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(54) Title: ORGANIC LIGHT EMITTING ELEMENT
(57) Abstract: Provided is an organic light emit-
ting element including: an anode; a cathode; and
an organic compound layer formed between the
F I G_ 1 anode and the cathode and including a hole injec-
tion layer, a hole transport layer, and an emission
1 layer, in which: the emission layer includes a host
and a dopant; the hole transport layer includes a
hole transport material having multiple aromatic
hydrocarbon skeletons and a single bond for link-
ing the aromatic hydrocarbon skeletons; the hole
——15 transport material has a triplet level T; of 1.8 eV
or more; the hole transport material has a hole
—4—14 mobility of 1x10-* cm?/Vs or more; and the hole
transport layer and the emission layer satisty rela-
—4_13 tionships represented by the following expression

——12

(1):  |reduction potential of hole transport
material|-reduction potential of host[>0.1 V (1)
and the following expression (2): [HOMO level of
hole transport material-HOMO level of host|<0.1
eV (2).
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DESCRIPTION
Title of Invention:
ORGANIC LIGHT EMITTING ELEMENT

Technical Field

[0001]The present invention relates to an organic light
emitting element.
Background Art

[0002]An organic light emitting element is an electronic
element including an anode, a cathode, and a thin film
containing a luminous organic compound, formed between
the anode and the cathode. A voltage is applied
between the anode and the cathode to inject a hole and
an electron, whereby the organic light emitting element
is driven. Specifically, the hole and electron applied
from the respective electrodes recombine in the element
(the thin film containing the luminous organic
compound), and when the luminous organic compound in an
exclted state (exciton) produced by the recombination
returns to its ground state, light is radiated. The
organic light emitting element is an element that
.utilizes the light to be radiated.

"[0003]From the viewpoint of a light emission principle, light
emissions of the organic light emitting element can be
classified into two kinds, i.e., fluorescent emission
utilizing a singlet exciton and phosphorescent emission
utilizing a triplet exciton. In this case, in
principle, a ratio between the probability that the
singlet exciton is produced and the probability that
the triplet exciton is produced is 1:3, and hence it 1is
found that the triplet exciton is more likely to be
produced. Accordingly, in the case of an organic light
emitting element utilizing fluorescence, the ratio at
which the fluorescence can be utilized as light
emission (internal quantum efficiency) is 25% at

maximum. Meanwhile, in the case of an organic light
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emitting element utilizing phosphorescence, its
internal quantum efficiency is 75% at maximum.

[0004]When an organic light emitting element is applied to a
constituent member for a full-color display in a
cellular phone, television, or the like, improvements
in efficiency and durability of the organic light
emitting element have been realized in each of a red
color and a green color by utilizing phosphorescence.
In a blue color, however, the fact that the durability
of an organic light emitting element that emits blue
light is problematic and hence its continuous driving
lifetime is short has been perceived as a problem. In
view of the foregoing, an organic light emitting
element that has relatively good durability and
utilizes fluorescence has been used in the blue color.
However, the element has caused a problem from the
viewpoint of luminous efficiency because the
probability that a singlet exciton is produced is low
as described above.

[0005]In this connection, methods proposed in PTL 1 and NPL 1
are each given as a method of improving the luminous
efficiency of an organic light emitting element that
utilizes fluorescence and whose luminescent color is a
blue color.

[0006]By the way, a method involving utilizing a triplet
exciton, which has not been effectively utilized
heretofore, in fluorescent emission has been proposed
as a method of improving the luminous efficiency of an
organic light emitting element utilizing fluorescence.
The method is a method called triplet-triplet
annihilation (TTA) and a specific light emission
mechanism is as described below. First, multiple
triplet excitons are produced in an emission layer and
then two of the triplet excitons collide with each
other to annihilate. At that time, a singlet exciton

is produced. Thus, singlet excitons needed for the
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fluorescent emission increase in number and hence the
fluorescent emission increases in extent. As a result,
the internal quantum efficiency of the element becomes
62.5% at maximum and the luminous efficiency improves.
Here, when the ratio at which the fluorescent emission
can be extracted as light emission to the outside of
the element (external quantum efficiency (EQE)=internal
quantum efficiencyxlight extraction efficiency) is
calculated, the calculated value exceeds 5% as the
upper limit of the related art (when it is assumed that
the light extraction efficiency is 20%) and can be set
to 12.5% at maximum.

[0007]An organic light emitting element using an anthracene
derivative as a host for its emission layer has been
proposed as an organic light emitting element that
emits blue light and utilizes the TTA, and it has been
reported that the element has high luminous efficiency.
For example, in NPL 1, the external quantum efficiency
of the organic light emitting element that emits blue
light is about 7%, which exceeds the upper limit of the
related art. However, even when the TTA is utilized,
an upper limit for the external quantum efficiency of
the organic light emitting element is 12.5% and hence
the efficiency can be said to have room for additional
improvement. By the way, in NPL 1, an aromatic amine
derivative (a-NPD) is incorporated into a hole
transport layer and the aromatic amine derivative may
cause a reduction in luminous efficiency.

[0008]The aromatic amine derivative generally has strong
electron-donating property. Accordingly, the
derivative interacts with a constituent material for an
emission layer and the interaction i1s responsible for
emission quenching. 1In view of the foregoing, there
has been proposed an organic light emitting element
using an organic compound except the aromatic amine

derivative as a constituent material for its hole
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transport layer for an improvement in luminous
efficiency. For example, PTL 1 discloses, as organic
compounds except the aromatic amine derivative, an
anthracene derivative, arylethylene and arylacetylene
derivatives, and a polyphenylene hydrocarbon. 1In
addition, in Examples of PTL 1, an organic light
emitting element using an anthracene derivative as its
hole transport layer'shows an improvement in luminous
efficiency in each of the red color and the green color.
[0009]However, the triplet energy level (T;) of the
anthracene derivative as a constituent material for the
hole transport layer is of about the same magnitude as
- that of a host for the emission layer of the element.
Accordingly, when the anthracene derivative is used as
a constituent material for the hole transport layer in
the organic light emitting element utilizing the TTA
proposed in NPL 1, no triplet exciton can be trapped in
its emission layer. Accordingly, a triplet exciton
leaks to a layer adjacent to the emission layer (such
as the hole transport layer), which leads to a
reductidn in luminous efficiency. Therefore, an
organic compound whose T; is higher than that of the
anthracene derivative (1.8 eV or less) has been desired.
[0010]However, PTL 1 discloses that an organic light emitting
element using an organic compound except the anthracene
derivative, the compound being considered to have a
high Ti, is not improved in luminous efficiency to a
very large extent in each of the red color and the
green color, and moreover, the element causes an
increase in driving voltage. The same may hold true
for an organic light emitting element that emits blue
light.
Citation List
Patent Literature
[00111PTL 1: Japanese Patent No. 4772942
Non Patent Literature
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[0012]NPL 1: Proceedings of the 1l1th Organic EL Symposium
(Yuki EL Tohronkai) (P3-4)
NPL 2: Small 2011, 7, No. 9, 1186-1191
NPL 3: R. Ahlrichs, M. Baer, M. Haeser, H. Horn, and C.
Koelmel Electronic structure calculations on
workstation computers: the program system TURBOMOLE
Chem. Phys. Lett. 162-165 (1989)
Summary of Invention

[0013]The present invention has been made to solve the
problems, and an object of the present invention is to
provide an organic light emitting element, in
particular, an organic light emitting element that
emits blue light, which has a low driving voltage, and
is excellent in luminous efficiency and durability.

[001l4]According to one embodiment of the present invention,
there is provided an organic light emitting element
including: an anode; a cathode; and an organic compound
layer formed between the anocde and the cathode and
including a hole injection layer, a hole transport
layer, and an emission layer, in which: the emission
layer includes a host and a dopant; the hole transport
layer includes a hole transport material having
multiple aromatic hydrocarbon skeletons and a single
bond for linking the aromatic hydrocarbon skeletons;
the hole transport material has a triplet level T; of
1.8 eV or more; the hole transport material has a hole
mobility of 1x107° cm?/Vs or more; and the hole
transport layer and the emission layer satisfy
relationships represented by the following expression
{(1): '
| reduction potential of holé transport material|-
| reduction potential of host|>0.1 V (1)
and the following expression (2): _
JHOMO level of hole transport material-HOMO level of
host [<0.1 eV (2).

[0015] Further features of the present invention will become



WO 2014/199791 PCT/JP2014/063524

apparent from the following description of exemplary
embodiments with reference to the attached drawings. -
Brief Description of Drawings

[0016]FIG. 1 is a schematic sectional view illustrating an
example of an organic light emitting element according
to one embodiment of the present invention.

FIG. 2 is a schematic sectional view illustrating an
example of a display apparatus including the organic
light emitting element of the present invention and an
active element connected to the organic light emitting
element.

Description of Embodiments

[0017]1Preferred embodiments of the present invention will now
be described in detail in accordance with the
aCcompanying drawings.

[0018] (1) Organic light emitting element
An organic light emitting element of the present
invention includes: an‘anéde; a cathode; and an organic
compound layer formed between the anode and the cathode
and including at least a hole injection layer, a hole
transport layer, and an emission layer. In other words,
in the organic light emitting element of the present
invention, a hole produced from the anode is first
injected into the hole injection layer, and is then
transported to the emission layer via the hole
injection layer and the hole transport layer.

[0019]In the present invention, the emission layer includes a
host and a dopant. 1In the present invention, the hole
transport layer includes a hole transport material
having multiple aromatic hydrocarbon skeletons and a
single bond for linking the aromatic hydrocarbon
skeletons. 1In the present invention, the hole
transport material has a triplet level T; of 1.8 eV or
more. In the present invention, the hole transport
material has a hole mobility of 1x107° cm?/Vs or more.

In the present invention, the hole transport layer and
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the emission layer satisfy relationships represented by
the following expression (1):

| reduction potential of hole transport materiall-
|reduction potential of host|>0.1 V (1)

and the following expression (2):

|HOMO level of hole transport material-HOMO level of
host |<0.1 eV (2).

[0020]Hereinafter, an embodiment of the present invention is
described in detail with reference to the drawings.
However, the present invention is not limited to. the
embodiment to be described below. In addition, it is
easy for a person skilled in the art to understand that
(at least part of) the form and details of the present
invention can be variously modified as long as the
modifications do not depart from the gist and scope
thereof.

[0021]FIG. 1 is a schematic sectional view illustrating an
example of the organic light emitting element according
to one embodiment of the present invention. In an
organic light emitting element 1 of FIG. 1, an anode 11,
a hole injection layer 12, a hole transport layer 13,
an emission layer 14, and a cathode 15 are laminated in
the stated order. It should be noted that in the
organic light emitting element 1 of FIG. 1, an
electrode (lower electrode) to be formed on a substrate
(not shown) may be the anode 11 or may be the cathode
15.

[0022]In the organic light emitting element 1 of FIG. 1, a
laminate formed of the hole injection layer 12, the
hole transport layer 13, and the emission layer 14
corresponds to the organic compound layer for forming
the organic light emitting element 1. In the present
invention, layers for forming the organic compound
layer are not limited to the hole injection layer 12,
the hole transport layer 13, and the emission layer 14.

For example, an intervening layer such as a hole
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blocking layer, an electron transport layer, or an
electron injection layer may be appropriately formed
between the emission layer 14 and the cathode 15.

[0023]Although the emission layer 14 is illustrated as a
single layer in the organic light emitting element 1 of
FIG. 1, the present invention is not limited thereto
and the emission layer 14 may be a laminate formed of
multiple layers.

[0024]Hereinafter, constituent members for the organic light
emitting element 1 of FIG. 1 are described.

[0025]A constituent material for the anode 11 is desirably an
inorganic compound having as large a work function as
possible. Examples thereof include: metal simple
substances such as gold, platinum, copper, nickel,
palladium, cobalt, selenium, vanadium, and tungsten, or
alloys obtained by mixing multiple kinds of these metal
simple substances; and metal oxides such as tin oxide,
zinc oxide, indium tin oxide (ITO), and indium zinc
oxide. One kind of those inorganic compounds
(electrode substances) may be used alone, or two or
more kinds thereof may be used in combination. 1In
addition, the anode 11 may be constituted of a single
layer, or may be constituted of multiple layers.

[0026]The hole injection layer 12 is a layer formed of a
material that efficiently injects a hole from the anode
11 and efficiently injects the hole into the hole
transport layer 13, i.e., a hole injection material.

In the present invention, a constituent material for
the hole injection layer 12, which is not particularly
limited, is preferably a tetracyanoguinodimethane
derivative or a hexaazatriphenylene derivative.

[0027]Specific examples of the hole injection material
include NDP-9 manufactured by Novaled and HAT-CN
manufactured by Luminescence Technology. However, the
material is not particularly limited as long as the

material does not crystallize and can form a stable
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single layer film. It should be noted that a compound
having predetermined physical properties are preferably
used in the hole injection material. The predetermined
physical properties are described later.

[0028]The hole transport layer 13 is a layer formed for
transporting a hole injected from the hole injection
layer 12 to the emission layer 14. In the present
invention, the hole transport layer 13 includes a hole
transport material having multiple aromatic hydrocarbon
skeletons and a single bond for linking the aromatic
hydrocarbon skeletons. In addition, 1in the present
invention, the hole transport material in the hole
transport layer 13 has a triplet level T; of 1.8 eV or
more, and the hole transport material has a hole
mobility of 1x107° cm?/Vs or more. It should be noted
that the hole transport material is preferably a
compound except an anthracene derivative (compound
having an anthracene skeleton) because the anthracene
skeleton out of the aromatic hydrocarbon skeletons does
not satisfy the requirement concerning the triplet
level (T:21.8 eV). In the present invention, preferred
examples of the hole transport material include a
phenylene derivative, a fluorene derivative, a chrysene
derivative, and a pyrene derivative. However, the
material is not particularly limited as long as the
material is a compound except the anthracene derivative
(compound free of any anthracene skeleton).

[0029]1It should be noted that the aromatic hydrocarbon
skeletons of the compound to be used as the hole
transport'material may each further have an alkyl group
such as a methyl group, an ethyl group, an isopropyl
group, or a tert-butyl group. In addition, the hole
transport material as a constituent material for the
hole transport layer 13 needs to satisfy some of the
requirements concerning material physical properties.

Details about the requirements are described later.
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[0030]The emission layer 14 is a layer including a host and a
dopant (guest). It should be noted that in the present
invention, materials in the emission layer 14 are not
limited only to the host and the dopant.

[0031]A compound serving as the host in the emission layer 14,
which is not particularly limited, is preferably a
pyrene derivative. It should be noted that the
compound serving as the host needs to satisfy some of
the requirements concerning the material physical
properties. The details about the requirements are
described later. |

[0032]A compound serving as the dopant (guest) in the
emission layer 14, which is not particularly limited,
is preferably an electron trapping material. The
material improves a carrier balance in the emission
layer 14, which leads to an improvement in luminous
efficiency of the organic light emitting element. The
electron trapping material serving as the dopant is,
for example, a compound containing a fluoranthene
skeleton in its main chain. It should be noted that
the compound containing a fluoranthene skeleton in its
main chain is not limited to a compound in which the
very fluoranthene skeleton is incorporated, and
includes a condensed polycyclic compound obtained by
further condensing a ring structure such as a benzene
ring to the fluoranthene skeleton.

[0033]1The color of light output from the emission layer 14 is
not particularly limited and may be a white color.
Here, when white light is output from the emission
layer 14, multiple kinds of light (such as red light,
green light, and blue light) need to be output from the
emission layer 14.

[0034]A method involving incorporating multiple kinds of
guests into the emission layer 14 is available as a
method of causing the emission layer 14 to output

multiple kinds of light. Here, when the emission layer
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14 is a single layer, the emission layer 14 is in a
state of including the multiple kinds of guests. At
this time, at least one kind of the guests in the
emission layer 14 is preferably a material that emits
light having a color different from that of any other
guest. Meanwhile, when the emission layer 14 is a
laminate formed of multiple layers, each layer for
forming the emission layer 14 contains at least one
kind of guest. 1In addition, when the emission layer 14
is a laminate formed of multiple layers as described
above, at least one layer of the layers for forming the
emission layer 14 is preferably a layer that emits
light having a color different from that of any other
layer for forming the emission layer 14.

[0035]A constituent material for the cathode 15 desirably has
a small work function. Examples thereof include:
alkali metals such as lithium; alkaline earth metals
such as calcium; and metal simple substances such as
aluminum, titanium, manganese, silver, lead, and
chromium. Alternatively, an alloy obtained by
combining these metal simple substances may also be
used. For example, magnesium-silver, aluminum-lithium,
or aluminum-magnesium may be used. It is also possible
to utilize a metal oxide such as indium tin oxide (ITO).
One kind of those electrode substances may be used
alone, or multiple kinds thereof may be used in
combination. In addition, the cathode 15 may be
constituted of a single layer, or may be constituted of
multiple layers.

[0036¢]}In addition, at least one of the anode 11 and the

. cathode 15 is desirably a transparent or
semitransparent electrode from the viewpoint of
extracting light output from the emission layer 14.

[0037] (2) Requirements concerning material physical

properties

In the present invention, with regard to the material
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physical properties of the constituent materials for
the organic light emitting element, requirements to be
described below need to be satisfied or are preferably
satisfied.

[0038] (2-1) Triplet level (T:)

The triplet level (T;) is the energy level of a

compound brought into the lowest triplet excited state.
In other words, the lowest triplet excited energy of

the compound of interest corresponds to the T;. In the
present invention, the T; of the hole transport

material in the hole transport layer needs to be 1.8 eV
or more.

[0039] (2-2) Hole mobility (un)

A hole mobility pp is obtained by quantifying the ease
with which a hole moves in a solid substance. Herein,
a larger value for the py, means that the hole more
easily moves.

[0040]1In the present invention, the hole mobility u, of the
hole transport material needs to be 1x107° cm?/Vs or
more.

[0041] (2~-3) Oxidation potential, reduction potential
An oxidation potential is a numerical value
representing power for oxidizing a compound except the
compound of interest in terms of a potential. 1In
contrast, a reduction potential is a numerical value
representing power for reducing a compound except the
compound of interest in terms of a potential.

[OO42]In'the present invention, the following expression (1)
ﬁeeds to be satisfied.
| reduction potential of hole transport material|-
| reduction potential of host material|(>0.1 V (1)

[0043]The expression (1) 1s an expressionbrepresenting
electron blocking property at an interface between the
hole transport layer 13 and the emission layer 14, i.e.,
electron trapping performance in the emission layer 14.

In the present invention, an electron injected into the
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emission layer 14 can be trapped in the emission layer
14 by satisfying the expression (1).

[0044] (2-4) HOMO level
A HOMO level is the energy level of the highest
occupied molecular orbital of the compound of interest.

[0045]In the present invention, with regard to the hole
transport material, the following expression (2) as
well as the requirement concerning the holé mobility
needs to be satisfied.
[HOMO level of hole transport material-HOMO level of
host |<0.1 eV (2) |

[0046]Satisfying the relational expression can reduce a
barrier for the injection of a hole from the hole
transport layer 13 into the emission layer 14, and
hence can eliminate a hole accumulated at the interface
between the hole transport layer 13 and the emission
layer 14. The elimination of the accumulated hole can
reduce charge quenching occurring near the emission
layer 14.

[0047] (2-5) Suitable requirements concerning material
physical properties _
In addition, a host in-an emission layer that emits
blue light generally has an HOMO level of about 6.0 eV,
and hence the property by which a hole is injected from
an anode 1is poor as compared to emission layers for a
red color and a green color. Accordingly, the hole
injection properties of the materials to be used in the
hole injection layer 12 and the hole transport layer 13
are ilmproved by setting the HOMO levels of the
materials so that the levels may change stepwise.

[0048]In the present invention, however, the property by
which a hole is injected from the anode 11 also needs
to be taken into consideration because the HOMO level
of the hole transport material and the HOMO level of
the host are close to each other. 1In view of the

foregoing, in the present invention, a hole injection



WO 2014/199791 14 PCT/JP2014/063524

material having a low reduction potential is preferably
used in the hole injection layer 12. Specifically, the
following expression (3) and the following expression
(4) are preferably satisfied.

foxidation potential of hole transport materiall-

| reduction potential of hole injection materiall|<1.4 V
(3)

|HOMO of hole injection material|>|HOMO of hole
fransport material] (4)

[0049]When the requirements represented by the expression (3)
and the expression (4) are satisfied, an electron can
be withdrawn from the hole transport material and hence
a hole can be produced in the hole transport layer.

[0050]Satisfying the requirements described above allows an
organic light emitting element utilizing fluorescence,
in particular, an organic light emitting element whose
luminescent color is a blue color to be an organic
light emitting element excellent in luminous efficiéncy
and durability without causing any increase in driving
voltage.

[0051] (3) Applications of organic light emitting element
The organic light.emitting element of the present
invention may be used as a constituent member for a
display apparatus or a lighting apparatus. In addition,
the element finds applications in, for example, a light
source for exposure of an electrophotographic image
forming apparatus, a backlight of a liquid crystal
display apparatus, and a light emitting apparatus
including a white light sourcé and a color filter.
Examples of the color filter include filters that
transmit three colors, i.e., red, green, and blue.

[0052]A display apparatus of the present invention includes

~the organic light emitting element of the present
invention in a display portion. It should be noted
that the display portion includes multiple pixels.

[0053]In addition, the pixels each include the organic light
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emitting element of the present invention and a
transistor as an example of an active element (a
switching element) or amplifier for controlling an
emission luminance, and the anode or cathode of the
organic light emitting element and the drain electrode
or source electrode of the transistor are electrically
connected. Here, the display apparatus can be used as
an image display apparatus for a PC or the like. The
transistor is, for example, a TFT element and the TFT
element is provided on, for example, the insulating
surface of the substrate. In addition, the TFT element
preferably includes an electrode formed of a
transparent oxide semiconductor.

[0054]The display apparatus may be an image information
processing apparatus that includes an image input
portion for inputting image information from an area
CCD, a linear CCD, a memory card, or the like, and
displays the input image to the display portion.

[0055]In addition, the display portion of an imaging
apparatus or an ink-Jjet printer may have a touch panel
function. The driving system of the touch panel
function is not particularly limited.

[0056]In addition, the display apparatus may be used in the
display portion of a multi-function printer.

[0057]A lighting apparatus is an apparatus for lighting, for
example, the interior of a room. The lighting
apparatus may emit light of any one of a white color
(having a color temperature of 4,200 K), a neutral
white color (having a color temperature of 5,000 K),
and blue to red coclors.

[0058]A lighting apparatus of the present invention includes
the organic light emitting element of the present
invention and an AC/DC converter circuit (circuit for
converting an AC voltage into a DC voltage) to be
connected to the organic light emitting element, for

supplying a driving voltage to the organic light
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emitting element. It should be noted that the lighting
apparatus may further include a color filter.

[0059]An image forming apparatus of the present invention is
an image forming apparatus including: a photosensitive
member; a charging portion for charging the surface of
the photosensitive member; an exposing portion for
exposing the photosensitive member to form an
electrostatic latent image; and a developing portion
for developing the electrostatic latent image formed on
the surface of the photosensitive member. Here,
exposing means to be provided in the image forming
apparatus, e.g., an exposing device includes the
organic light emitting element of the present invention.

[0060]In addition, the organic light emitting element of the
present invention can be used as a constituent member
(emitting member) for an exposing device for exposing a
photosensitive member. The exposing device including
the organic light emitting element of the present
invention includes, for example, at least one emitting
point including the organic light emitting element of
the present invention and an active element connected
to the organic light emitting element of the present
invention. The unit preferably includes multiple
emitting points. In addition, the emitting points are
arrayed along a predetermined linear direction (such as
the long axis direction of the photosensitive member).

[0061]Next, the display apparatus of the present invention is
described with reference to the drawings. FIG. 2 is a
schematic sectional view illustrating an example of a
display apparatus including an organic light emitting
element and a switching element connected to the
organic light emitting element. It should be noted
that the organic light emitting element of the present
invention is used as the organic light emitting element
for forming a display apparatus 2 of FIG. 2.

[0062]The display apparatus 2 of FIG. 2 includes a substrate
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21 such as glass and a moisture preventing film 22 for
protecting a TFT element 28 as a switching element or
an organic compound layer on the substrate. In
addition, a metal gate electrode 23 is represented by
reference numeral 23. A gate insulating film is
represented by reference numeral 24 and a semiconductor
layer is represented by reference numeral 25.

(0063]The TFT element 28 includes the semiconductor layer 25,
a drain electrode 26, and a source electrode 27.  An
insulating film 29 is formed on the TFT element 28. An
anode 31 for forming the organic light emitting element
and the source electrode 27 are connected through a
contact hole 30.

[0064]It should be noted that the system of the electrical
connection of the electrode (anode or cathode) in the
organic light emitting element and the electrode
(source electrode or drain electrode) in the TFT is not
limited to the embodiment illustrated in FIG. 2. In
other words, one of the anode and the cathode, and one
of the source electrode and drain electrode of the TFT
element have only to be electrically connected.

[0065]In the display apparatus 2 of FIG. 2, multiple organic
compound layers are illustrated like one layer but an
organic compound layer 32 may be multiple layers.
Formed on a cathode 33 are a first protective layer 34
and second protective layer 35 for suppressing the
detericration of the organic light emitting element.

[0066]When the display apparatus 2 of FIG. 2 is a display
apparatus that emits white light, the emission layer in
the organic compound layer for forming the organic
light emitting element 1 of FIG. 1 may be a layer
obtained by mixing a red light emitting material, a
green light emitting material, and a blue light
emitting material. In addition, the emission layer may
be a laminated emission layer obtained by laminating a

layer formed of the red light emitting material, a
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layer formed of the green light emitting material, and
a layer formed of the bluée light emitting material.

[0067]1Further, alternatively, an embodiment in which the
layer formed of the red light emitting material, the
layer formed of the green light emitting material, and
the layer formed of the blue light emitting material
are arranged side by side to form domains in one
emission layer is permitted.

[(0068]Although the transistor is used as a switching element
in the display apparatus 2 of FIG. 2, an MIM element
may be used as a switching element instead of the
transistor.

[0069]In addition, the transistor used in the display
apparatus 2 of FIG. 2 is not limited to a transistor
using a monocrystalline silicon wafer and may be a
thin-film transistor having an active layer on the
insulative surface of a substrate. A thin-film
transistor using monocrystalline silicon as an active
layer, a thin-film transistor using non-monocrystalline
silicon such as amorphous silicon or microcrystalline
silicon as an active layer, or a thin-film transistor
using a non-monocrystalline oxide semiconductor such as
an indium zinc oxide or an indium gallium zinc oxide as
an active layer is also permitted. It should be noted
that the thin-film transistor is called a TFT element
as well.

[0070]The transistor in the display apparatus 2 of FIG. 2 may
be formed in a substrate such as an $Si substrate.
Herein, the phrase "formed in a substrate" means that
the transistor is produced by processing the substrate
itself such as the Si substrate. In other words, the
presence of the transistor in the substrate can be
interpreted as follows: the substrate and the
transistor are integrally formed.

[0071]Whether or not the transistor is provided in the

substrate is selected depending on a definition. In
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the case of, for example, a definition of about a QVGA
per inch, the organic light emitting element is
preferably provided in the Si substrate.

[0072]As described above, an image having good gquality can be
stably displayed for a long time period by driving the
display apparatus using the organic light emitting
element of the present invention.

Example 1

[0073]In this example (Example 1), an organic light emitting
element including an anode, a hole injection layer, a
hole transport layer, an emission layer, a hole
blocking layer, an electron transport layer, an
electron injection layer, and a cathode laminated in
the stated order on a substrate was produced by a
method to be described below. Part of the materials

used in this example are listed below.

Compound 4

Compound 3

R o

Compound 5
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[0075]First, indium tin oxide (ITO) was formed into a film on
a glass substrate (substrate) by a sputtering method to
form the ancde. At this time, the thickness of the
anode was set to 110 nm. Next, the substrate on which
the anode had been formed was subjected to ultrasonic
cleaning with acetone and isopropyl alcohol (IPA)
sequentially. Next, the cleaned product was subjected
to boil cleaning with IPA, followed by drying. Further,
the dried product was subjected to UV/ozone cleaning.
The substrate with the anode treated as described above
was used as a transparent and conductive supporting
substrate in a next step.

[0076]Next, NDP-9 (manufactured by Novaled) was formed into a
film by a vacuum deposition method to form the hole
injection layer. At this time, the thickness of the
hole injection layer was set to 4 nm. Next, Compound 1
was formed into a film on the hole injection layer by
the vacuum deposition method to form the hole transport
layer. At this time, the thickness of the hole
transport layer was set to 106 nm. Next, Compound 2
(host) and Compound 3 (dopant) were co-deposited from
the vapor from boats different from each other to form
the emission layer on the hole transport layer. At
this time, the thickness of the emission layer was set
to 25 nm and the concentration of the dopant in the
emission layer was set to 1 wt%. Next, Compound 4 was
formed into a film on the emission layer by the wvacuum
deposition method to form the hole blocking layer. At
this time,  the thickness of the hole blocking layer was
set to 15 nm. Next, Compound 5 was formed into a film
on the hole blocking layer by the vacuum deposition
method to form the electron transport layer. At this
time, the thickness of the electron transport layer was
set to 15 nm.

[0077]It should be noted that upon formaticn of each of the

hole injection layer, the hole transport layer, the
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emission layer, the hole blocking layer, and the
electron transport layer described above, vapor
deposition was performed under the conditions of a
degree of vacuum of 2.0x107° Pa or less and a film
formation rate of 0.08 nm/sec or more and 0.10 nm/sec
or less. It should be noted that the film formation
rate upon formation cof the emission layer was the sum
of the deposition rate of the host and the deposition
rate of the dopant. In addition, a vacuum state was
maintained for at most 10 minutes during a time period
commencing on the completion of the formation of the
hole transport layer and ending on the initiation of

. the formation of the emission layer, and the wvacuum
state was also maintained for at most 10 minutes during
a time period commencing on the completion of the
formation of the emission layer and ending on the
initiation of the formation of the electron transport
layer.

[0078]Next, lithium fluoride (LiF) was formed into a film on
the electron transport layer by the vacuum deposition
method to form the electron injection layer. At this
time, the thickness of the electron injection layer was
set to 0.5 nm, and the vapor deposition was performed
under the conditions of a degree of vacuum of 3.0x107°
Pa and a film formation rate of 0.05 nm/sec. Next,
aluminum was formed into a film on the electron
injection layer by the vacuum deposition method to form
a cathode (electron injection electrode). At this time,
the thickness of the cathode was set to 120 nm, and the
vapor deposition was performed at a degree of vacuum of
3.0x107° Pa and a film formation rate of 0.8 nm/sec or
more and 1.2 nm/sec or less.

[OO79]Fiﬁally, the resultant element was covered with a
protective glass plate in a nitrogen atmosphere having
a dew point of -70°C or less so that moisture

adsorption did not occur, followed by sealing with an



WO 2014/199791 29 PCT/JP2014/063524

epoxy-based adhesive material. It should be noted that
an excavation was provided on the adhesive surface side
of the protective glass,‘and a sheet for moisture
adsorption (moisture getter sheet for an organic EL,
manufactured by DYNIC CORPORATION) was encapsulated
therein.

[0080]Thus, the organic light emitting element was obtained.
Comparative Example 1 '

[0081]An organic light emitting element was obtained by the
same method as that of Example 1 except that in Example
1, a hole transport layer was formed by using Compound
6 shown below and Compound 6 was used as a host to be

incorporated into an emission layer.
[0082]

ey
\ /
Sl le

Compound 6

Comparative Example 2

[0083]An organic light emitting element was obtained by the
same method as that of Example 1 except that in Example
1, a hole transport layer was formed by using Compound
7 shown below and Compound 6 was used as a host to be

incorporated into an emission layer.

55

[0084]

)

Compound 7

Qo

Comparative Example 3
[0085]An organic light emitting element was obtained by the
same method as that of Example 1 except that in Example

1, Compound 8 shown below was used as a host to be
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incorporated into an emission layer.
[0086]

Compound 8

Comparative Example 4

[0087]1An organic light emitting element was obtained by the
same method as that of Example 1 except that in Example
1, a hole transport layer was formed by using Compound
9 shown below and Compound 10 shown below was used as a

host to be incorporated into an emission layer.

[0088]
0 are. o
G.M'D ‘ 4!§i’ ‘I’
OO O S-0-G0

F

Compound 9 Compound 10

Reference Example 1

[0089]1An organic light emitting element was obtained by the
same method as that of Example 1 except that in Example
1, a hole transport layer was formed by using Compound
11 shown below and Compound 6 was used as a host to be
incorporated into an emission layer.

[0090]

Compound 11

Example 2
[0091]An organic light emitting element was obtained by the
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same method as that of Example 1 except that in Example
1, Compound 10 shown below was used as a host to be

incorporated into an emission layer.

RIOR

e

Compound 12

Example 3

[0093]In this example (Example 3), an organic light emitting
element including an anode, a hole injection layer, a
hole transport layer, a first emission layer, a second
emission layer, a hole blocking layer, an electron
transport layer, an electron injection layer, and a
cathode laminated in the stated order on a substrate
was produced by a method to be described below. Here,
part of the materials used in this example are listed

below.
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Compound 1

Compound 4 ' Compound 5

& 820 O
O~ e
Salale o0

Compound 6 Compound 10

[0094]First, indium tin oxide (ITO) was formed into a film on
| a glass substrate (substrate) by a sputtering method to
form the anode. At this time, the thickness of the

anode was set to 110 nm. Next, the substrate on which
the anode had been formed was subjected to ultrasonic
cleaning with acetone and isopropyl alcohol (IPA)
sequentially. Next, the cleaned product was subjected
to boil cleaning with IPA, followed by drying. Further,
the dried product was subjected to UV/ozone cleaning.
The substrate with the anode treated as described above
was used as a transparent and conductive supporting
substrate in a next step.

[0095]Next, NDP-9 (manufactured by Novaled) was formed into a

film by a vacuum deposition method to form the hole
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injection layer. At this time, the thickness of the
hole injection layer was set to 4 nm. iNext, Compound 1
was formed into a film on the hole injection layer by
the vacuum deposition method to form the hole transport
layer. At this time, the thickness of the hole
transport layer was set to 106 nm. Next, Compound 6
(host) and Compound 3 (dopant) were co-deposited from
the vapor from boats different from each other to form
the first emission layer on the hole transport layer.
At this time, the thickness of the first emission layer
was set to 20 nm and the concentration of the dopant in
the first emission layer was set to 1 wt%. Next,
Compound 10 (host) and Compound 3 (dopant) were co-
deposited from the vapor from boats different from each
other to form the second emission layer on the first
emission layer. At this time, the thickness of the
second emission layer was set to 5 nm and the
concentration of the dopant in the second emission
layer was set to 1 wt%. Next, Compound 4 was formed
into a film on the second emission layer by the vacuum
deposition method to form the hole blocking layer. At
this time, the thickness of the hole blocking layer was
set to 15 nm. Next, Compound 5 was formed into a film
on the hole blocking layer by the vacuum deposition
method to form the electron transport layer. At this
time, the thickness of the electron transport layer was
set to 15 nm.

[0096]1It should be noted that upon formation of each of the
hole injection layer, the hole transport layer, the
first emission layer, the second emission layer, the
hole blocking layer, and the electron transport layer
described above, vapor deposition was performed under
the conditions of a degree of vacuum of 2.0x107° Pa or
less and a film formation rate of 0.08 nm/sec or more
and 0.10 nm/sec or less. It should be noted that the

film formation rate upon formation of each of the
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emission layers was the sum of the deposition rate of
the host and the deposition rate of the dopant. 1In
additicon, a vacuum state was maintained for at most 10
minutes during a time period commencing on the
completion of the formation of the hole transport layer
and ending on the initiation of the formation of the
first emission layer, and the vacuum state was also
maintained for at most 10 minutes during a time period
commencing on the completion of the formation of the
second emission layer and ending on the initiation of
the formation of the electron transport layer.

[0097INext, lithium fluoride (LiF) was formed into a film on
the electron transport layer by the vacuum deposition
method to form the electron injection layer. At this
time, the thickness of the electron injection layer was
set to 0.5 nm, and the vapor deposition was perfbrmed
under the conditions of a degree of vacuum of 3.0x107°
Pa and a film formation rate of 0.05 nm/sec. Next,
aluminum was formed into a film on the electron
injection layer by the vacuum deposition method to form
a cathode (electron injection electrode). At this time,
the thickness of the cathode was set to 120 nm, and the
vapor deposition was performed at a degree of vacuum of
3.0x10™ Pa and a film formation rate of 0.8 nm/sec or
more and 1.2 nm/sec or less.

[0098]1Finally, the resultant element was covered with a
protective glass plate in a nitrogen atmosphere having
a dew point of -70°C or less so that moisture
adsorption did not occur, followed by sealing with an
epoxy-based adhesive material. It should be noted that
an excavation was provided on the adhesive surface side
of the protective glass,band a sheet for moisture
adsorption (moisture getter sheet for an organic EL,
manufactured by DYNIC CORPORATION) was encapsulated
therein.

[0099]Thus, the organic light emitting element was obtained.
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Example 4
[0100]An organic light emitting element was obtained by the

same method as that of Example 3 except that in Example
3, Compound 12 was used as a host upon formation of a
second emission layer.

(0101] (Physical properties of hole transport material and
host)
Here, compounds used as a constituent material for a
hole transport layer (hole transport material) and a
host out of the materials used in any one of Examples,
Comparative Examples, and Reference Example were
evaluated for the following physical properties.

[0102] (1) Triplet level (T;)
A T; was calculated by employing the following
calculation method. Table 1 shows the calculated value.

(1-1) Structure optimization

Calculation method: Density functional theory
(DFT)

Functional: B3LYP

Basis function: def2-8V (P)

Software: TURBOMOLE

(1-2) Excited lowest triplet (absorption) excitation
energy

Calculation method: Time-dependent density
functional theory (TDDFT), density functional theory

(DFT)

Functional: B3LYP
Basis function: def2-8V (P)
Software: TURBOMOLE:

TURBOMOLE V5.10 (see NPL 3)
[0103] (2) Hole mobility (un)

The hole mobility (pn) of the hole transport material
was measured by a method to be described below.
(0104]First, an organic compound as a measuring object was

formed into a film having a thickness of 2 um on a

glass substrate with ITO by a vacuum deposition method.
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After that, aluminum was subsequently formed into a
film having a thickness of about 100 nm to provide an
element for hole mobility measurement. The resultant
element was covered with a protective glass plate in a
nitrogen atmosphere having a dew point of -70°C or less
so that moisture adsorption did not occur, followed by
sealing with an epoxy-based adhesive material. It
should be noted that an excavation was provided on the
adhesive surface side of the protective glass, and a
sheet for moisture adsorption (moisture getter sheet
for an organic EL, manufactured by DYNIC CORPORATION)
wasvencapsulated therein.

[0105]The hole mobility of the element was measured with a
time-of-flight medsuring apparatus (TOF-301
manufactured by NIHON OPTEL‘CORPORATiON) in an electric
field intensity of 1.0x10° V/cm. Table 1 shows the
resultant measured value.

[0106] (3) Oxidation potential, reduction potential
An oxidation potential and a reduction potential were
measured by a cyclic voltammetry method. Here, members,
sample, and measurement condition used upon measurement
are described below. It should be noted that a
measuring system used is a measuring system capable of
simultaneously measuring an oxidation potential and a
reduction potential.

Supporting electrolyte: tetrabutylammonium perchlorate
(concentration: 0.1 mol/L)

Sample (oxidation potential measurement): a methylene
chloride solution of an organic compound as a measuring
object (concentration: 1x10™* mol/L or more and 1x107°
mol/L or less)

Sample (reduction potential measurement): an N,N-
dimethylformamide solution of an organic compound as a
measuring objeet (concentration: 1x10™* mol/L or more
and 1x107° mol/L or less)

Measurement temperature: 25°C
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Reference electrode: Ag/AgNO;
Counter electrode: platinum electrode
Working electrode: glassy carbon

[0107]The resultant measured value was converted into a
potential value with ferrocene/ferrocenium (Fc/Fc’).
Table 1 shows the converted value.

[0108] (4) HOMO level
An HOMO level was measured by a method to be described
below.

[0109]First, an organic compound as a measuring object was
formed into a film having a thickness of about 100 nm
on a glass substrate with ITO, and then its spectrum
was measured with a photoelectron spectrometer (AC-3
manufactured by Riken Keiki Co., Ltd.) under the air.
Next, a photoelectron discharge threshold value was
determined from the resultant spectrum and the
threshold value was defined as the HOMO level
(ionization potential). Table 1 shows the resultant
value. |

[0110]It should be noted that the measurement conditions were
as described below.

Measured energy range: 5.00 eV or more and 7.00 eV or
less

Enerqgy interval: 0.05 eV

Counting time: 10 sec

Set quantity of light: 4 nW or more and 10 nW or less

[0111]Here, Table 1 below summarizes the physical property
values of the compounds used as the conétituent
materials for the hole transport layers (hole transport
materials) and the compounds used as the hosts for the
emission layers in Examples (Example 1 to Example 4),
Comparative Examples (Comparative Example 1 to

Comparative Example 4), and Reference Example 1.
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[0112]Table 1

HOMO T Oxidation Reduction Hole

level (eé) potential potential mobility

(eV) (V) (V) (107%cm?/V-S)
Compound 1 5.98 2.58 0.84 -2.56 30
Compound 2 5.98 - - - -
Compound 6 6.03 1.63 0.77 -2.25
Compound 7 5.94 2.03 0.75 -2.39
Compound 8 5.82 - - - -
Compound 9 6.04 2.38 0.9 -2.42 44
Compound 10 6.00 - - - -
Compound 11 6.12 2.39 1.09 -2.49 100
Compound 12 6.02 - - - -

[0113]0n the other hand, the physical properties of NDP9 are

as described below.

LUMO: 5.10 ev{ete i

Band gap (BG): 2.3 eV

Reduction potential: -0.37 v®ete 2

((Note 1) A physical property value opened to the
public by Novaled on its website and converted by
cyclic voltammetry. (Note 2) A physical property value
described in NPL 2.) '

[0114]Here, the HOMO is represented by an expression
"LUMO+BG" and can be estimated at 7.4 eV.

[0115]Accordingly, the NDP-9 used in Examples satisfies the
following relationship.
|HOMO of hole injection material|>|HOMO of hole
transport material]

[0116] (Results of evaluations of light emitting element and
considerations)

[0117]Each of the elements obtained in Examples and
Comparative Examples was evaluated for its current-
voltage characteristics and emission luminance by
applying a voltage while using its ITO electrode
(anode) and aluminum electrode (cathode) as a positive
electrode and a negative electrode, respectively. It
should be noted that the following apparatus were used
upon evaluation of the current-voltage characteristics
and the emission luminance.

[0118]Current-voltage characteristics:Microammeter 4140B
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manufactured by Hewlett-Packard Company
Emission luminance:SR3 manufactured by TOPCON
CORPORATION

[0119]An energy relationship between the constituent material
for the hole transport layer (hole transport material)
and the host for the emission layer was considered
based on the results of the evaluations of the
resultant light emitting element and the results of the
evaluations of the physical properties of the organic
light emitting element when its luminance was set to

1,000 Ccd/m? by using the following expressions (i) and

(1i) . .
AE;=|HOMO level of hole transport material-HOMO level
of host] (1)

AE,=]reduction potential of hole transport materiall-
| reduction potential of host| (i1i)

[0120]Further, an energy relationship between the constituent
material for the hole injection layer (hole injection
material) and the constituent material for the hole
transport layer (hole transport material) was
considered by using the following expression (iii).
AE;=|oxidation potential of hole transport materiall-
|reduction potential of hole injection material| (iii)

[0121]Table 2 below shows the results of the considerations.
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[0123]In Table 2, the organic light emitting element of Example 1
satisfies the following relationships (ia), (iia), and
(iiia).

(ia) AE;<0.1 eV

(iia) AE;>0.1 V
(iiia) AEs<1.4 V

[0124]In addition, the organic light emitting element of Example
1 has a triplet level (T;) of the hole transport material
of 1.8 eV or more and a hoie mobility up of 1x107° cm?/Vs or
more.

[0125]Therefore, the organic light emitting element of Example 1
was found to be an organic light emitting element that
utilized fluorescence and emitted blue light, the element
being excellent from the viewpoints of a driving voltage,
luminous efficiency, and durability.

[0126]10n the other hand, the luminous efficiency of the organic
light emitting element of Comparative Example 1 was lower
than that of the organic light emitting element of Example
1. This may result from the fact that the organic light
emitting element of Comparative Example 1 did not satisfy
the requirement concerning the triplet level (T;) of the
hole transport material (T;21.8 eV). 1In other words, when
an anthracene derivative is used as a constituent material
for the hole transport layer, the T; becomes of about the
same magnitude as that of the triplet level of the host for
the emission layer. Accordingly, no triplet exciton can be
trapped in the emission layer. As a result, a triplet
exciton leaks to the hole transport layer adjacent to the
emission layer, which may lead to a reduction in luminous
efficiency.

[(01271In addition, the driving voltage of the organic light
emitting element of Comparative Example 2 was higher than
that of the organic light emitting element of Example 1.
This may result from the fact that the organic light
emitting element of Comparative Example 2 did not satisfy

the requirement concerning the hole mobility (up) (ph21><10_E
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cm?/Vs). In other words, the fact that the hole mobility un
of the constituent material for the hole transport layer
(hole transport material) may lead to an increase in
voltage.

[(0128]In addition, the luminous efficiency of the organic light
emitting element of Comparative Example 3 was lower than
that of the organic light emitting element of Example 1.
This may result from the fact that the organic light
emitting element of Comparative Example 3 did not satisfy
the requirement concerning the AE; (AE<0.1 eV). 1In other
words, when a difference between the HOMO level of the hole
transport material and the HOMO level of the host for the
emission layer is large, an interface between the hole
transport layer and the emission layer serves as a hole
injection barrier. When the interface between the hole
transport layer and the emission layer serves as the hole
injection barrier as described above, a hole may accumulate
at the interface to cause the charge gquenching of an
exciton in the emission layer.

[0129]In addition, the luminous efficiency of the organic light
emitting element of Comparative Example 4 was lower than
that of the organic light emitting element of Example 1.
This may result from the fact that the organic light
emitting element of Comparative Example 4 did not satisfy
the requirement concerning the AE; (AE,;>0.1 eV). 1In other
words, unless a reduction potential difference between the
hole transport material and the host exceeds 0.1 eV, an
electron injected into the emission layer cannot be trapped
in the emission layer, which may lead to a reduction in
luminous efficiency.

[0130]In addition, the driving voltage of the organic light
emitting element of Reference Example 1 was higher than
that of the organic light emitting element of Example 1.
This may result from the fact that the organic light
emitting element of Reference Example 1 did not satisfy the

requirement concerning the AE; (AE3<1.4 eV). 1In other words,
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when a difference (potential difference) between the
oxidation potential of the hole transport material and the
reduction potential of the hole injection material is large,
a state where an electron cannot be Withdrawn from the hole
transport material and hence a hole cannot be produced in
the hole transport layer is established. Probably as a
result of the foregoing, the driving voltage increased.

[0131]Meanwhile, the wvalue for the AE; of the organic light
emitting element of Example 2 (0.02 eV) was larger than
that of the organic light emitting element of Example 1,
but the element was found to be excellent from the
viewpoints of a driving voltage, luminous efficiency, and
durability in the same manner as in Example 1 because the
requirement concerning the AE; was satisfied.

[0132]In addition, the organic light emitting elements of Example
3 and Example 4 each satisfy the requirements (ia), (iia),
and (iiia), and the requirements concerning the T; and the
Un in the same manner as in Example 1, though the emission
layer of each of the elements is formed of multiple layers
{a first emission layer and a second emission layer) unlike
the organic light emitting element of Example 1.
Accordingly, the elements were each found to be excellent
from the viewpoints of a driving voltage, luminous
efficiency, and durability in the same manner as in Example
1.

[0133]The external quantum efficiencies of the organic light
emitting elements of Examples exceeded the upper limit (5%)
of the related art and achieved 10.5% at maximum. In
addition, each of the elements has a low voltage (driving
voltage) at a practical luminance of 1,000 Ccd/m? and good
durability. Accordingly, the organic light emitting
element of the present invention may be sufficiently
competent to be used even as a blue light emitting
component in a display or lighting.

[0134]According to one embodiment of the present invention, it is

possible to provide the organic light emitting element, in
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particular, the organic light emitting element that emits
blue light, which has a low driving voltage, and is
excellent in luminous efficiency and durability.

[(0135]While the present invention has.been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed
exenplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to
encompass all such modifications and equivalent structures
and functions.

(0136]This application claims the benefit of Japanese Patent
Application No. 2013-122500, filed June 11, 2013, which is
hereby incorporated by reference herein in its entirety.
Reference Signs List

[0137)1: organic light emitting element, 11l: anode, 12: hole
injection layer, 13: transport layer, 14: emission lavyer,
15: cathode
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CLAIMS

[Claim 1]An organic light emitting element comprising:

an anode;

a cathode; and

an organic compound layer formed between the anode and the
cathode and including a hole injection layer, a hole
transport layer, and an emission layer,

wherein:

the emission layer includes a host and a dopant;

the hole transport layer includes a hole transport material
having multiple aromatic hydrocarbon skeletons and a single
bond for linking the aromatic hydrocarbon skeletons;

the hole transport material has a triplet level T; of 1.8
eV or more; |

the hole transport material has a hole mobility of 1x107°
cm?/Vs or more; and

the hole transport layer and the emission layer satisfy
relationships represented by the following expression (1):

| reduction potential of hole transport material]|-|reduction
potential of host|>0.1 V (1)

and the following expression (2):

|[HOMO level of hole transport material-HOMO level of
host<0.1 eV {(2). '

[Claim 2]The organic light emitting element according to claim 1,
wherein the hoie injection layer and the hole transport
layer satisfy relationships represented by the following
expression (3):
loxidation potential of hole transport materiall|-|reduction
potential of hole injection materiali(<i.4 V (3)
and the following expression (4):
|[HOMO level of hole injection material|{>|HOMO level of hole
transport material| (4) .

[Claim 3]The organic light emitting element according to claim 1 or
2, wherein the hole injection material comprises one of a
tetracyanoquinodimethane derivative and a

hexaazatriphenylene derivative.
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4]The organic light emitting element according to any one of

claims 1 to 3, wherein the hole transport material
comprises one of a phenylene derivative, a fluorene

derivative, a chrysene derivative, and a pyrene derivative.

5] The organic light emitting element according to any one of

claims 1 to 4, wherein the host comprises a pyrene

derivative.

6] The organic light emitting element according to any one of

claims 1 to 5, wherein the guest comprises an electron

trapping material.

7] The organic light emitting element according to any one of

claims 1 to 6, wherein the organic light emitting element

emits blue light.

8] The organic light emitting element according to any one of

claims 1 to o, wherein:

the emission layer includes multiplé kinds of guests;

at least one kind of the multiple kinds of guests comprises
a material that emits light having a color different from
that of any other guest; and

the emission layer outputs white light.

[Claim 9] The organic light emitting element according to any one of

claims 1 to 6, wherein:

the emission layer comprises a laminate formed of multiple
layers;

at least one layer of the layers for forming the emission
layer comprises a layer that emits light having a color
different from that of any other layer for forming the
emission layer; and

the emission layer outputs white light.

[Claim 10]A display apparatus, comprising multiple pixels, wherein:

at least one of the multiple pixels includes the organic
light emitting element according to any one of claims 1 to
9 and an active element connected to the organic light
emitting element; and

at least part of the multiple pixels emit light to perform

predetermined display.
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(Claim 11]An image information processing apparatus comprising:
an input portion for inputting image information; and
a display portion for displaying an image,
wherein the display portion comprises the display apparatus
according to claim 10.

(Claim 12]A lighting apparatus comprising:
the organic light emitting element according to any one of
claims 1 to 9; and
an AC/DC converter circuit for supplying a driving voltage
to the organic light emitting element.

[Claim 13]An image forming apparatus comprising:
a photosensitive member;
a charging portion for charging the photosensitive member;
an exposing portion for exposing the photosensitive member
to form an electrostatic latent image; and
a developing portion for developing the electrostatic
latent image formed on the photosensitive member,
wherein the exposing portion includes the organic light
emitting element according to any one of claims 1 to 9.

(Claim 14]An exposing device comprising an emission point inciuding
the organic light emitting element according to any one of
claims 1 to 9 and an active element connected to the
organic light emitting element, wherein the exposing device
exposes a photosensitive member with'light output from the
emission point.

[Claim 15])The exposing device according to claim 14, wherein:
the exposing device includes the multiple emission points;
and
the multiple emission points are placed to form a line

along a long axis direction of the photosensitive member.



WO 2014/199791 PCT/JP2014/063524

171

FIG. 1

—_—

—+—14

——13

——12

——11

FIG. 2

\1 35 34 33 32 31

(A

A

S TN OO R
OSSRy RS
2l

L L T AR IS

29

Tt %
\ ST )
28 27 21 22 23 24 25




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2014/063524

A, CLASSIFICATION OF SUBJECT MATTER

Int.Cl. HO1L51/50(2006.01)i, GOSF9/30(2006.01)1i, HO1L27/32(2006.01)1,
HO05B33/12(2006.01)1

According to International Patent Classification (IPC) or to both national classification and I[PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl. HO1L51/50, GO9FS9/30, HO1L27/32, HO5B33/12

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-198¢
Published unexamined utility model applications of Japan 1%71-2014
Registered utility model specifications of Japan 19%96-2014
Published registered utility model applications of Japan 1%9%94-2014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CAplus/REGISTRY ( STN)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A WO 2011/161425 Al (CAMBRIDGE DISPLAY TECHNONOGY 1-15
LIMITED) 2011.12.29, the whole document & JP
2013-531100 A & JP 2013-538242 A & JP 2013-538438
A & JP 2013-539198 A & US 2013/0187146 Al & US
2013/0187145 Al & US 2013/0187147 Al & US
2013/0200348 Al & WO 2011/161416 A2 & WO
2011/161417 Al & WO 2011/161424 Al

A WO 2012/176674 Al (TORAY INDUSTRIES, INC.) 1-15
2012.12.2°7, the whole document & TW 201304232 A

A Us 2001/0051285 A1l (EASTMAN KODAK COMPANY) 1-15
2001.12.13, the whole document & JP 2000-182775
A & EP 1009041 A2 & KR 10-2000-0048008 A

{7} Further documents are listed in the continuation of Box C. I} See patent family annex.

*  Special categories of cited documents: o “T~ later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E” flaﬁleé alag[ﬁltllca:llotn or patent but published on or after the lnter- «“X” document of particular relevance; the claimed invention cannot
ato g date be considered novel or cannot be considered to involve an

“L” document which may throw doubts on priority claim(s) or which

is cited to establish the publication date of another citation or other inventive step when the document s taken alone

special reason (as specified) «“Y” document of particular relevance; the claimed invention cannot
«0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such

«p» document published prior to the international filing date but later combination being obvious to a person skilled in the art

than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
04.08.2014 12.08.2014
Name and mailing address of the ISA/JP Authorized officer 2014074
Japan Patent Office Hideki OTAKE
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3271

Form PCT/ISA/210 (second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - wo-search-report

