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(54) BLUE ORGANIC LIGHT EMITTING DEVICE AND DISPLAY DEVICE INCLUDING THE SAME

(57) A blue organic light emitting device including a
first electrode, a second electrode facing the first elec-
trode, a first charge generating layer disposed between
the first electrode and the second electrode, a first emis-
sion layer disposed between the first electrode and the
first charge generating layer and emitting first blue light

having a first wavelength region, and a second emission
layer disposed between the first charge generating layer
and the second electrode and emitting second blue light
having a second wavelength region different from the
first wavelength region. The blue organic light emitting
device finally emits blue light.
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Description

[0001] The present disclosure herein relates to a blue
organic light emitting device and a display device includ-
ing the same.
[0002] Flat display devices may be mainly classified
as a light emitting type and a light receiving type. The
light emitting type includes a flat cathode ray tube, a plas-
ma display panel, an organic light emitting display
(OLED), etc. The OLED is a self-luminescent display and
has advantages of wide viewing angles, good contrast
and rapid response time.
[0003] The OLED may be used as a display for mobile
devices, e.g., a digital camera, a video camera, a cam-
corder, a personal digital assistant, a smart phone, an
ultra-thin laptop, a tablet personal computer, a flexible
display, etc., or for large-sized electronic products, e.g.,
an ultra-thin television or a large-sized electric products.
The OLED displays color based on the principle that
holes and electrons injected from a first electrode and a
second electrode are recombined in an emission layer,
and excitons generated by the combination of the inject-
ed holes and electrons in the emission layer emit light
via the transition thereof from an excited state to a ground
state.
[0004] An embodiment of the present disclosure pro-
vides a blue organic light emitting device including a first
electrode, a second electrode facing the first electrode,
a first charge generating layer disposed between the first
electrode and the second electrode, a first emission layer
disposed between the first electrode and the first charge
generating layer and emitting first blue light having a first
wavelength region, and a second emission layer dis-
posed between the first charge generating layer and the
second electrode and emitting second blue light having
a second wavelength region different from the first wave-
length region.
[0005] In an embodiment, a difference between a peak
wavelength in the first wavelength region and a peak
wavelength in the second wavelength region may be
greater than about o nm and less than about 30 nm or
less.
[0006] In an embodiment, one of the first wavelength
region or the second wavelength region may be from
about 440 nm to less than about 460 nm, and the other
of the first wavelength region or the second wavelength
region may be from about 460 nm to about 490 nm.
[0007] In an embodiment, a second charge generating
layer disposed between the second emission layer and
the second electrode, and a third emission layer disposed
between the second charge generating layer and the sec-
ond electrode and emitting third blue light having a third
wavelength region, may be further included. The third
wavelength region may be different from each of the first
wavelength region and the second wavelength region.
[0008] In an embodiment, a difference between a peak
wavelength in the first wavelength region and a peak
wavelength in the second wavelength region may be

greater than about o nm and less than about 30 nm or
less, and a difference between a peak wavelength in the
second wavelength region and a peak wavelength in the
third wavelength region may be greater than about 0 nm
and less than about 30 nm or less.
[0009] In an embodiment, one of the first wavelength
region, the second wavelength region or the third wave-
length region may be from about 440 nm to less than
about 460 nm, one of remaining two wavelength regions
may be from about 460 nm to less than about 470 nm,
and the remaining wavelength region may be from about
470 nm to about 480 nm.
[0010] In an embodiment, the first charge generating
layer may include an n-type charge generating layer ad-
jacent to the first electrode, and a p-type charge gener-
ating layer adjacent to the second electrode and dis-
posed on the n-type charge generating layer.
[0011] In an embodiment of the present disclosure, a
display device includes a blue organic light emitting de-
vice and a color changing layer disposed on the blue
organic light emitting device, and the blue organic light
emitting device includes a first electrode, a second elec-
trode facing the first electrode, a first charge generating
layer disposed between the first electrode and the sec-
ond electrode, a first emission layer disposed between
the first electrode and the first charge generating layer
and emitting first blue light having a first wavelength re-
gion, and a second emission layer disposed between the
first charge generating layer and the second electrode
and emitting second blue light having a second wave-
length region different from the first wavelength region.
[0012] In an embodiment, the color changing layer may
include a resin layer and a color changing material in-
cluded in the resin layer.
[0013] In an embodiment, the color changing material
may include at least one selected from the group con-
sisting of an inorganic phosphor, an organic phosphor,
a quantum dot and an organic dye.
[0014] In an embodiment, a difference between a peak
wavelength in the first wavelength region and a peak
wavelength in the second wavelength region may be
greater than about 0 nm and less than about 30 nm or
less.
[0015] In an embodiment, one of the first wavelength
region or the second wavelength region may be from
about 440 nm to less than about 460 nm, and the other
of the first wavelength region or the second wavelength
region may be from about 460 nm to about 490 nm.
[0016] In an embodiment, a second charge generating
layer disposed between the second emission layer and
the second electrode, and a third emission layer disposed
between the second charge generating layer and the sec-
ond electrode and emitting third blue light having a third
wavelength region may be further included, and the third
wavelength region may be different from each of the first
wavelength region and the second wavelength region.
[0017] In an embodiment, a difference between a peak
wavelength in the first wavelength region and a peak
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wavelength in the second wavelength region may be
greater than about 0 nm and less than about 30 nm or
less, and a difference between a peak wavelength in the
second wavelength region and a peak wavelength in the
third wavelength region may be greater than about 0 nm
and less than about 30 nm or less.
[0018] In an embodiment, one of the first wavelength
region, the second wavelength region or the third wave-
length region may be from about 440 nm to less than
about 460 nm, one of remaining two wavelength regions
may be from about 460 nm to about less than 470 nm,
and the remaining wavelength region may be from about
470 nm to about 480 nm.
[0019] In an embodiment, the first charge generating
layer may include an n-type charge generating layer ad-
jacent to the first electrode, and a p-type charge gener-
ating layer adjacent to the second electrode and dis-
posed on the n-type charge generating layer.
[0020] In an embodiment, the display device may in-
clude a plurality of pixels, each pixel may be divided into
a red emission region, a green emission region and a
blue emission region, and the color changing layer may
include a first color changing material disposed in the red
emission region, and a second color changing material
disposed in the green emission region.
[0021] In an embodiment, the color changing layer may
further include a scattering layer disposed in the blue
emission region.
[0022] In an embodiment, the scattering layer may in-
clude a resin layer and a scattering material included in
the resin layer.
[0023] In an embodiment, the first electrode may be a
reflection type electrode, and the second electrode may
be disposed between the first electrode and the color
changing layer and may be a transmission type electrode
or a transflective type electrode.
[0024] According to an aspect of the invention, there
is provided a blue organic light emitting device as set out
in claim 1. Preferred features are set out in claims 2 to 7.
[0025] According to an aspect of the invention, there
is provided a display device as set out in claim 8. Pre-
ferred features are set out in claims 9 to 14.
[0026] Features will become apparent to those of skill
in the art by describing in detail exemplary embodiments
with reference to the attached drawings in which:

FIG. 1 illustrates a cross-sectional schematic view
of a blue organic light emitting device according to
an embodiment of the present disclosure;
FIG. 2 illustrates a cross-sectional schematic view
of a blue organic light emitting device according to
an embodiment of the present disclosure;
FIG. 3 illustrates a cross-sectional schematic view
of a blue organic light emitting device according to
an embodiment of the present disclosure;
FIG. 4 illustrates a perspective schematic view of a
display device according to an embodiment of the
present disclosure;

FIG. 5A illustrates a circuit diagram of one sub-pixel
included in a display device according to an embod-
iment of the present disclosure;
FIG. 5B illustrates a cross-sectional view of one sub-
pixel included in a display device according to an
embodiment of the present disclosure;
FIG. 5C illustrates a cross-sectional schematic view
corresponding to line I-I’ of FIG. 5B;
FIG. 6 illustrates a plan schematic view of one pixel
included in a display device according to an embod-
iment of the present disclosure;
FIG. 7 illustrates a cross-sectional schematic view
taken along line II-II’ of FIG. 6;
FIG. 8 illustrates a cross-sectional schematic view
corresponding to line II-II’ of FIG. 6;
FIG. 9 illustrates a detailed cross-sectional schemat-
ic view of a color changing layer of FIGS. 7 and 8;
FIG. 10 illustrates a detailed cross-sectional sche-
matic view of a color changing layer of FIGS. 7 and
8; and
FIG. 11 illustrates a cross-sectional schematic view
corresponding to line II-II’ of FIG. 6.

[0027] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey exemplary im-
plementations to those skilled in the art.
[0028] 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 inter-
vening layers may also be present. Further, it will be un-
derstood 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 be-
tween the two layers, or one or more intervening layers
may also be present.
[0029] Like reference numerals refer to like elements
for explaining each drawing. In the drawings, the sizes
and relative sizes of elements may be enlarged for clarity
of the present disclosure. It will be understood that, al-
though the terms first, second, etc. may be used herein
to describe various elements, these elements should not
be limited by these terms. These terms are only used to
distinguish one element from another element. For ex-
ample, a first element discussed below could be termed
a second element, and similarly, a second element could
be termed a first element. As used herein, the singular
forms are intended to include the plural forms as well,
unless the context clearly indicates otherwise.
[0030] It will be further understood that the terms "com-
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prises" and/or "comprising," when used in this specifica-
tion, specify the presence of stated features, steps, op-
erations, and/or devices, but do not preclude the pres-
ence or addition of one or more other features, steps,
operations, and/or devices thereof. It will also be under-
stood that when a layer, a film, a region, a plate, etc. is
referred to as being ’on’ another part, it can be directly
on the other part, or intervening layers may also be
present. On the contrary, when a layer, a film, a region,
a plate, etc. is referred to as being ’under’ another part,
it can be directly under the other part, or intervening lay-
ers may also be present. Hereinafter, a blue organic light
emitting device according to an embodiment of the
present disclosure will be described in detail.
[0031] FIG. 1 illustrates a cross-sectional schematic
view of a blue organic light emitting device according to
an embodiment of the present disclosure. FIG. 2 illus-
trates a cross-sectional schematic view of a blue organic
light emitting device according to an embodiment of the
present disclosure. FIG. 3 illustrates a cross-sectional
schematic view of a blue organic light emitting device
according to an embodiment of the present disclosure.
For conciseness, elements common to all three embod-
iments will be discussed first.
[0032] Referring to FIGS. 1, 2 and 3, a blue organic
light emitting device OEL according to an embodiment
of the present disclosure includes a first electrode EL1,
a first emission layer EML1, a first charge generating
layer CGL1, a second emission layer EML2, and a sec-
ond electrode EL2, may be sequentially stacked, e.g.,
laminated one by one, in a second direction DR2.
[0033] The first electrode EL1 and the second elec-
trode EL2 face each other. The first charge generating
layer CGL1 is disposed between the first electrode EL1
and the second electrode EL2. The first emission layer
EML1 is disposed between the first electrode EL1 and
the first charge generating layer CGL1. The second emis-
sion layer EML2 is disposed between the first charge
generating layer CGL1 and the second electrode EL2.
[0034] The organic light emitting device OEL according
to an embodiment of the present disclosure is a blue or-
ganic light emitting device OEL. The organic light emitting
device OEL according to an embodiment of the present
disclosure is a blue organic light emitting device that
emits blue light. Each of the first emission layer EML1
and the second emission layer EML2 emits blue light. In
particular, the first emission layer EML1 emits first blue
light having a first wavelength region, and the second
emission layer EML2 emits second blue light having a
second wavelength region. The first wavelength region
and the second wavelength region are different from
each other, e.g., may be completely different from each
other or may partially overlap.
[0035] That is, the first emission layer EML1 and the
second emission layer EML2 emit blue light having dif-
ferent wavelength regions. In other words, the organic
light emitting device OEL according to an embodiment
of the present disclosure includes the first emission layer

EML1 and the second emission layer EML2, each emit-
ting blue light, with the resultant mixture of light emitted
is also being blue light. By using two emission layers
emitting blue light having different wavelength regions,
blue emission peak may be distributed more broadly, and
color visibility at side viewing angles may be improved.
[0036] A difference between a peak wavelength in the
first wavelength region and a peak wavelength in the sec-
ond wavelength region may be greater than about 0 nm
and less than about 30 nm. The peak wavelength indi-
cates a wavelength having a maximum intensity within a
wavelength region being emitted. The difference be-
tween the peak wavelength in the first wavelength region
and the peak wavelength in the second wavelength re-
gion may be from about 5 nm to about 20 nm, without
limitation.
[0037] One of the first wavelength region or the second
wavelength region may be from about 440 nm to less
than about 460 nm, and the other of the first wavelength
region or the second wavelength region may be from
about 460 nm to about 490 nm. However, the first wave-
length region and the second wavelength region are not
limited thereto, and the first wavelength region and the
second wavelength region may partially overlap. For ex-
ample, both the first wavelength region and the second
wavelength region may include 460 nm. The overlap be-
tween of the first wavelength region and the second
wavelength region may be, for example, from about 1
nm to about 30 nm. One of the first wavelength region or
the second wavelength region may be a deep blue light
region, and the other of the first wavelength region or the
second wavelength region may be a sky blue light region.
[0038] One emission wavelength region of the two
emission layers emitting blue light may emit relatively
long wavelengths in the blue region, and the other emis-
sion wavelength region may emit relatively short wave-
lengths in the blue region. Thus, the blue organic light
emitting device may emit combined blue light having a
more broadly distributed emission peak compared to us-
ing a single emission layer or a single emission region.
Through this, color visibility at side viewing angles may
be improved when compared to a conventional blue or-
ganic light emitting device emitting blue light having a
sharp emission peak.
[0039] The first electrode EL1 has electrical conduc-
tivity. The first electrode EL1 may be a pixel electrode or
an anode. The first electrode EL1 may be a transmission
type electrode, a transflective type electrode or a reflec-
tion type electrode. When the first electrode EL1 is the
transmission type electrode, the first electrode EL1 may
include a transparent metal oxide, e.g., indium tin oxide
(ITO), indium zinc oxide (IZO), zinc oxide (ZnO), indium
tin zinc oxide (ITZO), etc. When the first electrode EL1
is the transflective type electrode or the reflection type
electrode, the first electrode EL1 may include, e.g., silver
(Ag), magnesium (Mg), aluminum (Al), platinum (Pt), pal-
ladium (Pd), gold (Au), nickel (Ni), neodymium (Nd), irid-
ium (Ir), chromium (Cr), a mixture of metals, etc..
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[0040] The second electrode EL2 has electrical con-
ductivity and may be a common electrode or a cathode.
The second electrode EL2 may be a transmission type
electrode, a transflective type electrode or a reflection
type electrode. When the second electrode EL2 is the
transmission type electrode, the second electrode EL2
may include, e.g., lithium (Li), calcium (Ca), lithium fluo-
ride (LiF)/Ca, LiF/Al, Al, Mg, barium fluoride (BaF), Ba,
Ag, a compound thereof or a mixture thereof (for exam-
ple, a mixture of Ag and Mg), etc. However, embodiments
are not limited thereto and the second electrode EL2 may
include, for example, ITO, IZO, ZnO or ITZO.
[0041] The second electrode EL2 may be connected
with an auxiliary electrode. The auxiliary electrode may
use any material known in the art. For example, the aux-
iliary electrode may include Li, Ca, LiF/Ca, LiF/Al, Al, Mg,
BaF, Ba, Ag, a compound thereof or a mixture thereof
(for example, a mixture of Ag and Mg), ITO, IZO, ZnO,
ITZO, etc. The auxiliary electrode may be connected with
the second electrode EL2 to decrease the resistance val-
ue of the second electrode EL2.
[0042] When the second electrode EL2 is the trans-
flective type electrode or the reflection type electrode,
the second electrode EL2 may include Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, a
compound thereof or a mixture thereof (for example, a
mixture of Ag and Mg), etc. The second electrode EL2
may be a reflective layer or a transflective layer formed
using the above material or a multilayered structure in-
cluding a transparent conductive layer formed using ITO,
IZO, ZnO, ITZO, etc.
[0043] When the blue organic light emitting device OEL
according to an embodiment of the present disclosure is
a front luminescent type, the first electrode EL1 may be
the reflection type electrode, and the second electrode
EL2 may be the transmission type electrode or the trans-
flective type electrode. When the blue organic light emit-
ting device OEL is the front luminescent type, high aper-
ture ratios may be favorably secured.
[0044] The organic light emitting device OEL according
to an embodiment of the present disclosure is a tandem
type blue organic light emitting device OEL. As described
above, the blue organic light emitting device OEL accord-
ing to an embodiment of the present disclosure includes
the first charge generating layer CGL1 disposed between
the first electrode EL1 and the second electrode EL2.
The blue organic light emitting device OEL according to
an embodiment of the present disclosure has a structure
including a first stack including the first emission layer
EML1 disposed under the first charge generating layer
CGL1 and a second stack including the second emission
layer EML2 disposed on the first charge generating layer
CGL1, with the first charge generating layer CGL1 as a
reference. On the first stack, the first charge generating
layer CGL1 is disposed. The first stack and the second
stack are sequentially stacked, e.g., laminated one by
one, in the second direction DR2.
[0045] The first charge generating layer CGL1 may in-

ject charges into each emission layer. The first charge
generating layer CGL1 may control the charge balance
between the first stack and the second stack. The first
charge generating layer CGL1 may include an n-type
charge generating layer n-CGL1 and a p-type charge
generating layer p-CGL1. The p-type charge generating
layer p-CGL1 may be disposed on the n-type charge gen-
erating layer n-CGL1.
[0046] The first charge generating layer CGL1 may
have a junction structure of the n-type charge generating
layer n-CGL1 and the p-type charge generating layer p-
CGL1. The n-type charge generating layer n-CGL1 may
be disposed closer to the first electrode EL1 than to the
second electrode EL2. The p-type charge generating lay-
er p-CGL1 may be disposed closer to the second elec-
trode EL2 than to the second electrode EL2. In other
words, the n-type change generating layer n-CGL1 may
be closer to the first electrode EL1 than the p-type charge
generating layer p-CGL1, and vice versa with respect to
the second electrode EL2.
[0047] The n-type charge generating layer n-CGL1
supplies electrons to the first emission layer EML1 adja-
cent to the first electrode EL1, and the p-type charge
generating layer p-CGL1 supplies holes to the second
emission layer EML2 included in the second stack. Be-
tween the n-type charge generating layer n-CGL1 and
the p-type charge generating layer p-CGL1, a buffer layer
may be further disposed. By disposing the first charge
generating layer CGL1 between the first stack and the
second stack and providing charges to each emission
layer, emission efficiency may increase and a driving volt-
age may decrease.
[0048] The first stack may further include a first hole
transport region HTR1 disposed between the first elec-
trode EL1 and the first emission layer EML1. The first
hole transport region HTR1 may include at least one of
a hole injection layer or a hole transport layer. The first
hole transport layer HTR1 may further include at least
one of a hole buffer layer or an electron blocking layer.
[0049] The first hole transport region HTR1 may have
a single layer formed using a single material, a single
layer formed using a plurality of different materials, or a
multilayered structure including a plurality of layers
formed using a plurality of different materials.
[0050] For example, the first hole transport region
HTR1 may have the structure of a single layer formed
using a plurality of different materials, or a stacked, e.g.,
laminated, structure from the first electrode EL1, of hole
injection layer/hole transport layer, hole injection lay-
er/hole transport layer/hole buffer layer, hole injection
layer/hole buffer layer, hole transport layer/hole buffer
layer or hole injection layer/hole transport layer/electron
blocking layer, without limitation.
[0051] The first hole transport region HTR1 may be
formed using common methods known in the art. For
example, the first hole transport region HTR1 may be
formed using various methods, e.g., a vacuum deposition
method, a spin coating method, a cast method, a Lang-
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muir-Blodgett (LB) method, an inkjet printing method, a
laser printing method, a laser induced thermal imaging
(LITI) method, etc.
[0052] When the first hole transport region HTR1 in-
cludes the hole injection layer, the first hole transport
region HTR1 may include a phthalocyanine compound
such as copper phthalocyanine, N,N’-diphenyl-N,N’-
bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4’-di-
amine (DNTPD), 4,4’,4"-tris(3-methylphenylphenylami-
no)triphenylamine (m-MTDATA), 4,4’,4"-tris(N,N-diphe-
nylamino)triphenylamine (TDATA), 4,4’,4"-tris{N-(2-
naphthyl)-N-phenylamino}-triphenylamine (2-TNATA),
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesul-
fonate) (PEDOT/PSS), polyaniline/dodecylbenzenesul-
fonic acid (PANI/DBSA), polyaniline/camphor sulfonic
acid (PANI/CSA), polyaniline/poly(4-styrenesulfonate)
(PANI/PSS), etc., without limitation.
[0053] When the first hole transport region HTR1 in-
cludes the hole transport layer HTL, the first hole trans-
port region HTR1 may include a carbazole-based deriv-
ative such as N-phenylcarbazole and polyvinyl carba-
zole, a fluorene-based derivative, N,N’-bis(3-methylphe-
nyl)-N,N’-diphenyl-[1,1-biphenyl]-4,4’-diamine (TPD), a
triphenylamine-based derivative such as 4,4’,4"-tris(N-
carbazolyl)triphenylamine (TCTA), N,N’-di(1-naph-
thyl)-N,N’-diphenylbenzidine (NPB), 4,4’-cyclohexyli-
dene bis[N,N-bis(4-methylphenyl)benzeneamine]
(TAPC), etc., without limitation.
[0054] The thickness of the first hole transport region
HTR1 may be from about 100 Å to about 10,000 Å, for
example, from about 100 Å to about 1,000 Å. When the
first hole transport region HTR1 includes both the hole
injection layer and the hole transport layer, the thickness
of the hole injection layer may be from about 100 Å to
about 10,000 Å, for example, from about 100 Å to about
1,000 Å, and the thickness of the hole transport layer
may be from about 50 A to about 2,000 Å, for example,
from about 100 Å to about 1,500 Å. When the thicknesses
of the first hole transport region HTR1, the hole injection
layer and the hole transport layer satisfy the above-de-
scribed ranges, satisfactory hole transport properties
may be obtained without substantial increase of a driving
voltage.
[0055] The first hole transport region HTR1 may further
include a charge generating material other than the
above-described materials to improve conductivity. The
charge generating material may be dispersed in the first
hole transport region HTR1 uniformly or non-uniformly.
The charge generating material may be, for example, a
p-dopant. The p-dopant may be one of a quinone deriv-
ative, a metal oxide or a cyano group-containing com-
pound, without limitation. For example, non-limiting ex-
amples of the p-dopant may include a quinone derivative
such as tetracyanoquinodimethane (TCNQ), 2,3,5,6-
tetrafluoro-tetracyanoquinodimethane (F4-TCNQ), etc.,
a metal oxide such as tungsten oxide, molybdenum ox-
ide, etc., without limitation.
[0056] As described above, the first hole transport re-

gion HTR1 may further include one of the hole buffer
layer and the electron blocking layer other than the hole
injection layer and the hole transport layer. The hole buff-
er layer may compensate an optical resonance range
according to the wavelength of light emitted from the first
emission layer EML1 and increase light emission effi-
ciency. Materials included in the first hole transport region
HTR1 may be used as materials included in the hole buff-
er layer. The electron blocking layer is a layer preventing
electron injection from the first electron transport region
ETR1 to the first hole transport region ETR1, which will
be described later.
[0057] The first stack may further include a first elec-
tron transport region ETR1 disposed between the first
emission layer EML1 and the first charge generating lay-
er CGL1. The first electron transport region ETR1 may
include at least one of a hole blocking layer, an electron
transport layer, or an electron injection layer, without lim-
itation.
[0058] When the first electron transport region ETR1
includes the electron transport layer, the first electron
transport region ETR1 may include at least one of tris(8-
hydroxyquinolinato)aluminum (Alq3), 1,3,5-tri(1-phenyl-
1H-bonzo[d]imidazol-2-yl)phenyl (TPBi), 2,9-dimethyl-
4,7-diphenyl-1,10-phenanthroline (BCP), 4,7-diphenyl-
1.10-phenanthroline (Bphen), 3-(4-biphenylyl)-4-phenyl-
5-tert-butylphenyl-1,2,4-triazole (TAZ), 4-(naphthalen-1-
yl)-3,5-diphenyl-4H-1,2,4-triazole (NTAZ), 2-(4-bipheny-
lyl)-5-(4-tert-butylpehnyl)-1,3,4-oxadiazole (tBu-PBD),
bis(2-methyl-8-quinolinolato-N1, 08)-(1,1’-biphenyl-4-
olato)aluminum (BAlq), berylliumbis(benzoquinolin-10-
olate (Bebq2), 9,10-di(naphthalene-2-yl)anthracene
(ADN), or a mixture thereof, without limitation. The thick-
ness of the electron transport layer may be from about
100 Å to about 1,000 Å, for example, from about 150 A
to about 500 Å. If the thickness of the electron transport
layer satisfies the above-described range, satisfactory
electron transport properties may be obtained without
substantial increase of a driving voltage.
[0059] When the first electron transport region ETR1
includes the electron injection layer, the first electron
transport region ETR1 may include LiF, lithium quinolate
(LiQ), Li2O, BaO, NaCl, CsF, a metal in lanthanides such
as Yb, or a metal halide such as RbCl and RbI, without
limitation. The electron injection layer also may be formed
using a mixture material of the hole transport material
and an insulating organo metal salt. The organo metal
salt may be a material having an energy band gap of
greater than or equal to about 4 eV. Particularly, the or-
gano metal salt may include, for example, a metal ace-
tate, a metal benzoate, a metal acetoacetate, a metal
acetylacetonate or a metal stearate. The thickness of the
electron injection layer may be from about 1 Å to about
100 Å, and from about 3 Å to about 90 Å. When the thick-
ness of the electron injection layer satisfies the above
described range, satisfactory electron injection proper-
ties may be obtained without inducing the substantial in-
crease of a driving voltage.
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[0060] The first electron transport region ETR1 may
include the hole blocking layer, as described above. The
hole blocking layer may include at least one of, for ex-
ample, BCP or Bphen, without limitation.
[0061] The second stack is disposed on the first charge
generating layer CGL1. The second stack may further
include a second hole transport region HTR2 disposed
between the first charge generating layer CGL1 and the
second emission layer EML2. For the explanation on the
second hole transport region HTR2, the above explana-
tion of the first hole transport region may be applied. The
first hole transport region HTR1 and the second hole
transport region HTR2 may be the same or different.
[0062] The second stack may further include a second
electron transport region ETR2 disposed between the
second emission layer EML2 and the second electrode
EL2. Since the explanation on the first electron transport
region ETR1 may be applied to the second electron trans-
port region ETR2, particular explanation thereof will not
be repeated. The first electron transport region ETR1 and
the second hole transport region ETR2 may be the same
or different.
[0063] In the blue organic light emitting device OEL
according to an embodiment of the present disclosure,
at least one of the hole transport region HTR1 or the
second hole transport region HTR2 may include at least
one of the hole injection layer or the hole transport layer.
In the blue organic light emitting device OEL according
to an embodiment of the present disclosure, at least one
of the first electron transport region ETR1 or the second
electron transport region ETR2 may include at least one
of the electron injection layer or the electron transport
layer. For example, referring to FIG. 2, the first hole trans-
port region HTR1 may include a first hole injection layer
HIL1 and a first hole transport layer HTL1 disposed on
the first hole injection layer HIL1, and the first electron
transport region ETR1 may include a first electron trans-
port layer ETL1 and a first electron injection layer EIL1
disposed on the first electron transport layer ETL1.
[0064] However, embodiments are not limited to the
structure of FIG. 2. For example, even though not shown,
the second hole transport region HTR2 may include a
second hole injection layer HIL2 and a second hole trans-
port layer HTL2 disposed on the second hole injection
layer HIL2, and the second hole injection layer HIL2 and
the second hole transport layer HTL2 may be disposed
as a one layer.
[0065] Each of the first emission layer EML1 and the
second emission layer EML2 may include a host and a
dopant. The host may be any material commonly used
without specific limitation and include Alq3, 4,4’-bis(N-
carbazolyl)-1,1’-biphenyl (CBP), poly(n-vinylcarbazole)
(PVK), ADN, TCTA, TPBi, 3-tert-butyl-9,10-di(naphth-2-
yl)anthracene (TBADN), distyrylarylene (DSA), 4,4’-
bis(9-carbazolyl)-2,2’-dimethyl-biphenyl (CDBP), 2-me-
thyl-9,10-bis(naphthalen-2-yl)anthracene (MADN), etc.
[0066] The first emission layer EML1 and the second
emission layer EML2 emitting blue light may include a

fluorescent material including at least one selected from
the group consisting of, for example, spiro-DPVBi, spiro-
6P, distyryl-benzene (DSB), DSA, a polyfluorene
(PFO)-based polymer and a poly(p-phenylene vinylene)
(PPV)-based polymer. In another embodiment, a phos-
phorescent material including an organometallic com-
plex such as (4,6-F2ppy)2Irpic may be included.
[0067] As described above, the first emission layer
EML1 and the second emission layer EML2 may emit
blue light having different wavelength regions. In order
to emit blue light having different wavelength regions, the
first emission layer EML1 and the second emission layer
EML2 may include the same material and may use a
method of controlling a resonance range. However, the
blue organic light emitting device OEL according to an
embodiment of the present disclosure may have a non-
resonance structure, without limitation. In order to emit
blue light having different wavelength regions, the first
emission layer EML1 and the second emission layer
EML2 may have different materials.
[0068] Referring to FIG. 3, the blue organic light emit-
ting device OEL according to an embodiment of the
present disclosure may further include a second charge
generating layer CGL2 disposed between the second
emission layer EML2 and the second electrode EL2. At
least one of the first charge generating layer CGL1 or the
second charge generating layer CGL2 may include an
n-type charge generating layer or a p-type charge gen-
erating layer. At least one of the first charge generating
layer CGL1 or the second charge generating layer CGL2
may have a junction structure of an n-type charge gen-
erating layer or a p-type charge generating layer.
[0069] The second charge generating layer CGL2 may
have the same structure as the first charge generating
layer CGL1 as described above. For example, the sec-
ond charge generating layer CGL2 may include an n-
type charge generating layer n-CGL2 disposed closer to
the first electrode EL1 than to the second electrode EL2,
and a p-type charge generating layer p-CGL2 disposed
closer to the second electrode EL2 than to the first elec-
trode EL1. The p-type charge generating layer p-CGL2
may be disposed on the n-type charge generating layer
n-CGL2.
[0070] The second charge generating layer CGL2 may
have a junction structure of the n-type charge generating
layer n-CGL2 and the p-type charge generating layer p-
CGL2. However, an embodiment is not limited thereto.
For example, between the n-type charge generating layer
n-CGL2 and the p-type charge generating layer p-CGL2
of the second charge generating layer CGL2, a buffer
layer may be disposed. The first charge generating layer
CGL1 and the second charge generating layer CGL2
may be formed using different materials or using the
same material.
[0071] Of course, only one of the first charge generat-
ing layer CGL1 or the second charge generating layer
CGL2 may have the junction structure of the n-type
charge generating layer and the p-type charge generat-
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ing layer.
[0072] The n-type charge generating layer n-CGL2 of
the second charge generating layer CGL2 supplies elec-
trons to the second emission layer EML2, and the p-type
charge generating layer p-CGL2 of the second charge
generating layer CGL2 supplies holes to the third emis-
sion layer EML3.
[0073] The blue organic light emitting device OEL ac-
cording to an embodiment of the present disclosure may
further include a third emission layer EML3 disposed be-
tween the second charge generating layer CGL2 and the
second electrode EL2. The blue organic light emitting
device OEL according to an embodiment of the present
disclosure may further include a third stack including a
third emission layer EML3 disposed on the second
charge generating layer CGL2. The blue organic light
emitting device OEL according to an embodiment of the
present disclosure may have a structure including a first
stack including the first emission layer EML1 disposed
between the first electrode EL1 and the first charge gen-
erating layer CGL1, a second stack including the second
emission layer EML2 disposed between the first charge
generating layer CGL1 and the second charge generat-
ing layer CGL2, and a third stack including the third emis-
sion layer EML3 disposed between the second charge
generating layer CGL2 and the second electrode EL2.
The first stack, the second stack, and the third stack may
be sequentially stacked, .e.g., laminated one by one, in
the second direction DR2.
[0074] The third emission layer EML3 emits third blue
light having a third wavelength region. The third wave-
length region is different from the first wavelength region
emitted from the first emission layer EML1. The third
wavelength region is different from the second wave-
length region emitted from the second emission layer
EML2. That is, the blue organic light emitting device OEL
according to an embodiment of the present disclosure
may include three emission layers emitting blue light hav-
ing different wavelength regions, none of which may
overlap, two of which may overlap, or one of which may
partially overlap the other two.
[0075] The difference between a peak wavelength in
the first wavelength region and a peak wavelength in the
second wavelength region may be greater than about 0
nm and less than about 30 nm or less. The difference
between a peak wavelength in the second wavelength
region and a peak wavelength in the third wavelength
region may be greater than about 0 nm and less than
about 30 nm or less. However, embodiments are not lim-
ited thereto.
[0076] One of the first wavelength region emitted from
the first emission layer EML1, the second wavelength
region emitted from the second emission layer EML2 or
the third wavelength region emitted from the third emis-
sion layer EML3 may be from about 440 nm to less than
about 460 nm, one of remaining two wavelength regions
may be from about 460 nm to less than about 470 nm,
and the remaining wavelength region may be from about

470 nm to about 480 nm. However, an embodiment is
not limited thereto, and the first wavelength region and
the second wavelength region may partially overlap. For
example, both the first wavelength region and the second
wavelength region may include the wavelength of about
460 nm. The second wavelength region and the third
wavelength region may partially overlap. For example,
both the second wavelength region and the third wave-
length region may include the wavelength of about 470
nm. Portions of the first wavelength region and the third
wavelength region need not overlap.
[0077] By disposing three emission layers emitting
blue light having different wavelength regions, a blue
emitting peak may be distributed more broadly when
compared to an organic light emitting device including
only a blue emission layer emitting blue light having a
single wavelength region. Accordingly, color visibility at
side viewing angles may be improved. More particularly,
among three emission layers emitting blue light, one
emission wavelength region may emit long wavelengths,
one of two remaining wavelength regions may emit me-
dium wavelengths, and the remaining wavelength region
may emit short wavelengths. Thus, an organic light emit-
ting device emits combined blue light having more broad-
ly distributed emission peak. As the result, the color vis-
ibility of the side viewing angles of the organic light emit-
ting device may be improved.
[0078] The third stack may further include a third hole
transport region HTR3 disposed between the second
charge generating layer CGL2 and the third emission lay-
er EML3. The explanation on the first hole transport re-
gion HTR1 may be applied to the explanation on the third
hole transport region HTR3. The third hole transport re-
gion HTR3 may be the same as or different from the first
hole transport region HTR1. The third hole transport re-
gion HTR3 may be the same as or different from the
second hole transport region HTR2.
[0079] The third stack may further include a third elec-
tron transport region ETR3 disposed between the third
emission layer EML3 and the second electrode EL2. The
explanation on the first electron transport region ETR1
may be applied to the above-mentioned explanation on
the third electron transport region ETR3, and particular
explanation thereof will not be repeated. The third elec-
tron transport region ETR3 may be the same as or dif-
ferent from the first electron transport region ETR1. The
third electron transport region ETR3 may be the same
as or different from the second electron transport region
ETR2.
[0080] The blue organic light emitting device OEL ac-
cording to an embodiment of the present disclosure has
an increased driving voltage when compared to a con-
ventional organic light emitting device not employing a
tandem type structure. However, the blue organic light
emitting device according to an embodiment has a high
efficiency increasing rate obtained by the application of
two or three emission layers having different wavelength
regions with respect to a driving voltage increasing rate.
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The blue organic light emitting device OEL according to
an embodiment of the present disclosure has merits of
high efficiency and long life.
[0081] The thickness, the thickness relation, etc., of
each element included in the blue organic light emitting
device OEL according to an embodiment of the present
disclosure are not limited to the thickness, the thickness
relation, etc., illustrated in FIGS. 1, 2 and 3.
[0082] Hereinafter, a display device according to an
embodiment of the present disclosure will be explained.
The explanation will be concentrated on different points
from the blue organic light emitting device according to
an embodiment of the present disclosure described
above, and unexplained parts will follow the explanation
on the blue organic light emitting device according to an
embodiment of the present disclosure described above.
[0083] FIG. 4 illustrates a perspective schematic view
of a display device according to an embodiment of the
present disclosure.
[0084] Referring to FIG. 4, a display device 10 accord-
ing to an embodiment of the present disclosure includes
a display area DA and a non-display area NDA. The dis-
play area DA displays an image. When viewed from the
thickness direction of the display device 10 (for example,
in DR4, which extends opposite the second direction
DR2), the display area DA may have approximately a
rectangle shape. However, the shape is not limited there-
to.
[0085] The display area DA includes a plurality of pixel
areas PA. The pixel areas PA may be arranged in a ma-
trix. In the pixel areas PA, a plurality of pixels PX may be
disposed. Each of the pixels PX includes a blue organic
light emitting device (OEL of FIG. 1 or 2, although OEL
of FIG. 3 could also be employed). Each of the pixels PX
includes a plurality of sub-pixels SPX. The sub-pixels
SPX will be explained below.
[0086] A non-display area NDA does not display an
image. When viewed from the thickness direction of the
display device 10 (in DR4), the non-display area NDA
may be, for example, surrounded by the display area DA.
The non-display area NDA may be adjacent to the display
area DA in a first direction and third direction DR3, re-
spectively. The third direction DR3 is perpendicular to
each of the first direction DR1 and the second direction
DR2.
[0087] FIG. 5A is a circuit diagram of a sub-pixel in-
cluded in a display device according to an embodiment
of the present disclosure. FIG. 5B is a cross-sectional
view of a sub-pixel included in a display device according
to an embodiment of the present disclosure. FIG. 5C is
a schematic cross-sectional view corresponding to line
I-I’ in FIG. 5B.
[0088] Referring to FIGS. 5A to 5C, each sub-pixel
SPX may be connected with a wire part including a gate
line GL, a data line DL, and a driving voltage line DVL.
Each sub-pixel SPX may include thin film transistors
TFT1 and TFT2 connected to the wire part, a sub organic
light emitting device OEL connected to the thin film tran-

sistors TFT1 and TFT2, and a capacitor Cst.
[0089] The gate line GL extends in the first direction
DR1. The data line DL extends in the third direction DR3
crossing the gate line GL. The driving voltage line DVL
extends substantially parallel to the data line DL, i.e., the
third direction DR3. The gate line GL transmits scanning
signals to the thin film transistors TFT1 and TFT2. The
data line DL transmits data signals to the thin film tran-
sistors TFT1 and TFT2. The driving voltage line DVL pro-
vides a driving voltage to the thin film transistors TFT1
and TFT2.
[0090] The thin film transistors TFT1 and TFT2 may
include a driving thin film transistor TFT2 for controlling
the organic light emitting device OEL and a switching thin
film transistor TFT1 for switching the driving thin film tran-
sistor TFT2. In an embodiment of the present disclosure,
each sub-pixel SPX includes two thin film transistors
TFT1 and TFT2, however an embodiment is not limited
thereto. Each sun-pixel SPX may include one thin film
transistor and one capacitor, or each sub-pixel SPX may
include at least three thin film transistors and at least two
capacitors.
[0091] The switching thin film transistor TFT1 includes
a first gate electrode GE1, a first source electrode SE1,
and a first drain electrode DE1. The first gate electrode
GE1 is connected to the gate line GL and the first source
electrode SE1 is connected to the data line DL. The first
drain electrode DE1 is connected to a first common elec-
trode CE1 via a fifth contact hole CH5. The switching thin
film transistor TFT1 transmits data signals applied to the
data line DL to the driving thin film transistor TFT2 ac-
cording to scanning signals applied to the gate line GL.
[0092] The driving thin film transistor TFT2 includes a
second gate electrode GE2, a second source electrode
SE2, and a second drain electrode DE2. The second
gate electrode GE2 is connected to the first common
electrode CE1. The second source electrode SE2 is con-
nected to the driving voltage line DVL. The second drain
electrode DE2 is connected to the first electrode EL1 via
a third contact hole CH3.
[0093] The capacitor Cst is connected between the
second gate electrode GE2 and the second source elec-
trode SE2 of the driving thin film transistor TFT2 and
charges and maintains data signals input to the second
gate electrode GE2 of the driving thin film transistor TFT2.
The capacitor Cst may include the first common electrode
CE1 connected to the first drain electrode DE1 via a sixth
contact hole CH6 and a second common electrode CE2
connected to the driving voltage line DVL.
[0094] The display device 10 according to an embod-
iment of the present disclosure may include a base sub-
strate BS on which thin film transistors TFT1 and TFT2
and the organic light emitting device (OEL of FIG. 1 or
OEL of FIG. 2) are stacked, e.g., laminated. Any com-
monly used substrate may be used as the base substrate
BS, without limitation, e.g., an insulating material, for ex-
ample, glass, plastics, quartz, etc. As an organic polymer
forming the base substrate BS, polyethylene terephtha-

15 16 



EP 3 188 272 A1

10

5

10

15

20

25

30

35

40

45

50

55

late (PET), polyethylene naphthalate (PEN), polyimide,
polyethersulfone, etc. may be used. The base substrate
BS may be selected in consideration of mechanical
strength, thermal stability, transparency, surface
smoothness, easiness of handling, water-proof proper-
ties, etc.
[0095] A substrate buffer layer may be provided on the
base substrate BS. The substrate buffer layer may pre-
vent the diffusion of impurities into the switching thin film
transistor TFT1 and the driving thin film transistor TFT2.
The substrate buffer layer may be formed using silicon
nitride (SiNx), silicon oxide (SiOx), silicon oxynitride (Si-
OxNy), etc., and may be omitted according to the material
of the base substrate BS and process conditions.
[0096] A first semiconductor layer SM1 and a second
semiconductor layer SM2 may be provided on the base
substrate BS. The first semiconductor layer SM1 and the
second semiconductor layer SM2 are formed using a
semiconductor material and function as an active layer
of the switching thin film transistor TFT1 and the driving
thin film transistor TFT2, respectively. Each of the first
semiconductor layer SM1 and the second semiconductor
layer SM2 includes a source area SA, a drain area DRA,
and a channel area CA between the source area SA and
the drain area DRA. Each of the first semiconductor layer
SM1 and the second semiconductor layer SM2 may be
formed by selecting an inorganic semiconductor or an
organic semiconductor, respectively. The source area
SA and the drain area DA may be doped with n-type
impurities or p-type impurities.
[0097] A gate insulating layer GI may be provided on
the first semiconductor layer SM1 and the second sem-
iconductor layer SM2. The gate insulating layer GI covers
the first semiconductor layer SM1 and the second sem-
iconductor layer SM2. The gate insulating layer GI may
be formed using an organic insulating material or an in-
organic insulating material. A first gate electrode GE1
and a second gate electrode GE2 may be provided on
the gate insulating layer GI. Each of the first gate elec-
trode GE1 and the second gate electrode GE2 may cover
a corresponding area in the channel area CA of the first
semiconductor layer SM1 and the second semiconductor
layer SM2.
[0098] An insulating interlayer IL may be provided on
the first gate electrode GE1 and the second gate elec-
trode GE2. The insulating interlayer IL may cover, e.g.,
completely cover, the first gate electrode GE1 and the
second gate electrode GE2 an may be on the gate insu-
lating layer GI. The insulating interlayer IL may be formed
using an organic insulating material or an inorganic in-
sulating material.
[0099] A first source electrode SE1, a first drain elec-
trode DE1, a second source electrode SE2, and a second
drain electrode DE2 may be provided on the insulating
interlayer IL. The second drain electrode DE2 makes
contact with the drain area DRA of the second semicon-
ductor layer SM2 via a first contact hole CH1 formed in
a gate insulating layer GI and the insulating interlayer IL.

The second source electrode SE2 makes contact with
the source area SA of the second semiconductor layer
SM2 via a second contact hole CH2 formed in the gate
insulating layer GI and the insulating interlayer IL. The
first source electrode SE1 makes contact with the source
area of the first semiconductor layer SM1 via a fourth
contact hole CH4 formed in the gate insulating layer GI
and the insulating interlayer IL. The first drain electrode
DE1 makes contact with the drain area of the first sem-
iconductor layer SM1 via a fifth contact hole CH5 formed
in the gate insulating layer GI and the insulating interlayer
IL.
[0100] The passivation layer PL may be provided on
the first source electrode SE1, the first drain electrode
DE1, the second source electrode SE2, and the second
drain electrode DE2. The passivation layer PL may pas-
sivate the switching thin film transistor TFT1 and the driv-
ing of the thin film transistor TFT2, and/or may planarize
the top surface thereof.
[0101] A first electrode EL1 may be provided on the
passivation layer PL. The first electrode EL1 may be, for
example, an anode. The first electrode EL1 is connected
to the second drain electrode DE2 of the driving thin film
transistorTFT2 via the third contact hole CH3 formed in
the passivation layer PL.
[0102] The display device 10 according to an embod-
iment of the present disclosure includes a plurality of pix-
els PX. FIG. 6 is a schematic plan view of pixels included
in a display device according to an embodiment of the
present disclosure.
[0103] Referring to FIG. 6, each of the pixels PX may
include a plurality of the sub-pixels SPX as described
above. Each of the sub-pixels may be divided into an
emission region and a non-emission region. Particularly,
each of the pixels PX may include a red sub-pixel R_SPX,
a green sub-pixel G-SPX, and a blue sub-pixel B_SPX.
The red sub-pixel R_SPX emits red light, the green sub-
pixel G-SPX emits green light, and the blue sub-pixel
B_SPX emits blue light.
[0104] In FIG. 6, the red sub-pixel R_SPX, the green
sub-pixel G-SPX, and the blue sub-pixel B_SPX are con-
nected one by one in the first direction DR1, however,
an embodiment is not limited thereto. The red sub-pixel
R_SPX, the green sub-pixel G-SPX, and the blue sub-
pixel B_SPX may be connected one by one in the third
direction DR3, or the red sub-pixel R_SPX, the blue sub-
pixel G-SPX, and the green sub-pixel B_SPX may be
connected one by one in the first direction DR1 on a
plane.
[0105] In the present disclosure, the term "on a plane"
may mean when viewing the display device 10 from a
thickness direction (for example, in DR4 of FIG. 3).
[0106] In addition, FIG. 6 illustrates the red sub-pixel
R_SPX, the green sub-pixel G-SPX, and the blue sub-
pixel B_SPX having the same shape and the same size
on a plane, however the shape and the size may be dif-
ferent, without limitation.
[0107] Each of the pixels PX may be divided into a red
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emission region EA1, a green emission region EA2 and
a blue emission region EA3. Particularly, the red sub-
pixel R_SPX is divided into a red emission region EA1
and a first non-emission region NEA1, the green sub-
pixel G-SPX is divided into a green emission region EA2
and a second non-emission region NEA2, and the blue
sub-pixel B_SPX is divided into a blue emission region
EA3 and a third non-emission region NEA3. On a plane,
the red emission region EA1, the green emission region
EA2 and the blue emission region EA3 may be disposed
separately one by one in the first direction DR1. The
shape of each of the red emission region EA1, the green
emission region EA2 and the blue emission region EA3
may be a rectangle with a longer side in the third direction
DR3 than in the first direction DR1. However, the shape
of each of the red emission region EA1, the green emis-
sion region EA2 and the blue emission region EA3 is not
limited to the shape shown in FIG. 6.
[0108] Each of FIGS. 7, 8, and 11 is a schematic cross-
sectional view corresponding to line II-II’ of FIG. 6. In
particular, FIGS. 7 and 11 illustrate a device using the
OEL of FIG. 1, while FIG. 8 illustrates a device using the
OEL of FIG. 3.
[0109] Referring to FIGS. 7, 8, and 11, the display de-
vice 10 according to an embodiment of the present dis-
closure includes the blue organic light emitting device
OEL, and a color changing layer CCL disposed on the
blue organic light emitting device OEL. The color chang-
ing layer CCL may be spaced from the blue organic light
emitting device OEL, for example, in the second direction
DR2.
[0110] The blue organic light emitting device OEL in-
cludes the first electrode EL1, the first emission layer
EML1 emitting first blue light, the first charge generating
layer CGL1, the second emission layer EML2 emitting
second blue light, and the second electrode EL2, sequen-
tially stacked, e.g., laminated one by one, in the second
direction DR2, as described above. The blue organic light
emitting device OEL finally emits only blue light as de-
scribed above.
[0111] The first electrode EL1 includes a first sub elec-
trode 110 disposed in the red emission region EA1, a
second sub electrode 120 disposed in the green emission
region EA2, and a third sub electrode 130 disposed in
the blue emission region EA3.
[0112] The first sub electrode 110, the second sub
electrode 120 and the third sub electrode 130 may be
arranged along and separated by a distance, e.g., in the
first direction DR1. The first electrode EL1 may be dis-
posed by a common method known in the art. For exam-
ple, the first electrode EL1 may be disposed on the pas-
sivation layer PL using a mask including aperture open-
ing portions corresponding to each of the red emission
region EA1, the green emission region EA2, and the blue
emission region EA3.
[0113] The first emission layer EML1 may be disposed
commonly in the red emission region EA1, the green
emission region EA2, and the blue emission region EA3.

Particularly, the first emission layer EML1 may be dis-
posed commonly and continuously in the red emission
region EA1, the first non-emission region NEA1, the
green emission region EA2, the second non-emission
region NEA2, the blue emission region EA3, and the third
non-emission region NEA3. Thus, the first emission layer
EML1 has an integrated shape.
[0114] The first charge generating layer CGL1 may be
disposed commonly and continuously in the red emission
region EA1, the green emission region EA2, and the blue
emission region EA3. Particularly, the first charge gen-
erating layer CGL1 may be disposed commonly in the
red emission region EA1, the first non-emission region
NEA1, the green emission region EA2, the second non-
emission region NEA2, the blue emission region EA3,
and the third non-emission region NEA3. Thus, the first
charge generating layer CGL1 has an integrated shape.
[0115] The second emission layer EML2 may be dis-
posed commonly and continuously in the red emission
region EA1, the green emission region EA2, and the blue
emission region EA3. Particularly, the second emission
layer EML2 may be disposed commonly in the red emis-
sion region EA1, the first non-emission region NEA1, the
green emission region EA2, the second non-emission
region NEA2, the blue emission region EA3, and the third
non-emission region NEA3. Thus, the second emission
layer EML2 has an integrated shape.
[0116] The second electrode EL2 may be disposed
commonly and continuously in the red emission region
EA1, the green emission region EA2, and the blue emis-
sion region EA3. Particularly, the second electrode EL2
may be disposed commonly in the red emission region
EA1, the first non-emission region NEA1, the green emis-
sion region EA2, the second non-emission region NEA2,
the blue emission region EA3, and the third non-emission
region NEA3. The second electrode EL2 has an integrat-
ed shape.
[0117] The first electrode EL1 may be a reflection type
electrode, and the second electrode EL2 may be a trans-
mission type electrode or a transflective type electrode.
In this case, the second electrode EL2 may be disposed
between the first electrode EL1 and the color changing
layer CCL. That is, the blue organic light emitting device
OEL included in the display device 10 according to an
embodiment of the present disclosure may be a front
luminescent type. When the blue organic light emitting
device OEL is the front luminescent type, a high aperture
opening ratio may be favorably secured.
[0118] The blue organic light emitting device OEL may
include constituent elements in addition to those de-
scribed above. For example, a first hole transport region
HTR1 disposed between the first electrode EL1 and the
first emission layer EML1 may be further included. Each
of the additional constituent elements may be disposed
commonly and continuously in the red emission region
EA1, the green emission region EA2, and the blue emis-
sion region EA3. Thus, each of the additional constituent
elements may have an integrated shape. In the blue or-
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ganic light emitting device OEL included in the display
device 10 according to an embodiment of the present
disclosure, each layer between the first electrode EL1
and the second EL2 may be deposited without a mask.
For example, each layer between the first electrode EL1
and the second electrode EL2 may be deposited in vac-
uum using different components, without limitation.
[0119] The display device 10 according to an embod-
iment of the present disclosure realize red, green, and
blue by using the blue organic light emitting device OEL
finally emitting blue mixture light as a light source and by
disposing the color changing layer on the blue organic
light emitting device OEL.
[0120] The thickness, the thickness relation, etc., of
each element included in the display device 10 according
to an embodiment of the present disclosure are not lim-
ited to the thickness, the thickness relation, etc. illustrated
in FIGS. 7, 8, and 11.
[0121] FIG. 9 illustrates a detailed cross-sectional view
particularly illustrating a color changing layer of FIGS. 7
and 8 according to an embodiment. FIG. 10 illustrates a
c detailed cross-sectional view of a color changing layer
of FIGS. 7 and 8 according to an embodiment. The color
changing layer CCL converts blue light provided from the
blue organic light emitting device OEL into red light or
green light.
[0122] Referring to FIGS. 9 and 10, the color changing
layer CCL may include resin layers RE1, RE2, and RE3,
and color changing materials CCM1 and CCM2. The
color changing materials CCM1 and CCM2 are included
in the resin layers RE1 and RE2. The color changing
materials CCM1 and CCM2 are dispersed in the resin
layers RE1 and RE2. The resin layers RE1, RE2, and
RE3 may be a light transparent adhesive material. The
resin layers RE1, RE2, and RE3 may have elasticity in
view of securing durability. The resin layers RE1, RE2,
and RE3 need not use a material that absorbs blue light.
Non-limiting examples of the resin layers RE1, RE2, and
RE3 may include epoxy, silicone, an acryl polymer, a
carbonate polymer or a mixture thereof. However, em-
bodiments are not limited thereto, and the color changing
layer CCL may be a layer formed by dispersing the color
changing materials CCM1 and CCM2 in an organic so-
lution (not shown).
[0123] The resin layers RE1, RE2, and RE3 may be
disposed in the red emission region EA1, the green emis-
sion region EA2 and the blue emission region EA3, re-
spectively. The resin layer RE may include a first resin
layer RE1 disposed in the red emission region EA1, a
second resin layer RE2 disposed in the green emission
region EA2, and a third resin layer RE3 disposed in the
blue emission region EA3. The first resin layer RE1, the
second resin layer RE2, and the third resin layer RE3
may be the same or different.
[0124] The resin layers RE1, RE2 and RE3 need not
be disposed in the first non-emission region NEA1, the
second non-emission region NEA2 and the third non-
emission region NEA3. Thus, the resin layers need not

be commonly and continuously disposed. However, em-
bodiments are not limited thereto, and a portion of the
resin layers RE1, RE2, and RE3 may be disposed in at
least a portion of each of the first non-emission region
NEA1, the second non-emission region NEA2, and the
third non-emission region NEA3.
[0125] In FIGS. 9 and 10, the shape of the cross-sec-
tion of each of the first resin layer RE1, the second resin
layer RE2, and the third resin layer RE3 is illustrated as
a rectangle, however embodiments are not limited there-
to, and the shape of the cross-section may be a trapezoid,
or may be converted to other shapes as occasion de-
mands.
[0126] The color changing layer CCL may include a
substrate SUB for laminating color changing materials
CCM1 and CCM2. The substrate SUB may be a trans-
parent substrate, e.g., a glass substrate. The substrate
SUB may be commonly and continuously disposed in the
red emission region EA1, the first non-emission region
NEA1, the green emission region EA2, the second non-
emission region NEA2, the blue emission region EA3 and
the third non-emission region NEA3. Thus, the substrate
SUB may be disposed as an integrated shape.
[0127] The color changing layer CCL may include a
first color changing material CCM1 disposed in the red
emission region EA1 and a second color changing ma-
terial CCM2 disposed in the green emission region EA2.
The first color changing material CCM1 may be dispersed
in the first resin layer RE1. The second color changing
material CCM2 may be dispersed in the second resin
layer RE2.
[0128] The color changing materials CCM1 and CCM2
may change the wavelength of blue light provided from
the blue organic light emitting device OEL. Each of the
first color changing material CCM1 and the second color
changing material CCM2 may include at least one se-
lected from the group consisting of an inorganic phos-
phor, an organic phosphor, a quantum dot, and an or-
ganic dye.
[0129] No color changing material is in the blue emis-
sion region EA3, such that blue light provided from the
blue organic light emitting device OEL is emitted without
change. In the blue emission region EA3, only the third
resin layer RE3 not including a color changing material
may be disposed or no material may be provided on the
substrate SUB in the blue emission region EA3.
[0130] The first color changing material CCM1 dis-
posed in the red emission region EA1 changes blue light
from the blue organic light emitting device OEL into red
light. For example, the first color changing material CCM1
may change blue light from the blue organic light emitting
device OEL into red light having a wavelength region of
from about 630 nm to about 660 nm. However, the wave-
length region of the red light emitted after changing via
the color changing layer CCL is not limited thereto. For
example, the first color changing material CCM1 may
change blue light from the blue organic light emitting de-
vice OEL into red light having a wavelength region of
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from about 600 nm to about 640 nm.
[0131] The second color changing material CCM2 dis-
posed in the green emission region EA2 changes blue
light from the blue organic light emitting device OEL into
green light. For example, the second color changing ma-
terial CCM2 may change blue light from the blue organic
light emitting device OEL into green light having a wave-
length region of from about 520 nm to about 560 nm.
However, the wavelength region of the green light emit-
ted after changing via the color changing layer CCL is
not limited thereto. For example, the second color chang-
ing material CCM2 may change blue light from the blue
organic light emitting device OEL into green light having
a wavelength region of from about 500 nm to about 540
nm.
[0132] White light may be obtained by the combination
of red light emitted after changing via the color changing
layer in the red emission region EA1, green light emitted
after changing via the color changing layer CCL in the
green emission region EA2, and blue light emitted without
changing at the color changing layer CCL in the blue
emission region EA3. That is, the display device 10 ac-
cording to an embodiment of the present disclosure may
finally emit white light. The final mixture light of the display
device 10 according to an embodiment of the present
disclosure may be white light.
[0133] In a common display device displaying red,
green, and blue light by receiving blue light from an or-
ganic light emitting device and passing the color chang-
ing layer, the emission peak of the blue light is narrow,
and color visibility at side viewing angles is not good.
Particularly, red light and green light may be scattered
via the color changing layer, and the emission peak may
be broadly distributed. However, the blue light is not scat-
tered at the color changing layer but emitted as it is, and
the narrow emission peak may be emitted as it is. Ac-
cordingly, in the case where viewing angles increase
from the front (viewing angle of 0°), an overlapping area
of a blue emission peak with the red and green emission
peaks may decrease, thereby deteriorating color visibil-
ity. Particularly, in the case where the viewing angles
increase, the visibility of colors other than blue color may
tend more remarkable.
[0134] The display device 10 according to an embod-
iment of the present disclosure uses a blue organic light
emitting device OEL including at least two emission lay-
ers emitting blue light having different wavelength re-
gions as a light source. Thus, the emission peak of the
blue light may be more broadly distributed and the dete-
rioration of color visibility due to the change of viewing
angles may be minimized. That is, according to the dis-
play device 10 according to an embodiment of the present
disclosure, color visibility at side viewing angles may be
improved.
[0135] Referring to FIG. 10, the color changing layer
CCL may further include a scattering layer SL disposed
in the blue emission region EA3. The scattering layer SL
may scatter blue light from the blue organic light emitting

device OEL to distribute the emission peak of the blue
light more broadly. The scattering layer SL need not de-
crease the intensity of the blue light substantially. When
the emission peak of the blue light is not increased to a
desired degree by the blue organic light emitting device
OEL alone, the scattering layer SL may be used to broad-
en the emission peak of the blue light.
[0136] The scattering layer SL may include a third resin
layer RE3 and a scattering material SM included in the
third resin layer RE3. The scattering material SM may be
dispersed in the third resin layer RE3. The third resin
layer RE3 may be the same as the first resin layer RE1
disposed in the red emission region EA1 and the second
resin layer RE2 disposed in the green emission layer
EA2. The scattering material SM may be any common
material known in the art, without limitation. Non-limiting
examples of the scattering material SM may include tita-
nium oxide (TiO2), zirconium oxide (ZrO2), zinc oxide
(ZnO) and aluminum oxide (Al2O3).
[0137] As discussed, embodiments of the invention
can provide a blue organic light emitting device, compris-
ing: a first electrode; a second electrode facing the first
electrode; a first charge generating layer located be-
tween the first electrode and the second electrode; a first
emission layer located between the first electrode and
the first charge generating layer, the first emission layer
arranged to emit first blue light having a first wavelength
region; and a second emission layer located between the
first charge generating layer and the second electrode,
the second emission layer arranged to emit second blue
light having a second wavelength region different from
the first wavelength region.
[0138] Embodiments of the invention can also provide
display device, comprising: a blue organic light emitting
device; and a color changing layer adjacent the blue or-
ganic light emitting device arranged to receive blue light
from the blue organic light emitting device, the blue or-
ganic light emitting device being according to any one of
the above mentioned embodiments.
[0139] According to the blue organic light emitting de-
vice according to an embodiment of the present disclo-
sure, efficiency may increase and life may be extended.
[0140] According to the blue organic light emitting de-
vice according to an embodiment of the present disclo-
sure, a wide blue emission peak may be provided and
viewing angle properties may be improved.
[0141] According to the display device according to an
embodiment of the present disclosure, efficiency may in-
crease and life may be extended.
[0142] According to the display device according to an
embodiment of the present disclosure, a wide blue emis-
sion peak may be provided and viewing angle properties
may be improved. The present disclosure provides a blue
organic light emitting device with high efficiency and long
life.
[0143] Example embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
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scriptive 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 connection with other em-
bodiments unless otherwise specifically indicated. Ac-
cordingly, 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 scope of the present invention
as set forth in the following claims.

Claims

1. A blue organic light emitting device, comprising:

a first electrode;
a second electrode facing the first electrode;
a first charge generating layer between the first
electrode and the second electrode;
a first emission layer between the first electrode
and the first charge generating layer, the first
emission layer arranged to emit first blue light
having a first wavelength region; and
a second emission layer between the first
charge generating layer and the second elec-
trode, the second emission layer arranged to
emit second blue light having a second wave-
length region different from the first wavelength
region.

2. The blue organic light emitting device as claimed in
claim 1, wherein a difference between a peak wave-
length in the first wavelength region and a peak
wavelength in the second wavelength region is
greater than about 0 nm and less than about 30 nm.

3. The blue organic light emitting device as claimed in
claim 1, wherein one of the first wavelength region
or the second wavelength region is from about 440
nm to less than about 460 nm, and the other of the
first wavelength region or the second wavelength re-
gion is from about 460 nm to about 490 nm.

4. The blue organic light emitting device as claimed in
claim 1, further comprising:

a second charge generating layer between the
second emission layer and the second elec-
trode; and
a third emission layer between the second
charge generating layer and the second elec-
trode, the third emission layer to emit third blue
light having a third wavelength region,

the third wavelength region being different from each

of the first wavelength region and the second wave-
length region.

5. The blue organic light emitting device as claimed in
claim 4, wherein:

a difference between a peak wavelength in the
first wavelength region and a peak wavelength
in the second wavelength region is greater than
about 0 nm and less than about 30 nm, and
a difference between a peak wavelength in the
second wavelength region and a peak wave-
length in the third wavelength region is greater
than about 0 nm and less than about 30 nm.

6. The blue organic light emitting device as claimed in
claim 4, wherein one of the first wavelength region,
the second wavelength region or the third wave-
length region is from about 440 nm to less than about
460 nm, one of remaining two wavelength regions
is from about 460 nm to less than about 470 nm, and
a remaining wavelength region is from about 470 nm
to about 490 nm.

7. The blue organic light emitting device as claimed in
claim 1, wherein the first charge generating layer
comprises:

an n-type charge generating layer; and
a p-type charge generating layer, the p-type
charge generating layer being on the n-type
charge generating layer and between the n-type
charge generating layer and the second elec-
trode.

8. A display device, comprising:

a blue organic light emitting device; and
a color changing layer adjacent the blue organic
light emitting device to receive blue light from
the blue organic light emitting device,

the blue organic light emitting device being according
to any one of claims 1 to 7.

9. The display device as claimed in claim 8, wherein
the color changing layer comprises:

a resin layer; and
a color changing material in the resin layer.

10. The display device as claimed in claim 9, wherein
the color changing material includes at least one of
an inorganic phosphor, an organic phosphor, a quan-
tum dot, and an organic dye.

11. The display device as claimed in any one of claims
8 to 10, wherein the display device comprises a plu-
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rality of pixels,
each pixel is divided into a red emission region, a
green emission region, and a blue emission region,
and
the color changing layer includes:

a first color changing material in the red emission
region; and
a second color changing material in the green
emission region.

12. The display device as claimed in claim 11, wherein
the color changing layer further includes a scattering
layer in the blue emission region.

13. The display device as claimed in claim 12, wherein
the scattering layer comprises:

a resin layer; and
a scattering material in the resin layer.

14. The display device as claimed in any one of claims
8 to 13, wherein:

the first electrode is a reflection type electrode,
and
the second electrode is between the first elec-
trode and the color changing layer, the second
electrode being a transmission type electrode
or a transflective type electrode
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