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(57) ABSTRACT

An organic light emitting display device is discussed. The
organic light emitting display device in one embodiment
includes at least one light emitting layer between an anode
and a cathode, and an electron transport layer between the at
least one light emitting layer and the cathode. The electron
transport layer may include a first electron transport material
for blocking holes from the light emitting layer to the electron
transport layer, and a second electron transport material for
assisting in a transfer of electrons to the light emitting layer,
wherein the first electron transport material and the second
electron transport material have different triplet exciton
energy levels and different electron mobilities.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

[0001] This application claims the priority benefit of
Korean Patent Application Nos. 10-2014-0137951 filed on
Oct. 13, 2014 and 10-2015-0092499 filed on Jun. 29, 2015,
which are all incorporated herein by reference for all purposes
as if fully set forth herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates to an organic light

emitting display device, and more particularly, to an organic
light emitting display device which is capable of reducing
operating voltage and improving emission efficiency.

[0004] 2. Discussion of the Related Art

[0005] Image displays used for displaying a variety of
information 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 portable,
and furthermore to have high performance. With the devel-
opment of the information society, various demands for dis-
play 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.

[0006] Among these types of panel displays, the OLED
devices are a type of devices that, when a charge is injected
into an organic light emitting layer formed between an anode
and a cathode, emit light as electron-hole pairs are produced
and dissipated. The OLED devices are advantageous in that
they can be formed on a flexible transparent substrate such as
plastic, can be driven at relatively low voltage, less power
consumption, and excellent colors sensitivity. as compared to
plasma display panels or inorganic EL displays. Especially,
white OLED devices are used for various purposes in light-
ing, thin light sources, backlights for liquid crystal displays,
or full-color displays employing color filters.

[0007] An organic light emitting display device may be
formed by sequentially stacking an anode, a hole injection
layer, a hole transport layer, an light emitting layer, an elec-
tron transport layer, an electron injection layer, and a cathode.
Accordingly, a hole-electron pair, formed by the recombina-
tion of a hole supplied from the anode and an electron
received from the cathode, forms an exciton, and light emis-
sion occurs by an energy generated as the exciton returns to
the ground state.

[0008] However, if the electron transport layer of an
organic light emitting display device according to the related
art has a high triplet exciton energy level, the operating volt-
age rises due to low electron injectability and low electron
mobility. Also, if the electron transport layer has high electron
injectability and electron affinity, the charge balance is bro-
ken due to high electron mobility, thus decreasing lifetime
and efficiency.

SUMMARY

[0009] An aspect of the present invention is to provide an
organic light emitting display device which is capable of
reducing operating voltage and improving emission effi-
ciency.

[0010] Additional features and advantages of the invention
will be set forth in the descriptions which follows, and in part
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will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0011] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described, an exemplary embodiment of the present
invention provides an organic light emitting display device
comprising at least one light emitting layer between an anode
and a cathode, and an electron transport layer between the at
least one light emitting layer and the cathode, the electron
transport layer including a first electron transport material for
blocking holes from the light emitting layer to the electron
transport layer, and a second electron transport material for
assisting in a transfer of electrons to the light emitting layer,
wherein the first electron transport material and the second
transport material have triplet exciton energy levels and elec-
tron motilities.

[0012] The triplet exciton energy level of the first electron
transport material may be higher than that of the second
electron transport material.

[0013] The electron mobility of the first electron transport
material may be lower than that of the second electron trans-
port material.

[0014] The electron transport layer may be a single layer.
[0015] The electron transport layer may include a first
layer, a mixed layer, and a second layer.

[0016] In one example, the first layer includes the first
electron transport material, the mixed layer includes the first
electron transport material and the second electron transport
material, and the second layer includes the second electron
transport material.

[0017] The triplet exciton energy level of the first electron
transport material may be within a range of 2.6 eV to 2.8 eV,
and the triplet exciton energy level of the second electron
transport material is within a range of 1.6 eV to 2.0 eV.
[0018] The electron mobility of the second electron trans-
port material may be within a range of 1x10-3 cm?/Vs to
1x10-5 cm®/Vs.

[0019] In one example, the first electron transport material
includes 30 to 50% of the sum of the first and second electron
transport materials.

[0020] A ratio ofthe first electron transport material may be
equal to or lower than a ratio of the second electron transport
material.

[0021] The thickness of the electron transport layer may be
within a range of 5 to 45 nm.

[0022] The thicknesses of the first and second layers may
include 25% to 100% of the thickness of the mixed layer, and
the thickness of the mixed layer may be within a range of 15
to 20 nm.

[0023] The first electron transport material is adjacent to
the light emitting layer, and blocks holes from the light emit-
ting layer to the electron transport layer.

[0024] The second electron transport material is adjacent to
the cathode, and assists in the transfer of electrons to the light
emitting layer.

[0025] The charge balance in the light emitting layer is
adjusted using the first electron transport material and the
second electron transport material.

[0026] An exemplary embodiment of the present invention
provides an organic light emitting display device comprising
at least one light emitting part between an anode and a cath-
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ode, and an electron transport layer between the at least one
light emitting part and the cathode, wherein the electron
transport layer is composed of a single layer having a first
electron transport material and a second electron transport
material.

[0027] Theelectron transport layer may include a first layer
including the first electron transport material, a mixed layer
including the first and second electron transport materials,
and a second layer including the second electron transport
material.

[0028] The first and second electron transport materials
have different triplet exciton energy levels or different elec-
tron mobilities.

[0029] The triplet exciton energy level of the first electron
transport material is higher than that of the second electron
transport material.

[0030] The triplet exciton energy level of the first electron
transport material may be within a range of 2.6 eV to 2.8 eV,
and the triplet exciton energy level of the second electron
transport material may be within a range of 1.6 eV to 2.0 eV.
[0031] The electron mobility of the first electron transport
material may be lower than that of the second electron trans-
port material.

[0032] The electron mobility of the second electron trans-
port material may be within a range of 1x10™> cm*Vs to
1x107% ecm®/Vs.

[0033] The first electron transport material may include 30
to 50% of the sum of the first and second electron transport
materials.

[0034] A ratio of the first electron transport material may be
equal to or lower than a ratio of the second electron transport
material.

[0035] The thickness of the electron transport layer may be
within a range of 5 to 45 nm.

[0036] The thicknesses of the first and second layers
include 25% to 100% of the thickness of the mixed layer, and
the thickness of the mixed layer may be within a range of 15
to 20 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0038] FIG.11is a view showing an organic light emitting
display device according to a first exemplary embodiment of
the present invention;

[0039] FIG. 2 is a view showing an organic light emitting
display device according to a second exemplary embodiment
of the present invention;

[0040] FIG. 3 is a view showing an organic light emitting
display device according to a third exemplary embodiment of
the present invention;

[0041] FIG.4isanenergy band diagram of an organic light
emitting display device according to an exemplary embodi-
ment of the present invention;

[0042] FIG. 5 is a view showing an organic light emitting
display device according to a fourth exemplary embodiment
of the present invention;

[0043] FIG. 6 is a view showing an organic light emitting
display device according to a fifth exemplary embodiment of
the present invention;
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[0044] FIG. 7 is a view showing an organic light emitting
display device according to a sixth exemplary embodiment of
the present invention;

[0045] FIG. 8is an energy band diagram of an organic light
emitting display device according to the fourth exemplary
embodiment of the present invention;

[0046] FIG. 9 is a pattern diagram of a co-deposition
method for producing an electron transport layer of an
organic light emitting display device according to an embodi-
ment of the present invention;

[0047] FIG. 10 is a graph of the current density vs. operat-
ing voltage of a device according to Embodiment 2 of the
present invention;

[0048] FIG. 11 is a graph of the efficiency vs. luminance of
adevice according to Embodiment 2 of the present invention;
[0049] FIG. 12 is a graph showing the luminescence inten-
sity vs. wavelength of devices using 7:3 and 3:7 mix ratios of
materials in an electron transport layer according to Embodi-
ment 2 of the present invention;

[0050] FIG. 13 is a graph showing the luminescence inten-
sity vs. wavelength of devices using 1:1 and 3:7 mix ratios of
materials in an electron transport layer according to Embodi-
ment 2 of the present invention;

[0051] FIG. 14 is a graph showing the current density vs.
operating voltage of an organic light emitting display device
according to Embodiment 3 of the present invention;

[0052] FIG. 15 is a graph showing the efficiency vs. lumi-
nance of an organic light emitting display device according to
Embodiment 3 of the present invention;

[0053] FIG. 16 is a graph showing the luminescence inten-
sity vs. wavelength of an organic light emitting display device
according to Embodiment 3 of the present invention;

[0054] FIG. 17 is a graph showing the current density vs.
operating voltage of organic light emitting display devices
according to Embodiments 4 and 5 of the present invention;
[0055] FIG. 18 is a graph showing the efficiency vs. lumi-
nance of organic light emitting display devices according to
Embodiments 4 and 5 of the present invention; and

[0056] FIG. 19 is a graph showing the luminescence inten-
sity vs. wavelength of organic light emitting display devices
according to Embodiments 4 and 5 of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0057] Theadvantages and features ofthe present invention
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 invention may, however, be embodied
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 invention to those skilled in
the art, and the present invention is defined by the appended
claims

[0058] The shapes, sizes, percentages, angles, numbers, etc
shown in the figures to describe the exemplary embodiments
of the present invention are merely examples and not limited
to those shown in the figures. Like reference numerals denote
like elements throughout the specification. In describing the
present invention, detailed descriptions of related well-
known technologies will be omitted to avoid unnecessary
obscuring the present invention. When the terms ‘comprise’,
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‘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.

[0059] The elements may be interpreted to include an error
margin even if not explicitly stated.

[0060] 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.

[0061] 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 succes-
sion as long as the term ‘immediately” or ‘directly” is not used.
[0062] It will be understood that, although the terms first,
second, etc., may be used to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another ele-
ment. Thus, a first element discussed below could be termed
a second element without departing from the technical spirit
of the present invention.

[0063] The features of various exemplary embodiments of
the present invention may be combined with one another
either partly or wholly, and may interact or work together in
technically various ways. The exemplary embodiments may
be carried out independently or in combination with one
another.

[0064] Hereinafter, various exemplary embodiments of the
present invention will be described in detail with reference to
the accompanying drawings.

[0065] FIG.1is a view showing an organic light emitting
display device according to a first exemplary embodiment of
the present invention. All the components of the organic light
emitting display device in all embodiments are operatively
coupled and configured.

[0066] Referring to FIG. 1, an organic light emitting dis-
play device 10 according to the first exemplary embodiment
of the present invention comprises an anode 20, a hole injec-
tion layer 30, a hole transport layer 40, an light emitting layer
50, an electron transport layer 60, an electron injection layer
70, and a cathode 80.

[0067] The anode 20 is a hole injection electrode, and may
be formed of ITO (indium tin oxide), IZO (indium zinc
oxide), or ZnO (zinc oxide) having a high work function.
Also, if the anode 20 is a reflective electrode, the anode 20
may further comprise a reflective layer formed of aluminum
(Al), silver (Ag), or nickel (Ni) under a layer formed of ITO,
170, or ZnO.

[0068] Theholeinjection layer 30 may function to facilitate
hole injection from the anode 20 to the light emitting layer 50,
and may be formed of, but is not limited to, one among of
CuPc (copper phthalocyanine), PEDOT (poly(3,4)-ethylene-
dioxythiophene), PANI (polyaniline), and NPD(N,N'-bis
(naphthalene-1-y1)-N,N'-bis(phenyl)-2,2'-dimethylbenzi-

dine). The hole injection layer 30 may be 1 to 150 nm
thickness. If the hole injection layer 30 is 1 nm thickness or
greater, the hole injection properties may be improved. If the
hole injection layer 30 is 150 nm thickness or less, an increase
in the thickness of the hole injection layer 30 may be pre-
vented and a rise in operating voltage may be therefore pre-
vented. The hole injection layer 30 or the electron injection
layer 70 may not be included in the composition of the
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organic light emitting display device, depending on the struc-
ture or characteristics of the device.

[0069] The hole transport layer 40 may function to facili-
tate hole transport, and may be formed of, but is not limited to,
one among of NPD (N,N'-bis(naphthalene-1-y1)-N,N'-bis
(phenyl)-2,2'-dimethylbenzidine), TPD(N,N'-bis-(3-meth-
ylphenyl)-N,N'-bis(phenyl)-benzidine), spiro-TAD(2,2'7,7'-
tetrakis(N,N-diphenylamino)-9,9'-spirobifluorene), and
MTDATA(4,4',4"-tris(N-3-methylphenyl-N-phenylamino)-
triphenylamine). The hole transport layer 40 may be 1 to 150
nm thickness. If the hole transport layer 40 is 1 nm thickness
or greater, the hole transport properties may be improved. If
the hole transport layer 40 is 150 nm thickness or less, an
increase in the thickness of the hole transport layer 40 may be
prevented, and a rise in operating voltage may be therefore
prevented.

[0070] Thelight emitting layer 50 may emit light of red (R),
green (G), or blue (B), and may be formed of a phosphores-
cent material or a fluorescent material.

[0071] If the light emitting layer 50 is a red light emitting
layer, it may be formed of, but is not limited to, a phospho-
rescent material comprising a host material such as CBP(4,
4'-bis(carbazol-9-y)biphenyl) and a dopant having one
among of Ir(PIQ),(acac) (bis (1-phenylisoquinoline)acety-
lacetonate iridium(1I)), Ir(PQ);(bis(1-phenylquinoline)iri-
diuml(IIT)), and PtOEP(octaethylporphyrin platinum), or a
fluorescent material comprising PBD:EU(DBM);(Phen) or
perylene.

[0072] Ifthe light emitting layer 50 is a green light emitting
layer, it may be formed of, but is not limited to, a phospho-
rescent material comprising a host material such as CBP(4,
4'-bis(carbazole-9-yl)biphenyl) and a dopant material com-
prising an iridium-based material, or a fluorescent material
comprising Alq,(tris(8-hydroxyquinolinato)aluminum).
[0073] Ifthe light emitting layer 50 is a blue light emitting
layer, it may be formed of, but is not limited to, a phospho-
rescent material comprising a host material such as CBP(4,
4'-bis(carbazole-9-yl)biphenyl) and a dopant material com-
prising an iridium-based material, or a fluorescent material
comprising any one among of 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 (polyfluorene)
polymer, and a PPV (polyphenylenevinylne) polymer.
[0074] The electron transport layer 60 functions to facili-
tate electron transport, and affects the lifetime or efficiency of
the organic light emitting display device. In view of this, the
present inventors conducted various tests to improve the
properties of the electron transport layer and therefore
improve the lifetime or efficiency of the organic light emitting
display device. They found out that, if the electron transport
layer is composed of a single layer having a high triplet
exciton energy level to reduce the operating voltage, the elec-
tron injection does not work smoothly due to low electron
mobility, thus increasing the operating voltage. Also, they
found out that, if the electron transport layer is formed of a
single layer having high electron mobility, the electron injec-
tion works smoothly but the balance between electrons and
holes is broken, thus reducing the lifetime. In view of this,
they formed an electron transport layer having two layers:
however the electron transport layer having two layers
increased the thickness of the device, resulting in an increase
in operating voltage. Therefore, the present inventors formed
an electron transport layer composed of a single layer having
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amixture of two materials in the electron transport layer, and
invented an organic light emitting display device having a
new structure that can achieve higher efficiency and lower
operating voltage. depending on the properties of the two
materials in the electron transport layer and the thickness or
mix ratio of the two materials.

[0075] The electron transport layer 60 comprises a first
electron transport material and a second electron transport
material. The first electron transport material has a higher
triplet exciton energy level (T Level) and lower electron
mobility than the second electron transport material. The
second electron transport material has a lower triplet exciton
energy level (T1 Level) and higher electron mobility than the
first electron transport material. The first electron transport
material and the second electron transport material may be
formed by co-deposition.

[0076] More specifically, the first electron transport mate-
rial has a high triplet exciton energy level (T1 Level), and
therefore may function to block holes from the light emitting
layer and keep the charge balance between electrons and
holes in the light emitting layer. Accordingly, the first electron
transport material is adjacent to the light emitting layer 50,
thus preventing the transfer of holes from the light emitting
layer 50 to the electron transport layer 60. The triplet exciton
energy level (T1 Level) is within a range of 2.6 eV to 2.8 eV.
The HOMO level of the first electron transport material is
within a range of -5.9 eV t0 -6.3 eV, and its LUMO level is
within a range of -2.4 eV to -2.8 eV. The first electron
transport material having the above triplet exciton energy
level, HOMO level, and LUMO level may be a carbazole
compound, an oxadiazole compound, a triazole compound,
etc.; for example, a compound represented by the following
chemical formula 1:

[Chemical Formula 1]

where A to A are independently a substituted or unsubsti-
tuted aromatic ring of 6 to 50 carbon atoms, or at least one of
A to A5 is asubstituted or unsubstituted heterocyclic ring of
5 to 49 carbon atoms having at least one among S, N, and O.
[0077] Thesecond electron transport material may function
to improve electron injection and reduce the operating volt-
age of the device since it has high electron mobility. The
electron mobility is within a range of 1x10~> cm*/Vs to
1x107° cm?*/Vs. The HOMO level of the second electron
transport material is within a range of -5.8 eV to -6.2 eV, its
LUMO level is within a range from -2.8 eV t0 -3.2 ¢V, and its
triplet exciton energy level is within arange 1.6 eV to 2.0eV.
The second electron transport material may be a quinoline
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compound, an anthracene compound, etc.; for example, a
compound represented by the following chemical formula 2:

[Chemical Formula 2]

Ay Az

Ag Ay

Ay Ag As

where A, to A, , are independently a substituted or unsubsti-
tuted aromatic ring of 6 to 50 carbon atoms, or at least one of
A, to A, 1s asubstituted or unsubstituted heterocyclic ring of
5 to 49 carbon atoms having at least one among S, N, and O.
[0078] One or more embodiments of the present invention
provide an electron transport layer comprising materials of
different properties, and can therefore reduce the barrier for
charges to move from adjacent layers since various energy
levels are formed within the electron transport layer. Accord-
ingly, charge transfer to the light emitting layer is facilitated,
keeping the charge balance in the light emitting layer and
reducing the operating voltage. And, the present invention
can increase the device efficiency by comprising a first elec-
tron transport material having a high triplet exciton energy
level (T1 Level). Also, the present invention can facilitate
electron transfer and therefore reduce the operating voltage
by comprising a second electron transport material having
high electron mobility.

[0079] To reduce the operating voltage of the organic light
emitting display device and improve its efficiency, the elec-
tron transport layer 60 of the present invention comprises a
first electron transport material and a second electron trans-
port material. In the electron transport layer 60, the first
electron transport material includes 30 to 50% of the sum of
the first and second electron transport materials. If the first
electron transport material is less than 30% of the sum of the
first and second electron transport materials, the device’s
charge balance is broken, reducing the efficiency. If the first
electron transport material is more than 50% of the sum ofthe
first and second electron transport materials, electron transfer
does not work smoothly, increasing the operating voltage of
the device and reducing the efficiency.

[0080] The electron transport layer 60 is formed of a single
layer having a first electron transport material and a second
electron transport material, and its thickness is within a range
of 5 to 45 nm. If the thickness of the electron transport layer
60 is less than 5 nm, it cannot function as an electron transport
layer, and if the thickness of the electron transport layer 60 is
more than 45 nm, the electron transport layer becomes too
thick, and therefore the operating voltage rises and the cavity
effect of the device cannot be maximized.

[0081] Theelectron injection layer 70 functions to facilitate
electron injection, and may be formed of, but is not limited to,
Alg; (tris(8-hydroxy quinolinato)aluminum), PBD(2-4-bi-
phenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole), TAZ(3-
(4-biphenyl)-4-pheynyl-5-tert-butylphenyl-1,2,4-triazole),
and BAlq(bis(2-methyl-8-quinolinolate)-4-(phenylpheno-
lato)aluminum). And, the electron injection layer 70 may be
formed of a metal compound, and the metal compound may
be, for example, but is not limited to, one among of LiQ, LiF,
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NaF, KF, RbF, CsF, FrF, BeF,, MgF,, CaF,, SrF,, BaF,, and
RaF,. The electron injection layer 70 may be 1 to 50 nm
thickness. If the electron injection layer 70 is 1 nm thickness
or greater, a degradation of the electron injection properties
may be prevented, or if the electron injection layer 70 is 50 nm
thickness or less, a rise in operating voltage caused by the
electron injection layer 70 being too thick, may be prevented.
The electron injection layer 70 may not be included in the
composition of the organic light emitting display device,
depending on the structure or characteristics of the device.

[0082] The cathode 80 is an electron injection electrode,
and may be formed of magnesium (Mg), calcium (Ca), alu-
minum (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 80
may be formed thin enough to pass light therethrough. If the
organic light emitting display device is a bottom-emission
type, the cathode 80 may be formed thick enough to reflect
light.

[0083] As described above, the organic light emitting dis-
play device according to the embodiments of the present
invention offers the advantage of lowering the barrier for
charges to move from adjacent layers and reducing the oper-
ating voltage by having an electron transport layer compris-
ing a first electron transport material having a high triplet
exciton energy level and a second electron transport material
having high electron mobility. Moreover, the organic light
emitting display device of the present invention can increase
the device efficiency since the electron transport layer com-
prises a first electron transport material having a high triplet
exciton energy level, and facilitate electron transfer and
reduce the operating voltage since the electron transport layer
comprises a second electron transport material having high
electron mobility.

[0084] FIG. 2 is a view showing an organic light emitting
display device according to a second exemplary embodiment
of the present invention. Hereinbelow, the same elements as
the first exemplary embodiment will be described briefly.

[0085] Referring to FIG. 2, an organic light emitting dis-
play device 100 according to the second exemplary embodi-
ment of the present invention 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.

[0086] More specifically, the first light emitting part ST1 is
a single light emitting diode unit, and 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 may be a blue light emitting layer, a dark blue
light emitting layer, or a sky blue light emitting layer. The first
light emitting part ST1 further comprises a first hole injection
layer 120 and a first hole transport layer 130 that are over the
anode 110. Also, the first light emitting part ST1 further
comprises a first electron transport layer 150 over the first
light emitting layer 140. Also, the first light emitting part ST1
may further comprise an electron injection layer over the first
electron transport layer 150. Accordingly, the first light emit-
ting part ST1 comprising the first 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 over the
anode 110. The first hole injection layer 120 and the electron
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injection layer may not be included in the composition of the
first light emitting part ST1, depending on the structure or
characteristics of the device.

[0087] The second light emitting part ST2 comprising a
second light emitting layer 190 is over the first light emitting
part ST1. The second light emitting layer 190 may emit light
of red, green, or blue, and it may be a yellow-green light
emitting layer or a green light emitting layer, for example, in
this exemplary embodiment. The yellow-green light emitting
layer may comprise a multilayer structure of a yellow light
emitting layer or yellow-green light emitting layer and a
green light emitting layer. The second light emitting part ST2
further comprises a second hole injection layer 170 and a
second hole transport layer 180, and further comprises a
second electron transport layer 200 and an electron injection
layer 210 that are over the second light emitting layer 190.
Accordingly, the second light emitting part ST2 comprising
the second hole injection layer 170, 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 over the first light emitting part ST1. The
second hole injection layer 170 and the electron injection
layer 210 may not be included in the composition of the
second light emitting part ST2, depending on the structure or
characteristics of the device.

[0088] The charge generation layer 160 is between the first
light emitting part ST1 and the second light emitting part ST2.
The charge generation layer 160 is a PN-junction charge
generation layer formed by joining an N-type charge genera-
tion 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, sepa-
rately into the light emitting layers. That is, the N-type charge
generation layer 160N supplies electrons to the first light
emitting layer 140 adjacent to the anode, and the P-type
charge generation layer 160P supplies holes to the second
light emitting layer 190. As such, the organic light emitting
display device with a plurality of light emitting layers can
further increase its emission efficiency and reduce its operat-
ing voltage.

[0089] The N-type charge generation layer 160N may be
formed of a metal or an N-doped organic material. The metal
may be one material among of Li, Na, K, Rb, Cs, Mg, Ca, Sr,
Ba, La, Ce, Sm, Eu, Tb, Dy, and Yb. 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. The
N-type dopant may be one of Li, Be, Cs, K, Rb, Mg, Na, Ca,
Sr, Eu, Fr, Ba, Ra, and Yb. The host material may be one
material among of Alg,(tris(8-hydroxyquinolinato)alumi-
num, a triazine derivative, a benzazole derivative, and a silole
derivative, for example.

[0090] 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 of 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 commonly-used materials. For
example, the P-type dopant may be one material of F,-TCNQ
(2,3,5,6-tetrafluoro-7,7,8,8,-tetracyan[o-quinodimethane),
iodine, FeCl,, FeF,, and SbCl,. The host may be one material
among of NPB (N,N'-bis(naphthalene-1-y1)-N,N'-bis(phe-
nyl)-benzidine), TPD(N,N'-bis-(3-methylphenyl)-N,N'-bis
(phenyl)-benzidine), and TNB(N,N,N'N'-tetranaphthalenyl-
benzidine).
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[0091] The cathode 220 is over the second light emitting
part ST2. The cathode 220 is an electron injection electrode,
and may be formed of magnesium (Mg), calcium (Ca), alu-
minum (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.

[0092] The first electron transport layer 150 in the first light
emitting part ST1 of the organic light emitting display device
100 according to the second exemplary embodiment of the
present invention functions to facilitate electron transport.
The first electron transport layer 150 comprises a first elec-
tron transport material and a second electron transport mate-
rial. The first electron transport material functions to block
holes from moving and adjust the charge balance, and its
triplet exciton energy level (T1 level) is within arange of -2.6
eV to -2.8 eV. The HOMO level of the first electron transport
material is within a range of -5.9 eV to -6.3 eV, and its
LUMO level is within a range of —2.4 ¢V to -2.8 eV. The
second electron transport material functions to improve elec-
tron injection and reduce the operating voltage of the device,
and its electron mobility is within a range of 1x107> cm*/Vs
to 1x107% cm?/Vs. The HOMO level of the second electron
transport material is within a range of -5.8 eV to -6.2 eV, its
LUMO level is within a range of -2.8 eV to =3.2 ¢V, and its
triplet exciton energy level is within a range of 1.6 eV t0 2.0
eVv.

[0093] As described above, the organic light emitting dis-
play device of the present invention can lower the barrier for
charges to move from adjacent layers and reduce the operat-
ing voltage by having an electron transport layer comprising
a first electron transport material having a high triplet exciton
energy level and a second electron transport material having
high electron mobility. Moreover, the organic light emitting
display device of the present invention can increase the device
efficiency since the electron transport layer comprises a first
electron transport material having a high triplet exciton
energy level, and facilitate electron transfer and reduce the
operating voltage since the electron transport layer comprises
a second electron transport material having high electron
mobility.

[0094] FIG. 3 is a view showing an organic light emitting
display device according to a third exemplary embodiment of
the presentinvention. The same elements as the second exem-
plary embodiment are denoted by the same reference numer-
als, so descriptions of these elements will be omitted or will
be brief below.

[0095] Referring to FIG. 3, an organic light emitting dis-
play device 100 according to the third exemplary embodi-
ment of the present invention 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. 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 invention is not
limited to this example and four or more light emitting parts
may be between the anode 110 and the cathode 220.

[0096] The first light emitting part ST1 is a single light
emitting diode unit, and comprises a first light emitting layer
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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 may be a blue light emitting layer, a dark blue light
emitting layer, or a sky blue light emitting layer.

[0097] The first light emitting part ST1 further comprises a
first hole injection layer 120 and a first hole transport layer
130 that are over the anode 110. Also, the first light emitting
part ST1 further comprises a first electron transport layer 150
over the first light emitting layer 140. Accordingly, the first
light emitting part ST1 comprising the first 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 over the anode 110. Also, the first light emitting part
ST1 may further comprise an electron injection layer over the
first electron transport layer 150.

[0098] The first hole injection layer 120 and the electron
injection layer may not be included in the composition of the
first light emitting part ST1, depending on the structure or
characteristics of the device.

[0099] The second light emitting part ST2 is over the first
light emitting part ST1. The second light emitting part ST2
comprises a second light emitting layer 190. The second light
emitting layer 190 may emit light of red, green, or blue, and it
may be a yellow-green light emitting layer or a green light
emitting layer, for example, in this exemplary embodiment.
The yellow-green light emitting layer may comprise a multi-
layer structure of a yellow light emitting layer or yellow-
green light emitting layer and a green light emitting layer. The
second light emitting part ST2 further comprises a second
hole injection layer 170 and a second hole transport layer 180
that are between the first charge generation layer 160 and the
second light emitting layer 190, and further comprises a sec-
ond electron transport layer 200 over the second light emit-
ting layer 190. Also, the second light emitting part ST2 may
further comprise an electron injection layer over the second
electron transport layer 200. Accordingly, the second light
emitting part ST2 comprising the second hole injection layer
170, the second hole transport layer 180, the second light
emitting layer 190, and the second electron transport layer
200 is formed over the first charge generation layer 160. The
second hole injection layer 170 and the electron injection
layer may not be included in the composition of the second
light emitting part ST2, depending on the structure or char-
acteristics of the device.

[0100] The 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 PN junction charge generation layer 160 generates
acharge, or injects the charge, i.e., electrons and holes, sepa-
rately into the light emitting layers.

[0101] The third light emitting part ST3 comprising a third
light emitting layer 250 is over the second light emitting part
ST2. The third light emitting layer 250 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 may be a blue light emitting layer, a dark blue light
emitting layer, or a sky blue light emitting layer. The third
light emitting part ST3 further comprises a third hole trans-
port layer 240 between the second charge generation layer
230 and the third light emitting layer 250, and further com-
prises a third electron transport layer 260 and an electron
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injection layer 210 that are over the third light emitting layer
250. Accordingly, the third light emitting part ST3 compris-
ing 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 over the second charge
generation layer 230. The cathode 220 is provided over the
third light emitting part ST3, constituting the organic light
emitting display device according to the second exemplary
embodiment of the present invention. The third hole transport
layer 240 and the electron injection layer 210 may not be
included in the composition of the third light emitting part
ST3, depending on the structure or characteristics of the
device.

[0102] 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 an N-type
charge generation layer 230N and a P-type charge generation
layer 230P. The PN junction charge generation layer 230
generates a charge, or injects the charge, i.e., electrons and
holes, separately into the light emitting layers.

[0103] The third electron transport layer 260 in the third
light emitting part ST3 of the organic light emitting display
device 100 according to the third exemplary embodiment of
the present invention functions to facilitate electron transport.
The third electron transport layer 260 comprises a first elec-
tron transport material and a second electron transport mate-
rial. The first electron transport material functions to block
holes from moving and maintain the charge balance, and its
triplet exciton energy level (T1 level) is within a range of 2.6
eV to 2.8 eV. The HOMO level of the first electron transport
material is within a range of -5.9 eV to -6.3 eV, and its
LUMO level is within a range of -2.4 ¢V to -2.8 eV. The
second electron transport material functions to improve elec-
tron injection and reduce the operating voltage of the device,
and its electron mobility is within a range of 1x107* cm*/Vs
to 1x107° cm?/Vs. The HOMO level of the second electron
transport material is within a range of =5.8 eV to =6.2 ¢V, its
LUMO level is within a range of -2.8 eV to -3.2 ¢V, and its
triplet exciton energy level is within a range of 1.6 eV t0 2.0
eV.

[0104] In the organic light emitting display device 100
according to the third exemplary embodiment of the present
invention, the first electron transport layer 150 of the first light
emitting part ST1 may have the same composition as the third
electron transport layer 260 of the third light emitting part
ST3. That is, the first electron transport layer 150 of the first
light emitting part ST1 may comprise the above-described
first electron transport material and second electron transport
material. The electron transport layer comprising the first and
second electron transport materials of the present invention
may be applicable to any light emitting part that emits blue
light.

[0105] As described above, the organic light emitting dis-
play device of the present invention can lower the barrier for
charges to move from adjacent layers and reduce the operat-
ing voltage by having an electron transport layer comprising
a first electron transport material having a high triplet exciton
energy level and a second electron transport material having
high electron mobility. Moreover, the organic light emitting
display device of the present invention can increase the device
efficiency since the electron transport layer comprises a first
electron transport material having a high triplet exciton
energy level, and facilitate electron transfer and reduce the
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operating voltage since the electron transport layer comprises
a second electron transport material having high electron
mobility.

[0106] FIG. 4is an energy band diagram of'an organic light
emitting display device according to an exemplary embodi-
ment of the present invention.

[0107] Referring to FIG. 4, the organic light emitting dis-
play device according to the present invention comprises a
hole transport layer HTL, an light emitting layer EML having
a host and a dopant, an electron transport layer Mixed ETL,
and an electron injection layer EIL. The electron transport
layer Mixed ETL is an electron transport layer formed of a
mixture of a first electron transport material and a second
electron transport material. In the electron transport layer
Mixed ETL, the first electron transport material having a high
triplet exciton energy level has one band gap. and the second
electron transport material having high electron mobility has
another band gap. Accordingly, mixing two materials with
different band gaps together can lower the barrier to the
transfer of carriers moving from the adjacent electron injec-
tion layer EIL or cathode, facilitating the transfer of carriers
to the light emitting layer EML. Moreover, the first electron
transport material having a high triplet exciton energy level
can block holes from moving from the light emitting layer
EML to the electron transport layer Mixed ETL, thereby
improving the efficiency of the light emitting layer EML. In
addition, the second electron transport material having high
electron mobility can improve electron injectability into the
light emitting layer EML, thereby reducing the operating
voltage of the device.

[0108] The electron transport layer of the organic light
emitting display device of the present invention may have a
three-layer structure of a first layer, a mixed layer, and a
second layer. In the following, exemplary embodiments in
which the electron transport layer has the above three-layer
structure are disclosed. Except, the same components as those
of the foregoing first to third exemplary embodiments are
given the same reference numerals for better comprehension
and ease of description.

[0109] FIG. 5 is a view showing an organic light emitting
display device according to a fourth exemplary embodiment
of the present invention.

[0110] Referring to FIG. 5, an organic light emitting dis-
play device 10 according to the fourth exemplary embodi-
ment of the present invention may comprise an anode 20, a
hole injection layer 30, a hole transport laver 40, an light
emitting layer 50, an electron transport layer 60, an electron
injection layer 70, and a cathode 80.

[0111] The anode 20 is an electrode that injects holes into
the light emitting layer 50, and the hole injection layer 30 and
the hole transport layer 40 function to facilitate hole injection
from the anode 20 to the light emitting layer 50. The hole
injection layer 30 or the hole transport layer 40 may not be
included in the composition of the organic light emitting
display device depending on the structure or characteristics of
the device. The light emitting layer 50 may emit light of red
(R), green (G), or blue (B), and may be formed of a phospho-
rescent material or a fluorescent material. The electron trans-
port layer 60 is over the light emitting layer 50, and the
electron injection layer 70 is over the electron transport layer
60 to facilitate electron injection. The cathode 80 is an elec-
tron injection electrode, and over the electron injection layer
70.
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[0112] The electron transport layer 60 functions to facili-
tate electron transport, and affects the lifetime or efficiency of
the organic light emitting display device. In view of this, the
present inventors conducted various tests to improve the
properties of the electron transport layer and therefore
improve the lifetime or efficiency of the organic light emitting
display device. They found out that, if the electron transport
layer is composed of a single layer having a high triplet
exciton energy level to reduce the operating voltage, the elec-
tron injection does not work smoothly due to low electron
mobility, thus increasing the operating voltage. Also, they
found out that, if the electron transport layer is composed of
a single layer having high electron mobility, the electron
injection works smoothly but the balance between electrons
and holes is broken, thus reducing the lifetime. In view of this,
they formed an electron transport layer having two layers:
however the electron transport layer having two layers
increased the thickness of the device, resulting in an increase
in operating voltage. Therefore, the present inventors formed
an electron transport layer having three layers including a first
layer of a first electron transport material, a second layer of a
second electron transport material, and a third layer formed of
a mixture of the first and second electron transport materials
and between the first layer and the second layer, without
increasing the thickness of the electron transport layer. Also,
the present inventors invented an organic light emitting dis-
play device having a new structure that can achieve higher
efficiency and lower operating voltage, depending on the
properties and thicknesses of the first and second electron
transport materials included in the electron transport layer
and the thickness and mix ratio of the mixed layer.

[0113] The electron transport layer 60 comprises a first
layer 61 adjacent to the light emitting layer 50, a mixed layer
62 overthe first layer 61, and a second layer 63 over the mixed
layer 62. The first layer 61 includes the first electron transport
material, and functions as a buffer between the light emitting
layer 50 and the mixed layer 62. The first electron transport
material in the first layer 61 has a higher triplet exciton energy
level (T1 Level) and lower electron mobility than the second
electron transport material. The second layer 63 includes the
second electron transport material, and functions as a buffer
between the electron transport layer 70 or cathode 80 and the
mixed layer 62. The second electron transport material in the
second layer 63 has a lower triplet exciton energy level (T1
Level) and higher electron mobility than the first electron
transport material. The mixed layer 62 is between the first
layer 61 and the second layer 63, and includes a mixture of the
first and second electron transport materials. The mixed layer
62 functions to facilitate charge transfer to the light emitting
layer 50.

[0114] The first layer 61 of the electron transport layer is
adjacent to the light emitting layer 60. The first layer 61
comprises a first electron transport material having a high
triplet exciton energy level (T1 Level), and therefore may
function to block holes from moving from the hole transport
layer 40 and keep the charge balance between electrons and
holes in the light emitting layer 50. Accordingly, the first layer
61 of the electron transport layer 60 is adjacent to the light
emitting layer 50, thus preventing the transfer of holes from
the light emitting layer 50 to the electron transport layer 60.
The triplet exciton energy level (T1 Level) of the first electron
transport material is within a range of 2.6 eV to 2.8 eV. The
HOMO level of the first electron transport material is within
arange of -5.9 eV to -6.3 ¢V, and its LUMO level is within
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a range of -2.4 eV to =2.8 eV. The first electron transport
material having the above triplet exciton energy level, HOMO
level, and LUMO level may be a carbazole compound, an
oxadiazole compound, a triazole compound, etc.; for
example, a compound represented by the above-mentioned
chemical formula 1.

[0115] Thesecond layer 63 of the electron transport layer is
adjacent to the electron injection layer 70 or the cathode 80.
The second layer 63 may function to improve electron injec-
tion from the electron injection layer 70 or the cathode 80 and
reduce the operating voltage of the device since it comprises
a second electron transport material having high electron
mobility. Accordingly, the second layer 63 of the electron
transport layer 60, being adjacent to the electron injection
layer 70 or the cathode 80, may assist in the transfer of
electrons to the light emitting layer 50. The electron mobility
of the second electron transport material is within a range of
1x107% cm?/Vs to 1x10™> ¢cm®/Vs. The HOMO level of the
second electron transport material is within a range of -5.8
eVio-6.2eV,its LUMO level is within a range of -2.8 eV to
-3.2 eV, and its triplet exciton energy level is within a range
of 1.6 eV to 2.0 eV. The second electron transport material
may be aquinoline compound, an anthracene compound, etc.;
for example, a compound represented by the above-men-
tioned chemical formula 2.

[0116] Themixed layer 62 ofthe electron transport layer 60
is between the first layer 61 and the second layer 63, and
includes a mixture of the first and second electron transport
materials. The mixed layer 62 comprises the first electron
transport material, and therefore may function to block holes
from moving from the hole transport layer 40 and maintain
the charge balance between electrons and holes in the light
emitting layer 50. Also, the mixed layer 62 comprises the
second electron transport material, and can improve electron
injection and reduce the operating voltage of the device.

[0117] By comprising the first layer 61 having the first
electron transport material, the mixed layer 62 having a mix-
ture of the first and second electron transport materials, and
the second layer 63 having the second electron transport
material, various energy levels are formed in the electron
transport layer 60, thereby lowering the barrier for charges to
move from adjacent layers. Accordingly, electron transfer to
the light emitting layer 50 can be facilitated, and the operating
voltage can be reduced.

[0118] Moreover, the electron transport layer 60 of the
present invention can increase the device efficiency of trans-
port from the mixed layer 62 to the light emitting layer 50
since the electron transport layer 60 comprises the first layer
61 comprising the first electron transport material having a
high triplet exciton energy level.

[0119] Themixed layer 62 ofthe electron transport layer 60
of the present invention includes a mixture of the first electron
transport material and the second electron transport material.
In the electron transport layer 60, the first electron transport
material includes 30 to 50% of the sum of the first and second
electron transport materials. If the first electron transport
material includes less than 30% of the sum of the first and
second electron transport materials, the device’s charge bal-
ance is broken, lowering the efficiency. If the first electron
transport material includes more than 50% of the sum of the
first and second electron transport materials, electron transfer
does not work smoothly, increasing the operating voltage of
the device and lowering the efficiency.
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[0120] The electron transport layer 60 according to the
fourth exemplary embodiment of the present invention fur-
ther comprises the first layer 61 and the second layer 63, in
addition to the mixed layer 62 of the electron transport layer
60 the third exemplary embodiment, but the entire thickness
of the electron transport layer 60 is not increased.

[0121] Accordingly, the electron transport layer 60 having
three layers, and the entire thickness of the three layers ranges
from 5 to 45 nm. If the entire thickness of the electron trans-
port layer 60 is less than 5 nm, it cannot function as an
electron transport layer, and if the entire thickness of the
electron transport layer 60 is more than 45 nm, the electron
transport layer becomes too thick, and therefore the operating
voltage rises and the cavity effect of the device cannot be
maximized.

[0122] The thickness of the first layer 61 of the electron
transport layer 60 is 25% to 100% of the thickness of the
mixed layer 62. If the thickness of the first layer 61 is 25% or
more of the thickness of the mixed layer 62, this blocks holes
from moving from the hole transport layer and maintains the
charge balance of the light emitting layer, thereby improving
the device efficiency. If the thickness of the first layer 61 is
100% or less of the thickness of the mixed layer 62, this
prevents the mixed layer 62 from becoming relatively thin,
thereby preventing degradation of the device efficiency.
[0123] The thickness of the second layer 63 of the electron
transport layer 60 is 25% to 100% of the thickness of the
mixed layer 62. If the thickness of the second layer 63 is 25%
or more of the thickness of the mixed layer 62, this lowers the
charge barrier for electrons to move from the hole injection
layer 70 or the cathode 80, thereby improving the device
efficiency. If the thickness of the second layer 63 is 100% or
less of the thickness of the mixed layer 62, this prevents the
mixed layer 62 from becoming relatively thin, thereby pre-
venting degradation of the device efficiency.

[0124] As described above, the organic light emitting dis-
play device of the present invention offers the advantage of
lowering the barrier for charges to move from adjacent layers
and reducing the operating voltage by having an electron
transport layer comprising a first electron transport material
having a high triplet exciton energy level and a second elec-
tron transport material having high electron mobility. More-
ovet, the organic light emitting display device of the present
invention can increase the device efficiency since the electron
transport layer comprises a first layer comprising a first elec-
tron transport material having a high triplet exciton energy
level, and facilitate electron transfer and reduce the operating
voltage since the electron transport layer comprises a second
layer comprising a second electron transport material having
high electron mohbility.

[0125] FIG. 6 is a view showing an organic light emitting
display device according to a fifth exemplary embodiment of
the present invention. Hereinbelow, the same elements as the
second exemplary embodiment will be described briefly.
[0126] Referring to FIG. 6, an organic light emitting dis-
play device 100 according to the fifth exemplary embodiment
of the present invention 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.

[0127] The first light emitting part ST1 is a single light
emitting diode unit, and 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
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layer in this exemplary embodiment. The blue light emitting
layer may be a blue light emitting layer, a dark blue light
emitting layer, or a sky blue light emitting layer. The first light
emitting part ST1 further comprises a first hole injection layer
120 and a first hole transport layer 130 that are between the
anode 110 and the first light emitting layer 140. Also, the first
light emitting part ST1 further comprises a first electron
transport layer 150 over the first light emitting layer 140.
Also, the first light emitting part ST1 may further comprise an
electron injection layer over the first electron transport layer
150. Accordingly, the first light emitting part ST1 comprising
the first 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 over the anode 110. The first
hole injection layer 120 and the electron injection layer may
not be included in the composition of the first light emitting
part ST1, depending on the structure or characteristics of the
device.

[0128] The second light emitting part ST2 comprising a
second light emitting layer 190 is over the first light emitting
part ST1. The second light emitting layer 190 may emit light
of red, green, or blue, and it may be a yellow-green light
emitting layer or a green light emitting layer, for example, in
this exemplary embodiment. The yellow-green light emitting
layer may comprise a multilayer structure of a yellow light
emitting layer or yellow-green light emitting layer and a
green light emitting layer. The second light emitting part ST2
further comprises a second hole injection layer 170 and a
second hole transport layer 180, and further comprises a
second electron transport layer 200 and an electron injection
layer 210 that are over the second light emitting layer 190.
Accordingly, the second light emitting part ST2 comprising
the second hole injection layer 170, 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 over the first light emitting part ST1. The
second hole injection layer 170 and the electron injection
layer 210 may not be included in the composition of the
second light emitting part ST2, depending on the structure or
characteristics of the device.

[0129] The charge generation layer 160 is between the first
light emitting part ST1 and the second light emitting part ST2.
The charge generation layer 160 is a PN-junction charge
generation layer formed by joining an N-type charge genera-
tion 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, sepa-
rately into the light emitting layers. That is, the N-type charge
generation layer 160N supplies electrons to the first light
emitting layer 140 adjacent to the anode, and the P-type
charge generation layer 160P supplies holes to the second
light emitting layer 190 of the second light emitting part ST2.
As such, the organic light emitting display device with a
plurality of light emitting layers can further increase its emis-
sion efficiency and lower its operating voltage. The anode 220
is over the second light emitting part ST2.

[0130] The first electron transport layer 150 in the first light
emitting part ST1 of the organic light emitting display device
100 according to the fifth exemplary embodiment of the
present invention functions to facilitate electron transport.
The first electron transport layer 150 comprises a first layer
151 adjacent to the first light emitting layer 140, a mixed layer
152 over the first layer 151, and a second layer 153 over the
mixed layer 152. The first layer 151 comprises a first electron
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transport material having a high triplet exciton energy level
(T1 Level), and therefore may function to block holes from
moving from the first hole transport layer 130 and maintain
the charge balance between electrons and holes in the first
light emitting layer 140. The triplet exciton energy level (T1
Level) of the first electron transport material is within a range
of 2.6 eV 10 2.8 eV. The HOMO level of the first electron
transport material is within a range of -5.9 eVto -6.3 eV, and
its LUMO level is within a range of =2.4 ¢V to =2.8 eV. The
second layer 153 may function to improve electron injection
from the cathode 220 and reduce the operating voltage of the
device since it comprises a second electron transport material
having high electron mobility. The electron mobility of the
second electron transport material is within a range of 1x10™>
cm*/Vs to 1x10™> cm?Vs . The HOMO level of the second
electron transport material is within arange of -5.8 eV to -6.2
eV, its LUMO level is within a range of -2.8 eV 10 -3.2 €V,
and its triplet exciton energy level is within a range of 1.6 eV
to 2.0 eV. The mixed layer 152 is between the first layer 151
and the second layer 153, and includes a mixture of the first
and second electron transport materials. The mixed layer 152
comprises the first electron transport material, and therefore
may function to block holes from moving from the first light
emitting layer 140 and maintain the charge balance between
electrons and holes in the first light emitting layer 140. Also,
the mixed layer 152 comprises the second electron transport
material, and can improve electron injection and reduce the
operating voltage of the device.

[0131] As described above, the organic light emitting dis-
play device of the present invention offers the advantage of
lowering the barrier for charges to move from adjacent layers
and reducing the operating voltage by having an electron
transport layer comprising a first electron transport material
having a high triplet exciton energy level and a second elec-
tron transport material having high electron mobility. More-
over, the organic light emitting display device of the present
invention can increase the device efficiency since the electron
transport layer comprises a first layer comprising a first elec-
tron transport material having a high triplet exciton energy
level, and facilitate electron transfer and reduce the operating
voltage since the electron transport layer comprises a second
layer comprising a second electron transport material having
high electron mobility.

[0132] FIG. 7 is a view showing an organic light emitting
display device according to a sixth exemplary embodiment of
the present invention. The same elements as the fifth exem-
plary embodiment are denoted by the same reference numer-
als, so descriptions of these elements will be omitted below.
[0133] Referring to FIG. 7, an organic light emitting dis-
play device 100 according to the sixth exemplary embodi-
ment of the present invention 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. 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 invention is not
limited to this example and four or more light emitting parts
may be between the anode 110 and the cathode 220.

[0134] The first light emitting part ST1 is a single light
emitting diode unit, and 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
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layer in this exemplary embodiment. The blue light emitting
layer may be a blue light emitting layer, a dark blue light
emitting layer, or a sky blue light emitting layer.

[0135] The first light emitting part ST1 further comprises a
first hole injection layer 120 and a first hole transport layer
130 that are between the anode 110 and the first light emitting
layer 140. Also, the first light emitting part ST1 further com-
prises a first electron transport layer 150 over the first light
emitting layer 140. Also, the first light emitting part ST1 may
further comprise an electron injection layer over the first
electron transport layer 150. Accordingly, the first light emit-
ting part ST1 comprising the first 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 over the
anode 110. The first hole injection layer 120 and the electron
transport layer may not be included in the composition of the
first light emitting part ST1, depending on the structure or
characteristics of the device.

[0136] The second light emitting part ST2 comprising a
second light emitting layer 190 is over the first light emitting
part ST1. The second light emitting layer 190 may emit light
of red, green, or blue, and it may be a yellow-green light
emitting layer or a green light emitting layer, for example, in
this exemplary embodiment. The yellow-green light emitting
layer may comprise a multilayer structure of a yellow light
emitting layer or yellow-green light emitting layer and a
green light emitting layer. The second light emitting part ST2
further comprises a second hole injection layer 170 and a
second hole transport layer 180 that are between the first
charge generation layer 160 and the second light emitting
layer 190, and further comprises a second electron transport
layer 200 over the second light emitting layer 190. Also, the
second light emitting part ST2 may further comprise an elec-
tron injection layer over the second electron transport layer
200. Accordingly, the second light emitting part ST2 com-
prising the second hole injection layer 170, the second hole
transport layer 180, the second light emitting layer 190, and
the second electron transport layer 200 is formed over the first
light emitting part ST1. The second hole injection layer 170
and the electron injection layer may not be included in the
composition of the second light emitting part ST2, depending
on the structure or characteristics of the device.

[0137] The charge generation layer 160 is between the first
light emitting part ST1 and the second light emitting part ST2.
The charge generation layer 160 is a PN-junction charge
generation layer formed by joining an N-type charge genera-
tion 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, sepa-
rately into the light emitting layers.

[0138] The third light emitting part ST3 comprising a third
light emitting layer 250 is over the second light emitting part
ST2. The third light emitting layer 250 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 may be a blue light emitting layer, a dark blue light
emitting layer, or a sky blue light emitting layer. The third
light emitting part ST3 further comprises a third hole trans-
port layer 240 between the second charge generation layer
230 and the third light emitting layer 250, and further com-
prises a third electron transport layer 260 and an electron
injection layer 210 that are over the third light emitting layer
250. Also, the third light emitting part ST3 may further com-
prise a hole injection layer under the third hole transport layer
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240. Accordingly, the third light emitting part ST3 compris-
ing 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 over the second charge
generation layer 230. The cathode 220 is provided over the
third light emitting part ST3, constituting the organic light
emitting display device according to the sixth exemplary
embodiment of the present invention. The hole injection layer
and the electron injection layer 210 may not be included in the
composition of the third light emitting part ST3, depending
on the structure or characteristics of the device.

[0139] The third electron transport layer 260 in the third
light emitting part ST3 of the organic light emitting display
device 100 according to the sixth exemplary embodiment of
the present invention functions to facilitate electron transport.
The third electron transport layer 260 comprises a first layer
261 adjacent to the third light emitting layer 250, a mixed
layer 262 over the first layer 261, and a second layer 263 over
the mixed layer 262. The first layer 261 comprises a first
electron transport material having a high triplet exciton
energy level (T1 Level), and therefore may function to block
holes from moving from the third hole transport layer 260 and
maintain the charge balance between electrons and holes in
the third light emitting layer 250. The triplet exciton energy
level (T1 Level) of the first electron transport material is
withina range of2.6 eV t0 2.8 eV. The HOMO level of the first
electron transport material is withinarange of -5.9 eV t0 -6.3
eV, and its LUMO level is within a range of -2.4 eV to -2.8
eV. The second layer 263 may function to improve electron
injection from the cathode 220 and reduce the operating volt-
age of the device since it comprises a second electron trans-
port material having high electron mobility. The electron
mobility of the second electron transport material is within a
range of 1x1073 cm?/Vs to 1x107°> cm?*/Vs . The HOMO level
of the second electron transport material is within a range of
-5.8eVto-6.2 ¢V, its LUMO level is within a range of -2.8
eV to -3.2 eV, and its triplet exciton energy level is within a
range of 1.6 eV to 2.0 V. The mixed layer 262 is between the
first layer 261 and the second layer 263, and includes a mix-
ture of the first and second electron transport materials. The
mixed layer 262 comprises the first electron transport mate-
rial, and therefore may function to block holes from moving
from the third light emitting layer 250 and maintain the
charge balance between electrons and holes in the third light
emitting layer 250. Also, the mixed layer 262 comprises the
second electron transport material, and can improve electron
injection and reduce the operating voltage of the device.

[0140] In the organic light emitting display device 100
according to the sixth exemplary embodiment of the present
invention, the first electron transport layer 150 of the first light
emitting part ST1 may have the same composition as the third
electron transport layer 260 of the third light emitting part
ST3. That 1s, the first electron transport layer 150 of the first
light emitting part ST1 may comprise a first layer comprising
the first electron transport material, a mixed layer comprising
a mixture of the first and second electron transport materials,
and a second layer comprising the second electron transport
material. The first electron transport layer 150 may comprise
the first layer, the mixed layer, and the second layer. The
electron transport layer having a three-layer structure com-
prising the first and second electron transport materials of the
present invention may be applicable to any light emitting part
that emits blue light.
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[0141] As described above, the organic light emitting dis-
play device of the present invention offers the advantage of
lowering the barrier for charges to move from adjacent layers
and reducing the operating voltage by having an electron
transport layer comprising a first electron transport material
having a high triplet exciton energy level and a second elec-
tron transport material having high electron mobility. More-
over, the organic light emitting display device of the present
invention can increase the device efficiency since the electron
transport layer comprises a first layer comprising a first elec-
tron transport material having a high triplet exciton energy
level, and facilitate electron transfer and reduce the operating
voltage since the electron transport layer comprises a second
layer comprising a second electron transport material having
high electron mohbility.

[0142] FIG. 8isan energy band diagram of an organic light
emitting display device according to the fourth exemplary
embodiment of the present invention.

[0143] Referring to FIG. 8, the organic light emitting dis-
play device according to the present invention comprises an
light emitting layer EML having a host and a dopant, an
electron transport layer ETL, and an electron injection layer
EIL. The electron transport layer ETL comprises a first layer
ETL1 comprising a first electron transport material, a second
layer ETL.2 comprising a second electron transport material,
and a mixed layer Mixed ETL comprising a mixture of the
first and second electron transport materials.

[0144] In the first layer ETL1, the first electron transport
material having a high triplet exciton energy level has one
band gap, and in the second layer ETL2, the second electron
transport material having high electron mobility has another
band gap. In the mixed layer Mixed ETL, the first electron
transport material and the second electron transport material
has band gaps, respectively. Carriers injected from the adja-
cent electron injection layer EIL or cathode may easily move
to the second layer ETL.2 across the band gap of the second
electron transport material of the second layer ETL2. Carriers
that have reached the second layer ETL.2 may easily move to
the mixed layer Mixed ETL along the band gap of the same
second electron transport material formed in the mixed layer
Mixed ETL, or may move to the mixed layer Mixed ETL
across the band gap of the first electron transport material in
the mixed layer Mixed ETL. Among the carriers that have
reached the mixed layer Mixed ETL, ones existing in the band
gap of the second electron transport material may move to the
first layer ETL1 across the band gap of the first electron
transport material formed in the first layer ETL1, and ones
existing in the band gap of the first electron transport material
may easily move to the first layer ETL1 along the band gap of
the same first electron transport material. That is, the electron
transport layer comprising the first layer ETL1, the mixed
layer Mixed ETL, and the second layer ETL2 can lower the
barrier to the transfer of carriers moving from the adjacent
electron injection layer EIL or cathode, facilitating the trans-
fer of carriers to the light emitting layer EML. Moreover, the
first electron transport material having a high triplet exciton
energy level can block holes from moving from the light
emitting layer EML to the electron transport layer ETL,
thereby improving the efficiency. Inaddition, the second elec-
tron transport material having high electron mobility can
improve electron injectability, thereby reducing the operating
voltage of the device.



US 2016/0104854 Al

[0145] FIG. 9 is a pattern diagram of a co-deposition
method for producing an electron transport layer of an
organic light emitting display device according to the present
invention.

[0146] Referring to FIG. 9, the electron transport layer of
the organic light emitting display device according to the
presentinvention is formed by a co-deposition method. A first
deposition source S_ETL1 with a first electron transport
material ETL1 and a second deposition source S_ETL2 with
asecond electron transport material ETL2 are provided on the
bottom of a chamber, and a substrate is mounted in such a way
that an light emitting layer surface faces the deposition
sources and provided on top of the chamber. When the sub-
strate is moved in one direction of the chamber, the first
deposition source S_ETL1 and the second deposition source
S_ETL2 start the deposition of the first and second electron
transport materials. As the substrate is moved, the first elec-
tron transport material ETL1 evaporated from the first depo-
sition source S_ETL1 is deposited on the substrate to form a
first layer, then the first electron transport material ETL1 and
the second electron transport material ETL2 are simulta-
neously deposited to form a mixed layer, and finally the
second electron transport material ETL2 evaporated from the
second deposition source S_ETL2 is deposited to form a
second layer. Thus, the electron transport layer according to
the fourth to sixth exemplary embodiments of the present
invention is produced.

[0147] On the other hand, both the first electron transport
material and the second electron transport material may be
simultaneously deposited on the substrate by reducing the
distance between the first deposition source S_ETL1 and the
second deposition source S_ETL2. Thus, the electron trans-
port layer according to the first to third exemplary embodi-
ments may be produced. Therefore, the electron transport
layer may have various structures by adjusting the distance
between the deposition sources.

[0148] Hereinafter, embodiments for the manufacture of an
organic light emitting display device according to the present
invention will be disclosed. However, the following materials
for the electron transport layer do not limit the scope of the
present invention.

[0149] Test 1: Characteristics of Device with Electron
Transport Layer Formed of Mixed Material Compared to
Single Material

COMPARATIVE EXAMPLE 1

[0150] A device comprising a hole injection layer, a hole
transport layer, an light emitting layer, an electron transport
layer, an electron injection layer, and a cathode was formed
on a substrate. The light emitting layer was a blue light emit-
ting layer, and an oxadiazole compound was used as the
electron transport layer. The device used in testing was a
mono device.

COMPARATIVE EXAMPLE 2

[0151] An organic light emitting display device having the
same composition as Comparative Example 1 was manufac-
tured by using a quinoline compound as the electron transport
layer.

Embodiment 1

[0152] An organic light emitting display device having the
same composition as Comparative Example 1 was manufac-
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tured by using a mixture of an oxadiazole compound and a
quinoline compound as the electron transport layer.

[0153] The materials for the electron transport layer used in
Comparative Examples 1 and 2 and Embodiment 1 do not
limit the scope of the present invention.

[0154] Theoperating voltage and emission efficiency of the
devices manufactured according to Comparative Example 1
and Embodiment 1 were measured and shown in the follow-
ing Table 1. The operating voltage and emission efficiency of
the devices manufactured according to Comparative Example
2 and Embodiment 1 were measured and shown in the fol-
lowing Table 2. In the following Table 1, the measurements
taken from Embodiment 1 were expressed as a percentage
relative to those taken from Comparative Example 1 corre-
sponding to 100%. In the following Table 2, the measure-
ments taken from Embodiment 1 were expressed as a percent-
age relative to those taken from Comparative Example 2
corresponding to 100%.

TABLE 1
Comparative
Example 1 Embodiment 1
Operating Voltage 100% 58%
Emission 100% 172%
Efficiency
TABLE 2
Comparative
Example 1 Embodiment 1
Operating Voltage 100% 110%
Emission 100% 121%
Efficiency
[0155] Referring to Table 1, the device of Embodiment 1

comprising an electron transport layer formed of a mixture of
a material with a high triplet exciton energy level and a
material with a high charge mobility showed a decrease in
operating voltage and a 72% increase in emission efficiency,
compared to the device of Comparative Example 1 compris-
ing an electron transport layer formed solely of a material
with a high triplet exciton energy level. Also, referring to
Table 2, the device of Embodiment 1 comprising an electron
transport layer formed of a mixture of a material with a high
triplet exciton energy level and a material with a high charge
mobility showed a 21% increase in emission efficiency,
though there was some increase in operating voltage, com-
pared to the device of Comparative Example 2 comprising an
electron transport layer formed solely of a material with a
high charge mobility.

[0156] Test 2: Characteristics of Device Depending on
Ratio of Materials of Electron Transport Layer

Embodiment 2

[0157] Devices were manufactured by mixing an oxadiaz-
ole compound and a quinoline compound in different ratios:
7:3, 1:1, and 3:7 for an electron transport layer, under the
same process condition as Embodiment 1. Here, the ratio may
refer to the portion of occupied volume within the electron
transport layer.

[0158] The materials for the electron transport layer of
Embodiment 2 do not limit the scope of the present invention.



US 2016/0104854 Al

[0159] Theoperating voltage and emission efficiency of the
devices manufactured according to Embodiment 2 were mea-
sured and shown in the following Table 3. The current density
vs. operating voltage was measured and shown in FIG. 10,
and the efficiency vs. luminance was measured and shown in
FIG. 11. Also, the luminescence intensity vs. wavelength of
the devices manufactured using 1:1 and 3:7 mix ratios of
materials in the electron transport layer according to Embodi-
ment 2 was measured and shown in FIG. 12, and the emission
intensity vs. wavelength of the devices manufactured using
1:1 and 7:3 mix ratios of materials for the electron transport
layer according to Embodiment 2 was measured and shown in
FIG. 13. In the following Table 3, the measurements taken
from the devices manufactured using the 7:3 and 3:7 mix
ratios were expressed as a percentage relative to those taken
from the device manufactured using the 1:1 mix ratio, corre-
sponding to 100%.

TABLE 3

Mix Ratio for Electron
Transport Layer

7:3 1:1 3.7
Operating 141.3% 100.0% 89.1%
Voltage
Emission 70.9% 100.0% 100.0%
Efficiency
[0160] Referring to FIGS. 10 and 11 and Table 3, both the

mix ratios of 1:1 and 3:7 produced the same level of emission
efficiency, and the mix ratio of 3:7 produced the lowest level
of operating voltage. The mix ratio of 7:3 produced high
operating voltage and low emission efficiency. From these
results, it can be found out that, to manufacture a device with
low voltage and high efficiency, the mix ratio of a material
with high electron mobility to a material with a high triplet
exciton energy level should be 1:1 or higher.

[0161] Asillustrated in FIGS. 12 and 13, it can be seen that
the mix ratio of 3:7 produced an increase in luminescence
intensity at wavelengths of 440 to 480 nm for blue light
emission, compared to the mix ratio of 7:3. Accordingly, it
can be found out that an increase in luminescence intensity
canbe achieved when the electron transport layer has a higher
ratio of the material with high electron mobility to the mate-
rial with a high triplet exciton energy level.

[0162] Test 3: Characteristics of Device Depending on
Thickness of Electron Transport Layer

Embodiment 3

[0163] Organic light emitting display devices were manu-
factured by forming, on a substrate, a first light emitting part
comprising a blue light emitting layer, a charge generation
layer, a second light emitting part comprising a yellow light
emitting layer, another charge generation layer, a third light
emitting part having a blue light emitting layer, and a cathode.
An electron transport layer in the third light emitting part was
formed with a thickness of 25 nm by mixing an oxadiazole
compound and a quinoline compound at a ratio of 3:2.

[0164] The materials for the electron transport layer of
Embodiment 3 do not limit the scope of the present invention.
[0165] Organic light emitting display devices according to
Embodiment 3 were manufactured using different thick-
nesses of 25 nm to 30 nm for the electron transport layer, and
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their operating voltage and emission efficiency were mea-
sured and shown in the following Table 4. The current density
vs. operating voltage was measured and shown in FIG. 14, the
efficiency vs. luminance was measured and shown in F1G. 15,
and the luminescence intensity vs. wavelength was measured
and shown in FIG. 16. In the following Table 4, the measure-
ments taken from the device manufactured using the thick-
ness of 25 nm for the electron transport layer were expressed
as a percentage relative to those taken from the device manu-
factured using the thickness of 30 nm for the electron trans-
port layer, corresponding to 100%.

TABLE 4
Thickness (nm) of
Electron Transport Layer
25 30
Operating Voltage 94.3% 100.0%
Emission Efficiency 97.4% 100.0%

[0166] Referring to FIGS. 14 and 15 and Table 4, as the
thickness of the electron transport layer was reduced from 30
nm to 25 nm, the operating voltage was decreased and the
emission efficiency was also decreased slightly. From these
results, it can be found out that the reduction in the thickness
of the electron transport layer is better in terms of operating
voltage.

[0167] As illustrated in FIG. 16, it can be seen that the
thickness of 30 nm produced an increase in luminescence
intensity at wavelengths of 440 to 480 nm for blue light
emission and at wavelengths of 510 to 590 nm for yellow-
green light emission, compared to the thickness of 25 nm.

[0168] Test 4: Characteristics of Organic Light Emitting
Display Device with Depending on Mixed Material for Elec-
tron Transport Layer

Embodiment 4

[0169] An organic light emitting display device having the
same composition as Embodiment 3 was manufactured by
using a mixture of an oxadiazole compound and a quinoline
compound with a 1:1 ratio as the electron transport layer.

Embodiment 5

[0170] An organic light emitting display device having the
same composition as Embodiment 4 was manufactured by
using a mixture of a carbazole compound and a quinoline
compound with a 1:1 ratio as the electron transport layer.

[0171] The materials for the electron transport layer used in
Embodiments 4 and 5 do not limit the scope of the present
invention.

[0172] The operating voltage, RGBW color lifetime, emis-
sion efficiency, and quantum efficiency of the devices manu-
factured according to Embodiments 4 and 5 were measured
and shown in the following Table 5. Also, the current density
vs. operating voltage was measured and shown in FIG. 17, the
efficiency vs. luminance was measured and shown in F1G. 18,
and the luminescence intensity vs. wavelength was measured
and shown in FIG. 19. In the following Table 5, the measure-
ments taken from Embodiment 5 were expressed as a percent-
agerelative to those taken from Embodiment 4 corresponding
to 100%.
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TABLE 5
Embodiment 4 Embodiment 5

Operating Vpeak 100% 97.7%
Voltage V (10 mA/em?) 100% 98.3%
Lifetime (T95) R 100% 101.6%

G 100% 98.7%

B 100% 72.5%

W 100% 94.0%
Properties Emission 100% 100.2%

Efficiency

Quantum 100% 100.3%

Efficiency
[0173] Referring to FIGS. 17 and 18 and Table 5, the

devices according to Embodiments 4 and 5 using materials
with similar properties showed the same levels of lifetime and
efficiency.

[0174] As illustrated in FIG. 19, it can be seen that the
devices showed the same level of luminescence intensity at
wavelengths of 440 to 480 nm for blue light emission and at
wavelengths of 510 to 590 nm for yellow-green light emis-
sion.

[0175] Test 5: Characteristics of Organic Light Emitting
Display Device Depending on Thickness of Each Layer of
Electron Transport Layer

Embodiment 6

[0176] An organic light emitting display device having the
same composition as Embodiment 2 was manufactured by
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Embodiment 9

[0179] An organic light emitting display device having the
same composition as Embodiment 7 was manufactured by
using an oxadiazole compound with a thickness of 5nm as a
first layer of the electron transport layer, using a mixture of an
oxadiazole compound and a quinoline compound with a 1:1
ratio and a thickness of 15 nm as a mixed layer of the electron
transport layer, and using a quinoline compound with a thick-
ness of 10 nm as a second layer of the electron transport layer.

Embodiment 10

[0180] An organic light emitting display device having the
same composition as Embodiment 7 was manufactured by
using an oxadiazole compound with a thickness of 10 nm as
a first layer of the electron transport layer, using a mixture of
an oxadiazole compound and a quinoline compound with a
1:1 ratio and a thickness of 15 nm as a mixed layer of the
electron transport layer, and using a quinoline compound
with a thickness of 5 nm as a second layer of the electron
transport layer.

[0181] Theoperating voltage, emission efficiency, and life-
time of the devices manufactured according to Embodiments
610 10 were measured and shown in the following Table 6. In
the following Table 6, the measurements taken from Embodi-
ments 7 to 10 were expressed as a percentage relative to those
taken from Embodiment 6 corresponding to 100%.

TABLE 6

Embodiment 6 Embodiment 7 Embodiment 8 Embodiment 9

Embodiment
10

Operating
Voltage
Efficiency
Lifetime

100%

100%
100%

95% 100% 91% 98%

103%
102%

95%
90%

105%
118%

104%
105%

using a mixture of an oxadiazole compound and a quinoline
compound with a 1:1 ratio as the electron transport layer.

Embodiment 7

[0177] An organic light emitting display device having the
same composition as Embodiment 6 was manufactured by
using an oxadiazole compound with a thickness of 5nm as a
first layer of the electron transport layer, using a mixture of an
oxadiazole compound and a quinoline compound with a 1:1
ratio and a thickness of 20 nm as a mixed layer of the electron
transport layer, and using a quinoline compound with a thick-
ness of 5 nm as a second layer of the electron transport layer.

Embodiment 8

[0178] An organic light emitting display device having the
same composition as Embodiment 7 was manufactured by
using an oxadiazole compound with a thickness of 10 nm as
a first layer of the electron transport layer, using a mixture of
an oxadiazole compound and a quinoline compound with a
1:1 ratio and a thickness of 10 nm as a mixed layer of the
electron transport layer, and using a quinoline compound
with a thickness of 10 nm as a second layer of the electron
transport layer.

[0182] Referring to Table 6, Embodiment 7 using an elec-
tron transport layer comprising a first layer of 5 nm, a mixed
layer of 20 nm, and a second layer of 5 nm showed a 5%
decrease in operating voltage, a 3% increase in efficiency, and
a 2% increase in lifetime, compared to Embodiment 6 using
an electron transport layer formed of a single layer of 30 nm.
Embodiment 8 using an electron transport layer comprising a
firstlayer of 10 nm, a mixed layerof 10 nm, and a second layer
of 10 nm showed the same level of operating voltage, a 5%
decrease in efficiency, and a 10% decrease in lifetime.
Embodiment 9 using an electron transport layer comprising a
first layer of 5 nm, a mixed layer of 15 nm, and a second layer
of 10 nm showed a 9% decrease in operating voltage, a 5%
increase in efficiency, and an 18% increase in lifetime.
Embodiment 10 using an electron transport layer comprising
a first layer of 10 nm, a mixed layer of 15 nm, and a second
layer of 5 nm showed a 2% decrease in operating voltage, a
4% increase in efficiency, and a 5% increase in lifetime.

[0183] All of these embodiments except Embodiment 8
showed a decrease in operating voltage compared to Embodi-
ment 6, and Embodiments 7, 8, and 10 showed an increase in
efficiency and lifetime, compared to Embodiment 6. From
these results, it can be found out that a decrease in the effi-
ciency and lifetime of the devices can be achieved if the mixed
layer of the electron transport layer is 10 nm thickness or less,
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and a desirable thickness for the mixed layer of the electron
transport layer is 15 nm or greater. Moreover, it can be con-
cluded that Embodiment 9 showed the best results and hence
the electron transport layer comprising the first layer of 5 nm,
the mixed layer of 15 nm, and the second layer of 10 nm is
most preferable.

[0184] As described above, the organic light emitting dis-
play device of the present invention offers the advantage of
lowering the barrier for charges to move from adjacent layers
and reducing the operating voltage by having an electron
transport layer comprising a first electron transport material
having a high triplet exciton energy level and a second elec-
tron transport material having high electron mobility. More-
over, the organic light emitting display device of the present
invention can increase the device efficiency since the electron
transport layer comprises a first layer comprising a first elec-
tron transport material having a high triplet exciton energy
level, and facilitate electron transfer and reduce the operating
voltage since the electron transport layer comprises a second
layer comprising a second electron transport material having
high electron mobility.

[0185] In addition, the operating voltage can be lowered by
using a 1:1 or higher ratio of the second electron transport
material with high electron mobility to the first electron trans-
port material with a high triplet exciton energy level.

[0186] Although embodiments have been described with
reference 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 addition
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 layer between an anode and a

cathode; and

an electron transport layer between the at least one light

emitting layer and the cathode, the electron transport

layer including:

afirst electron transport material for blocking holes from
the at least one light emitting layer to the electron
transport layer; and

a second electron transport material for assisting in a
transfer of electrons to the at least one light emitting
layer,

wherein the first electron transport material and the second

electron transport material have different triplet exciton
energy levels and different electron mobilities.

2. The organic light emitting display device of claim 1,
wherein the triplet exciton energy level of the first electron
transport material is higher than that of the second electron
transport material.

3. The organic light emitting display device of claim 1,
wherein the electron mobility of the first electron transport
material is lower than that of the second electron transport
material.

4. The organic light emitting display device of claim 1,
wherein the electron transport layer is a single layer.
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5. The organic light emitting display device of claim 1,
wherein the electron transport layer includes a first layer, a
mixed layer, and a second layer.

6. The organic light emitting display device of claim 5,
wherein the first layer includes the first electron transport
material, the mixed layer includes the first electron transport
material and the second electron transport material, and the
second layer includes the second electron transport material.

7. The organic light emitting display device of claim 1,
wherein the triplet exciton energy level of the first electron
transport material is within arange of 2.6 eV to 2.8 eV, and the
triplet exciton energy level of the second electron transport
material is within a range of 1.6 eV to 2.0 eV.

8. The organic light emitting display device of claim 1,
wherein the electron mobility of the second electron transport
material is within a range of 1x10~* cm*/ Vs to 1x10~> cm*/
Vs.

9. The organic light emitting display device of claim 1,
wherein the first electron transport material includes 30 to
50% of the sum of the first and second electron transport
materials.

10. The organic light emitting display device of claim 1,
wherein a ratio of the first electron transport material is equal
to or lower than a ratio of the second electron transport mate-
rial.

11. The organic light emitting display device of claim 1,
wherein a thickness of the electron transport layer is within a
range of 5 to 45 nm.

12. The organic light emitting display device of claim 5,
wherein thicknesses of the first and second layers include
25% to 100% of a thickness of the mixed layer, and the
thickness of the mixed layer is within a range of 15 to 20 nm.

13. The organic light emitting display device of claim 1,
wherein the first electron transport material is adjacent to the
at least one light emitting layer, and is configured to block
holes passing from the at least one light emitting layer to the
electron transport layer.

14. The organic light emitting display device of claim 1,
wherein the second electron transport material is adjacent to
the cathode, and is configured to assist in the transfer of
electrons to the at least one light emitting layer.

15. The organic light emitting display device of claim 1,
wherein a charge balance in the light emitting layer is
adjusted using the first electron transport material and the
second electron transport material.

16. An organic light emitting display device comprising:

at least one light emitting part between an anode and a

cathode; and

an electron transport layer between the at least one light

emitting part and the cathode,

wherein the electron transport layer is composed of at least

one layer having a first electron transport material and a
second electron transport material.

17. The organic light emitting display device of claim 16,
wherein the electron transport layer includes a first layer
including the first electron transport material, a mixed layer
including the first and second electron transport materials,
and a second layer including the second electron transport
material.

18. The organic light emitting display device of claim 17,
wherein the first and second electron transport materials have
different triplet exciton energy levels or different electron
mobilities.
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19. The organic light emitting display device of claim 18,
wherein the triplet exciton energy level of the first electron
transport material is higher than that of the second electron
transport material.

20. The organic light emitting display device of claim 19,
wherein the triplet exciton energy level of the first electron
transport material is within a range of 2.6 eV to 2.8 eV, and the
triplet exciton energy level of the second electron transport
material is within a range of 1.6 eV to 2.0 eV.

21. The organic light emitting display device of claim 18,
wherein the electron mobility of the first electron transport
material is lower than that of the second electron transport
material.

22. The organic light emitting display device of claim 21,
wherein the electron mobility ofthe second electron transport
material is within a range of 1 x107> cm*Vs to 1x10 ° cm®/
Vs.
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23. The organic light emitting display device of claim 17,
wherein the first electron transport material includes 30 to
50% of the sum of the first and second electron transport
materials.

24. The organic light emitting display device of claim 17,
wherein a ratio of the first electron transport material is equal
to or lower than a ratio of the second electron transport mate-
rial.

25. The organic light emitting display device of claim 17,
wherein a thickness of the electron transport layer is within a
range of 5 to 45 nm.

26. The organic light emitting display device of claim 25,
wherein thicknesses of the first and second layers include
25% to 100% of a thickness of the mixed layer, and the
thickness of the mixed layer is within a range of 15 to 20 nm.

* #* * #* #®
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