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Description
OLED HAVING STACKED ORGANIC LIGHT-EMITTING

UNITS

Technical Field
[1] The present invention relates to a stacked organic light emitting device (OLED).

This application claims priority benefits from Korean Patent Application No.

10-2006-0005200, filed on January 18, 2006, the entire contents of which are fully in

corporated herein by reference.

Background Art
[2] An organic light emitting device usually comprises two electrodes, and an organic

material layer interposed therebetween. The organic light emitting device can further

comprise an electron- or hole-injecting layer, or an electron- or hole-transporting layer

to improve the performances.

[3] Recently, a stacked organic light emitting device which can enhance the light

emitting efficiency per unit area by interposing an organic light emitting layer in the

pixel regions of the organic light emitting device has been developed.

[4] Fig. 1 illustrates a cross-section of the conventional stacked organic light emitting

device. The device shown in Fig. 1 has a stacked structure in which an anode electrode,

a light emitting layer and a cathode electrode are typically sequentially repeated. In the

stacked organic light emitting device having such the structure, a predetermined

voltage is applied between the uppermost cathode electrode and the lowermost anode

electrode. Because of the voltage applied between the two electrodes, a vertical current

path is formed depending on the applied voltage. Since light is emitted from several

light emitting layers, that is, a first light emitting layer and a second light emitting

layer, the luminous efficiency per unit area is enhanced compared to the conventional

organic light emitting device having a single emission layer.

[5] Forrest et al. suggested a SOLED (Stacked OLED) using an ITO which is a

transparent electrode having a high transmittance for effectively transmitting a visible

ray from the inside to the outside of the stacked device, as an intermediate conductive

layer which is interposed between the light emitting units and acts as an anode

electrode and a cathode electrode. ["Three-Color, Tunable, Organic Light Emitting

Devices", S. R. Forrest et al, Science, vol. 276, 1997, p 2009, "A metal-free, full-color

stacked organic light emitting device", S.R. Forrest et al, Applied Physics Letters, Vol.

74, 1999, 305.].

[6] However, the conductive oxide film such as IZO (indium zinc-oxide) and ITO

(indium tin-oxide), as a transparent electrode which is usually used as an anode, has a



high work function (usually > 4.5 eV). Consequently, when it is used to form a cathode

electrode, it is not easy to inject electrons from the cathode to the light emitting layer.

From this, there occur some problems that the operational voltage of the organic light

emitting device is greatly increased, and that critical characteristics as the device such

as light emitting efficiency is deteriorated. Accordingly, it has some limitation on the

use of the transparent electrode, which is used as an anode electrode, as a common e

lectrode acting as both of an anode electrode and a cathode electrode.

[7] Meanwhile, US Patent No. 5,917,280 describes a SOLED, wherein a Mg:Ag alloy

layer which is a semi-transparent electrode is used as an intermediate conductive layer

which is interposed between the light emitting units, and acts as a common electrode,

that is, an electrode acting as both of an anode and a cathode.

[8] Generally, in order to accelerate the hole injection, a material having HOMO

energy level such that the anode electrode is modulated to have a Fermi energy level

similar to the HOMO (highest occupied molecular orbital) energy level of the hole

injecting layer, or having a HOMO energy level similar to the Fermi energy level of

the anode electrode is selected as a hole injecting layer. However, since the hole

injecting layer should be selected taking into consideration not only the Fermi energy

level of the anode electrode, but also the HOMO energy level of the hole transporting

layer or the light emitting layer, there is some limitation on selection of the materials

for the hole injecting layer. Accordingly, even in the case of using the materials used

for a cathode such as a Mg:Ag alloy layer as a common electrode, light emitting char

acteristics are inevitably limited.

[9] In order to overcome the above-described problems, Forrest et al. has suggested a

SOLED having a structure as shown in Fig. 2, in which a Mg:Ag alloy layer and ITO

are sequentially stacked for an intermediate conductive layer ["High-efficiency, low-

drive- voltage, semitransparent stacked organic light emitting device" S. R. Forrest et

al., Applied Physics Letters, vol. 73, 1998, p 2399.]. This SOLED allows color

temperature calibration of each unit of the light emitting layers, but color temperature

control needs a very complicated electrode structure. Further, this SOLED has a

drawback that the preparation process is complicated, for example, due to formation of

a Mg:Ag/ITO double layer having limited transparency.

[10] Korean Patent Application Publication No. 2005-29824 discloses a stacked organic

light emitting device wherein each of the light emitting units stacked as shown in Fig.

3 is linked in the independent current path. However, in such the stacked organic light

emitting device, two light emitting units on the right side and the left side of the in

termediate conductive layer (220) are formed in an inverting structure and a non-

inverting structure, and accordingly, it is substantially only configured to make the

same currents to be applied to a unit device simultaneously, which does not allow color



temperature calibration.

[11] Meanwhile, the present inventors filed patent applications on an organic light

emitting device, comprising an anode containing a conductive layer and an n-type

organic material layer positioned on the conductive layer; a cathode; and a p-type

organic material layer, which is positioned between the conductive layer of the anode

and the cathode, and is joined with the n-type organic material layer to form an NP

junction, wherein an electrical barrier against hole injection and/or hole discharge in

the anode/organic material layer interface is lowered by controlling the difference

between the LUMO energy level of the n-type organic material layer in the anode and

the Fermi energy level of the conductive layer in the anode. Therefrom, the hole

injection and/or hole discharge performance is improved, thus giving a high device

performance, and an electrode formed of various materials, which favorably make the

process for preparing the device easier (see, PCT/KR2005/001381 and Korean Patent

Application No. 2005-103664). Particularly, the organic light emitting device

according to Korean Patent Application No. 2005-103664 has an advantage that Ca,

Ca:Ag, Ca-IZO or Mg:Ag materials can be used for the conductive layer of an anode

electrode, and the same materials can be used for the anode electrode and the cathode

electrode.

Disclosure of Invention

Technical Problem
[12] It is an object of the present invention to provide a stacked organic light emitting

device which is capable of color temperature control through the partial color control

by individually operating each of the stacked light emitting units. It is another object of

the present invention to provide a stacked organic light emitting device which is

capable of establishing various display devices by operating the stacked light emitting

units alternately and controlling the operation time and intensity of each light emitting

unit. Further, it is still another object of the present invention to provide a stacked

organic light emitting device, wherein an intermediate conductive layer for a common

electrode can be the same materials as the anode electrode or the cathode electrode.

Technical Solution
[13] In order to solve the above-described objects, the present invention provides a

stacked organic light emitting device, comprising a first conductive layer, at least one

intermediate conductive layer and a second conductive layer, and light emitting units

disposed between the conductive layers, wherein at least two non-neighboring conducti

ve layers among the conductive layers are conductive layers belonging to Group 1 such

that they are electrically connected with each other to a common potential; at least one

non-neighboring conductive layer among the conductive layers which are not



electrically connected with the conductive layers belonging to Group 1 to a common

potential are conductive layers belonging to Group 2 such that they are electrically

connected with each other to a common potential; and the conductive layers belonging

to Group 1 and the conductive layers belonging to Group 2 are connected with each

other via a voltage regulator for alternately applying a positive voltage and a negative

voltage.

[14] In the stacked organic light emitting device having such structure, each of the

stacked light emitting units individually performs the operation and the non-operation

alternately according to the a positive voltage and a negative voltages applied to the

conductive layers adjacent thereto. Thus, in the stacked organic light emitting device

according to the present invention, color temperature control can be effected by

individual operation of each of the light emitting units. Further, in the stacked organic

light emitting device according to the present invention, by controlling the time or

voltage intensity for alternately applying the positive voltages and negative voltages to

the conductive layers, displaying more various kinds of colors can be established. In

the stacked organic light emitting device according to the present invention, at least

one of the light emitting units comprises an n-type organic material layer adjacent to

any one of the conductive layers, and a p-type organic material layer to form an NP

junction with the n-type organic material layer, and their energy levels satisfy the

following equations:

[15] E - E 4eV (l)

[16] E° - E IeV (2)
pH nL <

[17] In the above equations (1) and (2), E is a Fermi energy level of the conductive

layer adjacent to the n-type organic material layer, E is a LUMO (lowest unoccupied
nL

molecular orbital) energy level of the n-type organic material layer, and E is HOMO
pH

(highest occupied molecular orbital) energy level of the p-type organic material layer.

Advantageous Effects
[18] It is an advantage of the stacked organic light emitting device according to the

present invention that it is capable of color temperature control through the partial

color control by individually operating each of the stacked light emitting units, and it is

capable of establishment of various display devices by alternately operating the

stacked light emitting units. Since the organic light emitting device according to the

present invention comprises an n-type organic material layer and a p-type organic

material layer, wherein a combination thereof lowers the electrical barrier against hole

injection and hole discharge, and forms an NP junction, it provides a high device

efficiency and availability of various materials for the electrode materials, thus it

giving an effect of simplifying the preparation process for the device.



Brief Description of the Drawings
[19] Figs. 1, 2 and 3 are cross-sectional structure diagrams illustrating the conventional

stacked organic light emitting devices,

[20] Figs. 4 and 5 are a schematic cross-sectional diagram illustrating the stacked

organic light emitting device comprising one intermediate conductive layer and a pulse

generator, according to one embodiment of the present invention, and a schematic

diagram of the equivalent circuit in the structure, respectively,

[21] Fig. 6 illustrates the embodiment for controlling the height of the pulse of the pulse

voltage applied to the intermediate conductive layer,

[22] Fig. 7 illustrates the embodiment for controlling the width of the pulse of the pulse

voltage applied to the intermediate conductive layer,

[23] Figs. 8 and 9 are a schematic cross-sectional diagram illustrating the stacked

organic light emitting device comprising two intermediate conductive layers and a

pulse generator, according to one embodiment of the present invention, and a

schematic diagram of the equivalent circuit in the structure, respectively,

[24] Figs. 10 and 11 are a schematic cross-sectional diagram illustrating the stacked

organic light emitting device comprising two intermediate conductive layers according

to embodiments of the present invention, and a schematic diagram of the equivalent

circuit in the structure,

[25] Figs. 12 and 13 are a schematic cross-sectional diagram illustrating the stacked

organic light emitting device comprising two intermediate conductive layers and a

pulse generator, according to one embodiment of the present invention, and a

schematic diagram of the equivalent circuit in the structure, respectively,

[26] Figs. 14 and 15 are a schematic cross-sectional diagram illustrating the stacked

organic light emitting device comprising three intermediate conductive layers and a

pulse generator, according to one embodiment of the present invention, and a

schematic diagram of the equivalent circuit in the structure, respectively,

[27] Fig. 16 is a schematic cross-sectional diagram illustrating the stacked organic light

emitting device comprising three intermediate conductive layers and a pulse generator,

according to one embodiment of the present invention,

[28] Figs. 17 and 18 are a schematic cross-sectional diagram illustrating the stacked

organic light emitting device comprising three intermediate conductive layers and a

pulse generator, according to one embodiment of the present invention, and a

schematic diagram of the equivalent circuit in the structure, respectively,

[29] Figs. 19 and 20 are a schematic cross-sectional diagram illustrating the stacked

organic light emitting device comprising three intermediate conductive layers and a

pulse generator, according to one embodiment of the present invention, and a



schematic diagram of the equivalent circuit in the structure, respectively,

[30] Fig. 2 1 is a schematic cross-sectional diagram illustrating the stacked organic light

emitting device comprising three intermediate conductive layers, according to em

bodiments of the present invention, and a schematic diagram of the equivalent circuit

in the structure,

[31] Fig. 22 is the data of current-voltage characteristics of the blue and green light

emission at forward and reverse voltages in the stacked organic light emitting device

according to Example 1 as one embodiment of the present invention,

[32] Fig. 23 is the blue and green light emission spectrum at forward and reverse

voltages in the stacked organic light emitting device according to Example 1 as one

embodiment of the present invention,

[33] Fig. 24 is the light emission color coordinate at forward and reverse voltages in the

stacked organic light emitting device according to Example 1 as one embodiment of

the present invention, and

[34] Fig. 25 is the light emission photograph upon forwardly and reversely driving at 60

Hz using a forward, reverse and pulse generators in the stacked organic light emitting

device according to Example 1 as one embodiment of the present invention.

[35] [Numeral References]

[36] 100, 200, 300, 400, 500, 600, 700, 800: Substrate

[37] 110, 210, 210a, 210b, 310, 410, 510, 610, 710, 810: First conductive layer

[38] 120, 220, 320, 420, 520, 620, 720, 820: Second conductive layer

[39] 311, 321, 411, 421, 431, 511, 621, 531, 611, 621, 631, 641, 711, 721, 731, 741,

811, 821, 831, 841: N-type organic material layer

[40] 112, 122, 212, 222, 232, 312, 322, 412, 422, 432, 512, 522, 532, 612, 622, 632,

642, 712, 722, 732, 742, 812, 822, 832, 842: Hole transporting layer

[41] 113, 123, 213, 223, 233, 313, 323, 413, 423, 433, 513, 523, 533, 613, 623, 633,

643, 713, 723, 733, 743, 813, 823, 833, 843: Light emitting layer

[42] 114, 124, 214, 224, 234, 314, 324, 414, 424, 434, 514, 524, 534, 614, 624, 634,

644, 714, 724, 734, 744, 814, 824, 834, 844: Electron transporting layer

[43] 130, 230, 240, 330, 430, 440, 530, 540, 630, 640, 650, 730, 740, 750, 830, 840,

850: Intermediate conductive layer

[44] 350, 450, 550, 650, 750, 850: Pulse generator

Best Mode for Carrying Out the Invention
[45] Hereinbelow, preferable embodiments of the present invention will be described in

detail with reference to the figures. However, the below-described accompanying

figures and detailed description will be provided for the purpose of illustrating the

present invention in nature, and thus, the scope of the present invention is not limited



thereto. Various modifications of the following preferable embodiments will be made

within the scope of the present invention.

[46] The stacked organic light emitting device according to the present invention is char

acterized in that at least two non-neighboring conductive layers among the conductive

layers are conductive layers belonging to Group 1 such that they are electrically

connected with each other to a common potential; at least one non-neighboring

conductive layer among the conductive layers which are not electrically connected

with the conductive layers belonging to Group 1 to a common potential are conductive

layers belonging to Group 2 such that they are electrically connected with each other to

a common potential; and the conductive layers belonging to Group 1 and the

conductive layers belonging to Group 2 are connected with each other via a voltage

regulator for alternately applying a positive voltage and a negative voltage.

[47] At this time, the voltage regulator is not particularly limited to a specific species as

long as it plays a role in achieving its purpose, but it can apply positive voltages and

negative voltages alternately, for examples, through a sine wave alternating current

voltage, a direct current voltage, or a pulse voltage. The voltage regulator may be

further provided with a means of controlling the time or voltage intensity for a l

ternately applying the positive voltages and negative voltages, such as a means of

modulating the width or height of the sine wave or the pulse. By controlling the time or

voltage intensity for alternately applying the positive voltages and negative voltages to

each of the conductive layers, the stacked organic light emitting device according to

the present invention can be used to establish various display. Fig. 6 shows an example

for modulation of the height of the pulse, and Fig. 7 shows an example for modulation

of the width of the pulse.

[48] The present invention can provide various embodiments with modifications in the

numbers of the intermediate conductive layers and the light emitting units, and the

electrical connection states of the conductive layers, within the scope satisfying the

above-described conditions.

[49] According to one embodiment of the present invention, there is provided a stacked

organic light emitting device, comprising a first conductive layer, at least one in

termediate conductive layer and a second conductive layer, and light emitting units

disposed between the conductive layers, wherein the first conductive layer and at least

one intermediate conductive layer are conductive layers belonging to Group 1 such that

they are electrically connected with each other to a common potential; the second

conductive layer, and at least one intermediate conductive layer not belonging to

Group 1 are conductive layers belonging to Group 2 such that they are electrically

connected with each other to a common potential; the conductive layers belonging to

Group 1 are not neighboring to each other, the conductive layers belonging to Group 2



are not neighboring to each other, and the conductive layers belonging to Group 1 and

the conductive layers belonging to Group 2 are connected with each other via a voltage

regulator for alternately applying a positive voltage and a negative voltage.

[50] According to another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, at least one

intermediate conductive layer and a second conductive layer, and light emitting units

disposed between the conductive layers, wherein the first conductive layer and the

second conductive layer are conductive layers belonging to Group 1 such that they are

electrically connected with each other to a common potential; at least one conductive

layer among the intermediate conductive layers which are not neighboring to each

other are conductive layers belonging to Group 2 such that they are electrically

connected with each other to a common potential; and the conductive layers belonging

to Group 1 and the conductive layers belonging to Group 2 are connected with each

other via a voltage regulator for alternately applying a positive voltage and a negative

voltage.

[51] According to still another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, at least one

intermediate conductive layer and a second conductive layer, and light emitting units

disposed between the conductive layers, wherein the first conductive layer, the second

conductive layer, and at least one intermediate conductive layer which is not adjacent

to the first or second conductive layers are conductive layers belonging to Group 1

such that they are electrically connected with each other to a common potential; at least

one non-neighboring conductive layer among the conductive layers which are not

electrically connected with the conductive layers belonging to Group 1 to a common

potential are conductive layers belonging to Group 2 such that they are electrically

connected with each other to a common potential; and the conductive layers belonging

to Group 1 and the conductive layers belonging to Group 2 are connected with each

other via a voltage regulator for alternately applying a positive voltage and a negative

voltage.

[52] According to still another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, a first light

emitting unit, an intermediate conductive layer, a second light emitting unit, and a

second conductive layer, wherein the first conductive layer and the second conductive

layer are conductive layers belonging to Group 1 such that they are electrically

connected with each other to a common potential; and the intermediate conductive

layer and the conductive layers belonging to Group 1 are connected with each other via

a voltage regulator for alternately applying a positive voltage and a negative voltage.

This embodiment relates to an organic light emitting device comprising bilayered light



emitting units, and its structure is illustrated in Fig. 4. Fig. 5 shows a schematic

diagram of the equivalent circuit in the structure of the organic light emitting device

comprising the bilayered light emitting units.

[53] The stacked organic light emitting device as show in Fig. 4 comprises a substrate

(300); a first conductive layer (310) positioned on the substrate (300); a first light

emitting unit including an n-type organic material layer (311) formed on the first

conductive layer, ap-type hole transporting layer (312) forming an NP junction on the

n-type organic material layer, a first light emitting layer (313) and an electron

transporting layer (314); an intermediate conductive layer (330); a second light

emitting unit including an n-type organic material layer (321) formed on the in

termediate conductive layer, a p-type hole transporting layer (322) forming an NP

junction on the n-type organic material layer, a second light emitting layer (323), and

an electron transporting layer (324); and a second conductive layer (320). The light

emitting layer and the electron transporting layer can be formed of the same organic

materials or different organic materials.

[54] In the stacked organic light emitting device as show in Fig. 4, the first conductive

layer, the second conductive layer, and the intermediate conductive layer are connected

with each other via a pulse generator (350). In this structure, if a negative voltage is

applied to the intermediate conductive layer, the potential of the intermediate

conductive layer is lower than those of the first conductive layer and the second

conductive layer. From this, the first light emitting unit configured such that the first

conductive layer is operated as an anode electrode, and the intermediate conductive

layer is operated as a cathode electrode emits light by application of a forward voltage.

Meanwhile, the second light emitting unit configured such that intermediate

conductive layer is operated as an anode electrode, and the second conductive layer is

operated as a cathode electrode does not emit light by a reverse voltage. To the

contrary, if a positive voltage is applied to the intermediate conductive layer, the

potential of the intermediate conductive layer is higher than those of the first

conductive layer and the second conductive layer. From this, the first light emitting

unit configured such that the first conductive layer is operated as an anode electrode,

and the intermediate conductive layer is operated as a cathode electrode does not emit

light by application of a reverse voltage. Meanwhile, the second light emitting unit

configured such that intermediate conductive layer is operated as an anode electrode,

and the second conductive layer is operated as a cathode electrode emits light by a

forward voltage. Based on this principle, the first light emitting unit and the second

light emitting unit each independently emit light, perform color control through the

selective regulation of the driving time and light emission luminance of the first light

emitting unit and the second light emitting unit by controlling the time and the voltage



intensity upon alternately applying a positive voltage and a negative voltage, whereby

it can be employed in various devices.

[55] According to still another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, a first light

emitting unit, a first intermediate conductive layer, a second light emitting unit, a

second intermediate conductive layer, a third light emitting unit and a second

conductive layer, wherein the first conductive layer and the second intermediate

conductive layer are conductive layers belonging to Group 1 such that they are

electrically connected with each other to a common potential; the first intermediate

conductive layer and the second conductive layer are conductive layers belonging to

Group 2 such that they are electrically connected with each other to a common

potential; and the conductive layers belonging to Group 1 and the conductive layers

belonging to Group 2 are connected with each other via a voltage regulator for al

ternately applying a positive voltage and a negative voltage.

[56] This embodiment relates to one of the organic light emitting devices comprising

trilayered light emitting units, having a structure in which the external conductive layer

and the intermediate conductive are electrically connected with each other to a

common potential, and its structure is illustrated in Fig. 8. Fig. 9 shows the equivalent

circuit in the structure as shown in Fig. 8.

[57] The stacked organic light emitting device as shown in Fig. 8 comprises a substrate

(400); a first conductive layer (410) positioned on the substrate (400); a first light

emitting unit including an n-type organic material layer (411) formed on the first

conductive layer, ap-type hole transporting layer (412) forming an NP junction on the

n-type organic material layer, a first light emitting layer (413), and an electron

transporting layer (414); a first intermediate conductive layer (430); a second light

emitting unit including an n-type organic material layer (421) formed on the first in

termediate conductive layer, a p-type hole transporting layer (422) forming an NP

junction on the n-type organic material layer, a second light emitting layer (423), and

an electron transporting layer (424); a second intermediate conductive layer (440); a

third light emitting unit including an n-type organic material layer (431) formed on the

second intermediate conductive layer, a p-type hole transporting layer (432) forming

an NP junction on the n-type organic material layer, a third light emitting layer (433),

and an electron transporting layer (434); and a second conductive layer (420). The light

emitting layer and the electron transporting layer can be formed of the same organic

materials or different organic materials. In this structure, the first conductive layer

(410) and the second intermediate conductive layer (440) are conductive layers

belonging to Group 1 such that they are electrically connected with each other to a

common potential, and the second conductive layer (420) and the first intermediate



conductive layer (430) are conductive layers belonging to Group 2 such that they are

electrically connected with each other to a common potential. The conductive layers

belonging to Group 1 and the conductive layers belonging to Group 2 are connected

with each other via a pulse generator (450) to a common potential for alternately

applying a positive voltage and a negative voltage. If a positive voltage and a negative

voltage are alternately applied from the pulse generator (450), the first light emitting

unit, the third light emitting unit, and the second light emitting unit each independently

emit light.

[58] Fig. 10 and Fig. 11 illustrate equivalent circuits according to the stacking sequence

of the organic material layers of each light emitting unit in the organic light emitting

devices comprising the trilayered light emitting unit having the same conductive layer

connection structure as in Fig. 8. In Fig. 10 and Fig. 11, the arrow represents the

stacking sequence of the organic material layers of the light emitting units, wherein the

organic material layers in each light emitting unit can comprise the hole injecting layer

on the starting point of the arrow, the hole transporting layer, the light emitting layer,

and the electron transporting layer on the ending point of the arrow.

[59] According to still another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, a first light

emitting unit, a first intermediate conductive layer, a second light emitting unit, a

second intermediate conductive layer, a third light emitting unit and a second

conductive layer, wherein the first conductive layer and the second conductive layer

are conductive layers belonging to Group 1 such that they are electrically connected

with each other to a common potential; and any one of the first intermediate

conductive layer and the second intermediate conductive layer, and the conductive

layers belonging to Group 1 are connected with each other via a voltage regulator for

alternately applying a positive voltage and a negative voltage.

[60] This embodiment relates to one of the organic light emitting devices comprising

trilayered light emitting units, which has a structure such that the external conductive

layers are electrically connected to a common potential, and its structure is illustrated

in Fig. 12. Fig. 13 illustrates the equivalent circuit of the structure in Fig. 12.

[61] The stacked organic light emitting device as shown in Fig. 12 comprises a substrate

(500); a first conductive layer (510) positioned on the substrate (500); a first light

emitting unit including an n-type organic material layer (511) formed on the first

conductive layer, ap-type hole transporting layer (512) forming an NP junction on the

n-type organic material layer, a first light emitting layer (513), and an electron

transporting layer (514); a first intermediate conductive layer (530); a second light

emitting unit including an n-type organic material layer (521) formed on the first in

termediate conductive layer, a p-type hole transporting layer (522) forming an NP



junction on the n-type organic material layer, a second light emitting layer (523), and

an electron transporting layer (524); a second intermediate conductive layer (540); a

third light emitting unit including an n-type organic material layer (531) formed on the

second intermediate conductive layer, a p-type hole transporting layer (532) forming

an NP junction on the n-type organic material layer, a third light emitting layer (533),

and an electron transporting layer (534); and a second conductive layer (520). The light

emitting layer and the electron transporting layer can be formed of the same organic

materials or different organic materials. The first conductive layer (510) and the

second conductive layer (520) are the conductive layers belonging to Group 1 such that

they are electrically connected with each other, and the conductive layers belonging to

Group 1 and the first intermediate conductive layer are connected with each other via a

pulse generator. If a positive voltage and a negative voltage are alternately applied

from the pulse generator (550), the first light emitting unit and the second light

emitting unit, the third light emitting unit each independently emit light.

[62] According to still another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, a first light

emitting unit, a first intermediate conductive layer, a second light emitting unit, a

second intermediate conductive layer, a third light emitting unit, a third intermediate

conductive layer, a fourth light emitting unit and a second conductive layer, wherein

the first conductive layer and the second intermediate conductive layer are conductive

layers belonging to Group 1 such that they are electrically connected with each other to

a common potential; the second conductive layer and the first intermediate conductive

layer are conductive layers belonging to Group 2 such that they are electrically

connected with each other to a common potential; and the conductive layers belonging

to Group 1 and the conductive layers belonging to Group 2 are connected with each

other via a voltage regulator for alternately applying a positive voltage and a negative

voltage.

[63] This embodiment relates to one of the organic light emitting devices comprising

tetralayered light emitting units, which has a structure such that the external conductive

layer and the intermediate conductive layer are electrically connected to a common

potential structure, and its structure is illustrated in Fig. 14. Fig. 15 illustrates the

equivalent circuit of the structure in Fig. 14.

[64] The stacked organic light emitting device as shown in Fig. 14 comprises a substrate

(600); a first conductive layer (610) positioned on the substrate (600); a first light

emitting unit including an n-type organic material layer (611) formed on the first

conductive layer, a p-type hole transporting layer (612) forming an NP junction on the

n-type organic material layer, a first light emitting layer (613), and an electron

transporting layer (614); a first intermediate conductive layer (630); a second light



emitting unit including an n-type organic material layer (621) formed on the first in

termediate conductive layer, a p-type hole transporting layer (622) forming an NP

junction on the n-type organic material layer, a second light emitting layer (623), and

an electron transporting layer (624); a second intermediate conductive layer (640); a

third light emitting unit including an n-type organic material layer (631) formed on the

second intermediate conductive layer, a p-type hole transporting layer (632) forming

an NP junction on the n-type organic material layer, a third light emitting layer (633),

and an electron transporting layer (634); a third intermediate conductive layer (650); a

fourth light emitting unit including an n-type organic material layer (641) formed on

the third intermediate conductive layer, a p-type hole transporting layer (642) forming

an NP junction on the n-type organic material layer, a fourth light emitting layer (643)

and an electron transporting layer (644); and a second conductive layer (620). The light

emitting layer and the electron transporting layer can be formed of the same organic

materials or different organic materials. In this structure, the first conductive layer

(610) and the second intermediate conductive layer (640) are electrically connected to

a common potential, and the first intermediate conductive layer (630) and the second

conductive layer (620) are electrically connected to a common potential. The

conductive layers belonging to the two groups are connected with each other via a

pulse generator, and if a positive voltage and a negative voltage are alternately applied

from the pulse generator, the first light emitting unit, the third light emitting unit, the

fourth light emitting unit, and the second light emitting unit each independently emit

light.

[65] Fig. 16 illustrates an equivalent circuit according to the stacking sequence of the

organic material layers of each light emitting unit in the organic light emitting devices

comprising the tetralayered light emitting unit having the same electrode connection

structure as in Fig. 14. In Fig. 16, the arrow represents the stacking sequence of the

organic material layers of the light emitting units, wherein the organic material layers

in each light emitting unit can comprise the hole injecting layer on the starting point of

the arrow, the hole transporting layer, the light emitting layer, and the electron

transporting layer on the ending point of the arrow.

[66] According to still another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, a first light

emitting unit, a first intermediate conductive layer, a second light emitting unit, a

second intermediate conductive layer, a third light emitting unit, a third intermediate

conductive layer, a fourth light emitting unit and a second conductive layer, wherein

the first conductive layer and second conductive layer are conductive layer belonging

to Group 1 such that they are electrically connected with each other to a common

potential; and at least one of the first intermediate conductive layer, the second in-



termediate conductive layer and the third intermediate conductive layer, and the

conductive layers belonging to Group 1 are connected with each other via a voltage

regulator for alternately applying a positive voltage and a negative voltage.

[67] This embodiment relates to one of the organic light emitting devices comprising

tetralayered light emitting units, which has a structure such that the external conductive

layers are electrically connected to a common potential, and its structure is illustrated

in Fig. 17. Fig. 18 illustrates the equivalent circuit of the structure in Fig. 17.

[68] The stacked organic light emitting device as shown in Fig. 17 comprises a substrate

(700); a first conductive layer (710) positioned on the substrate (700); a first light

emitting unit including an n-type organic material layer (711) formed on the first

conductive layer, ap-type hole transporting layer (712) forming an NP junction on the

n-type organic material layer, a first light emitting layer (713), and an electron

transporting layer (714); a first intermediate conductive layer (730); a second light

emitting unit including an n-type organic material layer (721) formed on the first in

termediate conductive layer, a p-type hole transporting layer (722) forming an NP

junction on the n-type organic material layer, a second light emitting layer (723), and

an electron transporting layer (724); a second intermediate conductive layer (740); a

third light emitting unit including an n-type organic material layer (731) formed on the

second intermediate conductive layer, a p-type hole transporting layer (732) forming

an NP junction on the n-type organic material layer, a third light emitting layer (733),

and an electron transporting layer (734); a third intermediate conductive layer (750); a

fourth light emitting unit including an n-type organic material layer (741) formed on

the third intermediate conductive layer, a p-type hole transporting layer (742) forming

an NP junction on the n-type organic material layer, a fourth light emitting layer (743)

and an electron transporting layer (744); and a second conductive layer (720). The light

emitting layer and the electron transporting layer can be formed of the same organic

materials or different organic materials. In this structure, the first conductive layer

(710) and the second conductive layer (720) are electrically connected to a common

potential. The external conductive layers and the first intermediate conductive layer are

connected with each other via a pulse generator (750), and if a positive voltage and a

negative voltage are alternately applied from the pulse generator (750), the first light

emitting unit, and the second light emitting unit, the third light emitting unit and the

fourth light emitting unit each independently emit light.

[69] According to still another embodiment of the present invention, there is provided a

stacked organic light emitting device, comprising a first conductive layer, a first light

emitting unit, a first intermediate conductive layer, a second light emitting unit, a

second intermediate conductive layer, a third light emitting unit, a third intermediate

conductive layer, a fourth light emitting unit and a second conductive layer, wherein



the first conductive layer, the second intermediate conductive layer and the second

conductive layer are conductive layers belonging to Group 1 such that they are

electrically connected with each other to a common potential; the first intermediate

conductive layer and the third intermediate conductive layer are conductive layers

belonging to Group 2 such that they are electrically connected with each other to a

common potential; and the conductive layers belonging to Group 1 and the conductive

layers belonging to Group 2 are connected with each other via a voltage regulator for

alternately applying a positive voltage and a negative voltage.

[70] This embodiment relates to one of the organic light emitting devices comprising

tetralayered light emitting units, which has a structure such that the external conductive

films are electrically connected to a common potential, and the intermediate

conductive layers are electrically connected to a common potential, and its structure is

illustrated in Fig. 19. Fig. 20 illustrates the equivalent circuit of the structure in Fig. 19.

[71] The stacked organic light emitting device as show in Fig. 19 comprises a substrate

(800); a first conductive layer (810) positioned on the substrate (800); a first light

emitting unit including an n-type organic material layer (811) formed on the first

conductive layer, ap-type hole transporting layer (812) forming an NP junction on the

n-type organic material layer, a first light emitting layer (813), and an electron

transporting layer (814); a first intermediate conductive layer (830); a second light

emitting unit including an n-type organic material layer (821) formed on the first in

termediate conductive layer, a p-type hole transporting layer (822) forming an NP

junction on the n-type organic material layer, a second light emitting layer (823), and

an electron transporting layer (824); a second intermediate conductive layer (840); a

third light emitting unit including an n-type organic material layer (831) formed on the

second intermediate conductive layer, a p-type hole transporting layer (832) forming

an NP junction on the n-type organic material layer, a third light emitting layer (833),

and an electron transporting layer (834); a third intermediate conductive layer (850); a

fourth light emitting unit including an n-type organic material layer (841) formed on

the third intermediate conductive layer, a p-type hole transporting layer (842) forming

an NP junction on the n-type organic material layer, a fourth light emitting layer (843)

and an electron transporting layer (844); and a second conductive layer (820). The light

emitting layer and the electron transporting layer can be formed of the same organic

materials or different organic materials. In this structure, the first conductive layer

(810), the second conductive layer (820) and the second intermediate conductive layer

(840) are conductive layers belonging to Group 1 such that they are electrically

connected with each other to a common potential, and the first intermediate conductive

layer (830) and the third intermediate conductive layer (850) are conductive layers

belonging to Group 2 such that they are electrically connected with each other to a



common potential. The conductive layers belonging to Group 1 and the conductive

layers belonging to Group 2 are connected with each other via a pulse generator (850).

If a positive voltage and a negative voltage are alternately applied from the pulse

generator (850), the first light emitting unit, the third light emitting unit, and the

second light emitting unit, the fourth light emitting unit each independently emit light.

[72] Fig. 2 1 illustrates the structure and the equivalent circuit of the organic light

emitting device having different stacking sequences of the light emitting units in the

organic light emitting devices comprising the tetralayered light emitting unit with the

same electrode connection structure as in Fig. 19. In Fig. 21, the arrow represents the

stacking sequence of the organic material layers of the light emitting units, wherein the

organic material layers in each light emitting unit can comprise the hole injecting layer

on the starting point of the arrow, the hole transporting layer, the light emitting layer,

and the electron transporting layer on the ending point of the arrow.

[73] The stacked organic light emitting device according to the present invention can be

a bottom emission device, a top emission device, or a top-and-bottom emission device.

In the stacked organic light emitting device according to the present invention, the first

conductive layer can be an anode electrode, and the second conductive layer can be a

cathode electrode. To the contrary, the first conductive layer can be a cathode

electrode, and the second conductive layer can be an anode electrode.

[74] In the stacked organic light emitting device according to the present invention, the

intermediate conductive layer is formed of transparent materials, or formed of thin

layer to be substantially transparent. The intermediate conductive layer can have a

structure in which an intermediate cathode electrode layer and an intermediate anode

electrode layer are stacked, or can comprise a single conductive layer.

[75] In the present invention, the first conductive layer, the second conductive layer and

the intermediate conductive layers can be formed of the same organic materials.

[76] In the stacked organic light emitting device according to the present invention, the

light emitting units can be the same as or different from each other. Each of the stacked

light emitting units can each independently comprise at least one layer of a light

emitting layer, a hole injecting layer, a hole transporting layer, an electron transporting

layer and an electron injecting layer. The light emitting units contained in the stacked

organic light emitting device according to the present invention can comprise a light

emitting layer formed of different materials.

[77] In the stacked organic light emitting device according to the present invention, the

stacking sequence of each of the light emitting units may be different from each other.

For example, for each of the light emitting units, a hole injecting layer, a hole

transporting layer, a light emitting layer, an electron transporting layer and an electron

injecting layer can be stacked in this order, or an electron injecting layer, an electron



transporting layer, a light emitting layer, a hole transporting layer and a hole injecting

layer can be stacked in this order. However, each of the light emitting units can

comprise fewer layers. Examples in which the stacking sequences of the light emitting

units are different from each other are illustrated, but not limited thereto, in Figs. 10,

11, 16 and 21, and various embodiments can be allowed within the scope of the present

invention.

[78] According to one embodiment of the present invention, the light emitting units can

have a forward structure comprising a hole injecting layer, a hole transporting layer, a

light emitting layer and an electron transporting layer, which are stacked in this order.

According to still another embodiment of the present invention, the light emitting units

can have a reverse structure comprising an electron transporting layer, a light emitting

layer, a hole transporting layer, and a hole injecting layer, which are stacked in this

order. According to still another embodiment of the present invention, the light

emitting units can have both of a forward structure comprising a hole injecting layer, a

hole transporting layer, a light emitting layer and an electron transporting layer, which

are stacked in this order, and a reverse structure comprising an electron transporting

layer, a light emitting layer, a hole transporting layer and a hole injecting layer, which

are stacked in this order.

[79] In the present invention, the hole injecting ability is improved by lowering the

energy barrier for injecting holes from the conductive layer to the p-type organic

material layer of the light emitting unit, and at the same time, the conductive layer can

be formed of various conductive materials by having an n-type organic material layer

on the conductive layers to form an NP junction with the p-type organic material layer,

wherein their energy levels of the layers satisfy the following equations:

[80] E - E 4eV (l)

[81] E° - E IeV (2)
pH nL <

[82] In the above equations (1) and (2), E is a Fermi energy level of the conductive

layer adjacent to the n-type organic material layer, E is a LUMO (lowest unoccupied
nL

molecular orbital) energy level of the n-type organic material layer, and E is HOMO
pH

(highest occupied molecular orbital) energy level of the p-type organic material layer.

[83] Therefore, in the stacked organic light emitting device according to the present

invention, at least one of the light emitting units comprises an n-type organic material

layer adjacent to any one conductive layer, and a p-type organic material layer to form

an NP junction with the n-type organic material layer, and their energy levels satisfy

the above-described equations (1) and (2).

[84] According to one embodiment of the present invention, the (n+l)th light emitting

unit from the first conductive layer comprises an n-type organic material layer adjacent

to the (n)th intermediate conductive layer from the first conductive layer, wherein n is



an integer of 1 or more, and a p-type organic material layer to form an NP junction

with the n-type organic material layer, and their energy levels satisfy the above-

described equations (1) and (2). The device of this embodiment can be employed in a

forward structure, that is, a structure in which the first conductive layer is an anode,

and the second conductive layer is a cathode.

[85] According to another embodiment of the present invention, the light emitting unit

adjacent to the first conductive layer comprises an n-type organic material layer

adjacent to the first conductive layer, and a p-type organic material layer to form an NP

junction with the n-type organic material layer, and their energy levels satisfy the

above-described equations (1) and (2). The device of this embodiment can be

employed in a forward structure, that is, a structure in which the first conductive layer

is an anode, and the second conductive layer is a cathode.

[86] According to still another embodiment of the present invention, the (n)th light

emitting unit from the first conductive layer comprises an n-type organic material layer

adjacent to the (n)th intermediate conductive layer from the first conductive layer,

wherein n is an integer of 1 or more, and a p-type organic material layer to form an NP

junction with the n-type organic material layer, and their energy levels satisfy the

above-described equations (1) and (2). The device of this embodiment can be

employed in a reverse structure, that is, a structure in which the first conductive layer

is a cathode, and the second conductive layer is an anode.

[87] According to still another embodiment of the present invention, the light emitting

unit adjacent to the second conductive layer comprises an n-type organic material layer

adjacent to the second conductive layer, and a p-type organic material layer to form an

NP junction with the n-type organic material layer, and their energy levels satisfy the

above-described equations (1) and (2). The device of this embodiment can be

employed in a reverse structure, that is, a structure in which the first conductive layer

is a cathode, and the second conductive layer is an anode.

[88] In the present invention, each n-type organic material layer can serve as a hole

injecting layer in each light emitting unit.

[89] In the present invention, the n-type organic material layer can be formed of

materials, which can be subject to vacuum deposition or thin film molded using a

solution process. Specific examples of the materials for forming the n-type organic

material layer include the compound of the following formula 1, but not limited

thereto:

[90] [Formula 1]

[91]



[92] wherein R to R are each independently selected from the group consisting of

hydrogen, a halogen atom, nitrile (-CN), nitro (-NO ), sulfonyl (-SO R ), sulfoxide

(-SOR ), sulfonamide (-SO NR H TR-. 12), sulfonate (-SO R ), trifluoromethyl (-CF ), ester
. l l τ-, 12(-COOR ), amide (-C0NHR or -CONR R ), substituted or unsubstituted linear or

branched C -C alkoxy, substituted or unsubstituted linear or branched C -C alkyl ,
1 12 J 1 12 J

substituted or unsubstituted aromatic or non-aromatic heterocycle, substituted or u n

substituted aryl, substituted or unsubstituted mono-arylamine or di-arylamine, and

substituted or unsubstituted aralkylamine. In addition, R and R are selected from the

group consisting of substituted or unsubstituted C -C alkyl, substituted or un-
1 60

substituted aryl, and substituted or unsubstituted 5- to 7-membered heterocycle.

[93] Specific examples of the compound of the formula 1 include the compounds

represented by the following formulae 1-1 to 1-6, but not limited thereto:

[94] [Formula 1-1]

[95]

[96] [Formula 1-2]

[97]



[98] [Formula 1-3]

[99]

[100] [Formula 1-4]

[101]

[102] [Formula 1-5]

[103]

[104] [Formula 1-6]

[105]



[106] Furthermore, examples of the materials for forming the n-type organic material

layer include 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4TCNQ),

fluorine-substituted 3,4,9, 10-perylenetetracarboxylic dianhydride (PTCDA), cyano-

substituted 3,4,9, 10-perylenetetracarboxylic dianhydride (PTCDA), naphthalenete-

tracarboxylicdianhydride (NTCDA), fluorine-substituted naphthalenetetracarboxylicdi-

anhydride (NTCDA), and cyano-substituted naphthalenetetracarboxylicdianhydride

(NTCDA).

[107] The p-type organic material layer to form an NP junction with the n-type organic

material layer can serve as a hole injecting layer (HIL), a hole transporting layer (HTL)

or a light emitting layer (EML). The holes formed in the NP junction of the n-type

organic material layer and the p-type organic material layer can be transported to a

light emitting region via the p-type hole injecting layer, the p-type hole transporting

layer or the p-type light emitting layer. The HOMO energy level of the p-type hole

injecting layer, the p-type hole transporting layer or the p-type light emitting layer has

an energy level difference of about 1 eV or less from that of the LUMO energy level of

the n-type organic material layer, for example, and preferably about 0.5 eV or less.

Examples of the materials for forming the p-type organic material layer include an

arylamine-based compound, a conductive polymer, and a block copolymer having both

of conjugated and non-conjugated portions, but not limited thereto.

[108] At least two layers selected from the first conductive layer, the intermediate

conductive layer and the second conductive layer by the NP junction can be formed of

the same materials, and particularly the conductive layers can be formed of materials

selected from Ca, Ca-Ag, Ag-IZO and Mg-Ag.

[109] Meanwhile, in the preparation of the stacked organic light emitting device

according to the present invention, it is preferable that the organic material layer to

which the electrons are injected from the conductive layer with a cathode voltage being

applied comprises a compound containing a functional group selected from an

imidazole group, an oxazole group and a thiazole group, in order to prevent the

reduction in electron injection characteristics due to contact between the cathode and

organic material. The organic material layer to which the electrons are injected from

the conductive layer with a cathode being applied can be an electron transporting layer.

The method for improving the electron injection characteristics by formation of the

organic material layer comprising the compound is effective for the cases wherein the

stacked organic light emitting device according to the present invention has a reverse

structure, in which the first conductive layer positioned on the substrate is a cathode

electrode, and the second conductive layer positioned on the uppermost side is an

anode electrode.

[110] Preferable examples of the compound containing a functional group selected from



an imidazole group, an oxazole group and a thiazole group include the compounds

represented by the following formulae 2 or 3 :

[111] [Formula 2]

[112]

[113] wherein R and R may be the same as or different from each other, and are each in

dependently hydrogen, a C -C aliphatic hydrocarbon, or an aromatic ring or aromatic

heterocycle; Ar is an aromatic ring or aromatic heterocycle; R is hydrogen, a C
1
-C

6

aliphatic hydrocarbon, or an aromatic ring or aromatic heterocycle; X is O, S or NR ;

R is hydrogen, a C -C aliphatic hydrocarbon, or an aromatic ring or aromatic

heterocycle; provided that R7 and R are not hydrogen at the same time;

[114] [Formula 3]

[115]

[116] wherein Z is O, S or NR ; R and R may be the same as or different from each

other, and are each independently hydrogen, a C -C alkyl, a C -C aryl or

heteroatom-containing substituted aryl, halogen or alkylene capable of forming a fused

ring with a benzazole ring, or a heteroatom-containing alkylene; B, as a linking unit, is

alkylene, arylene, substituted alkylene, or substituted arylene to link the multiple

benzazoles to be conjugated or non-conjugated; and n is an integer of 3 to 8.

[117] Hereinbelow, each of the components of the organic light emitting device according

to the present invention will be described in detail.

[118] First conductive layer

[119] The first conductive layer can be formed of an anode material or a cathode material.

[120] For example, in the case where the first conductive layer is formed of the anode

material, it can be formed of a metal, a metal oxide or a conductive polymer. The

conductive polymer can comprise the electroconductive polymers. The first conductive

layer preferably has a Fermi energy level of about 2.5 to 5.5eV. It is preferable that an

n-type organic material layer is formed on the first conductive layers to form an NP

junction with the p-type organic material layer, so that the conductive layer may be



formed of various conductive materials by lowering the energy barrier for injecting

holes from the first conductive layer to the p-type organic material layer of the first

light emitting unit. Non-limitative examples of the conductive materials include

carbon, aluminum, calcium, vanadium, chromium, copper, zinc, silver, gold, other

metals, and an alloy thereof; zinc oxide, indium oxide, tin oxide, indium tin oxide

(ITO), indium zinc oxide (IZO) and other similar metal oxides, metal-metal oxide

laminates such as Ca-Ag and Ca-IZO. In the case that the organic light emitting device

is of a top emission type, opaque materials excellent in light reflection, as well as the

transparent materials can be used for the first conductive layer. In the case that the

organic light emitting device is of a bottom emission type, transparent materials should

be used for the first conductive layer, and if opaque materials are used, a thin film

which is substantially transparent should be formed.

[121] Intermediate conductive layer

[122] In the stacked organic light emitting device according to the present invention, at

least one intermediate conductive layer serves as a common electrode, which functions

as an anode electrode, as well as as a cathode electrode. The intermediate conductive

layer can be in a stacked form comprising an intermediate cathode electrode layer and

an intermediate anode electrode layer, or in a form comprising a single conductive

layer. If the intermediate conductive layer is in the form of a single conductive layer, it

is preferable that it is formed of transparent materials having a work function similar to

that of the conventionally used cathode materials and a visible ray transmittance of

50% or more. If the opaque metal is used for the intermediate conductive layer, the

thickness of the intermediate conductive layer should be sufficiently low such that it is

substantially transparent. In particular, the intermediate conductive layer can be formed

using Ca or Mg having a low work function, in this case, Ca, Ca-Ag, Ag-IZO or Ma-

Ag is preferable. Particularly, if Ca-IZO is employed, the visible ray transmittance can

be improved, and thus in the case of the stacked organic light emitting device, the lumi

nance increases in proportion to the number of the units of the organic light emitting

device stacked at a drive voltage. Accordingly, it is preferably used for the in

termediate conductive layer in the organic light emitting device according to the

present invention.

[123] Second conductive layer

[124] The second conductive layer can be formed of an anode material or a cathode

material.

[125] For example, if the second conductive layer is formed of the cathode material,

materials having low work functions are preferably used for the second conductive

layer for promoting electron injection. The second conductive layer can be formed of,

but not limited thereto, metal such s magnesium, calcium, sodium, potassium, titanium,



indium, yttrium, lithium, gadolinium, aluminum, silver, tin and lead, or an alloy

thereof; and multilayer structure materials such as LiF/Al and LiO /Al.

[126] The first conductive layer, the intermediate conductive layer and the second

conductive layer can comprise the same organic materials or different organic

materials, as described above.

[127] Light emitting layer EML

[128] Each light emitting unit of the stacked organic light emitting device according to the

present invention comprises a light emitting layer. In the light emitting layer, hole

transportation and electron transportation are performed at the same time, and thus the

light emitting layer has both of the n-type characteristics and the p-type characteristics.

The light emitting layer in which electron transportation is faster than hole trans

portation can be defined as an n-type light emitting layer, and the light emitting layer

in which hole transportation is faster than electron transportation can be defined as a p-

type light emitting layer.

[129] Since in the n-type light emitting layer, electron transportation is faster than hole

transportation, light emits around the interface between the hole transporting layer and

the light emitting layer. Accordingly, if the LUMO level of the hole transporting layer

is higher than the LUMO level of the light emitting layer, better light emitting

efficiency can be obtained. Examples of the materials for the n-type light emitting

layer include, but not limited thereto, aluminum tris(8-hydroxyquinoline) (Alq3);

8-hydroxy quinoline beryllium (BAIq); benzoxazole compounds, benzthiazole

compounds or benzimidazole compounds; polyfluorene compounds; and silacy-

clopentadiene (silole) compounds.

[130] Since in the p-type light emitting layer, hole transportation is faster than electron

transportation, light emits around the interface between the electron transporting layer

and the light emitting layer. Accordingly, if the the HOUMO level of the electron

transporting layer is lower than the LUMO level of the light emitting layer, better light

emitting efficiency can be obtained.

[131] In the case of using the p-type light emitting layer, the effect of enhancing the light

emitting efficiency by the change in the LUMO levels of the hole transporting layer is

lowered, as compared with the case of using the n-type light emitting layer. Therefore,

in the case of using the p-type light emitting layer, a light emitting unit having an NP

junction structure between the n-type organic material layer and the p-type light

emitting layer can be prepared without use of the hole injecting layer and the hole

transporting layer. Materials for the p-type light emitting layer are not limited, but they

include carbazole compounds; anthracene compounds; polypheny lenevinylene (PPV)

polymers; and spiro compounds.

[132] Electron transporting layer (Ε TL



[133] Each light emitting unit of the stacked organic light emitting device according to the

present invention can comprise an electron transporting layer. As the materials for the

electron transporting layer, materials having a high electron mobility are preferable to

receive electrons from the cathode to the light emitting layer. The materials for the

electron transporting layer are not limited, but they include aluminum

tris(8-hydroxyquinoline) (Alq3); Alq3 structure-containing organic compounds; hy-

droxyflavone-metal complex compounds; and silacyclopentadiene (silole) compounds.

Mode for the Invention
[134] Hereinafter, the stacked organic light emitting device according to the present

invention will be described with reference to Examples.

[135] [Example 1]

[136] Double stacked organic light emitting device

[137] On a washed glass substrate, indium zinc oxide (IZO) was coated to a thicknesses

of 1000 A by vacuum deposition using a sputtering deposition apparatus, and on the

formed conductive layer, HAT having the following structure was coated to a

thicknesses of 500 A by thermal vacuum deposition to form a transparent anode

comprising the IZO and HAT n-type organic material layers.

[138]

[139] HAT

[140] Then, on the HAT n-type organic material layer,

4,4'-bis[N-(l-naphthyl)-N-phenylamino]biphenyl (NPB) was coated to a thicknesses of

400 A by vacuum deposition to form a p-type hole transporting layer. On the p-type

hole transporting layer, a blue host material represented by the following formula 2-1

was doped with a blue dopant material represented by the following formula 2-2 to a

concentration of 2%, and coated to a thicknesses of about 300 A by vacuum deposition

to form a light emitting layer. Then, on the light emitting layer, the following

imidazole compound (PIMNA, HOMO level = about 5.7 eV) was coated to a

thicknesses of 200 A by vacuum deposition to form an electron transporting layer.

[141]



[142] PIMNA

[143]

[144] Formula 2-1

[145]

[146] Formula 2-2

[147] On the imidazole compound, a Ca intermediate electrode was coated to a

thicknesses of 250 A by thermal vacuum deposition, HAT was coated to a thicknesses

of about 500 A by thermal vacuum deposition, on HAT, NPB was coated to a

thicknesses of about 400 A by deposition, Alq3 was coated by deposition for the light

emitting layer, and then imidazole compound was coated by deposition for the electron

transporting layer.

[148] On the electron transporting layer, a thin film of lithium fluoride (LiF) having a

thickness of 15 A and aluminum having a thickness of 1000 A were coated by vacuum



deposition to form a conductive layer. Then, an organic light emitting device is

completed by forming a pulse voltage regulator on the Ca layer as the intermediate

conductive layer and a ground electric potential on the Al and IZO conductive layers.

In the above process, the deposition rate of the organic material was maintained at

about 0.4 to 0.7 A/sec, the deposition rate of LiF was maintained at about 0.3 A/sec,

and the deposition rate of calcium and aluminum was maintained at about 2 A/sec. The

degree of a vacuum in the deposition chamber upon deposition was maintained at

about 2xlO 7 to 5xlO 8 torr.

[149] In the stacked device according to Example 1 for blue and green light emission,

blue light emission was observed with the color coordinate, x= 0.136 and y=0.167 at a

forward voltage of 7 V, and green light emission was observed with x=0.371 and

y=0.576 at a reverse voltage 5 V (see Fig. 22). Table 1 shows luminances and color co

ordinates of the blue and green lights according to the forward and reverse voltages.

Fig. 23 illustrates the light emission spectrum. Further, when reverse and forward

voltages are applied using a pulse generator at 60 Hz, light in mixed color of blue and

green colors was observed, and as shown in Fig. 24 and Fig. 25, the color of the

emitted light varied in blue to green depending on the width of the pulse or the pulse

voltage.

[150] These results confirm that the light emission device for emitting two-color light

according to the forward voltage and the reverse voltage can be obtained by preparing

a device of a double stacked structure according to the present invention, and that a

device having variance in the colors of the emitted light can be obtained by varying the

width of the pulse or the intensity of the forward voltage and the reverse voltage.

[151] [Table 1]

[152] Luminances and color coordinates of the blue and green lights according to the

forward and reverse voltages

[153]



Claims
[1] A stacked organic light emitting device, comprising a first conductive layer, at

least one intermediate conductive layer and a second conductive layer, and light

emitting units disposed between the conductive layers,

wherein at least two non-neighboring conductive layers among the conductive

layers are conductive layers belonging to Group 1 such that they are electrically

connected with each other to a common potential; at least one non-neighboring

conductive layer among the conductive layers which are not electrically

connected with the conductive layers belonging to Group 1 to a common

potential are conductive layers belonging to Group 2 such that they are

electrically connected with each other to a common potential; and the conductive

layers belonging to Group 1 and the conductive layers belonging to Group 2 are

connected with each other via a voltage regulator for alternately applying a

positive voltage and a negative voltage.

[2] The stacked organic light emitting device according to claim 1, wherein the first

conductive layer and at least one intermediate conductive layer are conductive

layers belonging to Group 1 such that they are electrically connected with each

other to a common potential; the second conductive layer, and at least one in

termediate conductive layer not belonging to Group 1 are conductive layers

belonging to Group 2 such that they are electrically connected with each other to

a common potential; the conductive layers belonging to Group 1 are not

neighboring to each other, the conductive layers belonging to Group 2 are not

neighboring to each other, and the conductive layers belonging to Group 1 and

the conductive layers belonging to Group 2 are connected with each other via a

voltage regulator for alternately applying a positive voltage and a negative

voltage.

[3] The stacked organic light emitting device according to claim 1, wherein the first

conductive layer and the second conductive layer are conductive layers

belonging to Group 1 such that they are electrically connected with each other to

a common potential; at least one non-neighboring conductive layer among the in

termediate conductive layers are conductive layers belonging to Group 2 such

that they are electrically connected with each other to a common potential; and

the conductive layers belonging to Group 1 and the conductive layers belonging

to Group 2 are connected with each other via a voltage regulator for alternately

applying a positive voltage and a negative voltage.

[4] The stacked organic light emitting device according to claim 1, wherein the first

conductive layer, the second conductive layer, and at least one intermediate



conductive layer which is not adjacent to the first and second conductive layers

are conductive layers belonging to Group 1 such that they are electrically

connected with each other to a common potential; at least one non-neighboring

conductive layer among the conductive layers which are not electrically

connected with the conductive layers belonging to Group 1 to a common

potential are conductive layers belonging to Group 2 such that they are

electrically connected with each other to a common potential; and the conductive

layers belonging to Group 1 and the conductive layers belonging to Group 2 are

connected with each other via a voltage regulator for alternately applying a

positive voltage and a negative voltage.

[5] The stacked organic light emitting device according to claim 1, comprising a first

conductive layer, a first light emitting unit, an intermediate conductive layer, a

second first light emitting unit, and a second conductive layer, wherein the first

conductive layer and the second conductive layer are conductive layers

belonging to Group 1 such that they are electrically connected with each other to

a common potential; and the intermediate conductive layer and the conductive

layers belonging to Group 1 are connected with each other via a voltage regulator

for alternately applying a positive voltage and a negative voltage.

[6] The stacked organic light emitting device according to claim 1, comprising a first

conductive layer, a first light emitting unit, a first intermediate conductive layer,

a second light emitting unit, a second intermediate conductive layer, a third light

emitting unit and a second conductive layer, wherein the first conductive layer

and the second intermediate conductive layer are conductive layers belonging to

Group 1 such that they are electrically connected with each other to a common

potential; the first intermediate conductive layer and the second conductive layer

are conductive layers belonging to Group 2 such that they are electrically

connected with each other to a common potential; and the conductive layers

belonging to Group 1 and the conductive layers belonging to Group 2 are

connected with each other via a voltage regulator for alternately applying a

positive voltage and a negative voltage.

[7] The stacked organic light emitting device according to claim 1, comprising a first

conductive layer, a first light emitting unit, a first intermediate conductive layer,

a second light emitting unit, a second intermediate conductive layer, a third light

emitting unit and a second conductive layer, wherein the first conductive layer

and the second conductive layer are conductive layers belonging to Group 1 such

that they are electrically connected with each other to a common potential; and

any one of the first intermediate conductive layer and the second intermediate

conductive layer, and the conductive layers belonging to Group 1 are connected



with each other via a voltage regulator for alternately applying a positive voltage

and a negative voltage.

[8] The stacked organic light emitting device according to claim 1, comprising a first

conductive layer, a first light emitting unit, a first intermediate conductive layer,

a second light emitting unit, a second intermediate conductive layer, a third light

emitting unit, a third intermediate conductive layer, a fourth light emitting unit

and a second conductive layer, wherein the first conductive layer and the second

intermediate conductive layer are conductive layers belonging to Group 1 such

that they are electrically connected with each other to a common potential; the

second conductive layer and the first intermediate conductive layer are

conductive layers belonging to Group 2 such that they are electrically connected

with each other to a common potential; and the conductive layers belonging to

Group 1 and the conductive layers belonging to Group 2 are connected with each

other via a voltage regulator for alternately applying a positive voltage and a

negative voltage.

[9] The stacked organic light emitting device according to claim 1, comprising a first

conductive layer, a first light emitting unit, a first intermediate conductive layer,

a second light emitting unit, a second intermediate conductive layer, a third light

emitting unit, a third intermediate conductive layer, a fourth light emitting unit

and a second conductive layer, wherein the first conductive layer and second

conductive layer are conductive layers belonging to Group 1 such that they are

electrically connected with each other to a common potential; and at least one of

the first intermediate conductive layer, the second intermediate conductive layer

and the third intermediate conductive layer, and the conductive layers belonging

to Group 1 are connected with each other via a voltage regulator for alternately

applying a positive voltage and a negative voltage.

[10] The stacked organic light emitting device according to claim 1, comprising a first

conductive layer, a first light emitting unit, a first intermediate conductive layer,

a second light emitting unit, a second intermediate conductive layer, a third light

emitting unit, a third intermediate conductive layer, a fourth light emitting unit

and a second conductive layer, wherein the first conductive layer, the second in

termediate conductive layer and the second conductive layer are conductive

layers belonging to Group 1 such that they are electrically connected with each

other to a common potential; the first intermediate conductive layer and the third

intermediate conductive layer are conductive layers belonging to Group 2 such

that they are electrically connected with each other to a common potential; and

the conductive layers belonging to Group 1 and the conductive layers belonging

to Group 2 are connected with each other via a voltage regulator for alternately



applying a positive voltage and a negative voltage.

[11] The stacked organic light emitting device according to claim 1, wherein the

voltage regulator is used for applying a positive voltage and a negative voltage

alternately by a sine wave alternating current voltage, a direct current voltage or

a pulse voltage.

[12] The stacked organic light emitting device according to claim 11, wherein the

voltage regulator is provided with a means of modulating the width or height of

the sine wave or the pulse.

[13] The stacked organic light emitting device according to claim 1, wherein it is a

bottom emission device, a top emission device, or a top-and-bottom emission

device.

[14] The stacked organic light emitting device according to claim 1, wherein the first

conductive layer is an anode electrode, and the second conductive layer is a

cathode electrode.

[15] The stacked organic light emitting device according to claim 1, wherein the first

conductive layer is a cathode electrode, and the second conductive layer is an

anode electrode.

[16] The stacked organic light emitting device according to claim 1, wherein the in

termediate conductive layer is formed of transparent materials, or formed as a

thin film to be transparent.

[17] The stacked organic light emitting device according to claim 1, wherein the in

termediate conductive layer is in a stacked form comprising an intermediate

cathode electrode layer and an intermediate anode electrode layer.

[18] The stacked organic light emitting device according to claim 1, wherein the in

termediate conductive layer is in a form comprising a single conductive layer.

[19] The stacked organic light emitting device according to claim 1, wherein the light

emitting units are the same as or different from each other.

[20] The stacked organic light emitting device according to claim 19, wherein the

light emitting units each independently comprises at least one layer selected from

a light emitting layer, a hole injecting layer, a hole transporting layer, an electron

transporting layer, and an electron injecting layer.

[21] The stacked organic light emitting device according to claim 19, wherein the

light emitting units comprise light emitting layers formed of different materials.

[22] The stacked organic light emitting device according to claim 19, wherein the

light emitting units have a forward structure comprising a hole injecting layer, a

hole transporting layer, a light emitting layer and an electron transporting layer,

which are stacked in this order.

[23] The stacked organic light emitting device according to claim 19, wherein the



light emitting units have a reverse structure comprising an electron transporting

layer, a light emitting layer, a hole transporting layer, and a hole injecting layer,

which are stacked in this order.

[24] The stacked organic light emitting device according to claim 19, wherein the

light emitting units have both of a forward structure comprising a hole injecting

layer, a hole transporting layer, a light emitting layer and an electron transporting

layer, which are stacked in this order, and a reverse structure comprising an

electron transporting layer, a light emitting layer, a hole transporting layer and a

hole injecting layer, which are stacked in this order.

[25] The stacked organic light emitting device according to claim 1, wherein at least

one of the light emitting units comprises an n-type organic material layer

adjacent to any one of the conductive layers, and a p-type organic material layer

to form an NP junction with the n-type organic material layer, and their energy

levels satisfy the following equations:

E
nL

- E
F

< 4eV (1)

E
pH

- E
nL

< IeV (2)

(in the above equations (1) and (2), E is a Fermi energy level of the conductive

layer adjacent to the n-type organic material layer, E
nL

is a LUMO (lowest

unoccupied molecular orbital) energy level of the n-type organic material layer,

and E
pH

is HOMO (highest occupied molecular orbital) energy level of the p-type

organic material layer).

[26] The stacked organic light emitting device according to claim 25, wherein the

(n+l)th light emitting unit from the first conductive layer comprises an n-type

organic material layer adjacent to the (n)th intermediate conductive layer from

the first conductive layer, wherein n is an integer of 1 or more, and a p-type

organic material layer to form an NP junction with the n-type organic material

layer, and their energy levels satisfy the above-described equations (1) and (2).

[27] The stacked organic light emitting device according to claim 25, wherein the

light emitting unit adjacent to the first conductive layer comprises an n-type

organic material layer adjacent to the first conductive layer, and a p-type organic

material layer to form an NP junction with the n-type organic material layer, and

their energy levels satisfy the above-described equations (1) and (2).

[28] The stacked organic light emitting device according to claim 25, wherein the

(n)th light emitting unit from the first conductive layer comprises an n-type

organic material layer adjacent to the (n)th intermediate conductive layer from

the first conductive layer, wherein n is an integer of 1 or more, and a p-type

organic material layer to form an NP junction with the n-type organic material

layer, and their energy levels satisfy the above-described equations (1) and (2).



[29] The stacked organic light emitting device according to claim 25, wherein the

light emitting unit adjacent to the second conductive layer comprises an n-type

organic material layer adjacent to the second conductive layer, and a p-type

organic material layer to form an NP junction with the n-type organic material

layer, and their energy levels satisfy the above-described equations (1) and (2).

[30] The stacked organic light emitting device according to claim 25, wherein the n-

type organic material layer is a hole injecting layer in the each light emitting unit.

[31] The stacked organic light emitting device according to claim 25, wherein the n-

type organic material layer comprises a compound of the following formula 1:

[Formula 1]

wherein R to R are each independently selected from the group consisting of

hydrogen, a halogen atom, nitrile (-CN), nitro (-NO ), sulfonyl (-SO R ),

sulfoxide (-SOR11), sulfonamide (-SO NR11R12), sulfonate (-SO R11), triflu-

oromethyl (-CF ), ester (-COOR11), amide (-C0NHR 11 or -CONR 11R12),

substituted or unsubstituted linear or branched C -C alkoxy, substituted or un-
1 12 J

substituted linear or branched C
1
-C

12
alky

J
l, substituted or unsubstituted aromatic

or non-aromatic heterocycle, substituted or unsubstituted aryl, substituted or u n

substituted mono-arylamine or di-arylamine, and substituted or unsubstituted ar-
11 1alkylamine, and R and R are selected from the group consisting of substituted

or unsubstituted C -C alkyl, substituted or unsubstituted aryl, and substituted or
1 60

unsubstituted 5- to 7-membered heterocycle.

[32] The stacked organic light emitting device according to claim 31, wherein the

compound of the formula 1 is selected from the compounds represented by the

following formulae 1-1 to 1-6:

[Formula 1-1]



[Foraiula 1-2]

[Foraiula 1-3]

[Foraiula 1-4]

[Foraiula 1-5]



[33] The stacked organic light emitting device according to claim 25, wherein the n-

type organic material layer comprises a compound selected from

2,3 ,5 ,6-tetrafluoro-7 ,7 ,8,8-tetracyanoquinodimethane (F4TCNQ) , fluorine-

substituted 3,4,9, 10-perylenetetracarboxylic dianhydride (PTCDA), cyano-

substituted 3,4,9, 10-perylenetetracarboxylic dianhydride (PTCDA), naph-

thalenetetracarboxylicdianhydride (NTCDA), fluorine-substituted naphthalenete-

tracarboxylicdianhydride (NTCDA), and cyano-substituted naphthalenetetracar-

boxylicdianhydride (NTCDA).

[34] The stacked organic light emitting device according to claim 25, wherein at least

two conductive layers of the first conductive layer, at least one intermediate

conductive layer and the second conductive layer are formed of the same

materials.

[35] The stacked organic light emitting device according to claim 34, wherein at least

two conductive layers of the first conductive layer, at least one intermediate

conductive layer and the second conductive layer are formed of Ca, Ca-Ag, Ag-

IZO or Mg-Ag.

[36] The stacked organic light emitting device according to claim 1, wherein at least

one of the light emitting units comprises an organic material layer containing the

compound with a functional group selected from an imidazole group, an oxazole



group and a thiazole group.

[37] The stacked organic light emitting device according to claim 36, wherein the

organic material layer comprising the compound containing a functional group

selected from an imidazole group, an oxazole group and a thiazole group include

the compounds represented by the following formula 2 or 3 :

[Formula 2]

wherein R and R may be the same as or different from each other, and are each

independently hydrogen, a C -C aliphatic hydrocarbon, or an aromatic ring or

aromatic heterocycle; Ar is an aromatic ring or aromatic heterocycle; R is

hydrogen, a C -C aliphatic hydrocarbon, or an aromatic ring or aromatic
1 6

heterocycle; X is O, S or NR ; R is hydrogen, a C -C aliphatic hydrocarbon, or

an aromatic ring or aromatic heterocycle, provided that R7 and R are not

hydrogen at the same time;

[Formula 3]

wherein Z is O, S or NR ; R and R may be the same as or different from each

other, and are each independently hydrogen, a C -C alkyl, a C -C aryl or

heteroatom-containing substituted aryl, halogen or alkylene capable of forming a

fused ring with a benzazole ring, or a heteroatom-containing alkylene; B, as a

linking unit, is alkylene, arylene, substituted alkylene, or substituted arylene to

link the multiple benzazoles to be conjugated or non-conjugated; and n is an

integer of 3 to 8.

[38] The stacked organic light emitting device according to claim 25, wherein at least

one of the light emitting units comprises an organic material layer containing the

compound with a functional group selected from an imidazole group, an oxazole

group and a thiazole group.

[39] The stacked organic light emitting device according to claim 38, wherein the

organic material layer comprising the compound containing a functional group

selected from an imidazole group, an oxazole group and a thiazole group include



the compounds represented by the following formula 2 or 3 :

[Formula 2]

wherein R and R may be the same as or different from each other, and are each

independently hydrogen, a C -C aliphatic hydrocarbon, or an aromatic ring or

aromatic heterocycle; Ar is an aromatic ring or aromatic heterocycle; R is

hydrogen, a C
1
-C

6
aliphatic hydrocarbon, or an aromatic ring or aromatic

heterocycle; X is O, S or NR ; R is hydrogen, a C -C aliphatic hydrocarbon, or
7an aromatic ring or aromatic heterocycle, provided that R and R are not

hydrogen at the same time;

[Formula 3]

wherein Z is O, S or NR ; R and R may be the same as or different from each

other, and are each independently hydrogen, a C -C alkyl, a C -C aryl or

heteroatom-containing substituted aryl, halogen or alkylene capable of forming a

fused ring with a benzazole ring, or a heteroatom-containing alkylene; B, as a

linking unit, is alkylene, arylene, substituted alkylene, or substituted arylene to

link the multiple benzazoles to be conjugated or non-conjugated; and n is an

integer of 3 to 8.

[40] The stacked organic light emitting device according to claim 38, wherein the

light emitting units containing an organic material layer comprising the

compound containing a functional group selected from an imidazole group, an

oxazole group and a thiazole group includes an n-type organic material layer

adjacent to the conductive layer, and a p-type organic material layer to form an

NP junction with the n-type organic material layer.
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