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(57) ABSTRACT

An organic light-emitting device is disclosed. The organic
light-emitting device includes light-emitting layers that emit
light of the same color in a stack structure. The phospho-
rescence and fluorescence characteristics at the exit side and
the inside of the organic light-emitting device are adjusted to
improve a viewing angle, lifetime, and efficiency.
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ORGANIC LIGHT-EMITTING DEVICE AND
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE USING THE SAME

[0001] This application claims priority to Republic of
Korean Patent Application No. 10-2017-0163768, filed on
Nov. 30, 2017, which is hereby incorporated by reference as
if fully set forth herein.

BACKGROUND

Field of the Technology

[0002] The present disclosure relates to an organic light-
emitting device, and more particularly, to an organic light-
emitting device configured such that light-emitting layers
that emit light of the same color are applied to different
stacks, whereby the efficiency and lifetime of the organic
light-emitting device are improved, and an organic light-
emitting display device using the same.

Discussion of the Related Art

[0003] Recently, with the advent of the information age,
the field of displays that visually display electrically con-
veyed information signals has developed rapidly. In
response to this, various kinds of flat panel display devices
having excellent characteristics, such as a small thickness, a
low weight, and low power consumption, have been devel-
oped and have rapidly replaced existing cathode ray tubes
(CRTs).

[0004] Representative examples of such flat panel display
devices may include a liquid crystal display (LCD) device,
a plasma display panel (PDP) device, a field emission
display (FED) device, and an organic light-emitting display
(OLED) device.

[0005] Among these, the organic light-emitting display
device is considered a competitive application because it
does not require a separate light source and enables the
realization of a compact device design and vivid color
display.

[0006] Meanwhile, the organic light-emitting display
device includes a plurality of organic light-emitting devices
for emitting light, which are provided on a substrate having
a plurality of subpixels. Each of the organic light-emitting
devices includes a positive electrode and a negative elec-
trode, as well as a hole transport layer, a light-emitting layer,
and an electron transport layer sequentially disposed
between the positive electrode and the negative electrode.

[0007] An organic light-emitting device is a device that
emits light when an electric field is applied across the
positive electrode and the negative electrode. The organic
light-emitting device is characterized in that the organic
light-emitting device can be driven at low voltage, the power
consumption of the organic light-emitting device is rela-
tively low, and the organic light-emitting device can be
manufactured even on a lightweight and flexible substrate.
[0008] The organic light-emitting display device includes
an organic light-emitting device provided at each subpixel
for emitting light. In a light-emitting layer of each organic
light-emitting device, holes and electrons are combined with
each other to produce excitons. When the excitons fall to the
ground state, light is generated from the organic light-
emitting device. Light emission efficiency is set depending
on the efficiency of combination of holes and electrons in the
light-emitting layer.
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[0009] Meanwhile, the organic light-emitting device pro-
vided at each of the subpixels may be configured to have a
single-stack structure, in which a single light-emitting layer
that emits light of a different color is provided for each
subpixel such that the light-emitting layer is provided in a
single stack, or a tandem structure, in which a plurality of
stacks having light-emitting layers that emit light of different
colors is overlapped in order to commonly emit white light
from all of the subpixels and a color filter layer for selec-
tively transmitting light of another color is provided on the
organic light-emitting device.

[0010] In the case in which the organic light-emitting
device is used in a display device, the organic light-emitting
device is connected to a thin film transistor so as to be driven
by current supplied from the thin film transistor. For high
resolution display, the area of the thin film transistor occu-
pving each subpixel, the subpixels having a reduced size, is
reduced, whereby the efliciency of supply of current from
the thin film transistor is decreased for structural reasons.
For this reason, research has been conducted with the goal
of improving the current efliciency of the organic light-
emitting device. However, the efficiency of the organic
light-emitting device is related to the structure and material
thereof. Since the lifetime may be greatly changed in the
case in which the structure and material are changed, it is
difficult to realize an organic light-emitting device that is
suitable for high resolution and is reliable in terms of
lifetime and efficiency.

SUMMARY

[0011] Accordingly, the present disclosure is directed to an
organic light-emitting device and an organic light-emitting
display device using the same that substantially obviate one
or more problems due to limitations and disadvantages of
the related art.

[0012] An object of the present disclosure is to provide an
organic light-emitting device configured such that light-
emitting layers that emit light of the same color are applied
to different stacks, whereby the efficiency, lifetime, and
reliability of the organic light-emitting device are improved,
and an organic light-emitting display device using the same.
[0013] Additional advantages, objects, and features of the
disclosure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the disclosure. The
objectives and other advantages of the disclosure may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0014] An organic light-emitting device according to the
present disclosure is configured such that light-emitting
layers that emit light of the same color are provided in a
plurality of stacks, whereby the light emission efliciency,
lifetime, and viewing angle characteristics of the organic
light-emitting device are improved.

[0015] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, an organic light-emitting
device includes a first electrode, a second electrode opposite
the first electrode, the second electrode being used as an exit
side, first to n-th (n being a natural number equal to or
greater than 2) stacks disposed between the first and second
electrodes, the first to n-th stacks having light-emitting
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layers that emit light of the same color, and (n-1) charge
generation layers disposed between neighboring ones of the
first to n-th stacks, each of the (n-1) charge generation layers
including an n-type charge generation layer and a p-type
charge generation layer, wherein the light-emitting layer of
the n-th stack is a phosphorescent light-emitting layer, the
light-emitting layer of at least one of the first to (n-1)-th
stacks is a fluorescent light-emitting layer, and distances
from the interface between the n-type and p-type charge
generation layers of each of the charge generation layers to
the light-emitting layers of stacks adjacent thereto are the
same, or a distance from the interface between the n-type
and p-type charge generation layer to the light-emitting layer
of a stack close to the second electrode is greater than the
distance from the interface between the distance from the
interface between the n-type charge generation layer and the
p-type charge generation layer to the light-emitting layer of
the stack close to the first electrode.

[0016] Among distances from an interface between the
n-type and p-type charge generation layers of each of the
charge generation layers to the light-emitting layers of
stacks adjacent thereto, the distance from the interface
between the n-type and p-type charge generation layers of
each of the charge generation layers to the light-emitting
layer of the stack close to the second electrode may be 2.2
or less times the distance from the interface between the
n-type and p-type charge generation layers of each of the
charge generation layers to the light-emitting layer of a stack
close to the first electrode.

[0017] The phosphorescent light-emitting layer of the n-th
stack may be thicker than the fluorescent light-emitting layer
of the at least one of the first to (n-1)-th stacks.

[0018] The phosphorescent light-emitting layer may
include at least one phosphorescent host and a phosphores-
cent dopant that emits light including a first wavelength, the
fluorescent light-emitting layer may include at least one
fluorescent host and a fluorescent dopant that emits light
including the first wavelength, and the phosphorescent dop-
ant may have a peak light emission at a lower wavelength
than the fluorescent dopant.

[0019] The full width at half maximum of an emission
spectrum of the phosphorescent light-emitting layer may
include the full width at half maximum of an emission
spectrum of the fluorescent light-emitting layer.

[0020] In neighboring ones of the first to n-th stacks, the
distance between the light-emitting layers may range from
800 A to 1200 A.

[0021] In neighboring ones of the first to n-th stacks, one
of which includes a fluorescent light-emitting layer and the
other of which includes a phosphorescent light-emitting
layer, a distance from the interface between n-type charge
generation layer and p-type charge generation layer to the
fluorescent light-emitting layer may be 200 A or more.
[0022] In another aspect of the present disclosure, an
organic light-emitting display device includes a substrate
having regularly arranged first to third subpixels, a thin film
transistor provided at each of the first to third subpixels, and
first to third organic light-emitting devices, each of which is
electrically connected to the thin film transistor at a corre-
sponding one of the first to third subpixels, each of the first
to third organic light-emitting devices including a first
electrode, a second electrode opposite the first electrode, the
second electrode being used as an exit side, first to n-th (n
being a natural number equal to or greater than 2) stacks
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disposed between the first and second electrodes, the first to
n-th stacks having light-emitting layers that emit light of the
same color, and (n-1) charge generation layers disposed
between neighboring ones of the first to n-th stacks, each of
the (n-1) charge generation layers including an n-type charge
generation layer and a p-type charge generation layer. The
light-emitting layers in the first to n-th stacks of each of the
first to third subpixels may emit light of the same color, and
in at least one of the first to third subpixels, the light-emitting
layer of the n-th stack may be a phosphorescent light-
emitting layer, the light-emitting layer of at least one of the
first to (n-1)-th stacks may be a fluorescent light-emitting
layer, and the distances from the interface between the
n-type and p-type charge generation layers of each of the
charge generation layers to the light-emitting layers of
stacks adjacent thereto may be the same, or the distance
from the interface between the n-type charge generation
layer and the p-type charge generation layer to the light-
emitting layer of a stack close to the second electrode may
be greater than the distance from the interface between the
n-type charge generation layer and the p-type charge gen-
eration layer to the light-emitting layer of the stack close to
the first electrode.

[0023] The first to third subpixels may have first to third
light-emitting layers that emit light of different colors for
corresponding ones of the first to n-th stacks, and the first to
third light-emitting layers may have different thicknesses.
[0024] The first to n-th stacks may have a common layer
that is commonly provided for the first to third subpixels,
excluding the light-emitting layers.

[0025] The charge generation layers may be commonly
provided for the first to third subpixels without disconnec-
tion.

[0026] An embodiment of the present disclosure relates to
an organic light-emitting device. The organic light-emitting
device includes a substrate, a first electrode on the substrate,
a second electrode on the first electrode, and a plurality of
stacks disposed between the first electrode and the second
electrode. Each stack of the plurality of stacks includes a
light-emitting layer. The plurality of stacks includes a first
stack and a second stack. The first stack includes a first
light-emitting layer that is a fluorescent light-emitting layer
and is configured to emit light of a first color. The second
stack includes a second light-emitting layer that is a phos-
phorescent light-emitting layer and is configured to emit
light of the first color. The second stack is a top-most stack
in the plurality of stacks in a direction along the first
electrode to the second electrode.

[0027] An embodiment of the present disclosure relates to
an organic light-emitting display device that includes a
substrate, a first subpixel on the substrate for emitting light
of a first color, a second subpixel on the substrate for
emitting light of a second color, and a third subpixel on the
substrate for emitting light of a third color. Each subpixel
includes a first electrode on the substrate, a second electrode
on the first electrode, and a plurality of stacks disposed
between the first electrode and the second electrode. Each
stack includes a light-emitting layer. Each stack of the
plurality of stacks includes a first stack and a second stack
on the first stack. The first stack includes a first light-
emitting layer that is a fluorescent light-emitting layer and is
configured to emit light of a respective color of the subpixel.
The second stack includes a second light-emitting layer that
is a phosphorescent light-emitting layer and is configured to
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emit light of the respective color of the subpixel. The second
stack is a top-most stack in the plurality of stacks in a
direction along the first electrode to the second electrode.
[0028] An embodiment of the present disclosure relates to
an organic light-emitting display device including a sub-
strate, a first electrode of a first subpixel and a first electrode
of a second subpixel on the substrate, a first light-emitting
layer on the first electrode of the first subpixel, a second
light-emitting layer on the first electrode of the second
subpixel disposed adjacent to the first light-emitting layer, a
charge generation layer on the first light-emitting layer and
the second light-emitting layer, a third light-emitting layer
on the charge generation layer overlapping the first light-
emitting layer, a fourth light-emitting layer on the charge
generation layer disposed adjacent to the third light-emitting
layer and overlapping the second light-emitting layer, and a
second electrode on the third light-emitting layer and the
fourth light-emitting layer. The first light-emitting layer is a
fluorescent light-emitting layer and is configured to emit
light of a first color. The second light-emitting layer is a
fluorescent light-emitting layer and is configured to emit
light of a second color. The third light-emitting layer is a
phosphorescent light-emitting layer and is configured to
emit light of the first color. The fourth light-emitting layer is
a phosphorescent light-emitting layer and is configured to
emit light of the second color.

[0029] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the disclosure and together with
the description serve to explain the principle of the disclo-
sure. In the drawings:

[0031] FIG. 1 is a sectional view showing an organic
light-emitting device according to the present disclosure;
[0032] FIGS. 2A to 2C are sectional views showing
organic light-emitting devices according to first to third
comparative examples, respectively;

[0033] FIGS. 3A and 3B are sectional views showing
organic light-emitting devices according to first and second
embodiments, respectively, of the present disclosure;
[0034] FIG. 4 is a graph showing the lifetime of the
organic light-emitting devices according to the first to third
comparative examples and the first embodiment of the
present disclosure;

[0035] FIG. 5 is a graph showing the lifetime of organic
light-emitting devices according to first to third embodi-
ments of the present disclosure;

[0036] FIG. 6 is a graph showing the lifetime of organic
light-emitting devices according to fourth, fifth, and second
embodiments of the present disclosure;

[0037] FIG. 7 is a graph showing the efficiency of the
organic light-emitting device depending on the thickness
relationship of a:b of FIG. 3A;

[0038] FIG. 8 is a graph showing Au'v' based on a viewing
angle when the second and third comparative examples and
the first embodiment of the present disclosure are applied;
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[0039] FIG. 9 is a graph showing a change in luminance
drop rate based on a viewing angle when the second and
third comparative examples and the first embodiment of the
present disclosure are applied,;

[0040] FIG. 10 is a graph showing peak spectra of a
fluorescent dopant and a phosphorescent dopant at a green
wavelength; and

[0041] FIG. 11 is a sectional view showing an organic
light-emitting display device according to the present dis-
closure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0042] The advantages and features of the present disclo-
sure and the way of attaining them will become apparent
with reference to embodiments described below in detail in
conjunction with the accompanying drawings. The present
disclosure, however, is not limited to the embodiments
disclosed hereinafter, and may be embodied in many differ-
ent forms. Rather, these exemplary embodiments are pro-
vided so that this disclosure will be thorough and complete
and will fully convey the scope to those with normal skill in
the art. The scope of the present disclosure should be defined
by the claims.

[0043] In the drawings for explaining the exemplary
embodiments of the present disclosure, for example, the
illustrated shape, size, ratio, angle, and number are given by
way of example, and thus, are not limitative of the disclosure
of the present disclosure. Throughout the present specifica-
tion, the same reference numerals designate the same con-
stituent elements. In addition, in the following description of
the present disclosure, a detailed description of known
functions and configurations incorporated herein will be
omitted when it may make the subject matter of the present
disclosure rather unclear. The terms “comprises”,
“includes”, and/or “has”, used in this specification, do not
preclude the presence or addition of other elements unless
used along with the term “only”. The singular forms are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

[0044] In the interpretation of constituent elements
included in the various embodiments of the present disclo-
sure, the constituent elements are interpreted as including an
error range even if there is no explicit description thereof.
[0045] 1In the description of the various embodiments of
the present disclosure, when describing positional relation-
ships, for example, when the positional relationship between
two parts is described using “on”, “above”, “below”,
“aside”, or the like, one or more other parts may be located
between the two parts unless the term “directly” or “closely”
is used therewith.

[0046] In the description of the various embodiments of
the present disclosure, when describing temporal relation-
ships, for example, when the temporal relationship between
two actions is described using “after”, “subsequently”,
“next”, “before”, or the like, the actions may not occur in
succession unless the term “immediately” or “directly” is
used therewith.

[0047] In the description of the various embodiments of
the present disclosure, although terms such as, for example,
“first” and “second” may be used to describe various ele-
ments, these terms are merely used to distinguish the same
or similar elements from each other. Therefore, in the
present specification, an element indicated by “first” may be
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the same as an element indicated by “second” within the
technical scope of the present disclosure unless otherwise
mentioned.

[0048] The respective features of the various embodi-
ments of the present disclosure may be partially or wholly
coupled to and combined with each other, and various
technical linkages there between and operation methods
thereof are possible. These various embodiments may be
performed independently of each other, or may be per-
formed in association with each other.

[0049] In this specification, the term “doped” means that
a material of any layer, which has physical properties (e.g.,
N-type and P-type material, or an organic material and an
inorganic material) different from the material that occupies
the greatest weight percentage of the corresponding layer, is
added to the material accounting for the greatest weight
percentage in an amount corresponding to a weight percent-
age of less than 10%. In other words, a “doped” layer means
a layer in which a host material and a dopant material of any
layer are distinguishable from each other in consideration of
the weight percentages thereof. In addition, the term
“undoped” refers to all cases excluding the case that corre-
sponds to the term “doped”. For example, when any layer is
formed of a single material or is formed of a mixture of
materials having the same or similar properties, the layer
considered an “undoped” layer. For example, when at least
one of constituent materials of any layer is of a P-type and
none of the other constituent materials of the layer are of an
N-type, the layer is considered an “undoped” layer. For
example, when at least one of the constituent materials of
any layer is an organic material and none other constituent
materials of the layer are inorganic materials, the layer is
considered an “undoped” layer. For example, when all
constituent materials of any layer are organic materials, at
least one of the constituent materials is of an N-type, at least
another constituent material is of a P-type, and the weight
percent of the N-type material is less than 15% or the weight
percent of the P-type material is less than 15%, the layer is
considered a “doped” layer.

[0050] In this specification, “stack” means a unit structure
that includes organic layers such as a hole transport layer
and an electron transport layer, with an organic emission
layer interposed between the hole transport layer and the
electron transport layer. The organic layers may further
include a hole injection layer, an electron blocking layer, a
hole-blocking layer, and an electron injection layer, and may
further include other organic layers according to the struc-
ture or design of an organic light-emitting device.

[0051] FIG. 1 is a sectional view showing an organic
light-emitting device according to the present disclosure.
[0052] As shown in FIG. 1, the organic light-emitting
device according to the present disclosure includes a first
electrode 110, a second electrode 120 opposite the first
electrode 110, the second electrode 120 being used as an exit
side, first to n-th (n being a natural number equal to or
greater than 2) stacks 180 disposed between the first and
second electrodes 110 and 120, the first to n-th stacks having
light-emitting layers 143, . . ., and 185 that emit light of the
same color, and (n-1) charge generation layers 160, . . ., and
560 disposed between neighboring ones of the first to n-th
stacks, the (n-1) charge generation layers 160, . . . , and 560
respectively including n-type charge generation layers 160a
and 560a and p-type charge generation layers 1605 and
5605.
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[0053] Here, the light-emitting layer 185 of the n-th stack
180 is a phosphorescent light-emitting layer ph+pd. and the
light-emitting layer of at least one of the first to (n-1)-th
stacks is a fluorescent light-emitting layer th+fd. FIG. 1
shows an example in which a fluorescent light-emitting layer
is applied to the first stack. Among the first to (n-1)-th stacks,
each of the stacks having no fluorescent light-emitting layer
has a phosphorescent light-emitting layer.

[0054] In this case, the minimum number of stacks of the
organic light-emitting device according to the present dis-
closure is two. For example, in the case in which two stacks
are provided between the first and second electrodes 110 and
120, the first stack has a first light-emitting layer that is a
fluorescent light-emitting layer and the second stack has a
second light-emitting layer that is a phosphorescent light-
emitting layer.

[0055] Thus, a charge generation layer from 160, . . ., 560
may be disposed between an adjacent pair of stacks, and the
charge generation layer may include an n-type charge gen-
eration layer 160a, 560a and a p-type charge generation
layer 1605, 5605. A first distance is measured from an
interface between the n-type charge generation layer 160q,
560a and the p-type charge generation layer 1605, 5605 to
the light-emitting layer of an adjacent stack closer to the first
electrode 110. A second distance is measured from the
interface to the light-emitting layer of an adjacent stack 180
closer to the second electrode 120. The first distance is less
than or equal to the second distance.

[0056] In addition, the distances a and b from the inter-
faces between the n-type charge generation layers 160a and
560¢ and the p-type charge generation layers 1605 and 5605
of the charge generation layers 160, . . . , and 560 to the
light-emitting layers of the stacks adjacent thereto may be
the same, or the distance a from the interface between the
n-type charge generation layer 160a, 560a and the p-type
charge generation layer 1605, 5605 to the light-emitting
layer of the stack close to the second electrode 120 may be
greater than the distance b from the interface between the
n-type charge generation layer 1604, 560a and the p-type
charge generation layer 1605, 5605 to the light-emitting
layer of the stack 180 close to the first electrode 110. The
reason for this is that, in a structure in which a plurality of
stacks are divided from each other by charge generation
layers, the mobility of holes transmitted from the p-type
charge generation layers 1605 and 5605 to a hole transport
layer of the next stack is higher than the mobility of
electrons transmitted from the n-type charge generation
layers to an electron transport layer of the previous stack in
terms of transportability of carriers transmitted to adjacent
stacks through the charge generation layers 160 and 560.
Consequently, the thickness of a hole transport layer 184 of
the upper stack adjacent to the charge generation layers is set
to be greater than the thickness of an electron transport layer
144 of the lower stack adjacent to the charge generation
layers such that the transport length of the holes is greater
than the transport length of the electrons. As a result, the
holes and the electrons are supplied into the light-emitting
layers 185 and 143 of the stacks at similar speeds such that
the holes and the electrons are combined with each other
only in the light-emitting layers 185 and 143. Consequently,
uncombined electrons are prevented from accumulating at
the interface between the hole transport layer and the light-
emitting layer, or uncombined holes are prevented from
being accumulated on the interface between the electron
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transport layer and the light-emitting layer, whereby it is
possible to prevent a reduction in the lifetime of the organic
light-emitting device due to accumulation of carriers on the
interface.

[0057] In addition, the distance a from the interface
between the n-type and p-type charge generation layers 160a
and 1605 and 5604 and 5605 of the charge generation layers
160, . . ., and 560 to the light-emitting layer of the stack
close to the second electrode 120 may be 2.2 or less times
the distance b from the interface between the n-type and
p-type charge generation layers of the charge generation
layers to the light-emitting layer of the stack close to the first
electrode 110. That is, the second distance is also less than
or equal to 2.2 times the first distance, in addition to being
greater than or equal to the first distance. The numerical
meaning of a:b will be further described in the following
experimental example.

[0058] Meanwhile, the stacks of the organic light-emitting
device according to the present disclosure include hole
transport layers 142 and 184 and electrode transport layers
144 and 186 abutting on the upper and lower parts of the
light-emitting layers, in addition to the light-emitting layers.
The stack close to the first electrode 110 further includes a
hole injection layer 141 having a p-type dopant in order to
inject holes, and the stack close to the second electrode 120
further includes an electron injection layer 187 that lowers
a barrier to the injection of electrons. Since the electron
injection layer 187 is mainly made of an inorganic material,
the electron injection layer 187 may be considered as a
portion of the second electrode 120, by which the electron
injection layer 187 is distinguished from organic layers
between the first and second electrodes 110 and 120.
[0059] The organic light-emitting device according to the
present disclosure is configured to have a top emission type
structure, in which the second electrode 120 serves as an exit
side. Consequently, the second electrode 120 is made of a
transparent material, such as 1TO, IZO, ITZO, or 1GZO, or
is made of a semitransparent material, such as AgMg. In the
case in which the second electrode 120 is made of a
semitransparent material, the thickness of the second elec-
trode 120 may be at least Yio of the thickness of a second
electrode 120 that is made of a transparent material. The first
electrode 110 is configured to have a structure in which a
transparent electrode that exhibits high interfacial adhesion
to an organic material, such as an electrode made of ITO,
and a reflective electrode that exhibits high reflectance so as
to enable light, emitted from the light-emitting layer of each
stack and transmitted downwards, to be transmitted upwards
again are stacked.

[0060] Meanwhile, a capping layer 130 for protecting the
organic light-emitting device and improving the optical
efficiency of the organic light-emitting device may be further
provided on the second electrode 120. Although not shown,
when the organic light-emitting device is applied to a device,
a barrier stack, in which inorganic films and organic films
are alternately stacked to encapsulate the organic light-
emitting device, may be further provided on the capping
layer 130.

[0061] The phosphorescent light-emitting layer 185, as the
n-th light-emitting layer provided in the n-th stack, which is
close to the exit side, may have a larger thickness than the
fluorescent light-emitting layer 143 of any one of the other
stacks. The reason for this is that, in the case in which the
thickness of the phosphorescent light-emitting layer is
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increased to a predetermined level, it is possible to reduce
the driving voltage of the organic light-emitting device and
to improve the efficiency of the organic light-emitting
device.

[0062] Inaddition, the phosphorescent light-emitting layer
185 includes at least one phosphorescent host ph and a
phosphorescent dopant pd that emits light including a first
wavelength. The fluorescent light-emitting layer 143 of any
one of the other stacks includes at least one fluorescent host
fth and a fluorescent dopant fd that emits light including the
first wavelength. One to four hosts ph and fh may be
included in the light-emitting layers 185 and 143. Each of
the phosphorescent dopant pd and the fluorescent dopant fd
is included so as to have 15 wt % or less the total mass of
the hosts of a corresponding one of the light-emitting layers.
In the case in which a plurality of hosts is provided in each
light-emitting layer, the hosts may have hole mobilities and
electron mobilities that are different from each other. It is
possible to adjust the coupling area of holes and electrons in
each light-emitting layer in consideration of the mobility and
mass ratio of the hosts.

[0063] Meanwhile, the phosphorescent dopant pd has a
peak light emission wavelength at a lower wavelength than
the fluorescent dopant fd peak light emission wavelength. In
addition, the full width at half maximum of an emission
spectrum of the phosphorescent light-emitting layer 185
includes the full width at half maximum of an emission
spectrum of the fluorescent light-emitting layer 143. The
phosphorescent light-emitting layer 185 emits light of the
same color as the fluorescent light-emitting layer 143, but
may emit light having higher intensity than the fluorescent
light-emitting layer 143. This means that, even in the case in
which the phosphorescent light-emitting layer 185 and the
fluorescent light-emitting layer 143 have the same thickness,
the light emission efficiency of the phosphorescent light-
emitting layer 185 is higher than the light emission effi-
ciency of the fluorescent light-emitting layer 143. In par-
ticular, the organic light-emitting device according to the
present disclosure is configured such that the phosphores-
cent light-emitting layer 185 is provided in the stack abut-
ting on the second electrode 120, which serves as the exit
side, in order to improve the exit efficiency of light at the exit
side.

[0064] In FIG. 3A, the first light-emitting layer 143
includes at least one fluorescent host and a fluorescent
dopant that emits light of a first color. The second light-
emitting layer 185 includes at least one phosphorescent host
and a phosphorescent dopant that emits light of the first
color. The phosphorescent dopant has a peak light emission
at a lower wavelength than the peak light emission of the
fluorescent dopant. Additionally, a full width at half maxi-
mum of an emission spectrum of the second light-emitting
layer 185 is wider than a full width at half maximum of an
emission spectrum of the first light-emitting layer 143.
[0065] In the structure in which light-emitting layers that
emit light of the same color are applied to a plurality of
stacks, a phosphorescent light-emitting layer may be pro-
vided in the stack close to the exit side, and at least one
fluorescent light-emitting layer may be provided in the other
stacks, which may be applied to subpixels that emit light of
various colors. That is, red light-emitting layers may be
provided in a plurality of stacks for a red subpixel, green
light-emitting layers may be provided in a plurality of stacks
for a green subpixel, and blue light-emitting layers may be
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provided in a plurality of stacks for a blue subpixel. Even in
the case in which an organic light-emitting display device
includes a subpixel having another color, such as a white
subpixel or a yellow subpixel, a different kind of fluorescent
light-emitting layer or phosphorescent light-emitting layer
may be provided between light-emitting layers having the
same color.

[0066] In the case in which a general organic light-emit-
ting device has a tandem structure, the light-emitting layers
are provided in the stacks so as to have the same properties.
That is, even in the case in which a plurality of stacks is
provided in a single tandem structure, the same fluorescent
light-emitting layers or the same phosphorescent light-emit-
ting layers are used as the light-emitting layers in the stacks.
Particularly, in a tandem structure that emits light of the
same color, the same phosphorescent light-emitting layers or
the same fluorescent light-emitting layers are applied in
order to reduce device or material costs.

[0067] In contrast, in the organic light-emitting device
according to the present disclosure, a phosphorescent light-
emitting layer is used as the light-emitting layer of the stack
close to the exit side, and a fluorescent light-emitting layer
is used as the light-emitting layer of at least one of the other
stacks. The reason that, particularly in a structure in which
phosphorescent and fluorescent light-emitting layers are
combined, a phosphorescent light-emitting layer is used as
the light-emitting layer of the stack close to the exit side and
a fluorescent light-emitting layer is used as the light-emitting
layer of at least one of the other stacks is that the inventors
of the present application have found, based on experimen-
tation, that this structure is advantageous over other com-
bination structures in terms of efficiency, lifetime, and color
deviation depending on a viewing angle.

[0068] Hereinafter, the meaning of the structure of the
organic light-emitting device according to the present dis-
closure will be described based on comparison with com-
parative examples and experimentation.

[0069] In the following experiments, an example in which
green light-emitting layers are applied to a plurality of stacks
will be described. A stack structure including light-emitting
layers having a different color also has the same or similar
effects in that a phosphorescent light-emitting layer is pro-
vided in the stack closest to the exit side and a fluorescent
light-emitting layer is provided in at least one of the other
stacks. That is, the plurality of stacks includes at least one
stack that includes a light-emitting layer configured to emit
light of a second color different than a first color emitted by
other stacks in the plurality of stacks.

[0070] FIGS. 2A to 2C are sectional views respectively
showing organic light-emitting devices according to first to
third comparative examples, and FIGS. 3A and 3B are
sectional views respectively showing organic light-emitting
devices according to first and second embodiments of the
present disclosure.

[0071] The organic light-emitting devices according to the
first to third comparative examples shown in FIGS. 2A to 2C
and the organic light-emitting devices according to the first
and second embodiments of the present disclosure shown in
FIGS. 3A and 3B are characterized in common in that two
stacks are provided between first and second electrodes,
which are opposite each other, and a charge generation layer
is provided between the two stacks. In addition, the stacks
have the same stack structure. That is, the organic light-
emitting devices according to the first to third comparative
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examples and the first and second embodiments of the
present disclosure include first stacks 20 and 140, which
includes first electrodes 11 and 110, hole injection layers 21
and 141, first hole transport layers 22 and 142, first light-
emitting layers 23, 541, and 143, and the first electron
transport layers 24 and 144, charge generation layers 40 and
160, which include n-type charge generation layers 40a and
160a and p-type charge generation layers 405 and 1605,
second stacks 30 and 180 disposed on the charge generation
layers 40 and 160, the second stacks 30 and 180 including
second hole transport layers 31 and 184, second light-
emitting layers 32 and 185, and the second electron transport
layers 33 and 186, and second electrodes 12 and 120.
[0072] The organic light-emitting devices are identical to
each other in that the light-emitting layers included in the
stacks emit green light, but are different from each other in
that hosts and dopants are made of different materials.
[0073] That is, in the first comparative example shown in
FIG. 2A, both the first light-emitting layer 23 of the first
stack 20 and the second light-emitting layer 32 of the second
stack 30 are fluorescent light-emitting layers. In the case in
which the same fluorescent light-emitting layers are used as
the first and second light-emitting layers 23 and 32, the same
fluorescent hosts fth are doped with the same fluorescent
dopants fd so as to have the same content. The first and
second light-emitting layers 23 and 32 have the same
thickness.

[0074] Specifically, a structure applied to the first com-
parative example based on experimentation will be
described.

[0075] First, a first electrode 11 having a stack structure of
ITO (70 AYAPC (1000 AYITO (70 A) is formed on a
substrate (not shown).

[0076] Subsequently, an NPD layer having a thickness of
400 A is deposited on the first electrode 11. At the time of
depositing the NPD, a portion of the NPD adjacent to the
interface with the first electrode 11 having a thickness of
about 50 A is doped with 3% of a p-type dopant material
TCNQF4 so in order to form a hole injection layer 21, and
the remaining thickness of the NPD becomes a first hole
transport layer 22.

[0077] Subsequently, an anthracene derivative having a
thickness of 400 A, as a host, is doped with about 5 wt % of
an anthracene dopant, as a green fluorescent dopant, in order
to form a first light-emitting layer 23 on the first hole
transport layer 22.

[0078] Subsequently. tris(8-hydroxyquinoline)aluminum
(Alg3) having a thickness of 150 A is deposited on the first
light-emitting layer 23 in order to form a first electron
transport layer 24. In this experimental example, Alg3 was
used by way of example. Alternatively, any one of PBD,
BMB-3T, PF-6P, PyPySPyPy, COT, TPBI, a 4-diazole
derivative, an anthracene derivative, TAZ, BAla, and SAlq
may be used as a material having similar electron transport
properties.

[0079] Subsequently. an anthracene derivative host mate-
rial having a thickness of 150 A is doped with 1 wt % of Li
in order to form an n-type charge generation layer 40a.
[0080] Subsequently. an NPD material is deposited so as
to have a thickness of 400 A. At this time, the portion of the
NPD material having a thickness of 50 A is doped with 15
wt % of a p-type dopant TCNQ4 at the interface with the
n-type charge generation layer 40a in order to form a p-type
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charge generation layer 405, and the remaining portion of
the NPD having a thickness 0f350 A is formed into a second
hole transport layer 31.

[0081] Subsequently, in the same manner as in the first

light-emitting layer 23, an anthracene derivative having a
thickness of 400 A, as a host, is doped with about 5 wt % of
an anthracene-based fluorescent dopant, as a green dopant,
in order to form a second light-emitting layer 32.

[0082] Subsequently, a second electron transport layer 33
having a thickness of 300 A is formed on the entire region
at a ratio of an electron transport material used for the first
electron transport layer 24 to LiQ of 1:1.

[0083] Subsequently, 30 A of Mg:LiF (1:1) is formed as an
electron injection layer 34, and then 160 A of Ag:Mg (3:1)
is formed as a second electrode 12. In this experimental
example, a capping layer 13 having a thickness of 600 A was
also formed on the second electrode 12 in order to protect
the upper part of the organic light-emitting device.

[0084] Here, the first light-emitting layer 23 and the sec-
ond light-emitting layer 32 are spaced apart from the inter-
faces with the n-type charge generation layer 40a and the
p-type charge generation layer 405 in the charge generation
layer 40 by distances of 300 A and 400 A, respectively, in
order to prevent light emitted from the respective light-
emitting layers from interfering with each other.

[0085] In the second comparative example shown in FIG.
2B, both the first light-emitting layer 51 of the first stack 20
and the second light-emitting layer 52 of the second stack 30
are phosphorescent light-emitting layers. In the first and
second light-emitting layers 51 and 52, the same phospho-
rescent hosts ph are doped with the same phosphorescent
dopants pd so as to have the same content. The first and
second light-emitting layers 51 and 52 have the same
thickness, namely 400 A.

[0086] The second comparative example is different from
the first comparative example in terms of the components
constituting the first and second light-emitting layers 51 and
52. That is, the first and second light-emitting layers 51 and
52 of the second comparative example commonly include at
least one phosphorescent host selected from among CBP,
BCP, BeBq2, CDBP, TAZ, BAlg, and mCP, and use at least
one phosphorescent dopant selected from among fac tris(2-
phenylpyridine)iridium  (ppy31Ir), ppy2lr (acac), dp2lr
(acac), bzq2Ir (acac), bo2lr (acac), op2lr (acac), and tpy2Ir
(acac). An Ir-based complex compound may be mainly used
as a phosphorescent dopant. In each of the first and second
light-emitting layers 51 and 52, the phosphorescent host is
doped with 5 wt % of an Ir-based phosphorescent dopant.

[0087] In the third comparative example shown in FIG.
2C, the first light-emitting layer 51 of the first stack 20 is a
phosphorescent light-emitting layer, and the second light-
emitting layer 32 of the second stack 30 is a fluorescent
light-emitting layer. In this case, the first and second light-
emitting layers 51 and 32 have the same thickness, and a
phosphorescent dopant and a fluorescent dopant are included
in the first and second light-emitting layers 51 and 32 so as
to have the same content.

[0088] In the third comparative example, a phosphores-
cent host is doped with 5 wt % of an Ir-based phosphorescent
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dopant in order to form a first light-emitting layer 51 having
a thickness of 400 A, in the same manner as in the phos-
phorescent light-emitting layer of the second comparative
example, and an anthracene derivative having a thickness of
400 A is doped with about 5 wt % of an anthracene-based
fluorescent dopant, as a green dopant, in order to form a
second light-emitting layer 32, in the same manner as in the
fluorescent light-emitting layer of the first comparative
example. The remainder of the construction of the third
comparative example is identical to that of the first com-
parative example.

[0089] In the first and second embodiments of the present
disclosure shown in FIGS. 3A and 3B, respectively, the first
light-emitting layer 143 of the first stack 140 is a fluorescent
light-emitting layer, and the second light-emitting layer 185
of the second stack 180 is a phosphorescent light-emitting
layer, in contrast to the third comparative example. In this
case, the first and second embodiments are different from
each other in that the first light-emitting layer 143 and the
second light-emitting layer 185 of the first embodiment have
the same thickness and that the second light-emitting layer
185 is thicker than the first light-emitting layer 143 in the
second embodiment. In both the first and second embodi-
ments, the dopants are provided in the stacks so as to have
the same content. In the first embodiment, the first stack 140
may be disposed adjacent to the second stack 180.

[0090] That is, in the first embodiment of the present
disclosure shown in FIG. 3A, an anthracene derivative
having a thickness of 400 A, as a host, is doped with about
5wt % of an anthracene-based fluorescent dopant, as a green
dopant, in order to form a first light-emitting layer 143, in
the same manner as in the fluorescent light-emitting layer of
the first comparative example, and a phosphorescent host is
doped with 5 wt % of an Ir-based phosphorescent dopant in
order to form a second light-emitting layer 185 having a
thickness of 400 A, in the same manner as in the phospho-
rescent light-emitting layer of the second comparative
example. Meanwhile, the phosphorescent host of the second
light-emitting layer 185 was formed by mixing a hole
transport host and an electron transport host at a ratio of 1:1.
Even in the case in which a coumarin derivative, DCM, or
quinacridone is used as the fluorescent dopant, in addition to
the anthracene derivative, the same effects are provided.

[0091] The remainder of the construction of the first
embodiment of the present disclosure is identical to that of
the first comparative example.

[0092] The second embodiment of the present disclosure
shown in FIG. 3B is different from the first embodiment only
in that the first light-emitting layer 143 has a thickness of
300 A. In addition, although not shown, a third embodiment
of the present disclosure is different from the first embodi-
ment in that the first light-emitting layer 143 of the third
embodiment is thicker than the first light-emitting layer 143
of the first embodiment even though the second light-
emitting layer 185 of the third embodiment is subjected to
the same conditions as the second light-emitting layer 185 of
the first embodiment.

[0093] FIG. 4 is a graph showing the lifetime of the
organic light-emitting devices according to the first to third
comparative examples and the first embodiment of the
present disclosure.
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TABLE 1
Structure Driving T95
First light- Second light- voltage Luminance Lifetime
Classification  emitting layer  emitting layer V) (Cd/A) CIEx CIEy (%)

First Fluorescent Fluorescent 8.7 103.4
comparative
example
Second
comparative
example
Third Phosphorescent Fluorescent 6.6 164.1
comparative

example

First Fluorescent
embodiment

Phosphorescent Phosphorescent 6.0 213.1

Phosphorescent 74 184.7

0.244 0.691 100

0.244 0.708 75

0.239 0.706 70

0.240 0.710 99

[0094] Referring to FIG. 4 and Table 1, it is advantageous
in terms of lifetime for fluorescent light-emitting layers to be
used as both the first and second light-emitting layers of the
stacks, as in the first comparative example. In this case,
however, the driving voltage is high and luminance is low.
As a result, it is necessary to consider another structure. In
contrast, in the case in which phosphorescent light-emitting
layers are used as both the first and second light-emitting
layers of the stacks, as in the second comparative example,
driving voltage and luminance are good, but the lifetime is
about ¥ of the lifetime of the first comparative example.
Consequently, it can be seen that the second comparative
example is not suitable for a multi-stack structure, which
requires a long lifetime.

[0095] In the third comparative example, a phosphores-
cent light-emitting layer is used as the first light-emitting
layer and a fluorescent light-emitting layer is used as the
second light-emitting layer, in order to achieve both low
driving voltage of the phosphorescent light-emitting layer
and long lifetime of the fluorescent light-emitting layer. It is
possible to obtain lower driving voltage and higher lumi-
nance than in the structure in which fluorescent light-
emitting layers are applied to the stacks (the first compara-
tive example). However, the lifetime is lower than in the
structure in which phosphorescent light-emitting layers are
applied to the stacks (the second comparative example).
Consequently, it can be seen that it is not possible to
complementarily use all of the advantages of different kinds
of light-emitting layers with the configurations shown in the
first to third comparative examples.

[0096] In the organic light-emitting device according to
the present disclosure, a fluorescent light-emitting layer and
a phosphorescent light-emitting layer are used as the first
light-emitting layer 143 of the first stack 140 and the second
light-emitting layer 185 of the second stack 180, respec-
tively, as in the first embodiment. As a result, it is possible
to obtain almost the same lifetime as the first comparative
example, in which the fluorescent light-emitting layers are
applied to both stacks. In addition, it can be seen that
efficiency is 12.6% higher than in the third comparative
example and that efficiency is 78.6% higher than in the first
comparative example. The driving voltage is also higher
than in the third comparative example. However, the driving
voltage is only 12.1% higher than in the third comparative
example, which does not amount to a substantial difference
in efficiency compared to the third comparative example. In
addition, the advantage of increased light emission effi-

ciency greatly offsets a reduction in power efficiency due to
an increase in driving voltage, and high efficiency and a long
lifetime are obtainable. Consequently, the first embodiment
of the present disclosure is superior to the first to third
comparative examples.

[0097] Meanwhile, CIEx and CIEy of the comparative
examples and the embodiment of the present disclosure,
which were not described, indicate color coordinate values
corresponding to the same level of green light emission.

[0098] Inthe experimental example, the T9S lifetime is the
amount of time taken until luminance reaches 95% of the
initial luminance. A larger amount of time means that the
reduction in the efficiency of the device over time is small.
The above experimental results reveal that the first embodi-
ment of the present disclosure has almost the same lifetime
as the structure in which the fluorescent light-emitting layers
are used in the respective stacks and almost the same level
of efficiency as the structure in which the phosphorescent
light-emitting layers are used in the respective stacks. Con-
sequently, it can be seen that the structure in which the
fluorescent light-emitting layer and the phosphorescent
light-emitting layer are used in combination is effective.

[0099] Hereinafter, the meaning of the second embodi-
ment of the present disclosure, which is a modification of the
first embodiment, which is configured to have a low driving
voltage, will be described.

[0100] In the first embodiment, the first and second light-
emitting layers 143 and 185, respectively, have the same
thickness. However, the second embodiment, which is
shown in FIG. 3B, is different from the first embodiment in
that the phosphorescent light-emitting layer 185, as the
second light-emitting layer, is thicker than the fluorescent
light-emitting layer 143, as the first light-emitting layer.
Meanwhile, a third embodiment has the same stack structure
as shown in FIG. 3A, but is different from the first embodi-
ment in that the fluorescent light-emitting layer 143, as the
first light-emitting layer, has a thickness of 500 A, which is
greater than the thickness of the phosphorescent light-
emitting layer 185, as the second light-emitting layer, which
is 400 A.

[0101] FIG. 5 is a graph showing the lifetime of organic
light-emitting devices according to the first to third embodi-
ments of the present disclosure.
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TABLE 2
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First light-

emitting Second light-
layer emitting layer ~ Driving T95
(fluorescent) (phosphorescent) voltage Efficiency Lifetime

Classification (A A) V) (Cd/A) CIEx CIEy (%)
First 400 400 74 184.7  0.240 0.710 100
embodiment
Second 300 400 6.8 2020 0.244 0.708 120
embodiment
Third 500 400 79 164.1  0.239 0.706 70
embodiment
[0102] It can be seen from Table 2 and FIG. 5 that, on the sure exhibits much higher efficiency and lifetime perfor-

assumption that T95 lifetime of the first embodiment, in
which the first and second light-emitting layers 143 and 185,
respectively, have the same thickness of 400 A, is 100%.
Whereas, in the case in which the thickness of the first
light-emitting layer 143 is decreased to 300 A, the lifetime
is 20% higher than in the first embodiment. Here, it can be
seen that the second embodiment has lower driving voltage
and higher efficiency than the first embodiment, in addition
to longer T95 lifetime.

[0103] Incontrast, inthe case in which the thickness of the
first light-emitting layer is increased to 500 A, the lifetime
1s 30% lower than in the first embodiment, but the driving
voltage is higher than in the first embodiment, whereby
efficiency is lower than in the first embodiment. When, in a
multi-stack structure, a fluorescent light-emitting layer is
applied to a lower stack and a phosphorescent light-emitting
layer is applied to an upper stack, as in the organic light-
emitting device according to the present disclosure, there-
fore, it can be seen that the case in which the thickness of the
fluorescent light-emitting layer is less than the thickness of
the phosphorescent light-emitting layer is more effective.
That is, in the presented experimental example, the second
embodiment, in which the thickness of the second light-
emitting layer 185 is 400 A and the thickness of the first
light-emitting layer 143 is 300 A, exhibits the highest
efficiency. As previously described, the first embodiment of
the present disclosure having the structure shown in FIG. 3A
exhibits higher overall performance in terms of lifetime and
efficiency than the comparative examples. The second
embodiment of the present disclosure exhibits higher overall
performance in terms of lifetime and efficiency than the first
embodiment of the present disclosure. Consequently, it can
be seen that the second embodiment of the present disclo-

mance than the comparative examples.

[0104] FIG. 6 is a graph showing the lifetime of organic
light-emitting devices according to fourth, fifth, and second
embodiments of the present disclosure.

[0105] In the following experimental example, the first
light-emitting layers 143 (fluorescent light-emitting layers)
of the organic light-emitting devices according to the fourth,
fifth, and second embodiments of the present disclosure
have the same thickness of 300 A, and the second light-
emitting layers 185 (phosphorescent light-emitting layers)
of the organic light-emitting devices according to the fourth,
fifth, and second embodiments have thicknesses of 200 A,
300 A, and 400 A, respectively. In this case, the thickness of
each of the fluorescent light-emitting layers 143 is less than
the thickness of the fluorescent light-emitting layer of the
first embodiment, whereby the driving voltage is lower than
the driving voltage in the first and third embodiments. In the
case in which each of the second light-emitting layers 185,
1.e. the phosphorescent light-emitting layers, is reduced,
however, it is not possible to realize sufficient efficiency.
[0106] That is, in the case in which the fluorescent light-
emitting layer 143 located adjacent to the first electrode 110
has a thickness of 300 A or less, as in the fourth, fifth, and
second embodiments, it can be seen that it is possible to
prevent an increase in driving voltage, as shown in Table 3
and FIG. 6. In addition, in the case in which the phospho-
rescent light-emitting layer 185 has the same thickness as
the fluorescent light-emitting layer 143 or a larger thickness
than the fluorescent light-emitting layer 143, e.g. 300 to 400
A, it can be seen that efficiency is improved. Furthermore, in
the case in which the phosphorescent light-emitting layer
185 is thicker than the fluorescent light-emitting layer 143,
it can be seen that the lifetime is further increased, as shown
in FIG. 6.

TABLE 3

First light- Second light-

emitting layer  emitting layer

(fluorescent)  (phosphorescent) Driving Efficiency
Classification (A) A voltage (V)  (Cd/A) CIEx CIEy
Fourth 300 200 6.8 128.8 0.247 0.699
embodiment
Fifth 300 300 6.8 1443 0.242 0.709
embodiment
Second 300 400 6.8 202.0 0.244 0.708

embodiment
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[0107] FIG. 7 is a graph showing the efficiency of the
organic light-emitting device depending on the thickness
relationship of a:b of FIG. 3A.

[0108] FIG. 7 shows the efficiency of the organic light-
emitting device according to the present disclosure depend-
ing on the distance a from the interface between the n-type
charge generation layer 160a and the p-type charge genera-
tion layer 16054 to the light-emitting layer 185 of the second
stack 180 and the distance b from the interface between the
n-type charge generation layer 160a and the p-type charge
generation layer 1605 to the light-emitting layer 143 of the
first stack 140.

[0109] It should be noted that, in the case in which the
distance a between the interface from the n-type charge
generation layer 160a and the p-type charge generation layer
1605 to the light-emitting layer 185 of the second stack 180
gradually increases from the period in which the distances a
and b are the same, i.e. 40 nm (400 A), the variation in
efficiency is insignificant, but that, in the case in which the
distance b from the interface between the n-type charge
generation layer 160a and the p-type charge generation layer
1605 to the light-emitting layer 143 of the first stack 140
increases, the variation in efficiency becomes significant.
[0110] Inthis case, the thickness ratio of a:b is changed for
efficiency comparison, on the assumption that efficiency is
100% in the case which the distance between adjacent
light-emitting layers 143 and 185 is fixed to 80 nm (800 A),
the distance a from the interface between the n-type charge
generation layer 160« and the p-type charge generation layer
1605 to the light-emitting layer 185 of the second stack 180
is 55 nm (550 A), and the distance b from the interface
between the n-type charge generation layer 160a and the
p-type charge generation layer 1605 to the light-emitting
layer 143 of the first stack 140 is 25 nm (250 A), in the
structure of the first embodiment of the present disclosure
shown in FIG. 3A. In this case, the thickness of the first
electron transport layer 144 of the first stack 140 may be 10
nm (100 A), and the thickness of the second hole transport
layer 184 of the second stack 180 may be 50 nm (500 A).
Meanwhile, even in the case in which the distance b from the
interface between the n-type charge generation layer 160a
and the p-type charge generation layer 1605 to the light-
emitting layer 143 of the first stack 140 is 45 nm (250 A) and
in which the distance a from the interface between the n-type
charge generation layer 160a and the p-type charge genera-
tion layer 1605 to the light-emitting layer 185 of the second
stack 180 is 35 nm (350 A), it can be seen that it is possible
to obtain an efliciency of 100%. The larger the distance b,
however, the greater the variation in efficiency. Conse-
quently, the distance b may be set to a range between 20 nm
(200 A) and 45 nm (450 A). That is, the distance from the
interface between the n-type charge generation layer 160a
and the p-type charge generation layer 1605 to the first
light-emitting layer 143 is 200 A or more. In order to obtain
an efficiency of more than 100%, the distance a may be
greater than or equal to the distance b. In this case, the
distance a may be set to be equal to the distance b or to be
2.2 or less times the distance b.

[0111] The above experiments related to the distances a
and b were made in a structure in which a common layer is
applied to all subpixels, excluding the light-emitting layers,
in the distance between the light-emitting layers of adjacent
stacks. The experiments were carried out under the condition
in which the distance a+b between the light-emitting layers
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of adjacent stacks was set to 800 A. However, the present
disclosure is not limited thereto. For example, in the case in
which subpixels having different colors each have an aux-
iliary hole transport layer, in addition to a common layer,
and the auxiliary hole transport layer is selectively provided
at a specific subpixel, the distance a+b between the light-
emitting layers of the adjacent stacks may be changed to 800
to 1200 A. That is the distance from the first light-emitting
layer 143 to the second light-emitting layer 185 ranges from
800 A to 1200 A. Here, “adjacent stacks™ means a structure
in which a fluorescent stack is located at the lower side and
in which a phosphorescent stack abutting on the exit side is
located at the upper side, as shown in FIGS. 3A and 3B, and
the distance a+b between the light-emitting layers of the
adjacent stacks means the distance from the upper surface of
the fluorescent light-emitting layer to the lower surface of
the phosphorescent light-emitting layer of the adjacent
stacks.

[0112] Meanwhile, the structure of the organic light-emit-
ting device according to the present disclosure is advanta-
geous in terms of viewing angle as well as efliciency, driving
voltage, and the lifetime, as described above.

[0113] FIG. 8 is a graph showing Au'v' based on a viewing
angle when the second and third comparative examples and
the first embodiment of the present disclosure are applied,
and FIG. 9 is a graph showing a change in luminance drop
rate based on a viewing angle when the second and third
comparative examples and the first embodiment of the
present disclosure are applied.

[0114] A viewing angle is an angle at which a screen is
viewed from the side, rather than the front. That is, the front
has a viewing angle of 0 degrees, and the maximum viewing
angle is 90 degrees. Since bilateral symmetry is provided
based on the front, a left viewing angle and a right viewing
angle are generally symmetrical. As shown in FIGS. 8 and
9, luminance is almost linearly reduced until a viewing angle
is increased from O degrees to 20 degrees, is not greatly
changed until the viewing angle is increased to 35 degrees,
and is greatly reduced when the viewing angle exceeds 35
degrees.

[0115] Inthe second comparative example, in which phos-
phorescent light-emitting layers are used in the stacks,
luminance drop and luminance variation characteristics
based on the viewing angle are the worst, even though
efficiency is improved. That is, in the second comparative
example, a color viewing angle deviation Au'v' at a viewing
angle of 50 degrees, which is the largest in the experimental
example, is 0.236, and a luminance value is 28% of the
luminance value based on the front.

TABLE 4

Calor

Structure (First light-emitting viewing angle Luminance

layer/Second light-emitting layer) (Au'v' at 50°)  drop (at 50°)
Phosphorescent EMIL/Phosphorescent 0.236 28%
EML (Second comparative example)

Phosphorescent EML/Fluorescent EML 0.234 29%
(Third comparative example)

Fluorescent EMI/Phosphorescent EML 0.200 38%

(First embodiment)

[0116] In addition, even in the case in which the fluores-
cent light-emitting layer and the phosphorescent light-emit-
ting layer are used in combination, there is a great difference
depending on the position at which the phosphorescent
light-emitting layer is disposed. In the case in which the
fluorescent light-emitting layer is located at the exit side and
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the phosphorescent light-emitting layer is located in the
lower stack, as in the third comparative example, Au'v' at a
viewing angle of 50 degrees is 0.234 or higher, and the
intensity of luminance is 29% of the intensity of luminance
based on the front. That is, it can be seen that the luminance
drop and variation characteristics due to a change in the
viewing angle are not good.

[0117] In contrast, in the first embodiment of the present
disclosure, it can be seen that Au'v', which indicates color
purity variation characteristics in the entire viewing-angle
region, is lower than those in the second and third compara-
tive examples and that Au'v' at a viewing angle of 50
degrees, which is the largest in the experiment, is 0.200,
which means that color purity deviation is low, and the
luminance drop is 38% of the luminance drop based on the
front. Consequently, it can be seen that both color purity and
luminance characteristics are improved.

[0118] FIG. 10 is a graph showing peak spectra of a
fluorescent dopant and a phosphorescent dopant at a green
wavelength.

[0119] FIG. 10 shows peak spectra of a fluorescent dopant
and a phosphorescent dopant that emit green light. The
phosphorescent dopant has a peak light emission at a shorter
wavelength than the fluorescent dopant, and the full width at
half maximum (FWHM) of the phosphorescent dopant cov-
ers the FWHM of the fluorescent dopant, which means that
the light emission intensity of the phosphorescent dopant is
greater than the light emission intensity of the fluorescent
dopant at a wider wavelength, and means that the phospho-
rescent light-emitting layer affects intensity more than the
fluorescent light-emitting layer on the assumption that the
fluorescent light-emitting layer and the phosphorescent
light-emitting layer have the same thickness and are located
at the same position. Consequently, the organic light-emit-
ting device according to the present disclosure is configured
to have a structure in which, in the case in which light-
emitting layers that emit light of the same color are applied
to a plurality of stacks, a phosphorescent light-emitting layer
at the exit side is thicker than a fluorescent light-emitting
layer provided in any one of the other stacks.

[0120] Hereinafter, an organic light-emitting display
device to which the organic light-emitting device is applied
will be described.

[0121] The organic light-emitting device has been
described based on a stacked structure of a single subpixel,
and an example in which green light-emitting layers are
applied to a plurality of stacks has been described in
connection with the experimental example. However, the
present disclosure is not limited thereto. A red subpixel and
a blue subpixel may be configured such that a fluorescent
light-emitting layer is applied to a lower stack and a phos-
phorescent light-emitting layer is applied to an upper stack,
which is close to the exit side, in the same manner as in the
green subpixel. The structure in which the fluorescent light-
emitting layer and the phosphorescent light-emitting layer
are provided in combination may be applied to a single
subpixel, to all subpixels, or to two or more subpixels.
[0122] FIG. 11 is a sectional view showing an organic
light-emitting display device according to the present dis-
closure.

[0123] As shown in FIG. 11, the organic light-emitting
display device according to the present disclosure includes
a substrate 100 having regularly arranged first to third
subpixels SP1, SP2, and SP3, a thin film transistor 205
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provided at each of the first to third subpixels, and an organic
light-emitting device (OLED) electrically connected to the
thin film transistor 205 through a contact hole in a passiva-
tion layer 207 at each of the first to third subpixels. A first
electrode 210 of the OLED is directly connected to the thin
film transistor 205 by the contact hole in the passivation
layer 207.

[0124] FIG. 11 shows an organic light-emitting device
(OLED) having a two-stack structure. The organic light-
emitting device includes a first electrode 210, a second
electrode 270 opposite the first electrode 210, the second
electrode 270 being used as an exit side, first to n-th stacks
S1 and S2 disposed between the first and second electrodes
210 and 270, the first to n-th stacks having light-emitting
layers, and a charge generation layer 260 disposed between
neighboring ones of the first to n-th stacks, the charge
generation layer 260 including an n-type charge generation
layer (see 160a of FIG. 1) and a p-type charge generation
layers (see 1606 of FIG. 1). As shown in FIG. 11, the charge
generation layer 260 between the first stack and the second
stack 1s commonly disposed on the first electrode 210 of the
first subpixel SP1, the first electrode 210 of the second
subpixel SP2, and the first electrode 210 of the third subpixel
SP3.

[0125] Since the first electrode 210 is provided at the
subpixels SP1, SP2, and SP3 in an electrically divided
fashion, the organic light-emitting device, which is config-
ured to have a vertical structure between the first and second
electrodes 210 and 270 of each subpixel, independently
functions for each subpixel even in the case in which organic
layers between the first electrode 210 and the second elec-
trode 270 are commonly provided at neighboring subpixels.

[0126] Layers between the light-emitting layers 231, 232,
and 233 and 251, 252, and 253 of the stacks, excluding the
first electrode 210 and light-emitting layers 231, 232, 233,
251, 252, and 253 of the stacks, are common layers that are
commonly formed without being separated from the first to
third subpixels.

[0127] Ahole injection layer 221 and a first hole transport
layer 222 are commonly provided between the first electrode
210 and the first light-emitting layers 231, 232, and 233, and
a first electron transport layer 223, the charge generation
layer 260, and a second hole transport layer 241 are com-
monly provided between the first light-emitting layers 231,
232, and 233 and the second light-emitting layers 251, 252,
and 253.

[0128] Inaddition, in the case in which at least three stacks
are provided between the first and second electrode 210 and
270 in the same manner, the construction between the
light-emitting layers of neighboring stacks is repeated in the
same manner. That is, the first subpixel SP1, the second
subpixel SP2, and the third subpixel SP3 may share a
common hole injection layer 221 on the first electrodes 210,
a common first hole transport layer 222 on the common hole
injection layer 221, and a common first electron transport
layer on the first light-emitting layers 231, 232, 233 in the
first stack of each subpixel. Additionally, the three subpixels
SP1, SP2, SP3 share a common second hole transport layer
242 on the common first electron transport layer 223, a
common second electron transport layer 242 on the second
light-emitting layers 251, 252, 253, and a common electron
injection layer 243 on the common second electron transport
layer 252 in the second stack of each subpixel.
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[0129] In the last stack (i.e. the n-th stack), an (n-1)-th
electron transport layer 242 and an electron injection layer
243 are provided between the red, green, and blue phospho-
rescent light-emitting layers and the second electrode 270.
[0130] In addition, each of the light-emitting layers 231,
232, 233 .. . of the first to n-th stacks of the respective first
to third subpixels SP1, SP2, and SP3, emit light of the same
color. The light-emitting layer of the n-th stack of at least
one of the first to third subpixels is a phosphorescent
light-emitting layer, and the light-emitting layer of at least
one of the first to (n-1)-th stacks is a fluorescent light-
emitting layer. Additionally, a first light-emitting layer 231
of the first subpixel SP1, the first light-emitting layer 232 of
the second subpixel SP2, and the first light-emitting layer
233 of the third subpixel SP3 may all have different thick-
nesses. Also, a second light-emitting layer 251 of the first
subpixel SP1, a second light-emitting layer 252 of the
second subpixel SP2, and a second light-emitting layer 253
of the third subpixel SP3 may all have different thicknesses.
[0131] In the case in which the distances from the inter-
faces between the n-type charge generation layers and the
p-type charge generation layers of the charge generation
layers to the light-emitting layers of the stacks adjacent
thereto are the same, or the distance from the interfaces
between the n-type charge generation layers and the p-type
charge generation layers of the charge generation layers to
the light-emitting layer of the stack close to the second
electrode is greater than the distance from the interfaces
between the n-type charge generation layers and the p-type
charge generation layers of the charge generation layers to
the light-emitting layer of the stack close to the first elec-
trode, as described with reference to FIG. 1, the efficiency of
the organic light-emitting device is excellent.

[0132] Here, the first to third subpixels have first to third
light-emitting layers 231, 232, and 233/251, 252, and 253
that emits light of different colors, such as blue, green, and
red, for corresponding ones of the first to n-th stacks. The
first to third light-emitting layers 231, 232, and 233/251,
252, and 253 may have different thicknesses. The reason for
this is that wavelengths for the emitted colors have different
resonance cycles. In the case in which the wavelength is
shorter, the light-emitting layer is provided so as to have a
smaller thickness.

[0133] Meanwhile, a capping layer 280 is provided on the
second electrode 270 for protecting the organic light-emit-
ting device and improving the optical efficiency of the
organic light-emitting device.

[0134] In the organic light-emitting display device accord-
ing to the present disclosure, light-emitting layers that emit
light of the same color are applied to a plurality of stacks in
order to realize the same luminance, whereby the magnitude
of current flowing in each light-emitting layer is reduced.
Consequently, deterioration of the organic light-emitting
device, which is caused when the organic light-emitting
device emits light, is delayed, whereby the lifetime of the
organic light-emitting device is increased.

[0135] In this case, at least one subpixel provided in the
organic light-emitting display device is configured such that
a phosphorescent light-emitting layer is provided at the exit
side and a fluorescent light-emitting layer is provided in at
least one of the other stacks in order to simultaneously
achieve improvements in lifetime and in efficiency. In the
case in which different kinds of light-emitting layers, i.e. a
fluorescent light-emitting layer and a phosphorescent light-
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emitting layer, are applied to the stacks, the thickness of the
fluorescent light-emitting layer, which has lower efficiency
than the phosphorescent light-emitting layer, may be
reduced, whereby driving voltage may also be reduced.
[0136] The organic light-emitting device according to the
present disclosure and the organic light-emitting display
device using the same are configured to have the above
structures. As a result, it is possible to exhibit both the
long-lifetime characteristics of fluorescence and the high-
efficiency characteristics of phosphorescence. In particular,
it is possible to realize high display quality by optimizing the
positions of the light-emitting layers.
[0137] As is apparent from the above description, an
organic light-emitting device according to the present dis-
closure and an organic light-emitting display device using
the same have the following effects.
[0138] First, light-emitting layers that emit light of the
same color are applied to a plurality of stacks, whereby it is
possible to minimize the magnitude of current required at
the same luminance, compared to a single-stack device.
Consequently, it is possible to improve the efliciency that is
obtainable from the organic light-emitting device itself,
which is advantageous in realizing high resolution.
[0139] Second, in the case in which light-emitting layers
that emit light of the same color are applied to a plurality of
stacks, a phosphorescent light-emitting layer is used as a
light-emitting layer of a stack close to the exit side, and a
fluorescent light-emitting layer is used as a light-emitting
layer of at least one of the other stacks, whereby it is possible
to realize both the high-eficiency characteristics of phos-
phorescence and the long-lifetime characteristics of fluores-
cence. In the case in which the phosphorescent light-emit-
ting layer and the fluorescent light-emitting layer are
provided at specific positions, it is possible to effectively
prevent a luminance drop due to a viewing angle, which may
occur in the stack structure, and at the same time to improve
ability to withstand high temperatures. Consequently, it is
possible to realize a high-efficiency, long-lifetime organic
light-emitting device that is applicable to a display device.
[0140] Although the embodiments of the present disclo-
sure have been described above in detail with reference to
the accompanying drawings, it will be apparent to those
skilled in the art that the present disclosure described above
is not limited to the embodiments described above, and
various substitutions, modifications, and alterations may be
devised within the spirit and scope of the present disclosure.
What is claimed is:
1. An organic light-emitting device comprising:
a first electrode;
a second electrode opposite the first electrode, the second
electrode being used as an exit side;
first to n-th (n being a natural number equal to or greater
than 2) stacks disposed between the first and second
electrodes, each of the first to n-th stacks having
light-emitting layers that emit light having a same
color; and
(n-1) charge generation layers disposed between neigh-
boring ones of the first to n-th stacks, each of the (n-1)
charge generation layers comprising an n-type charge
generation layer and a p-type charge generation layer,
wherein
the second electrode abuts on the n-th stack,
the light-emitting layer of the n-th stack is a phosphores-
cent light-emitting layer,
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the light-emitting layer of at least one of the first to
(n-1)-th stacks is a fluorescent light-emitting layer, and

distances from an interface between the n-type and p-type
charge generation layers of each of the charge genera-
tion layers to the light-emitting layers of stacks adja-
cent thereto are the same, or a distance from the
interface between the n-type charge generation layer
and the p-type charge generation layer to the light-
emitting layer of a stack close to the second electrode
is greater than a distance from the interface between the
n-type charge generation layer and the p-type charge
generation layer to the light-emitting layer of a stack
close to the first electrode.

2. The organic light-emitting device according to claim 1,

wherein among distances from an interface between the

n-type and p-type charge generation layers of each of
the charge generation layers to the light-emitting layers
of stacks adjacent thereto, the distance from the inter-
face between the n-type charge generation layers and
p-type charge generation layers of each of the charge
generation layers to the light-emitting layer of the stack
close to the second electrode is 2.2 or less times a
distance from the interface between the n-type and
p-type charge generation layers of each of the charge
generation layers to the light-emitting layer of a stack
close to the first electrode.

3. The organic light-emitting device according to claim 1,
wherein the phosphorescent light-emitting layer of the n-th
stack is thicker than the fluorescent light-emitting layer of
the at least one of the first to (n-1)-th stacks.

4. The organic light-emitting device according to claim 1,
wherein

the phosphorescent light-emitting layer comprises at least

one phosphorescent host and a phosphorescent dopant
that emits light including a first wavelength,

the fluorescent light-emitting layer comprises at least one

fluorescent host and a fluorescent dopant that emits
light including the first wavelength, and

the phosphorescent dopant has a peak light emission at a

lower wavelength than the fluorescent dopant.

5. The organic light-emitting device according to claim 4,
wherein a full width at half maximum of an emission
spectrum of the phosphorescent light-emitting layer com-
prises a full width at half maximum of an emission spectrum
of the fluorescent light-emitting layer.

6. The organic light-emitting device according to claim 2,
wherein, in neighboring ones of the first to n-th stacks, one
of which comprises a fluorescent light-emitting layer and
another of which comprises a phosphorescent light-emitting
layer, a distance between a lower surface of the phospho-
rescent light-emitting layer and an upper surface of the
guorescent light-emitting layer ranges from 800 A to 1200

7. The organic light-emitting device according to claim 6,
wherein, in neighboring ones of the first to n-th stacks, one
of which comprises a fluorescent light-emitting layer and
another of which comprises a phosphorescent light-emitting
layer, a distance from an interface between the n-type charge
generation layer and the p-type charge generation layer to
the fluorescent light-emitting layer is 200 A or more.

8. An organic light-emitting display device comprising:

a substrate having regularly arranged first to third sub-

pixels;
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a thin film transistor provided at each of the first to third

subpixels; and

first to third organic light-emitting devices, each of which

is electrically connected to the thin film transistor at a
corresponding one of the first to third subpixels, each of
the first to third organic light-emitting devices com-
prising a first electrode, a second electrode opposite the
first electrode, the second electrode being used as an
exit side, first to n-th (n being a natural number equal
to or greater than 2) stacks disposed between the first
and second electrodes, the first to n-th stacks having
light-emitting layers that emit light having a same
color, and (n-1) charge generation layers disposed
between neighboring ones of the first to n-th stacks,
each of the (n-1) charge generation layers comprising
an n-type charge generation layer and a p-type charge
generation layer,

wherein the light-emitting layers in the first to n-th stacks

of each of the first to third subpixels emit light having
a same color, and

wherein, in at least one of the first to third subpixels,

the second electrode abuts on the n-th stack,

the light-emitting layer of the n-th stack is a phosphores-

cent light-emitting layer,
the light-emitting layer of at least one of the first to
(n-1)-th stacks is a fluorescent light-emitting layer, and

distances from an interface between the n-type and p-type
charge generation layers of each of the charge genera-
tion layers to the light-emitting layers of stacks adja-
cent thereto are the same, or a distance from the
interface between the n-type charge generation layer
and the p-type charge generation layer to the light-
emitting layer of a stack close to the second electrode
is greater than a distance from the interface between the
n-type charge generation layer and the p-type charge
generation layer to the light-emitting layer of the stack
close to the first electrode.

9. The organic light-emitting display device according to
claim 8, wherein

the first to third subpixels each have light-emitting layers

that emit light having different colors for corresponding
ones of the first to n-th stacks, and

the first to n-th light-emitting layers of the first to third

subpixels may have different thicknesses.

10. The organic light-emitting display device according to
claim 9, wherein the first to n-th stacks have a common layer
that is commonly provided for the first to third subpixels,
excluding the light-emitting layers.

11. The organic light-emitting display device according to
claim 10, wherein the charge generation layers are com-
monly provided for the first to third subpixels without
disconnection.

12. The organic light-emitting display device according to
claim 8, wherein the phosphorescent light-emitting layer of
the n-th stack is thicker than the fluorescent light-emitting
layer of the at least one of the first to (n-1)-th stacks.

13. The organic light-emitting display device according to
claim 8, wherein

the phosphorescent light-emitting layer comprises at least

one phosphorescent host and a phosphorescent dopant
that emits light including a first wavelength,

the fluorescent light-emitting layer comprises at least one

fluorescent host and a fluorescent dopant that emits
light including the first wavelength, and
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the phosphorescent dopant has a peak light emission at a
lower wavelength than the fluorescent dopant.

14. The organic light-emitting display device according to
claim 10, wherein a full width at half maximum of an
emission spectrum of the phosphorescent light-emitting
layer comprises a full width at half maximum of an emission
spectrum of the fluorescent light-emitting layer.

15. An organic light-emitting display device comprising:

a substrate;

a first electrode of a first subpixel and a first electrode of
a second subpixel on the substrate;

a first light-emitting layer on the first electrode of the first
subpixel, wherein the first light-emitting layer is a
fluorescent light-emitting layer and is configured to
emit light of a first color;

a second light-emitting layer on the first electrode of the
second subpixel disposed adjacent to the first light-
emitting layer, wherein the second light-emitting layer
is a fluorescent light-emitting layer and is configured to
emit light of a second color;

a charge generation layer on the first light-emitting layer
and the second light-emitting layer;

a third light-emitting layer on the charge generation layer
overlapping the first light-emitting layer, wherein the
third light-emitting layer is a phosphorescent light-
emitting layer and is configured to emit light of the first
color;

a fourth light-emitting layer on the charge generation
layer disposed adjacent to the third light-emitting layer
and overlapping the second light-emitting layer,
wherein the fourth light-emitting layer is a phospho-
rescent light-emitting layer and is configured to emit
light of the second color; and

a second electrode on the third light-emitting layer and the
fourth light-emitting layer.
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16. The organic light-emitting display device of claim 15,
further comprising:

a hole injection layer on the first electrode of the first

subpixel and the first electrode of the second subpixel;

a hole transport layer on the hole injection layer, and
overlapping the first electrode of the first subpixel and
the first electrode of the second subpixel,

an electron transport layer on the first light-emitting layer
and the second light-emitting layer; and

an electron injection layer on the electron transport layer
and overlapping the third light-emitting layer and the
fourth light-emitting layer.

17. The organic light-emitting display device of claim 15,
wherein the first light-emitting layer has a different thickness
than the second light-emitting layer, and the third light-
emitting layer has a different thickness than the fourth
light-emitting layer.

18. The organic light-emitting display device of claim 15,
wherein:

the charge generation layer comprises an n-type charge
generation layer and a p-type charge generation layer
on the n-type charge generation layer,

a first distance from an interface between the n-type
charge generation layer and the p-type charge genera-
tion layer to the first light emitting layer is less than or
equal to a second distance from the interface to the third
light-emitting layer, and

a third distance from the interface to the second light-
emitting layer is less than or equal to a fourth distance
from the interface to the fourth light-emitting layer.

19. The organic light-emitting device of claim 15, wherein
the third light-emitting layer is thicker than the first light-
emitting layer, and the fourth light-emitting layer is thicker
than the second light-emitting layer.
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