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(57) ABSTRACT

An organic light emitting display device is disclosed. The
organic light emitting display device comprising at least one
light emitting part between an anode and a cathode and
comprising at least one organic layer and a light emitting
layer, wherein the at least one organic layer comprises a
compound that includes a functional group having at least
three or more nitrogen atoms and has high electron mobility,
a bridge connected to the functional group, and a substituent
substituted at a meta position of the bridge.
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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE

This application claims the priority benefit of Korean
Patent Application No. 10-2015-0136854 filed on Sep. 25,
2015, which is incorporated herein by reference for all
purposes as if fully set forth herein.

BACKGROUND

Field of the Invention

The present disclosure relates to an organic light emitting
display device. More particularly, the present disclosure
relates to an organic light emitting display device with
improved efficiency and lifetime.

Discussion of the Related Art

Image displays, used for displaying a variety of informa-
tion on the screen, are one of the core technologies of the
information and communication era. Such image displays
have been developed to be thinner, lighter, and more por-
table, and furthermore to have high performance With the
development of the information society, various demands
for display devices are on the rise. To meet these demands,
research on panel displays such as liquid crystal displays
(LCD), plasma display panels (PDP), electroluminescent
displays (ELD), field emission displays (FED), organic light
emitting diodes (OLED), etc. is actively under way.

Among these types of flat panel displays, OLED devices
are advantageous in that they can be fabricated on a flexible
substrate such as plastic, operate at a low voltage of 10 V or
less, have lower power consumption, and deliver vivid color
reproduction, as compared with plasma display panels or
inorganic light emitting displays. Also, the organic light
emitting display devices are spotlighted as next-generation
display devices that provide rich colors for its ability to
render full color images using three colors: red, green, and
blue.

An organic light emitting display device can be formed by
sequentially stacking an anode, a hole injection layer, a hole
transport layer, a light emitting layer, an electron transport
layer, an electron injection layer, and a cathode. An exciton
is formed by the recombination of electrons and holes
injected from the two electrodes, causing luminescent mate-
rials to emit fluorescent or phosphorescent light. The light
emitting layer comprises a host and one or more dopants, or
comprises two or more hosts and a dopant. The hole
injection layer and the hole transport layer inject electrons
from the anode into the light emitting layer, and the electron
transport layer and the electron injection layer inject elec-
trons from the cathode into the light emitting layer.

The lifetime and efliciency of the organic light emitting
display device are affected by the material used and its
stacked structure. In this regard, there are ongoing studies to
improve the lifetime and efficiency of organic light emitting
display devices.

SUMMARY

Accordingly, the present disclosure is directed to an
organic light emitting display device having improved effi-
ciency and lifetime.

To achieve this and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described, an exemplary embodiment of the present inven-
tion provides an organic light emitting display device com-
prising at least one light emitting part between an anode and
a cathode and comprising at least one organic layer and a
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light emitting layer, wherein the at least one organic layer
comprises a compound that includes a functional group
having at least three or more nitrogen atoms that has high
electron mobility, a bridge connected to the functional
group, and a substituent substituted at a meta position of the
bridge.

The substituent maximizes the effect of triplet-triplet
annihilation by breaking a conjugation of the compound.

The at least one organic layer includes an electron trans-
port layer.

The at least one light emitting part comprises at least two
or more light emitting parts, and one of the at least two or
more light emitting parts is a blue light emitting part and the
another one of the at least two or more light emitting parts
is a yellow-green light emitting part.

The organic layer is included in the blue light emitting
part.

The compound having the substituent at the meta position
of the bridge enhances efliciency and lifetime and reduces
operating voltage compared to the compound having a
substituent at a para position of the bridge.

The compound is represented by the following Chemical
Formula 1:

[Chemical Formula 1]

wherein the bridge includes one among biphenyl and naph-
thylphenyl, Ar is substituted at the meta position of the
bridge, Ar includes a substituted or unsubstituted heteroaro-
matic group having 1 to 3 nitrogen atoms that has a
molecular weight of 400 or less.

The compound represented by Chemical Formula 1
includes one among the following compounds represented
by Chemical Formulae 2 to 5:

[Chemical Formula 2]




US 10,355,220 B2
3 4

-continued -continued
[Chemical Formula 3] 12

10

[Chemical Formula 4] 15

20

25

[Chemical Formula 5]

30

35

40

wherein, in Chemical Formulae 2 to 5, Ar, includes a
substituted or unsubstituted heteroaromatic group having 1
to 3 nitrogen atoms that has a molecular weight of 400 or 4
less, and in Chemical Formulae 4 and 5, Ar, includes a
substituted or unsubstituted heteroaromatic group having 1
to 3 nitrogen atoms that has a molecular weight of 400 or
less.
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An exemplary embodiment of the present invention pro-
45 vides an organic light emitting display device comprising at
least one light emitting part between an anode and a cathode
and comprising at least one organic layer and a light emitting
layer, wherein the at least one organic layer includes a
compound that is represented by the following Chemical

50 Formula 1:
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wherein the bridge includes one among biphenyl and naph-
thylphenyl, Ar is substituted at the meta position of the
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bridge, Ar includes a substituted or unsubstituted heteroaro-
matic group having 1 to 3 nitrogen atoms that has a
molecular weight of 400 or less.

Ar is substituted at the meta position of the bridge.

The compound having the substituent at the meta position
of the bridge enhances efficiency and lifetime and reduces
operating voltage compared to the compound having a
substituent at a para position of the bridge.

A molecular weight of the Ar is 400 or less so as to break
a conjugation of the compound and maintain an electron
mobility of the compound.

The compound represented by Chemical Formula 1
includes one among the following compounds represented
by Chemical Formulae 2 to 5:

[Chemical Formula 2]

[Chemical Formula 3]

[Chemical Formula 4]
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[Chemical Formula 5]

wherein, in Chemical Formulae 2 to 5, Ar, includes a
substituted or unsubstituted heteroaromatic group having 1
to 3 nitrogen atoms that has a molecular weight of 400 or
less, and in Chemical Formulae 4 and 5, Ar, includes a
substituted or unsubstituted heteroaromatic group having 1
to 3 nitrogen atoms that has a molecular weight of 400 or
less.

The compound represented by Chemical Formula 1
includes one among the following compounds:
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-continued

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a view showing an organic light emitting display
device according to a first exemplary embodiment of the
present disclosure;

FIG. 2 is a view showing an organic light emitting display
device according to a second exemplary embodiment of the
present disclosure;

FIG. 3 is a view showing an organic light emitting display
device according to a third exemplary embodiment of the
present disclosure;

FIG. 4 is a graph showing the light emission spectra of
devices manufactured according to Comparative Examples
1 and 2 and Embodiment 1 according to the present disclo-
sure;
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FIG. 5 is a graph showing the light emission spectra of
devices manufactured according to Comparative Examples
1 and 2 and Embodiment 2 according to the present disclo-
sure;

FIG. 6 is a graph showing the light emission spectra of
devices manufactured according to Comparative Examples
1 and 2 and Embodiment 3 according to the present disclo-
sure; and

FIG. 7 is a graph showing the light emission spectra of
devices manufactured according to Comparative Examples
3 and 4 and Embodiments 4 and 5 according to the present
disclosure.

DETAILED DESCRIPTION

The advantages and features of the present disclosure and
methods for accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tions of exemplary embodiments and the accompanying
drawings. The present disclosure may, however, be embod-
ied in many different forms and should not be construed as
being limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided
so that this disclosure will be thorough and complete and
will fully convey the concept of the present disclosure to
those skilled in the art, and the present disclosure is defined
by the appended claims

The shapes, sizes, percentages, angles, numbers, etc
shown in the figures to describe the exemplary embodiments
of the present disclosure are merely examples and not
limited to those shown in the figures. Like reference numer-
als denote like elements throughout the specification. In
describing the present disclosure, detailed descriptions of
related well-known technologies will be omitted to avoid
unnecessary obscuring the present disclosure. When the
terms ‘comprise’, ‘have’, ‘consist of” and the like are used,
other parts may be added as long as the term ‘only” is not
used. The singular forms may be interpreted as the plural
forms unless explicitly stated.

The elements may be interpreted to include an error
margin even if not explicitly stated.

When the position relation between two parts is described
using the terms ‘on’, ‘over’, ‘under’, ‘next to” and the like,
one or more parts may be positioned between the two parts
as long as the term ‘immediately’ or ‘directly’ is not used.

When the temporal relationship between two events is
described using the terms ‘after’, ‘following’, ‘next’,
‘before’ and the like, the two events may not occur in
succession as long as the term ‘immediately” or ‘directly’ is
not used.

It will be understood that, although the terms first, second,
etc., may be used to describe various elements, these ele-
ments should not be limited by these terms. These terms are
only used to distinguish one element from another element.
Thus, a first element discussed below could be termed a
second element without departing from the technical spirit
of the present disclosure.

The features of various exemplary embodiments of the
present disclosure may be combined with one another either
partly or wholly, and may technically interact or work
together in various ways. The exemplary embodiments may
be carried out independently or in combination with one
another.

Hereinafter, various exemplary embodiments of the pres-
ent disclosure will be described in detail with reference to
the accompanying drawings.
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FIG. 1 is a view showing an organic light emitting display
device according to a first exemplary embodiment of the
present disclosure.

Referring to FIG. 1, an organic light emitting display
device 100 according to the first exemplary embodiment of
the present disclosure comprises an anode 110, a hole
injection layer 120, a hole transport layer 130, a light
emitting layer 140, an electron transport layer 150, an
electron injection layer 210, and a cathode 220.

The anode 110 is a hole injection electrode, and may be
formed of one among ITO (indium tin oxide), IZO (indium
zinc oxide), or ZnO (zinc oxide) having a high work
function. Also, if the anode 110 is a reflective electrode, the
anode 110 may further comprise a reflective layer formed of
one among aluminum (Al), silver (Ag), or nickel (Ni) under
a layer formed of one among ITO, IZO, or ZnO.

The hole injection layer 120 may function to facilitate
hole injection from the anode 110 to the light emitting layer
140, and may be formed of, but is not limited to, one or more
among CuPc (copper phthalocyanine), PEDOT (poly(3,
4)-ethylenedioxythiophene), PANI (polyaniline), and NPD
(N,N'-bis(naphthalene-1-y1)-N,N'-bis(phenyl)-2,2'-dimeth-
ylbenzidine). The hole injection layer 120 may be 1 to 150
nm thickness. If the hole injection layer 120 is 1 nm
thickness or greater, the hole injection properties may be
improved, or if the hole injection layer 120 is 150 nm
thickness or less, an increase in the thickness of the hole
injection layer 120 may be prevented and a rise in operating
voltage may be therefore prevented. The hole injection layer
120 may not be included in the elements of the organic light
emitting display device, depending on the structure or char-
acteristics of the organic light emitting display device.

The hole transport layer 130 may function to facilitate
hole transport, and may be formed of, but is not limited to,
one or more among NPD(N,N'-bis(naphthalene-1-y1)-N,N'-
bis(phenyl)-2,2"-dimethylbenzidine), TPD(N,N'-bis-(3-
methylphenyl)-N,N'-bis(phenyl)-benzidine), spiro-TAD(2,
2'7,7'-tetrakis(N,N-diphenylamino)-9,9"-spirofluorene), and
MTDATA(4,4' 4"-Tris(N-3-methylphenyl-N-phenylamino)-
triphenylamine). The hole transport layer 130 may be 1 to
150 nm thickness. If the hole transport layer 130 is 1 nm
thickness or greater, the hole transport properties may be
improved, or if the hole transport layer 130 is 150 nm
thickness or less, an increase in the thickness of the hole
transport layer 130 may be prevented, and a rise in operating
voltage may be therefore prevented.

The light emitting layer 140 may emit light of red (R),
green (G), or blue (B), and may be formed of a fluorescent
material.

If the light emitting layer 140 is a red light emitting layer,
it may be formed of, but is not limited to, a fluorescent
material comprising PBD:Eu(DBM)3(Phen) or perylene. If
the light emitting layer 140 is a green light emitting layer, it
may be formed of, but is not limited to, a fluorescent
material comprising Alg3(tris(8-hydroxyquinolinato)alumi-
num). If the light emitting layer 140 is a blue light emitting
layer, it may be formed of, but is not limited to, a fluorescent
material comprising one among spiro-BDAVBI(2,7-bis)4-
diphenylamino)styryl)-9,9-spirofluorene), spiro-CBP(2,2',7,
7'-tetrakis(carbazol-9-y1)-9,9-spirofluorene),  distyrylben-
zene (DSB), distyrylarylene (DSA), a PFO polymer, and a
PPV polymer.

In the organic light emitting display device, the electron
transport layer 150 is on the light emitting layer 140. The
electron transport layer 150 is formed of a material that has
electron transport properties, with high electron mobility, to
facilitate electron transport. Recently, materials with hole
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blocking properties are often mixed in, in order to intensify
the hole blocking properties of the electron transport layer.
Since materials with electron transport properties and mate-
rials with hole blocking properties have characteristics
suited to their roles, a deposition chamber setup is required
for each material before these materials are deposited. Due
to this, the process will take a long time, resulting in low
productivity. Moreover, the materials with electron transport
properties and the materials with hole blocking properties
are organic compounds involving high material costs, thus
leading to increased manufacturing costs. Accordingly, the
present inventors conducted several tests or experiments to
reduce the manufacturing costs and improve the efliciency
and lifetime of the device by forming an electron transport
layer formed of a single material.

Through a number of tests or experiments which were
performed on materials that do not affect the lifetime or
efficiency of the organic light emitting display device and
that cause no rise in operating voltage, the present inventors
developed compounds that provide hole blocking propetrties
and electron transport properties with the use of a single
material. A compound of this disclosure comprises a terpyri-
dine derivative as a functional group including three nitro-
gen (N) atoms, in order to increase the mobility of electrons
in the electron transport layer, thereby improving the elec-
tron transport properties. Also, a non-bulky bridge is con-
nected to the terpyridine derivative, and an aryl substituent
is introduced at the meta position, so as to improve the hole
blocking properties and enhance the effect of triplet-triplet
annihilation (TTA).

Compounds with electron transport properties have a
large energy bandgap because of their high triplet energy, so
they have poor electron injection properties. Even if they
have good electron injection properties, their electron trans-
port properties are poor because of their low electron mobil-
ity. Here, if these compounds have electron injection prop-
erties, it means that they just have the ability to allow
electrons to jump between adjacent organic layers, and if
these compounds have electron transport properties, it
means that they just have the ability to allow electrons to
move in the organic layers. If these compounds have poor
electron injection properties, it means that there is a huge
energy barrier that keeps electrons from jumping from the
electron injection layer because an adjacent organic layer,
1.e., the electron transport layer, has a large energy bandgap.
If these compounds have poor electron transport properties,
it means that electrons move slowly in the electron transport
layer because of the low electron mobility of the electron
transport layer. Accordingly, a compound of this disclosure
improves the electron transport properties of the electron
transport layer by comprising a terpyridine derivative with
high electron mobility.

A compound of this disclosure comprises a substituent
that is substituted at the meta position of a bridge. The
compound of this disclosure has a conjugated system
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extending from the terpyridine derivative to the bridge. If a
substituent is substituted at the meta position of the bridge,
the conjugation is broken. On the other hand, if a substituent
is substituted at the para position of the bridge, the conju-
gation is maintained. If the conjugation length of the com-
pound is short, it means that the energy bandgap is wide, and
the wide energy bandgap involves high triplet energy. The
high triplet energy of the compound increases the probabil-
ity of triplet-triplet annihilation. Triplet-triplet annihilation
refers to promoting an exciton from an excited triplet state
to an excited singlet state. For high triplet energy, the gap
between triplet energy and singlet energy is narrow, making
it easy to promote an exciton from an excited triplet state to
an excited singlet state. Accordingly, the compound of this
disclosure has a substituent that is substituted at the meta
position of the bridge, which causes the conjugation to be
broken and maximizes the effect of triplet-triplet annihila-
tion, thereby improving light emission efficiency.

A substituent of this disclosure comprises an unbulky aryl
group having a molecular weight of 400 or less. As
described previously, the substituent serves to break the
conjugation of the compound and maintains the compound’s
aromaticity. Accordingly, an unbulky aryl group is used as a
substituent to keep the characteristics of the substituent from
affecting the characteristics of the compound.

A compound of this disclosure comprises an unbulky
bridge connected to a terpyridine derivative. In general, the
characteristics of the compound are mainly affected by the
characteristics of a bulky structure. In the present disclosure,
an unbulky bridge is connected to a terpyridine derivative in
order to maintain the high electron mobility characteristics
of the terpyridine derivative. The bridge comprises an
unbulky biphenyl or naphthylphenyl to increase the stability
of the compound and therefore improve the lifetime. Espe-
cially, the phenyl in the bridge makes it easier for a sub-
stituent to be substituted at the meta position of the bridge,
as compared to naphthyl. Hence, the substituent of this
disclosure is preferably substituted by biphenyl or naphth-
ylphenyl as the phenyl in the bridge.

Accordingly, the electron transport layer 150 of this
disclosure comprises a compound represented by the fol-
lowing Chemical Formula 1:

[Chemical Formula 1]

brigde——Ar

wherein the bridge includes biphenyl or naphthylphenyl, and
Ar includes a substituted or unsubstituted heteroaromatic
group having 1 to 3 nitrogen atoms that is substituted at the
meta position of the bridge and has a molecular weight of
400 or less.

The compound represented by Chemical Formula 1 may
be one among the following compounds represented by
Chemical Formulae 2 to 5:
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[Chemical Formula 2] 1-1

[Chemical Formula 3]
1-2

[Chemical Formula 4]
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[Chemical Formula 5]
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wherein, in Chemical Formulae 2 to 5, Ar, includes a
substituted or unsubstituted heteroaromatic group having 1
to 3 nitrogen atoms that has a molecular weight of 400 or
less, and in Chemical Formulae 4 and 5, Ar, includes a
substituted or unsubstituted heteroaromatic group having 1
to 3 nitrogen atoms that has a molecular weight of 400 or
less.
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The compound represented by Chemical Formula 1 may
be one among the following compounds:
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A compound of this disclosure may facilitate the transport
of electrons by the electron transport layer by comprising a
terpyridine derivative that has high electron mobility by
including three electron-rich nitrogen atoms. Also, the com-
pound of this disclosure may maximize the effect of triplet-
triplet annihilation and therefore improve fluorescence effi-
ciency by comprising a substituent substituted at the meta
position of a bridge. Also, the compound of this disclosure
may make it easy for the substituent to be substituted at the
meta position while maintaining the characteristics of the
terpyridine derivative by comprising an unbulky bridge
between the terpyridine derivative and the substituent.

Accordingly, the electron transport properties may be
improved by forming an electron transport layer formed of
a compound of this disclosure, thereby reducing the oper-
ating voltage of the device and improving the efficiency.
Also, the compound of this disclosure may improve the light
emission efficiency of the device by maximizing the effect of
triplet-triplet annihilation. Also, the manufacturing costs of
the organic light emitting display device may be reduced by
forming an electron transport layer formed of a single
material, i.e., the compound of this disclosure.

The electron transport layer 150 may be 1 to 50 nm
thickness. If the electron transport layer 150 is 1 nm thick-
ness or greater, a degradation of the electron transport
properties may be prevented, or if the electron transport
layer 200 is 150 nm thickness or less, an increase in the
thickness of the electron transport layer 150 may be pre-
vented, and a rise in operating voltage may be therefore
prevented.

The electron injection layer 210 functions to facilitate
electron injection, and may be formed of, but is not limited
to, one among Alq3 (tris(8-hydroxyquinolinato)aluminum),
PBD(2-4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiaz-
ole), TAZ(3-(4-biphenyl)-4-phenyl-5-tert-butylphenyl-1,2,
4-triazole). and BAlq(Bis(2-methyl-8-quinolinolato)-4-
(phenylphenolato)aluminum). On the other hand, the
electron injection layer 210 may be formed of a metal
compound, and the metal compound may be, for example,
but is not limited to, one or more among LiQ, LiF, NaF, KF,
RbF, CsF, FrF, BeF2, MgF2, CaF2, SrF2, BaF2, and RaF2.
The electron injection layer 210 may be 1 to 50 nm thick-
ness. If the electron injection layer 210 is 1 nm thickness or
greater, a degradation of the electron injection properties
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may be prevented, or if the electron injection layer 210 is 50
nm thickness or less, an increase in the thickness of the
electron injection layer 210 may be prevented, and a rise in
operating voltage may be therefore prevented.

The cathode 220 is an electron injection electrode, and
may be formed of magnesium (Mg), calcium (Ca), alumi-
num (Al), silver (Ag), or an alloy thereof, having a low work
function. If the organic light emitting display device is a
top-emission type or a dual-emission type, the cathode 220
may be formed thin enough to pass light therethrough. If the
organic light emitting display device is a bottom-emission
type, the cathode 220 may be formed thick enough to reflect
light.

An electron transport layer comprising the above-de-
scribed compound of this disclosure is included in a fluo-
rescent organic light emitting display device. An electron
transport layer provided for phosphorescence is required to
have low triplet energy and high electron mobility. On the
other hand, the compound of this disclosure has relatively
low electron mobility because of its high triplet energy and
wide energy bandgap. Accordingly, if an electron transport
layer comprising the compound of this disclosure is formed
for phosphorescence, this decreases the phosphorescence
efficiency and increases the operating voltage. Moreover, the
compound of this disclosure is more suitable for fluores-
cence, which is exciton emission in singlet, than for phos-
phorescence, which is exciton emission in triplet, because it
maximizes the effect of triplet-triplet annihilation.

As stated above, a compound of this disclosure may
facilitate the transport of electrons by the electron transport
layer by comprising a terpyridine derivative that has high
electron mobility by including three electron-rich nitrogen
atoms. Also, the compound of this disclosure may maximize
the effect of triplet-triplet annihilation and therefore improve
fluorescence efficiency by comprising a substituent substi-
tuted at the meta position of a bridge. Also, the compound
of this disclosure may make it easy for the substituent to be
substituted at the meta position while maintaining the char-
acteristics of the terpyridine derivative by comprising an
unbulky bridge between the terpyridine derivative and the
substituent.

Accordingly, the electron transport properties may be
improved by forming an electron transport layer formed of
a compound of this disclosure, thereby reducing the opet-
ating voltage of the device and improving the efficiency.
Also, the compound of this disclosure may improve the light
emission efficiency of the device by maximizing the effect of
triplet-triplet annihilation. Also, the manufacturing costs of
the organic light emitting display device may be reduced by
forming an electron transport layer formed of a single
material which is the compound of this disclosure.

FIG. 2 is a view showing an organic light emitting display
device according to a second exemplary embodiment of the
present disclosure. The same elements as the first exemplary
embodiment are denoted by the same reference numerals, so
descriptions of these elements will be omitted below.

Referring to FIG. 2, an organic light emitting display
device 100 of the present disclosure comprises light emitting
parts ST1 and ST2 between an anode 110 and a cathode 220,
and a charge generation layer 160 between the light emitting
parts ST1 and ST2.

The first light emitting part ST1 comprises a first light
emitting layer 140. The first light emitting layer 140 may
emit light of red (R), green (G), blue (B), or yellow-green
(YG), and may be formed of a phosphorescent material. In
this exemplary embodiment, the first light emitting layer 140
may be a light emitting layer that emits yellow-green light.
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The first light emitting layer 140 may have a single layer
structure of a yellow-green light emitting layer or green light
emitting layer, or a multilayer structure formed of a yellow-
green light emitting layer and a green light emitting layer.
The first light emitting layer 140 comprises a yellow-green
light emitting layer, a green light emitting layer, or a
multilayer structure formed of a yellow-green light emitting
layer and a green light emitting layer, of a yellow light
emitting layer and a red light emitting layer, of a green light
emitting layer and a red light emitting layer, or of a yellow-
green light emitting layer and a red light emitting layer.

This exemplary embodiment will be described by taking
as an example a single layer structure of a first light emitting
layer 140 that emits yellow-green light. The first light
emitting layer 140 may include, but is not limited to, at least
one host of CBP 4.4'-bis(carbazol-9-yl)biphenyl) or BAlg
(Bis(2-methyl-8-quinolinolato)-4-(phenylphenolato)alumi-
num) and a phosphorescent yellow-green dopant that emits
yellow-green light.

The first light emitting part ST1 comprises a hole injec-
tion layer 120 and a first hole transport layer 130 that are
between the anode 110 and the first light emitting layer 140,
and a first electron transport layer 150 on the first light
emitting layer 140. Accordingly. the first light emitting part
ST1 comprising the hole injection layer 120, the first hole
transport layer 130, the first light emitting layer 140, and the
first electron transport layer 150 is formed on the anode 110.
The hole injection layer 120 may not be included in the
elements of the first light emitting part ST1, depending on
the structure or characteristics of the device.

The first electron transport layer 150 may be formed of,
but is not limited to, Alg3 (tris(8-hydroxyquinolinato)alu-
minum), PBD(2-4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-
oxadiazole), TAZ(3-(4-biphenyl)-4-phenyl-5-tert-butylphe-
nyl-1,2,4-triazole), or BAlq(Bis(2-methyl-8-quinolinolato)-
4-(phenylphenolato)aluminum). The first electron transport
layer 150 may be 1 to 50 nm thickness. If the first electron
transport layer 150 is 1 nm thickness or greater, a degrada-
tion of the electron transport properties may be prevented, or
if the first electron transport layer 150 is 50 nm thickness or
less, an increase in the thickness of the first electron trans-
port layer 150 may be prevented, and a rise in operating
voltage may be therefore prevented.

A charge generation layer (CGL) 160 is between the first
light emitting part ST1 and the second light emitting part
ST2. The first light emitting part ST1 and the second light
emitting part ST2 are connected by the charge generation
layer 160. The charge generation layer 160 may be a
PN-junction charge generation layer formed by joining an
N-type charge generation layer 160N and a P-type charge
generation layer 160P. The PN junction charge generation
layer 160 generates a charge, or injects the charge, i.e.,
electrons and holes, separately into the light emitting layer.
That is, the N-type charge generation layer 160N transfers
electrons to the first electron transport layer 150, the first
electron transport layer 150 supplies the electrons to the first
light emitting layer 140 adjacent to the anode, and the P-type
charge generation layer 160P transfers holes to the second
hole transport layer 180 to supply the holes to the second
light emitting layer 190 of the second light emitting part
ST2. As such, the light emission efficiency of the first and
second light emitting layers 140 and 190 may be further
increased, and the operating voltage may be reduced.

The N-type charge generation layer 160N may be formed
of a metal- or N-type-doped organic material. The metal may
be one material among Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba,
La, Ce, Sm, Eu, Th, Dy, and Yb. An N-type dopant and host
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for the N-doped organic material may be generally-used
materials. For example, the N-type dopant may be an alkali
metal, an alkali metal compound, an alkali earth metal, or an
alkali earth metal compound. Specifically, the N-type dopant
may be one among Li, Cs, K, Rb, Mg, Na, Ca, Sr, Fu, and
Yb. The percentage of the dopant to be mixed is between 1%
and 8% relative to 100% for the host. The dopant may have
a work function of 2.5 eV or greater. The host material may
be an organic material of 20 to 60 carbon atoms that has a
hetero ring with nitrogen atom, for example, one among
Alq3(tris(8-hydroxyquinolinato)aluminum),  triazine, a
hydroxyquinoline derivative, a benzazole derivative, and a
silole derivative.

The P-type charge generation layer 160P may be formed
of a metal or a P-doped organic material. The metal may be
one or more alloys among Al, Cu, Fe, Pb, Zn, Au, Pt, W, In,
Mo, Ni, and Ti. A P-type dopant and host for the P-doped
organic material may be the following materials. For
example, the P-type dopant may be one material among
F4-TCNQ(2,3,5,6-tetrafluoro-7,7,8,8.-tetracyanoquinodi-
methane), a derivative of tetracyanoquinodimethane, iodine,
FeCl3, FeF3, and SbClS. The host may be one material
among NPB (N,N'-bis(naphthalene-1-y1)-N,N'-bis(phenyl)-
benzidine), TPD (N,N'-bis-(3-methylphenyl)-N,N'-bis(phe-
nyl)-benzidine), and TNB (N,N,N'N'-tetranaphthalenyl-ben-
zidine).

The second light emitting part ST2 comprising the second
hole transport layer 180, the second light emitting layer 190,
a second electron transport layer 200, and an electron
injection layer 210 is on the charge generation layer 160.

The second light emitting layer 190 may emit light of red
(R), green (G), or blue (B), and may be formed of a
fluorescent material. In this exemplary embodiment, the
second light emitting layer 190 may be a blue light emitting
layer. The blue light emitting layer comprises one among a
blue light emitting layer, a dark blue light emitting layer, and
a sky blue light emitting layer. Alternatively, the second light
emitting layer 190 may be formed of a blue light emitting
layer and a red light emitting layer, of a blue light emitting
layer and a yellow-green light emitting layer, or of a blue
light emitting layer and a green light emitting layer.

The second light emitting part ST2 comprises the second
hole transport layer 180 between the charge generation layer
160 and the second light emitting layer 190, and comprises
the second electron transport layer 200 and electron injec-
tion layer 210 on the second light emitting layer 190. The
second hole transport layer 180 may have the same compo-
sition as the first hole transport layer 130 of the first light
emitting part ST1 or have a different composition from that
of the first hole transport layer 130.

The second electron transport layer 200 has the same
composition as the aforementioned electron transport layer
of the first exemplary embodiment. The second electron
transport layer 200 may facilitate the transport of electrons
by the electron transport layer by comprising a terpyridine
derivative that has high electron mobility by including three
electron-rich nitrogen atoms. Also, the compound of this
disclosure may maximize the effect of triplet-triplet annihi-
lation and therefore improve fluorescence efliciency by
comprising a substituent substituted at the meta position of
a bridge. Also, the compound of this disclosure may make it
easy for the substituent to be substituted at the meta position
while maintaining the characteristics of the terpyridine
derivative by comprising an unbulky bridge between the
terpyridine derivative and the substituent. Accordingly, the
electron transport properties may be improved by forming
the second electron transport layer 200 formed of a com-
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pound of this disclosure, thereby reducing the operating
voltage of the device and improving the efficiency. Also, the
compound of this disclosure may improve the fluorescence
efficiency of the device by maximizing the effect of triplet-
triplet annihilation. Also, the manufacturing costs of the
organic light emitting display device may be reduced by
forming an electron transport layer formed of a single
material which is the compound of this disclosure.

Accordingly, the second light emitting part ST2 compris-
ing the second hole transport layer 180, the second light
emitting layer 190, the second electron transport layer 200,
and the electron injection layer 210 is formed on the charge
generation layer 160. The cathode 220 is provided on the
second light emitting part ST2 to constitute the organic light
emitting display device according to the second exemplary
embodiment of the present disclosure.

The above-described second exemplary embodiment of
the present disclosure has disclosed that the second electron
transport layer 200 comprises a compound of this disclosure.
However, even if the first light emitting layer 140 is a
fluorescent light emitting layer, it is difficult for the first
electron transport layer 150 to comprise the compound of
this disclosure. The N-type charge generation layer 160N is
on the first electron transport layer 150, and the terpyridine
derivative of this disclosure interacts with lithium (i)
included in the N-type charge generation layer 160N. Since
the characteristics of the first electron transport layer 150
may change by the interaction between the terpyridine
derivative of this disclosure and the lithium (Li), it is
preferred that an electron transport layer comprising the
compound of this disclosure is not used as long as it adjoins
the N-type charge generation layer.

As stated above, a compound of this disclosure may
facilitate the transport of electrons by the electron transport
layer by comprising a terpyridine derivative that has high
electron mobility by including three electron-rich nitrogen
atoms. Also, the compound of this disclosure may maximize
the effect of triplet-triplet annihilation and therefore improve
fluorescence efficiency by comprising a substituent substi-
tuted at the meta position of a bridge. Also, the compound
of this disclosure may make it easy for the substituent to be
substituted at the meta position while maintaining the char-
acteristics of the terpyridine derivative by comprising an
unbulky bridge between the terpyridine derivative and the
substituent.

Accordingly, the electron transport properties may be
improved by forming an electron transport layer formed of
a compound of this disclosure, thereby reducing the oper-
ating voltage of the device and improving the efficiency.
Also, the compound of this disclosure may improve the light
emission efficiency of the device by maximizing the effect of
triplet-triplet annihilation. Also, the manufacturing costs of
the organic light emitting display device may be reduced by
forming an electron transport layer formed of a single
material which is the compound of this disclosure.

FIG. 3 is a view showing an organic light emitting display
device according to a third exemplary embodiment of the
present disclosure. The same elements as the first and second
exemplary embodiments are denoted by the same reference
numerals, so descriptions of these elements will be omitted
below.

Referring to FIG. 3, an organic light emitting display
device 100 of the present disclosure comprises a plurality of
light emitting parts ST1, ST2, and ST3 between an anode
110 and a cathode 220, and a first charge generation layer
160 and a second charge generation layer 230 that are
between the light emitting parts ST1, ST2, and ST3.
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Although this exemplary embodiment has been illustrated
and described with an example where three light emitting
parts are between the anode 110 and the cathode 220, the
present disclosure is not limited to this example and four or
more light emitting parts may be between the anode 110 and
the cathode 220.

Among the light emitting parts, the first light emitting part
ST1 comprises a first light emitting layer 140. The first light
emitting layer 140 may emit light of red, green, or blue: for
example, it may be a blue light emitting layer in this
exemplary embodiment. The blue light emitting layer com-
prises one among a blue light emitting layer, a dark blue
light emitting layer, and a sky blue light emitting layer.
Alternatively, the first light emitting layer 140 may be
formed of a blue light emitting layer and a red light emitting
layer, of a blue light emitting layer and a yellow-green light
emitting layer, or of a blue light emitting layer and a green
light emitting layer.

The first light emitting part ST1 comprises a hole injec-
tion layer 120 and a first hole transport layer 130 that are
between the anode 110 and the first light emitting layer 140,
and a first electron transport layer 150 on the first light
emitting layer 140. Accordingly, the first light emitting part
ST1 comprising the hole injection layer 120, first hole
transport layer 130, first light emitting layer 140, and first
electron transport layer 150 is formed on the anode 110. The
hole injection layer 120 may not be included in the elements
of the first light emitting part ST1, depending on the
structure or characteristics of the device.

The second light emitting part ST2 comprising a second
light emitting layer 190 is on the first light emitting part ST1.
The second light emitting layer 190 may emit light of red,
green, or blue: for example, it may be a yellow-green light
emitting layer in this exemplary embodiment. The second
light emitting layer 190 may comprise a yellow-green light
emitting layer, a green light emitting layer, or a multilayer
structure formed of a yellow-green light emitting layer and
a green light emitting layer, of a yellow light emitting layer
and a red light emitting layer, of a green light emitting layer
and a red light emitting layer, or of a yellow-green light
emitting layer and a red light emitting layer. The second light
emitting part ST2 further comprises a second hole transport
layer 180 on the first light emitting part ST1, and comprises
a second electron transport layer 200 on the second light
emitting layer 190. Accordingly, the second light emitting
part ST2 comprising the second hole transport layer 180,
second light emitting layer 190, and second electron trans-
port layer 200 is formed on the first light emitting part ST1.

A first charge generation layer 160 is between the first
light emitting part ST1 and the second light emitting part
ST2. The first charge generation layer 160 is a PN-junction
charge generation layer formed by joining an N-type charge
generation layer 160N and a P-type charge generation layer
160P. The first charge generation layer 160 generates a
charge, or injects the charge, i.e., electrons and holes,
separately into the first and second light emitting layers 140
and 190.

The third light emitting part ST3 comprising a third light
emitting layer 250 is on the second light emitting part ST2.
The third light emitting layer 250 may emit light of red,
green, or blue, and be formed of a fluorescent material. For
example, it may be a blue light emitting layer in this
exemplary embodiment. The blue light emitting layer com-
prises one among a blue light emitting layer, a dark blue
light emitting layer, and a sky blue light emitting layer.
Alternatively, the third light emitting layer 250 may be
formed of a blue light emitting layer and a red light emitting

10

15

20

25

30

35

40

45

50

55

60

65

64

layer, of a blue light emitting layer and a yellow-green light
emitting layer, or of a blue light emitting layer and a green
light emitting layer.

The third light emitting part ST3 further comprises a third
hole transport layer 240 on the second light emitting part
ST2, and a third electron transport layer 260 and an electron
injection layer 210 that are on the third light emitting layer
250.

The third electron transport layer 260 has the same
composition as the aforementioned electron transport layer
of the first exemplary embodiment. The third electron trans-
port layer 260 may facilitate the transport of electrons by the
electron transport layer by comprising a terpyridine deriva-
tive that has high electron mobility by including three
electron-rich nitrogen atoms. Also, the compound of this
disclosure may maximize the effect of triplet-triplet annihi-
lation and therefore improve fluorescence efliciency by
comprising a substituent substituted at the meta position of
a bridge. Also, the compound of this disclosure may make it
easy for the substituent to be substituted at the meta position
while maintaining the characteristics of the terpyridine
derivative by comprising an unbulky bridge between the
terpyridine derivative and the substituent. Accordingly, the
electron transport properties may be improved by forming a
third electron transport layer 260 formed of a compound of
this disclosure, thereby reducing the operating voltage of the
device and improving the efficiency. Also, the compound of
this disclosure may improve the fluorescence efficiency of
the device by maximizing the effect of triplet-triplet anni-
hilation. Also, the manufacturing costs of the organic light
emitting display device may be reduced by forming an
electron transport layer formed of a single material which is
the compound of this disclosure.

Accordingly, the third light emitting part ST3 comprising
the third hole transport layer 240, the third light emitting
layer 250, the third electron transport layer 260, and the
electron injection layer 210 is formed on the second light
emitting part ST2. The electron injection layer 210 may not
be included in the elements of the third light emitting part
ST3, depending on the structure or characteristics of the
organic light emitting display device.

The second charge generation layer 230 is between the
second light emitting part ST2 and the third light emitting
part ST3. The second charge generation layer 230 is a PN
junction charge generation layer formed by joining the
N-type charge generation layer 230N and the P-type charge
generation layer 230P. The second charge generation layer
230 generates a charge, or injects the charge, i.e., electrons
and holes, separately into the second and third light emitting
layers 190 and 250.

The cathode 220 is provided on the third light emitting
part ST3 to constitute the organic light emitting display
device according to the third exemplary embodiment of the
present disclosure.

Organic light emitting displays using the organic light
emitting display device according to the third exemplary
embodiment of the present disclosure may include top
emission displays, bottom emission displays, dual emission
displays, and vehicle lighting. The vehicle lighting may
include, but are not necessarily limited to, headlights, high
beams, taillights, brake lights, and back-up lights. Moreover,
organic light emitting displays using the organic light emit-
ting display device according to the second exemplary
embodiment of the present disclosure may be applied to
mobile devices, monitors, TV, etc. In addition, organic light
emitting displays using the organic light emitting display
device according to the third exemplary embodiment of the
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present disclosure may be applied to displays in which at
least two of the first, second, and third light emitting layers
emit light of the same color.

As stated above, a compound of this disclosure may
facilitate the transport of electrons by the electron transport
layer by comprising a terpyridine derivative that has high
electron mobility by including three electron-rich nitrogen
atoms. Also, the compound of this disclosure may maximize
the effect of triplet-triplet annihilation and therefore improve
fluorescence efficiency by comprising a substituent substi-
tuted at the meta position of a bridge. Also, the compound
of this disclosure may make it easy for the substituent to be
substituted at the meta position while maintaining the char-
acteristics of the terpyridine derivative by comprising an
unbulky bridge between the terpyridine derivative and the
substituent.

Accordingly, the electron transport properties may be
improved by forming an electron transport layer formed of
a compound of this disclosure, thereby reducing the oper-
ating voltage of the device and improving the efficiency.
Also, the compound of this disclosure may improve the
fluorescence efficiency of the device by maximizing the
effect of triplet-triplet annihilation. Also, the manufacturing
costs of the organic light emitting display device may be
reduced by forming an electron transport layer formed of a
single material which is the compound of this disclosure.

Hereinafter, synthesis examples of compounds of the
present disclosure will be described in detail. However, the
following examples are only for illustration, and the present
disclosure is not limited thereto.

Synthesis of Compound 1-4

Pd(Phs),
N \ K,CO5(ag.)
/ Toluene/EtOH
[ —
=
HO—B
OH
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-continued

2-(4-(4-bromophenyl)-6-(pyridin-2-yl)pyridin-2-yl)pyri-
dine (5.00 g, 12.8 mmol), 3-(4,6-diphenylpyrimidin-2-y1)
phenylboronic acid (3.52 g 10 mmol), tetrakis triphenyl-
phosphine palladium (0)(Pd(PPh3)4) (0.53 g, 0.46 mmol), a
potassium carbonate solution (4M, 10 ml), 30 ml of toluene,
and 10 ml of ethanol were put under a nitrogen atmosphere,
and then refluxed and stirred for 12 hours. After the reaction,
50 ml of water (H,O) was added, and the mixture was stirred
for 3 hours, then vacuum-filtered, and then subjected to
column chromatography using methylene chloride/hexane
as the eluent, followed by MC recrystallization, to obtain
Compound 1-4 (5.1 g, yield: 82.83%).

Synthesis of Compound 1-9

Pd(Phs),
N A\ K>COj(aq.)
/ N Toluene/EtOH
-
=
HO—B
OH
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-continued

2-(4-(4-bromophenyl)-6-(pyridin-2-yl)pyridin-2-y1)pyri-

dine) (5.00 g, 12.8 mmol), 3-(4,6-diphenyl-1,3,5-triazin-2-
vl)phenylboronic acid) (3.53 g, 10 mmol), tetrakis triphenyl-
phosphine palladium (0) (Pd(PPh3)4) (0.53 g, 0.46 mmol),
a potassium carbonate solution (4M, 10 ml), 30 ml of
toluene, and 10 ml of ethanol were put under a nitrogen
atmosphere, and then refluxed and stirred for 12 hours. After
the reaction, 50 ml of water (H,O) was added, and the
mixture was stirred for 3 hours, then vacuum-filtered, and
then subjected to column chromatography using methylene
chloride/hexane as the eluent, followed by MC recrystalli-
zation, to obtain Compound 1-9 (4.5 g, yield: 72.97%).

Synthesis of Compound 3-1

Pd(Ph3)4
K,CO35(aq.)
Toluene/EtOH

intermediate C
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-continued

2-(4-bromo-6-(pyridin-2-ylpyridin-2-yl)pyridine) (4.00
g 12.8 mmol), intermediate C (3.52 g 10 mmol), tetrakis
triphenylphosphine palladium (0)(Pd(PPh3)4) (0.53 g, 0.46
mmol), a potassium carbonate solution (4M, 10 ml), 30 ml
of toluene, and 10 ml of ethanol were put under a nitrogen
atmosphere, and then refluxed and stirred for 12 hours. After
the reaction, 50 ml of water (H,0O) was added, and the
mixture was stirred for 3 hours, then vacuum-filtered, and
then subjected to column chromatography using methylene
chloride/hexane as the eluent, followed by MC recrystalli-
zation, to obtain Compound 3-1 (4.8 g, yield: 88.94%).

Synthesis of Comparative Compound

Pd(Ph)y
K,COs(aq.)

Toluene/EtOH
—_

2-(4-(4-bromophenyl)-6-(pyridin-2-yl)pyridin-2-yl)pyri-
dine) (5.00 g 12.8 mmol), 2-4-(4,6-diphenyl-1,3,5-triazin-
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2-yl)phenylboronic acid (3.53 g 10 mmol), tetrakis triph-
enylphosphine palladium (0)(Pd(PPh3)4) (0.53 g, 0.46
mmol), a potassium carbonate solution (4M, 10 ml), 30 ml
of toluene, and 10 ml of ethanol were put under a nitrogen
atmosphere, and then refluxed and stirred for 12 hours. After
the reaction, 50 ml of water (H,0) was added, and the
mixture was stirred for 3 hours, then vacuum-filtered, and
then subjected to column chromatography using methylene
chloride/hexane as the eluent, followed by MC recrystalli-
zation, to obtain Compound 3-1 (5.6 g, yield: 90.80%).

Hereinafter, embodiments for the manufacture of an
organic light emitting display device according to the pres-
ent disclosure will be disclosed. However, the following
materials for the electron transport layer do not limit the
scope of the present disclosure.

Test 1: Characteristics of Monolithic Device

Comparative Example 1

An organic light emitting display device was manufac-
tured by forming, on a substrate, an anode, a hole injection
layer, a hole transport layer, a blue light emitting layer, an
electron transport layer, an electron injection layer, and a
cathode. Here, the electron transport layer was formed of an
anthracene compound and a carbazole compound with a
50:50 volume ratio.

Comparative Example 2

It has the same elements as the above-described Com-
parative Example 1, and the electron transport layer was
formed only of the above Comparative Compound.

Embodiment 1

It has the same elements as the above-described Com-
parative Example 1, and the electron transport layer was
formed only of the above Compound 1-4.

Embodiment 2

It has the same elements as the above-described Com-
parative Example 1, and the electron transport layer was
formed only of the above Compound 1-9.

Embodiment 3

It has the same elements as the above-described Com-
parative Example 1, and the electron transport layer was
formed only of the above Compound 3-1.

The operating voltage, efliciency, chromaticity coordi-
nates, and lifetime of the devices manufactured according to
the above-described Comparative Examples 1 and 2 and
Embodiments 1, 2, and 3 were measured and shown in the
following Table 1. (The devices operated at a current density
of 10 mA/cm?® to measure the operating voltage, efficiency,
and chromaticity coordinates, and the devices operated at a
current density of 50 mA/cm® to measure the lifetime. T95
is the time it takes for the luminance to decrease to 95% of
the initial luminance).

The light emission spectra of the organic light emitting
display devices manufactured according to Comparative
Examples 1 and 2 and Embodiment 1 were measured and
shown in FIG. 4, the light emission spectra of the organic
light emitting display devices manufactured according to
Comparative Examples | and 2 and Embodiment 2 were
measured and shown in FIG. 5, and the light emission
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spectra of the organic light emitting display devices manu-
factured according to Comparative Examples 1 and 2 and
Embodiment 3 were measured and shown in FIG. 6. In
FIGS. 4 to 6, the horizontal axis represents wavelength, and
the vertical axis represents intensity.

TABLE 1
Operative Chromaticity
voltage  Efficiency coordinates Lifetime (T95,
(V) (Cd/A)  CIE_x CIE_y @50 mA/em?)

Comparative 3.8 59 0.139  0.099 50
Example 1
Comparative 4.3 44 0.139  0.098 50
Example 2
Embodiment 3.8 6.1 0.139  0.102 56
1
Embodiment 3.7 6.4 0.139  0.101 62
2
Embodiment 3.8 6.0 0.139  0.103 51

3

Referring to Table 1, Embodiment 1 comprising Com-
pound 1-4 of this disclosure showed similar chromaticity
coordinate values, the same operating voltage, an increase of
0.2 Cd/A 1n efficiency, and an increase of 6 hours in lifetime,
compared to Comparative Example 1 in which an anthra-
cene compound and a carbazole compound were mixed in
with an electron transport layer. Embodiment 2 comprising
Compound 1-9 of this disclosure showed similar chroma-
ticity coordinate values, a decrease of 0.1 V in operating
voltage, an increase of 0.5 Cd/A in efficiency, and an
increase of 12 hours in lifetime, compared to Comparative
Example 1. Embodiment 3 comprising Compound 3-1 of
this disclosure showed similar chromaticity coordinate val-
ues, the same operating voltage, an increase of 0.1 Cd/A in
efficiency, and an increase of 1 hour in lifetime, compared to
Comparative Example 1. Comparative Example 2 compris-
ing Comparative Compound of this disclosure showed simi-
lar chromaticity coordinate values, the same lifetime, an
increase of 0.5 V in operating voltage, and a decrease of 1.5
Cd/A in efficiency, compared to Comparative Example 1.

From these results, it can be found out that the organic
light emitting display devices according to the embodiments
using an electron transport layer comprising a compound of
this disclosure showed similar chromaticity coordinate val-
ues, the same operating voltage, and improved efliciency
and lifetime, compared to the organic light emitting display
device according to Comparative Example 1 using an elec-
tron transport layer formed of different materials.

Moreover, it can be found out that Comparative Example
2 in which the electron transport layer was formed of a
comparative compound comprising a substituent substituted
at the para position of a bridge, in this disclosure, showed a
significant reduction in the operating voltage and a signifi-
cant enhancement in the efficiency of the organic light
emitting display device.

Referring to FIG. 4, the device according to Embodiment
1 of the present disclosure showed a similar emission
intensity level as Comparative Example 1 and a higher
emission intensity level than Comparative Example 2.
Referring to FIG. 5, the device according to Embodiment 2
of the present disclosure showed a higher emission intensity
level than Comparative Examples 1 and 2. Referring to FIG.
6, the device according to Embodiment 3 of the present
disclosure showed a similar emission intensity level as



US 10,355,220 B2

71

Comparative Example 1 and a higher emission intensity
level than Comparative Example 2.

These results demonstrate that the organic light emitting
display devices according to the present disclosure have
similar light emission spectra, while using an electron trans-
port layer formed of a single material, in place of two
different materials.

Test 2: Characteristics of Multilayer Light Emitting Dis-
play Device

Comparative Example 3

An organic light emitting display device was manufac-
tured by forming, on a substrate, a first light emitting part
comprising a hole injection layer, first hole transport layer,
fluorescent blue light emitting layer, and first electron trans-
port layer, a first charge generation layer comprising an
N-type charge generation layer and a P-type charge genera-
tion layer, a second light emitting part comprising a second
hole transport layer, phosphorescent yellow-green light
emitting layer, and second electron transport layer, a second
charge generation layer comprising an N-type charge gen-
eration layer and a P-type charge generation layer, a third
light emitting part comprising a third hole transport layer,
fluorescent blue light emitting layer, third electron transport
layer, and electron injection layer, and a cathode. Here, the
third electron transport layer was formed of an anthracene
compound and a carbazole compound with a 50:50 volume
ratio.

Comparative Example 4

It has the same elements as the above-described Com-
parative Example 3, and the third electron transport layer
was formed only of the above Comparative Compound.

Embodiment 4

It has the same elements as the above-described Com-
parative Example 3, and the third electron transport layer
was formed only of the above Compound 1-9.

Embodiment 5

It has the same elements as the above-described Com-
parative Example 3, and the third electron transport layer
was formed only of the above Compound 3-1.

The operating voltage, efliciency, chromaticity coordi-
nates, and lifetime of the devices manufactured according to
the above-described Comparative Examples 3 and 4 and
Embodiments 4 and 5 were measured and shown in the
following Table 2. (The devices operated at a current density
of 10 mA/em? to measure the operating voltage, efficiency,
and chromaticity coordinates, and the devices operated at a
current density of 50 mA/cm?® to measure the lifetime. T98
is the time it takes for the luminance to decrease to 98% of
the initial luminance. The initial luminance was 3000 nit).

The light emission spectra of the organic light emitting
display devices manufactured according to Comparative
Examples 3 and 4 and Embodiments 4 and 5 were measured
and shown in FIG. 7. In FIG. 7, the horizontal axis repre-
sents wavelength, and the vertical axis represents intensity.
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TABLE 2
Operative  Effi- Chromaticity ~ Lifetime (T98,
voltage  ciency coordinates @50 mA/cm?)
V) (Cd/A) CIE x CIE_y Blue White
Comparative 11.7 724 0.278  0.288 564 1051
Example 3
Comparative 12.2 72.1 0.285 0297 511 957
Example 4
Embodiment 4 11.7 74.6 0.281 0292 677 989
Embodiment 5 11.9 75.1 0.279 0291 747 1034

Referring to Table 2, Embodiment 4 comprising Com-
pound 1-9 of this disclosure showed similar chromaticity
coordinate values, the same operating voltage, an increase of
2.2 Cd/A in efficiency, an increase of 113 hours in blue
lifetime, and an increase of 62 hours in white lifetime,
compared to Comparative Example 3 in which an anthra-
cene compound and a carbazole compound were mixed in
with an electron transport layer. Embodiment 5 comprising
Compound 3-1 of this disclosure showed similar chroma-
ticity coordinate values, a decrease of 0.2 V in operating
voltage, an increase of 2.7 Cd/A in efficiency, and an
increase of 183 hours in blue lifetime, and an increase of 17
hours in white lifetime, compared to Comparative Example
3. Comparative Example 4 comprising Comparative Com-
pound of this disclosure showed similar chromaticity coor-
dinate values, an increase of 0.5 V in operating voltage, and
a decrease of 0.3 Cd/A in efficiency, a decrease of 53 hours
in blue lifetime, and a decrease of 94 hours in white lifetime,
compared to Comparative Example 3.

From these results, it can be determined that the organic
light emitting display devices according to the embodiments
using an electron transport layer comprising a compound of
this disclosure showed similar chromaticity coordinate val-
ues, the same operating voltage, improved efliciency, and
improved lifetime, especially, the lifetime of fluorescent
blue light, compared to the organic light emitting display
device according to Comparative Example 3 using an elec-
tron transport layer formed of different materials.

Moreover, it can be determined that Comparative
Example 4 in which the electron transport layer was formed
of a comparative compound comprising a substituent sub-
stituted at the para position of a bridge, this disclosure
showed a significant reduction in the operating voltage, and
a significant enhancement in efficiency, and lifetime of the
organic light emitting display device.

Referring to FIG. 7, the devices according to Embodi-
ments 4 and 5 of the present disclosure showed a similar
emission intensity level as Comparative Examples 3 and 4.

These results demonstrate that the organic light emitting
display devices according to the present disclosure have
similar white light emission spectra, while using an electron
transport layer formed of a single material, in place of two
different materials.

A compound of this disclosure may facilitate the transport
of electrons by the electron transport layer by comprising a
terpyridine derivative that has high electron mobility by
including three electron-rich nitrogen atoms. Also, the com-
pound of this disclosure may maximize the effect of triplet-
triplet annihilation and therefore improve fluorescence effi-
ciency by comprising a substituent substituted at the meta
position of a bridge. Also, the compound of this disclosure
may make it easy for the substituent to be substituted at the
meta position while maintaining the characteristics of the
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terpyridine derivative by comprising an unbulky bridge
between the terpyridine derivative and the substituent.

Accordingly, the electron transport properties may be
improved by forming an electron transport layer formed of
a compound of this disclosure, thereby reducing the opet-
ating voltage of the device and improving the efficiency.
Also, the compound of this disclosure may improve the
fluorescence efficiency of the device by maximizing the
effect of triplet-triplet annihilation. Also, the manufacturing
costs of the organic light emitting display device may be
reduced by forming an electron transport layer formed of a
single material which is the compound of this disclosure.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.

What is claimed is:

1. An organic light emitting display device comprising at
least one light emitting part between an anode and a cathode
and comprising at least one organic layer and a light emitting
layer,

wherein the at least one organic layer comprises a com-

pound represented by the following Chemical Formula
1:

[Chemical Formula 1]

wherein the bridge includes one among biphenyl and
naphthylphenyl groups, Ar is substituted at the meta
position of the bridge, and Ar includes a substituted or
unsubstituted heteroaromatic group having 1 to 3 nitro-
gen atoms.

2. The organic light emitting display device of claim 1,
wherein the substituent maximizes the effect of triplet-triplet
annihilation by breaking a conjugation of the compound.

3. The organic light emitting display device of claim 1,
wherein the at least one organic layer includes an electron
transport layer.

4. The organic light emitting display device of claim 3,
wherein the at least one light emitting part comprises at least
two or more light emitting parts, and one of the at least two
or more light emitting parts is a blue light emitting part and
the another one of the at least two or more light emitting
parts is a yellow-green light emitting part.
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5. The organic light emitting display device of claim 4,
wherein the organic layer is included in the blue light
emitting part.

6. The organic light emitting display device of claim 1,
wherein the compound having the substituent at the meta
position of the bridge enhances efficiency and lifetime and
reduces operating voltage compared to the compound hav-
ing a substituent at a para position of the bridge.

7. The organic light emitting display device of claim 1,
wherein the compound represented by Chemical Formula 1
includes one among the following compounds represented
by Chemical Formulae 2 to 5:

[Chemical Formula 2]

[Chemical Formula 3]

[Chemical Formula 4]
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-continued -continued
[Chemical Formula 5] 1-4

10

15

wherein, in Chemical Formulae 2 to 5, Ar, includes a
substituted or unsubstituted heteroaromatic group hav-
ing 1 to 3 nitrogen atoms that has a molecular weight
of 400 or less, and in Chemical Formulae 4 and 5, Ar, 20
includes a substituted or unsubstituted heteroaromatic
group having 1 to 3 nitrogen atoms that has a molecular
weight of 400 or less.

8. The organic light emitting display device of claim 1,
wherein the compound represented by Chemical Formula 1 1.5
includes one among the following compounds:
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9. The organic light emitting display device of claim 1,
wherein a molecular weight of the Ar is 400 or less so as to
break a conjugation of the compound and maintain an
electron mobility of the compound.
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