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ORGANIC ELECTROLUMINESCENCE
ELEMENT AND DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an organic elec-
troluminescence device and a display apparatus, particularly
to a red light emitting organic electroluminescence device
and a display apparatus using the same.

BACKGROUND ART

[0002] In recent years, display apparatuses using organic
electroluminescence devices (so-called organic EL devices)
have been drawing attention as flat panel type display appa-
ratuses which are light in weight and high in efficiency.
[0003] The organic electroluminescence devices for con-
stituting a display apparatus as above-mentioned are provided
on a transparent substrate formed, for example, of a glass or
the like, and each have an anode formed of ITO (Indium Tin
Oxide), an organic layer, and a cathode stacked in this order
from the substrate side. The organic layer has a configuration
in which a hole injection layer, a hole transport layer and an
electron transporting light emitting layer are sequentially
stacked in this order from the anode side. In the organic
electroluminescence device thus configured, electrons
injected from the cathode and holes injected from the anode
are recombined in the light emitting layer, and light generated
upon the recombination is taken out from the substrate side
through the anode.

[0004] Organic electroluminescence devices include, other
than that configured as above, a so-called top emission type
one in which a cathode, an organic layer, and an anode are
sequentially stacked in this order from the side of a substrate,
and, further, the electrode located on the upper side (the upper
electrode as cathode or anode) is formed of a transparent
material, whereby light is taken out from the side of the upper
electrode opposite to the substrate. Particularly, in an active
matrix type display apparatus having thin film transistors
(TFTs) provided on a substrate, adoption of a so-called top
emission structure, in which top emission type organic elec-
troluminescence devices are provided over the substrate
formed with the TFTs, is advantageous in enhancing the
aperture ratio of light emitting portions.

[0005] Meanwhile, in the case where putting an organic EL
display to practical use is considered, it is necessary, other
than enhancement of light emission by broadening the aper-
ture of the organic electroluminescence device, to enhance
the luminous efficiency of the organic electroluminescence
device. In view of this, various materials and layer configu-
rations have been investigated for enhancing the luminous
efficiency.

[0006] Forinstance, in regard of a red light emitting device,
a configuration in which a naphthacene derivative (inclusive
of rubrene derivatives) is used as a dopant material has been
proposed as a new red light emitting material substituting for
the pyran derivatives represented by DCJTB which have hith-
erto been known (see, for example, Patent Documents 1 and
2 set forth below).

[0007] Besides, also disposed in Patent Document 2 is a
configuration in which white light emission is achieved by
stacking a second light emitting layer containing a penillene
derivative and an anthracene derivative, on a first light emit-
ting layer using a rubrene derivative as
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[0008] Furthermore, a configuration is proposed in which
white light emission is achieved by a method in which an
electron transport layer or a hole transport layer, which is
adjacent to a blue light emitting layer, is doped with a rubrene
derivative (see Patent Document 3 set forth below).

PRIOR ART DOCUMENTS
Patent Documents

[0009] Patent Document 1: 2000-26334
[0010] Patent Document 2: 2003-55652 (see, particularly,
paragraphs 0353 to 0357, and Table 11)

[0011] Patent Document 3: 2004-134396
SUMMARY OF THE INVENTION
Technical Problem
[0012] Meanwhile, in performing full-color display in the

use of such a display device as above-mentioned, an array of
respective color light emitting organic electroluminescence
devices for emitting lights of three primary colors (red, green,
and blue) is used, or a combination of white light emitting
organic electroluminescence devices with respective color
filters or color conversion layers is used. Among these con-
figurations, the configuration in which respective color light
emitting organic electroluminescence devices are used is
advantageous, from the viewpoint of take-out efficiency of
the emitted light.

[0013] Inthelightemissionofthe red light emitting devices
using the naphthacene derivative (rubrene derivative) as
above-mentioned, however, the current efficiency has been
about 6.7 cd/A, and the luminescent color has been orange
light emission rather than red light emission.

[0014] Accordingly, it is an object of the present invention
to provide a red light emitting organic electroluminescence
device sufficiently good in luminous efficiency and color
purity and a display apparatus using the same.

Technical Solution

[0015] The organic electroluminescence device according
to the present invention, for attaining the above object, is ared
light emitting organic electroluminescence device in which
an organic layer having a light emitting layer is sandwiched
between an anode and a cathode. The light emitting layer
contains, together with a red light emitting guest material, a
host material having a polycyclic aromatic hydrocarbon com-
pound of which a parent skeleton has 4 to 7 rings. Besides, in
the organic layer, a photosensitizing layer containing a phos-
phorescent material having an organic material is stacked
adjacently to the light emitting layer.

[0016] It has been found as will be detailed in Examples
later that, in the organic electroluminescence device config-
ured as above, current efficiency is raised as compared with a
configuration lacking the photosensitizing layer, and, more-
over, only the red emitted light generated in the light emitting
layer is taken out from the device without any influence
imposed by the photosensitizing layer containing the light
emitting material.

[0017] Thisarises from the phenomenon in which, since the
photosensitizing layer is provided adjacently to the light
emitting layer, the luminous energy of phosphorescence in
the photosensitizing layer is absorbed into the light emitting
layer, contributing to the luminous efficiency of the light
emitting layer. In this case, the phosphorescence in the phos-
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phorescent material through triplet excitons is higher in lumi-
nous efficiency than the fluorescence through singlet exci-
tons. Accordingly, it is possible in principle to effectively
enhance the luminous efficiency of emission from the light
emitting layer by using as a photosensitizing layer a phos-
phorescent material which is higher in luminous efficiency
than the fluorescent material.

[0018] In addition, the present invention also provides a
display apparatus in which a plurality of organic electrolumi-
nescence devices configured as above-mentioned are arrayed
on a substrate.

[0019] In such a display apparatus as this, as above-men-
tioned, a display apparatus in which organic electrolumines-
cence devices high in luminance and color purity are used as
red light emitting devices is configured, so that it becomes
possible, by combining the red light emitting devices with
other green light emitting devices and blue light emitting
devices, to perform full-color display with high color repro-
duction performance.

Advantageous Effect

[0020] As has been described above, according to the
organic electroluminescence device of the present invention,
luminous efficiency of red emitted light can be effectively
enhanced while maintaining color purity.

[0021] Inaddition, according to the display apparatus of the
present invention, it becomes possible, by putting a green
light emitting device and a blue light emitting device into one
set by combining them with the organic electroluminescence
device constituting the red light emitting device high in color
purity and luminous efficiency as above-mentioned so as to
configure a pixel, to achieve full-color display with high color
reproduction performance.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG.1is a sectional view of an organic electrolumi-
nescence device according to an embodiment.

[0023] FIG. 2 is a schematic diagram of energy level, for a
light emitting guest material contained in a light emitting
layer and for a phosphorescent material (light emitting guest
material) contained in a photosensitizing layer, in the organic
electroluminescence device according to the embodiment.
[0024] FIG. 3 shows diagrams illustrating an example of
circuit configuration of a display apparatus according to an
embodiment.

[0025] FIG. 4 illustrates a first example of sectional con-
figuration of a major part in the display apparatus according to
the embodiment.

[0026] FIG. 5 illustrates a second example of sectional
configuration of the major part in the display apparatus
according to the embodiment.

[0027] FIG. 6 illustrates a third example of sectional con-
figuration of the major part in the display apparatus according
to the embodiment.

[0028] FIG. 7 illustrates a fourth example of sectional con-
figuration of the major part in the display apparatus according
to the embodiment.

[0029] FIG. 8 is a block diagram showing a display appa-
ratus having a module shape with a sealed configuration to
which the present invention is applied.

[0030] FIG. 9 is a perspective view of a television set to
which the present invention is applied.

Dec. 15, 2011

[0031] FIG.10 shows views ofa digital camera to which the
presentinvention is applied, wherein (A) is a perspective view
as viewed from the front side, and (B) is a perspective view as
viewed from the back side.

[0032] FIG. 11 is a perspective view of a notebook size
personal computer to which the present invention is applied.
[0033] FIG. 12 is a perspective view of a video camera to
which the present invention is applied.

[0034] FIG. 13 illustrates a portable terminal device, for
example, a cell phone to which the present invention is
applied, wherein (A) is a front view of the cell phone in its
opened state, (B) is a side view of the same, (C) is a front view
of'the cell phone in its closed state, (D) is a left side view, (E)
is a right side view, (F) is a top plan view, and (G) is a bottom
view.

MODE FOR CARRYING OUT THE INVENTION

[0035] Now, an embodiment of the present invention will
be described in detail below, based sequentially on an organic
electroluminescence device and a display apparatus using the
same.

<<Organic Electroluminescence Device>>

[0036] FIG.1is asectional view showing schematically an
organic electroluminescence device according to the present
invention. The organic electroluminescence device 11 shown
in the figure has an anode 13, an organic layer 14, and a
cathode 15 sequentially stacked in this order over a substrate
12. Among these components, the organic layer 14 has, for
example, a hole injection layer 14a, a hole transport layer
14b, a light emitting layer 14¢, a photosensitizing layer 14d,
and an electron transport layer 14e layered in this order from
the anode 13 side.

[0037] In the present invention, a characteristic feature
resides in the configuration of the light emitting layer 14¢ and
in the configuration in which the photosensitizing layer 14d is
provided in contact with the light emitting layer 14¢ . In the
following description, it is assumed that the organic electrolu-
minescence device 11 with such a stacked layer configuration
is configured as a top emission type device designed to emit
(take out) light from the side opposite to the substrate 12, and
details of the layers in this case will be described sequentially
from the substrate 12 side.

<Substrate>

[0038] The substrate 12 is a support body on one principal
surface side of which the organic electroluminescence
devices 11 are arrayed and formed. The substrate 12 may be
a known one; for example, quartz, glass, a metallic foil, ora
resin-made film or sheet is used as the substrate 12. Among
these, quartz and glass are preferable. In the case a resin-made
substrate, examples of the material include methacrylic resins
represented by polymethyl methacrylate, polyesters such as
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), polybutylene naphthalate (PBN), etc., and polycar-
bonate resins. It is necessary to provide the substrate with a
stacked structure having suppressed water permeability and
gas permeability or to subject the substrate to a surface treat-
ment.

<Anode>

[0039] The anode 13 is formed by use of an electrode mate-
rial being high in work function from the vacuum level of the
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material for injecting holes effectively. Examples of the mate-
rial include metals such as aluminum (Al), chromium (Cr),
molybdenum (Mo), tungsten (W), copper (Cu), silver (Ag),
and gold (Au), alloys of the metals, oxides and the like of the
metals and alloys, alloy of tin oxide (SnO,) with antimony
(Sb), ITO (indium tin oxide), InZnO (indium zinc oxide),
alloy of zinc oxide (ZnO) with aluminum (Al), and, further,
oxides and the like of these metals and alloys, which may be
used either singly or in the state where two or more of these
materials are mixed with each other.

[0040] In addition, the anode 13 may have a stacked struc-
ture of a first layer excellent in light reflectance and a second
layer being provided over the first layer and having light
transmitting property and a high work function.

[0041] The first layer has an alloy containing aluminum as
a main constituent. An auxiliary constituent of the first layer
may contain at least one element which is smaller in work
function than aluminum used as the main constituent. As the
auxiliary constituent, lanthanoid elements are preferable.
Although the lanthanoid elements are not high in work func-
tion, containing these elements in the first layer enhances
stability of the anode and satisfies hole injection performance
of the anode. Other than the lanthanoid element, such ele-
ments as silicon (Si) or copper (Cu) may be contained as the
auxiliary constituent.

[0042] As for the content of the auxiliary constituent in the
aluminum alloy layer constituting the first layer, a total con-
tent of the auxiliary constituent is preferably not more than 10
wt % when, for example, Nd or Ni, Ti and the like for stabi-
lizing aluminum are used as the auxiliary constituent. This
ensures that the aluminum alloy layer is kept stable in the
manufacturing process of the organic electroluminescence
device, while maintaining reflectance of the aluminum alloy
layer. Further, accuracy of processing and chemical stability
can also be obtained. In addition, it is possible to improve
electric conductivity of the anode 13 and adhesion of the
anode 13 to the substrate 12.

[0043] Besides, as the second layer, there may be men-
tioned a layer having at least one selected from among oxides
of aluminum alloys, oxides of molybdenum, oxides of zirco-
nium, oxides of chromium, and oxides of tantalum. Here, for
example, where the second layer is a layer of an oxide of an
aluminum alloy containing a lanthanoid element as the aux-
iliary constituent (inclusive of a natural oxide layer), due to
the high transmittance of the lanthanoid element oxide, the
second layer containing the lanthanoid element oxide has
good transmittance. Therefore, it is possible to maintain a
high reflectance at the surface of the first layer. Further, the
second layer may be a transparent conductive layer of ITO
(Indium Tin Oxide), IZO (Indium Zinc Oxide) or the like.
These conductive layers can improve electron injection char-
acteristics of the anode 13.

[0044] In addition, the anode 13 may be provided, on the
side for contact with the substrate 11, with a conductive layer
for enhancing adhesion between the anode 13 and the sub-
strate 12. Examples of such a conductive layer include trans-
parent conductive layers of ITO, IZO or the like.

[0045] In the case where the driving system of the display
apparatus configured by use of the organic electrolumines-
cence device 11 is an active matrix system, the anode 13 is
patterned on the basis of each pixel and is provided in the state
of being connected to a drive thin film transistor provided on
the substrate 12. Besides, in this case, an insulating film (not
shown in the drawing) is provided over the anode 13 in such

Dec. 15, 2011

a manner that the surfaces of the anodes 13 of pixels are
exposed through an aperture portion of the insulating film.
<Hole injection layer>

[0046] The hole injection layer 14a is for enhancing the
efficiency of hole injection into the light emitting layer 14c.
Examples of the material which can be suitable for forming
such a hole injection layer 14a include benzyne, styrylamine,
triphenylamine, porphyrin, triphenylene, azatriphenylene,
tetracyanoquinodimethane, triazole, imidazole, oxadiazole,
polyarylalkanes, phenylenediamine, arylamines, oxazole,
anthracene, fluorenone, hydrazone, stilbene and their deriva-
tives; polysilane compounds; and heterocyclic conjugated
monomers, oligomers and polymers of vinylcarbazole com-
pounds, thiophene compounds, aniline compounds, etc.
[0047] Inaddition, examples of more specific materials for
the hole injection layer 144 include a-naphthylphenylphe-
nylenediamine, porphyrin, metal-tetraphenylporphyrin,
metal-naphthalocyanine, hexacyanoazatriphenylene, 7,7.8,
8-tetracyanoquinodimethane (TCNQ), 7,7,8,8-tetracyano-2,
3,5,6-tetrafluoroquinodimethane (F4-TCNQ), tetracyano-4,
4,4-tris(3-methylphenylphenylamino)triphenylamine, N,N,
N',N'-tetrakis(p-tolyl)p-phenylenediamine, N,N,N'N'-
tetraphenyl-4,4'-diaminobiphenyl, N-phenylcarbazole, 4-di-
p-tolylaminostilbene, poly(paraphenylenevinylene), poly
(thiophenevinylene), and poly(2,2'-thienylpyrrole), which
are non-limitative examples.

<Hole Transport Layer>

[0048] The hole transport layer 145 is for enhancing the
efficiency of hole injection into the light emitting layer 14c,
like the hole injection layer 14a. Such a hole transport layer
14b is configured by use of a material selected from among
the same materials as those mentioned in relation to the hole
injection layer 14a above.

<Light Emitting Layer>

[0049] The light emitting layer 14c¢ is a region in which the
holes injected from the anode 13 side and the electrons
injected from the cathode 15 side are recombined, upon appli-
cation of a voltage to the anode 13 and the cathode 15. In the
present embodiment, the configuration of the light emitting
layer 14c¢ is a characteristic feature. Specifically, the light
emitting layer 14¢ is a layer formed by using as a host material
a polycyclic aromatic hydrocarbon compound of which a
parent skeleton has 4 to 7 rings. The host material is doped
with a red light emitting guest material. The light emitting
layer 14c¢ generates red emitted light.

[0050] The host material for constituting the light emitting
layer 14¢, of the above-mentioned components, is a polycy-
clic aromatic hydrocarbon compound of which a parent skel-
eton has 4 to 7 rings, and is selected from among pyrene,
benzopyrene, chrysene, naphthacene, benzonaphthacene,
dibenzonaphthacene, perylene, and coronene.

[0051] In addition, the host material for constituting the
light emitting layer 14c¢ is a polycyclic aromatic hydrocarbon
compound of which a parent skeleton has 4 to 7 rings, and is
selected from among pyrene, benzopyrene, chrysene, naph-
thacene, benzonaphthacene, dibenzonaphthacene, perylene,
and coronene.

[0052] Among the just-mentioned compounds, preferred
for use as the host material are naphthacene derivatives rep-
resented by the following general formula (1).
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[Chemical 1]
General Formula (1)
R* R}
R3 R®
RS O ‘ O ‘ N
R! R?

[0053] In the general formula (1), R to R® each indepen-
dently represent hydrogen, a halogen, a hydroxyl group, a
substituted or unsubstituted carbonyl group of up to 20 carbon
atoms, a substituted or unsubstituted carbonyl ester group of
up to 20 carbon atoms, a substituted or unsubstituted alkyl
group of up to 20 carbon atoms, a substituted or unsubstituted
alkenyl group of up to 20 carbon atoms, a substituted or
unsubstituted alkoxyl group of up to 20 carbon atoms, a cyano
group, a nitro group, a substituted or unsubstituted silyl group
of up to 30 carbon atoms, a substituted or unsubstituted aryl
group of up to 30 carbon atoms, a substituted or unsubstituted
heterocyclic group of up to 30 carbon atoms, or a substituted
or unsubstituted amino group of up to 30 carbon atoms.

[0054] Examples of the aryl groups represented by R to R®
in the general formula (1) include phenyl group, 1-naphthyl
group, 2-naphthyl group, fluorenyl group, 1-anthryl group,
2-anthryl group, 9-anthryl group, 1-phenanthryl group,
2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl
group, 9-phenanthryl group, 1-naphthacenyl group, 2-naph-
thacenyl group, 9-naphthacenyl group, 1-pyrenyl group,
2-pyrenyl group, 4-pyrenyl group, l-chrysenyl group,
6-chrysenyl group, 2-fluoranthenyl group, 3-fluororanthenyl
group, 2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl
group, o-tolyl group, m-tolyl group, p-tolyl group, p-t-bu-
tylphenyl group, etc.

[0055] Besides, examples of the heterocyclic groups repre-
sented by R to R® include 5-membered or 6-membered aro-
matic heterocyclic groups containing O, N, or S as a hetero
atom, and condensed polycyclic aromatic heterocyclic
groups of 2 to 20 carbon atoms. In addition, examples of the
aromatic heterocyclic groups and the condensed polycyclic
aromatic heterocyclic group include thienyl group, furyl
group, pyrrolyl group, pyridyl group, quinolyl group, quinox-
alyl group, imidazopyridyl group, and benzothiazole group.
Representative examples of the them include 1-pyrrolyl
group, 2-pyrrolyl group, 3-pyrrolyl group, pyradinyl group,
2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl group,
1-indolyl group, 2-indolyl group, 3-indolyl group, 4-indolyl
group, 5-indolyl group, 6-indolyl group, 7-indolyl group,
1-isoindolyl group, 2-isoindolyl group, 3-isoindolyl group,
4-isoindolyl group, 5-isoindolyl group, 6-isoindolyl group,
7-isoindolyl group, 2-furyl group, 3-furyl group, 2-benzo-
furanyl group, 3-benzofuranyl group, 4-benzotfuranyl group,
5-benzofuranyl group, 6-benzofuranyl group, 7-benzofura-
nyl group, l-isobenzofuranyl group, 3-isobenzofuranyl
group, 4-isobenzofuranyl group, S-isobenzofuranyl group,
6-isobenzofuranyl group, 7-isobenzofuranyl group, quinolyl
group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl group,
6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-iso-
quinolyl group, 3-isoquinolyl group, 4-isoquinolyl group,
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S-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl
group, 8-isoquinolyl group, 2-quinoxalinyl group, 5-quinox-
alinyl group, 6-quinoxalinyl group, 1-carbazolyl group,
2-carbazolyl group, 3-carbazolyl group, 4-carbazolyl group,
9-carbozolyl group, 1-phenanthridinyl group, 2-phenan-
thridinyl group, 3-phenanthridiny] group, 4-phenanthridinyl
group, 6-phenanthridinyl group, 7-phenanthridinyl group,
8-phenanthridinyl ~ group,  9-phenanthridinyl  group,
10-phenanthridinyl group, 1-acridinyl group, 2-acridinyl
group, 3-acridinyl group, 4-acridinyl group, and 9-acridinyl
group.

[0056] The amino group represented by R* to R® may be
any of alkylamino groups, arylamino groups, aralkylamino
groups, etc. These preferably have an aliphatic carbon ring of
atotal of 1 to 6 carbon atoms and/or an aromatic carbon ring
of 1 to 4 rings. Examples of these groups include dimethy-
lamino group, diethylamino group, dibutylamino group,
diphenylamino group, ditolylamino group, bisbiphenyly-
lamino group, and dinaphthylamino group.

[0057] Incidentally, two or more of the above-mentioned
substituent groups may form a condensed ring, and may
further have a substituent group.

[0058] Besides, particularly, the naphthacene derivative
represented by the above general formula (1) is preferably a
rubrene derivative represented by the following general for-
mula (1a).

[Chemical 2]

General Formula (la)

[0059] Inthe general group (1a), R'' toR'®,R*! toR**,R?!
to R*?, and R** to R*® each independently represent a hydro-
gen atom, an aryl group, a heterocyclic ring group, an amino
group, an aryloxy group, an alkyl group, or an alkenyl group.
Itistobenoted herethat R* toR'*, R* toR**, R*' toR>’, and
R* to R™® are preferably the same, respectively.

[0060] Inaddition, R® to R® in the general formula (1a) are
each independently a hydrogen atom, an aryl group which
may have a substituent group, or an alkyl or alkenyl group
which may have a substituent group.

[0061] Preferred modes of the aryl group, heterocyclic
group, and amino group in the general formula (1a) may be
the same as R* to R® in the general formula (1). Incidentally,
where R'! to R'>, R?! to R*, R*! to R**, and R*! to R** are
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amino groups, they are alkylamino groups, arylamino groups
or aralkylamino groups. These preferably have an aliphatic
group of a total of 1 to 6 carbon atoms or 1 to 4 aromatic
carbon rings. Examples of such a group include dimethy-
lamino group, diethylamino group, dibutylamino group,
diphenylamino group, ditolylamino group, and bisbipheny-
lamino group.

[0062] More specific other examples of the naphthacene
derivative used preferably as the host material in the light
emitting layer 14¢ include rubrene of the following com-
pound (1)-1 which is one of the rubrene derivatives of the
general formula (1a), and, as other than this, the following
compounds (1)-2 to (1)-4 may be mentioned.

[Chemical 3]
Compd (1)-1
Ph Ph
Ph Ph
Compd (1)-2
R R
R R
. \“
Compd (1)-3
R
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-continued
Compd (1)-4

[0063] Besides, as the red light emitting guest material
constituting the light emitting layer 14¢, there may be used a
perylene derivative of the general formula (2), a diketopyr-
rolopyrrole derivative of the general formula (3), a pyr-
romethene complex of the general formula (4), a pyran
derivatives of the general formula (5), or a styryl derivative of
the general formula (6), which will be described next. Now,
the red light emitting guest material will be described in detail
below.

—Perylene Derivative—

[0064] As the red light emitting guest material, there is
used, for example, a compound (diindeno[1,2,3-cd]perylene
derivative) represented by the following general formula (2).

[Chemical 4]

General Formula (2)

X17 XIS X19 XZO

[0065] Inthe general formula (2), X* to X*° each indepen-
dently represent hydrogen, a halogen, hydroxyl group, a sub-
stituted or unsubstituted carbonyl group of up to 20 carbon
atoms, a substituted or unsubstituted carbonyl ester group of
up to 20 carbon atoms, a substituted or unsubstituted alkyl
group of up to 20 carbon atoms, a substituted or unsubstituted
alkenyl group of up to 20 carbon atoms, a substituted or
unsubstituted alkoxyl group of up to 20 carbon atoms, cyano
group, nitro group, a substituted or unsubstituted silyl group
of up to 30 carbon atoms, a substituted or unsubstituted aryl
group of up to 30 carbon atoms, a substituted or unsubstituted
heterocyclic group of up to 30 carbon atoms, or a substituted
or unsubstituted amino group of up to 30 carbon atoms.
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[0066] Examples of the aryl groups represented by X' to
X?°in the general formula (2) include phenyl group, 1-naph-
thyl group, 2-naphthyl group, fluorenyl group, 1-anthryl
group, 2-anthryl group, 9-anthryl group, 1-phenanthryl
group, 2-phenanthryl group, 3-phenanthryl group, 4-phenan-
thryl group, 9-phenanthryl group, 1-naphthacenyl group,
2-naphthacenyl group, 9-naphthacenyl group, 1-pyrenyl
group, 2-pyrenyl group, 4-pyrenyl group, 1-chrysenyl group,
6-chrysenyl group, 2-fluoranthenyl group, 3-fluoranthenyl
group, 2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl
group, o-tolyl group, m-tolyl group, p-tolyl group, and p-t-
butylphenyl group.

[0067] Besides, examples of the heterocyclic groups repre-
sented by X' to X*° include 5-membered or 6-membered
aromatic heterocyclic groups containing O, N, or S as a hetero
atom, and condensed polycyclic aromatic heterocyclic
groups of 2 to 20 carbon atoms. In addition, examples of the
aromatic heterocyclic groups and the condensed polycyclic
aromatic heterocyclic group include thienyl group, furyl
group, pyrrolyl group, pyridyl group, quinolyl group, quinox-
alyl group, imidazopyridyl group, and benzothiazole group.
Representative examples of the them include 1-pyrrolyl
group, 2-pyrrolyl group, 3-pyrrolyl group, pyradinyl group,
2-pyridinyl group, 3-pyridinyl group, 4-pyridinyl group,
1-indolyl group, 2-indolyl group, 3-indolyl group, 4-indolyl
group, 5-indolyl group, 6-indolyl group, 7-indolyl group,
1-isoindolyl group, 2-isoindolyl group, 3-isoindolyl group,
4-isoindolyl group, S-isoindolyl group, 6-isoindolyl group,
7-isoindolyl group, 2-furyl group, 3-furyl group, 2-benzo-
furanyl group, 3-benzofuranyl group, 4-benzofuranyl group,
5-benzofuranyl group, 6-benzofuranyl group, 7-benzofura-
nyl group, 1-isobenzofuranyl group, 3-isobenzofuranyl

[Chemical 5]
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group, 4-isobenzofuranyl group, 5-isobenzofuranyl group,
6-isobenzofuranyl group, 7-isobenzofuranyl group, quinolyl
group, 3-quinolyl group, 4-quinolyl group, 5-quinolyl group,
6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-iso-
quinolyl group, 3-isoquinolyl group, 4-isoquinolyl group,
S-isoquinolyl group, 6-isoquinolyl group, 7-isoquinolyl
group, 8-isoquinolyl group, 2-quinoxalinyl group, 5-quinox-
alinyl group, 6-quinoxalinyl group, 1-carbazolyl group,
2-carbazolyl group, 3-carbazolyl group, 4-carbazolyl group,
9-carbozolyl group, 1-phenanthridinyl group, 2-phenan-
thridinyl group, 3-phenanthridinyl group, 4-phenanthridinyl
group, 6-phenanthridinyl group, 7-phenanthridinyl group,
8-phenanthridinyl ~ group,  9-phenanthridinyl  group,
10-phenanthridinyl group, 1-acridinyl group, 2-acridinyl
group, 3-acridinyl group, 4-acridinyl group, and 9-acridinyl
group.

[0068] The amino group represented by X* to X*° may be
any of alkylamino groups, arylamino groups, aralkylamino
groups, etc. These preferably have an aliphatic carbon ring of
atotal of 1 to 6 carbon atoms and/or an aromatic carbon ring
of 1 to 4 rings. Examples of these groups include dimethy-
lamino group, diethylamino group, dibutylamino group,
diphenylamino group, ditolylamino group, bisbiphenyly-
lamino group, and dinaphthylamino group.

[0069] Incidentally, two or more of the above-mentioned
substituent groups may form a condensed ring, and may
further have a substituent group.

[0070] Specific examples of the diindeno[1,2,3-cd]
perylene derivative used preferably as the red light emitting
guest material in the light emitting layer 14¢ include the
following Compounds (2)-1 to (2)-8.

[0071] TItis to be noted, however, that the present invention
is not limited to these materials in any way.

Compd (2)-1

Compd (2)-2



US 2011/0303903 A1 Dec. 15, 2011
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Compd (2)-3

Compd (2)-4

Compd (2)-5
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Compd (2)-6

Compd (2)-7

Compd (2)-8
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—Diketopyrrolopyrrole Derivative—

[0072] As the red light emitting guest material, there is
used, for example, a compound (diketopyrrolopyrrole deriva-
tive) represented by the following general formula (3).

[Chemical 6]
General Formula (3)
v8
N
v! AT Dy
/
Y—N N—vy+*
—
YE_ AP Y2

N

I

s

[0073] Inthe general formula (3),Y" and Y? each indepen-
dently represent an oxygen atom, or a substituted or unsub-
stituted imino group. In addition, Y? to Y® each independently
represent hydrogen, a halogen, a substituted or unsubstituted
alkyl group of up to 20 carbon atoms, a substituted or unsub-
stituted alkenyl group of up to 20 carbon atoms, a substituted
or unsubstituted aryl group of up to 30 carbon atoms, a sub-
stituted or unsubstituted heterocyclic group ofup to 30 carbon
atoms, or a substituted or unsubstituted amino group of up to
30 carbon atoms.

[0074] Besides, in the general formula (3), Ar' and Ar* each
represent a bivalent group selected from among substituted or
unsubstituted aromatic hydrocarbon groups and substituted
or unsubstituted aromatic heterocyclic groups.

[0075] Incidentally, the substituted or unsubstituted aryl
groups represented by Y> to Y#, the heterocyclic groups rep-
resented by Y? to Y® and, further, the amino groups repre-
sented by Y> to Y® are the same as those indicated in the
perylene derivative of the general formula (2). In addition,
two or more of the above-mentioned substituent groups may
form a condensed ring, and, further, may have a substituent
group, in the same manner as above.

[0076] Specific examples of the diketopyrrolopyrrole
derivative used preferably as the red light emitting guest
material in the light emitting layer 14¢ include the following
Compounds (3)-1 to (3)-14. Itis to be noted, however, that the
present invention is not limited to these materials in any way.

[Chemical 7-1]

Compd (3)-1

&
O

W
»
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-continued
Compd (3)-2
CH;
4 Q
E Ng 2
’
C} o
H;C
Compd (3)-3
OCH;
H;CO Q
E Ni 2
N
Q o
H;CO
Compd (3)-4
CH;
e 3 Q
N& ?
g
C} o
HsC
Compd (3)-5
OCH3
H3CO,

O

I

QLT

H;CO
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-continued -continued
Compd (3)-6 Compd (3)-10

O

Compd (3)-11

Compd (3)-12
CHj
H;C
CH;
[Chemical 7-2] HC
Compd (3)-9
CHj

Compd (3)-13

H;C
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Compd (3)-14

1
O

W
»

—Pyrromethene Complex—

[0077] As the red light emitting guest material, there is
used, for example, a compound (pyrromethene complex) rep-
resented by the following general formula (4).

[Chemical 8]

General Formula (4)

[0078] In the general formula (4), however, Z' to Z° each
independently represent hydrogen, a halogen, a substituted or
unsubstituted alkyl group of up, to 20 carbon atoms, a sub-
stituted or unsubstituted alkenyl group of up to 20 carbon
atoms, a substituted or unsubstituted alkoxyl group of up to
20 carbon atoms, cyano group, nitro group, a substituted or
unsubstituted silyl group of up to 30 carbon atoms, a substi-
tuted or unsubstituted aryl group of up to 30 carbon atoms, a
substituted or unsubstituted heterocyclic group of up to 30
carbon atoms, or a substituted or unsubstituted amino group
of up to 30 carbon atoms.

[0079] Incidentally, the substituted or unsubstituted aryl
groups represented by Z' to Z°, the heterocyclic groups rep-
resented by Z' to Z°, and the amino groups represented by Z*
to Z°, in the general formula (7), are the same as the groups
indicated in relation to the perylene derivative of the general
formula (2). In addition, two or more of the above-mentioned
substituent groups may form a condensed ring, and, further,
have a substituent group, in the same manner as above.
[0080] Specific examples of the pyrromethene complex
used preferably as the red light emitting guest material in the
light emitting layer 14¢ include the following Compounds
(4)-1 to (4)-68. It is to be noted, however, that the present
invention is not limited to these materials in any way.
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[Chemical 9-1]

Compd (4)-1

Compd (4)-2

Compd (4)-3

Compd (4)-4
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-continued -continued
Compd (4)-5 Compd (4)-8

Compd (4)-10
Compd (4)-6

Compd (4)-7
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-continued -continued
Compd (4)-13 Compd (4)-17

Compd (4)-18
Compd (4)-14

[Chemical 9-3]
Compd (4)-15

Compd (4)-19

Compd (4)-20
Compd (4)-16
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[Chemical 9-4]

Compd (4)-21

Compd (4)-22

Compd (4)-23

-continued
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Compd (4)-24

Compd (4)-25

Compd (4)-26
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-continued -continued
[Chemica.l 9»5] COIde (4)_30
Compd (4)-27

Compd (4)-28

Compd (4)-31
H;C CH;3

Compd (4)-29
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Compd (4)-32 Compd (4)-35

Compd (4)-36

[Chemical 9-6]

Compd (4)-33

Compd (4)-37

Compd (4)-34
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-continued -continued

Compd (4)-38 [Chemical 9-7]

Compd (4)-40

Compd (4)-39

Compd (4)-41
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-continued -continued
Compd (4)-42 Compd (4)-45

Compd (4)-46

Compd (4)-43

[Chemical 9-8]

Compd (4)-47

Compd (4)-44
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Compd (4)-48 Compd (4)-50

Compd (4)-49

Compd (4)-51
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-continued —continued
Compd (4)-52 [Chemical 9-9]

Compd (4)-54

Compd (4)-55

Compd (4)-53

Compd (4)-56
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Compd (4)-57 Compd (4)-60

Compd (4)-61
Compd (4)-58

Compd (4)-59 Compd (4)-62
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[Chemical 9-10]

Compd (4)-63

Compd (4)-66

Compd (4)-64

Compd (4)-67

Compd (4)-65
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atoms. In addition, L' and L*, or L? and L*, may form a cyclic
-continued structure through a hydrocarbon.

Compd (4)-68 [0083] Incidentally, the substituted or unsubstituted aryl

groups represented by L' to L°, the heterocyclic groups rep-

resented by L' to L°, and the amino groups represented by L'

to L%, in the general formula (5), are the same as those groups

indicated above in relation to the perylene derivative of the

general formula (2). Here, L' and L*, or L? and L.?, may form

a cyclic structure through a hydrocarbon. In addition, two or

more of the above-mentioned substituent groups may form a
condensed ring, and may have a substituent group.

[0084] Specific examples of the pyran derivative used pref-

erably as the red light emitting guest material in the light

emitting layer 14¢ include the following Compounds (5)-1 to

(5)-7. It is to be noted, however, that the present invention is
not limited to these compounds.

[Chemical 1 1]
Compd (5)-1
NC CN
O
—Pyran Derivative—
[0081] As the red light emitting guest material, there is N/
used, for example, a compound (pyran derivative) repre-
sented by the following general formula (5). Compd (5)-2
NC CN
[Chemical 10]
General Formula (5) | |
Compd (5)-3
NC CN

L4 L!

[0082] In the general formula (5), L! to L each indepen- | |
dently represent hydrogen, a substituted or unsubstituted o
alkyl group of up to 20 carbon atoms, a substituted or unsub-
stituted alkenyl group of up to 20 carbon atoms, a substituted
or unsubstituted alkoxyl group of up to 20 carbon atoms,
cyano group, nitro group, a substituted or unsubstituted silyl
group of up to 30 carbon atoms, a substituted or unsubstituted
aryl group of up to 30 carbon atoms, a substituted or unsub-
stituted heterocyclic group of up to 30 carbon atoms, or a
substituted or unsubstituted amino group of up to 30 carbon

%
%
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-continued
NC CN
\/85\’
NC CN
Gﬁ
EN\’

-
(6]
@
NC CN
|
ﬁia

Compd (5)-4

Compd (5)-5

Compd (5)-6

Compd (5)-7
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—Styryl Derivative—

[0085] As the red light emitting guest material, there is
used, for example, a compound (styryl derivative) repre-
sented by the following general formula (6).

[Chemical 12]

General Formula (6)
T3
N—T*—C=C—T!
/ H H
T2

[0086] Inthe general formula (6), T* to T each represent a
substituted or unsubstituted aryl group of up to 30 carbon
atoms or a substituted or unsubstituted heterocyclic group of
up to 30 carbon atoms. In addition, T4 represents a substituted
or unsubstituted phenylene moiety which may form a cyclic
structure with T? and T°.

[0087] The substituted or unsubstituted aryl groups repre-
sented by T" to T° and the heterocyclic groups represented by
T! to T, in the general formula (6), are the same as those
groups indicated above in relation to the perylene derivative
of the general formula (2).

[0088] Incidentally, two or more of the above-mentioned
substituent groups may form a condensed ring, and may
further have a substituent group. In this case, examples of the
group substituted on T* to T* include hydrogen, halogen,
hydroxyl group, a substituted or unsubstituted carbonyl group
of up to 20 carbon atoms, a substituted or unsubstituted car-
bonyl ester group of up to 20 carbon atoms, a substituted or
unsubstituted alkyl group of up to 20 carbon atoms, a substi-
tuted or unsubstituted alkenyl group of up to 20 carbon atoms,
a substituted or unsubstituted alkoxyl group of up to 20 car-
bon atoms, cyano group, nitro group, and amino group. In
addition, the amino group may be any of alkylamino groups,
arylamino groups, aralkylamino groups, etc. These groups
preferably have an aliphatic group of a total of 1 to 6 carbon
atoms and/or 1 to 4 aromatic carbon rings. Examples of such
a group include dimethylamino group, diethylamino group,
dibutylamino group, diphenylamino group, ditolylamino
group, bisbiphenylylamino group, and dinaphthylamino
group.

[0089] Specific examples of the styryl derivative used pref-
erably as the red light emitting guest material in the light
emitting layer 14¢ include the following Compounds (6)-1 to
(6)-35. It is to be noted, however, that the present invention is
not limited to these compounds in any way.

[Chemical 13-1]

Compd (6)-1

H;C

NC

QO
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Compd (6)-2 Compd (6)-6
H;CO ;C
N4®7CH=CH4© N4®7CH=CH4©»CN
H;CO Q
Compd (6)-3 Compd (6)-7
H;CO H;CO
CN
CN
N CH=CH Q
NC
Q .
Compd (6)-8
H;CO
Compd (6)-4
H;C
CN
CN NOCH:CH
Q :
[Chemical 13-2]
Compd (6)-5 Compd (619
H;CO
H;CO
NC
CN
g o - NOCH=CH Q
N OQ kS
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-continued -continued
Compd (6)-10 Compd (6)-15
H;C H:C
NOCH=CH OQ : = Q .
OQ . OQ O

Compd (6)-11

Compd (6)-16

Compd (6)-12

Q.
@O O

Compd (6)-13

[Chemical 13-3]

NC Q

Compd (6)-14

Qo
@O CN

HsC
Q CN
X Q Q o
OQ NC Q H;C

H3C

Compd (6)-17

H;C

Compd (6)-18

HC
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Compd (6)-19
H;3CO
NO—CH:CH O
S ~
H;C
Compd (6)-20
Q CN
N@—CH=CH O
G "
H;C
Compd (6)-21
H;C
N—@—CH=CH O
G "
H;C
Compd (6)-22

;@Mm

H;C
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Compd (6)-23

Compd (6)-24

CHjz
Compd (6)-25
H;C
Q NC CN
O olas
[Chemical 13-4]
Compd (6)-26
Q NC CN
Compd (6)-27
H;C
Q NC CN
N O cr=a OQQ i
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Compd (6)-28

&
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Z
0
Z

CH=CH

Compd (6)-29

Hs

CH=CH

o
J

Z
@]
Z

OO

Compd (6)-30

Hs

CH=CH

(e

o¥es
.
&

Compd (6)-31
H;

ey

CH=CH CH;

s
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Compd (6)-32

&

H;3

CH=CH

o¥e;
<
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Compd (6)-33

H

&
@]

Compd (6)-34

NOCH=CH

(HsCHC
Compd (6)-35

Hs

@]

NC CN

C(CHz),

o‘é

[0090] Incidentally, the perylene derivatives of the general
formula (2), the diketopyrrolopyrrole derivatives of the gen-
eral formula (3), the pyrromethene complexes of the general
formula (4), the pyran derivatives of the general formula (5),
or the styryl derivatives of the general formula (6), to be used
as the red light emitting guest material in the light emitting
layer 14c¢ as above-described are preferably those having a
molecular weight of not more than 2000, more preferably not
more than 1500, and particularly preferably not more than
1000. The reason lies in that if the molecular weight is too
high, there would be a fear that vapor deposition properties in
fabrication of the devices by vapor deposition would be wors-
ened.

<Photosensitizing Layer>

[0091] The photosensitizing layer 144 is a layer for trans-
ferring energy into the light emitting layer 14c¢ and thereby
enhancing the luminous efficiency of the light emitting layer
14c. In the present embodiment, it is a characteristic feature
that the photosensitizing layer 14d is configured by use of a
phosphorescent material. Consequently, since the phospho-
rescent material which in principle is higher than the fluores-
cent material in luminous efficiency is used as the photosen-
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sitizing layer, the luminous efficiency from the light emitting
layer 14¢ can be drastically enhanced.

[0092] Such a photosensitizing layer 144 has a guest-host
relationship in which the phosphorescent material is used as a
light emitting guest material and the host material is doped
with the light emitting guest material.

[0093] As the phosphorescent material (light emitting
guest material) constituting the photosensitizing layer 14d, of
the above-mentioned host and guest materials, there is pref-
erably used a phosphorescent material which shows phospho-
rescence at a wavelength shorter than the wavelength of red
light generated in the light emitting layer 14¢ containing the
red light emitting guest material.

[0094] FIG. 2 shows a schematic diagram of energy level
for the light emitting guest material contained in the light
emitting layer 14¢ and for the phosphorescent material (light
emitting guest material) contained in the photosensitizing
layer 14d. As shown in the diagram, the light emitting guest
material contained in the light emitting layer 14¢ is assumed
to have a singlet excited state S1(14¢) and a ground state
S0(14¢). On the other hand, the phosphorescent material
(light emitting guest material) contained in the photosensitiz-
ing layer 14dis assumed to have a triplet excited state T1(144)
and a ground state S0(14d). Then, it is desirable that the
energy differences between the respective excited state and
ground state are in the relationship of I'T1(144)-S0(144)>I1S1
(14¢)-S0(14c)!.

[0095] This shows that the wavelength of the phosphores-
cence in the photosensitizing layer 14d is shorter than the
wavelength of the emitted light generated in the light emitting
layer 14¢. When this relationship is satisfied, the energy gen-
erated in the photosensitizing layer 14d is efficiently trans-
ferred into the light emitting layer 14¢, whereby enhancement
of luminous efficiency can be contrived.

[0096] Specific examples of the phosphorescent materials
as above are selected from among iridium complexes, plati-
num complexes, rhenium complexes, osmium complexes,
ruthenium complexes, and gold complexes. Besides, it is
preferable to select from these materials a phosphorescent
material having high luminous efficiency and to use it; for
example, the phosphorescent material is selected from among
iridium complexes.

[0097] On the other hand, the host material constituting the
photosensitizing layer 144 is an organic material having a
derivative of'an aromatic hydrocarbon of 6 to 60 carbon atoms
or having a connected body of such aromatic hydrocarbon
derivatives. Specific examples of the organic material include
carbazole derivatives, indene derivatives, phenanthrene
derivatives, pyrene derivatives, naphthacene derivatives,
triphenylene derivatives, anthracene derivatives, perylene
derivatives, picene derivatives, fluoranthene derivatives,
acephenanthrylene derivatives, pentaphene derivatives, pen-
tacene derivatives, coronene derivatives, butadiene deriva-
tives, stilbene derivatives, tris(8-quinolinolato)aluminum
complex, and bis(benzoquinolinolato)beryllium complex.
[0098] Ofthe above-mentioned host materials, a host mate-
rial promising a highest luminous efficiency is selectively
used on the basis of each light emitting guest material. As the
host material, carbazole derivatives are used preferably.
[0099] In addition, it is important that the photosensitizing
layer 14d configured as above is provided in contact with the
light emitting layer 14¢. Therefore, the photosensitizing layer
14d is provided, for example, between the light emitting layer
14¢ and the cathode 15. However, since it is important for the
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photosensitizing layer 144 to be provided in contact with the
light emitting layer 14c¢, the photosensitizing layer 14d may
be provided between the light emitting layer 14¢ and the
anode 13 in the state of making contact with the light emitting
layer 14c.

<Electron Transport Layer>

[0100] The electron transport layer 14e is for transporting
to the light emitting layer 14¢ the electrons injected from the
cathode 15. Examples of the material constituting the electron
transport layer 14e include quinoline, perylene, phenanthro-
line, bisstyryl, pyrazine, triazole, oxazole, oxadiazole, fluo-
renone, and their derivatives and their metal complexes. Spe-
cific examples include tris(8-hydroxyquinoline) aluminum
(abbreviated to Alqg3), anthracene, naphthalene, phenan-
threne, pyrene, anthracene, perylene, butadiene, cumarin,
acridine, stilbene, 1,10-phenanthroline, and their derivatives
and their metal complexes.

[0101] Incidentally, the organic layer 14 is not limited to
such a layer structure, insofar as at least the light emitting
layer 14¢ and the photosensitizing layer 144 in contact there-
with are provided; other than this point, a stacked structure
may be selected, as required.

[0102] Besides, the light emitting layer 14¢ may be pro-
vided in the organic electroluminescence device 11 as a hole
transporting light emitting layer, an electron transporting
light emitting layer, or a both charge transporting light emit-
ting layer. Further, each of the layers constituting the organic
layer 14 as above, for example, the hole injection layer 14a,
the hole transport layer 145, the light emitting layer 14c¢, the
photosensitizing layer 14d, and the electron transport layer
14e may have a stacked structure including a plurality of
layers.

<Cathode>

[0103] In the next place, the cathode 15 provided over the
organic layer 14 configured as above is composed, for
example, of a two-layer structure in which a first layer 15a
and a second layer 1556 are stacked in this order from the
organic layer 14 side.

[0104] The first layer 15a is configured by use of a material
which has a low work function and good light transmittance.
Examples of the material which can be used here include
lithium oxide (Li,0), which is an oxide of lithium (Li),
cesium carbonate (Cs,CO;), which is a composite oxide of
cesium (Cs), and, further, a mixture of the oxide and the
composite oxide. Besides, the first layer 15a is not limited to
these materials. There may be used alkaline earth metals such
as calcium (Ca), barium (Ba), etc., alkali metals such as
lithium, cesium, etc., metals with low work function such as
indium (In), magnesium (Mg), etc., and oxides, composite
oxides, fluorides and the like of these metals, which may be
used either singly or may be used in the state of a mixture of
these metals, oxides, composite oxides, fluorides and the like
orin the state of an alloy thereof, for the purpose of enhancing
stability thereof.

[0105] The second layer 155 has a thin film using a light-
transmitting layer such as a layer of MgAg. The second layer
156 may be a mixture layer which further contains, an organic
light emitting material such as an aluminum quinoline com-
plex, a styrylamine derivative, a phthalocyanine derivative,
etc. In this case, a light-transmitting layer such as a layer of
MgAg may be separately provided as a third layer.
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[0106] In the case where the driving system of the display
apparatus configured by use of the organic electrolumines-
cence devices 11 is an active matrix system, the cathode 15 as
above-mentioned is formed in a solid pattern on the substrate
12 in the state of being insulated from the anode 13 by the
organic layer 14 and the above-mentioned insulating film not
shown here, to be used as a common electrode for pixels.
[0107] Incidentally, it is obvious that the cathode 15 is not
limited to the above-mentioned stacked structure and it suf-
fices for the cathode 15 to take an optimum combined or
stacked structure according to the structure of the device
fabricated. For example, the configuration of the cathode 15
in the above-described embodiment is a stacked structure in
which functions of the layers of the electrodes are separated,
in other words, an inorganic layer (first layer 15a) for accel-
eration of electron injection into the organic layer 14 and an
inorganic layer (second layer 156) for controlling the elec-
trodes are separated from each other. However, the inorganic
layer for acceleration of electron injection into the organic
layer 14 may serve also as the inorganic layer for controlling
the electrodes, and these layers may be configured in a mono-
layer structure. In addition, a stacked structure may be
adopted in which a transparent electrode of ITO or the like is
formed over the monolayer structure.

[0108] A current applied to the organic electrolumines-
cence device 11 configured as above is normally a direct
current; however, a pulsed current or an alternating current
may also be used. The current value and the voltage value are
not particularly limited insofar as they are within such ranges
that the devices would not be broken. Taking into account the
power consumption and useful life of the organic electrolu-
minescence devices, however, it is desirable to cause the
organic electroluminescence devices to emit light efficiently
with an electrical energy as small as possible.

[0109] In addition, in the case where the organic electrolu-
minescence devices 11 have a cavity structure, the cathode 15
is configured by use of a semi-transmitting semi-reflective
material. Then, emitted light having undergone multiple
beam interference between a light reflective surface on the
anode 13 side and a light reflective surface on the cathode 15
side is emitted from the cathode 15 side. In this case, the
optical distance between the light reflective surface on the
anode 13 side and the light reflective surface on the cathode
15 side is determined according to the wavelength of the light
to be emitted, and the film thicknesses of the layers are so set
as to satisfy the optical distance. In the organic electrolumi-
nescence device of the top emission type thus configured, it is
possible by positive use of the cavity structure to improve the
efficiency of emission of light to the exterior and to control the
emission spectrum. Besides, there is an effect to prevent
phosphorescent light of a wavelength shorter than the red
emitted light generated in the photosensitizing layer 144 from
being taken out from the cathode 15 side.

[0110] Further, through omitted in the drawing here, the
organic electroluminescence device 11 configured as above is
preferably used in the state of being covered with a protective
layer (passivation layer) for preventing organic materials
from being deteriorated due to moisture, oxygen or the like
present in the atmospheric air. As the protective film, there is
used a silicon nitride (representatively, Si;N,) film, a silicon
oxide (representatively, SiO,) film, a silicon nitroxide
(SiNxOy: compositional ratio X>Y) film, a silicon oxynitride
(SiOxNy: composition ratio X Y) film, or a thin film contain-
ing a carbon as a main constituent such as DLC (Diamond
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Like Carbon), a CN (Carbon Nanotube) film or the like. These
films are preferably configured to be monolayer or a stacked
layer. Among others, a protective film composed of a nitride
is preferably used, since the film is dense and exhibits an
extremely high blocking effect on moisture, oxygen and other
impurities which would otherwise exert bad influences on the
organic electroluminescence device 11.

[0111] Incidentally, in the present embodiment as above,
the present invention has been described in detail by showing
as an example the case where the organic electrolumines-
cence device is of the top emission type. However, the organic
electroluminescence device according to the present inven-
tion is not limited to application to the top emission type, and
is widely applicable to configurations in which an organic
layer having at least a light emitting layer is sandwiched
between an anode and a cathode. Therefore, the organic elec-
troluminescence device of the present invention is also appli-
cable to an organic electroluminescence device of a configu-
ration in which a cathode, an organic layer, and an anode are
sequentially layered in this order from the side of a substrate,
and an organic electroluminescence device of a bottom emis-
sion type in which an electrode located on the substrate side (a
lower electrode as cathode or anode) is composed of a trans-
parent material whereas an electrode located on the side
opposite to the substrate (an upper electrode as cathode or
anode) is composed of a reflective material, whereby light is
taken out only from the lower electrode side.

[0112] Furthermore, the organic -electroluminescence
device of the present invention may be any device that is
formed by providing a pair of electrodes (anode and cathode)
and an organic layer sandwiched between the electrodes.
Accordingly, the organic electroluminescence device of the
invention is not limited to those configured by use of only a
pair of electrodes and an organic layer, and does not exclude
the coexistence of other components (for example, an inor-
ganic compound layer or an inorganic constituent) within
such a range as not to spoil the effect of the invention.

[0113] It has been confirmed that in the organic electrolu-
minescence device 11 configured as above-described, current
efficiency is enhanced as compared with a device with a
configuration where the photosensitizing layer 144 is not
provided, as will be detailed in the Examples later.

[0114] Moreover, notwithstanding the structure in which
the green light emitting photosensitizing layer 144 is stacked
over the red light emitting layer 14¢, mixing of colors due to
light emission from the photosensitizing layer 14d would not
occur even upon application of an electric field, and red
emitted light can be obtained. The reason is considered as
follows. Although the holes passing through the red light
emitting layer 14¢ and the electrons injected through the
electron transport layer 14e are recombined in the photosen-
sitizing layer 144, the energy released by the recombination
may so act as to excite electrons in the host material consti-
tuting the red light emitting layer 14¢ adjacent to the photo-
sensitizing layer 14d, thereby contributing to emission of
light in the red light emitting layer 14¢. Incidentally, such a
phenomenon as this can be inferred from a phenomenon in
which the objective red light emitting layer would rarely emit
light in the case where the photosensitizing layer 144 is com-
posed only of the host material, as shown in Comparative
Examples described in contrast to Examples later.

[0115] From the foregoing, it is seen that according to the
organic electroluminescence device 11 as above-described, it
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is possible to contrive enhancement of luminous efficiency of
the red emitted light while maintaining color purity.

[0116] In addition, by such a remarkable improvement in
luminous efficiency, it is possible to achieve both enhance-
ment of luminance life and a reduction in power consumption
in the organic electroluminescence device 11.

<<General Configuration of Display Apparatus>>

[0117] FIG. 3 illustrates an example of a display apparatus
10 in an embodiment, wherein FIG. 3(A) is a schematic block
diagram, and FIG. 3(B) is a block diagram of a pixel circuit.
Here, an embodiment in which the present invention is
applied to a display apparatus 10 of an active matrix system
using an organic electroluminescence device 11 as a light
emitting device will be described.

[0118] As shown in FIG. 3(A), a display area 12a and a
peripheral area 125 surrounding it are set on a substrate 12 in
the display apparatus 10. The display area 12a is configured
as a pixel array area in which a plurality of scanning lines 21
and a plurality of signal lines 23 are arrayed in column and
row directions and in which one pixel a is provided corre-
spondingly to each of intersections of the scanning lines 21
and the signal lines 23. One of organic electroluminescence
devices 11R (11), 11G, and 11B is provided at each pixel a.
Besides, a scanning line drive circuit b for scan driving of the
scanning lines 21 and a signal line drive circuit ¢ for supplying
the signal lines 23 with video signals (or input signals)
according to luminance information are arranged in the
peripheral area 124.

[0119] As shown in FIG. 3(B), a pixel circuit provided in
each pixel a is composed, for example, of one of the organic
electroluminescence devices 11R (11), 11G, and 11B, a drive
transistor Trl, a write transistor (sampling transistor) Tr2, and
a holding capacitor Cs. With driving by the scanning line
drive circuit b, a video signal written from the signal line 23
through the write transistor Tr2 is held by the holding capaci-
tor Cs, and a current according to the amount of signal thus
held is supplied to each of the organic electroluminescence
devices 11R (11), 11G, and 11B, resulting in that each of the
organic electroluminescence devices 11R (11), 11G, and 11B
emits light with a luminance according to the current value.
[0120] Incidentally, the configuration of the pixel circuit as
above is merely one example. The pixel circuit may be con-
figured by providing a capacitance element in the pixel circuit
or, further, by providing a plurality of transistors, in the pixel
circuit, as required. Besides, in the peripheral area 125,
required drive circuits are added according to modifications
in the pixel circuit.

<<Sectional Configuration-1 of Display Apparatus>>

[0121] FIG. 4 illustrates a first example of sectional con-
figuration of a major part of the display area of the above-
mentioned display apparatus 10.

[0122] Inthedisplay area of the substrate 12 provided with
the organic electroluminescence devices 11R (11), 11G, and
11B, though not shown there are provided drive transistors,
write transistors, scanning lines, and signal lines so as to
constitute the above-mentioned pixel circuits (see FIG. 3),
and an insulating film is provided in the state of covering these
components.

[0123] The organic electroluminescence devices 11R (11),
11G, and 11B are formed in array on the substrate 12 covered
with the insulating film. Each of the organic electrolumines-
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cence devices 11R (11), 11G, and 11B is configured as a
device of the top emission type in which light is taken out
from the side opposite to the substrate 12.

[0124] The anode 13 of each of the organic electrolumines-
cence devices 11R (11), 11G, and 11B is patterned on the
basis of each device. Each anode 13 is connected to the drive
transistor in the pixel circuit through a connection hole
formed in the insulating film covering the surface of the
substrate 12.

[0125] A peripheral portion of each anode 13 is covered
with an insulating film 30 so that a central portion of the anode
13 is exposed in an aperture portion provided in the insulating
film 30. The organic layer 14 is patterned in the state of
covering the exposed portions of the anodes 13, and the
cathode 15 is provided as a common layer covering the
organic layers 14.

[0126] Of the organic electroluminescence devices 11R
(11), 11G, and 11B, particularly the red light emitting device
11R is configured as the organic electroluminescence device
(11) in the embodiment described using FIG. 1 above. On the
other hand, the green light emitting device 11G and the blue
light emitting device 11B may be of an ordinary device con-
figuration.

[0127] Specifically, in the red light emitting device 11R
(11), the organic layer 14 provided on the anode 13 includes,
for example, a hole injection layer 14a, a hole transport layer
14b, a red light emitting layer 14¢-R (14¢) using a naph-
thacene derivative as a host material, a photosensitizing layer
144 in which a host material is doped with a light emitting
guest material for emitting light in a green region, and an
electron transport layer 14e layered in this order from the
anode 13 side.

[0128] On the other hand, the organic layers in the green
light emitting device 11G and the blue light emitting device
11B each include, for example, a hole injection layer 14a, a
hole transport layer 145, alight emitting layer 14¢-G or 14¢-B
for each color, and an electron transport layer 14e layered in
this order from the anode 13 side.

[0129] Incidentally, the photosensitizing layer 144 in the
red light emitting device 11R (11) is doped with a green
phosphorescent material serving as a light emitting guest
material; for example, the configuration (material) of this
photosensitizing layer 14d may be same as or different from
that of the green light emitting layer 14¢-G in the green light
emitting device 11G. In addition, each of the other layers than
the light emitting layers 14¢-R, 14¢-G, 14¢-B and the photo-
sensitizing layer 14d may be configured by use of the same
material in all the organic electroluminescence devices 11R,
11G, 11B inclusive of the anode 13 and the cathode 15, and is
hence configured by use of each material described referring
to FIG. 1 above.

[0130] Besides, the plurality of the organic electrolumines-
cence devices 11R (11), 11G, 11B provided in the above-
mentioned manner are covered with a protective film (omitted
in the drawing). Incidentally, the protective film is provided
covering the whole body of the display area in which the
organic electroluminescence devices 11R, 11G, 11B are pro-
vided.

[0131] Here, each layer in the range from the anode 13 to
the cathode 15 constituting the red light emitting device 11R
(11), the green light emitting device 11G, and the blue light
emitting device 11B can be formed by a dry process such as a
vacuum evaporation method, an ion beam method (EB
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method), a molecular beam epitaxy method (MBE method), a
sputtering method, an organic vapor phase deposition
(OVPD) method, etc.

[0132] In addition, the organic layer 14 patterned on the
basis of each of the organic electroluminescence devices 11R
(11), 11G, 11B as above-mentioned is formed, for example,
by a transfer method or a vapor deposition method using a
mask.

[0133] Furthermore, the organic layer 14¢ can be formed
not only by the above-mentioned methods but also by a wet
process, for example, a coating method such as laser transfer
method, spin coating method, dipping method, doctor blade
method, ejection coating method, spray coating method, etc.
or a printing method such as ink jet method, offset printing
method, relief printing method, intaglio printing method,
screen printing method, microgravure coating method, etc.,
and combined use of dry process and wet process may be
adopted according to the properties of the organic layers and
the members.

[0134] In the display apparatus 10 according to the first
example configured as above, the organic electrolumines-
cence device (11) configured according to the present inven-
tion as described referring to FIG. 1 above is used as the red
light emitting device 11R. The red light emitting device 11R
(11) has a high luminous efficiency while retaining a red
emitted light color, as above-mentioned. Therefore, by com-
bining the red light emitting device 11R (11) with the green
light emitting device 11G and the blue light emitting device
11B, it becomes possible to achieve full-color display with
high color reproduction performance.

[0135] In addition, the use of the organic electrolumines-
cence device (11) having a high luminous efficiency offers an
effect to improve luminance life and reduce power consump-
tion, in the display apparatus 10. Accordingly, the display
apparatus 10 can be favorably used as a flat panel display for
wall-mounted television sets and the like or as a flat lumines-
cent body, and are applicable as a light source for copying
machines, printers, etc., a light source for liquid crystal dis-
plays, measuring instruments, etc., display boards, marker
lamps, and so on.

<<Sectional Configuration-2 of Display Apparatus>>

[0136] FIG. 5 illustrates a second example of sectional
configuration of a major part in the display area of the display
apparatus 10.

[0137] The display apparatus 10 of the second example
shown in FIG. 5 differs from the first example shown in FIG.
4 in that a photosensitizing layer 14d (14¢-G) of a red light
emitting device 11R (11) and a light emitting layer 14¢-G of
a green light emitting device 11G are formed as a common
continuous pattern. Further, an electron transport layer 14e
also is formed as a continuous pattern of a common layer for
all pixels. In other points, the configuration of the second
example is the same as the configuration of the first example.
[0138] Also in the display apparatus 10 of the second
example configured as above, the same effect as that of the
second example can be obtained. Further, the photosensitiz-
ing layer 14d (14¢-G) and the light emitting layer 14¢-G can
be formed in a continuous pattern as a common layer in the
organic electroluminescence devices 11R (11) and 11G. Fur-
thermore, the electron transport layer 14e can be formed
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simultaneously for all pixels. Accordingly, simplification of
manufacturing steps of the display apparatus 10 can be con-
trived.

<<Sectional Configuration-3 of Display Apparatus>>

[0139] FIG. 6 illustrates a third example of sectional con-
figuration of a major part in the display area of the display
apparatus 10.

[0140] In the display apparatus 10 of the third example
shown in FIG. 6, other layers than an anode 13 and light
emitting layers 14¢-R, 14¢-G, 14¢-B are common layers in
organic electroluminescence device 11R (11), 11G, 11B, and
other configurations may be the same as those in the second
example shown in FIG. 5. Thus, compared to the second
example of FIG. 5, the hole injection layer 14a and the hole
transport layer 145 below the light emitting layer are also
used as common layers.

[0141] Alsointhedisplay apparatus 10 of the third example
configured as above, the same effect as that of the second
example can be obtained, and further simplification of manu-
facturing steps as compared with the second example can be
contrived.

<<Sectional Configuration-4 of Display Apparatus>>

[0142] FIG. 7 illustrates a fourth example of sectional con-
figuration of a major part in the display area of the display
apparatus 10.

[0143] As shown in the figure, in organic electrolumines-
cence devices 11R, 11G, 11B, layers above light emitting
layers 14¢-R, 14¢-B may be formed as common layers. In this
case, a green light emitting layer 14¢-G serving also as a
photosensitizing layer 14d, an electron transport layer 14e,
and a cathode 15 are formed as continuous patterns in com-
mon for all display area, and the other layers are used as
patterned layers.

[0144] The green light emitting layer 14¢-G serving as a
common layer for all pixels is provided as a photosensitizing
layer 144 in the red light emitting device 11R (11). On the
other hand, the green light emitting layer 14¢-G is layered
also in the blue light emitting layer 11B. Even in such a
configuration, blue light emission with good chromaticity can
sufficiently be obtained, in the case where the film thickness
of the green light emitting layer 14¢-B is large or in the case
where the center of blue light emission is localized at an
interface of the hole transport layer 145. Furthermore, in the
organic electroluminescence devices 11R (11), 11G, 11B, the
structure of the organic layer is configured as a cavity struc-
ture in which emitted lights of colors are taken out, whereby
only blue emitted light is taken out from the blue light emit-
ting device 11B.

[0145] Inmanufacturing the display apparatus 10 with such
a configuration, each of the layers above the green light emit-
ting layer 14¢-G (photosensitizing layer 14d) can be simul-
taneously formed for the display area by use of an area mask
having a large aperture diameter. Accordingly, simplification
of manufacturing steps of the display apparatus 10 can be
contrived.

[0146] Incidentally, also inthe fourth embodiment, the hole
injection layer 14a and the hole transport layer 145 below the
light emitting layer can be used as common layers (continu-
ous patterns) for all the display area, whereby further simpli-
fication of the manufacturing steps of the display apparatus 10
can be contrived.
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[0147] In addition, in the first to fourth examples as above,
embodiments in which the present invention is applied to the
active matrix type display apparatus have been described.
However, the display apparatus according to the present
invention is also applicable to a passive matrix type display
apparatus, and, in that case, the same effect as above can be
obtained.

[0148] The display apparatus according to the present
invention as above-described includes a display apparatus in
a module shape with a sealed configuration as disclosed in
FIG. 8. For instance, a sealing part 31 is provided so as to
surround a display area 12a serving as a pixel array area, and,
with the sealing part 31 used as an adhesive, a display module
is adhered to a counter part (sealing substrate 32) formed of a
transparent glass or the like. The transparent sealing substrate
32 may be provided with a color filter, a protective film, a light
blocking film or the like. Incidentally, the substrate 12 as the
display module in which the display area 12a is formed may
be provided with a flexible printed substrate 33 for input/
output of signals to the display area 12a (pixel array area) and
the like.

APPLICATION EXAMPLE

[0149] In addition, the display apparatus according to the
present invention as above-described is applicable to display
units of electronic apparatuses in all fields on which picture
signals inputted to the electronic apparatus or picture signals
produced in the electronic apparatus are displayed as an
image or picture, with the electronic apparatuses including
various ones shown in FIGS. 9 to 13, for example, digital
cameras, notebook size personal computers, portable remote
terminals such as cell phones, video cameras, etc. Now,
examples of electronic apparatus to which the present inven-
tion is applied will be described below.

[0150] FIG. 9 is a perspective view of a television set to
which the present invention is applied. The television set
according to the present application example includes a pic-
ture display screen unit 101 composed of a front panel 102
and a filter glass 103 and so on, and is fabricated by using the
display apparatus according to the present invention as the
picture display screen unit 101.

[0151] FIG. 10 illustrates a digital camera to which the
present invention is applied, wherein (A) is a perspective view
as viewed from the front side, and (B) is a perspective view as
viewed from the back side. The digital camera according to
the present application example includes a light emitting unit
111 for flash, a display unit 112, a menu switch 113, a shutter
button 114, etc., and is fabricated by using the display appa-
ratus according to the present invention as the display unit
112.

[0152] FIG. 11 is a perspective view of a notebook size
personal computer to which the present invention is applied.
The notebook size personal computer according to the
present application example includes a main body 121, a
keyboard 122 operated at the time of inputting characters and
the like, a display unit 123 for displaying images, etc., and is
fabricated by using the display apparatus according to the
present invention as the display unit 123.

[0153] FIG. 12 is a perspective view of a video camera to
which the present invention is applied. The video camera
according to the present application example includes a main
body unit 131, a lens 132 for imaging a subject, which is
provided at a side surface oriented forward, a start/stop switch
133 operated at the time of imaging, a display unit 134, etc.,
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and is fabricated by using the display apparatus according to
the present invention as the display unit 134.

[0154] FIG. 13 illustrates a portable terminal device, for
example, a cell phone to which the present invention is
applied, wherein (A) is a front view of the cell phone in an
opened state, (B) is a side view of the same, (C) is a front view
of the cell phone in a closed state, (D) is a left side view, (E)
is a right side view, (F) is a top plan view, and (G) is a bottom
view. The cell phone according to the present application
example includes an upper-side casing 141, a lower-side cas-
ing 142, a connection part (here, a hinge part) 143, a display
144, a sub-display 145, a picture light 146, a camera 147, etc.,
and is fabricated by using the display apparatus according to
the present invention as the display 144 and/or the sub-dis-
play 145.

EXAMPLES

[0155] Manufacturing procedures for organic electrolumi-
nescence devices according to specific examples and com-
parative examples of the present invention will be described
referring to FIG. 1, and evaluation results of the organic
electroluminescence devices will subsequently be described.

Examples 1to 3

[0156] First, acell for atop emission type organic electrolu-
minescence device was fabricated in which an ITO transpar-
ent electrode of 12.5 nm in thickness as anode 13 was layered
on an Ag alloy layer (reflective layer) of 190 nm in thickness
on a substrate 12 composed of a 30 mmx30 mm glass sheet.
[0157] Next, as a hole injection layer 14a of an organic
layer 14, a film of m-MTDATA represented by the following
structural formula (101) was formed in a thickness of 12 nm
(at a vapor deposition rate of 0.2-0.4 nm/sec) by a vacuum
evaporation method. Here, m-MTDATA stands for 4,4',4"-
tris(phenyl-m-tolylamino)triphenylamine.

[Chemical 14]

Structural Formula (101)

L

sUonole
A, O

MADATA
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[0158] Subsequently, as a hole transport layer 145, a film of
a.-NPD represented by the following structural formula (102)
was formed in a thickness of 12 nm (at a vapor deposition rate
of 0.2 to 0.4 nm/sec). Here, a.-NPD stands for N,N'-bis(1-
naphthyl)-N,N'-diphenyl[1,1'-biphenyl]-4,4'-diamine.

[Chemical 15]

Structural Formula (102)

ata
oy S

a-NPD

[0159] Next, a light emitting layer 14¢ of 30 nm in thick-
ness was formed by vapor deposition on the hole transport
layer 144. In this case, rubrene was used as a host material,
and was doped with dibenzo[f,f'|diindeno[1,2,3-cd:1',2",3'-
Im]perylene derivative represented by the following struc-
tural formula (103) as a red light emitting guest material in a
relative film thickness ratio of 1%.

[Chemical 16]

Structural Formula (103)

Perylene derivative

[0160] On the light emitting layer 14¢ thus formed, a pho-
tosensitizing layer 144 of 25 nm in thickness was formed by
vapor deposition. In this case, 4,4'-bis(carbazol-9-yl)-biphe-
nyl (CBP) represented by the following structural formula
(104) was used as a host material, and was doped with
Ir(ppy); represented by the following structural formula
(105) as a light emitting guest material (phosphorescent
material). The light emitting guest material (phosphorescent
material) was used in doping amounts (relative film thickness
ratios) of 5%, 10%, and 15% in Examples 1 to 3, respectively.
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[Chemical 17]

Structural Formula (104)

o) N
o

CB
Structural Formula (105)

| PN
|

s s

Ir (ppy) 3

[0161] Subsequently, as an electron transport layer 14a,
Alqg3 (8-hydroxyquinoline aluminum) represented by the fol-
lowing structural formula (106) was vapor deposited in a
thickness of 10 nm.

[Chemical 18]

Structural Formula (106)

Alg3

[0162] After the organic layer 14 composed of the hole
injection layer 14a, the hole transport layer 145, the light
emitting layer 14¢, the photosensitizing layer 14d, and the
electron transport layer 14e were sequentially layered in the
above-mentioned manner, a film of LiF was formed in a
thickness of about 0.3 nm (at a vapor deposition rate of 0.01
nm/sec.) as a first layer 15a of a cathode 15 by a vacuum
evaporation method. Finally, a MgAg film of 10 nm in thick-
ness was formed on the first layer 154, as a second layer 1556
of the cathode 15, by a vacuum evaporation method.
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[0163] In this manner, organic -electroluminescence
devices of Examples 1 to 3 were fabricated.

Examples 4 and 5

[0164] Inthe formation ofthe photosensitizing layer 144 in
the manufacturing procedure for the organic electrolumines-
cence devices described in Examples 1 to 3, materials repre-
sented by the structural formulas (107) and (108) were
respectively used as the light emitting guest material (phos-
phorescent material). The doping amount of the light emitting
guest material (phosphorescent material) was 10% in both
Examples 4 and 5. With the other factors set to be the same as
in Examples 1 to 3, organic electroluminescence devices were
fabricated.

[Chemical 19]

Structural Formula (107)

Structural Formula (108)

Examples 6 and 7

[0165] Inthe formation of the photosensitizing layer 14d in
the manufacturing procedure for the organic electrolumines-
cence devices described in Examples 1 to 3, a material rep-
resented by the structural formula (109) was used as the host
material, whereas materials represented by the structural for-
mula (110) and the structural formula (111) were used as the
corresponding light emitting guest material (phosphorescent
material). The doping amount of the light emitting guest
material was 10% in both Examples 6 and 7. With the other
factors set to be the same as in Examples 1 to 3, organic
electroluminescence devices were fabricated.
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[Chemical 20]

Structural Formula (109)

5O

Structural Formula (111)

F
F F
Structural Formula (110)
F | N F
=

N
F F

Ir

COMPARATIVE EXAMPLE 1

[0166] The formation of the photosensitizing layer 144 in
the manufacturing procedure for organic electrolumines-
cence devices described in Examples 1 to 3 was omitted, and,
instead, the electron transport layer composed of Alq3 (8-hy-
droxyquinoline aluminum) was increased in thickness to 45
nm. The other factors were set to be the same as in Examples
1to3.

COMPARATIVE EXAMPLE 2

[0167] Inthe formation of the photosensitizing layer 14d in
the manufacturing procedure for organic electrolumines-
cence devices described in Example 1 to 3, the photosensi-
tizing layer 14d was formed by using the host material alone,
without using the light emitting guest material (phosphores-
cent material) as a dopant. The other factors were set to be the
same as in Examples 1 to 3.

<Evaluation Results>

[0168] For the organic electroluminescence devices fabri-
cated in Examples 1 to 7 and Comparative Examples 1 and 2
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above, a driving voltage (V) at the time of driving ata current
density of 10 mA/cm? as well as current efficiency (cd/A) and
color coordinates (x, y) was measured. The results are set
forth in Table 1 below.
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efficiency (current efficiency) can be contrived while main-
taining the color purity of red.

[0172] In addition, the evaluation results show that it is
possible, by configuring each pixel using the green light emit-

TABLE 1
Light Photosensitizing
emitting layer 14d Driving  Current Color
layer 14¢c Guest voltage efficiency  coordinate
Host Guest Host Guest  ratio N4 [cd/A] x,y)
Example ]  Rubrene SF SF(104) SF(105) 5% 7.9 146 (0.64,0.34)
Example 2 (103) 10% 7.8 139  (0.64,0.34)
Example 3 15% 7.6 13.6  (0.64,0.34)
Example 4 SF107) 10% 7.7 132 (0.64,0.34)
Example 5 SF(108) 10% 7.6 115 (0.64,0.34)
Example 6 SF(109) SF(110) 10% 7.8 127 (0.64,0.34)
Example 7 SF111) 10% 79 13.6  (0.64,0.34)
Comp. Ex. 1 — — — 74 6.5 (0.64,0.33)
Comp. Ex. 2 SF(104) — — 7.8 * (0.66,0.38)

SF: Structural Formula

[0169] As shown in Table 1 above, in each of the organic
electroluminescence devices of Examples 1 to 7 to which the
present invention was applied, a current efficiency as high as
about 2 times for a comparable level of driving voltage was
obtained, as compared with the organic electroluminescence
devices of Comparative Examples 1 and 2 carried out without
application of the present invention. This shows that the
energy generated upon recombination in the photosensitizing
layer 144 formed by doping the host material with the phos-
phorescent material serving as a light emitting guest material
produces a photosensitizing (emission amount increasing)
effect in the light emitting layer 14¢.

[0170] Besides, inthe organic electroluminescence devices
of Examples 1 to 7, notwithstanding the photosensitizing
layer 14d formed by doping the host material with a green or
blue light emitting phosphorescent material as a light emit-
ting guest material was layered on the red light emitting layer
14c, the color coordinate of the emitted light was kept at
(0.64, 0.34), namely, red light emission was observed, with-
out any color mixing influence due to green light emission.
Especially, even in the organic electroluminescence device in
any of Examples 4 to 7 wherein the kind of the light emitting
guest material (phosphorescent material) with which to dope
the photosensitizing layer 144 was changed, the color coor-
dinate of the emitted light was (0.64, 0.34). Based on this, it
was confirmed that according to the configuration of the
present invention, red emitted light generated in the red light
emitting layer 14¢ was taken out, notwithstanding the pres-
ence of the light emitting guest material (phosphorescent
material) in the photosensitizing layer 14d.

[0171] From the evaluation results for Examples and Com-
parative Examples as above-mentioned, the following was
confirmed. According to the configuration of the present
invention wherein materials selected from among known
organic materials were used as the host material and the
dopant material for constituting the red light emitting layer
14c¢ and wherein the photosensitizing layer 144 containing
one of various green or blue light emitting guest materials
(phosphorescent materials) was provided adjacently to the
light emitting layer 14¢, a drastic enhancement of luminous

ting device and the blue light emitting device in one set
together with the organic electroluminescence device, to
achieve full-color display with high color reproduction per-
formance.

DESCRIPTION OF REFERENCE SYMBOLS

[0173] 10...Display apparatus, 11 . . . Organic electrolu-
minescence device, 11R . . . Red light emitting device, 11B .
. . Blue light emitting device (Blue light emitting organic
electroluminescence device), 11G . . . Green light emitting
device (Green light emitting organic electroluminescence
device), 12 ... Substrate, 13 . . . Anode, 14 . . . Organic layer,
14c ... Light emitting layer, 144 . . . Photosensitizing layer, 15
... Cathode

1. An organic electroluminescence device comprising:

an anode;

a light emitting layer containing, together with a red color
emitting guest material, a host material of which a parent
skeleton includes a polycyclic aromatic hydrocarbon
compound of 4 to 7 rings;

a photosensitizing layer which contains a phosphorescent
material including an organic material and which is
stacked adjacently to the light emitting layer; and

a cathode provided in such a state that the light emitting
layer and the photosensitizing layer are sandwiched
between the cathode and the anode.

2. The organic electroluminescence device according to

claim 1,

wherein the phosphorescent material phosphoresces at a
wavelength shorter than the wavelength of the light
emitted from the red light emitting guest material.

3. The organic electroluminescence device according to

claim 1,

wherein the phosphorescent material is selected from
among a iridium complex, a platinum complex, a rhe-
nium complex, an osmium complex, a ruthenium com-
plex, and a gold complex.
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4. The organic electroluminescence device according to
claim 1,
wherein the photosensitizing layer is provided between the
light emitting layer and the cathode, adjacently to the
light emitting layer.
5. The organic electroluminescence device according to
claim 1,
wherein the photosensitizing layer contains the phospho-
rescent material as the light emitting guest material, and
an organic material including a derivative of an aromatic
hydrocarbon having 6 to 60 carbon atoms or a connected
body thereof as the host material.
6. The organic electroluminescence device according to
claim 1,
wherein the parent skeleton of the polycyclic aromatic
hydrocarbon compound constituting the host material in
the light emitting layer is selected from among pyrene,
benzopyrene, chrysene, naphthacene, benzonaph-
thacene, dibenzonaphthacene, perylene, and coronene.
7. The organic electroluminescence device according to
claim 1,
wherein as the host material in the light emitting layer, use
is made of a compound represented by the following
general formula (1):

[Chemical 1]

General Formula (1)

R? R3
RS RS
R6 OOOO R7
R! R?

where R! to R® are each independently hydrogen, a halogen,
a hydroxyl group, a substituted or unsubstituted carbonyl
group of up to 20 carbon atoms, a substituted or unsubstituted
carbonyl ester group of up to 20 carbon atoms, a substituted or
unsubstituted alkyl group of up to 20 carbon atoms, a substi-
tuted or unsubstituted alkenyl group of up to 20 carbon atoms,
a substituted or unsubstituted alkoxyl group of up to 20 car-
bon atoms, a cyano group, a nitro group, a substituted or
unsubstituted silyl group of up to 30 carbon atoms, a substi-
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tuted or unsubstituted aryl group of up to 30 carbon atoms, a
substituted or unsubstituted heterocyclic group of up to 30
carbon atoms, or a substituted or unsubstituted amino group
of up to 30 carbon atoms.

8. The organic electroluminescence device according to

claim 1,

wherein the red emitted light generated in the light emitting
layer undergoes multiple beam interference at an inter-
layer position between the anode and the cathode, before
being emitted from the side of one of the anode and the
cathode.

9. A display apparatus comprising:

an anode;

a light emitting layer containing, together with a red light
emitting guest material, a host material of which a parent
skeleton includes a polycyclic aromatic hydrocarbon
compound of 4 to 7 rings;

a photosensitizing layer which contains a phosphorescent
material including an organic material and which is
stacked adjacently to the light emitting layer;

a cathode provided in such a state that the light emitting
layer and the photosensitizing layer are sandwiched
between the cathode and the anode; and

a substrate on which organic electroluminescence devices
are arranged, the organic electroluminescence devices
each having the light emitting layer and the photosensi-
tizing layer both sandwiched between the cathode and
the anode.

10. The display apparatus according to claim 9,

wherein the organic electroluminescence devices are pro-
vided in some of a plurality of pixels as red light emitting
devices.

11. The display apparatus according to claim 10,

wherein the photosensitizing layer in the organic electrolu-
minescence device provided as the red light emitting
device is provided as a light emitting layer in those
organic electroluminescence devices other than the red
light emitting device which are provided on the sub-
strate, in the shape of a continuous pattern ranging over
a plurality of pixels.

12. The display apparatus according to claim 10,

wherein blue light emitting organic electroluminescence
devices and green light emitting organic electrolumines-
cence devices are provided on the substrate, together
with the red light emitting devices.

sk sk sk sk sk
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