or unsubstituted C4-C5 alkoxy group, a substituted or unsubstituted
Ce-Cs aryl group, a substituted or unsubstituted Cg-C5 aryloxy group, a substituted or unsubstituted C,-C5, hetero
ring, a substituted or unsubstituted C5-C5 polycyclic condensed ring, a hydroxy group, a cyano group, and a substituted
or unsubstituted amino group, wherein two or more of Rg, R; and Rg can be optionally bound with one another to form
a saturated or unsaturated carbon ring; and

Q, is selected from the group consisting of a hydrogen atom, a cyano group, a fluorine atom, a substituted or unsubstituted
C,-C3q alkyl group, a substituted or unsubstituted Cg-C5 aryl group, a substituted or unsubstituted C,-Cs hetero ring,
and a substituted or unsubstituted amino group. Preferably, Rq is a hydrogen atom and/or Rg and R; may each be a
methyl group or a phenyl group.
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[0026] Hereinafter, examples of the groups used to form the compounds represented by the above formulae will now
be described in more detail.

[0027] Examples of the unsubstituted C4-C5 alkyl group may include a methyl group, an ethyl group, a propyl group,
an isobutyl group, a sec-butyl group, a pentyl group, an iso-amyl group, and a hexyl group. At least one hydrogen atom
in the unsubstituted C4-C5 alkyl group may be substituted with a halogen atom, a C4-Cs alkyl group, a C4-C3, alkoxy
group, a low alkylamino group, a hydroxy group, a nitro group, a cyano group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxyl group, a sulfonic acid group, and a phosphoric acid group.

[0028] Examples of the unsubstituted C4-C5, alkoxy group may include a methoxy group, an ethoxy group, a propoxy
group, an isobutyloxy group, a sec-butyloxy group, a pentyloxy group, an iso-amyloxy group, and a hexyloxy group. At
least one hydrogen atom in the unsubstituted C4-Cj, alkoxy group may be substituted with the groups described above
with reference to the C4-Cjzq alkyl group.

[0029] The Cg4-Csy aryl group indicates a carbocyclic aromatic system containing one or more rings, wherein such
rings may be bonded together in a pendent manner or may be fused. The term "aryl group" may include an aromatic
system such as a phenyl group, a naphthyl group, and a tetrahydronaphthyl group. At least one hydrogen atom in the
Ce-Cjq aryl group may be substituted with the groups described above with reference to the C4-C5 alkyl group.
[0030] The C,-C5, heteroaryl group indicates a monovalent monocyclic ring compound having 2 to 30 membered
rings including C and 1 to 3 hetero atoms selected from the group consisting of N, O, P, and S, wherein such rings may
be bonded together in a pendent manner or may be fused. Examples of the C,-Cs, heteroaryl group may include a
pyridyl group, a thienyl group, and a furyl group. At least one hydrogen atom in the C,-C5, heteroaryl group may be
substituted with the groups described above with reference to the C;-Cj, alkyl group.

[0031] Ary, Ar, and Arz may be preferably a phenyl group, a C4-C, alkylphenyl group, a C4-C,, alkoxyphenyl group,
a halophenyl group, a cyanophenyl group, a dicyanophenyl group, a trifluoromethoxyphenyl group, an o-, m-, or p-olyl
group, an o-, m- or p-cumenyl group, a mesityl group, a phenoxyphenyl group, a (o, o-dimethylbenzene)phenyl group,
a (N,N’-dimethyl)aminophenyl group, a (N,N’-diphenyl)aminophenyl group, a (C4-C,, alkylcyclohexyl)phenyl group, an
(anthracenyl)phenyl group, a biphenyl group, a C4-C, alkylbiphenyl group, a C4-C,, alkoxybiphenyl group, a pentalenyl
group, an indenyl group, a naphthyl group, a C4-C, alkylnaphthyl group, a C,4-C,, alkoxynaphthyl group, a halonaphthyl
group, a cyanonaphthyl group, a biphenylenyl group, a C4-C, alkyl biphenylenyl group, a C4-C, alkoxy biphenylenyl
group, an anthracenyl group, an azulenyl group, a heptalenyl group, an acenaphthylenyl group, a phenalenyl! group, a
fluorenyl group, an anthraquinolyl group, a methylanthryl group, a phenanthrenyl group, a triphenylenyl group, a pyrenyl
group, a chrysenyl group, an ethyl-chrysenyl group, a picenyl group, a perylenyl group, a chloroperylenyl group, a
pentaphenyl group, a pentacenyl group, a tetraphenylenyl group, a hexaphenyl group, a hexacenyl group, a rubicenyl
group, a coronenyl group, a trinaphthylenyl group, a heptaphenyl group, a heptacenyl group, a pyranthrenyl group, an
ovalenyl group, a carbazolyl group, a C4-C, alkyl carbazolyl group, a thiophenyl group, an indolyl group, a purinyl group,
a benzimidazolyl group, a quinolinyl group, a benzothiophenyl group, a parathiazinyl group, a pyrrolyl group, a pyrazolyl
group, an imidazolyl group, an imidazolinyl group, an oxazolyl group, a thiazolyl group, a triazolyl group, a tetrazolyl
group, an oxadiazolyl group, a pyridinyl group, a pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, and a thian-
threnyl group.

[0032] More particularly, preferred compounds represented by formula (1), (2) or (3) are each independently one of
compounds 1 to 62 below.
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(2b) and (3b)

[0034]

A X Ar
r1\N/ \N/ 1 (10)
H H
Al (2b)
NH, :

(3b)

The intermediate B may be synthesized according to the following reaction scheme:

18
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ZI

Cul, K,CO,, 18-C-6

DMPU, 170°C.

A |2 HglOg, ACOH ; |
| N
B

-0

[0035] The compound represented by formula (1) may be synthesized through a reaction between a phenylcarbazole
(B’) with a diamine (C’) according to Reaction Scheme 1 below.

*

Reaction Scheme 1

R R
R A P
> @ 4
N R2 N R R N Ra
4 p 3 ~
HN—X—NH * Rgp N N LI G 2 )
/ \ ~ N\ /7 A — — = —
Ar1 Al"1 = —
pa N—-X—N\
’ . Ar1 AI’1
(€) (B") formula (1)

[0036] Here, X, Ry, Ry, R3, and Ar, are already described above and Z can be a halogene, particularly iodine (I). The
reaction can be performed in the presence of Pd,(dba); (dba = dibenzylideneacetone), sodium tert-butoxide and tri(tert-
butyl)phosphine and at a reaction temperatures in the range of 50 to 150.

[0037] The layer which is included in the organic layer and which includes at least one of the compounds represented
by formula (1), (2) or (3) may be a hole injection layer, a hole transport layer, or a single layer having hole injecting and
transporting properties.

[0038] For example, the layer included in the organic layer and including at least one of the compounds represented
by formula (1), (2) or (3) may be a hole injection layer.

[0039] The thickness of the hole injection layer formed under the red emission layer is in the range of 1.600 to 2.200
A, and preferably 1.900 to 2.200 A. When the thickness of the hole injection layer formed under the red emission region
is within the ranges described above, hole injecting and transporting properties suitable for causing resonance in a red
emission layer of the organic layer can be obtained, and thus color purity, efficiency of the device, and a driving voltage
of the device may be improved. In certain embodiments, the thickness of the hole injection layer formed under the red
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emission layer may be 1600, 1620, 1640, 1660, 1680, 1700, 1720, 1740, 1760, 1780, 1800, 1820, 1840, 1860, 1880,
1900, 1920, 1940, 1960, 1980, 2000, 2020, 2040, 2060, 2080, 2100, 2120, 2140, 2160, 2180, or 2200 A. In some
embodiments, the thickness of the hole injection layer formed under the red emission layer may be within a range defined
by two of the foregoing thicknesses.

[0040] The thickness of the hole injection layer formed under the green emission region is in the range of 1.400 to
1.800 A, and preferably 1.600 to 1.800 A. When the thickness of the hole injection layer is within the ranges described
above, hole injecting and transporting properties suitable for causing resonance in a green emission layer of the organic
layer can be obtained, and thus color purity, efficiency of the device, and the driving voltage of the device may be
improved. In certain embodiments, the thickness of the hole injection layer formed under the green emission layer may
be, 1400, 1420, 1440, 1460, 1480, 1500, 1520, 1540, 1560, 1580, 1600, 1620, 1640, 1660, 1680, 1700, 1720, 1740,
1760, 1780, or 1800 A. In some embodiments, the thickness of the hole injection layer formed under the green emission
layer may be within a range defined by two of the foregoing thicknesses.

[0041] The thickness of the hole injection layer formed under the blue emission region is in the range of 1.000 to 1.400
A, and preferably 1.100 to 1.300 A. When the thickness of the hole injection layer formed under the blue emission region
is within the ranges described above, hole injecting and transporting properties suitable for causing resonance in a blue
emission layer of the organic layer can be obtained, and thus color purity, efficiency of the device, and the driving voltage
of the device may be improved. In certain embodiments, the thickness of the hole injection layer formed under the blue
emission layer may be, 1000, 1020, 1040, 1060, 1080, 1100, 1120, 1140, 1160, 1180, 1200, 1220, 1240, 1260, 1280,
1300, 1320, 1340, 1360, 1380, or 1400 A. In some embodiments, the thickness of the hole injection layer formed under
the blue emission layer may be within a range defined by two of the foregoing thicknesses.

[0042] The organic layer may further include a hole transport layer.

[0043] The total thickness of a region of the hole injection layer formed under a red omission region and the hole
transport layer may be in the range of 2.000 to 2.400 A, and preferably 2.100 to 2.300 A. The thickness of the region of
the hole injection layer formed under a red emission region may be in the range of 1,600 to 2.200 A, and preferably
1.900 to 2.200 A. When the total thickness of the region of the hole injection layer formed under the red emission region
and the hole transport layer and/or the thickness of the region of the hole injection layer formed under the red emission
region are within the ranges described above, hole injecting and transporting properties suitable for causing resonance
in the red emission layer can be obtained, and thus color purity, efficiency of the device, and the driving voltage of the
device may be improved. In certain embodiments, total thickness of a region of the hole injection layer formed under
the red emission region and the hole transport layer may be, 2000, 2020, 2040, 2060, 2080, 2100, 2120, 2140, 2160,
2180, 2200, 2220, 2240, 2260, 2280, 2300, 2320, 2340, 2360, 2380, or 2400 A. In some embodiments, the total thickness
of the hole injection layer and the hole transport layer formed under the red emission layer may be within a range defined
by two of the foregoing thicknesses.

[0044] The total thickness of a region of the hole injection layer formed under a green emission region and the hole
transport layer may be in the range of 1.600 two 2.000 A, and preferably 1.700 to 1.900 A. The thickness of the region
of the hole injection layer formed under the green emission region may be in the range of 1.400 to 1.800 A, and preferably
1.600 to 1.800 A. When the total thickness of the region of the hole injection layer formed under the green emission
region and the hole transport layer and/or the thickness of the region of the hole injection layer formed under the green
emission region are within the ranges described above, hole injecting and transporting properties suitable for causing
resonance in the green emission layer can be obtained, and thus color purity, efficiency of the device, and a driving
voltage of the device may be improved. In certain embodiments, total thickness of a region of the hole injection layer
formed under the green emission region and the hole transport layer may be, 1600, 1620, 1640, 1660, 1680, 1700,
1720, 1740, 1760, 1780, 1800, 1820, 1840, 1860, 1880, 1900, 1920, 1940, 1960, 1980, or 2000 A. In some embodiments,
the total thickness of the hole injection layer and the hole transport layer formed under the green emission layer may
be within a range defined by two of the foregoing thicknesses.

[0045] The total thickness of a region of the hole injection layer formed under a blue emission region and the hole
transport layer may be in the range of 1.200 to 1.600 A, and preferably 1.300 to 1.500 A. The thickness of the region of
the hole injection layer formed under the blue emission region may be in the range of 1.000 to 1.400 A, and preferably
1.100 to 1.300 A. When the total thickness of the region of the hole injection layer formed under the blue emission region
and the hole transport layer and/or the thickness of the region of the hole injection layer formed under the blue emission
region are within the ranges described above, hole injecting and transporting properties suitable for causing resonance
in the blue emission layer can be obtained, and thus color purity, efficiency of the device, and the driving voltage of the
device may be improved. In certain embodiments, total thickness of a region of the hole injection layer formed under
the blue emission region and the hole transport layer may be, 1200, 1220, 1240, 1260, 1280, 1300, 1320, 1340, 1360,
1380, 1400, 1420, 1440, 1460, 1480, 1500, 1520, 1540, 1560, 1580, or 1600 A. In some embodiments, the total thickness
of the hole injection layer and the hole transport layer formed under the blue emission layer may be within a range
defined by two of the foregoing thicknesses.

[0046] Resonance can occur between the first electrode and the seconde electrode of an organic light emitting device
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according to an embodiment of the present invention during the operation thereof. The hole injection layer of the organic
layer disposed between the first electrode and the second electrode may have a specific thickness according to the
color of the light emitted by the organic layer described above to obtain excellent properties such as driving voltage,
current density, luminance, color purity, efficiency and lifetime of the organic light emitting device.

[0047] In an organic light emitting device according to the present invention, the first electrode can be formed on the
substrate. The first electrode may be a reflective electrode and the second electrode may be a semitransparent or
transparent electrode. Thus, resonance may occur between the first electrode and the second electrode during the
operation of the device. Accordingly, the light generated in the organic layer between the first electrode and the second
electrode resonates between the first electrode and the second electrode during the operation of the organic light emitting
device, and the light is extracted through the second electrode, that is, in a direction away from the substrate.

[0048] The organic layer of the organic light emitting device includes an emission layer and a hole injection layer. The
organic layer may further include at least one of a hole transport layer, an electron blocking layer, a hole blocking layer,
an electron transport layer, and an electron injection layer. Thus, for example, an organic light emitting device according
to an embodiment of the present invention may have a structure of substrateffirst electrode/hole injection layer (HIL)/
hole transportlayer (HTL)/emission layer (EML)/hole blocking layer (HBL)/electron transport layer (ETL)/electroninjection
layer (EIL)/second electrode as illustrated in FIG. 1.

[0049] Hereinafter, Examples and methods of manufacturing an organic light emitting device according to an embod-
iment of the present invention will be described with reference to the organic light emitting device illustrated in FIGS. 1
and 2. FIG. 1 schematically illustrates a structure of an organic light emitting device according to an embodiment of the
present invention. FIG. 2 schematically illustrates an organic light emitting device including red, green, and blue emission
layers according to the present invention.

[0050] Referring to FIG. 2, a first electrode 210 is formed on a substrate 200. Here, the substrate 200, which can be
any substrate that is commonly used in conventional organic light emitting devices, may be a glass substrate or a plastic
substrate with excellent transparency, surface smoothness, ease of treatment, and that is waterproof.

[0051] The first electrode 210 may be a reflective electrode, a semitransparent electrode or a transparent electrode
formed of a metal with excellent conductivity such as Li, Mg, Al, Al-Li, Ca, Mg-In, Mg-Ag, and Ca-Al, or a metal oxide
with excellent conductivity such as ITO, IZO, and IN,O3. A combination of two or more of the metals or the metal oxides
described above can also be used.

[0052] Then a pixel defining layer 214 which defines regions in which red, green, and blue emission layers will be
formed is formed on predetermined regions. The pixel defining layer 214 can be formed by deposition or coating, etc.
using inorganic materials such as a silicon oxide and a nitride or organic materials having insulating properties.

[0053] Then, a HIL 216 and a HTL 218 are sequentially formed on the first electrode 210 by thermal evaporation or
spin coating according to regions which are defined by the pixel defining layer 214.

[0054] The HIL 216 may include at least one of the compounds represented by Formulae 1, 2, and 3. The HTL 218
may include 1,3,5-tricarbazolylbenzene, 4,4’-biscarbazolylbiphenyl, polyvinylcarbazole, m-biscarbazolylphenyl, 4,4’-bis-
carbazolyl-2,2’-dimethylbiphenyl, 4,4’,4"-tri(N-carbazolyl)triphenylamine, 1,3,5-tri(2-carbazolylphenyl)benzene, 1,3,5-
tris(2-carbazolyl-5-methoxyphenyl)benzene, bis(4-carbazolylphenyl)silane, N,N’-bis(3-methylphenyl)-N,N’-diphe-
nyl-[1,1-biphenyl]-4,4’-diamine (TPD), N,N’-di(naphthalene-1-yl)-N,N’-diphenylbenzidine (a-NPD), N,N’-diphenyl-N,N’-
bis(1-naphthyl)-(1,1’-biphenyl)4,4’-diamine(NPB), IDE 320 (Idemitsu Corporation), poly(9,9-dioctylfluorene-co-N-(4-
butylphenyl)diphenylamine (TFB), or poly(9,9-dioctylfluorene-co-bis-(4-butylphenyl-bis-N,N-phenyl-1,4-phenylenedi-
amin (PFB), but is not limited to the above-described examples.

[0055] The thickness of the HIL 216 and the HTL 218 are described above.

[0056] TheHIL 216 canbe formed using a known method such as vacuum deposition, spin coating, casting or Langmuir
Blodgett (LB).

[0057] When the HIL 216 is formed by vacuum deposition, vacuum deposition conditions may vary according to a
compound that is used to form the HIL 216, and the structure and thermal properties of the HIL 216 to be formed. In
general, however, conditions for vacuum deposition may include a deposition temperature of 100-500°C, a pressure of
10-8 -10-3 torr, and a deposition speed of 0.01-100 A/sec.

[0058] When the HIL 216 is formed by spin coating, coating conditions may vary according to a compound that is used
to form the HIL 216, and the structure and thermal properties of the HIL 216 to be formed. In general, however, the
coating speed may be in the range of about 2000 to 5000 rpm, and a temperature for heat treatment, which is performed
to remove a solvent after coating may be in the range of about 80 to 200°C.

[0059] The HTL 218 can be formed using a known method such as vacuum deposition, spin coating, casting or LB.

[0060] When the HTL 218 is formed by vacuum deposition and spin coating, conditions for deposition and coating are
similar to those for formation of the HIL 216, although conditions for deposition and coating may vary according to a
material that is used to form the HTL 218.

[0061] Red, green and blue EMLs, 220, 225, and 230 are formed on the HTL 218. The material used to form the red,
green and blue EMLs, 220, 225, and 230 is not limited.
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[0062] For example, DCM1, DCM2, Eu(thenoyltrifluoroacetone)3 (Eu(TTA)3), and butyl-6-(1,1,7,7 -tetramethyljuloli-
dyl-9-enyl)-4H-pyran (DCJTB) can be used to form the red EML 220. Alternatively, a dopant such DCJTB can be deposited
with Alg3, Alg3 and rubrene can be co-deposited and a dopant can be deposited thereon, or dopants such as BTPIr or
RD 61 can be deposited with 4,4’-N-N’- dicarbazole-biphenyl (CBP) to form the red EML 220, but the present invention
is not limited to the above-described examples.

[0063] For example, Coumarin 6, C545T, quinacridone, and Ir(ppy); can be used to form the green EML 225. Alter-
natively, a dopant such Ir(ppy); can be deposited with CBP, or a dopant such as a coumarin-based material can be
deposited with Alg3 as a host to form the green EML 225, but the present invention is not limited to the above-described
examples. Examples of the coumarin-based dopant may include C314S, C343S, C7,C7S, C6, C6S, C314T,and CC545T.
[0064] For example, oxadiazole dimer dyes (Bis-DAPOXP), spiro compounds (Spiro-DPVBIi, Spiro-6P), triarylamine
compounds, bis(styryl) amine (DPVBIi, DSA), CzTT, Anthracene, TPB, PPCP, DST, TPA, OXD-4, ABBOT, AZM-Zn, and
BH-013X (Idemitsu Corporation) which is an aromatic hydrocarbon compound containing a naphthalene moiety can be
used to form the blue EML 230. Alternatively, a dopant such IDE 105 (Idemitsu Corporation) can be deposited on IDE
140 (Idemitsu Corporation) to form the blue EML 230, but the present invention is not limited to the above-described
examples.

[0065] The thickness of the red, green and blue EMLs, 220, 225 and 230 may be in the range of 200 to 500 A, and
preferably 300 to 400 A. The thickness of each of the red, green and blue, EMLs, 220, 225 and 230 may be the same
or different. When the thickness of the red, green and blue, EMLs, 220, 225 and 230 is within the ranges described
above, excellent lifetime and driving voltage of the light emitting device may be obtained.

[0066] The red, green and blue, EML, 220, 225 and 230 can be formed using a known method such as vacuum
deposition, spin coating, casting or LB. When the red, green and blue, EMLs, 220, 225 and 230 are formed by vacuum
deposition and spin coating, conditions for deposition and coating are similar to those for formation of the HIL 2186,
although conditions for deposition and coating may vary according to the material that is used to form the red, green
and blue, EMLs, 220, 225 and 230.

[0067] A HBL (not shown) can optionally be formed on the red, green and blue, EMLs, 220, 225 and 230 by vacuum
deposition or spin coating. A material that is used to form the HBL should have a capability of transporting electrons and
an ionization potential higher than the red, green and blue, EMLs, 220, 225 and 230, and thus examples of the material
may include bis(2-methyl-8-quinglato)-(p-phenylphenolato)-aluminum (Balq), bathocuproine (BCP), and tris(N-aryl ben-
zimidazole) (TPBI), but are not limited thereto.

[0068] The thickness of the HBL may be in the range of 30 to 60 A, and preferably 40 to 50 A. When the thickness of
the HBL is within the ranges described above, a proper hole blocking capability and the driving voltage of the device
may be obtained.

[0069] The HBL can be formed using a known method such as vacuum deposition, spin coating, casting or LB. When
the HBL is formed by vacuum deposition and spin coating, conditions for deposition and coating are similar to those for
formation of the HIL 216, although conditions for deposition and coating may vary according to the material that is used
to form the HBL.

[0070] An ETL 240 can be optionally formed by vacuum deposition or spin coating on the red, green and blue, EMLs,
220, 225 and 230, or the HBL. The material that is used to form the ETL 240 may be Alqg3, but is not limited thereto.
[0071] The thickness of the ETL 240 may be in the range of about 100 to 400 A, and preferably, 250 to 350 A. When
the thickness of the ETL 240 is greater than 100 A, proper charge balance can be maintained. On the other hand, when
the thickness of the ETL 240 is less than 400 A, proper driving voltage of the device maybe obtained.

[0072] The ETL 240 can be formed using a known method such as vacuum deposition, spin coating, casting or LB.
When the ETL 240 is formed by vacuum deposition and spin coating, conditions for deposition and coating are similar
to those for formation of the HIL 216, although conditions for deposition and coating may vary according to the material
that is used to form the HTL 240.

[0073] An EIL 250 may be formed by vacuum deposition or spin coating on the ETL 240. The material that is used to
form the EIL 250 may be BaF,, LiF, NaCl, CsF, -Li,O, BaO, Liq, or the like, but is not limited thereto.

[0074] The thickness of the EIL 250 may be in the range of 2 to 100 A, preferably, 2 to 5 A, and more preferably 2 to
4 A. When the thickness of the EIL 250 is within the ranges described above, proper electron injecting capability and
the driving voltage of the device may be obtained.

[0075] The EIL 250 can be formed using a known method such as vacuum deposition, spin coating, casting or LB.
When the EIL 250 is formed by vacuum deposition and spin coating, conditions for deposition and coating are similar
to those for formation of the HIL 216, although conditions for deposition and coating may vary according to the material
that is used to form the EIL 250.

[0076] A second electrode 260 is formed on the EIL 250 by deposition to thereby complete the manufacture of the
organic light-emitting device according to the current embodiment of the present invention.

[0077] The material that is used to form the second electrode 260 can be a transparent metal oxide with excellent
conductivity such as ITO, 1ZO, SnO,, and ZnO. Li, Mg, Al, Al-Li, Ca, Mg-In, Mg-Ag, Ca-Al can be used to form a thin
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film of the second electrode 260, and thus the second electrode 260 can be a reflective electrode, a semitransparent
electrode, or a transparent electrode in a various manner. The material used to form the second electrode 260 is not
limited to the above-described examples.

[0078] The first electrode 210 and the second electrode 260 can be an anode or a cathode.

[0079] The organic light emitting device according to the current embodiment of the present invention can be utilized
in various types of flat panel display devices such as a passive matrix organic light emitting device and an active matrix
organic light emitting device. When the organic light emitting device of the present embodiment is utilized in an active
matrix organic light emitting device, the first electrode 210 as a pixel electrode that is formed on the substrate 200 can
be electrically connected to a source electrode or a drain electrode of a thin film transistor. The organic light emitting
device of the present embodiment can also be utilized in a flat panel display that can realize images in two sides.
[0080] Hereinafter, the present invention will be described more specifically with reference to the following Synthesis
Examples of Compounds 8, 9, 10, 11, 14, 28, 35, and 56 and Examples of an organic light emitting device according to
an embodiment of the present invention will now be described in detail. However, the Synthesis Examples and the
Examples are not intended to limit the scope of the present invention. Reference Examples 1 to 10 do not form part of
the invention.

Examples

Synthesis Example 1: Synthesis of Compound 8

[0081] Compound 8 was synthesized through Reaction Scheme 2 below.

Reaction Scheme 2

. | _

N Cul, KoCO;, 18-C6 _ I, HslOg - '
30O : ~;
“ DMPU, 170 °C ACOH Q O
90 % : | '
B

A

BrBr + @_NHZ Pdy(dba)s, P(tBu);, NaOtBu C’; O ‘ hb

Toluene : 5
90 % c
i N
- =
. N . N
. L ' J A\
Pd,(dba), P(tBu)z, NaOtBu __ N
B +‘ Cc N \D/ C N

Toluene
& O

Synthesis of Intermediate A

[0082] 16.7 g (100 mmol) of carbazole, 26.5 g (130 mmol) of iodobenzene, 1.9 g (10 mmol) of Cul, 138 g (1 mol) of
K5CO,, and 530 mug (2 mmol) of 18-crow-6 were dissolved in 500 ml of 1,3-Dimethyt-3,4,5,6-tetrahydro-(1H)-pyrimid-
inone (DMPU), and heated at 170°C for 8 hours.

[0083] After the reaction terminated, the reaction mixture was cooled to room temperature, and the resultant solid
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substance was filtered. Then a small amount of ammonium hydroxide was added to the filtered solution. The resultant
was washed three times with 300 ml of diethylether, and dried in MgSO, under reduced pressure. As a results, a crude
product was obtained. The crude product was purified using a silica gel column chromatography to produce 22 g of
Intermediate A as a white solid (yield 90%).

"H NMR (CDCl;, 400MHz) & (ppm) 8.12 (d, 2H), 7.58-7.53 (m, 4H), 7.46-7.42 (m, 1H), 7.38 (d, 4H), 7.30-7.26 (m,
2H); 13C NMR (CDCl3, 100MHz) & (ppm) 141.0, 137.9, 130.0, 127.5, 127.3, 126.0, 123.5, 120.4, 120.0, 109.9.

Synthesis of Intermediate B

[0084] 2.433 g (10 mmol) of Intermediate A was added to 100 ml of 80% acetic acid. 1.357 g (5.35 mmol) of iodine
(I,) and 0.333 g (1.46 mmol) of o-periodic acid (H5Og) were added thereto in the solid state. Then, the mixture was
stirred at 80°C in a nitrogen atmosphere for 2 hours.

[0085] After the reaction terminated, the resultant solution was extracted three times with 50 ml of ethylether. An
organic layer collected from the mixture was dried over MgSO, to evaporate the solvent. As a result, the dried result
was purified using a silica gel column chromatography to produce 3.23 g of Intermediate B as a white solid (yield 87%).
H NMR (CDCl;, 300MHz) & (ppm) 8.43 (d, 1 H), 8.05 (d, 1 H), 7.62 (dd, 1H), 7.61-7.75 (m, 2H), 7.51-7.43 (m, 3H),
7.41-7.35 (m, 2H), 7.27 (dd, 1 H), 7.14 (d, 1 H)

Synthesis of Intermediate C

[0086] 3.12 g (10 mmol) of 4,4’-dibromodiphenyl, 2.3 ml (25 mmol) of aniline, 2.9 g (30 mmol) of t-BuONa, 183 mg
(0.2 mmol) of Pdy(dba)s, 20 mg (0.1 mmol) of P(t-Bu); were dissolved in 30 ml of toluene and the mixture was stirred
at 90° C for 3 hours.

[0087] The reaction mixture was cooled to room temperature, and the resultant solution was extracted three times
with 30 ml of distilled water and diethylether. A precipitate in an organic layer was filtered, washed with acetone and
diethylether, and dried in a vacuum condition to produce 0.3 g of Intermediate C (yield 90%).

"H NMR (DMSO-dg, 400MHz) § (ppm) 8.22 (s, 2H), 7.48 (d,4H), 7.23 (t, 4H), 7.10 (dd, 8H), 6.82 (t, 2H); 13C NMR
(DMSO-dg, 100MHz) & (ppm) 145.7, 144.3, 133.7, 131.4, 128.7, 121.2, 119.2, 118.9.

Synthesis of Compound 8

[0088] 912 mg (2.47 mmol) of Intermediate B, 336.4 mg (1 mmol) of Intermediate C, 300 mg (3 mmol) of t-BuONa,
40 mg (0.02 mmol) of Pd,(dba);, 3 mg (0.01 mmol) of P(t-Bu); were dissolved in 5 ml of toluene and the mixture was
stirred at 90° C for 3 hours.

[0089] After the reaction terminated, the resultant mixture was cooled to room temperature, and the resultant solution
was extracted three times with distilled water and 30 ml of ethylether. An organic layer collected from the mixture was
dried over MgSO, to evaporate the solvent. As a result, the dried result was purified using a silica gel column chroma-
tography to produce 570 mg of Compound 8 as a yellow solid (Yield 70%).

TH NMR (CDClg, 300MHz) & (ppm) 7.99 (d, 2H), 7.95 (s, 2H), 7.61-7.57 (m, 8H), 7.48-7.32 (m, 12H), 7.27-7.19 (m, 8H),
7.18-7.10 (m, 8H), 6.96 (t, 2H); 13C NMR (CDCl;, 100MHz) & (ppm) 148.4, 147.3, 141.3, 140.4, 138.0, 137.6, 133.9,
129.9, 129.1, 127.4,127.1,127.0, 126.1, 125.6, 124.3, 123.0, 122.9, 122.8, 121.7, 120.5, 119.9, 118.5, 110.7, 109.9.
[0090] Compound 8 was diluted in CHClI5 to a concentration of 0.2 mM and a UV Spectrum of the diluted Compound
8 was obtained. Maximum absorption wavelengths were 353, 306 and 238 nm.

[0091] Td (decomposition temperature) and Tg (glass transition temperature) of Compound 8 were measured by
performing thermal analysis using thermo gravimetric analysis (TGA) and differential scanning calorimetry (DSC) under
the following conditions: N, atmosphere, temperatures of room temperature to 600°C (10°C/min)-TGA and of room
temperature to 400°C-DSC, and Pan Type: Pt Pan in disposable Al Pan (TGA) and disposable Al pan (DSC). The
measured Td was 494°C and Tg was 153°C.

[0092] A highest occupied molecular orbital (HOMO) level of 5.16 eV and a lowest occupied molecular orbital (LUMO)
level of 2.16 eV were obtained using AC-2 that measures UV absorption spectrum and ionization potential.

Synthesis Example 2: Synthesis compound 9

[0093] Compound 9 was synthesized through Reaction Scheme 3 below.
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Reactiqn Scheme 3
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[0094] Intermediate D was synthesized with a yield of 85% in the same manner as in Synthesis Example 1, except
that p-tolylamine was used instead of aniline in the synthesis of Intermediate C of Synthesis Example 1. Then, 2 g (Yield
80%) of Compound 9 as a yellow solid was produced in the same manner as in Synthesis Example 1, except that
Intermediate D was used instead of Intermediate C in the synthesis of Compound 8 of Synthesis Example 1.

THNMR (CgDg, 300MHz) & (ppm) 8.14 (d, 2H), 7.64 (d, 2H), 7.47 (d, 4H), 7.38-7.28 (m, 6H), 7.27-7.25 (m, 8H), 7.23-7.01
(m, 16H), 6.96 (d, 2H), 2.19 (s,6H); 3C NMR (CgDg, 100MHz) § (ppm) 149.0, 147.5, 142.6, 142.2, 139.1, 138.9, 135.1,
132.6, 130.1, 130.7, 128.1, 127.9, 127.2, 126.5, 125.9, 125.0, 124.5, 123.6, 121.8, 121.1, 119.2, 111.8, 110.8, 21.5.
[0095] Compound 9 was diluted in CHClI; to a concentration of 0.2 mM and a UV Spectrum of the diluted Compound
9 was obtained. Maximum absorption wavelengths were 358, 309 and 253 nm.

[0096] Td and Tg of Compound 9 were measured by performing thermal analysis using TGA and DSC under the
following conditions: N, atmosphere, temperatures of room temperature to 600°C (10°C/min)-TGA and of room temper-
ature to 400°C-DSC, and Pan Type: Pt Pan in disposable Al Pan (TGA) and disposable Al pan (DSC). The measured
Td was 480°C and Tg was 155°C.

[0097] A HOMO level of 5.0 eV and a LUMO level of 2.02 eV were obtained using AC-2 that measures UV absorption
spectrum and ionization potential.

Synthesis Example 3: Synthesis Compound 10

[0098] Compound 10 was synthesized through Reaction Scheme 4 below.
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Reaction Scheme 4
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Synthesis of Intermediate E

[0099] 3.69 g (10 mmol) of Intermediate B, 1.42 g (12 mmol) of 4-aminobenzonitril, 1.44 g (15 mmol) of t-BuONa, 183
mg (0.2 mmol) of Pd,(dba),, and 40 mg (0.2 mmol) of p(t-Bu); were dissolved in 50 ml of toluene and the mixture was
stirred at 90°C for 3 hours.

[0100] After the reaction terminated, the resultant mixture was cooled to room temperature, and the resultant solution
was extracted three times with distilled water and 150 ml of diethylether. An organic layer collected from the mixture
was dried over MgSO, to evaporate the solvent. As a result, the dried result was purified using a silica gel column
chromatography to produce 1.8 g of Intermediate E (Yield 50%).

Synthesis of Compound 10

[0101] 2.2g(Yield 86%) of Compound 10 as a yellow solid was produced in the same manner as in Synthesis Example
1, except that Intermediate E and 4,4’-dibromodiphenyl were used instead of Intermediates B and C in the synthesis of
Compound 8 of Synthesis Example 1.

H NMR (CDCl3, 300MHz) & (ppm) 8.02 (d, 2H), 7.97 (d, 2H), 7.64-7.48 (m, 14H), 7.43-7.39 (m, 10H), 7.29-7.22 (m,
8H), 7.03 (d, 4H); 13C NMR (CDCl;, 100MHz) & (ppm) 152.1, 145.6, 141.5, 138.9, 138.2, 137.3, 136.3, 133.2, 130.0,
127.9, 127.8, 127.0, 126.6, 125.8, 125.5, 124.6, 122.7, 120.5, 120.2, 119.9, 119.4, 118.9, 111.2, 110.1, 101.8.

[0102] Compound 10 was diluted in CHCI; to a concentration of 0.2 mM and a UV Spectrum of the diluted Compound
10 was obtained. Maximum absorption wavelengths were 304 and 238 nm.

[0103] Td, Tg and Tm of Compound 10 were measured by performing thermal analysis using TGA and DSC under
the following conditions: N, atmosphere, temperatures of room temperature to 600°C (10°C/min)-TGA and of room
temperature to 400°C-DSC, and Pan Type: Pt Pan in disposable Al Pan (TGA) and disposable Al pan (DSC). The
measured Td was 492°C, Tg was 178°C, and Tm was 263 °C.

[0104] A HOMO level of 5.4 eV and a LUMO level of 2.47 eV were obtained using AC-2 that measures UV absorption
spectrum and ionization potential.

Synthesis Example 4: Syntheses Compound 11

[0105] Compound 11 was synthesized through Reaction Scheme 5 below.
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Reaction Scheme 5

Toluene

| NH : _

Pdz(dba)s, P(tBu);, NaOtBu
Toluene

[0106] Intermediate F was synthesized with a yield of 95% in the same manner as in Synthesis Example 1, except
that 4-fluorophenylamine was used instead of aniline in the synthesis of Intermediate C of Synthesis Example 1. Then,
1.8 g (Yield 84%) of Compound 11 as a yellow solid was produced in the same manner as in Synthesis Example 1,
except that Intermediate F was used instead of Intermediate C in the synthesis of Compound 8 of Synthesis Example 1.
THNMR (CgDg, 300MHz) 3 (ppm) 8.05 (s, 2H), 7.68 (d, 2H), 7.48 (d, 4H), 7.29-7.11 (m, 22H), 7.09-7.01 (m, 6H), 6.78 (t, 4H)
[0107] Compound 11 was diluted in CHClI5 to a concentration of 0.2 mM and UV Spectrum of the diluted Compound
11 was obtained. Maximum absorption wavelengths were 351, 297 and 248 nm.

[0108] Td, Tg, and Tm of Compound 11 were measured by performing thermal analysis using TGA and DSC under
the following conditions: N, atmosphere, temperatures of room temperature to 600°C (10°C/min)-TGA and of room
temperature to 400°C-DSC, and Pan Type: Pt Pan in disposable Al Pan (TGA) and disposable Al pan (DSC). The
measured Td was 464°C, Tg was 151 °C, and Tm was 299°C.

[0109] A HOMO level of 5.1 eV and a LUMO level of 2.28 eV were obtained using AC-2 that measures UV absorption
spectrum and ionization potential.

Synthesis Example 5: Synthesis Compound 14

[0110] Compound 14 was synthesized through Reaction Scheme 6 below.
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Reaction Scheme 6

BI’Br + HoN O dz(dbafc;ll::t::)s' NaOtBu NT‘

Pd,(dba)s, P(tBu)s, NaOtBu

Toluene

[0111] Intermediate G was synthesized with a yield of 90% in the same manner as in Synthesis Example 1, except
that 4-aminobiphenyl was used instead of aniline in the synthesis of Intermediate C of Synthesis Example 1. Then, 3.1
g (Yield 82%) of Compound 14 as a yellow solid was produced in the same manner as in Synthesis Example 1, except
that Intermediate G was used instead of Intermediate C in the synthesis of Compound 8 of Synthesis Example 1.

H NMR (CD,Cl,, 300MHz) § (ppm) 8.02-8.01 (m, 4H), 7.65-7.56 (m, 12H), 7.51-7.46 (m, 10H), 7.43-7.36 (m, 10H),
7.32-7.17 (m, 14H), 13C NMR (CD,Cl,, 100MHz) & (ppm) 148.2, 147.6, 141.8, 141.0, 140.6, 138.6, 137.9, 134.5, 134.4,
130.3, 129.1, 127.9, 127.8, 127.4, 127.3, 127.0, 126.8, 126.6, 126.1, 124.7, 123.5, 123.4, 123.0, 120.8, 120.3, 119.0,
111.1, 110.3.

[0112] Compound 14 was diluted in CHCI; to a concentration of 0.2 mM and a UV Spectrum of the diluted Compound
14 was obtained. Maximum absorption wavelength was 329 nm.

[0113] Td and Tg of Compound 14 were measured by performing thermal analysis using TGA and DSC under the
following conditions: N, atmosphere, temperatures of room temperature to 600°C (10°C/min)-TGA and of room temper-
ature to 400°C-DSC, and Pan Type: Pt Pan in disposable Al Pan (TGA) and disposable Al pan (DSC). The measured
Td was 533°C and Tg was 174°C.

[0114] A HOMO level of 5.2 eV and a LUMO level of 2.27 eV were obtained using AC-2 that measures UV absorption
spectrum and ionization potential.

Synthesis Example 6: Synthesis Compound 28

[0115] Compound 28 was synthesized through Reaction Scheme 7 below.
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Reaction Scheme 7

D ¢
SO QL e

@

N + H2N\© sz(dba);;, P(tBU)g, NaOtBu
Toluene H-N N-H
T ‘@

[

-
&

Pd,(dba)z, P(tBu);, NaOtBu
Toluene

[0116] Intermediate H was synthesized with a yield of 80% in the same manner as in Synthesis Example 1, except
that 3,6-dibromocarbozole was used instead of carbazole in the synthesis of Intermediate A of Synthesis Example 1.
Then, Intermediate | was synthesized with a yield of 85% in the same manner as in Synthesis Example 1, except that
Intermediate H was used instead of 4,4’-dibromodiphenyl in the synthesis of Intermediate C of Synthesis Example 1.
Then, 2.3 g (Yield 81%) of Compound 28 as a yellow solid powder was produced in the same manner as in Synthesis
Example 1, except that Intermediates B and | were used instead of Intermediates B and C in the synthesis of Compound
8 of Synthesis Examples 1.

THNMR (CgDg, 300MHz) & (ppm) 8.13 (s, 2H), 8.04 (s,2H), 7.65 (d, 2H), 7.39-7.31 (m, 4H), 7.27-7.22 (m, 12H), 7.19-6.99
(m, 21H), 6.82 (t, 2H); '3C NMR (CgDg, 100MHz) § (ppm) 150.4, 142.1, 141.9, 141.8, 138.8, 138.2, 138.0, 130.0, 129.9,
129.4, 128.3, 128.0, 127.8, 127.7, 127.3, 127.2, 127.1, 126.4, 126.3, 125.2, 125.1, 125.0, 123.8, 121.0, 120.7, 120.4,
120.2, 119.0, 117.7, 111.2, 110.9, 109.9.

[0117] Compound 28 was diluted in CHClI5 to a concentration of 0.2 mM and UV Spectrum of the diluted Compound
28 was obtained. Maximum absorption wavelengths were 315 and 248 nm.

[0118] Td and Tg of Compound 28 were measured by performing thermal analysis using TGA and DSC under the
following conditions: N, atmosphere, temperatures of room temperature to 600°C (10°C/min)-TGA and of room temper-
ature to 400°C-DSC, and Pan Type: Pt Pan in disposable Al Pan (TGA) and disposable Al pan (DSC). The measured
Td was 460°C and Tg was 175°C.

[0119] A HOMO level of 5.0 eV and a LUMO level of 2.09 eV were obtained using AC-2 that measures UV absorption
spectrum and ionization potential.

Synthesis Example 7: Synthesis Compound 35

[0120] Compound 35 was synthesized through Reaction Scheme 8 below.
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Reaction Scheme 8
CN

NH

N . " Pdy(dba)s. P(tBu)s |
t-BuONa, Toluene - O
| CN 4 @‘“
; e
; sz(dba);;. P(tBu)3

@: AT e

Synthesis of Intermediate J

[0121] 0.316 g (0.856 mmol) of Intermediate B, 0.142 g (1.2 mmol) of 4-aminobenzonitril were dissolved in 5 ml of
toluene and 0.144 g (1.5 mmol) of t-BuONa, 0.018 g (0.02 mmol) of Pd(dba),, and 0.004 to 0.006 g (0.02 to 0.03 mmol)
of (t-Bu);P were added thereto. The mixture was stirred at 80°C for 5 hours. The resultant solution was extracted three
times with 20 ml of ethylether. An organic layer collected from the mixture was dried over MgSO, to evaporate the
solvent. As a result, the dried result was purified using a silica gel column chromatography to produce 0.218 g of
Intermediate J (Yield 71%).

Synthesis of Compound 35

[0122] 0.221 g (0.614 mmol) of Intermediate J, 0.332 g (0.9 mmol) of Intermediate B were dissolved in 10 ml of toluene
and 0.144 g (1.5 mmol) of t-BuONa, 0.018 g (0.02 mmol) of Pd(dba),, and 0.004 to 0.006 g (0.02 to 0.03 mmol) of (t-
Bu);P were added thereto. The mixture was stirred at 90°C for 6 hours. The resultant solution was extracted three times
with 30 ml of ethylether. An organic layer collected from the mixture was dried over MgSO, to evaporate the solvent.
As aresult, the dried result was purified using a silica gel column chromatography to produce 0.236 g of Compound 35
(Yield 64%). Compound 35 was identified by TH-NMR.

TH-NMR (CDCl;, 400MHz) & (ppm) 8.05 (d, 2H), 8.03 (dd,2H), 7.58 (m, 8H), 7.47 (m, 2H), 7.39 (m, 8H), 7.33 (dd, 2H),
7.24 (m, 2H), 6.94 (d, 2H).

Synthesis Example 8: Synthesis Compound 56

[0123] Compound 56 was synthesized through Reaction Scheme 9 below.
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Reaction Scheme 9
' Br_NayCr07 o __PhMgBr __HSO0,
TACOH, 50°C, " “THF,-78°C, ‘Benzene, 80°C,
12 h, 78% 2h, 95% 12 h, 50%

QO Q
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H
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Synthesis of Intermediate K

[0124] 13 g (63 mmol) of 2-bromofluorene was dissolved in 60 ml of acetic acid. The reaction mixture was set 0° C,
and 60 g (200 mmol) of sodium dichromate was gradually added thereto. After 12 hours, 200 ml of distilled water was
added thereto and the reaction mixture was sufficiently stirred. The produced yellow solid was filtered and dried to
produce 10 g of Intermediate K (Yield 78%).

Synthesis of Intermediate L

[0125] 8 g (31.6 mmol) of Intermediate K was dissolved in 60 ml of THF. The temperature of the reaction mixture was
set to -78° C, and 38 ml (38 mmol) of 1 M phenylmagnesium bromide was gradually added thereto. After 2 hours, the
temperature was set to room temperature and stirred for 5 hours. The reaction mixture was diluted in 50 ml of ammonium
chloride solution and extracted three times with 40 ml of ethylacetate. An organic layer collected from the mixture was
dried over MgSO, to evaporate the solvent. As a result, the dried result was purified using a silica gel column chroma-
tography to produce 10 g of Intermediate L (Yield 95%). Intermediate L was identified by '"H-NMR

"H NMR (CDCl5, 400MHz)  (ppm) 7.64 (d, 1H), 7.54-7.47 (m, 2H), 7.44 (d, 1H), 7.39-7.33 (m, 3H), 7.30-7.23 (m, 5H),
2.46 (s, 1H)

Synthesis of Intermediate M

[0126] 10 g (30 mmol) of Intermediate L was dissolved in 60 ml of benzene. 2.4 ml (45 mmol) of sulfuric acid diluted
in a small amount of benzene was added thereto. The reaction mixture was stirred at 80° C for 5 hours. After the benzene
was evaporated, 1 N NaOH was added to the reaction solution to adjust the pH of the reaction solution to 7. Then, the
resultant solution was extracted three times with 40 ml of ethylacetate. An organic layer collected from the mixture was
dried over MgSO, to evaporate the solvent. As a result, the dried result was purified using a silica gel column chroma-
tography to produce 6 g of Intermediate M (Yield 50%).

Synthesis of Intermediate O

[0127] 340 mg (0.856 mmol) of Intermediate M, 142 mg (1.2 mmol) of 4-aminobenzonitril were dissolved in 5 ml of
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toluene and 0.144 g (1.5 mmol) of t-BuONa, 0.018 g (0.02 mmol) of Pd(dba),, and 0.004 to 0.006 g (0.02 to 0.03 mmol)
of (t-Bu);P were added thereto. The mixture was stirred at 80°C for 5 hours. The resultant solution was extracted three
times with 20 ml of ethylether. An organic layer collected from the mixture was dried over MgSO, to evaporate the
solvent. As a result, the dried result was purified using a silica gel column chromatography to produce 0.27 g of Inter-
mediate O (Yield 73%).

Synthesis of Compound 56

[0128] 267 mg (0.614 mmol) of Intermediate O, 0.332 g (0.9 mmol) of Intermediate B (refer to Synthesis Example 1)
were dissolved in 10 ml of toluene and 0.144 g (1.5 mmol) of t-BuONa, 0.018 g (0.02 mmol) of Pd(dba),, and 0.004 to
0.006 g (0.02 to 0.03 mmol) of (t-Bu);P were added thereto. The mixture was stirred at 90°C for 6 hours. The resultant
solution was extracted three times with 30 ml of ethylether. An organic layer collected from the mixture was dried over
MgSO, to evaporate the solvent. As a result, the dried result was purified using a silica gel column chromatography to
produce 0.236 g of Compound 56 (Yield 57%). Compound 56 was identified by TH-NMR.

TH NMR (CDClj, 400MHz) & (ppm) 7.97 (d, 1H), 7.90 (d,1H), 7.69 (d, 1H), 7.65 (d, 1H), 7.60 (d, 2H), 7.56 (dd, 2H), 7.48
(m, 1 H), 7.40 (d, 2H), 7.35 (m, 6H), 7.24 (m, 3H), 7.16 (m, 10H), 7.11 (dd, 1 H), 6.93 (d, 2H)

Reference Example 1

[0129] An aluminium and ITO glass (SDI Co., Ltd.) substrate (1,300 A) was cut into pieces of 50 mm x 50 mm x 0.7
mm in size, followed by ultrasonic cleaning in isopropyl alcohol and deionized water (5 minutes for each) and then UV/
ozone cleaned (30 minutes) to produce a reflective electrode.

[0130] Then, Compound 8 was deposited on the reflective electrode to form a HIL with a thickness of 1,200 A, and
NPB was deposited on the HIL to form a HTL with a thickness of 300 A.

[0131] IDE 140 (Idemitsu Corporation) as a blue fluorescent host and IDE 105 (Idemitsu Corporation) as a blue
fluorescent dopant were deposited at the same time in a weight ratio of 98:2 on the HTL to form a blue EML with a
thickness of 300 A. Then, Balq was deposited on the blue EML to form a HBL with a thickness of 50 A. Alg3 was deposited
on the HBL to form an ETL with a thickness of 250 A. LiF was deposited on the ETL to form an EIL with a thickness of
3 A, and then Mg:Ag was deposited on the EIL to form a semitransparent electrode with a thickness of 180 A. As a
result, an organic light emitting device was manufactured.

[0132] At a driving voltage of 5.5 V, the current density of the organic light emitting device was 23.0 mA/cm?2, the
luminance was 1,179 cd/m2, the color coordinates were (0.113, 0.130), and the light emitting efficiency was 5.13 cd/A.

Reference Example 2

[0133] An organic light emitting device was manufactured in the same manner as in Reference Example 1 except that
Compound 9 was used instead of Compound 8 in the formation of a HIL.

[0134] At a driving voltage of 5.5 V, the current density of the organic light emitting device was 20.1 mA/cm?2, the
luminance was 1,021 cd/m2, the color coordinates were (0.113, 0.120), and the light emitting efficiency was 5.10 cd/A.

Reference Example 3

[0135] An organic light emitting device was manufactured in the same manner as in Reference Example 1 except that
IDE 406 (Idemitsu Corporation) was used instead of Compound 8 in the formation of a HIL.

[0136] At a driving voltage of 5.5 V, the current density of the organic light emitting device was 46.52 mA/cm?2, the
luminance was 784 cd/mZ2, the color coordinates were (0.113, 0.125), and the light emitting efficiency was 4.74 cd/A.

Reference Example 4

[0137] An organic light emitting device was manufactured in the same manner as in Reference Example 1 except that
Li273 (Sensient, Germany) was used instead of Compound 8 in the formation of a HIL.

[0138] At a driving voltage of 5.5 V, the current density of the organic light emitting device was 17.43 mA/cm?2, the
luminance was 695 cd/mZ2, the color coordinates were (0.122, 0.110), and the light emitting efficiency was 3.98 cd/A.

Reference Example 5

[0139] An organic light emitting device was manufactured in the same manner as in Reference Example 1 except that
HI102 (UDC, U.S.A.) was used instead of Compound 8 in the formation of a HIL.
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[0140] At a driving voltage of 5.5 V, the current density of the organic light emitting device was 0.67 mA/cm?2, the
luminance was 1.2 cd/m2, the color coordinates were (0.112, 0.154), and the light emitting efficiency was 0.18 cd/A.

Reference Example 6

[0141] An organic light emitting device was manufactured in the same manner as in Reference Example 1 except that
ELM180 (ELM, Korea) was used instead of Compound 8 in the formation of a HIL.

[0142] At a driving voltage of 5.5 V, the current density of the organic light emitting device was 2.55 mA/cm?2, the
brightness was 52 cd/m?2, the color coordinates were (0.124, 0.105), and the light emitting efficiency was 2.04 cd/A.
[0143] Referring to Reference Examples 1 through 6, when Compound 8 or 9 was used to form the HIL or the thickness
ofthe HIL was controlled, the hole injecting capability increased, and thus the current densities and the current efficiencies
of the organic light emitting devices increased at the same driving voltage and luminance increased. The results of the
current efficiencies at the same voltage are illustrated in FIG. 3.

[0144] The evaluation results for the luminance changes and driving voltage changes of the organic light emitting
devices according to Reference Examples 1 and 3 are shown in FIGS. 4 and 5. An accelerated life test was performed
to measure luminance changes of the organic light emitting devices of Reference Examples 1 and 3. The luminances
were measure after 200 hours at 4,000cd/m? as shown in FIG. 4. The luminance of the organic light emitting device of
Reference Example 1 after 200 hours at 4,000 cd/m2 was 90.2% of the initial luminance, and the luminance of the organic
light emitting device of Reference Example 3 after 200 hours at 4,000 cd/m2 was 86.2% of the initial luminance. FIG. 5
illustrates the accelerated life test results of the driving voltage changes after 400 hours at 4,000 cd/m2. The driving
voltage of the organic light emitting device of Reference Example 1 increased by 0.45 V and the driving voltage of the
organic light emitting device of Reference Example 3 increased by 1.65 V. Referring to FIG. 5, the organic light emitting
device of Reference Example 1 has low power consumption and low driving voltage.

Reference Example 7

[0145] An organic light emitting device was manufactured in the same manner as in Reference Example 1 except that
Compound 11 was deposited on the electrode to form a HIL with a thickness of 1600 A, and CBP and Ir(ppy); as green
light emitting materials were deposited on the HTL to form a green EML with a thickness of 300 A instead of the blue EML.
[0146] Atadriving voltage of 5V, the current density of the organic light emitting device was 7.5 mA/cm?2, the luminance
was 2220 cd/mZ2, the color coordinates were (0.244, 0.71), and the light emitting efficiency was 29.6 cd/A.

Reference Example 8

[0147] An organic light emitting device was manufactured in the same manner as in Reference Example 7 except that
IDE 406 (Idemitsu Corporation) was used instead of Compound 11 in the formation of a HIL.

[0148] At a driving voltage of 5 V, the current density of the organic light emitting device was 7.86 mA/cmZ, the
luminance was 1,900 cd/m2, the color coordinates were (0.246, 0.691), and the light emitting efficiency was 23.9 cd/A.
[0149] The current efficiencies of Reference Examples 7 and 8 are shown in FIG. 6.

Reference Example 9

[0150] An organic light emitting device was manufactured in the same manner as in Reference Example 1 except that
Compound 14 was deposited on the electrode to form a HIL with a thickness of 2000 A, and CBP and BPTIr as red light
emitting materials were deposited on the HTL to form a red EML with a thickness of 300 A instead of the blue EML.

[0151] At a driving voltage of 5 V, the current density of the organic light emitting device was 11.8 mA/cm?2, the
luminance was 1,534 cd/m?2, the color coordinates were (0.687, 0.310), and the light emitting efficiency was 13.0 cd/A.

Reference Example 10

[0152] An organic light emitting device was manufactured in the same manner as in Reference Example 9 except that
IDE 406 (Idemitsu Corporation) was used instead of Compound 14 in the formation of a HIL.

[0153] At a driving voltage of 5 V, the current density of the organic light emitting device was 13.3 mA/cm?2, the
brightness was 1328 cd/m2, the color coordinates were (0.692, 0.306), and the light emitting efficiency was 9.98 cd/A.
[0154] The current efficiencies of Reference Examples 9 and 10 are shown in FIG. 7.

[0155] The driving volta e, efficiency, and color purity characteristics of the organic light emitting devices of Reference
Examples 1-10 were evaluated using an IVL measuring device (PhotoResearch PR650, Keithley 238).
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Example 11

[0156] An organic light emitting device including red, s green, and blue EMLs was manufactured as follows.

[0157] A substrate having a thin film transistor was prepared, and a first electrode composed of Al was formed in a
stripe shape with a thickness of 1000 A. Here, the first electrode was electrically connected to a source electrode or a
drain electrode of the thin film transistor formed on the substrate.

[0158] Red, green and blue sub-pixel defining layers which define regions in which the red, green, and blue EMLs will
be formed were formed on the first electrode using a silicon oxide. Compound 8 was deposited on the regions in which
the red, green and blue EML will be formed to form a HIL. Compound 8 was deposited on the region in which the red
EML will be formed to a thickness of 2000 A, on the region in which the green EML will be formed a thickness of 1600
A, and on the region in which the blue EML will be formed to a thickness of 1200 A to form the HIL. Then, NPB was
deposited on the HIL to form a HTL with a thickness of 300 A.

[0159] CBP and BPTIr as red light emitting materials were deposited on the HTL to form a red EML with a thickness
of 300 A, CBP and Irppy as green light emitting materials were deposited on the HTL to form a green EML with a thickness
of 300 A, and IDE 140 (Idemitsu Corporation) and IDE 105 (Idemitsu Corporation) as blue light emitting materials were
deposited on the HTL to form a blue EML with a thickness of 150 A.

[0160] Then, Balq was deposited on the red, green and blue EMLs to form a HBL with a thickness of 50 A. Alg3 was
deposited on the HBL to form an ETL with a thickness of 250 A. LiF was deposited on the ETL to form an EIL with a
thickness of 3 A, and then Mg:Ag was deposited on the EIL to form a semitransparent electrode with a thickness of 180
A. As a result, an organic light emitting device including the red, green, and blue EMLs was manufactured.

[0161] The efficiency and the color coordinates of the organic light emitting device of Example 11 were measured in
the same manner as in Examples 1 through 10. The results are shown in Table 1.
Table 1
Efficiency (cd/A) | x Color Coordinate | y Color Coordinate
Red EML 134 0.68 0.32
Green EML 29.9 0.22 0.73
Blue EML 29 0.14 0.06

[0162] Asshown in Table 1, each EML of the organic light emitting device of Example 11 exhibited excellent efficiency
and color purity. The efficiency of white light comprising a mixture of red, green, and blue light in the organic light emitting
device of Example 11 was 13.0 cd/A at a luminance of 150 cd/m2 when 40% of the device was operating, and power
consumption was 180 mW. The efficiency and color purity characteristics of the organic light emitting device of Example
11 were evaluated using an IVL measuring device (PhotoResearch PR650, Keithley 238) and the power consumption
was calculated.

Example 12

[0163] An organic light emitting device was manufactured in the same manner as in Example 11 except that IDE 406
(Idemitsu Corporation) was used instead of Compound 8 to form a HIL. The efficiency and the color coordinates of the
organic light emitting device of Example 12 are shown in Table 2.

Table 2
Efficiency (cd/A) | x Color Coordinate | y Color Coordinate
Red EML 12.1 0.67 0.32
Green EML 254 0.23 0.73
Blue EML 2.24 0.14 0.06

[0164] As shown in Table 2, each EML of the organic light emitting device of Example 12 exhibited excellent efficiency
and color purity. The efficiency of white light comprising a mixture of red, green, and blue light in the organic light emitting
device of Example 12 was 11.0 cd/A at a brightness of 150 cd/m?2 when 40% of the device was operating, and power
consumption was 220 mW. The efficiency and color purity characteristics of the organic light emitting device of Example
12 were evaluated using an IVL measuring device (PhotoResearch PR650, Keithley 238) and the power consumption
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was calculated.

Comparative Example 1

[0165] A substrate having a thin film transistor was prepared, and a first electrode composed of Al was formed in a
stripe shape with a thickness of 1000 A. Here, the first electrode was electrically connected to a source electrode or a
drain electrode of the thin film transistor formed on a lower portion of the substrate.

[0166] Red, green and blue pixel defining layers which define regions in which red, green, and blue emission layers
will be formed were formed on the pixel electrode using a silicon oxide. M-TDATA was deposited on the regions in which
red, green and blue emission layers will be formed form a HIL with a thickness of 1000 A. Then NPB was deposited on
the HIL to form a HTL with a thickness of 400 A. In addition, NPB was further deposited over the region in which green
EML will be formed to a thickness of 400 A using a photomask. NPB was further deposited over the region in which red
EML will be formed to a thickness of 800 A. As a result, HTL having total thickness of 1200 A in the region in which red
EML will be formed, total thickness of 800 A in the region in which green EML will be formed an to total thickness of 400
A in the region in which blue EML will be formed.

[0167] CBP and BPTIr as red light emitting materials were deposited on the red ETL to form a red EML with a thickness
of 300 A, CBP and Irppy as green light emitting materials were deposited on the green HTL to form a green EML with
a thickness of 300 A, and IDE 140 (Idemitsu Corporation) and IDE 105 (Idemitsu Corporation) as blue light emitting
materials were deposited on the blue HTL to form a blue EML with a thickness of 150 A.

[0168] Then, Balq was deposited on the red, green and blue EMLs to form a HBL with a thickness of 50 A. Alq3 was
deposited on the HBL to form an ETL with a thickness of 250 A. LiF was deposited on the ETL to form an EIL with a
thickness of 3 A, and then Mg:Ag was deposited on the EIL to form a semitransparent electrode with a thickness of 180
A. As a result, an organic light emitting device including the red, green, and blue EMLs was manufactured.

[0169] The efficiency and the color coordinates of the organic light emitting device of Comparative Example 1 are
shown in Table 3.

Table 3
Efficiency (cd/A) | x Color Coordinate | y Color Coordinate
Red EML 5.39 0.67 0.32
Green EML 24 .45 0.21 0.72
Blue EML 1.40 0.14 0.06

[0170] As shown in Table 3, the organic light emitting device of Example 11 having a material used to form a HIL
according to an embodiment of the present invention and the organic light emitting device of Example 12 having the
thickness of the HIL according to an embodiment of the present invention exhibited greater efficiency and color purity
than the organic light emitting device of Comparative Example 1.

[0171] An organic light emitting device according to the present invention includes a hole injection layer having the
thickness range described above between the pair of electrodes. The organic light emitting device of the presentinvention
has low driving voltage, excellent current density, high brightness, excellent color purity, high efficiency, and long lifetime.
In particular, the organic light emitting device of the present invention has excellent lifetime property. A flat panel display
device having enhanced reliability can be obtained by employing the organic light emitting device of the present invention.

Claims
1. An organic light emitting device comprising:
a substrate;
a pair of electrodes comprising a reflective electrode and a semitransparent or transparent electrode;
an organic layer interposed between the reflective electrode and the semitransparent or transparent electrode,
the organic layer comprising:
an emission layer having a red emission region, a green emission region and a blue emission region; and

a hole injection layer having a first region formed under the red emission region, a second region formed
under the green emission region and a third region formed under the blue emission region, the thickness
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of the first region being in the range of 1.600 to 2.200 A, the thickness of the second region being in the
range of 1.400 to 1.800 A, the thickness of the third region being in the range of 1.000 to 1.400 A.

2. The organic light emitting device of claim 1, wherein the first electrode is formed on the substrate and is a reflective
electrode, the second electrode is a semitransparent or transparent electrode, and the light generated in the organic
layer is extracted through the second electrode.

3. The organic light emitting device of claim 1 or 2, wherein resonance occurs between the first electrode and the
second electrode during the operation of the organic light emitting device.

4. The organic light emitting device of claim 1, wherein the thickness of the first region being in the range of 1.900 to
2.200 A.

5. The organic light emitting device of claim 1, wherein the thickness of the second region being in the range of 1.600
to 1.800 A.

6. The organic light emitting device of claim 1, wherein the thickness of the third region being in the range of 1.100 to
1.300 A.

7. The organic light emitting device of claim 1, wherein the thickness of the first region is 2.000 A.

8. The organic light emitting device of claim 1, wherein the thickness of the second region is 1.600 A.

9. The organic light emitting device of claim 1, wherein the thickness of the third region is 1,200 A.

10. A flat panel display device comprising the organic light emitting device of any of claims 1 through 9.

11. The flat panel display of claim 10, wherein one of the pair of electrodes of the organic light emitting device is
electrically connected to a source electrode or a drain electrode of a thin film transistor.

Patentanspriiche

1. Organische lichtemittierende Vorrichtung, aufweisend:

ein Substrat;

ein Elektrodenpaar, das eine reflektierende Elektrode und eine semitransparente oder transparente Elektrode

aufweist;

eine organische Schicht, die zwischen der reflektierenden Elektrode und der semitransparenten oder transpa-

renten Elektrode angeordnet ist, wobei die organische Schicht aufweist:
eine Emissionsschicht, die eine rote Emissionsregion, eine griine Emissionsregion und eine blaue Emis-
sionsregion aufweist; und
eine Lochinjektionsschicht, die eine erste Region, die unter der roten Emissionsregion ausgebildet ist, eine
zweite Region, die unter der griinen Emissionsregion ausgebildet ist, und eine dritte Region, die unter der
blauen Emissionsregion ausgebildet ist, aufweist, wobei die Dicke der ersten Region im Bereich von 1600
bis 2200 A liegt, die Dicke der zweiten Region im Bereich von 1400 bis 1800 A liegt und die Dicke der
dritten Region im Bereich von 1000 bis 1400 A liegt.

2. Organische lichtemittierende Vorrichtung nach Anspruch 1, wobei die erste Elektrode auf dem Substrat ausgebildet
ist und eine reflektierende Elektrode ist, und wobei die zweite Elektrode eine semitransparente oder transparente
Elektrode ist, und wobei das in der organischen Schicht erzeugte Licht durch die zweite Elektrode extrahiert wird.

3. Organische lichtemittierende Vorrichtung nach Anspruch 1 oder 2, wobei wahrend des Betriebs der organischen
lichtemittierenden Vorrichtung zwischen der ersten Elektrode und der zweiten Elektrode Resonanz auftritt.

4. Organische lichtemittierende Vorrichtung nach Anspruch 1, wobei die Dicke der ersten Region im Bereich von 1900

bis 2200 A liegt.
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Organische lichtemittierende Vorrichtung nach Anspruch 1, wobei die Dicke der zweiten Region im Bereich von
1600 bis 1800 A liegt.

Organische lichtemittierende Vorrichtung nach Anspruch 1, wobei die Dicke der dritten Region im Bereich von 1100
bis 1300 A liegt.

Organische lichtemittierende Vorrichtung nach Anspruch 1, wobei die Dicke der ersten Region 2000 A betragt.
Organische lichtemittierende Vorrichtung nach Anspruch 1, wobei die Dicke der zweiten Region 1600 A betrégt.
Organische lichtemittierende Vorrichtung nach Anspruch 1, wobei die Dicke der dritten Region 1200 A betragt.
Flachbildschirm, aufweisend die organische lichtemittierende Vorrichtung nach einem der Anspriiche 1 bis 9.
Flachbildschirm nach Anspruch 10, wobei eine Elektrode des Elektrodenpaars der organischen lichtemittierenden

Vorrichtung mit einer Source-Elektrode oder einer Drain-Elektrode eines Dinnfilmtransistors elektrisch verbunden
ist.

Revendications

1.

Dispositif organique d’émission de lumiére comportant :

un substrat ;

une paire d’électrodes comprenant une électrode réfléchissante et une électrode semi-transparente ou
transparente ;

une couche organique interposée entre I'électrode réfléchissante et I'électrode semi-transparente ou transpa-
rente, la couche organique comprenant :

une couche d’émission ayant une région d’émission rouge, une région d’émission verte et une région
d’émission bleue ; et

une couche d’injection de trous ayant une premiére région formée sous la région d’émission rouge, une
deuxiéme région formée sous la région d’émission verte et une troisieme région formée sous la région
d’émission bleue, I'épaisseur de la premiére région étant dans la plage de 1600 & 2200 A, I'épaisseur de
la deuxiéme région étant dans la plage de 1400 & 1800 A, et I'épaisseur de la troisiéme région étant dans
la plage de 1000 & 1400 A.

Dispositif organique d’émission de lumiére selon la revendication 1, dans lequel la premiére électrode est formée
sur le substrat et est une électrode réfléchissante, la seconde électrode est une électrode semi-transparente ou
transparente, et la lumiére générée dans la couche organique est extraite a travers la seconde électrode.

Dispositif organique d’émission de lumiere selon la revendication 1 ou 2, dans lequel une résonance apparait entre
la premiére électrode et la seconde électrode pendant le fonctionnement du dispositif organique d’émission de

lumiére.

Dispositif organique d’émission de lumiére selon la revendication 1, dans lequel I'épaisseur de la premiéere région
est dans la plage de 1900 & 2200 A.

Dispositif organique d’émission de lumiére selon la revendication 1, dans lequel I'épaisseur de la deuxieme région
est dans la plage de 1600 & 1800 A.

Dispositif organique d’émission de lumiéere selon la revendication 1, dans lequel I'épaisseur de la troisi€me région
est dans la plage de 1100 & 1300 A.

Dispositif organique d’émission de lumiére selon la revendication 1, dans lequel I'épaisseur de la premiére région
est de 2000 A.

Dispositif organique d’émission de lumiére selon la revendication 1, dans lequel I'épaisseur de la deuxiéme région
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est de 1600 A.

Dispositif organique d’émission de lumiére selon la revendication 1, dans lequel I'épaisseur de la troisieme région
est de 1200 A.

Dispositif d’affichage a panneau plat comportant le dispositif organique d’émission de lumiére selon I'une quelconque
des revendications 1 a 9.

Dispositif d’affichage a panneau plat selon la revendication 10, dans lequel I'une de la paire d’électrodes du dispositif

organique d’émission de lumiére est connectée électriquement a une électrode de source ou a une électrode de
drain d’un transistor a film mince.
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