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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Aspects of the present invention relate to an organic light-emitting device (OLED), and more particularly, to an
organic light-emitting device with improved brightness, lifetime, and power consumption characteristics.

2. Description of the Related Art

[0002] Organic light-emitting devices are devices that emit light by recombination of electrons and holes in an organic
layer interposed between two electrodes when a current is supplied to the organic layer. A typical organic light-emitting
device s illustrated in FIG. 1. Organic light-emitting devices have advantages such as high image quality, a rapid response
speed, and a wide viewing angle, and thus, can embody lightweight and thin information display apparatuses. By virtue
of such advantages, the organic light-emitting device technology has started to grow rapidly. Recently, the application
field of organic light-emitting devices has expanded beyond mobile phones to other high-quality information display
apparatuses.

[0003] M. Ichikawa et al. (Thin Solid Films 515 (2007), 3932-3935) disclose an ultraviolet OLED having the structure
substrate/ITO/F,5CuPc/CBP/OXS-7/LiF/Al, wherein ITO is a first electrode (anode), F15CuPc is a fluorine-substituted
phthalocyanine derivative acting as a hole injection layer (HIL), CBP is a hole transport layer (HTL), OXS-7 is an emission
layer (EmL), and Al is a second electrode (cathode).

[0004] W.-J. Kim et al. (Proceedings of 2005 International Symposium on Electrical Insulating Materials, June 5-9,
2005, Kitakyushu, Japan, 640-643) disclose an OLED comprising a glass substrate, an ITO electrode, a buffer layer
having hole injecting properties, NBP acting as HTL, Alq; as emissive material and an Al electrode. The buffer layer
may be composed of the aliphatic fluorocarbon compound polytetrafluoroethylene. The OLED disclosed in Y. Qiu et al.
(Synthetic Metals 130 (2002), 235-237) has a similar structure as that of W.-J. Kim et al. and uses a buffer layer of PTFE
reported to have hole injecting properties as well.

[0005] The OLED according to US 2005/0062406 A1 comprises a glass substrate, an ITO anode, a fist HIL made of
copper phthalocyanine (CuPc), a second HIL made of fluorocarbon (CFx) by plasma CVD using CHF3, an HTL made
of NPD, an emission layer comprising Alqs, and a cathode of Mgin alloy.

[0006] JP 2001-247498 describes an aromatic fluorine-containing compound (CXFy) comprising at least three aromatic
rings arbitrary coupled or annealed to each other, wherein all C-H bonds are replaced by C-F bonds. The material is
reported as having electron transporting and hole blocking properties. This document describes an OLED, wherein the
aromatic fluorocarbon compound functions as an electron transport layer disposed between an emission layer and an
electron injection layer and another OLED, wherein the aromatic fluorocarbon compound functions as hole blocking
layer between the two emission layers.

[0007] With the rapid development of organic light-emitting devices, organic light-emitting devices should inevitably
compete with other information display devices, such as TFT-LCDs, in terms of science and industrial applications.
Conventional display devices are now facing technical limitations in terms of efficiency, lifetime, and power consumption
of the devices that significantly affect the quantitative and qualitative growth of the devices.

SUMMARY OF THE INVENTION

[0008] Aspects of the present invention provide an organic light-emitting device capable of enhancing lifetime, bright-
ness, and power consumption efficiency.

[0009] According to an aspect of the present invention, there is provided an organic light-emitting device including: a
substrate; a first electrode disposed on the substrate; a hole transport layer disposed on the first electrode; an emitting
layer disposed on the hole transport layer; and a second electrode disposed on the emitting layer, wherein an organic
layer is interposed between the first electrode and the hole transport layer, the organic layer including at least one
fluorine-containing compound selected from the group consisting of an aliphatic fluorocarbon compound selected from
the group consisting of C4F g, CsF 12, CgF 14, C7F 46, C3F 4, C4Fg, CoF4, CsFg, C4Fg, CsF1g, CgF 12, and C;F 44, an aromatic
fluorocarbon compound selected from the group consisting of CgFg, C15F 10, C1gF 14, C24F 15, @and C4,F 34, and afluorinated
fullerene .

[0010] According to another aspect of the presentinvention, there is provided an organic light-emitting device including:
a substrate; a first electrode disposed on the substrate; a hole injection layer disposed on the first electrode; an emitting
layer disposed on the hole injection layer; and a second electrode disposed on the emitting layer, wherein an organic
layer is interposed between the hole injection layer and the emitting layer, the organic layer including at least one fluorine-
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containing compound selected from the group consisting of an aliphatic fluorocarbon compound selected from the group
consisting of C4F g, C5F 15, CgF 14, C7F 16, C3F4, C4Fg, CoF 4, C3Fg, C4Fg, CsF4g, CeF 1o, and C;F 4, an aromatic fluoro-
carbon compound selected from the group consisting of CgFg, C45F 10, C1gF14, C24F4g, and C4,F 3, and fluorinated
fullerene.

[0011] A buffer layer made of a carbon-based compound may be further disposed on at least one surface of the organic
layer that includes the fluorine-containing compound.

[0012] Organic light-emitting devices according to aspects of the present invention can show high efficiency, a low
driving voltage, high brightness, and a long lifetime.

[0013] Additional aspects and/or advantages of the invention will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and/or other aspects and advantages of the invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in conjunction with the accompanying drawings of which:

FIG. 1 is a schematic view illustrating a conventional organic light-emitting device;

FIG. 2 is a schematic view illustrating an organic light-emitting device according to an example embodiment of the
present invention; and

FIG. 3 is a schematic view illustrating an organic light-emitting device according to another example embodiment
of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0015] Reference will now be made in detail to the present embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein like reference numerals refer to the like elements throughout. The
embodiments are described below in order to explain the present invention by referring to the figures.

[0016] According to aspects of the present invention, in order to adjust an interface between layers constituting an
organic light-emitting device, a thin film including a fluorine-containing compound is interposed between an anode and
a hole injection layer (or a hole transport layer) to thereby produce an organic light-emitting device with a low power
consumption together with a drop in the driving voltage.

[0017] Aspects of the present invention provide an organic light-emitting device including: a substrate; a first electrode
disposed on the substrate; a hole transport layer disposed on the first electrode; an emitting layer disposed on the hole
transport layer; and a second electrode disposed on the emitting layer, wherein an organic layer is interposed between
the first electrode and the hole transport layer, the organic layer including at least one fluorine-containing compound
selected from the group consisting of an aliphatic fluorocarbon compound selected from the group consisting of C4F 4,
CsF 12, CgF14, C7F 16, C3F4, C4Fg, CoFy4, CaFg, C4Fg, CsFyg, CeFqn, and C;F44, an aromatic fluorocarbon compound
selected from the group consisting of CgFg, C15F 10, C1gF 14, C24F4g, @and C45F 54, and a fluorinated fullerene.

[0018] Herein, in general, when it is mentioned that one layer or material is formed on or disposed on a second layer
or a second material, it is to be understood that the terms "formed on" and "disposed on" are not limited to the one layer
being formed directly on the second layer, but may include instances wherein there is an intervening layer or material
between the one layer and the second layer. Likewise, when it is mention that a third layer is interposed between a first
and second layer, it is to be understood that other layers may be present between the one layer and the second layer.
[0019] The fluorinated fullerene is a fullerene-based compound containing at least one fluorine. Fullerene, which is
also called "bucky ball", is formed through the binding of carbons that are separated from a surface of a graphite target
when strong laser is irradiated onto the graphite target in a vacuum system. That is, fullerene is a carbon allotrope, and
preferably, may be a carbon material having 20-500 carbon atoms. A representative example of a fullerene molecule is
C60 which is made up of 60 carbon atoms. In addition, there are C70, C76, C84, etc. A reaction between a fullerene
molecule and a fluorine atom produces fluorinated fullerene, e.g., CgoF 41, CgoF42, CeoF 43, CgoF 48, OF C74F 38. As a non-
limiting example, CgoF 4, may be used herein as the fluorinated fullerene.

[0020] Among the aforementioned groups, the fluorine-containing compound is preferably chosen from the group
comprising CgoF 42, CeFe, C12F 10, C18F 14, C24F 18, Ca2F 30, CaF 10, CsF 12, CeF 14, C7F 16, C3F 4, C4F6, CoF 4, CFg, CyFs,
CsF 10, CeF 12, or C7F14.

[0021] As a non-limiting example, the organic light-emitting device according to aspects of the present invention may
further include a buffer layer made of a carbon-based compound. The buffer layer may be disposed on a surface or on
both surfaces of the organic layer that includes the fluorine-containing compound.

[0022] As anon-limiting example, the carbon-based compound may be at least one selected from the group consisting
of fullerene, a metal-containing fullerene-based complex, a carbon nanotube, a carbon fibre, a carbon black, graphite,
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carbine, MgC60, CaC60, and SrC60.

[0023] The carbon-based compound is not particularly limited, but may include a metal-containing carbon-based
compound (i.e., carbon complex) that is a carbon allotrope, and at the same time, a carbon material having 20-500
carbon atoms. As used herein, the carbon-based compound is at least one selected from the group consisting of fullerene,
a metal-containing fullerene-based complex, a carbon nanotube, a carbon fibre, a carbon black, graphite, carbine,
MgC60, CaC60, and SrC60. As a non-limiting example, the carbon-based compound may be a fullerene.

[0024] As described above, according to aspects of the present invention, when the buffer layer made of the carbon-
based compound is disposed on the organic layer that includes the fluorine-containing compound, a driving voltage can
be further lowered, thereby improving efficiency and lifetime characteristics.

[0025] The organic light-emitting device according to aspects of the present invention may further include a hole
injection layer on the organic layer or on the buffer layer, if present.

[0026] The organic light-emitting device according to aspects of the present invention may further include at least one
selected from a hole blocking layer, an electron injection layer, and an electron transport layer between the emitting
layer and the second electrode.

[0027] Aspects of the present invention also provide an organic light-emitting device including: a substrate; a first
electrode disposed on the substrate; a hole injection layer disposed on the first electrode; an emitting layer disposed on
the hole injection layer; and a second electrode disposed on the emitting layer, wherein an organic layer is interposed
between the hole injection layer and the emitting layer, the organic layer including at least one fluorine-containing
compound selected from the group consisting of an aliphatic fluorocarbon compound selected from the group consisting
of C4F 40, CsF42, CgFq4, C7F 16, CsF4, C4Fg, CoFy4, CsFg, C4Fg, CsFqg, CsF42, and C;F,,4, an aromatic fluorocarbon
compound selected from the group consisting of CgFg, C45F 10, C1gF 14, Co4F 15, @and C45F 3, and a,fluorinated fullerene.
[0028] The organic light-emitting device according to the latter aspect includes a hole injection layer, unlike the above-
described organic light-emitting device.

[0029] The organic light-emitting device according to the present invention may further include a hole transport layer
on the hole injection layer, the organic layer, or a buffer layer that may be further disposed on the organic layer.
[0030] The aliphatic fluorocarbon compound, the aromatic fluorocarbon compound, and the fluorinated fullerene are
as described above.

[0031] As anon-limiting example, the organic light-emitting device according to aspects of the present invention may
further include a buffer layer including a carbon-based compound on a surface or both surfaces of the organic layer
including the fluorine-containing compound. The carbon-based compound may be a carbon-based compound as de-
scribed with respect to the buffer layer in the embodiment discussed above.

[0032] The organic light-emitting device according to aspects of the present invention may further include a hole
transport layer on the organic layer or on the buffer layer, if present.

[0033] The organic light-emitting device according to aspects of the present invention may further include at least one
selected from a hole blocking layer, an electron injection layer, and an electron transport layer between the emitting
layer and the second electrode.

[0034] An organic layer included in an organic light-emitting device according to aspects of the present invention
includes a fluorine-containing compound, thereby improving the deposition and interface characteristics of layers con-
stituting the organic light-emitting device. As described above, an organic layer including a fluorine-containing compound
resists morphological changes in a thin film state, and the fluorine-containing compound does not affect the colour
coordinates characteristics of an organic light-emitting device. At this time, when changing an interfacial energy band
gap between indium tin oxide (ITO) used in an anode and a hole injection layer or a hole transport layer, the injection
of holes from ITO into the organic layer can be further facilitated, thereby lowering a driving voltage. Moreover, the
organic layer including the fluorine-containing compound can serve as a stable buffer layer at an interface between ITO
used in the anode and the hole injection layer, thereby increasing the lifetime of an organic light-emitting device.
[0035] Anorganiclight-emitting device according to aspects of the presentinvention includes an organic layer including
a fluorine-containing compound, and may further include a buffer layer including a carbon-based compound. Still further,
in order to further adjust the interfacial characteristics of layers constituting an organic light-emitting device according
to aspects of the present invention, at least one selected from a hole injection layer, a hole transport layer, an emitting
layer, a hole blocking layer, an electron transport layer, and an electron injection layer may be doped with a carbon-
based compound such as fullerene. Here, the carbon-based compound is as described above with respect to the carbon-
based compound used in the buffer layer.

[0036] The content of the carbon-based compound may be 0.005 to 99.95 parts by weight based on the total weight
(100 parts by weight) of each of the hole injection layer, the hole transport layer, the emitting layer, the hole blocking
layer, the electron transport layer, and the electron injection layer. If the content of the carbon-based compound is outside
the range, an organic light-emitting device may have unsatisfactory characteristics.

[0037] In an organic light-emitting device according to aspects of the present invention, an organic layer including a
fluorine-containing compound may be formed by a method such as deposition, Langmuir Blodgett (LB) method, e-beam,
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sputtering, or spin-coating, as non-limiting examples. The thickness of the organic layer may be 0.1 to 50 nm (1 to 500
A). Ifthe thickness of the organic layer is less than 0.1 nm (1 A), it may be difficult to control the thickness and to reproduce
film characteristics. On the other hand, if the thickness of the organic layer exceeds 50 nm (500 A), a driving voltage
may be increased.

[0038] In an organic light-emitting device according to aspects of the present invention, a buffer layer including a
carbon-based compound may be formed by a method such as deposition, as a non-limiting example. The thickness of
the buffer layer may be 2 to 10 nm (20 to 100A). As a non-limiting example, the thickness of the buffer layer may be 2
to 3 nm (20 to 30A). If the thickness of the buffer layer is less than 2 nm (20A), an improvement in characteristics of an
organic light-emitting device may be insignificant. On the other hand, if the thickness of the buffer layer exceeds 10 nm
(100A), the characteristics of an organic light-emitting device, e.g., lifetime, contrast, or pixel short (in a PM type) may
be improved, but a further reduction in driving voltage may not be achieved or a voltage gain width may be reduced.
[0039] FIG. 1 illustrates a conventional organic light-emitting device. Referring to FIG. 1, a conventional organic light-
emitting device includes a substrate 8, a first electrode 10, a hole injection layer 11 is on the first electrode 10, and a
hole transport layer 12, an emitting layer 13, an electron transport layer 14, an electron injection layer 15, and a second
electrode 16 sequentially stacked on the hole injection layer 11.

[0040] FIG. 2 and FIG. 3 are schematic views illustrating organic light-emitting devices according to example embod-
iments of the present invention. In the organic light-emitting device illustrated in FIG. 2, an organic light-emitting device
according to an example embodiment includes a substrate 8, a first electrode 10, a hole injection layer 11 disposed on
afirst electrode 10 and a hole transport layer 12, an emitting layer 13, an electron transport layer 14, an electron injection
layer 15, and a second electrode 16 sequentially stacked on the hole injection layer 11. An organic layer 20 including a
fluorine-containing compound is interposed between the first electrode 10 and the hole injection layer 11. A buffer layer
(not shown) may be further disposed on the organic layer 20. The hole injection layer 11 may be omitted.

[0041] Although not shown in FIG. 2, a hole blocking layer may be further disposed, In addition, it is possible to further
form intermediate layers for improving interlayer interfacial characteristics. Moreover, as described above, the hole
injection layer 11, the hole transport layer 12, the emitting layer 13, the electron transport layer 14, or the electron injection
layer 15 may be doped with a carbon-based compound.

[0042] Referring to the organic light-emitting device illustrated in FIG. 3, an organic light-emitting device according to
an example embodiment includes a substrate 80, a first electrode 100, a hole injection layer 110 disposed on a first
electrode 100 and an emitting layer 130, an electron transport layer 140, an electron injection layer 150, and a second
electrode 160 are sequentially stacked on the hole injection layer 110. An organic layer 200 including a fluorine-containing
compound is interposed between the hole injection layer 110 and the emitting layer 130. A buffer layer (not shown) may
be further disposed on the organic layer 20.

[0043] Hereinafter, a method of manufacturing an organic light-emitting device according to the example embodiments
shown in FIGs. 2 and 3 will be described. For the sake of convenience, a method of manufacturing an organic light-
emitting device according to an example embodiment of the present invention will be described with reference to FIG.
2. However, corresponding steps will apply for the manufacturing an organic light-emitting device according to FIG. 3
as well.

[0044] First, a first electrode 10 is patterned on a substrate 8. Here, the substrate 8 may be a substrate commonly
used in organic light-emitting devices. As a non-limiting example, the substrate may be a glass or transparent plastic
substrate that is excellent in transparency, surface smoothness, handling property, and water repellency. The thickness
of the substrate may be 0.3 to 1.1 mm.

[0045] A material for forming the first electrode 10 may be a conductive metal facilitating hole injection or an oxide of
a conductive metal. Non-limiting examples of a material for forming the first electrode include indium tin oxide (ITO),
indium zinc oxide (1ZO), nickel (Ni), platinum (Pt), gold (Au), or iridium (Ir).

[0046] The substrate 8 on which the first electrode 10 is formed is cleaned and then treated with UV/ozone. At this
time, the cleaning may be performed using an organic solvent such as isopropanol (IPA) or acetone.

[0047] After the cleaning, a fluorine-containing compound is deposited on the first electrode 10 to form an organic
layer 20 to a thickness of 0.1 to 50 nm (1 to 500 A).

[0048] Next, a hole injection material is applied onto the organic layer 20 using vacuum thermal evaporation or spin
coating to form a hole injection layer 11. As such, when the hole injection layer 11 is formed, a contact resistance between
the first electrode 10 and an emitting layer 13 is reduced, and at the same time, hole transport capability of the first
electrode 10 toward the emitting layer 13 is enhanced, thereby improving the driving voltage and lifetime characteristics
of a device.

[0049] The thickness of the hole injection layer 11 may be 30 to 150 nm (300 to 1500 A). If the thickness of the hole
injection layer 11 is less than 30 nm (300 A), the lifetime and reliability of an organic light-emitting device may be lowered.
In particular, in a passive matrix (PM) organic light-emitting device, a pixel short may occur. On the other hand, if the
thickness of the hole injection layer 11 exceeds 150 nm (1500 A), a driving voltage may be increased.

[0050] The hole injection material is not particularly limited and may be copper phthalocyanine (CuPc) or a starburst-
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type amines such as TCTA, m-MTDATA, or IDE406 (Idemitsu), as non-limiting examples.

/' \
\ /

TCYA

[0051] A hole transport material is applied onto the hole injection layer 11 using vacuum thermal evaporation or spin
coating to form a hole transport layer 12. The hole transport material is not particularly limited and may be N,N’-bis(3-
methylphenyl)-N,N’-diphenyl-[1,1-biphenyl]-4,4’ diamine (TPD), N,N’-di(naphthalene-1-yl)-N,N’-diphenylbenzidine, N,
N’-di(naphthalene-1-yl) -N,N’-diphenyl-benzidine (a-NPD), IDE320 (Idemitsu), or the like. The thickness of the hole
transport layer 12 may be 10 to 40 nm (100 to 400 A). If the thickness of the hole transport layer 12 is less than 10 nm
(100 A), hole transport capability may be lowered due to insufficient thickness. On the other hand, if the thickness of the
hole transport layer 12 exceeds 40 nm (400 A), a driving voltage may be increased.
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alpha-NPD

[0052] Next, the emitting layer 13 is formed on the hole transport layer 12.

[0053] An emitting layer material is not particularly limited and thus may be selected from emitting materials commonly
known in the art. For example, the emitting layer material may be an aluminum complex (e.g.: Alg3 (tris(8-quinolinola-
to)-aluminum), BAlq, SAlq, Aimg3), a gallium complex (e.g.: Gaq’,OPiv, Gaq’,0Ac, 2(Gaq’,)), a fluorene-based polymer,
polyparaphenylene vinylene or its derivative, a biphenyl derivative, a spiropolyfluorene-based polymer, or the like.
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2(Gaq’2)

[0054] The thickness of the emitting layer 13 may be 30 to 50 nm (300 to 500 A). As a non-limiting example, the
thickness of the emitting layer 13 is 15 to 60 nm (150 to 600 A). As the thickness of the emitting layer 13 increases, a
driving voltage increases. In this regard, it is difficult to apply an emitting layer having a thickness more than 60 nm (600 A).
[0055] Although not shown in FIG. 2, a hole blocking layer may be selectively formed on the emitting layer 13 by
vacuum deposition or spin coating using a hole blocking material. The hole blocking material is not particularly limited
but may be a material having electron transport capability and a higher ionization potential than an emitting compound.
Non-limiting examples of the hole blocking material include Balg, BCP, or TPBI. The thickness of the hole blocking layer
may be 3 to 7 nm (30 to 70 A). If the thickness of the hole blocking layer is less than 3 nm (30 A), hole blocking
characteristics may not be realized efficiently. On the other hand, if the thickness of the hole blocking layer exceeds 7
nm (70 A), a driving voltage may be increased.

Balg
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BCP

[0056] An electron transport material is applied onto the hole blocking layer, or onto the emitting layer 13 if the hole
blocking layer is not present, using vacuum deposition or spin coating to form an electron transport layer 14. The electron
transport material is not particularly limited and may be Alg3.

[0057] According to aspects of the present invention, the organic layer 20 including the fluorine-containing compound
and/or a buffer layer including a carbon-based compound aref/is interposed between the first electrode 10 and the hole
injection layer 11. The hole injection layer 11, the hole transport layer 12, the emitting layer 13, the electron transport
layer 14, or an electron injection layer 15 may be doped with a carbon-based compound.

[0058] That is, the organic layer 20 including the fluorine-containing compound and/or the buffer layer including the
carbon-based compound aref/is interposed between the first electrode 10 and the hole injection layer 11, and when
forming at least one of the hole injection layer 11, the hole transport layer 12, the emitting layer 13, the electron transport
layer 14, and the electron injection layer 15, a carbon-based compound may be co-deposited with a hole injection
material, a hole transport material, or the like, using vacuum thermal evaporation. Here, the content of the carbon-based
compound may be 0.005 to 99.95 parts by weight based on the total weight (100 parts by weight) of each of the hole
injection layer 11, the hole transport layer 12, the emitting layer 13, the electron transport layer 14, and the electron
injection layer 15. If the content of the carbon-based compound is less than 0.005 parts by weight, the characteristics
of an organic light-emitting device may not be improved significantly.

[0059] The thickness of the electron transport layer 14 may be 15 to 60 nm (150 to 600 A). If the thickness of the
electron transport layer 14 is less than 15 nm (150 A), electron transport capability may be lowered. On the other hand,
if the thickness of the electron transport layer 14 exceeds 60 nm (600 A), a driving voltage may be increased.

[0060] The electron injection layer 15 is formed on the electron transport layer 14. A material for forming the electron
injection layer 15 may be LiF, NaCl, CsF, Li,O, BaO, Liqg, or the like. The thickness of the electron injection layer 15 may
be 0.5 to 2 nm (5 to 20 A). If the thickness of the electron injection layer 15 is less than 0.5 nm (5 A), a function as an
electron injection layer may not be performed. On the other hand, if the thickness of the electron injection layer 15
exceeds 2 nm (20 A), a driving voltage may be increased.

Lig

[0061] Next, a cathode metal is thermally vacuum-deposited on the electron injection layer 15 to form a second
electrode 16, thereby completing the manufacture of an organic light-emitting device.

[0062] The cathode metal may be lithium (Li), magnesium (Mg), aluminum (Al), aluminum-lithium (Al-Li), calcium (Ca),
magnesium-indium (Mg-In), magnesium-silver (Mg-Ag), or the like.

[0063] An organic light-emitting device according to aspects of the present invention may further include one or two
intermediate layers between the anode, the hole injection layer, the hole transport layer, the emitting layer, the electron
transport layer, the electron injection layer, and the cathode, when needed. In addition, when needed, an electron
blocking layer may also be formed.

[0064] Hereinafter, aspects of the present invention will be described more specifically with reference to the following
working examples. However, the following working examples are for illustrative purposes only and are not intended to
limit the scope of the invention.
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Comparative Example

[0065] A 15 Q/cm?2 ITO glass substrate (Corning, 1,200 A) was cut into pieces of 50 mm x 50 mm x 0.7 mm in size,
followed by ultrasonic cleaning in isopropyl alcohol and pure water (5 minutes for each), UV/ozone cleaning (30 minutes),
and then plasma treatment under vacuum of 0.1 mtorr or less (9 minutes) to thereby form anodes. Then, m-MTDATA
was vacuum-deposited on the anodes to form hole injection layers with a thickness of about 600 A.

[0066] A green light-emitting material was thermally vacuum-deposited to a thickness of about 350 A on the hole
transport layers to form green light-emitting layers. Then, an electron transport material, Alg3 was deposited on the
green light-emitting layers to form electron transport layers with a thickness of about 250 A.

[0067] LiF (electron injection layers) and Al (cathodes) were sequentially thermally vacuum-deposited to thicknesses
of about 10 A and about 800 A, respectively, on the electron transport layers to form LiF/Al electrodes, thereby completing
organic green light-emitting devices as illustrated in FIG. 1.

Example (not being part of the invention)

[0068] Organic light-emitting devices as illustrated in FIG. 2 were manufactured in the same manner as in the Com-
parative Example except that a fluorine-containing compound, F16CuPc, was deposited on the anodes to form organic
layers before the m-MTDATA was deposited to form the hole injection layers.

[0069] The characteristics (efficiency, driving voltage) of the organic light-emitting devices including the organic layers
with thicknesses of 5 A and 10 A (hereinafter, referred to as "samples 1 and 2", respectively) were evaluated.

Evaluation Example

[0070] The brightness and driving voltage of the organic light-emitting devices were evaluated using a BM-5A (TOP-
CON) photometer and a 238 HIGH CURRENT SOURCE MEASURE UNIT (KEITHLEY). For each of the organic light-
emitting devices manufactured in Comparative Example and Example, direct current (DC) was applied at intervals of
10 mA/cm?2 from 10 mA/cm?2 until the current reached 100 mA/cm? to thereby obtain nine or more different data values.
The DC-based initial characteristics of the organic light-emitting devices are presented in Table 1 below.

Table 1

Comparative Example Sample1  Sample 2

ITO (ohm) 15 15 15
Driving voltage (V) 8.4 6.8 7.0
Efficiency (cd/A) 9.0 9.3 9.2

* |nitial characteristics: evaluation at DC 100 mA/cm?

[0071] Referring to Table 1, the organic light-emitting devices according to the embodiments of the present invention
exhibited a driving voltage that was reduced to 75% or less of the driving voltage of the conventional organic light-emitting
devices, without affecting the colour coordinates.

[0072] Thatis, a driving voltage of the organic light-emitting devices according to the present invention was lowered
1V or more relative to that of the conventional organic light-emitting devices.

[0073] An organic light-emitting device according to aspects of the present invention can show high efficiency, a low
driving voltage, high brightness, and a long lifetime.

[0074] Although a few embodiments of the present invention have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this embodiment without departing from the principles of the
invention, the scope of which is defined in the claims and their equivalents.

Claims
1. An organic light-emitting device comprising:
a substrate (8);
a first electrode (10) disposed on the substrate (8);

a hole transport layer (12) disposed on the first electrode (10);
an emitting layer (13) disposed on the hole transport layer (12); and
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a second electrode (16) disposed on the emitting layer (13),

wherein an organic layer (20) is interposed between the first electrode (10) and the hole transport layer (12),
the organic layer (20) comprising at least one fluorine-containing compound, characterized in that the fluorine-
containing compound is selected from the group consisting of

a) an aliphatic fluorocarbon compound, selected from the group consisting of C4F g, CsF 15, CgF14, C7F 46,
C3Fy4, C4Fg, CoFy, CsFg, C4Fg, CsF iy, CeF 10, and C7F 44,

b) an aromatic fluorocarbon compound, selected from the group consisting of CgFg, C45F 10, C18F 14, Co4F 18,
and C4,F3q, and

¢) a fluorinated fullerene.

An organic light-emitting device comprising:

a substrate (80);

a first electrode (100) disposed on the substrate (80);

a hole injection layer (110) disposed on the first electrode (100);

an emitting layer (130) disposed on the hole injection layer (110); and
a second electrode (160) disposed on the emitting layer (130),

wherein an organic layer (200) is interposed between the hole injection layer (110) and the emitting layer (130), the
organic layer (200) comprising at least one fluorine-containing compound, characterized in that the fluorine-con-
taining compound is selected from the group consisting of

a) an aliphatic fluorocarbon compound, selected from the group consisting of C4F 4, CsF42, CgF 14, C7F 14, C3F4,
C4Fg, CoF4, C3Fg, C4Fg, CsFqg, CeF 12, and CoF 4,

b) an aromatic fluorocarbon compound, selected from the group consisting of CgFg, C15F 49, C1gF 14, Co4F 18,
and Cy,F3q, and

c) a fluorinated fullerene.

The organic light-emitting device of claim 1 or 2, further comprising a buffer layer made of a carbon-based compound
disposed on at least one surface of the organic layer (20, 200).

The organic light-emitting device of claim 1, further comprising a hole injection layer (11) disposed on the organic
layer (20).

The organic light-emitting device of claims 1 and 3, further comprising a hole injection layer (11) disposed on the
buffer layer.

The organic light-emitting device of claim 2, further comprising a hole transport layer disposed on the hole injection
layer (110) or the organic layer (200).

The organic light-emitting device of claims 2 and 3, further comprising a hole transport layer disposed on the buffer
layer.

The organic light-emitting device according to one of the preceding claims, further comprising at least one selected
from a hole blocking layer, an electron injection layer (15, 150), and an electron transport layer (14, 140), disposed

between the emitting layer (13, 130) and the second electrode (16, 160).

The organic light-emitting device according to one of the preceding claims,
wherein the thickness of the organic layer (20, 200) is 0.1 to 50 nm.

The organic light-emitting device of claim 3, wherein the thickness of the buffer layer is 2 to 10nm.

The organic light-emitting device according to one of the preceding claims, wherein the fluorine-containing compound
is a fluorinated fullerene represented by CgoF41, CeoF 42, CeoF 43, CooF s, OF C74F 3s.

The organic light-emitting device of claim 3, wherein the carbon-based compound of the buffer layer is at least one
selected from the group consisting of fullerene, a metal-containing fullerene-based complex, carbon nanotube,
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carbon fibre, carbon black, graphite, carbine, MgC60, CaC60, and SrC60.

The organic light-emitting device according to one of claims 1, 6 or 7, wherein at least one selected from the group
consisting of the hole transport layer (12), and the emitting layer (13, 130), comprises a carbon-based compound.

The organic light-emitting device according to one of claims 2, 4 or 5, wherein at least one selected from the group
consisting of the hole injection layer (11, 110), and the emitting layer (13, 130), comprises a carbon-based compound.

The organic light-emitting device of claim 8, wherein at least one selected from the group consisting of the hole
injection layer (11, 110), the hole transport layer (12), the emitting layer (13, 130), the hole blocking layer, the electron
transport layer (14, 140), and the electron injection layer (15, 150), comprises a carbon-based compound.

The organic light-emitting device of claim 15, wherein the content of the carbon-based compound is 0.005 to 99.95
parts by weight based on 100 parts by weight of each of the hole injection layer, the hole transport layer, the emitting
layer, the hole blocking layer, the electron transport layer, and the electron injection layer.

Patentanspriiche

1.

Organische, lichtemittierende Vorrichtung, aufweisend:

ein Substrat (8);

eine erste Elektrode (10), die auf dem Substrat (8) angeordnet ist;

eine Lochtransportschicht (12), die auf der ersten Elektrode (10) angeordnet ist;

eine Emissionsschicht (13), die auf der Lochtransportschicht (12) angeordnet ist; und
eine zweite Elektrode (16), die auf der Emissionsschicht (13) angeordnet ist,

wobei eine organische Schicht (20) zwischen der ersten Elektrode (10) und der Lochtransportschicht (12) eingefligt
ist, wobei die organische Schicht (20) zumindest eine fluorhaltige Verbindung aufweist,
dadurch gekennzeichnet, dass die fluorhaltige Verbindung aus der Gruppe bestehend aus

a) einer aliphatischen Fluorkohlenstoffverbindung ausgewéhlt aus der Gruppe bestehend aus C4F,g, C5F 5,
CeF 14, C7F 16, CaF4, CaFe, CoF 4, C3Fg, C4Fg, CsFqo, CoFyp und C7F 4y,

b) einer aromatischen Fluorkohlenstoffverbindung ausgewahlt aus der Gruppe bestehend aus CgzFg, C45F 1o,
C1gF 14, Co4F 45 und CyoF 50, und

c) einem fluorierten Fulleren ausgewabhlt ist.

Organische, lichtemittierende Vorrichtung, aufweisend:

ein Substrat (80);

eine erste Elektrode (100), die auf dem Substrat (80) angeordnet ist;

eine Lochinjektionsschicht (110), die auf der ersten Elektrode (100) angeordnet ist;

eine Emissionsschicht (130), die auf der Lochinjektionsschicht (110) angeordnet ist; und
eine zweite Elektrode (160), die auf der Emissionsschicht (130) angeordnet ist,

wobei eine organische Schicht (200) zwischen der Lochinjektionsschicht (110) und der Emissionsschicht (130)
eingeflgt ist, wobei die organische Schicht (200) zumindest eine fluorhaltige Verbindung aufweist,
dadurch gekennzeichnet, dass die fluorhaltige Verbindung aus der Gruppe bestehend aus

a) einer aliphatischen Fluorkohlenstoffverbindung ausgewéhlt aus der Gruppe bestehend aus C4F,g, C5F 5,
CeF 14, C7F 16, CaF4, CaFe, CoF 4, C3Fg, C4Fg, CsFqo, CoFyp und C7F 44,

b) einer aromatischen Fluorkohlenstoffverbindung ausgewahlt aus der Gruppe bestehend aus CgzFg, C45F 1o,
C1gF 14, Co4F 45 und CyoF 50, und

c) einem fluorierten Fulleren ausgewabhlt ist.

Organische, lichtemittierende Vorrichtung nach Anspruch 1 oder 2, weiterhin aufweisend eine aus einer kohlen-

stoffbasierten Verbindung hergestellte Pufferschicht, die auf zumindest einer Oberflache der organischen Schicht
(20, 200) angeordnet ist.
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Organische, lichtemittierende Vorrichtung nach Anspruch 1, weiterhin aufweisend eine Lochinjektionsschicht (11),
die auf der organischen Schicht (20) angeordnet ist.

Organische, lichtemittierende Vorrichtung nach den Anspriichen 1 und 3, weiterhin aufweisend eine Lochinjekti-
onsschicht (11), die auf der Pufferschicht angeordnet ist.

Organische, lichtemittierende Vorrichtung nach Anspruch 2, weiterhin aufweisend eine Lochtransportschicht, die
auf der Lochinjektionsschicht (110) oder der organischen Schicht (200) angeordnet ist.

Organische, lichtemittierende Vorrichtung nach den Anspriichen 2 und 3, weiterhin aufweisend eine Lochtransport-
schicht, die auf der Pufferschicht angeordnet ist.

Organische, lichtemittierende Vorrichtung nach einem der vorhergehenden Anspriiche, weiterhin aufweisend zu-
mindest eine aus einer Lochblockierschicht, einer Elektroneninjektionsschicht (15, 150) und einer Elektronentrans-
portschicht (14, 140) ausgewahlte Schicht, die zwischen der Emissionsschicht (13, 130) und der zweiten Elektrode
(16, 160) angeordnet ist.

Organische, lichtemittierende Vorrichtung nach einem der vorhergehenden Anspriiche, wobei die Dicke der orga-
nischen Schicht (20, 200) 0,1 bis 50 nm betragt.

Organische, lichtemittierende Vorrichtung nach Anspruch 3, wobei die Dicke der Pufferschicht 2 bis 10 nm betragt.

Organische, lichtemittierende Vorrichtung nach einem der vorhergehenden Anspriiche, wobei die fluorhaltige Ver-
bindung ein fluoriertes Fulleren ist, das durch CggF 41, CgoF 42, CoF 43, CegF4g 0der C;4F 35 reprasentiert wird.

Organische, lichtemittierende Vorrichtung nach Anspruch 3, wobei die kohlenstoffbasierte Verbindung der Puffer-
schicht zumindest eines ist, das aus der Gruppe bestehend aus Fulleren, einem metallhaltigen fullerenbasierten
Komplex, einer Kohlenstoff-Nanoréhre, einer Kohlenstofffaser, Industrierul, Graphit, Carbin, MgC60, CaC60 und
SrC60 ausgewahlt ist.

Organische, lichtemittierende Vorrichtung nach einem der Anspriiche 1, 6 oder 7, wobei zumindest eine Schicht,
die aus der Gruppe bestehend aus der Lochtransportschicht (12) und der Emissionsschicht (13, 130) ausgewahlt
ist, eine kohlenstoffbasierte Verbindung aufweist.

Organische, lichtemittierende Vorrichtung nach einem der Anspriiche 2, 4 oder 5, wobei zumindest eine Schicht,
die aus der Gruppe bestehend aus der Lochinjektionsschicht (11, 110) und der Emissionsschicht (13, 130) ausge-
wahlt ist, eine kohlenstoffbasierte Verbindung aufweist.

Organische, lichtemittierende Vorrichtung nach Anspruch 8, wobei zumindest eine Schicht, die aus der Gruppe
bestehend aus der Lochinjektionsschicht (11, 110), der Lochtransportschicht (12), der Emissionsschicht (13, 130),
der Lochblockierschicht, der Elektronentransportschicht (14, 140) und der Elektroneninjektionsschicht (15, 150)
ausgewahlt ist, eine kohlenstoffbasierte Verbindung aufweist.

Organische, lichtemittierende Vorrichtung nach Anspruch 15,

wobei der Gehalt der kohlenstoffbasierten Verbindung 0,005 bis 99,95 Gewichtsteile, bezogen auf 100 Gewichtsteile
von jeder der Lochinjektionsschicht, der Lochtransportschicht, der Emissionsschicht, der Lochblockierschicht, der
Elektronentransportschicht und der Elektroneninjektionsschicht, betragt.

Revendications

1.

Dispositif photoémetteur organique, comprenant :

un substrat (8) ;

une premiere électrode (10) disposée sur le substrat (8) ;

une couche de transport de lacunes (12) disposée sur la premiére électrode (10) ;
une couche émettrice (13) disposée sur la couche de transport de lacunes (12) et
une seconde électrode (16) disposée sur la couche émettrice (13),
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dans lequel une couche organique (20) est interposée entre la premiéere électrode (10) et la couche de transport
de lacunes (12), la couche organique (20) comprenant au moins un composé contenant du fluor, caractérisé en
ce que le composé contenant du fluor est choisi dans le groupe consistant en

a) un composé fluorocarboné aliphatique, choisi dans le groupe consistant en C4F,y, Cs5F 15, CgF14, C7F 46,
CsF4, C4Fe, CoF 4, CFg, CyFg, CoFag, CoF1p €t C7F 44,

b) un composé fluorocarboné aromatique, choisi dans le groupe consistant en CgFg, C15F 10, C1gF 14, Co4F 15
et C4,F 3 et

¢) un fulléréne fluoré.

Dispositif photoémetteur organique, comprenant :

un substrat (80) ;

une premiere électrode (100) disposée sur le substrat (80) ;

une couche d’'injection de lacunes (110) disposée sur la premiére électrode (100) ;
une couche émettrice (130) disposée sur la couche d’injection de lacunes (110) et
une seconde électrode (160) disposée sur la couche émettrice (130),

dans lequel une couche organique (200) est interposée entre la couche d’injection de lacunes (110) et la couche
émettrice (130), la couche organique (200) comprenant au moins un composé contenant du fluor, caractérisé en
ce que le composé contenant du fluor est choisi dans le groupe consistant en

a) un composé fluorocarboné aliphatique, choisi dans le groupe consistant en C4F,y, Cs5F 15, CgF14, C7F 46,
CsF4, C4Fe, CoF 4, CFg, CyFg, CoFag, CoF1p €t C7F 14,

b) un composé fluorocarboné aromatique, choisi dans le groupe consistant en CgFg, C15F4g, C1gF14, Co4F g
¢) un fulléréne fluoré.

Dispositif photoémetteur organique suivant la revendication 1 ou 2, comprenant en outre une couche tampon cons-
tituée d’'un composé a base de carbone disposée sur au moins une surface de la couche organique (20, 200).

Dispositif photoémetteur organique suivant la revendication 1, comprenant en outre une couche d'injection de
lacunes (11) disposée sur la couche organique (20).

Dispositif photoémetteur organique suivant les revendications 1 et 3, comprenant en outre une couche d’injection
de lacunes (11) disposée sur la couche tampon.

Dispositif photoémetteur organique suivant la revendication 2, comprenant en outre une couche de transport de
lacunes disposée sur la couche d’injection de lacunes (110) ou la couche organique (200).

Dispositif photoémetteur organique suivant les revendications 2 et 3, comprenant en outre une couche de transport
de lacunes disposée sur la couche tampon.

Dispositif photoémetteur organique suivant une des revendications précédentes, comprenant en outre au moins
une couche choisie entre une couche de blocage de lacunes, une couche d’'injection d’électrons (15, 150) et une
couche de transport d’électrons (14, 140), disposée entre la couche émettrice (13, 130) et la seconde électrode
(16, 160).

Dispositif photoémetteur organique suivant une des revendications précédentes, dans lequel I'épaisseur de la cou-
che organique (20, 200) va de 0,1 a 50 nm.

Dispositif photoémetteur organique suivant la revendication 3, dans lequel I'épaisseur de la couche tampon va de
2a10 nm.

Dispositif photoémetteur organique suivant une des revendications précédentes, dans lequel le composé contenant
du fluor est un fulléréne fluoré représenté par CgoF 41, CoF a2, CeoFass CeoFag OU Cr4F3g.

Dispositif photoémetteur organique suivant la revendication 3, dans lequel le composé a base de carbone de la
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couche tampon est au moins un composé choisi dans le groupe consistant en un fulléréne, un complexe a base de
fulléréne contenant un métal, un nanotube de carbone, une fibre de carbone, le noir de carbone, le graphite, un
carbine, MgC60, CaC60 et SrC60.

Dispositif photoémetteur organique suivant une des revendications 1, 6 et 7, dans lequel au moins une couche est
choisie dans le groupe consistant en la couche de transport de lacunes (12) et la couche émettrice (13, 130)
comprend un composé a base de carbone.

Dispositif photoémetteur organique suivant une des revendications 2, 4 et 5, dans lequel au moins une couche est
choisie dans le groupe consistant en la couche d’injection de lacunes (11, 110) et la couche émettrice (13, 130)
comprend un composé a base de carbone.

Dispositif photoémetteur organique suivant la revendication 8, dans lequel au moins une couche choisie dans le
groupe consistant en la couche d’injection de lacunes (11, 110), la couche de transport de lacunes (12), la couche
émettrice (13, 130), la couche de blocage de lacunes, la couche de transport d’électrons (14, 140) et la couche
d’injection d’électrons (15, 150) comprend un composé a base de carbone.

Dispositif photoémetteur organique suivant la revendication 15, dans lequel la quantité du composé a base de
carbone est comprise dans l'intervalle de 0,005 a 99,95 parties en poids sur la base de 100 parties en poids de
chacune des couches consistant en la couche d’injection de lacunes, la couche de transport de lacunes, la couche
émettrice, la couche de blocage de lacunes, la couche de transport d’électrons et la couche d’injection d’électrons.

15



EP 1950 818 B1

FIG. 1

LGS S

11NN

16



EP 1950 818 B1

77

s

s

' L#\ SN

17




EP 1950 818 B1

/.

NANNN \Q\.\\\\\\ v
N 2

¢

- 80

18



EP 1 950 818 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 20050062406 A1 [0005] * JP 2001247498 A [0006]

Non-patent literature cited in the description

* M. Ichikawa et al. Thin Solid Films, 2007, vol. 515, * Y. Qiu et al. Synthetic Metals, 2002, vol. 130,
3932-3935 [0003] 235-237 [0004]

e W.-J. Kim et al. Proceedings of 2005 International
Symposium on Electrical Insulating Materials. Kitaky-
ushu, 05 June 2005, 640-643 [0004]

19



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS
CPCH XS
REHH(F)
£

H M2 TF S0k
oM EREE S

BEG®)

BHERARECREESANLSUNBRELEN

EP1950818B1 K (2E)R
EP2008100585 iR
ZEHEERMERLT

=E&SDICO., LTD.

ZERBHERBARAF.

KIM TAE SHICK
SONG OK KEUN
JEONG HYE IN
KOO YOUNG MO
JUN HYUK SANG

KIM, TAE-SHICK
SONG, OK-KEUN.
JEONG, HYE-IN
KOO, YOUNG-MO
JUN, HYUK-SANG

HO1L51/54

patsnap

2009-12-23

2008-01-17

HO01L51/5088 B82Y10/00 HO1L51/004 HO1L51/0047 HO1L51/0078

hengelhaupt , Jirgen
1020070007627 2007-01-24 KR

EP1950818A1

Espacenet

ANRAEBOFEENRE—BR (10 ) REEER (8) L= EHRE
(12) ,IRBEFE—EBEWMEEZHE (13) REEEERELAEERE
EHXBEWE—BF (16) , HPENE (20 ) N FHE—=BRMZEUE
mE2E , BNEEEEL A TANERLEY  ERRANEE
PTHEY , FHCXF (2x+2) , CxF ( 2x-2 ) HCOxF2xXR R BERIREIL S
Y, Hehx21F50009 %% , HCOyFby-2nR RINFERIELEY , H

yR1~80MIEBEL , nNO~80BE , 6y-2n N IEEH , WEILLESHHE. & / 4
NAXBHTAERHERE , BEFEE , BEMNKED i l /©/ |
N

TCYA



https://share-analytics.zhihuiya.com/view/a42af904-e141-4786-b068-e710ec18a1d9
https://worldwide.espacenet.com/patent/search/family/039183060/publication/EP1950818B1?q=EP1950818B1

