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Description

[0001] This application claims the benefit of Korean Patent Application No.10-2013-0166477, filed on December 30,
2013.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Thepresentinvention relates to anorganic electroluminescentdevice and an organic electroluminescentdisplay
device having enhanced efficiency.

Discussion of the Related Art

[0003] With the advent of the information era, the field of displays, which visually displays electrical information signals,
has rapidly developed. In line with such trends, a variety of ultra-thin and light flat display devices with low power
consumption have been developed.

[0004] Examples of such flat display devices include, but are not limited to, a liquid crystal display (LCD) device, a
plasma display panel (PDP) device, a field emission display (FED) device, and an organic light emitting device (OLED).
[0005] In particular, OLEDs are self-emissive and have faster response time, higher luminous efficacy, higher bright-
ness and wider viewing angle than other flat display devices.

[0006] A conventional OLED includes a light emitting diode including emission layers to achieve colors. Among these,
a blue emission layer has lower luminous efficacy than emission layers that achieve other colors. In addition, the efficiency
of a blue mono-diode that achieves a blue color is reduced.

[0007] EP 1 729 544 A1 describes a white organic EL device having a structure in which an anode, a hole injecting
layer , a hole transporting layer, a first emitting layer, an electron barrier layer, a second emitting layer, an electron
transporting layer, and a cathode are stacked on each other in that order. The first emitting layer contains a first host
material and a first dopant, and the second emitting layer contains a second host material and a second dopant. An
ionization potential of the electron barrier layer is higher than that of the first emitting layer and of the second emitting
layer and the affinity level of the electron barrier layer is lower than those of the first emitting layer and the second emitting
layer. The first emitting layer has a hole mobility that is higher than the electron mobility of the second emitting layer.
[0008] WO 2010/128426 A1 describes an electroluminescent device comprising an interlayer and two electrolumines-
cent emission layers emitting different colors, with an anode being positioned to the left of emission layer and a cathode
being positioned to the right of emission layer, wherein the interlayer is undoped and acts as a barrier layer making a
transport of electrons and holes via the barrier difficult. The LUMO of the interlayer is higher than the LUMO of the
emission layers and the HOMO of the interlayer is lower than the HOMO of the emission layers.

[0009] JP 2010-205427 A describes an OLED having a first emission layer, a barrier layer on the first emission layer,
a second emission layer on the first barrier layer, a second barrier layer on the second emission layer, and a third
emission layer on the second barrier layer. The LUMOs of the barrier layers are higher than the LUMOs of the adjacent
emission layers and the HOMOs of the barrier layers are lower than the HOMOs of the adjacent emission layers.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to an organic electroluminescent device and an organic electro-
luminescent display device that substantially obviate one or more problems due to the limitations and disadvantages of
the related art.

[0011] An object of the present invention is to provide an organic electroluminescent device with enhanced efficiency.
[0012] Anotherobjectofthe presentinvention is to provide an organic electroluminescent display device with enhanced
efficiency.

[0013] Additional advantages, objects, and features 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 the invention. The objectives and other advantages of the invention may be realized
and attained by the structures particularly pointed out in the written description and claims hereof as well as the appended
drawings.

[0014] To achieve these objectives and other advantages and in accordance with the purpose of the invention, as
embodied and broadly described herein, an organic electroluminescent device is proposed as claimed in claim 1. Ad-
vantageous embodiments are given in the dependent claims. In particular, the organic electroluminescent device includes
first and second electrodes facing each other on a substrate, first and second emission layers formed between the first
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and second electrodes, a hole transport layer formed between the first electrode and the first emission layer, an electron
transport layer formed between the second electrode and the second emission layer, and at least one emission control
layer formed between the first and second emission layers. The emission control layer includes a first emission control
layer and a second emission control layer. The first emission laver is between the hole transport laver and the emission
control laver and the first emission control laver is between the first emission laver and the second emission control
laver. The second emission control layer has a lowest unoccupied molecular orbital energy level that is higher than that
of the first and second emission layers and the first emission control layer has a highest occupied molecular orbital
energy level that is lower than that of the first and second emission layers. The first emission control layer may have
higher electron mobility than hole mobility, and the second emission control layer may have high hole mobility than
electron mobility. Each of the first and second emission layers include a luminescent host and a luminescent dopant,
wherein the luminescent hosts of the first and second emission layers are formed of different materials, and the lumi-
nescent dopant of the first emission layer has a lower doping concentration than the luminescent dopant of the second
emission layer. The luminescent host of the first emission layer may have faster hole mobility than the luminescent host
of the second emission layer.

[0015] The first and second emission layers may achieve a blue color.

[0016] Each of the firstand second emission control layers may have a thickness of 2nm to 13 nm, and a total thickness
of the emission control layer including the first and second emission control layers may be 4 nm to 15 nm.

[0017] The first emission layer may achieve a red color, and the second emission layer may achieve a blue color.
[0018] The organic electroluminescent display device may further include a plurality of thin film transistors electrically
connected to the first electrode.

[0019] It is to be understood that both the foregoing general description and the following detailed description of the
present invention are exemplary and explanatory and are intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included to provide a further understanding 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 the invention. In the drawings:

FIG. 1 is a perspective view of an organic electroluminescent device according to a first example, not forming part
of the claimed invention.

FIG. 2 is a view illustrating an energy level of each of elements included in the organic electroluminescent device
of FIG. 1.

FIG. 3 is a perspective view of an organic electroluminescent device having a multi-stack structure including an
emission control layer illustrated in FIG. 1.

FIG. 4 is a perspective view of an organic electroluminescent device according to an embodiment of the present
invention.

FIG. 5 is a view illustrating an energy level of each of elements included in the organic electroluminescent device
of FIG. 4.

FIG. 6 is a graph showing luminous intensities according to the wavelength of the organic electroluminescent device
of FIG. 4 and the organic electroluminescent devices according to the comparative examples.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Reference will now be made in detail to the preferred 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.

[0022] Hereinafter, embodiments of the presentinvention will be described in detail with reference to the accompanying
drawings.

[0023] FIG. 1 is a perspective view of an organic electroluminescent device according to a first example, not forming
part of the claimed invention.

[0024] As illustrated in FIG. 1, the organic electroluminescent device includes first and second electrodes 102 and
104 and an organic emission layer 110 formed between the first and second electrodes 102 and 104.

[0025] Any one of the first and second electrodes 102 and 104 is formed as a transparent electrode or a semi-
transparent electrode, and the other thereof is formed as a reflective electrode. When the first electrode 102 is a semi-
transparent electrode and the second electrode 104 is a reflective electrode, the organic electroluminescent device is
of a bottom emission type that emits light to the lower side. When the second electrode 104 is a semi-transparent
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electrode and the first electrode 102 is a reflective electrode, the organic electroluminescent device is of a top emission
type that emits light to the upper side. In the present invention, a case in which the first electrode 102 as an anode is
formed as a reflective electrode and the second electrode 104 as a cathode is formed as a semi-transparent electrode
will be described by way of example.

[0026] The first electrode 102 has a multilayer structure including a metal layer formed of aluminum (Al) or an Al alloy
(e.g., AINd) and a transparent layer formed of indium tin oxide (ITO), indium zinc oxide (1ZO), or the like and acts as a
reflective electrode.

[0027] The second electrode 104 is formed as a single layer or multiple layers, and each layer constituting the second
electrode 104 is formed of a metal, an inorganic material, a mixture of metals, a mixture of a metal and an inorganic
material, or a mixture thereof. In this regard, when each layer is formed of the mixture of a metal and an inorganic
material, a mix ratio thereof is 10:1 to 1:10. When each layer is formed of the mixture of metals, a mix ratio thereof is
10:1 to 1:10. The metal constituting the second electrode 104 may be Ag, Mg, Yb, Li, or Ca, the inorganic material
constituting the second electrode 104 may be Li,O, CaO, LiF, or MgF,, and the metal and the inorganic material facilitate
migration of electrons and thus enable a large number of electrons to be supplied to the organic emission layer 110.
[0028] A hole injection layer 112, a hole transport layer 114, a first emission layer 106, an emission control layer 108,
a second emission layer 116, and an electron transport layer 118 are sequentially formed between the first and second
electrodes 102 and 104.

[0029] The hole injection layer 112 serves to facilitate injection of holes from the first electrode 102. The hole injection
layer 112 may be formed of at least one of the compounds represented by Formula 1 below, but embodiments of the
present invention are not limited thereto.

[Formula 1]

[0030] The hole transport layer 114 supplies holes from the hole injection layer 112 to the first and second emission
layers 106 and 116. The hole transport layer 114 may be formed of at least one of the compounds represented by
Formula 2 below, but embodiments of the present invention are not limited thereto.
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[Formula 2]

‘i. O,
0,000 QoM

l Hy

Kool

N/O

[0031] The electron transport layer 118 supplies electrons from the second electrode 104 to the first and second
emissionlayers 106 and 116. The electron transportlayer 118 may be formed of at least one of the compounds represented
by Formula 3 below, but embodiments of the present invention are not limited thereto.
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[Formula 3]

[0032] The emission control layer 108 is formed between the first and second emission layers 106 and 116. As
illustrated in FIG. 2, the emission control layer 108 has a lowest unoccupied molecular orbital (LUMO) energy level that
is higher than that of the first and second emission layers 106 and 116 and a highest occupied molecular orbital (HOMO)
energy level that is lower than that of the first and second emission layers 106 and 116. For example, the emission
control layer 108 has LUMO and HOMO energy levels that are similar or the same as those of the hole transport layer
114. Accordingly, electrons transported via the electron transport layer 118 are unable to migrate towards the first
emission layer 106 due to energy barrier between the second emission layer 116 and the emission control layer 108
and are concentrated at an interface between the emission control layer 108 and the second emission layer 116.
[0033] The emission control layer 108 may be formed of the same material as that of the hole transport layer 114 so
as to have the same hole mobility as that of the hole transport layer 114, or may be formed of a different material than
that of the hole transport layer 114 so as to have higher hole mobility than the hole transport layer 114. That is, the
emission control layer 108 has the same or higher hole mobility than the hole transport layer 114. Accordingly, holes
transported via the hole transport layer 114 are not concentrated at an interface between the emission control layer 108
and the first emission layer 106 and migrate towards the second emission layer 116.

[0034] The holes supplied via the hole transport layer 114 and the electrons supplied via the electron transport layer
118 are recombined in the first and second emission layers 106 and 116, thereby emitting light. The first and second
emission layers 106 and 116 achieve the same color and are formed of a material having the same optical properties.
For example, the first and second emission layers 106 and 116 are formed as a blue emission layer that achieves a
blue color or as a phosphorescent blue emission layer that achieves a blue color.

[0035] Each of the firstand second emission layers 106 and 116 includes aluminescent host and a luminescent dopant.
[0036] The luminescent hosts of the first and second emission layers 106 and 116 are formed of different materials.
That is, the luminescent host of the first emission layer 106 has faster hole mobility than the luminescent host of the
second emission layer 116 and is formed of a material having the same or superior performance to the hole transport
layer 114. For example, the luminescent host of the first emission layer 106 has a hole mobility of 1.0x10-19 to 1.0x10-7
cm?/Vs, and the luminescent host of the second emission layer 116 has a hole mobility of 4.9x10 to 1.0x107 cm?2/Vs.
Accordingly, the first emission layer 106 may smoothly move holes from the hole transport layer 114 to the emission
control layer 108.

[0037] When the first and second emission layers 106 and 116 are formed as blue emission layers, the luminescent
hosts of the firstand second emission layers 106 and 116 may be formed of at least any one of the compounds represented
by Formula 4 below, but embodiments of the present invention are not limited thereto.
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[Formula 4]

[0038] Theluminescentdopants of the firstand second emission layers 106 and 116 are formed of the same or different
materials.

[0039] When the luminescent dopants of the first and second emission layers 106 and 116 are formed of the same
material, the luminescent dopant of the first emission layer 106 has a lower doping concentration than the luminescent
dopant of the second emission layer 116 in order to reduce hole trapping performance of the first emission layer 106.
For example, the luminescent dopant of the first emission layer 106 has a doping concentration of 0.5% to 1%, and the
luminescent dopant of the second emission layer 116 has a doping concentration of 4% to 6%.

[0040] When the luminescent dopants of the first and second emission layers 106 and 116 are formed of different
materials, the luminescent dopant of the second emission layer 116 is formed of a material having higher luminous
efficacy than the luminescent dopant of the first emission layer 106.

[0041] Accordingly, as illustrated in FIG. 2, holes concentrated at an interface between the emission control layer 108
and the second emission layer 116 including a luminescent dopant having a relatively high doping concentration or high
luminous efficacy and electrons supplied via the electron transportlayer 118 are recombined at the interface therebetween
and thus relatively strong light is emitted. In addition, some holes and electrons having passed through the emission
control layer 108 are recombined in the first emission layer 106 having a relatively low doping concentration or low
luminous efficacy and thus relatively weak light is emitted.

[0042] Meanwhile, when the first and second emission layers 106 and 116 are blue emission layers, the luminescent
dopants of the first and second emission layers 106 and 116 may be formed of at least one of the compounds represented
by Formula 5 below, but embodiments of the present invention are not limited thereto.



10

15

25

30

35

40

45

50

55

EP 3 038 178 B1

[Formula 5]

CHN

[0043] Table 1 shows characteristics of organic electroluminescent devices according to Example 1 and a Comparative
Example.

[Table 1]
Voltage CIE, CIEy EQE (%)
Comparative Example 100%
Identical Identical Identical
Example 1 113%

[0044] In this regard, the organic electroluminescent devices of Example 1 and the Comparative Example have the
following structures on a substrate.

[0045] Example 1: first electrode/hole injection layer/hole transport layer/first blue emission layer including a first blue
host and a blue dopant/emission control layer/second blue emission layer including a second blue host and a blue
dopant/electron transport layer/second electrode.

[0046] Comparative Example:firstelectrode/hole injection layer/hole transport layer/blue emission layer/electron trans-
port layer/second electrode (here, the blue emission layer of the Comparative Example is formed of the same material
as that of the second blue emission layer of Example 1) .

[0047] Each layer of the organic electroluminescent devices of Example 1 and the Comparative Example is formed
of a compound represented by Formula 6 below.
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[Formula 6]

<hole injection thﬁy <hole transport layer,
layer> emission control
layer>

<first bhlus
host>

<blue dopant> Zelectron
transpert layers>

[0048] As shown in Table 1 above, it can be confirmed that the organic electroluminescent device of Example 1 has
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the same driving voltage and color coordinate characteristics, while having an external quantum efficiency (EQE) in-
creased by 13% or more, when compared to the organic electroluminescent device of the Comparative Example.
[0049] Although FIG. 1 illustrates that the organic electroluminescent device has a single light emitting stack structure
including the first and second emission layers 106 and 116 that achieve the same color, as illustrated in FIG. 3, the
organic electroluminescent device may have a structure including multiple light emitting stacks. That is, the organic
electroluminescent device illustrated in FIG. 3 includes first and second light emitting stacks 110 and 120 formed between
the first and second electrodes 102 and 104 and a charge generation layer 140 formed between the first and second
light emitting stacks 110 and 120.

[0050] The charge generation layer 140 is formed between the first and second light emitting stacks 110 and 120 and
thus controls charge balance between the first and second light emitting stacks 110 and 120. The charge generation
layer 140 includes an N-type charge generation layer 142 and a P-type charge generation layer 144 that are sequentially
stacked.

[0051] The firstlight emitting stack 110 is formed between the first electrode 102 and the charge generation layer 140.
The first light emitting stack 110 includes the hole injection layer 112, a first hole transport layer 114, the first emission
layer 106 that achieves a blue (B) color, the emission control layer 108, the second emission layer 116 that achieves a
blue (B) color and a first electron transport layer 118 that are sequentially formed on the first electrode 102.

[0052] The second light emitting stack 120 is formed between the second electrode 104 and the charge generation
layer 140. The second light emitting stack 120 includes a second hole transport layer 124, a third emission layer 126
that achieves yellow-green (YG) and a second electron transport layer 128 that are sequentially formed on the charge
generation layer 140.

[0053] The first emission layer 106 includes a blue dopant and a blue host and emits weak blue light, the second
emission layer 116 includes a blue dopant having a higher doping concentration than the first emission layer 106 and
a blue host and emits strong blue light, and the third emission layer 126 includes a phosphorescent yellow-green dopant
and host and emits yellow-green light. Accordingly, white light may be emitted through mixing of blue (B) light of the first
and second emission layers 106 and 116 and yellow-green (YG) light of the third emission layer 126.

[0054] As such, in the organic electroluminescent device according to the first example, the second emission layer
116 emits strong light due to the emission control layer 108 formed between the first and second emission layers 106
and 116. In addition, electrons that are not capable of contributing to light emission of the second emission layer 116
migrate to the first emission layer 106 via the emission control layer 108 and thus are completely used in emission of
light from the first emission layer 106 and, consequently, the first emission layer 106 emits weak light. Accordingly, in
the organic electroluminescent device according to the first example, electrons and holes from the second electrode
104 completely contribute to light emission and thus efficiency is enhanced. In particular, in an organic electroluminescent
device that achieves a blue color, efficiency of a blue emission layer is enhanced.

[0055] FIG. 4 is a view of an organic electroluminescent device according to an embodiment of the present invention.
[0056] The organic electroluminescent device illustrated in FIG. 4 includes the same elements as those of the organic
electroluminescent device illustrated in FIG. 1, except that the organic electroluminescent device of FIG. 4 includes
multiple emission control layers. Thus, a detailed description of the same elements will be omitted herein.

[0057] The multiple emission control layers 108 illustrated in FIG. 4 include first and second emission control layers
108a and 108b formed between the first and second emission layers 106 and 116.

[0058] The first emission control layer 108a is formed between the second emission control layer 108b and the first
emission layer 106 that achieves a red (R) color. The first emission control layer 108a is formed of a material having
higher electron mobility than hole mobility. For example, the first emission control layer 108a is formed of a material
having identical or superior properties to those of the electron transport layer 118, as represented in Formula 3 and thus
has the same or higher electron mobility than the electron transport layer 118. Accordingly, electrons from the electron
transport layer 118 pass through the second emission control layer 108b through tunneling and the electrons having
passed through the second emission control layer 108b are transported to the first emission layer 106 via the first
emission control layer 108a having excellent electron transporting ability.

[0059] The second emission control layer 108b is formed between the first emission control layer 108a and the second
emission layer 116 that achieves a blue (B) color. The second emission control layer 108b is formed of a material having
higher hole mobility than electron mobility. For example, the second emission control layer 108b is formed of a material
having identical or superior properties to the hole transport layer 114, as represented in Formula 2 and thus has the
same or higher hole mobility than the hole transport layer 114. Accordingly, holes from the hole transport layer 114 pass
through the first emission control layer 108a through tunneling and the holes having passed through the first emission
control layer 108a are transported to the second emission layer 116 via the second emission control layer 108b having
excellent hole transporting ability.

[0060] In addition, the first emission control layer 108a is formed to a thickness of 2 nm to 13 nm so that tunneling of
holes occurs, the second emission control layer 108b is formed to a thickness of about 2 nm to about 13 nm so that
tunneling of electrons occurs, and a total thickness of the emission control layers 108 including the first and second
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emission control layers 108a and 108b is 4 nm to 15 nm. When the thickness of each of the first and second emission
control layers 108a and 108b exceeds 13 nm, transporting effects of holes and electrons by tunneling may not be
obtained. On the other hand, when the thickness of each of the first and second emission control layers 108a and 108b
is less than 2 nm, transporting effects of holes and electrons by tunneling may be obtained while it is impossible to obtain
intrinsic properties of a material of each layer.

[0061] Table 2 shows EQEs of organic electroluminescent devices according to Comparative Examples 1 to 3 and
the organic electroluminescent device according to the embodiment of the present invention.

[Table 2]
Comparative Example | Comparative Example | Comparative Example Example 2
1 2 3

Thickness of ECL1 0nm 0.5 nm 1nm 2nm
Thickness of ECL2 2nm 1.5 nm 4 nm 3 nm

EML Blue Red Blue Red Blue Red Blue Red

EQE 158% 3% 150% 1.5% 143% 4.02% 100% | 100%

[0062] In this regard, the organic electroluminescent devices of Example 2 and Comparative Examples 1 to 3 have

the following structures on a substrate.

[0063] Example 2 and Comparative Examples 1 to 3: first electrode/hole injection layer/hole transport layer/first emis-
sion layer that achieves a red color/first emission control layer/second emission control layer/blue emission layer that
achieves a blue color/electron transport layer/second electrode.

[0064] In particular, the first and second emission control layers are formed of a compound represented by Formula
7 below.

1"
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[Formula 7]

<second emisgsion control layver>

[0065] The firstand second emission control layers ECL1 and ECL2 of each of the organic electroluminescent devices
of Comparative Examples 1 to 3 and Example 2 have the thicknesses shown in Table 2 above.

[0066] As shown in Table 2, the blue emission layer of each of the organic electroluminescent devices of Comparative
Examples 1 to 3, including the first emission control layer 108 having a thickness of less than 2 nm, has higher EQE
than the blue emission layer of the organic electroluminescent device of Example 2, while the red emission layer thereof
has much lower EQE than the red emission layer of the organic electroluminescent device of Example 2. This is because
the thickness of the first emission control layer 108a is too small and thus the first emission control layer 108a cannot
function properly.

[0067] Accordingly, as illustrated in FIG. 6, while the organic electroluminescent devices of Comparative Examples 1
to 3 emit light only at a blue wavelength of 410 nm to 500 nm and thus cannot emit white light, the organic electrolumi-
nescent device of Example 2 emits light at blue and red wavelengths of 410 to 500 nm and 580 to 700 nm and thus may
emit white light through mixing of red light and blue light.

[0068] As such, in the organic electroluminescent device according to the embodiment of the present invention, both
the first and second emission layers 106 and 116 emit light due to the first and second emission control layers 108a and
108b formed between the first and second emission layers 106 and 116 and thus efficiency is enhanced.

[0069] An organic electroluminescent display device comprising the organic electroluminescent device of FIGS. 1, 3
and 4 has a plurality of thin film transistors electrically connected to first electrode.

[0070] As is apparent from the foregoing description, in organic electroluminescent devices according to the present
invention, due to at least one emission control layer formed between first and second emission layers, both holes and
electrons are transferred to the emission layers and thus luminous efficacy is enhanced.
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1. An organic electroluminescent device comprising:

first and second electrodes (102, 104) facing each other on a substrate (101);

first and second emission layers (106, 116) formed between the first and second electrodes (102, 104);

a hole transport layer (114) formed between the first electrode (102) and the first emission layer (106);

an electron transport layer (118) formed between the second electrode (104) and the second emission layer
(116);

at least one emission control layer (108) formed between the first and second emission layers (106, 116),
wherein the emission control layer (108) comprises a first emission control layer (ECL1) and a second emission
control layer (ECL2),

wherein the first emission laver (106) is between the hole transport laver (114) and the emission control laver
(108) and the first emission control laver (ECL1) is between the first emission laver (106) and the second
emission control laver (ECL2),

wherein the second emission control layer (ECL2) has a lowest unoccupied molecular orbital (LUMO) energy
level that is higher than that of the first and second emission layers (106, 116) and the first emission control
laver (ECL1) has a highest occupied molecular orbital (HOMO) energy level that is lower than that of the first
and second emission layers (106, 116); and

wherein the first emission control layer (ECL1) has higher electron mobility than hole mobility, and the second
emission control layer (ECL2) has higher hole mobility than electron mobility, characterized in that

each of the first and second emission layers (106, 116) comprises a luminescent host and a luminescent dopant,
wherein the luminescent hosts of the firstand second emission layers (106, 116) are formed of different materials,
and the luminescent dopant of the first emission layer (106) has a lower doping concentration than the lumi-
nescent dopant of the second emission layer (116), wherein the luminescent host of the first emission layer
(106) has a higher hole mobility than the luminescent host of the second emission layer (116).

2. The organic electroluminescent device according to claim 1, wherein the first and second emission layers (106,
116) achieve a blue color.

3. The organic electroluminescent device according to any one of claims 1 or 2, wherein each of the first and second
emission control layers (ECL1, ECL2) has a thickness of 2 nm to 13 nm, and a total thickness of the emission control
layer (108) comprising the first and second emission control layers (ECL1, ECL2) is 4 nm to 15 nm.

4. The organic electroluminescent device according to any one of claims 1 to 3, wherein the first emission layer (106)
achieves a red color, and the second emission layer (116) achieves a blue color.

Patentanspriiche

1. Organische elektrolumineszierende Vorrichtung, aufweisend:

eine erste und eine zweite Elektrode (102, 104), die einander zugewandst sind, auf einem Substrat (101);
eine erste und eine zweite Emissionsschicht (106, 116) die zwischen der ersten und der zweiten Elektrode
(102, 104) ausgebildet sind;

eine Locher transportierende Schicht (114), die zwischen der ersten Elektrode (102) und der ersten Emissions-
schicht (106) ausgebildet ist;

eine Elektronen transportierende Schicht (118), die zwischen der zweiten Elektrode (104) und der zweiten
Emissionsschicht (116) ausgebildet ist;

mindestens eine Emissionssteuerschicht (108), die zwischen der ersten und der zweiten Emissionsschicht (106,
116) ausgebildet ist, wobei die Emissionssteuerschicht (108) eine erste Emissionssteuerschicht (ECL1) und
eine zweite Emissionssteuerschicht (ECL2) aufweist,

wobei die erste Emissionsschicht (106) zwischen der Lécher transportierenden Schicht (114) und der Emissi-
onssteuerschicht (108) ist und die erste Emissionssteuerschicht (ECL1) zwischen der ersten Emissionsschicht
(106) und der zweiten Emissionssteuerschicht (ECL2) ist,

wobei die zweite Emissionssteuerschicht (ECL2) ein niedrigstes unbesetztes Molekilorbital(LUMO)-Energie-
niveau hat, das hdher als das der ersten und der zweiten Emissionsschicht (106, 116) ist, und die erste Emis-
sionssteuerschicht (ECL1) ein héchstes besetztes Molekulorbital(HOMO)-Energieniveau hat, das niedriger als
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das der ersten und zweiten Emissionsschicht (106, 116) ist; und

wobei die erste Emissionssteuerschicht (ECL1) eine grofRere Elektronenbeweglichkeit als Locherbeweglichkeit
hat und die zweite Emissionssteuerschicht (ECL2) eine grofRere Lécherbeweglichkeit als Elektronenbeweglich-
keit hat, gekennzeichnet dadurch, dass

die erste und die zweite Emissionsschicht (106, 116) jeweils ein lumineszierendes Wirtsmaterial und einen
lumineszierenden Dotierstoff aufweisen, wobei die lumineszierenden Wirtsmaterialien der ersten und der zwei-
ten Emissionsschicht (106, 116) aus verschiedenen Materialien gebildet sind und der lumineszierende Dotier-
stoff der ersten Emissionsschicht (106) eine geringere Dotierstoffkonzentration als der lumineszierende Dotier-
stoff der zweiten Emissionsschicht (116) hat, wobei das lumineszierende Wirtsmaterial der ersten Emissions-
schicht (106) eine groRere Locherbeweglichkeit als das lumineszierende Wirtsmaterial der zweiten Emissions-
schicht (116) hat.

2. Organische elektrolumineszierende Vorrichtung nach Anspruch 1, wobei die erste und die zweite Emissionsschicht
(106, 116) eine blaue Farbe erzielen.

3. Organische elektrolumineszierende Vorrichtung nach einem der Anspriiche 1 oder 2, wobei die erste und die zweite
Emissionssteuerschicht (ECL1, ECL2) jeweils eine Dicke von 2 nm bis 13 nm haben und eine Gesamtdicke der
Emissionssteuerschicht (108), die die erste und die zweite Emissionssteuerschicht (ECL1, ECL2) aufweist, 4 nm
bis 15 nm ist.

4. Organische elektrolumineszierende Vorrichtung nach einem der Anspriiche 1 bis 3, wobei die erste Emissionsschicht
(106) eine rote Farbe erzielt und die zweite Emissionsschicht (116) eine blaue Farbe erzielt.

Revendications
1. Dispositif électroluminescent organique comprenant :

des premiére et seconde électrodes (102, 104) qui se font face I'une a l'autre sur un substrat (101) ;

des premiere et seconde couches d’émission (106, 116) formées entre les premiére et seconde électrodes
(102, 104) ;

une couche de transportde trous (114) formée entre la premiére électrode (102) etla premiére couche d’émission
(106) ;

une couche de transport d’électrons (118) formée entre la seconde électrode (104) et la seconde couche
d’émission (116) ;

au moins une couche de commande d’émission (108) formée entre les premiére et seconde couches d’émission
(106, 116), ou la couche de commande d’émission (108) comprend une premiere couche de commande d’émis-
sion (ECL1) et une seconde couche de commande d’émission (ECL2),

dans lequel la premiére couche d’émission (106) est située entre la couche de transport de trous (114) et la
couche de commande d’émission (108), et la premiere couche de commande d’émission (ECL1) est située
entre la premiére couche d’émission (106) et la seconde couche de commande d’émission (ECL2),

dans lequel la seconde couche de commande d’émission (ECL2) présente un niveau d’énergie d’orbitale mo-
Iéculaire inoccupée la plus basse (LUMO) qui est supérieur a celui des premiére et seconde couches d’émission
(106, 116), et la premiére couche de commande d’émission (ECL1) comprend un niveau d’énergie d’orbitale
moléculaire occupée la plus élevée (HOMO) qui estinférieur a celui des premiére et seconde couches d’émission
(106, 116) ; et

dans lequel la premiére couche de commande d’émission (ECL1) présente une mobilité d’électrons supérieure
a la mobilité de trous, et la seconde couche de commande d’émission (ECL2) présente une mobilité de trous
supérieure a la mobilité d’électrons, caractérisé en ce que

chacune des premiére et seconde couches d’émission (106, 116) comprend un héte luminescent et un dopant
luminescent, ou les hétes luminescents des premiere et seconde couches d’émission (106, 116) sont formés
de matériaux différents, et le dopant luminescent de la premiére couche d’émission (106) présente une con-
centration de dopage plus faible que le dopant luminescent de la seconde couche d’émission (116), ou I'hbte
luminescent de la premiere couche d’émission (106) présente une mobilité de trous plus élevée que I'hbte
luminescent de la seconde couche d’émission (116).

2. Dispositif électroluminescent organique selon la revendication 1, dans lequel les premiére et seconde couches
d’émission (106, 116) obtiennent une couleur bleue.
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Dispositif électroluminescent organique selon I'une quelconque des revendications 1 ou 2, dans lequel chacune
des premiere et seconde couches de commande d’émission (ECL1, ECL2) présente une épaisseur de 2 nm a 13
nm, et une épaisseur totale de la couche de commande d’émission (108) comprenant les premiére et seconde
couches de commande d’émission (ECL1, ECL2) est de 4 nm a 15 nm.

Dispositif électroluminescent organique selon I'une quelconque des revendications 1 a 3, dans lequel la premiéere
couche d’émission (106) obtient une couleur rouge, et la seconde couche d’émission (116) obtient une couleur bleue.
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FIG.1
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FIG.2
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FIG. 3
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FIG.4
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