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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the Korean Patent Application No. 10-2014-0036224 filed on March 27,
2014, which is hereby incorporated by reference as if fully set forth herein.

BACKGROUND

Field of the Disclosure

[0002] Embodiments of the present invention relate to an organic light emitting device, and more particularly, to an
organic light emitting device which emits white light.

Discussion of the Related Art

[0003] An organic light emitting device is provided in such a structure which a light emitting layer is formed between
a cathode for injecting electron and an anode for injecting hole. When the electron generated in the cathode and the
hole generated in the anode are injected into the light emitting layer, an exciton is produced by the electron and hole
bond. Then, when the exciton falls to a ground state from an excited state, the organic light emitting device emits light.
[0004] A white organic light emitting device is an organic light emitting device which emits white light. In the case that
the white light is emitted in a deposition structure of two light emitting layers which complement each other, when the
white light transmits a color filter, it might be difficult to realize high color reproduction range due to a difference between
a peak wavelength for each light emitting layer and a transmission rate in the color filter. For example, if a blue emitting
layer and a yellow emitting layer are deposited to emit white light, peak wavelengths are formed in a blue wavelength
region and a yellow wavelength region. When this white light transmits each of red, green and blue color filters, a
transmittance of red or green wavelength region is relatively lower than a transmittance of blue wavelength region,
whereby it causes low color reproduction range and low emitting efficiency. The White Organic Light Emitting device is
disclosed in Korean patent application No. 10-2009-0113752.

SUMMARY

[0005] Accordingly, embodiments of the present invention are directed to an organic light emitting device that sub-
stantially obviates one or more problems due to limitations and disadvantages of the related art.

[0006] An aspect of embodiments of the present invention is directed to provide an organic light emitting device which
facilitates to improve color reproduction range and emitting efficiency.

[0007] Additional advantages and features of embodiments of the invention will be set forth in part in the description
which follows and in part will become apparent to those having ordinary skill in the art upon examination of the following
or may be learned from practice of embodiments of the invention. The objectives and other advantages of embodiments
of the invention may be realized and attained by the structure particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0008] To achieve these and other advantages and in accordance with the purpose of embodiments of the invention,
as embodied and broadly described herein, there is provided an organic light emitting device that may include first and
second electrodes; a first emitting part including a first emitting layer, the first emitting part provided between the first
and second electrodes, and the first emitting layer having at least two emitting layers including a blue color emitting
layer; a second emitting part including a second emitting layer, the second emitting part provided between the first
emitting part and the second electrode, and the second emitting layer having at least two emitting layers including an
emitting layer for emitting light having wavelength longer than that of the blue color emitting layer; and a third emitting
part including a third emitting layer, the third emitting part provided between the second emitting part and the second
electrode, and the third emitting layer having at least two emitting layers including a blue color emitting layer.

[0009] Inanother aspect of an embodiment of the presentinvention, there is provided a display device that may include
a tandem type white organic light emitting diode(OLED) having at least three emitting parts between two electrodes; a
multiple level emitting layer (EML) structure having at least two emitting layers and additional layers, implemented in
each of said at least three emitting parts of said tandem type white OLED; and wherein said each of emitting layers is
configured on a particular location such that the display device emits white color having a three peak wavelength, based
on optimal optical cavity characteristics considering an entire thickness of said tandem type white OLED.

[0010] It is to be understood that both the foregoing general description and the following detailed description of
embodiments of the present invention are exemplary and explanatory and are intended to provide further explanation
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of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are included to provide a further understanding of embodiments of the
invention and are incorporated in and constitute a part of this application, illustrate embodiment(s) of the invention and
together with the description serve to explain the principle of embodiments of the invention. In the drawings:

FIG. 1is a cross sectional view illustrating an organic light emitting device according to an embodiment of the present
invention;

FIGs. 2(A) and 2(B) are cross sectional views illustrating a first emitting part of the organic light emitting device
according to embodiments of the present invention;

FIGs. 3(A) to 3(D) are cross sectional views illustrating a second emitting part of the organic light emitting device
according to embodiments of the present invention;

FIGs. 4(A) and 4(B) are cross sectional views illustrating a third emitting part of the organic light emitting device
according to embodiments of the present invention;

FIG. 5 is a cross sectional view illustrating an organic light emitting device according to another embodiment of the
present invention;

FIG. 6illustrates BT709-based chromaticity coordinates of organic light emitting devices according to the embodiment
and comparative examples; and

FIG. 7 illustrates DCI-P3 based chromaticity coordinates of organic light emitting devices according to the embod-
iment and comparative examples.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Reference will now be made in detail to the exemplary embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0013] Advantages and features of the present invention, and implementation methods thereof will be clarified through
following embodiments described with reference to the accompanying drawings. The present invention may, however,
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 this disclosure will be thorough and complete, and will fully convey the scope
of the present invention to those skilled in the art. Further, the present invention is only defined by scopes of claims.
[0014] A shape, a size, a ratio, an angle, and a number disclosed in the drawings for describing embodiments of the
present invention are merely an example, and thus, the present invention is not limited to the illustrated details. Like
reference numerals refer to like elements throughout. In the following description, when the detailed description of the
relevant known function or configuration is determined to unnecessarily obscure the important point of the present
invention, the detailed description will be omitted. In a case where 'comprise’, 'have’, and ’include’ described in the
present specification are used, another part may be added unless ‘only~’ is used. The terms of a singular form may
include plural forms unless referred to the contrary.

[0015] In construing an element, the element is construed as including an error range although there is no explicit
description.

[0016] In description of embodiments of the present invention, when a structure (for example, an electrode, a line, a
wiring, a layer, or a contact) is described as being formed at an upper portion/lower portion of another structure or
on/under the other structure, this description should be construed as including a case where the structures contact each
other and moreover, a case where a third structure is disposed therebetween.

[0017] In describing a time relationship, for example, when the temporal order is described as ’after~’, 'subsequent~’,
‘next~’, and 'before~’, a case which is not continuous may be included unless ’just’ or 'direct’ is used.

[0018] It will be understood that, although 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. For example, a first element could be termed a second element, and, similarly, a second element could
be termed a first element, without departing from the scope of the present invention.

[0019] Features of various embodiments of the present invention may be partially or overall coupled to or combined
with each other, and may be variously inter-operated with each other and driven technically as those skilled in the art
can sufficiently understand. The embodiments of the present invention may be carried out independently from each
other, or may be carried out together in co-dependent relationship.

[0020] Hereinafter, an organic light emitting device according to embodiments of the present invention will be described
in detail with reference to the accompanying drawings.
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[0021] FIG. 1 is a cross sectional view illustrating an organic light emitting device according to an embodiment of the
present invention.

[0022] As shown in FIG. 1, the organic light emitting device according to an embodiment of the present invention may
include a first electrode 10, a second electrode 20, a first emitting part 100, a second emitting part 200, a third emitting
part 300, a first charge generating layer 410, and a second charge generating layer 420.

[0023] The first electrode 10 may function as an anode. The first electrode 10 may be formed of a transparent material
with high conductivity and high work function, for example, Indium Tin Oxide (ITO), Indium Zinc Oxide (1ZO), SnO,, ZnO,
and etc., but not limited to these materials.

[0024] The second electrode 20 may function as a cathode. The second electrode 20 may be formed of a metal
material with low work function, for example, aluminum (Al), argentum (Ag), magnesium (Mg), lithium (Li), calcium (Ca),
and etc., but not limited to these materials. Also, the second electrode 20 may be formed of a transparent material such
as Indium Tin Oxide (ITO) or Indium Zinc Oxide (1Z0), or a plurality of layers comprising metals and transparent conductive
materials being deposited.

[0025] The first emitting part 100 which emits first color light is provided on the first electrode 10. To this end, the first
emitting part 100 may include a hole injecting layer (HIL) 110, a first hole transporting layer (HTL) 130, a first emitting
layer (EML) 150, and a first electron transporting layer (ETL) 170.

[0026] The hole injecting layer (HIL) 110 is provided on the first electrode 10. The hole injecting layer (HIL) 110 may
be formed of MTDATA(4,4’,4"-tris(3-methylphenylphenylamino)triphenylamine), CuPc(copper phthalocyanine), PE-
DOT/PSS(poly(3,4-ethylenedioxythiphene, polystyrene sulfonate), and etc., but not limited to these materials.

[0027] The first hole transporting layer (HTL) 130 is provided on the hole injecting layer (HIL) 110. The first hole
transporting layer (HTL) 130 may be formed of TPD(N,N’-diphenyl-N,N’-bis(3-methylphenyl)-1,1’-bi-phenyl-4,4’-di-
amine), NPB(N,N’-di(naphthalen-1-yl)-N,N’-diphenyl-benzidine), and etc., but not limited to these materials.

[0028] The first emitting layer (EML) 150 is provided on the first hole transporting layer (HTL) 130. The first emitting
layer (EML) 150 is formed in such a structure where at least two emitting layers are deposited in sequence. Especially,
the first emitting layer (EML) 150 is formed by a combination of a blue emitting layer (B) and another emitting layer
whose wavelength is longer than that of the blue emitting layer (B), for example, yellow-green (YG) or red (R) emitting
layer deposited in sequence, which will be described later with reference to FIGs. 2(A) and 2(B).

[0029] The first electron transporting layer (ETL) 170 is provided on the first emitting layer (EML) 150. The first electron
transporting layer (ETL) 170 may be formed of oxadiazole, triazole, phenanthroline, benzoxazole, benzthiazole, and
etc., but not limited to these materials.

[0030] The second emitting part200 which emits second color light is provided on the first emitting part 100, particularly,
directly on an upper surface of the first charge generating layer 410. The second color light emitted from the second
emitting part 200 is different from the first color light emitted from the first emitting part 100. To this end, the second
emitting part 200 may include a second hole transporting layer (HTL) 230, a second emitting layer (EML) 250, and a
second electron transporting layer (ETL) 270.

[0031] The second hole transporting layer (HTL) 230 is provided on the first emitting part 100, particularly, directly on
an upper surface of the first charge generating layer 410. The second hole transporting layer (HTL) 230 may be formed
ofthe same material as that of the first hole transporting layer (HTL) 130, but not necessarily to limited to the same material.
[0032] The second emitting layer (EML) 250 is provided on the second hole transporting layer (HTL) 230. The second
emitting layer (EML) 250 is formed in such a structure where at least two emitting layers for emitting light whose wavelength
is longer than that of blue (B) light are deposited in sequence. Especially, the second emitting layer (EML) 250 is formed
in a deposition structure of at least two emitting layers among a green (G) emitting layer, a yellow-green (YG) emitting
layer and a red (R) emitting layer, which will be described later with reference to FIGs. 3(A) to 3(D).

[0033] The second electron transporting layer (ETL) 270 is provided on the second emitting layer (EML) 250. The
second electron transporting layer (ETL) 270 may be formed of the same material as that of the first electron transporting
layer (ETL) 170, but not necessarily to limited to the same material.

[0034] The third emitting part 300 which emits third color light is provided on the second emitting part 200, particularly,
directly on an upper surface of the second charge generating layer 420. The third color light emitted from the third emitting
part 300 is different from the second color light emitted from the second emitting part 200. To this end, the third emitting
part 300 may include a third hole transporting layer (HTL) 330, a third emitting layer (EML) 350, a third electron transporting
layer (ETL) 370, and an electron injecting layer (EIL) 390.

[0035] The third hole transporting layer (HTL) 330 is provided on the second emitting part 200, particularly, directly
on an upper surface of the second charge generating layer 420. The third hole transporting layer (HTL) 330 may be
formed of the same material as that of the first hole transporting layer (HTL) 130 or second hole transporting layer (HTL)
230, but not necessarily limited to the same material.

[0036] The third emitting layer (EML) 350 is provided on the third hole transporting layer (HTL) 330. The third emitting
layer (EML) 350 is formed in such a structure where at least two emitting layers for emitting lights whose wavelengths
are different from each other are deposited in sequence. Especially, the third emitting layer (EML) 350 is formed by a
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combination of a blue emitting layer (B) and another emitting layer whose wavelength is longer than the blue emitting
layer (B), for example, yellow-green (YG) or red (R) emitting layer deposited in sequence, which will be described later
with reference to FIGs. 4(A) and 4(B).

[0037] The third electron transporting layer (ETL) 370 is provided on the third emitting layer (EML) 350. The third
electron transporting layer (ETL) 370 may be formed of the same material as that of the first electron transporting layer
(ETL) 170 or second electron transporting layer (ETL) 270, but not necessarily limited to the same material.

[0038] The electron injecting layer (EIL) 390 may be formed of lithium fluoride (LiF) or lithium quinolate (LiQ), but not
necessarily limited to these materials.

[0039] The first charge generating layer (CGL) 410 is provided between the first emitting part 100 and the second
emitting part 200, wherein the first charge generating layer (CGL) 410 adjusts a balance of charge between the first and
second emitting parts 100 and 200. Especially, the first charge generating layer (CGL) 410 may include an N-type first
charge generating layer (N-CGL) 411 being adjacent to the first emitting part 100, and a P-type first charge generating
layer (P-CGL) 412 being adjacent to the second emitting part 200. The N-type first charge generating layer (N-CGL)
411 injects the electron into the first emitting part 100, and the P-type first charge generating layer (P-CGL) 412 injects
the hole into the second emitting part 200.

[0040] The second charge generating layer (CGL) 420 is provided between the second emitting part 200 and the third
emitting part 300, wherein the second charge generating layer (CGL) 420 adjusts a balance of charge between the
second and third emitting parts 200 and 300. Especially, the second charge generating layer (CGL) 420 may include
an N-type second charge generating layer (N-CGL) 421 being adjacent to the second emitting part 200, and a P-type
second charge generating layer (P-CGL) 422 being adjacent to the third emitting part 300. The N-type second charge
generating layer (N-CGL) 421 injects the electron into the second emitting part 200, and the P-type second charge
generating layer (P-CGL) 422 injects the hole into the third emitting part 300.

[0041] The N-type first charge generating layer (N-CGL) 411 and the N-type second charge generating layer (N-CGL)
421 may be formed of an organic layer doped with alkali metals such as Li, Na, K or Cs, or doped with alkali earth metals
such as Mg, Sr, Ba or Ra, but not necessarily limited to these materials.

[0042] The P-type first charge generating layer (P-CGL) 412 and the P-type second charge generating layer (P-CGL)
422 may be formed of an organic layer including P-type dopant, but not necessarily limited to these materials.

[0043] As described above, the organic light emitting device according to an embodiment of the present invention
includes the first emitting part 100 for emitting the first color light, the second emitting part 200 for emitting the second
color light, and the third emitting part 300 for emitting the third color light, which shows the following effects.

[0044] First, according to an embodiment of the present invention, the first emitting layer (EML) 150 included in the
first emitting part 100 comprises the emitting layer for emitting the blue (B) light, and the third emitting layer (EML) 350
included in the third emitting part 300 also comprises the emitting layer for emitting the blue (B) light, whereby the blue
(B) light with relatively-low efficiency is emitted from the two emitting parts, to thereby enhance a total emitting efficiency
[0045] Also, according to an embodiment of the present invention, each of the first emitting layer (EML) 150 included
in the first emitting part 100, the second emitting layer (EML) 250 included in the second emitting part 200, and the third
emitting layer (EML) 350 included in the third emitting part 300 is formed of at least two emitting layers for emitting the
lights with the different wavelengths so that it is possible to realize high color reproduction range and high color purity.
This will be described in detail as follows. When white light passes through a color filter, only light with a particular
wavelength, forexample, red, green or blue lightis transmitted through the color filter, to thereby realize a color. Supposing
that white light is made by mixing lights with different wavelengths. In this case, if the white light made by mixing lights
with many different wavelengths passes through the color filter, it enables to raise a possibility of realizing a desired
color, to thereby realize high color reproduction range and high color purity. For example, if color reproduction range
and color purity of white light made by mixing red, green and blue colors passing through a green color filter is relatively
higher than color reproduction range and color purity of white light made by mixing blue and yellow colors passing through
a green color filter.

[0046] That is, according to an embodiment of the present invention, each of the first emitting part 100, the second
emitting part 200 and the third emitting part 300 includes at least two emitting layers, whereby the organic light emitting
device according to an embodiment of the present invention totally includes at least six emitting layers. Thus, the organic
light emitting device according to an embodiment of the present invention is advantageous in that it enables to realize
high color reproduction range and high color purity. However, it is difficult to realize high color reproduction range and
high color purity if an arrangement of the emitting layers is not optimized in the structure of each emitting part including
at least two emitting layers.

[0047] Hereinafter, a structure of emitting parts including the first to third emitting parts 100 to 300 according to an
embodiment of the present invention, which is optimized to realize high color reproduction range and high color purity,
will be described as follows.

[0048] FIGs. 2(A) and 2(B) are cross sectional views illustrating the first emitting part 100 of the organic light emitting
device according to the embodiments of the present invention.
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[0049] As shown in FIGs. 2(A) and 2(B), the first emitting part 100 according to the embodiments of the present
invention may include the hole injecting layer (HIL) 110, the first hole transporting layer (HTL) 130, the first emitting layer
(EML) 150, and the first electron transporting layer (ETL) 170.

[0050] The hole injecting layer (HIL) 110, the first hole transporting layer (HTL) 130 and the first electron transporting
layer (ETL) 170 are the same as those described above, which are shown in relatively light colored lines.

[0051] The first emitting layer (EML) 150 is formed of the two emitting layers which emit the lights with the different
wavelengths from each other, as shown in FIGs. 2(A) and 2(B), which is shown in relatively dark colored lines, for
convenience of explanation. In the following FIGs. 3(A) to 3(D) and FIGs. 4(A) and 4(B), for convenience of explanation,
the varying emitting layer is shown in the relatively dark colored lines, and the other elements are shown in the relatively
light colored lines.

[0052] Asshownin FIG. 2(A), the first emitting layer (EML) 150 may be formed of a first emitting layer of blue (B) color
(which is referred to as 'blue-color first emitting layer B-EML’) 151, and a first emitting layer of red (R) color (which is
referred to as 'red-color first emitting layer R-EML’) 153. The blue-color first emitting layer (B-EML) 151 is provided on
the first hole transporting layer (HTL) 130, and the red-color first emitting layer (R-EML) 153 is provided on the blue-
color first emitting layer (B-EML) 151.

[0053] As shown in FIG. 2(B), the first emitting layer (EML) 150 may be formed of a blue-color first emitting layer (B-
EML) 151, and a first emitting layer of yellow-green (YG) color (which is referred to as 'yellow-green color first emitting
layer YG-EML’) 155. The blue-color first emitting layer (B-EML) 151 is provided on the first hole transporting layer (HTL)
130, and the yellow-green color first emitting layer (YG-EML) 155 is provided on the blue-color first emitting layer (B-
EML) 151.

[0054] According to an embodiment of the present invention, the first emitting layer (EML) 150 may include the blue-
color first emitting layer (B-EML) 151 and the red-color first emitting layer (R-EML) 153, as shown in FIG. 2(A), or may
include the blue-color first emitting layer (B-EML) 151 and the yellow-green color first emitting layer (YG-EML) 155, as
shown in FIG. 2(B), whereby it is possible to improve color reproduction range and color purity of the organic light emitting
device.

[0055] Inthe above FIGs. 2(A) and 2(B), the blue-color first emitting layer (B-EML) 151 is formed on an upper surface
of the first hole transporting layer (HTL) 130, and the red-color first emitting layer (R-EML) 153 or yellow-green color
first emitting layer (YG-EML) 155 is formed on an upper surface of the blue-color first emitting layer (B-EML) 151, but
not necessarily limited to this structure. Even though the red-color first emitting layer (R-EML) 153 or yellow-green color
first emitting layer (YG-EML) 155 is formed on an upper surface of the first hole transporting layer (HTL) 130, and the
blue-color first emitting layer (B-EML) 151 is formed on an upper surface of the red-color first emitting layer (R-EML)
153 or yellow-green color first emitting layer (YG-EML) 155, it is possible to improve color reproduction range and color
purity of the organic light emitting device.

[0056] However, as shown in FIGs. 2(A) and 2(B), when the blue-color first emitting layer (B-EML) 151 is formed on
the upper surface of the first hole transporting layer (HTL) 130, and the red-color first emitting layer (R-EML) 153 or
yellow-green color first emitting layer (YG-EML) 155 is formed on the upper surface of the blue-color first emitting layer
(B-EML) 151, the following effects may be additionally obtained together with the high color reproduction range and
color purity.

[0057] According to an embodiment of the present invention, since the first emitting part 100 which is positioned most
adjacent to the first electrode 110 functioning as the anode includes the blue-color first emitting layer (B-EML) 151, it is
possible to improve emitting efficiency of blue (B) emitting material comprising a fluorescent material whose emitting
efficiency is lower than that of a phosphorescent material.

[0058] Accordingtoanembodimentofthe presentinvention, the blue-color first emitting layer (B-EML) 151 is positioned
closer to the first electrode 110, and the red-color first emitting layer (R-EML) 153 or yellow-green color first emitting
layer (YG-EML) 155 is positioned relatively distant from the first electrode 110, whereby it is possible to improve the
micro-cavity properties without increasing a device thickness, and furthermore to improve a luminance of the organic
light emitting device. According to the micro-cavity properties, a constructive interference is created through a repetitive
reflection and re-reflection of the light emitted from the emitting layer, to thereby enhance an outcoupling efficiency.
[0059] According to an embodiment of the present invention, instead of forming a green-color emitting layer on the
blue-color first emitting layer (B-EML) 151, the red-color first emitting layer (R-EML) 153 is formed on the blue-color first
emitting layer (B-EML) 151, as shown in FIG. 2(A), or the yellow-green color first emitting layer (YG-EML) 155 is formed
on the blue-color first emitting layer (B-EML) 151, as shown in FIG. 2(B), whereby it is possible to prevent emitting
efficiency of the blue-color first emitting layer (B-EML) 151 from being lowered. This will be described in detail. In
consideration of micro-cavity effect created between the two electrodes, if two emitting layers whose wavelength ranges
are very similar to each other are formed adjacent to each other, micro-cavity distances of the two emitting layers are
very similar to each other, whereby an energy transfer easily occurs between the two emitting layers, and thus it causes
a problem of reducing an emitting efficiency of at least one of the two emitting layers. That is, when the blue(B)-color
emitting layer and the green(G)-color emitting layer are brought into contact with each other, a micro-cavity distance of
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blue (B) wavelength range is very similar to a micro-cavity distance of green (G) wavelength range, whereby an emitting
efficiency of at least one of blue (B) and green (G) colors may be lowered.

[0060] Accordingly, in case of an embodiment of the present invention, the red-color first emitting layer (R-EML) 153
or yellow-green color first emitting layer (YG-EML) 155 is formed on the blue-color first emitting layer (B-EML) 151.
[0061] In order to improve the color purity, itis needed to optimize the emitting properties of emitting dopant comprising
the blue-color first emitting layer (B-EML) 151, the red-color first emitting layer (R-EML) 153 and the yellow-green color
first emitting layer (YG-EML) 155.

[0062] According to an embodiment of the present invention, blue (B) dopant comprising the blue-color first emitting
layer (B-EML) 151 has a peak wavelength (Amax) which is smaller than 456nm, and has a full width at half maximum
(FWHM) between 30nm and 40nm, preferably.

[0063] The blue dopant (B) having the above-mentioned peak wavelength (Amax) range and the above-mentioned
full width at half maximum (FWHM) range may be formed of a pyrene-based compound of a blue (B) fluorescent material,
and more particularly, a pyrene-based compound substituted by an arylamine-based compound, but not necessarily
limited to this compound. For example, the pyrene-based compound may be formed of a compound expressed by the
following Chemical Formula 1, but not necessarily limited to this compound.

[Chemical Formula 1]

[0064] In the above Chemical Formula 1, each of 'R1’ to 'R12’ may be selected from groups of hydrogen, deuterium,
cyanine group, halogen group, substituted or un-substituted alkyl group of C1 ~ C20, substituted or un-substituted alkoxyl
group of C1 ~ C20, substituted or un-substituted silyl group of C1 ~ C20, substituted or un-substituted aryl group of C6
~ C30, substituted or un-substituted hetero aryl group of C6 ~ C30, substituted or un-substituted cycloalkyl group of C3
~ C30, substituted or un-substituted aryloxy group of C6 ~ C20, substituted or un-substituted aryl amino group of C12
~ C40, and substituted or un-substituted alkylamino group of C1 ~ C20.

[0065] Also, red dopant (R) comprising the red-color first emitting layer (R-EML) 153 has a peak wavelength (Amax)
between 620nm and 630nm, and has a full width at half maximum (FWHM) between 50nm and 60nm, preferably.
[0066] Also, yellow-green dopant (YG) comprising the yellow-green color first emitting layer (YG-EML) 155 has a peak
wavelength (Amax) between 540nm and 550nm, and has a full width at half maximum (FWHM) between 70nm and
100nm, preferably.

[0067] Thereddopant(R) and yellow-green dopant (YG) having the above-mentioned peak wavelength (Amax) range
and the above-mentioned full width at half maximum (FWHM) range may be formed of an iridium-based compound, but
not limited to this compound. For example, the iridium-based compound may include N-N, N-O, N-C and O-O bond. In
more detail, the iridium-based compound may include the following compounds expressed by the Chemical Formulas
2 to 7, but not milted to these compounds.

[Chemical Formula 2]
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[0068] When the peak wavelength (Amax) range and the full width at half maximum (FWHM) range for each of the
blue (B), red (R) and yellow-green (YG) dopants are within the above-mentioned range, it is possible to minimize an
unnecessary emitting range, and to minimize an influence on a neighboring wavelength range.
[0069] FIGs. 3(A)to 3(D) are cross sectional views illustrating the second emitting part 200 of the organic light emitting
device according to the embodiments of the present invention.
[0070] As shown in FIGs. 3(A) to 3(D), the second emitting part 200 according to the embodiments of the present
invention may include the second hole transporting layer (HTL) 230, the second emitting layer (EML) 250, and the second
electron transporting layer (ETL) 270.
[0071] The second hole transporting layer (HTL) 230 and the second electron transporting layer (ETL) 270 are the

same as those described above. The second emitting layer (EML) 250 may be formed of two or three emitting layers
which emit the lights with the different wavelengths.
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[0072] Asshownin FIG. 3(A), the second emitting layer (EML) 250 may be formed of a second emitting layer of yellow-
green (YG) color (which is referred to as 'yellow-green color second emitting layer YG-EML’) 255, and a second emitting
layer of green (G) color (which is referred to as 'green-color second emitting layer G-EML’) 257.

[0073] The yellow-green color second emitting layer (YG-EML) 255 is provided on the second hole transporting layer
(HTL) 230, and the green-color second emitting layer (G-EML) 257 is provided on the yellow-green color second emitting
layer (YG-EML) 255.

[0074] As shown in FIG. 3(B), the second emitting layer (EML) 250 may be formed of a second emitting layer of red
(R) color (which is referred to as 'red-color second emitting layer R-EML) 253, and a yellow-green color second emitting
layer (YG-EML) 255.

[0075] The red-color second emitting layer (R-EML) 253 is provided on the second hole transporting layer (HTL) 230,
and the yellow-green color second emitting layer (YG-EML) 255 is provided on the red-color second emitting layer (R-
EML) 253.

[0076] As shown in FIG. 3(C), the second emitting layer (EML) 250 may be formed of a red-color second emitting
layer (R-EML) 253, and a green-color second emitting layer (G-EML) 257.

[0077] The red-color second emitting layer (R-EML) 253 is provided on the second hole transporting layer (HTL) 230,
and the green-color second emitting layer (G-EML) 257 is provided on the red-color second emitting layer (R-EML) 253.
[0078] As shown in FIG. 3(D), the second emitting layer (EML) 250 may be formed of a red-color second emitting
layer (R-EML) 253, a yellow-green color second emitting layer (YG-EML) 255, and a green-color second emitting layer
(G-EML) 257.

[0079] The red-color second emitting layer (R-EML) 253 is provided on the hole transporting layer (HTL) 230, the
yellow-green color second emitting layer (YG-EML) 255 is provided on the red-color second emitting layer (R-EML) 253,
and the green-color second emitting layer (G-EML) 257 is provided on the yellow-green color second emitting layer (YG-
EML) 255.

[0080] According to an embodiment of the present invention, the second emitting part 200 interposed between the
two emitting parts 100 and 300 comprises the two or three emitting layers, and each emitting layer included in the second
emitting part 200 emits the light whose wavelength is longer than that of the blue (B) light, whereby it is possible to
improve color reproduction range and color purity of the organic light emitting device for emitting white light.

[0081] Among the two or three emitting layers shown in FIGs. 3(A) to 3(D), the emitting layer for emitting the light with
the relatively-long wavelength is positioned closer to the second hole transporting layer (HTL) 230 or first electrode (See
110’ of FIG. 1) than the emitting layer for emitting the light with the relatively-short wavelength, but not necessarily. Even
though the emitting layer for emitting the light with the relatively-long wavelength is positioned relatively distant from the
second hole transporting layer (HTL) 230 or first electrode (See 110’ of FIG. 1) in comparison with the emitting layer
for emitting the light with the relatively-short wavelength, it is possible to improve color reproduction range and color
purity of the organic light emitting device for emitting white light.

[0082] However, when the emitting layer for emitting the light with the relatively-long wavelength is positioned closer
to the second hole transporting layer (HTL) 230 or first electrode (See 110’ of FIG. 1) than the emitting layer for emitting
the light with the relatively-short wavelength, as shown in FIGs. 3(A) to 3(D), the micro-cavity properties may be enhanced
more, and the luminance of organic light emitting device may be improved.

[0083] Inordertoimprove the color purity, itis needed to optimize the emitting properties of emitting dopant comprising
the red-color second emitting layer (R-EML) 253, the yellow-green color second emitting layer (YG-EML) 255, and the
green-color second emitting layer (G-EML) 257.

[0084] Inthe same manner as the aforementioned red dopant (R) comprising the red-color first emitting layer (R-EML)
153, red dopant (R) comprising the red-color second emitting layer (R-EML) 253 has a peak wavelength (Amax) between
620nm and 630nm, and has a full width at half maximum (FWHM) between 50nm and 60nm, preferably.

[0085] Also, in the same manner as the aforementioned yellow-green dopant (YG) comprising the yellow-green color
first emitting layer (YG-EML) 155, yellow-green dopant (YG) comprising the yellow-green color second emitting layer
(YG-EML) 255 has a peak wavelength (Amax) between 540nm and 550nm, and has a full width at half maximum (FWHM)
between 70nm and 100nm, preferably.

[0086] Also, green dopant (G) comprising the green-color second emitting layer (G-EML) 257 has a peak wavelength
(Amax) between 515nm and 535nm, and has a full width at half maximum (FWHM) between 70nm and 80nm, preferably.
[0087] The red dopant (R), yellow-green dopant (YG) and green dopant (G) having the above-mentioned peak wave-
length (Amax) range and the above-mentioned full width at half maximum (FWHM) range may be formed of an indium-
based compound, but not limited to this compound. For example, the iridium-based compound may include N-N, NO,
N-C and O-O bond. In more detail, the iridium-based compound may include the compounds expressed by the above
Chemical Formulas 2 to 7, but not milted to these compounds.

[0088] FIGs. 4(A) and 4(B) are cross sectional views illustrating the third emitting part 300 of the organic light emitting
device according to the embodiments of the present invention.

[0089] As shown in FIGs. 4(A) and 4(B), the third emitting part 300 according to the embodiments of the present
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invention may include the third hole transporting layer (HTL) 330, the third emitting layer (EML) 350, the third electron
transporting layer (ETL) 370, and the electron injecting layer (EIL) 390.

[0090] The third hole transporting layer (HTL) 330, the third electron transporting layer (ETL) 370, and the electron
injecting layer (EIL) 390 are the same as those described above. The third emitting layer (EML) 350 may be formed of
two emitting layers which emit the lights with the different wavelengths.

[0091] As shown in FIG. 4(A), the third emitting layer (EML) 350 may be formed of a third emitting layer of red (R)
color (which is referred to as 'red-color third emitting layer R-EML’) 353, and a third emitting layer of blue (B) color (which
is referred to as ’blue-color third emitting layer B-EML’) 351.

[0092] The red-color third emitting layer (R-EML) 353 is provided on the third hole transporting layer (HTL) 330, and
the blue-color third emitting layer (B-EML) 351 is provided on the red-color third emitting layer (R-EML) 353.

[0093] As shown in FIG. 4(B), the third emitting layer (EML) 350 may be formed of a third emitting layer of yellow-
green (YG) color (which is referred to as 'yellow-green color third emitting layer YG-EML’) 355, and a blue-color third
emitting layer (B-EML) 351.

[0094] The yellow-green color third emitting layer (YG-EML) 355 is provided on the third hole transporting layer (HTL)
330, and the blue-color third emitting layer (B-EML) 351 is provided on the yellow-green color third emitting layer (YG-
EML) 355.

[0095] According to an embodiment of the present invention, the third emitting layer (EML) 350 may include the blue-
color third emitting layer (B-EML) 351 and the red-color third emitting layer (R-EML) 353 as shown in FIG. 4(A), or may
include the blue-color third emitting layer (B-EML) 351 and the yellow-green color third emitting layer (YG-EML) 355 as
shown in FIG. 4(B), to thereby improve color reproduction range and color purity of the organic light emitting device.
[0096] In FIGs. 4(A) and 4(B), the red-color third emitting layer (R-EML) 353 or yellow-green color third emitting layer
(YG-EML) 355 is formed on an upper surface of the third hole transporting layer (HTL) 330, and the blue-color third
emitting layer (B-EML) 351 is formed on an upper surface of the red-color third emitting layer (R-EML) 353 or yellow-
green color third emitting layer (YG-EML) 355, but not limited to this structure. Even though the blue-color third emitting
layer (B-EML) 351 is formed on an upper surface of the third hole transporting layer (HTL) 330, and the red-color third
emitting layer (R-EML) 353 or yellow-green color third emitting layer (YG-EML) 355 is formed on an upper surface of
the blue-color third emitting layer (B-EML) 351, it is possible to improve color reproduction range and color purity of the
organic light emitting device.

[0097] However, as shown in FIGs. 4(A) and 4(B), when the red-color third emitting layer (R-EML) 353 or yellow-green
color third emitting layer (YG-EML) 355 is formed on an upper surface of the third hole transporting layer (HTL) 330,
and the blue-color third emitting layer (B-EML) 351 is formed on an upper surface of the red-color third emitting layer
(R-EML) 353 or yellow-green color third emitting layer (YG-EML) 355, the following effects may be additionally obtained
together with the high color reproduction range and color purity.

[0098] According to an embodiment of the present invention, the third emitting part 300 which is positioned most
adjacent to the second electrode (See 20’ of FIG. 3) includes the blue-color third emitting layer (B-EML) 351, it is possible
to improve emitting efficiency of blue (B) emitting material comprising a fluorescent material whose emitting efficiency
is lower than that of a phosphorescent material.

[0099] According to an embodiment of the present invention, since the blue-color third emitting layer (B-EML) 351 is
positioned closer to the second electrode 20, it is possible to improve the micro-cavity properties without increasing a
device thickness, and furthermore to improve a luminance of the organic light emitting device.

[0100] According to an embodiment of the present invention, the third emitting layer 350 is formed in a combination
structure of the blue-color third emitting layer (B-EML) 351 and the red-color third emitting layer (R-EML) 353 or in a
combination structure of the blue-color third emitting layer (B-EML) 351 and the yellow-green color third emitting layer
(YG-EML) 355, whereby it is possible to prevent the lowering of emitting efficiency, in the same manner as the afore-
mentioned first emitting part 100.

[0101] Inorderto improve the color purity, itis needed to optimize the emitting properties of emitting dopant comprising
the blue-color third emitting layer (B-EML) 351, the red-color third emitting layer (R-EML) 353, and the yellow-green
color third emitting layer (YG-EML) 355. Preferably, emitting dopant for each color emitting layer has the peak wavelength
(Amax) range and the full width at half maximum (FWHM) range, which are the same as those of the aforementioned
first and second emitting parts 100 and 200.

[0102] When the white light is made by mixing the lights with the various wavelengths, it is possible to improve the
color reproduction range and color purity. In this respect, if the yellow-green (YG) color emitting layer is included in the
first emitting part 100 and the third emitting part 300, the red (R) color emitting layer is included in the second emitting
part 200, preferably. If the red (R) color emitting layer is included in the first emitting part 100 and the third emitting part
300, the green (G) color emitting layer and the yellow-green (YG) color emitting layer are included in the second emitting
part 200, preferably.

[0103] FIG. 5 is a cross sectional view illustrating an organic light emitting device according to another embodiment
of the present invention. The organic light emitting device shown in FIG. 5 is formed by changing a structure of first and
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second charge generating layers 410 and 420 of the organic light emitting device shown in FIG. 1, whereby the number
of organic layers deposited in each of first, second and third emitting parts 100, 200 and 300 is reduced in the organic
light emitting device shown in FIG. 5.

[0104] Asshownin FIG. 5, the organic light emitting device according to another embodiment of the present invention
may include a first electrode 10, a second electrode 20, a first emitting part 100, a second emitting part 200, a third
emitting part 300, a first charge generating layer 410, and a second charge generating layer 420.

[0105] In the same manner as the above embodiment of the present invention, the first electrode 10 may function as
an anode, and the second electrode 20 may function as a cathode. Also, the first and second electrodes 10 and 20 may
be formed of the same materials as those of the above embodiment of the present invention.

[0106] The first emitting part 100 which emits first color light is provided on the first electrode 10. The first emitting
part 100 may include a hole injecting layer (HIL) 110, a first hole transporting layer (HTL) 130, and a first emitting layer
(EML) 150. Except for a removal of the first electron transporting layer (ETL) 170, the first emitting part 100 of FIG. 5 is
the same as the first emitting part 100 of FIG. 1. Thus, the first emitting layer (EML) 150 may be variously changed as
shown in the above FIGs. 2(A) and 2(B).

[0107] According to another embodiment of the present invention, the first electron transporting layer (ETL) 170 is
removed from the first emitting part 100, whereby a deposition process of the first emitting part 100 shown in FIG. 5 is
relatively simplified in comparison to a deposition process of the first emitting part 100 shown in FIG. 1. Meanwhile, a
function of the first electron transporting layer 170 is performed by the first charge generating layer 410, which will be
described later.

[0108] The second emitting part200 which emits second color light is provided on the first emitting part 100, particularly,
directly on an upper surface of the first charge generating layer 410. The second emitting part 200 comprises a second
emitting layer (EML) 250. Except for a removal of the second hole transporting layer (HTL) 230 and second electron
transporting layer (ETL) 270, the second emitting part 200 of FIG. 5 is the same as the second emitting part 200 of FIG.
1. Thus, the second emitting layer (EML) 250 may be variously changed as shown in the above FIGs. 2(A) to 2(D).
[0109] According to another embodiment of the present invention, the second hole transporting layer (HTL) 230 and
second electron transporting layer (ETL) 270 are removed from the second emitting part 200, whereby a deposition
process of the second emitting part 200 shown in FIG. 5 is relatively simplified in comparison to a deposition process
of the second emitting part 200 shown in FIG. 1. Meanwhile, a function of the second hole transporting layer (HTL) 230
and second electron transporting layer (ETL) 270 is performed by the first charge generating layer 410 and second
charge generating layer 420, which will be described later.

[0110] The third emitting part 300 which emits third color light is provided on the second emitting part 200, particularly,
directly on an upper surface of the second charge generating layer 420. The third emitting part 300 comprises a third
emitting layer (EML) 350, a third electron transporting layer (ETL) 370, and an electron injecting layer (EIL) 390. Except
for a removal of the third hole transporting layer (HTL) 330, the third emitting part 300 of FIG. 5 is the same as the third
emitting part 300 of FIG. 1. Thus, the third emitting layer (EML) 350 may be variously changed as shown in the above
FIGs. 4(A) and 4(B).

[0111] Accordingtoanotherembodiment of the presentinvention, the third hole transporting layer (HTL) 330is removed
from the third emitting part 300, whereby a deposition process of the third emitting part 300 shown in FIG. 5 is relatively
simplified in comparison to a deposition process of the third emitting part 300 shown in FIG. 1. Meanwhile, a function of
the third hole transporting layer (HTL) 330 is performed by the second charge generating layer 420, which will be
described later.

[0112] The first charge generating layer (CGL) 410 is provided between the first emitting part 100 and the second
emitting part 200. The first charge generating layer (CGL) 410 comprises an N-type first charge generating layer (N-
CGL) 411 being adjacent to the first emitting part 100, and a P-type first charge generating layer (P-CGL) 412 being
adjacent to the second emitting part 200.

[0113] The N-type first charge generating layer (N-CGL) 411 may comprise an N-type first non-doped layer 411a of
a host material, and an N-type first doped layer 411b formed by a combination of the host material and a dopant material.
[0114] The N-type first non-doped layer 411a is provided on the first emitting layer (EML) 150 of the first emitting part
100, particularly, directly on an upper surface of the first emitting layer (EML) 150. That is, the N-type first non-doped
layer 411a is in contact with the first emitting layer (EML) 150. The N-type first doped layer 411b is provided on the N-
type first non-doped layer 411a, particularly, directly on an upper surface of the N-type first non-doped layer 411a.
[0115] The N-type first non-doped layer 411a is formed of a host material which has an electron transporting capacity,
whereby the electron is transported to the first emitting layer (EML) 150 of the first emitting part 100 by the N-type first
non-doped layer 411a. In this respect, it is possible to remove the first electron transporting layer (ETL) 170 from the
first emitting part 100. According as the first electron transporting layer (ETL) 170 is removed from the first emitting part
100, the N-type first non-doped layer 411a is provided directly on the upper surface of the first emitting layer (EML) 150.
[0116] The N-type first doped layer 411b is formed by a combination of the host material included in the N-type first
non-doped layer 411a and the N-type dopant material, whereby the electron is injected into the first emitting part 100
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by the N-type first doped layer 411b. The N-type dopant material may be alkali metals such as Li, Na, K or Cs, or alkali
earth metals such as Mg, Sr, Ba or Ra.

[0117] According to the embodiment of the present invention, the N-type first charge generating layer (N-CGL) 411 is
formed by a combination of the N-type first non-doped layer 411a and N-type first doped layer 411b comprising the
same host material. The N-type first non-doped layer 411a is firstly formed by an deposition of the host material,, and
then the N-type first doped layer 411b is formed by additionally supplying the N-type dopant to the same host material,
whereby the N-type first charge generating layer (N-CGL) 411 is formed by a continuous process.

[0118] The host material comprising the N-type first charge generating layer (N-CGL) 411 may be formed of an organic
material with an electron transporting capacity, and preferably, an organic material having an electron mobility larger
than 1 x 104 cm2/V-s.

[0119] Preferably, the host material comprising the N-type first charge generating layer (N-CGL) 411 easily transports
the electron to the first emitting part 100, and prevents the hole from being moved from the first emitting part 100 to the
second emitting part 200. In order to realize the easy transport of electron and the prevention for movement of hole, it
is preferable that the host material has Lumo (Lowest Unoccupied Molecular Orbital) level between -3.1eV and -2.7,
and has Homo (Highest Occupied Molecular Orbital) level between -6.2eV and -5.8eV. Also, a triplet energy gap of the
host material of the N-type first charge generating layer (N-CGL) 411 is larger than 2.5eV, preferably.

[0120] The host material of the N-type first charge generating layer (N-CGL) 411 having the above properties may be
formed of heteroaryl-based compound or pyridyl-based derivative, but not limited to these materials. For example, the
host material of the N-type first charge generating layer (N-CGL) 411 may be bipyridyl or phenanthroine. Also, the
heteroaryl-based compound may be formed of a compound including nitrogen expressed by the following Chemical
Formula 8, but not necessarily limited to this compound.

[Chemical Formula 8]

~ 3

%
»*r‘fi / m‘m‘”“wg
[0121] In the above Chemical Formula 8, 'Ar’ is an aryl-based compound.
[0122] The P-type first charge generating layer (P-CGL) 412 comprises a P-type first doped layer 412a formed by a
combination of a host material and a dopant material, and a P-type first non-doped layer 412b of the host material.
[0123] The P-type first doped layer 412a is provided on the N-type first charge generating layer (N-CGL) 411, partic-
ularly, directly on an upper surface of the N-type first charge generating layer (N-CGL) 411. The P-type first non-doped
layer 412b is provided on the P-type first doped layer 412a, particularly, directly on an upper surface of the P-type first
doped layer 412a. The P-type first non-doped layer 412b is in contact with the second emitting layer (EML) 250.
[0124] The P-type first non-doped layer 412b is formed of a host material which has a hole transporting capacity,
whereby the hole is transported to the second emitting layer (EML) 250 of the second emitting part 200 by the P-type
first non-doped layer 412b. In this respect, it is possible to remove the second hole transporting layer (HTL) 230 from
the second emitting part 200. According as the second hole transporting layer (HTL) 230 is removed from the second
emitting part 200, the P-type first non-doped layer 412b is formed directly on a lower surface of the second emitting layer
(EML) 250.
[0125] The P-type first doped layer 412a is formed by including a P-type dopant material in the host material of the
P-type first non-doped layer 412b, to thereby inject the hole into the second emitting part 200. The P-type dopant material
may be an oxide of metal such as Mo or As, or an organic compound expressed by the following Chemical Formulas 9
to 11, but not necessarily limited to these materials.

[Chemical Formula 9]
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[Chemical Formula 11]

NC . -CN

NC CH

[0126] Inthe above Chemical Formulas 9to 11,’R1’ to'R12’ may be selected from groups of hydrogen, deuterium, CF3,

F ¥ L
ISESUINS
T : 3

#  SFF and

[0127] According to the embodiment of the present invention, the P-type first charge generating layer (N-CGL) 412 is
formed by a combination of the P-type first doped layer 412a and P-type first non-doped layer 412b comprising the same
host material. Thus, the P-type first doped layer 412a is formed by the deposition of a host material and P-type dopant
material, and then the P-type first non-doped layer 412b is formed by the deposition of the same host material without
the P-type dopant material, whereby the P-type first charge generating layer (P-CGL) 412 is formed by a continuous
process.

[0128] The host material of the P-type first charge generating layer (P-CGL) 412 may be formed of an organic material
with a hole transporting capacity, and preferably, an organic material having a hole mobility same as or larger than 5 x
10-3 cm2/V-s.

[0129] Preferably, the host material of the P-type first charge generating layer (P-CGL) 412 easily transports the hole
to the second emitting part 200, and prevents the electron from being moved from the second emitting part 200 to the
first emitting part 100. In order to realize the easy transport of hole and the prevention for movement of electron, it is
preferable that the host material has Lumo (Lowest Unoccupied Molecular Orbital) level between -2.6eV and -2.0, and
has Homo (Highest Occupied Molecular Orbital) level between -5.8eV and -5.2eV. Also, a triplet energy gap of the host
material of the P-type first charge generating layer (P-CGL) 412 is larger than 2.8eV, preferably.

[0130] The host material of the P-type first charge generating layer (P-CGL) 412 having the above properties may be
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formed of carbazole derivative or arylamine-based compound, but not limited to these materials. For example, the

carbazole derivative may be formed of a compound expressed by the following Chemical Formula 12, but not necessarily
limited to this compound.

[Chemical Formula 12]

[0131] Inthe above Chemical Formula 12, each of ‘R4’ to 'R12’ may be selected from groups of hydrogen, deuterium,
cyanine group, halogen group, substituted or un-substituted alkyl group of C1 ~ C20, substituted or un-substituted alkoxyl
group of C1 ~ C20, substituted or un-substituted silyl group of C1 ~ C20, substituted or un-substituted aryl group of C6
~ C30, substituted or un-substituted hetero aryl group of C6 ~ C30, substituted or un-substituted cycloalkyl group of C3
~ C30, substituted or un-substituted aryloxy group of C6 ~ C20, substituted or un-substituted aryl amino group of C12
~ C40, and substituted or un-substituted alkylamino group of C1 ~ C20.

[0132] The second charge generating layer (CGL) 420 is provided between the second emitting part 200 and the third
emitting part 300. The second charge generating layer (CGL) 420 comprises an N-type second charge generating layer
(N-CGL) 421 being adjacent to the second emitting part 200, and a P-type second charge generating layer (P-CGL) 422
being adjacent to the third emitting part 300.

[0133] Inthe same manner as the aforementioned N-type first charge generating layer (N-CGL) 411, the N-type second
charge generating layer (N-CGL) 421 may comprise an N-type second non-doped layer 421a of a host material with an
electron transporting capacity, and an N-type second doped layer 421b formed by a combination of the same host
material and a dopant material.

[0134] The N-type second non-doped layer 421a is the same as the aforementioned N-type first non-doped layer
411a, and the N-type second doped layer 421b is the same as the aforementioned N-type first doped layer 411b, whereby
a repetitive explanation will be omitted.

[0135] Inthe same manner as the aforementioned P-type first charge generating layer (P-CGL) 412, the P-type second
charge generating layer (P-CGL) 422 may comprise a P-type second doped layer 422a formed by a combination of a
host material with an hole transporting capacity and a dopant material, and a P-type second non-doped layer 422b of
the same host material.

[0136] The P-type second doped layer 422a is the same as the aforementioned P-type first doped layer 412a, and
the P-type second non-doped layer 422b is the same as the aforementioned P-type first non-doped layer 412b, whereby
a repetitive explanation will be omitted.

[0137] FIGs. 6 and 7 show chromaticity coordinates of the organic light emitting devices according to the embodiment
and comparative examples, wherein FIG. 6 shows the chromaticity coordinates based on BT709, and FIG. 7 shows the
chromaticity coordinates based on DCI-P3.

[0138] FIGs. 6 and 7 show the chromaticity coordinates for the embodiment of the present invention, comparative
example 1 and comparative example 2 which include the first emitting layer 150 of the first emitting part 100, the second
emitting layer 250 of the second emitting part 200 and the third emitting layer 350 of the third emitting part 300 as seen
in Table 1 below.

[Table 1]
Embodiment Comparatltlle example Comparatlze example
First emitting layer 150 of first emitting part 100 | M- (193) R-EML (153) B-EML (151
irst emitting layer of first emitting pa B-EML (151) B-EML (151) - (151)
Second emitting layer 250 of second emitting G-EML (257)
part 200 YG-EML (255) YG-EML (255) YG-EML (255)
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(continued)

Embodiment Comparatltlle example Comparatlze example
hird ermitting laver 350 of third emitting oart 300 | B EME (351 B-EML (351) B-EML (351)
rd emittingfayer S5U ot third emitiing pa R-EML (353) R-EML (353) R-EML (353)

[0139] In more detail, the organic light emitting device according to the embodiment of the present invention includes
the first emitting part 100 shown in FIG. 2(A), the second emitting part 200 shown in FIG. 3(A), and the third emitting
part 300 shown in FIG. 4(A). The organic light emitting device according to the comparative example 1 is obtained by
providing the second emitting part 200 with a single emitting layer of yellow-green color emitting layer (YG-EML) 255 in
the organic light emitting device according to the embodiment of the present invention. The organic light emitting device
according to the comparative example 2 is obtained by providing the first emitting part 100 with a single emitting layer
of blue-color emitting layer (B-EML) 151, and the second emitting part 200 with a single emitting layer of yellow-green
color emitting layer (YG-EML) 255 in the organic light emitting device according to the embodiment of the present
invention.

[0140] As shown in FIG. 6, the embodiment of the present invention shows 132.2% color reproduction range on the
basis of BT709, the comparative example 1 shows 123.0% color reproduction range on the basis of BT709, and the
comparative example 2 shows 120.1% color reproduction range on the basis of BT709.

[0141] As shown in FIG. 7, the embodiment of the present invention shows 105.2% color reproduction range on the
basis of DCI-P3, the comparative example 1 shows 97.8% color reproduction range on the basis of DCI-P3, and the
comparative example 2 shows 95.9% color reproduction range on the basis of DCI-P3.

[0142] Asshownin FIGs. 6 and 7, in comparison to the comparative examples 1 and 2, the embodiment of the present
invention which includes the first, second and third emitting layers 150, 250 and 350, wherein each emitting layer is
formed of the two emitting layers, shows the relatively greater color reproduction range.

[0143] The organic light emitting device according to the present invention may be applied to a display device for
displaying an image, and also applied to various emitting devices generally known to those in the art, for example, light
devices.

[0144] The first emitting layer further comprises a red color or yellow-green color emitting layer in one or more em-
bodiments. In one or more embodiments, the blue color emitting layer in the first emitting layer is positioned closer to
the first electrode than the red color or yellow-green color emitting layer in the first emitting layer.

[0145] The second emitting layer is a combination of at least two emitting layers among a red color emitting layer, a
yellow-green color emitting layer and a green color emitting layer in one or more embodiments. One emitting layer of
the at least two emitting layers in the second emitting layer, which emits light with a relatively long wavelength, is
positioned closer to the first electrode than another emitting layer of the at least two emitting layers in the second emitting
layer, which emits light with a relatively short wavelength, in one or more embodiments.

[0146] The third emitting layer further comprises a red color or yellow-green color emitting layer in one or more
embodiments. The blue color emitting layer in the third emitting layer is positioned closer to the second electrode than
the red color or yellow-green color emitting layer in the third emitting layer in one or more embodiments.

[0147] A peak wavelength (Amax) of a blue dopant included in the blue color emitting layer in at least one (e.g., both)
of the first and third emitting parts is smaller than 456nm, and a full width at half maximum (FWHM) of the blue dopant
is between 30nm and 40nm, in one or more embodiments.

[0148] A peak wavelength (Amax) of a red dopant included in the red color emitting layer in at least one (e.g., all) of
the first to third emitting parts is between 620nm and 630nm, and a full width at half maximum (FWHM) of the red dopant
is between 50nm and 60nm, in one or more embodiments.

[0149] A peak wavelength (Amax) of a yellow-green dopant included in the yellow-green color emitting layer in at least
one (e.g., all) of the first to third emitting parts is between 540nm and 550nm, and a full width at half maximum (FWHM)
of the yellow-green dopant is between 70nm and 100nm, in one or more embodiments.

[0150] A peak wavelength (Amax) of a green dopant included in the green color emitting layer in the second emitting
part is between 515nm and 535nm, and a full width at half maximum (FWHM) of the green dopant is between 70nm
and 80nm, in one or more embodiments.

[0151] A charge generating layer may be additionally formed between the first and second emitting parts, and/or
between the second and third emitting parts, wherein the charge generating layer is a combination of N-type charge
generating layer and P-type charge generating layer.

[0152] The N-type charge generating layer includes an N-type non-doped layer and an N-type doped layer on the N-
type non-doped layer, and the N-type non-doped layer includes a host material with an electron transporting ability, and
the N-type doped layer includes a combination of the same host material as the host material of the N-type non-doped
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layer and a dopant material, in one or more embodiments.

[0153] The N-type non-doped layer is on an upper surface of the first or second emitting layer, and an electron
transporting layer is not provided between the N-type non-doped layer and the first emitting layer or between the N-type
non-doped layer and the second emitting layer, in one or more embodiments.

[0154] The P-type charge generating layer includes a P-type doped layer on the N-type charge generating layer and
a P-type non-doped layer on the P-type doped layer, and the P-type doped layer includes a combination of a host material
with a hole transporting ability and a dopant material, and the P-type non-doped layer includes the same host material
as the P-type doped layer, in one or more embodiments.

[0155] The P-type non-doped layer is on a lower surface of the second or third emitting layer, and a hole transporting
layer is not provided between the P-type non-doped layer and the second emitting layer or between the P-type non-
doped layer and the third emitting layer, in one or more embodiments.

[0156] The emitting parts to the closest to each electrode of said at least three emitting parts include said multiple
level EML structure having a blue color emitting layer and a yellow-green color emitting layer or a red color emitting
layer, wherein said blue color emitting layer is closer to said electrode than said yellow-green color emitting layer or said
red color emitting layer, in accordance with various embodiments.

[0157] The other emitting part of said at least three emitting parts includes at least two emitting layers among a green
color emitting layer, a yellow-green color emitting layer and a red color emitting layer, in accordance with various em-
bodiments.

[0158] Said tandem type white OLED further comprises a charge generation layer between two emitting parts being
in contact with the emitting layer included in one emitting part among the at least three emitting parts to minimize a total
number of said additional layers of said tandem type white OLED, in one or more embodiments.

[0159] According to the present invention, the blue (B) light with low efficiency is emitted from the two emitting parts,
and more particularly, first and third emitting parts, whereby the emitting efficiency is improved in the organic light emitting
device according to the present invention.

[0160] Also, in accordance with various embodiments each of the first emitting layer included in the first emitting part,
the second emitting layer included in the second emitting part and the third emitting layer included in the third emitting
part is formed of at least two emitting layers which emit lights with the different wavelengths, to thereby realize high color
reproduction range and high color purity.

[0161] It will be apparent to those skilled in the art that various modifications and variations can be made in the present
invention without departing from the spirit or scope of the inventions. Thus, itis intended that the presentinvention covers
the modifications and variations of this invention provided they come within the scope of the appended claims and their
equivalents.

Claims
1. An organic light emitting device comprising:

first and second electrodes (10, 20);

a first emitting part (100) including a first emitting layer (150), the first emitting part (100) provided between the
first and second electrodes (10, 20), and the first emitting layer (150) having at least two emitting layers (151,
153, 155) including a blue color emitting layer (151);

a second emitting part (200) including a second emitting layer (250), the second emitting part (200) provided
between the first emitting part (100) and the second electrode (20), and the second emitting layer (250) having
at least two emitting layers (253, 255, 257) including an emitting layer (253, 255, 257) for emitting light having
wavelength longer than that of the blue color emitting layer (151); and

a third emitting part (300) including a third emitting layer (350), the third emitting part (300) provided between
the second emitting part (200) and the second electrode (20), and the third emitting layer (350) having at least
two emitting layers (351, 353, 355) including a blue color emitting layer (351).

2. The organic light emitting device according to claim 1, wherein the first emitting layer (150) further comprises a red
color or yellow-green color emitting layer (153, 155).

3. The organic light emitting device according to claim 2, wherein the blue color emitting layer (151) in the first emitting
layer (150) is positioned closer to the first electrode (10) than the red color or yellow-green color emitting layer (153,

155) in the first emitting layer (150).

4. The organic light emitting device according to any one of claims 1 to 3, wherein the second emitting layer (250) is
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a combination of at least two emitting layers (253, 255, 257) among a red color emitting layer (253), a yellow-green
color emitting layer (255) and a green color emitting layer (257).

The organic light emitting device according to claim 4, wherein one emitting layer of the at least two emitting layers
(253, 255, 257) in the second emitting layer (250), which emits light with a relatively long wavelength, is positioned
closer to the first electrode (10) than another emitting layer of the at least two emitting layers (253, 255, 257) in the
second emitting layer (250), which emits light with a relatively short wavelength.

The organic light emitting device according to any one of claims 1 to 5, wherein the third emitting layer (350) further
comprises a red color or yellow-green color emitting layer (353, 355).

The organic light emitting device according to claim 6, wherein the blue color emitting layer (351) in the third emitting
layer (350) is positioned closer to the second electrode (20) than the red color or yellow-green color emitting layer
(353, 355) in the third emitting layer (350).

The organic light emitting device according to any one of claims 2 to 7, wherein a peak wavelength (Amax) of a blue
dopant included in the blue color emitting layer (151, 351) in at least one of the first and third emitting parts (100,
300) is smaller than 456nm, and a full width at half maximum (FWHM) of the blue dopant is between 30nm and
40nm, and

wherein a peak wavelength (Amax) of a red dopant included in the red color emitting layer (153, 253, 353) in at least
one of the first to third emitting parts (100, 200, 300) is between 620nm and 630nm, and a full width at half maximum
(FWHM) of the red dopant is between 50nm and 60nm.

The organic light emitting device according to any one of claims 2 to 7, wherein a peak wavelength (Amax) of a blue
dopant included in the blue color emitting layer (151, 351) in at least one of the first and third emitting parts (100,
300) is smaller than 456nm, and a full width at half maximum (FWHM) of the blue dopant is between 30nm and
40nm, and

wherein a peak wavelength (Amax) of a yellow-green dopant included in the yellow-green color emitting layer (155,
255, 355) in at least one of the first to third emitting parts (100, 200, 300) is between 540nm and 550nm, and a full
width at half maximum (FWHM) of the yellow-green dopant is between 70nm and 100nm.

The organic light emitting device according to any one of claims 4 to 9, wherein a peak wavelength (Amax) of a
green dopant included in the green color emitting layer (257) in the second emitting part (200) is between 515nm
and 535nm, and a full width at half maximum (FWHM) of the green dopant is between 70nm and 80nm.

The organic light emitting device according to any one of claims 1 to 10, further comprising a charge generating
layer (410, 420) between the first emitting part (100) and the second emitting part (200) and/or between the second
emitting part (200) and the third emitting part (300),

wherein the charge generating layer (410, 420) is a combination of N-type charge generating layer (411, 421) and
P-type charge generating layer (412, 422).

The organic light emitting device according to claim 11, wherein the N-type charge generating layer (411, 421)
includes an N-type non-doped layer (411a, 421a) and an N-type doped layer (411b, 421b) on the N-type non-doped
layer (411a,421a), and the N-type non-doped layer (411a, 421a) includes a host material with an electron transporting
ability, and the N-type doped layer (411b, 421b) includes a combination of the same host material as the host
material of the N-type non-doped layer (411a, 421a) and a dopant material.

The organic light emitting device according to claim 12, wherein the N-type non-doped layer (411a, 421a) is on an
upper surface of the first or second emitting layer (150, 250), and an electron transporting layer is not provided
between the N-type non-doped layer (411a) and the first emitting layer (150) or between the N-type non-doped layer
(421a) and the second emitting layer (250).

The organic light emitting device according to any one of claims 11 to 13, wherein the P-type charge generating
layer (412, 422) includes a P-type doped layer (412a, 422a) on the N-type charge generating layer (411, 421) and
a P-type non-doped layer (412b, 422b) on the P-type doped layer (412a, 422a), and the P-type doped layer (412a,
422a) includes a combination of a host material with a hole transporting ability and a dopant material, and the P-
type non-doped layer (412b, 422b) includes the same host material as the P-type doped layer (412a, 422a).
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15. The organic light emitting device according to claim 14, wherein the P-type non-doped layer (412b, 422b) is on a
lower surface of the second or third emitting layer (250, 350), and a hole transporting layer is not provided between
the P-type non-doped layer (412b) and the second emitting layer (250) or between the P-type non-doped layer
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(422b) and the third emitting layer (350).
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FIG. 2
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FIG. 3
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FIG. 4
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