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electrode and the emission layer; and an electron control
layer between the emission layer and the second electrode,
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ORGANIC LIGHT-EMITTING DEVICE,
METHOD OF FABRICATING THE SAME,
AND ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS INCLUDING THE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2015-0150453,
filed on Oct. 28, 2013, in the Korean Intellectual Property
Office, and entitled: “Organic Light-Emitting Device,
Method of Fabricating the Same, and Organic Light-Emit-
ting Display Apparatus Including the Device,” is incorpo-
rated by reference herein in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Embodiments relate to an organic light-emitting
device, a method of fabricating the same, and an organic
light-emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting device, as a self-emissive
device, has wide viewing angles and excellent contrast.
Also, the organic light-emitting device has fast response
time, high brightness, and low operating voltage.

[0006] An organic light-emitting device may include an
anode and a hole transport layer, an emission layer, an
electron transport layer, and a cathode, which are sequen-
tially disposed on the anode. Herein, the hole transport layer,
the emission layer, and the electron transport layer are
organic thin films that are formed of organic compounds.
[0007] The driving principle of the organic light-emitting
device is as follows. When applying different voltages to the
anode and the cathode, holes injected from the anode move
to the emission layer through the hole transport layer, and
electrons injected from the cathode move to the emission
layer through the electron transport layer. The holes and
electrons are recombined in the emission layer to generate
excitons. Light is generated when the excitons are changed
from an excited state to a ground state.

SUMMARY

[0008] Embodiments are directed to an organic light-
emitting device, a method of fabricating the same, and an
organic light-emitting display apparatus.

[0009] The embodiments may be realized by providing an
organic light-emitting device, including a first electrode; a
second electrode facing the first electrode; an emission layer
between the first electrode and the second electrode; a hole
control layer between the first electrode and the emission
layer; and an electron control layer between the emission
layer and the second electrode, wherein the emission layer
includes a plurality of sub-emission layers to emit light
having different wavelength ranges, at least portions of the
plurality of sub-emission layers do not overlap one another,
the plurality of sub-emission layers include: a first sub-
emission layer including a first color light-emitting dopant,
and a second sub-emission layer including a second color
light-emitting dopant different from the first color light-
emitting dopant, the first sub-emission layer and the second
sub-emission layer each include a hole-transporting host and
an electron-transporting host which form an exciplex, and a

May 4, 2017

triplet energy of the exciplex is equal to or greater than
triplet energies of the first color dopant and the second color
dopant.

[0010] The first sub-emission layer and the second sub-
emission layer may include a same hole-transporting host
and a same electron-transporting host.

[0011] The triplet energy of the exciplex may be about 2.4
eV to about 3.0 eV.

[0012] A difference between a lowest unoccupied molecu-
lar orbital (LUMO) energy level of the hole-transporting
host and a LUMO energy level of the electron-transporting
host may be about 0.2 eV or more.

[0013] A difference between a highest occupied molecular
orbital (HOMO) energy level of the hole-transporting host
and a HOMO energy level of the electron-transporting host
may be about 0.2 eV or more.

[0014] A weight ratio of the hole-transporting host to the
electron-transporting host may be about 80:20 to about
20:80.

[0015] The plurality of sub-emission layers may further
include a third sub-emission layer that includes a third color
light-emitting dopant, the third color light-emitting dopant
being different from the first color light-emitting dopant and
the second color light-emitting dopant, and the third sub-
emission layer may include the hole-transporting host and
the electron-transporting host.

[0016] The third color light-emitting dopant may be a blue
light-emitting dopant, and a difference between a triplet
energy level of the exciplex and a singlet energy level of the
blue light-emitting dopant may be about -0.1 eV to about
0.1eV.

[0017] Each sub-emission layer of the plurality of sub-
emission layers may further include an auxiliary layer.
[0018] Mixing ratios of the hole-transporting host and the
electron-transporting host in the first to third sub-emission
layers may each be different from one another.

[0019] The embodiments may be realized by providing a
method of fabricating an organic light-emitting device, the
method including forming a hole control layer on a first
electrode; forming a plurality of sub-emission layers on the
hole control layer; forming an electron control layer on the
plurality of sub-emission layers; and forming a second
electrode on the electron control layer, wherein forming the
plurality of sub-emission layers includes: performing a first
co-deposition of a first color light-emitting dopant and a
mixed host material, the mixed host material including a
hole-transporting host mixed with an electron-transporting
host, and performing a second co-deposition of the mixed
host material and a second color light-emitting dopant, the
second color light-emitting dopant being different from the
first color light-emitting dopant.

[0020] Forming the plurality of sub-emission layers may
further include performing a third co-deposition of the
mixed host material and a third color light-emitting dopant,
the third color light-emitting dopant being different from the
first color light-emitting dopant and different from the
second color light-emitting dopant.

[0021] The method may further include providing an
auxiliary layer on the hole control layer.

[0022] The embodiments may be realized by providing an
organic light-emitting display apparatus including a timing
controller; a scan driver; a source driver; and an organic
light-emitting display panel, the organic light-emitting dis-
play panel including an organic light-emitting device,
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wherein the organic light-emitting device includes: a first
electrode; a second electrode facing the first electrode; an
emission layer between the first electrode and the second
electrode; a hole control layer between the first electrode and
the emission layer; and an electron control layer between the
emission layer and the second electrode, wherein: the emis-
sion layer includes a plurality of sub-emission layers to emit
light having different wavelength ranges, at least portions of
the plurality of sub-emission layers do not overlap one
another, the plurality of sub-emission layers include: a first
sub-emission layer including a first color light-emitting
dopant, and a second sub-emission layer including a second
color light-emitting dopant different from the first color
light-emitting dopant, the first sub-emission layer and the
second sub-emission layer each include a hole-transporting
host and an electron-transporting host which form an exci-
plex, and a triplet energy of the exciplex is equal to or
greater than triplet energies of the first color light-emitting
dopant and the second color light-emitting dopant.

[0023] The plurality of sub-emission layers may further
include a third sub-emission layer, the third sub-emission
layer may include the hole-transporting host, the electron-
transporting host, and a third color light-emitting dopant, the
third color light-emitting dopant being different from the
first color light-emitting dopant and the second color light-
emitting dopant, and a difference between a triplet energy
level of the exciplex and a singlet energy level of the third
light-emitting dopant is about 0.1 ¢V to about 0.1 eV.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0025] FIG. 1 illustrates a block diagram of an organic
light-emitting display apparatus according to an embodi-
ment;

[0026] FIG. 2 illustrates a circuit diagram of a sub-pixel
according to an embodiment;

[0027] FIG. 3 illustrates a perspective view of an organic
light-emitting display panel according to an embodiment;
[0028] FIG. 4 illustrates a plan view of the organic light-
emitting display panel according to the embodiment;
[0029] FIG. 5 illustrates a cross-sectional view of an
organic light-emitting device according to an embodiment;
[0030] FIG. 6 illustrates an energy band diagram of the
organic light-emitting device according to the embodiment;
[0031] FIGS. 7 and 8 illustrate cross-sectional views of an
organic light-emitting device according to an embodiment;
[0032] FIGS. 9A and 9B illustrate flowcharts of a method
of fabricating an organic light-emitting device according to
an embodiment; and

[0033] FIG. 10 illustrates a schematic view of a stage of
forming a plurality of emission layers in the method of
fabricating an organic light-emitting device according to the
embodiment.

DETAILED DESCRIPTION

[0034] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
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this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0035] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Further, it will be understood that when
a layer is referred to as being “under” another layer, it can
be directly under, and one or more intervening layers may
also be present. In addition, it will also be understood that
when a layer is referred to as being “between” two layers, it
can be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0036] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another region, layer or section. For example,
a first element could be termed a second element, and,
similarly, a second element could be termed a first element.
The terms of a singular form may include plural forms
unless referred to the contrary. The term “or” is not an
exclusive term.

[0037] It will be further understood that the terms
“includes” and/or “including”, when used in this specifica-
tion, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

[0038] Hereinafter, an organic light-emitting device
according to an embodiment and an organic light-emitting
display apparatus will be described with reference to the
accompanying drawings.

[0039] FIG. 1 illustrates a block diagram of an organic
light-emitting display apparatus of an embodiment. FIG. 2
illustrates an equivalent circuit diagram of a sub-pixel in the
organic light-emitting display apparatus of FIG. 1. The
organic light-emitting display apparatus according to the
embodiment will be described with reference to FIGS. 1 and
2.

[0040] As illustrated in FIG. 1, the organic light-emitting
display apparatus may include a timing controller 100, a
scan driver 200, a source driver 300, and an organic light-
emitting display panel DP. The organic light-emitting dis-
play panel DP may include an organic light-emitting device
according to an embodiment. The organic light-emitting
device according to the embodiment will be described in
detail below.

[0041] The timing controller 100 receives input image
signals and generates image data D-RGB by converting a
data format of the input image signals to match specification
of an interface to the source driver 300. The timing control-
ler 100 outputs the image data D-RGB and various control
signals DCS and SCS.

[0042] The scan driver 200 receives the scan control signal
SCS from the timing controller 100. The scan control signal
SCS may include a vertical start signal starting the operation
of the scan driver 200 and a clock signal determining the
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output times of signals. The scan driver 200 generates gate
signals in response to the scan control signal SCS and
sequentially outputs the gate signals to scan lines SI.1 to SLn
to be described later.

[0043] As illustrated in FIG. 1 the gate signals may be
output from the single scan driver 200. In an implementa-
tion, the organic light-emitting display apparatus may
include a plurality of scan drivers. The scan drivers may
output different gate signals.

[0044] The source driver 300 receives the data control
signal DCS and the image data D-RGB from the timing
controller 100. The source driver 300 converts the image
data D-RGB into the data signals and outputs the data
signals to source lines DL1 to DLm to be described later.
The data signals are analog voltages respectively corre-
sponding to gray scale values of the image data D-RGB.
[0045] The organic light-emitting display panel DP
includes the scan lines SL1 to SLn, the source lines DL1 to
DLm, and sub-pixels SPX. The scan lines SL1 to SLn extend
along a first directional axis DR1 and are arranged along a
second directional axis DR2 crossing the first directional
axis DR1. The source lines D1 to DLm insulatively cross
the scan lines SL1 to SLn. The organic light-emitting display
panel DP according to an embodiment may further include
signal lines which are dependent on a circuit configuration
of the sub-pixels SPX to provide signals different from the
gate signals and data signals to the sub-pixels SPX.

[0046] Each of the sub-pixels SPX is connected to a
corresponding scan line among the scan lines SL1 to SLn
and a corresponding source line among the source lines DL.1
to DLm. Each of the sub-pixels SPX receives a first voltage
ELVDD and a second voltage ELVSS having a lower level
than the first voltage ELVDD. Each of the sub-pixels SPX is
connected to a power line PL to which the first voltage
ELVDD is applied.

[0047] FIG. 2 exemplarily illustrates an equivalent circuit
diagram of a single sub-pixel SPXij which is connected to an
i-th scan line SLi and a j-th source line DLj. In an imple-
mentation, other sub-pixels illustrated in FIG. 1 may also
have the same equivalent circuit.

[0048] As illustrated in FIG. 2, the sub-pixel SPXjj
includes at least one transistor, at least one capacitor, and a
sub-organic light-emitting device OLED. Although a pixel
circuit including two transistors and one capacitor has been
exemplarily illustrated in the present embodiment, the con-
figuration of the sub-pixel SPXjj is not limited thereto.

[0049] The sub-pixel SPXij includes a first transistor TR1,
a second transistor TR2, a capacitor Cap, and the sub-
organic light-emitting device OLED. The first transistor TR1
outputs a data signal applied to the j-th source line DL in
response to a gate signal applied to the i-th scan line SLi.
The capacitor Cap charges a voltage corresponding to the
data signal received from the first transistor TR1. The second
transistor TR2 controls a driving current flowing in the
sub-organic light-emitting device OLED in correspondence
with the voltage stored in the capacitor Cap.

[0050] In this case, the sub-organic light-emitting device
OLED included in the organic light-emitting display appa-
ratus according to the embodiment may correspond to a part
of the organic light-emitting device according to the
embodiment to be described later or an organic light-
emitting device having a sub-emission layer which is dis-
tinguished in an embodiment.
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[0051] FIG. 3 illustrates a perspective view of the organic
light-emitting display panel DP, and FIG. 4 illustrates a plan
view of the organic light-emitting display panel DP.
[0052] As illustrated in FIG. 3, the organic light-emitting
display panel DP may include a plurality of sub-pixels
SPX-R, SPX-G, and SPX-B. Three types of the sub-pixels
SPX-R, SPX-G, and SPX-B are exemplarily illustrated, and
the three types of the sub-pixels SPX-R, SPX-G, and SPX-B
may generate light having different colors. For example, the
three types of the sub-pixels SPX-R, SPX-G, and SPX-B
may respectively emit red light, green light, and blue light.
The three types of the sub-pixels SPX-R, SPX-G, and
SPX-B according to an embodiment may respectively emit
magenta light, yellow light, and cyan light. The three types
of the sub-pixels SPX-R, SPX-G, and SPX-B may emit light
along a third directional axis DR3 of FIG. 3.

[0053] Combination of the sub-pixels SPX-R, SPX-G, and
SPX-B generating light having different colors is defined as
apixel PX. As illustrated in FIG. 3, the pixel PX may include
the three types of the sub-pixels SPX-R, SPX-G, and SPX-
B

[0054] The pixel PX according to an embodiment may be
a part corresponding to the organic light-emitting device
according to the embodiment to be described below. Also,
the sub-pixels constituting the pixel may respectively cor-
respond to light-emitting areas of the organic light-emitting
device having different sub-emission layers.

[0055] As illustrated in FIG. 4, the organic light-emitting
display panel DP is divided into a plurality of light-emitting
areas PXA-R, PXA-G, and PXA-B and a non-emitting area
NPXA on a plane which is defined by the first directional
axis DR1 and the second directional axis DR2. Three types
of the light-emitting areas PXA-R, PXA-G, and PXA-B
arranged in a matrix form are exemplarily illustrated in FIG.
4. Fach of the sub-emission layers of the organic light-
emitting device according to the embodiment may be cor-
respondingly disposed in the three types of the light-emitting
areas PXA-R, PXA-G, and PXA-B.

[0056] The non-emitting area NPXA may be divided into
first non-emitting areas NPXA-1 surrounding the three types
of the light-emitting areas PXA-R, PXA-G, and PXA-B and
a second non-emitting area NPXA-2 between the first non-
emitting areas NPXA-1. Signal lines, for example, the scan
line SLi (see FIG. 2), the source line DLj (see FIG. 2), and
the power line PL (see FIG. 2), are disposed in the first
non-emitting area NPXA-1. A circuit of the sub-pixel cor-
responding to each of the second non-emitting areas NPXA-
2, for example, the transistors TR1 and TR2 (see FIG. 2) or
the capacitor Cap (see FIG. 2) are disposed.

[0057] Hereinafter, the organic light-emitting device
according to the embodiment included in the above-de-
scribed organic light-emitting display apparatus according
to the embodiment will be described with reference to the
accompanying drawings.

[0058] FIG. 5 illustrates a cross-sectional view of the
organic light-emitting device according to the embodiment.
The organic light-emitting device of FIG. 5 may be a portion
of a cross-sectional view taken along line I-I' of FIG. 4.
[0059] The organic light-emitting device according to the
embodiment may include a first electrode E1 and a second
electrode E2 facing each other, a hole control layer HCL
between the first electrode and the second electrode, an
emission layer EML, and an electron control layer ECL.
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[0060] In anembodiment, the hole control layer HCL may
be between the first electrode E1 and the emission layer
EML, and the electron control layer ECL may be between
the emission layer EML and the second electrode E2. In an
implementation, the emission layer EML may include a
plurality of sub-emission layers EML-R, EML-G, and
EML-B to emit light having different wavelength ranges.
[0061] In animplementation, the first electrode E1 may be
an anode. The anodes, as the first electrodes E1, may be
spaced apart from one another in a first direction DR1 on a
cross-section and may be provided as a plurality of regions.
For example, referring to FIG. 5, the plurality of regions of
the first electrodes E1 spaced apart from one another and
provided in the first direction DR1 may be respectively
disposed to be opposite to (e.g., aligned with or underlying)
the plurality of sub-emission layers EML-R, EML-G, and
EML-B. For example, the first electrodes E1 may be spaced
apart from one another and may be overlap (e.g., underlie)
the plurality of sub-emission layers EML-R, EML-G, and
EML-B in a thickness direction of the device.

[0062] The first electrode E1 may be a transmissive elec-
trode, a transflective electrode, or a reflective electrode. In a
case in which the first electrode E1 is a transmissive elec-
trode, the first electrode E1 may be formed of a transparent
metal oxide, e.g., indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (Zn0), and indium tin zinc oxide (ITZO).
In a case in which the first electrode E1 is a transflective
electrode or a reflective electrode, the first electrode E1 may
include silver (Ag), magnesium (Mg), aluminum (Al), plati-
num (Pt), palladium (Pd), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), or a mixture of
metals. The first electrode E1 may be a single layer or may
have a multilayered structure having a plurality of layers.
[0063] The hole control layer HCL, may be on the first
electrode E1. As illustrated in FIG. 5, the hole control layer
HCL may provide a flat surface, or the hole control layer
HCL may be provided to have a step.

[0064] The hole control layer HCL. may be a single layer
formed of a single material, may be a single layer including
a plurality of different materials, or may have a multilayered
structure having a plurality of layers which is formed of a
plurality of different materials. As illustrated in FIG. 5, the
hole control layer HCL may include a hole injection layer
HIL and a hole transport layer HTL.

[0065] In an implementation, the hole injection layer HIL
and the hole transport layer HIL may be formed of a single
layer and may include a p-type dopant. In an implementa-
tion, the hole control layer HCL may further include at least
one of a hole buffer layer and an electron blocking layer.
[0066] The hole injection layer HIL may be formed by
including a phthalocyanine compound such as copper phtha-
locyanine; N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-
amino)-phenyl]-biphenyl-4,4'-diamine (DNTPD), 44'4"-
tris(3-methylphenyl phenylamino)triphenylamine
(m-MTDATA), 4,4'4"tris(N,N-diphenylamino )triph-
enylamine (TDATA), 4,4',4"-tris{N,-(2-naphthyl)-N-phe-
nylamino}-triphenylamine (2TNATA), poly(3,4-ethylenedi-
oxythiophene)/poly(4-styrenesulfonate) (PEDOT/PSS),
polyaniline/dodecylbenzenesulfonic acid (PANI/DBSA),
polyaniline/camphor sulfonic acid (PANI/CSA), or (polya-
niline)/poly(4-styrenesulfonate) (PANI/PSS).

[0067] The hole injection layer HIL may further include a
charge generating material for improving conductivity. The
charge generating material may be uniformly or non-uni-
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formly dispersed in the hole injection layer HIL. The charge
generating material, e.g., may be a p-type dopant. At least a
portion of the hole injection layer HIL, may include a p-type
dopant. The p-type dopant may include, e.g., one of a
quinone derivative, a metal oxide, and a cyano group-
containing compound. Examples of the p-type dopant may
include a quinone derivative, such as tetracyanoquinodime-
thane (TCNQ) and 2,3,5,6-tetrafluoro-tetracyanoquinodi-
methane (F4-TCNQ), and a metal oxide such as tungsten
oxide and molybdenum oxide.

[0068] The hole transport layer HTL may be provided on
the hole injection layer HIL. The hole transport layer HTL
may include a carbazole-based derivative, e.g., N-phenyl
carbazole and polyvinyl carbazole, a fluorine-based deriva-
tive, a triphenylamine-based derivative, such as N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD) and 4,4 4"-tris(N-carbazolyljtriphenylamine
(TCTA), N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine
(NPB), or 4,4'-cyclohexylidene bis[N,N-bis(4-methylphe-
nyl)benzenamine] (TAPC).

[0069] Each of the functional layers constituting the hole
control layer HCL may be formed by using various methods
such as a vacuum deposition method, a spin coating method,
a casting method, a Langmuir-Blodgett (LB) method, an
inkjet printing method, a laser printing method, and a laser
induced thermal imaging (LITT) method.

[0070] The emission layer EML, which includes the plu-
rality of sub-emission layers EML-R, EML-G, and EML-B
that emit light having different wavelength ranges, may be
disposed on the hole control layer HCL. At least portions of
the plurality of sub-emission layers EML-R, EML-G, and
EML-B may be disposed so as not to overlap one another.
[0071] For example, referring to FIG. 5, the sub-emission
layers EML-R, EML-G, and EML-B may be spaced apart
from one another in the first direction DR1 (which is a
direction perpendicular to a third direction DR3 as the
thickness direction of the organic light-emitting device). For
example, in the embodiment illustrated in FIG. 5, the
plurality of sub-emission layers EML-R, EML-G, and
EML-B may be disposed so as not to overlap one another.
For example, the plurality of sub-emission layers EML-R,
EML-G, and EML-B may not overlap or otherwise be
aligned along the third direction DR3 such that a line
extending in the third direction DR3 does not pass through
more than one of the plurality of sub-emission layers EML-
R, EML-G, and EML-B.

[0072] As illustrated in FIG. 5, the sub-emission layers
EML-R, EML-G, and EML-B may be spaced apart from one
another and independently disposed along the first direction
DR1 on the cross-section. In an implementation, the sub-
emission layers EML-R, EML-G, and EML-B may be
disposed adjacent to one another (e.g., directly adjacent to or
laterally contacting one another) or may be disposed so that
at least portions thereof overlap one another in the third
direction DR3 (e.g., the thickness direction).

[0073] The electron control layer ECL may be disposed on
the emission layer EML. The electron control layer ECL
may be disposed to surround each of the sub-emission layers
EML-R, EML-G, and EML-B of the emission layer EML.
The electron control layer ECL may be provided on an entire
area of the emission layer EML. For example, the electron
control layer ECL may cover tops and sides of each of the
sub-emission layers EML-R, EML-G, and EML-B of the
emission layer EML. The electron control layer ECL may
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further include an electron transport layer ETL and an
electron injection layer EIL on the electron transport layer
ETL. In an implementation, the electron injection layer EIL
may be omitted.

[0074] The electron transport layer ETL. may include, e.g.,
tris(8-hydroxyquinolinato)aluminum  (Alq3), 1,3,5-tri(1-
phenyl-1H-benzo[d]imidazol-2-yl)phenyl (TPBi), 2,9-dim-
ethyl-4,7-diphenyl-1,10-phenanthroline (BCP), 4,7-diphe-
nyl-1,10-phenanthroline  (Bphen),  3-(4-biphenylyl)-4-
phenyl-5-tert-butylphenyl-1,2,4-triazole (TAZ),
4-(naphthalen-1-yl1)-3,5-diphenyl-4H-1,2,4-triazole

(NTAZ), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-0x-
adiazole (tBu-PBD), bis(2-methyl-8-quinolinolato-N1,08)-
(1,1'-biphenyl-4-olato)aluminum (BAlg), berylliumbis(ben-
zoquinolin-10-olate) (Bebq2), 9,10-di(naphthalene-2-yl)
anthracene (ADN), and a mixture thereof. A thickness of the
electron transport layer ETL may be about 100 A to about
1,000 A, e.g., about 150 A to about 500 A. In a case in which
the thickness of the electron transport layer ETL satisfies the
above-described range, satisfactory electron transport char-
acteristics may be obtained without a substantial increase in
driving voltage.

[0075] Inanimplementation, LiF, lithium quinolate (LiQ),
Li,0, BaO, NaCl, CsF, a lanthanide metal, such as ytterbium
(YD), or a metal halide, such as RbCl and RbI, may be used
as the electron injection layer EIL. The electron injection
layer EIL may also be formed of a material in which an
electron transport material and an insulating organometallic
salt are mixed. The organometallic salt may be a material
having an energy band gap of about 4 eV or more. Examples
of the organometallic salt may include metal acetate, metal
benzoate, metal acetoacetate, metal acetylacetonate, or
metal stearate. A thickness of the electron injection layer EIL
may be about 1 A to about 100 A, e.g., about 3 A to about
90 A. In a case in which the thickness of the electron
injection layer EIL satisfies the above-described range,
satisfactory electron injection characteristics may be
obtained without a substantial increase in driving voltage.
[0076] The second electrode E2 may be provided on the
electron control layer ECL. The second electrode E2 may be
a cathode. The second electrode E2 may be provided on an
entire area of the electron control layer ECL. The second
electrode E2 may be a transmissive electrode, a transflective
electrode, or a reflective electrode. In a case in which the
second electrode E2 is a transmissive electrode, the second
electrode E2 may include lithium (Li), calcium (Ca), LiF/
Ca, LiF/Al, Al, Mg, BaF, barium (Ba), Ag, or a compound
or mixture thereof (e.g., mixture of Ag and Mg).

[0077] The second electrode E2 may include an auxiliary
electrode. The auxiliary electrode, e.g., may include indium
tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide (ZnO),
indium tin zinc oxide (ITZO), molybdenum (Mo), and
titanium (T1).

[0078] In a case in which the second electrode E2 is a
transflective electrode or a reflective electrode, the second
electrode E2 may include Ag, Mg, copper (Cu), Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, or a
compound or mixture thereof (e.g., mixture of Ag and Mg).
In an implementation, the second electrode E2 may have a
multilayer structure including a reflective layer or a trans-
flective layer formed of the above materials and a transpar-
ent conductive layer formed of ITO, 1ZO, ZnO, or ITZO.
[0079] In acase in which the organic light-emitting device
is a top emission type, the first electrode E1 may be a
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reflective electrode, and the second electrode E2 may be a
transmissive electrode or a transflective electrode. In a case
in which the organic light-emitting device is a bottom
emission type, the first electrode E1 may be a transmissive
electrode or a transflective electrode, and the second elec-
trode E2 may be a reflective electrode.

[0080] In an implementation, an organic capping layer
may be provided on the second electrode E2. The organic
capping layer may reflect light, which is emitted from the
emission layer EML, from a top surface of the organic
capping layer toward the emission layer EML. The reflected
light may increase luminous efficiency of the organic light-
emitting device by being amplified in the organic capping
layer by a resonance effect. The organic capping layer may
help reduce and/or prevent the loss of light from the second
electrode E2 through total internal reflection of the light in
a top-emission organic light-emitting device.

[0081] The organic capping layer may include, e.g., at
least one of N4,N4,N4' N4'-tetra(biphenyl-4-yl)biphenyl-4,
4'-diamine (TPD15), 4,4',4"-tris(carbazol-9-y)triphenylam-
ine (TCTA), and N,N'-bis(naphthalen-1-y1)-N,N'-bis(phe-
nyl)-2,2'-dimethylbenzidine (c.-NPD).

[0082] Referring to FIG. 5, portions, in which the sub-
emission layers EML-R, EML-G, and EML-B are disposed,
may be the plurality of light-emitting areas PXA-R, PXA-G,
and PXA-B, or a space, in which the sub-emission layers
EML-R, EML-G, and EML-B are spaced apart from one
another, may be a portion corresponding to the non-emitting
area NPXA. Referring again to FIG. 4, the light-emitting
areas PXA-R, PXA-G, and PXA-B of the organic light-
emitting device defined by the sub-emission layers may be
portions corresponding to the light-emitting areas PXA-R,
PXA-G, and PXA-B of the organic light-emitting device
illustrated in FIG. 4. Also, a portion represented by the
non-emitting area NPXA in the organic light-emitting device
of FIG. 5 may correspond to a portion corresponding to the
non-emitting area NPXA in the organic light-emitting device
of FIG. 4.

[0083] The plurality of sub-emission layers EML-R,
EML-G, and EML-B of the emission layer in the organic
light-emitting device according to the embodiment may
respectively emit light having different wavelength ranges,
e.g., different colors. The plurality of sub-emission layers
EML-R, EML-G, and EML-B may be formed by including
a host and a dopant. The plurality of sub-emission layers
EML-R, EML-G, and EML-B may respectively include
light-emitting dopants having or emitting different colors.
[0084] For example, a first sub-emission layer may be
configured by including a first color light-emitting dopant as
ared light-emitting dopant, and a second sub-emission layer
may be configured by including a second color light-emit-
ting dopant as a green light-emitting dopant. Also, a third
sub-emission layer may be provided by including a third
color light-emitting dopant as a blue light-emitting dopant.
In an implementation, a light-emitting dopant having a
different color, in addition to the light-emitting dopants
having the above-listed colors, may be included.

[0085] With respect to the light-emitting dopants included
in the plurality of sub-emission layers EML-R, EML-G, and
EML-B, e.g., Bt,Ir(acac) or Ir(piq); may be used as the red
light-emitting dopant. In an implementation, Ir(ppy)s,
Ir(ppy),(acac), and Ir(mppy), may be used as the green
light-emitting dopant, and Flrpic or DPAVBi may be used as
the blue light-emitting dopant.
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[0086] In an implementation, each of the sub-emission
layers EML-R, EML-G, and EML-B may include a hole-
transporting host and an electron-transporting host. In the
organic light-emitting device according to the embodiment
of, the first sub-emission layer EML-R and the second
sub-emission layer EML-G may include both of the hole-
transporting host and the electron-transporting host.

[0087] For example, in the organic light-emitting device
according to the embodiment, the first sub-emission layer
EML-R may include the hole-transporting host, the electron-
transporting host, and a first light-emitting dopant, and the
second sub-emission layer EML-G may include the hole-
transporting host, the electron-transporting host, and a sec-
ond light-emitting dopant. In this case, the first sub-emission
layer EML-R and the second sub-emission layer EML-G
may include the hole-transporting host and electron-trans-
porting host which form an exciplex. The exciplex formed
by a host material, in which the hole-transporting host and
electron-transporting host, i.e., two hosts having different
characteristics, are mixed, may have a new triplet energy
level in the emission layer.

[0088] A suitable material that forms an exciplex having a
triplet energy equal to or greater than triplet energies of the
light-emitting dopants included in the sub-emission layers
may be used as the hole-transporting host and electron-
transporting host included in the sub-emission layers EML-
R, EML-G, and EML-B.

[0089] The hole-transporting host included in the sub-
emission layers EML-R, EML-G, and EML-B of the organic
light-emitting device may include, e.g., carbazole-based
compound, such as N,N'-di-[(1-naphthylenyl)-N,N'-diphe-
nyl]-1,1"-biphenyl)-4,4'-diamine (NPB), 4,4',4"-tris(N-car-
bazolyl)triphenylamine (TCTA), 4,4'-bis(N-carbazolyl)-1,
I'-biphenyl ~ (CBP),  polyvinyl  carbazole, and
m-biscarbazolyl phenyl.

[0090] For example, a compound represented by the fol-
lowing Formula 1 may be used as the hole-transporting host.

[Formula 1]

avavs
Yol e

[0091] An energy gap between a highest occupied molecu-
lar orbital (HOMO) and a lowest unoccupied molecular
orbital (LUMO) of the hole-transporting host used in the
embodiment may be about 3.0 eV or more. For example, a
HOMO energy level and a LUMO energy level of the
hole-transporting host illustrated in Formula 1 may be about
-5.4 eV and about -2.4 eV, respectively.

[0092] In an implementation, an anthracene-based or phe-
nyl-based compound and a derivative thereof may be used as
the electron-transporting host included in the sub-emission
layers EML-R, EML-G, and EML-B of the organic light-
emitting device. In an implementation, an organometallic
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complex including metal and organic ligand, a spirofluc-
rene-based compound, an oxidiazole-based compound, a
phenanthroline-based compound, a triazine-based com-
pound, or a triazole-based compound may be used as the
electron-transporting host. In an implementation, a com-
pound represented by the following Formula 2 may be used
as the electron-transporting host.

[Formula 2]

[0093] An energy gap between a HOMO and a LUMO of
the electron-transporting host used in the embodiment may
be about 3.0 eV or more. For example, a HOMO energy
level and a LUMO energy level of the electron-transporting
host illustrated in Formula 2 may be about -5.8 eV and
about -2.7 eV, respectively.

[0094] FIG. 6 illustrates a schematic view of an energy
band diagram of the organic light-emitting device according
to the embodiment illustrated in FIG. 5. FIG. 6 exemplarily
illustrates a case in which the organic light-emitting device
according to the embodiment includes the hole transport
layer HTL as a hole control layer and the electron transport
layer ETL as an electron control layer. In an implementation,
the hole control layer may further include other organic
layers in addition to the hole transport layer, and the electron
control layer may further include other organic layers in
addition to the electron transport layer.

[0095] An energy band of the emission layer in FIG. 6
represents a case of including both of the hole-transporting
host and the electron-transporting host, wherein the energy
band of the emission layer may correspond to a portion
including EML-HT, EML-C, and EML-ET. In this case, an
energy band gap of the hole-transporting host may be a
region including EML-C and EML-HT in FIG. 6. Also, an
energy band gap of the electron-transporting host may be a
region including EML-C and EML-ET. Thus, the energy
band gap of the emission layer may be increased to a range
including the LUMO energy level of the hole-transporting
host and the HOMO energy level of the electron-transport-
ing host.

[0096] Referring to FIG. 6, the HOMO energy level may
be sequentially decreased from the first electrode El to the
hole transport layer HTL and the emission layer. Thus, holes
injected from the first electrode E1 may be provided gradu-
ally to the emission layer through the hole transport layer
HTL.
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[0097] Also, the LUMO energy level may be sequentially
increased from the second electrode E2 to the electron
transport layer ETL and the emission layer. Thus, electrons
injected from the second electrode E2 may be provided
gradually to the emission layer through the electron trans-
port layer ETL.

[0098] In the emission layer, an exciplex may be formed
by the hole-transporting host and the electron-transporting
host. In this case, a triplet energy of the exciplex formed by
the hole-transporting host and the electron-transporting host
may correspond to T1 as a distance between the LUMO
energy level of the electron-transporting host and the
HOMO energy level of the hole-transporting host.

[0099] In the organic light-emitting device according to
the embodiment, the triplet energy T1 of the exciplex formed
by the hole-transporting host and the electron-transporting
host may be about 2.4 eV to about 3.0 eV. For example, in
the embodiment of FIG. 5, a case is described in which the
first sub-emission layer EML-R is a layer including a red
light-emitting dopant and the second sub-emission layer
EML-G is a layer including a green light-emitting dopant.
[0100] In general, a triplet energy of the red light-emitting
dopant included in the sub-emission layer may be about 2.0
eV and a triplet energy of the green light-emitting dopant
may be about 2.4 eV, and both the sub-emission layer
emitting red light and the sub-emission layer emitting green
light may emit light when the triplet energy of the exciplex
formed by the mixed host is about 2.4 eV or more. In a case
in which the triplet energy of the exciplex is less than about
2.4 eV, light may not be emitted from the second sub-
emission layer including a green light-emitting dopant.

[0101] Also, the triplet energy of the exciplex may be a
value lower than the energy gap of each host material. Thus,
the exciplex may have a triplet energy of about 3.0 eV or
less, which is the energy gap of the hole-transporting host
and the electron transporting host.

[0102] For example, in a case in which the triplet energy
of the exciplex formed by the mixed hole-transporting host
and electron transporting host is about 2.4 ¢V to about 3.0
eV, light may be emitted from the first sub-emission layer
having a red light-emitting dopant and the second sub-
emission layer having a green light-emitting dopant. Thus,
the mixed host material may be simultaneously included in
the first sub-emission layer and the second sub-emission
layer, energy may be transferred to the light-emitting dop-
ants respectively included in the first sub-emission layer and
the second sub-emission layer, and thus, light may be
effectively emitted. For example, in a case in which the
emission layer includes the sub-emission layer emitting red
light and the sub-emission layer emitting green light, the
triplet energy of the exciplex formed by the hole-transport-
ing host and electron transporting host may be about 2.7 eV
to about 3.0 eV. In an implementation, the exciplex may
have a triplet energy greater than a triplet energy level of the
red light-emitting dopant and a triplet energy level of the
green light-emitting dopant.

[0103] The organic light-emitting device according to the
embodiment illustrated in FIG. 5§ may further include the
third sub-emission layer EML-B having a third color light-
emitting dopant. The third color light-emitting dopant may
be a blue light-emitting dopant. A singlet energy of a
generally used blue light-emitting dopant may be about 2.6
eV to about 2.7 eV.

May 4, 2017

[0104] Thus, the organic light-emitting device according
to the embodiment may be provided such that the mixed host
of the hole-transporting host and the electron transporting
host is included in all of the first to third sub-emission layers.
In this case, the first sub-emission layer may include a red
light-emitting dopant, the second sub-emission layer may
include a green light-emitting dopant, and the third sub-
emission layer may include a blue light-emitting dopant. In
this case, a difference between the triplet energy of the
exciplex formed by the hole-transporting host and electron-
transporting host included in the first to third sub-emission
layers and the singlet energy level of the blue light-emitting
dopant as the third color light-emitting dopant may be about
-0.1 eV to about 0.1 eV.

[0105] For example, in a case in which the triplet energy
of the exciplex is about 2.5 eV to about 2.8 ¢V, the triplet
energy of the exciplex may be greater than the triplet
energies of the red light-emitting dopant and the green
light-emitting dopant, and the red light-emitting dopant and
the green light-emitting dopant may emit phosphorescent
light. Tn contrast, with respect to the blue light-emitting
dopant, the singlet energy may be similar to the triplet
energy of the exciplex, and the blue light-emitting dopant
may emit fluorescent light.

[0106] In the third sub-emission layer including the blue
light-emitting dopant, the triplet energy of the exciplex may
be adjusted to enable or facilitate thermally activated
delayed fluorescence (TADF) in the blue light-emitting
dopant, and thus, fluorescent light as well as phosphorescent
light may be emitted from the third sub-emission layer.
[0107] Thus, in a case in which both of the hole-trans-
porting host and the electron-transporting host that form the
exciplex are included in the sub-emission layer and the
triplet energy of the formed exciplex is about 2.5 eV to about
2.8 eV, light may be emitted from all of the first to third
sub-emission layers. For example, fluorescent light as well
as phosphorescent light may be emitted when a single
sub-emission layer includes a blue light-emitting dopant,
and efficiency of the organic light-emitting device according
to the embodiment may be improved.

[0108] In an implementation, in a case in which the triplet
energy level of the exciplex is equal to or greater than the
triplet energy levels of the red light-emitting dopant and the
green light-emitting dopant and simultaneously, is similar to
the singlet energy level of the blue light-emitting dopant,
light may be emitted from all of the first to third sub-
emission layers.

[0109] The hole-transporting host and the electron-trans-
porting host that form the exciplex having a triplet energy
greater than a triplet energy of the light-emitting dopant may
be simultaneously included in the first sub-emission layer
and the second sub-emission layer. For example, in the
organic light-emitting device of FIG. 5, the same material
may be used as the hole-transporting host and the electron-
transporting host which are included in the first sub-emis-
sion layer EML-R and the second sub-emission layer EML-
G.

[0110] The hole-transporting host and the electron-trans-
porting host in a premixed state may be provided before
being provided to the emission layer.

[0111] In an implementation, in a case in which the mixed
host material is used even in the third sub-emission layer
EML-B, the third sub-emission layer EML-B may include
the same hole-transporting host and electron-transporting
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host as those included in the first and second sub-emission
layers. Thus, in a case in which the same host material is
used in the plurality of sub-emission layers EML-R, EML-
G, and EML-B, the host material may be deposited on the
plurality of sub-emission layers EML-R, EML-G, and
EML-B using the same equipment, and productivity in the
fabrication of the organic light-emitting device may be
improved and fabrication costs may be reduced.

[0112] The sub-emission layers EML-R, EML-G, and
EML-B may allow the holes provided from the hole control
layer HCL to be effectively transferred to the emission layer
EML by including the hole-transporting host. Also, the
sub-emission layers EML-R, EML-G, and EML-B may
allow the electrons provided from the electron control layer
ECL to be effectively transferred to the emission layer EML
by including the electron-transporting host.

[0113] For example, referring again to FIG. 6, the holes
provided from the first electrode E1 may be transferred from
the hole transport layer HTL along the HOMO energy level
of the hole-transporting host included in the emission layer,
and the holes may be easily provided to the emission layer.
Also, the electrons provided from the second electrode E2
may be easily provided from the electron transport layer
ETL to the emission layer along the LUMO energy level of
the electron-transporting host included in the emission layer.

[0114] Thus, electrons and holes may be effectively pro-
vided to the emission layer by including both of the hole-
transporting host and the electron-transporting host in the
emission layer, and the efficiency of the organic light-
emitting device according to the embodiment may be
increased and the driving voltage of the organic light-
emitting device may be reduced.

[0115] In the energy band diagram illustrated in FIG. 6, a
difference G1 between a LUMO energy level of the hole-
transporting host and a LUMO energy level of the electron-
transporting host may be about 0.2 eV or more. Also, a
difference G2 between a HOMO energy level of the hole-
transporting host and a HOMO energy level of the electron-
transporting host may be about 0.2 eV or more. The hole-
transporting host and the electron-transporting host may
respectively block the movement of the electrons and holes
by the difference between the energy levels of the hole-
transporting host and the electron-transporting host. Thus,
density of the electrons and holes staying in the emission
layer may be increased and accordingly, the luminous effi-
ciency of the emission layer may be further improved.

[0116] In the organic light-emitting device according to
the embodiment, the hole-transporting host and the electron-
transporting host provided to each sub-emission layer may
be mixed in advance and may then be provided as a host
material to the sub-emission layer. Host materials having
different functions may be mixed in advance and provided,
and non-uniformity of the host material in the sub-emission
layer may be minimized. Accordingly, uniform light-emit-
ting characteristics may be obtained in a single sub-emission
layer.

[0117] The following FExamples and Comparative
Examples are provided in order to highlight characteristics
of one or more embodiments, but it will be understood that
the Examples and Comparative Examples are not to be
construed as limiting the scope of the embodiments, nor are
the Comparative Examples to be construed as being outside
the scope of the embodiments. Further, it will be understood
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that the embodiments are not limited to the particular details
described in the Examples and Comparative Examples.

[0118] Tables 1 and 2 compare characteristics of organic
light-emitting devices in a case in which a single host
material was included in a sub-emission layer and a case in
which two host materials were mixed and used in a sub-
emission layer. Table 1 illustrates driving voltage, luminous
efficiency, and color coordinate of the sub-emission layer
including a red light-emitting dopant.

TABLE 1

Driving voltage Luminous

Category 2] efficiency (cd/A) CIEx CIEy
Comparative 4.5 55.7 0.669 0.330

Example 1

Example 1 3.6 56.6 0.666 0.333
[0119] Comparative Example 1 was the case of the sub-

emission layer including only a single host and a red
light-emitting dopant, and Example 1 was the case in which
a red light-emitting dopant and a mixed host of hole-
transporting host and electron-transporting host were used.
Specifically, Comparative Example 1 corresponded to a case
in which an anthracene-based electron-transporting host was
doped with about 3 wt % of the red light-emitting dopant,
and Example 1 corresponded to a case in which a premixed
host material (in which an anthracene-based electron-trans-
porting host and a carbazole-based hole-transporting host
were mixed in a ratio of about 30:70) was doped with about
5 wt % of the red light-emitting dopant.

[0120] When comparing Comparative Example 1 and
Bxample 1, it may be seen that the driving voltage of
Example 1 was decreased, compared with that of Compara-
tive Example 1, while exhibiting the same color coordinate
(CIEx and CIEy). Also, it may be seen that the luminous
efficiency of Example 1 was increased in comparison to that
of Comparative Example 1.

[0121] Table 2 illustrates driving voltage, luminous effi-
ciency, and color coordinate of the sub-emission layer
including a green light-emitting dopant.

TABLE 2

Driving voltage Luminous

Category V) efficiency (cd/A) CIEx CIEy
Comparative 4.3 127.2 0.259 0.705

Example 2

Example 2 3.6 137.7 0.225 0.731
[0122] Comparative Example 2 was a case in which the

sub-emission layer included only a single host and a green
light-emitting dopant, and Example 2 was a case in which a
green light-emitting dopant and a mixed host of hole-
transporting host and electron-transporting host were used.
Specifically, Comparative Example 2 corresponded to a case
in which an anthracene-based electron-transporting host was
doped with about 5 wt % of the green light-emitting dopant,
and Example 2 corresponded to a case in which a premixed
host material (in which an anthracene-based electron-trans-
porting host and a carbazole-based hole-transporting host
were mixed in a ratio of about 50:50) was doped with about
5wt % of the green light-emitting dopant.
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[0123] When comparing Comparative Example 2 and
Example 2, it may be seen that the driving voltage of
Example 2 was decreased, compared to that of Comparative
Example 2, while exhibiting the same color coordinate
(CIEx and CIEy). Also, it may be seen that the luminous
efficiency of Example 2 was increased in comparison to that
of Comparative Example 2.

[0124] Thus, from the results of Tables 1 and 2, it may be
seen that the efficiency of the organic light-emitting device
was improved in the case that the hole-transporting host and
the electron-transporting host were mixed and used in the
emission layer. Also, it may be seen that the driving voltage
was also reduced.

[0125] A mixing ratio of the hole-transporting host to the
electron-transporting host in the mixed host provided in the
sub-emission layer may be about 80:20 to about 20:80. The
hole-transporting host and the electron-transporting host in
the mixed host may be provided at the same ratio to the first
to third sub-emission layers. For example, the hole-trans-
porting host and the electron-transporting host mixed at the
same ratio may be provided to all of the first to third
sub-emission layers.

[0126] In an implementation, the mixing ratios of the
hole-transporting host to the electron-transporting host in the
first to third sub-emission layers may be different from one
another. For example, in the case that the first sub-emission
layer includes a red light-emitting dopant, the mixing ratio
of the hole-transporting host to the electron-transporting
host may be about 30:70.

[0127] In the second sub-emission layer including a green
light-emitting dopant, the mixing ratio of the hole-transport-
ing host to the electron-transporting host may be about
70:30. In the third sub-emission layer including a blue
light-emitting dopant, the mixing ratio of the hole-transport-
ing host to the electron-transporting host may be about
50:50.

[0128] In an implementation, the mixing ratio of the
hole-transporting host to the electron-transporting host may
be adjusted within a range of about 80:20 to about 20:80
depending on the required triplet energy level of the exci-
plex.

[0129] Also, the same hole-transporting host and electron-
transporting host may be mixed in different ratios and used
in the first to third sub-emission layers. In an implementa-
tion, different hole-transporting hosts and electron-trans-
porting hosts may be used. For example, the hole-transport-
ing host and electron-transporting host may be selected so
that energy may be effectively transferred to the light-
emitting dopant of each emission layer.

[0130] FIGS. 7 and 8 illustrate cross-sectional views of
other embodiments of the organic light-emitting device.
Hereinafter, points different from the above-described
organic light-emitting device according to the embodiment
illustrated in FIG. 5 will be mainly described in detail, and
undescribed parts may be appreciated with reference to the
above-described organic light-emitting device according to
the embodiment.

[0131] In the embodiments of the organic light-emitting
device of FIGS. 7 and 8, auxiliary layers SL-R, SL-G, and
SL-B may be further included in the emission layer EML.
[0132] The auxiliary layers SL-R, SL-G, and SL-B may be
disposed between the hole transport layer HTL and the
sub-emission layers EML-R, EML-G, and EML-B. The
auxiliary layers SL-R, SL-G, and SL-B may be resonance
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controlling layers of the emission layer. For example, the
auxiliary layers SL-R, SL-G, and SL-B may be disposed
between the hole transport layer HTL and each of the
sub-emission layers EML-R, EML-G, and EML-B to adjust
resonance distances of the sub-emission layers EML-R,
EML-G, and EML-B. For example, thicknesses of the
auxiliary layers SL-R, SL-G, and SL-B may be proportional
to a wavelength of the light emitted from the emission layer,
and a resonance distance between the first electrode E1 and
the second electrode E2 may be adjusted by the thicknesses
of the auxiliary layers SL-R, SL-G, and SL-B.

[0133] For example, referring to FIG. 7, in the case that
the first sub-emission layer EML-R is a red light-emitting
layer and the second sub-emission layer EML-G and the
third sub-emission layer EML-B are respectively green and
blue light-emitting layers, the thickness of the auxiliary
layer SL-R under the first sub-emission layer may be the
largest and the thickness of the auxiliary layer may be
gradually decreased from the first sub-emission layer to the
second and third sub-emission layers. For example, a thicker
auxiliary layer may be provided as the wavelength is
increased.

[0134] FIG. 8 illustrates a case in which the auxiliary
layers SL-R, SL-G, and SL-B are formed by being sequen-
tially stacked in the third direction DR3 as the thickness
direction. In this case, the auxiliary layer SL-B functioning
as the resonance controlling layer for the third sub-emission
layer EML-B corresponds to only a single auxiliary layer
formed on the hole transport layer HTL, and two auxiliary
layers, 1.e., the auxiliary layers SL-B and SL-G, function as
the resonance controlling layer for the second sub-emission
layer EML-G. Also, the sequentially stacked three auxiliary
layers SL-R, SL-G, and SL-B may function as the resonance
controlling layer for the first sub-emission layer EML-R.
[0135] In FIGS. 7 and 8, the auxiliary layers SL-R, SL-G,
and SL-B included in the organic light-emitting device
according to the embodiment may be formed of the same
material or may be formed of different materials.

[0136] Inthe embodiment of FIG. 8, an intermediate layer
1. between the hole injection layer HIL. and the hole
transport layer HTL may be further included in the hole
control layer HCL. The intermediate layer IL. may further
facilitate the injection of holes.

[0137] The organic light-emitting device according to the
embodiment described in FIGS. 5, 7, and 8 may be included
in the above-described organic light-emitting display appa-
ratus according to the embodiment. For example, the organic
light-emitting device according to the embodiment
described in FIGS. 5 and 7 may be used in a small and
medium-sized display apparatus such as a portable terminal,
and the organic light-emitting device according to the
embodiment described in FIG. 8 may be used in a medium
and large-sized display apparatus such as a monitor and a
TV.

[0138] The organic light-emitting display apparatus
including the organic light-emitting device according to the
embodiment may have improved efficiency by including the
hole-transporting host and electron-transporting host which
form the exciplex in the emission layer. Also in the case that
the same mixed host material is used in each of the sub-
emission layers included in the emission layer, productivity
may be improved.

[0139] FIGS. 9A and 9B illustrate flowcharts of a method
of fabricating an organic light-emitting device according to
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an embodiment. In the following description about the
method of fabricating an organic light-emitting device, each
organic layer of the above-described organic light-emitting
device according to the embodiment will not be described in
detail, but fabrication steps will only be described.

[0140] The method of fabricating an organic light-emit-
ting device according to the embodiment may include the
steps of: forming a first electrode (S110), forming a hole
control layer on the first electrode (S130), forming a plu-
rality of sub-emission layers (S150), forming an electron
control layer (S170), and forming a second electrode (S190).
[0141] The hole control layer may be formed on the first
electrode which is formed by step S110 of forming a first
electrode. For example, the first electrode may be disposed
on a base substrate. The first electrodes may be disposed on
the base substrate by being spaced apart from one another as
in the organic light-emitting device according to the embodi-
ment.

[0142] The hole control layer may be provided on the first
electrode. In this case, the hole control layer may be pro-
vided as a single layer or may be provided as a plurality of
layers. For example, the hole control layer may be provided
to include a hole injection layer on the first electrode and a
hole transport layer on the hole injection layer.

[0143] The plurality of sub-emission layers may be
formed on the hole control layer. The plurality of sub-
emission layers may be sequentially formed. For example, in
a case in which the organic light-emitting device according
to the embodiment illustrated in FIG. 5 is fabricated, the
third sub-emission layer EML-B is provided, and the second
sub-emission layer EML-G and the first sub-emission layer
EML-R may then be sequentially provided.

[0144] The step S150 of forming a plurality of sub-
emission layers may include the steps of: providing a mixed
host material (§151) and performing a first co-deposition of
the mixed host material and a first color light-emitting
dopant (5153). Also, the step S150 of forming a plurality of
sub-emission layers may include performing a second co-
deposition of the mixed host material and a second color
light-emitting dopant (S155), after the first co-deposition
(S153).

[0145] The sub-emission layers may be sequentially
formed, and forming an electron control layer (S170) may
then be performed. In an implementation, the electron
control layer may be formed by sequentially stacking an
electron transport layer and an electron injection layer, or the
electron control layer may be formed in a single layer.
[0146] Next, the second electrode may be formed on the
electron control layer.

[0147] Also, the method of fabricating an organic light-
emitting device according to the embodiment may further
include forming an auxiliary layer. In an implementation, the
forming of the auxiliary layer may be performed after the
step S130 of forming a hole control layer. For example, the
auxiliary layer may be formed before the step S150 of
forming a plurality of sub-emission layers, or some sub-
emission layers among the plurality of sub-emission layers
are formed and the forming of the auxiliary layer may then
be performed.

[0148] For example, in the method of fabricating an
organic light-emitting device according to the embodiment
illustrated in FIG. 7, a step of forming the auxiliary layer
SL-B corresponding to the resonance controlling layer of the
third sub-emission layer may be first performed after a step
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of forming the hole transport layer HTL, and the third
sub-emission layer EML-B may then be formed. Thereafter,
the auxiliary layer SL-G corresponding to the resonance
controlling layer of the second sub-emission layer EML-G is
formed, and the auxiliary layer SL-R corresponding to the
resonance controlling layer of the first sub-emission layer
and the first sub-emission layer EML-R are sequentially
formed.

[0149] Thus, the forming of the auxiliary layer may be
performed before the forming of the sub-emission layer or
before the forming of the some sub-emission layers.

[0150] FIG. 10 exemplarily illustrates a process of depos-
iting a mixed host material and a light-emitting dopant on
the emission layer. In FIG. 10, a case is exemplarily illus-
trated in which performing a deposition of two different
light-emitting dopants, i.e., forming two sub-emission lay-
ers, is performed in a single chamber. In an implementation,
formation of a plurality of sub-emission layers may be
stepwise performed in different chambers or formation of
three or more sub-emission layers may be performed in a
single chamber.

[0151] Referring to FIG. 10, a substrate BS, on which a
hole control layer is formed, may be transferred in one
direction in the chamber, and, at the transferred position, a
mixed host material and a single dopant material may be
deposited at the same time. For example, in part (a) of FIG.
10, the mixed host material may be provided by a source S2
and the single light-emitting dopant material may be pro-
vided by a source S3 to form a sub-emission layer on the
substrate. In this case, a source S1, a remaining light-
emitting dopant material, is kept closed by a source shutter
SC-ST.

[0152] In part (b) of FIG. 10 after the deposition shown in
part (a), the mixed host material may be provided by the
source S2 and the remaining light-emitting dopant material
may be provided by the source S1 to form a sub-emission
layer on the substrate. In this case, the source S3, the
light-emitting dopant already deposited, may be kept closed
by a source shutter SC-ST.

[0153] The mixed host material (being in a premixed state)
may be provided before the deposition in the forming of the
sub-emission layers. The premixed host material may be
provided by a single source and the same mixed host
material provided by the single source may be provided to
the plurality of sub-emission layers having different emis-
sion wavelengths, and there may be no need to add a
separate source for the host material. In an implementation,
the plurality of sub-emission layers may be formed in a
single chamber, and the productivity of the process may be
improved.

[0154] Also, the premixed host material may be provided,
and uniform luminescent properties may be obtained in a
single sub-emission layer.

[0155] The sub-emission layers may be formed by using
the premixed hole host material and electron host material,
and the above-described method of fabricating an organic
light-emitting device according to the embodiment may
provide uniform luminescent properties in the sub-emission
layers. Also, a deposition process may be performed in a
single chamber when the same mixed host material is
applied to the plurality of sub-emission layers, and the
fabrication process may be simplified to help improve the
productivity.
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[0156] The embodiments may provide an organic light-
emitting device and an organic light-emitting display appa-
ratus including the same, in which efliciencies of the device
and the display apparatus may be increased and lifetime may
be extended.
[0157] The embodiments may provide a method of fabri-
cating an organic light-emitting device in which an organic
light-emitting device may be provided, in which the effi-
ciency may be increased and the lifetime may be extended.
[0158] The embodiments may provide organic light-emit-
ting devices having improved efliciency, organic light-emit-
ting display apparatuses including the same, and methods of
fabricating an organic light-emitting device, which improve
productivity of the organic light-emitting device.
[0159] The embodiments may provide an organic light-
emitting device having high efficiency as well as improved
productivity and an organic light-emitting display apparatus
including the same.
[0160] The embodiments may provide a method of fabri-
cating an organic light-emitting device in which fabrication
costs are reduced.
[0161] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.
What is claimed is:
1. An organic light-emitting device, comprising:
a first electrode;
a second electrode facing the first electrode;
an emission layer between the first electrode and the
second electrode;
a hole control layer between the first electrode and the
emission layer; and
an electron control layer between the emission layer and
the second electrode,
wherein:
the emission layer includes a plurality of sub-emission
layers to emit light having different wavelength ranges,
at least portions of the plurality of sub-emission layers do
not overlap one another,
the plurality of sub-emission layers include:
a first sub-emission layer including a first color light-
emitting dopant, and
a second sub-emission layer including a second color
light-emitting dopant different from the first color
light-emitting dopant,
the first sub-emission layer and the second sub-emission
layer each include a hole-transporting host and an
electron-transporting host which form an exciplex, and
a triplet energy of the exciplex is equal to or greater than
triplet energies of the first color light-emitting dopant
and the second color light-emitting dopant.
2. The organic light-emitting device as claimed in claim
1, wherein the first sub-emission layer and the second
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sub-emission layer include a same hole-transporting host
and a same electron-transporting host.

3. The organic light-emitting device as claimed in claim
1, wherein the triplet energy of the exciplex is about 2.4 eV
to about 3.0 eV.

4. The organic light-emitting device as claimed in claim
1, wherein a difference between a lowest unoccupied
molecular orbital (LUMO) energy level of the hole-trans-
porting host and a LUMO energy level of the electron-
transporting host is about 0.2 eV or more.

5. The organic light-emitting device as claimed in claim
1, wherein a difference between a highest occupied molecu-
lar orbital (HOMO) energy level of the hole-transporting
host and a HOMO energy level of the electron-transporting
host is about 0.2 eV or more.

6. The organic light-emitting device as claimed in claim
1, wherein a weight ratio of the hole-transporting host to the
electron-transporting host is about 80:20 to about 20:80.

7. The organic light-emitting device as claimed in claim
1, wherein:

the plurality of sub-emission layers further include a third

sub-emission layer that includes a third color light-
emitting dopant, the third color light-emitting dopant
being different from the first color light-emitting dopant
and the second color light-emitting dopant, and

the third sub-emission layer includes the hole-transport-

ing host and the electron-transporting host.

8. The organic light-emitting device as claimed in claim
7, wherein:

the third color light-emitting dopant is a blue light-

emitting dopant, and

a difference between a triplet energy level of the exciplex

and a singlet energy level of the blue light-emitting
dopant is about 0.1 ¢V to about 0.1 eV.

9. The organic light-emitting device as claimed in claim
7, wherein each sub-emission layer of the plurality of
sub-emission layers further includes an auxiliary layer.

10. The organic light-emitting device as claimed in claim
7, wherein mixing ratios of the hole-transporting host and
the electron-transporting host in the first to third sub-
emission layers are each different from one another.

11. A method of fabricating an organic light-emitting
device, the method comprising:

forming a hole control layer on a first electrode;

forming a plurality of sub-emission layers on the hole

control layer;

forming an electron control layer on the plurality of

sub-emission layers; and

forming a second electrode on the electron control layer,

wherein forming the plurality of sub-emission layers

includes:

performing a first co-deposition of a first color light-
emitting dopant and a mixed host material, the mixed
host material including a hole-transporting host
mixed with an electron-transporting host, and

performing a second co-deposition of the mixed host
material and a second color light-emitting dopant,
the second color light-emitting dopant being differ-
ent from the first color light-emitting dopant.

12. The method as claimed in claim 11, wherein forming
the plurality of sub-emission layers further includes per-
forming a third co-deposition of the mixed host material and
a third color light-emitting dopant, the third color light-
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emitting dopant being different from the first color light-
emitting dopant and different from the second color light-
emitting dopant.
13. The method as claimed in claim 11, further comprising
providing an auxiliary layer on the hole control layer.
14. An organic light-emitting display apparatus, compris-
ing:
a timing controller;
a scan driver;
a source driver; and
an organic light-emitting display panel, the organic light-
emitting display panel including an organic light-emit-
ting device, wherein the organic light-emitting device
includes:
a first electrode;
a second electrode facing the first electrode;
an emission layer between the first electrode and the
second electrode;
a hole control layer between the first electrode and the
emission layer; and
an electron control layer between the emission layer and
the second electrode,
wherein:
the emission layer includes a plurality of sub-emission
layers to emit light having different wavelength ranges,
at least portions of the plurality of sub-emission layers do
not overlap one another,
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the plurality of sub-emission layers include:
a first sub-emission layer including a first color light-
emitting dopant, and
a second sub-emission layer including a second color
light-emitting dopant different from the first color
light-emitting dopant,
the first sub-emission layer and the second sub-emission
layer each include a hole-transporting host and an
electron-transporting host which form an exciplex, and
a triplet energy of the exciplex is equal to or greater than
triplet energies of the first color light-emitting dopant
and the second color light-emitting dopant.
15. The organic light-emitting display apparatus as
claimed in claim 14, wherein:
the plurality of sub-emission layers further includes a
third sub-emission layer,
the third sub-emission layer includes the hole-transport-
ing host, the electron-transporting host, and a third
color light-emitting dopant, the third color light-emit-
ting dopant being different from the first color light-
emitting dopant and the second color light-emitting
dopant, and
a difference between a triplet energy level of the exciplex
and a singlet energy level of the third light-emitting
dopant is about =0.1 eV to about 0.1 eV.
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