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(57) ABSTRACT

Disclosed herein is an organic EL display device, including:
alower electrode provided every first organic EL element for
ablue color and every second organic EL element for another
color on a substrate; a hole injection/transport layer provided
every first and second organic EL elements; a second organic
light emitting layer for another color provided on said hole
injection/transport layer for said second organic EL element;
a connection layer made of a low-molecular material and
provided over an entire surface of said hole injection/trans-
port layer for said second organic light emitting layer and said
firstorganic EL element; a firstorganic light emitting layer for
ablue color provided over an entire surface of said connection
layer; and an electron injection/transport layer and an upper
electrode provided over an entire surface of said organic light
emitting layer in order.
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ORGANIC EL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 13/399,132 filed Feb. 17, 2012, the entire
contents of which are hereby incorporated by reference. The
present application claims the benefit of Japanese Patent
Application No. 2011-048353 filed on Mar. 4, 2011, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

[0002] The present disclosure relates to an organic Electro
Luminescence (EL) display device which emits a light by
utilizing an organic EL phenomenon, and a method of manu-
facturing the same.

[0003] A display element having an advanced performance
has been required with accelerating development of an infor-
mation and communication industry. In particular, an organic
EL element which attracts attention as a next-generation dis-
play device has an advantage that not only a view angle is
wide in terms of a spontaneous luminescence type display
device and contrast is excellent, but also a response time is
fast.

[0004] Materials used in a light emitting layer and the like
composing the organic EL element are classified into a low-
molecular material and a high-molecular material. In general,
it is known that the low-molecular material shows a high
luminous efficiency and a long life rather than the high-
molecular material. In particular, the performance of blue
light emission is perceived to be high in the low-molecular
material.

[0005] In addition, in the case of the low-molecular mate-
rial, an organic film of the same is generally deposited by
utilizing a dry method (evaporation method) such as a
vacuum evaporation method. On the other hand, in the case of
the high-molecular material, an organic film made of the
same is deposited by utilizing either a wet method (applica-
tion method) such as a spin coating method, an ink-jet method
or a nozzle coating method, or a printing method such as a
flexo printing method or an offset printing.

[0006] The vacuum evaporation method has an advantage
that it is unnecessary to dissolve a formation material for an
organic thin film into a solvent, and a process for removing
the solvent after completion of the deposition is unnecessary.
However, the vacuum evaporation has a disadvantage that
since it is difficult to carry out the deposition appropriately
using a metal mask, and especially, equipment and manufac-
turing cost in manufacturing of a large panel is high, the
application of the vacuum evaporation to a large screen sub-
strate is difficult and the vacuum evaporation has trouble with
mass production as well. Then, the application method with
which the large area promotion of the display screen is selec-
tively easy attracts attention.

[0007] In recent years, a method of depositing a soluble
low-molecular material by utilizing the wet method has been
searched for. Also, in this case, materials used in the light-
emitting layer which show the high luminous efficiency and
life characteristics in red and green light emitting layers have
been reported. This technique, for example, is described in a
non-patent literary document of IMID/IDMC/ASIA DIS-
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PLAY 2010 DIGEST 159. However, in the blue light emitting
layer deposited by utilizing the wet method, the emission
luminance and the life characteristics have been poor irre-
spective of the low-molecular material and the high-molecu-
lar material. In particular, the patterning by the wet method
has been perceived to be difficult.

[0008] 1In order to cope with this situation, there is devel-
oped a display device in which layers in and after a blue light
emitting layer are formed on upper portions of a red light
emitting layer and a green light emitting layer obtained
through patterning made by either utilizing the application
method described above or a transferring method using light
radiation such as laser by utilizing a vacuum evaporation
method. The adopting of such a structure results in that it is
unnecessary to carry out the patterning for the blue light
emitting layer, and thus the possibility for scaling-up
becomes high.

[0009] On the other hand, an additional improvement point
in the organic EL element includes a luminous efficiency.
Recently, an organic EL element using a phosphorescence
material as a luminescence material has been reported. The
phosphorescence material has an internal quantum efficiency
of 75% or more, theoretically, a value near 100%. Thus, it is
expected that the use of the phosphorescence material results
in obtaining of the organic EL element having a high effi-
ciently and low power consumption. For example, Japanese
Patent Laid-Open No. 2006-140434 discloses a display
device in which a blue light emitting layer is formed as a
common layer on an upper portion of a light emitting layer
including a phosphorescence luminescent material and pro-
vided every element.

SUMMARY

[0010] However, the organic EL element disclosed in Japa-
nese Patent Laid-Open No. 2006-140434 described above
involves a problem that the luminous efficiency of the light
emitting layer including the phosphorescence luminescent
material is actually reduced, and moreover, the chromaticity
is changed due to the current density dependency.

[0011] The present disclosure has been made in order to
solve the problems described above, and it is therefore desir-
able to provide an organic EL display device which is capable
of enhancing a luminous efficiency without changing a chro-
maticity, and a method of manufacturing the same.

[0012] Inorder to attain the desire described above, accord-
ing to an embodiment of the present disclosure, there is pro-
vided an organic EL display device including: a lower elec-
trode provided every first organic EL element for a blue color
and every second organic EL element for another color on a
substrate; a hole injection/transport layer provided every first
organic EL element and second organic EL element on the
lower electrode, and having at least one of properties of hole
injection and hole transport; a second organic light emitting
layer for another color provided on the hole injection/trans-
port layer for said second organic EL element; a connection
layer made of a low-molecular material and provided over an
entire surface of said hole injection/transport layer for the
second organic light emitting layer and said first organic EL
element; a first organic light emitting layer for a blue color
provided over an entire surface of said connection layer; and
an electron injection/transport layer having at least one of the
properties of electron injection and the electron transport and
an upper electrode provided over an entire surface of the first
organic light emitting layer in order.
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[0013] In the organic EL display device according to the
embodiment of the present disclosure, the providing of the
connection layer made of the low-molecular material
between the first organic light emitting layer for the blue color
and the second organic light emitting layer for another color
results in that the energy in each of the organic light emitting
layers is held.

[0014] According to another embodiment of the present
disclosure, there is provided a method of manufacturing an
organic EL display device including: providing a lower elec-
trode every first organic EL element for a blue colorand every
second organic EL element for another color on a substrate;
forming a hole injection/transport layer having at least one of
properties of hole injection and hole transport every first
organic EL element and second organic EL element on the
lower electrode by utilizing an application method; forming a
second organic light emitting layer for another color on the
hole injection/transport layer for the second organic EL ele-
ment by utilizing an application method; forming a connec-
tion layer made of a low-molecular material over an entire
surface of the hole injection/transport layer for the second
organic light emitting layer and the first organic EL element
by utilizing an evaporation method; forming a first organic
light emitting layer for a blue color over an entire surface of
the connection layer by utilizing an evaporation method; and
forming an electron injection/transport layer having at least
one of properties of electron injection and electron transport,
and an upper electrode in order over an entire surface of the
first organic light emitting layer of the blue color.

[0015] As set forth hereinabove, according to the present
disclosure, since the connection layer made of the low-mo-
lecular material is provided between the first organic light
emitting layer for the blue color and the second organic light
emitting layer for another color, the energy in each of the
organic light emitting layers is held. As a result, the luminous
efficiency is enhanced, and the change in the chromaticity due
to the current density dependency is suppressed, thereby
enhancing the color purity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1isablockdiagram showing a configuration of
an organic EL display device according to a first embodiment
of the present disclosure;

[0017] FIG. 2 is a circuit diagram showing a configuration
of a part of a pixel drive circuit shown in FIG. 1;

[0018] FIG. 3 is a cross sectional view showing a structure
of a display area shown in FIG. 1;

[0019] FIG. 4 is a graphical representation showing a rela-
tionship in triplet energy gap among layers of the present
disclosure;

[0020] FIG. 5isaflow chart explaining a method of manu-
facturing the organic EL display device shown in FIG. 1;
[0021] FIGS. 6A to 6] are respectively cross sectional
views showing the manufacturing method shown in FIG. 5 in
the order of processes;

[0022] FIG. 7 is a cross sectional view showing a structure
of an organic EL display device according to a change of the
first embodiment of the present disclosure;

[0023] FIG. 8 is a cross sectional view showing a structure
of an organic EL display device according to a second
embodiment of the present disclosure;

[0024] FIG. 9 is a cross sectional view showing a structure
of an organic EL display device according to a third embodi-
ment of the present disclosure;

[0025] FIG.101satop plan view showing amodule-shaped
display device in the form of which the organic EL display
device shown in FIG. 1 is incorporated in various electronic
apparatuses;
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[0026] FIG. 11 is a perspective view of a television set as a
first example of application to which the organic EL display
device shown in FIG. 1 is applied,

[0027] FIGS. 12A and 12B are respectively a perspective
view of a digital camera as a second example of application to
which the organic EL display device shown in FIG. 1 is
applied, F1G. 12A being a front side view and FIG. 12B being
a back side view thereof;

[0028] FIG. 13 is a perspective view showing a notebook-
size personal computer as a third example of application to
which the organic EL display device shown in FIG. 1 is
applied,;

[0029] FIG. 14 is a perspective view showing a video cam-
era as a fourth example of application to which the organic EL
display device shown in FIG. 1 is applied; and

[0030] FIGS.15A to 15G are respectively a front view of a
mobile phone as a fifth example of application, in an open
state, to which the organic EL display device shown in FIG. 1
is applied, a side elevational view thereof in the open state, a
front view thereof'in a close state, a left side elevational view
thereof in the close state, a right side elevational view thereof
in the close state, atop plan view thereofin the close state, and
a bottom view thereof in the close state.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] Embodiments of the present disclosure will be
described in detail hereinafter with reference to the accom-
panying drawings.

[0032] Itisnoted that the description will be given below in
accordance with the following order:

[0033] 1. First Embodiment;

[0034] (an organic EL display device including a second
light emitting layer made of a phosphorescence luminescent
low-molecular material and formed by utilizing a printing

method)

[0035] Entire Structure

[0036] Manufacturing Method

[0037] 2. Change of First Embodiment;

[0038] (an organic EL display device including a second

light emitting layer formed by utilizing a method other than
the printing method)

[0039] 3. Second Embodiment;

[0040] (an organic EL display device including a second
light emitting layer made of phosphorescence Iuminescent
low-molecular material and high-molecular material)

[0041] 4. Third Embodiment; and

[0042] (an organic EL display device including a second
light emitting layer made of a phosphorescence luminescent
low-molecular material)

[0043] 5. Examples of Application.
1. First Embodiment
[0044] FIG. 1is ablock diagram showing a configuration of

an organic EL display device 1 according to a first embodi-
ment of the present disclosure. The organic EL display device
1 is used in an organic EL television set or the like. For
example, in the organic EL display device 1, plural red
organic EL elements 10R, plural green organic EL elements
10G, and plural blue organic EL elements 10B which will be
all described later are disposed in a matrix in a display area
110 on a substrate 11. A signal line drive circuit 120 and a
scanning line drive circuit 130 as drivers forimage display are
provided in the circumference of the display area 110.

[0045] A pixel drive circuit 140 is provided within the
display area 110. FIG. 2 is a circuit diagram showing a con-
figuration of a part of the pixel drive circuit 140. The pixel
drive circuit 140 is an active type drive circuit formed in a
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lower layer of a lower electrode 14 which will be described
later. That is to say, the pixel drive circuit 140 includes a drive
transistor Trl and a write transistor Tr2, a capacitor (hold
capacitor) Cs disposed between the drive transistor Tr1 and
the write transistor Tr2, and a red organic EL element 10R (or
a green organic EL element 10G, or a blue organic EL ele-
ment 10B) which is connected in series with the drive tran-
sistor Tr1 between the first power source line (Vcc) and a
second power source line (GND). Each of the drive transistor
Tr1 and the write transistor Tr2 is composed of a general Thin
Film Transistor (TFT). A structure of each of the drive tran-
sistor Trl and the write transistor Tr2, forexample, either may
be an inversely-staggered structure (a so-called bottom-gate
type) or may be staggered structure (top-gate type), and thus
is especially by no means limited.

[0046] In the pixel drive circuit 140, plural signal lines
120A are disposed in a column direction, and plural scanning
lines 130A are disposed in a row direction. An intersection
point between each signal line 120A and each scanning line
130A corresponds to any one (sub-pixel) of the red EL ele-
ments 10R, the green EL elements 10G, and the blue elec-
troluminescence elements 10B. The signal lines 120A are
connected to the signal line drive circuit 120. Thus, image
signals are supplied from the signal line drive circuit 120 to
source electrodes of the write transistors Tr2 through the
signal lines 120A, respectively. The scanning lines 130A are
connected to the scanning line drive circuit 130. Thus, scan-
ning signals are successively supplied from the scanning line
drive circuit 130 to gate electrodes of the write transistors Tr2
through the scanning lines 130A, respectively.

[0047] In addition, the red organic EL elements 10R each
generating a red color light, the green organic EL elements
10G each generating a green color light, and a blue organic
EL elements 10B each generating the blue color light are
disposed in order in a matrix as a whole in the display area
110. It is noted that a combination of the red organic EL
element 10R, the green organic EL element 10G, and the blue
organic EL element 10B adjacent to one another composes
one pixel.

[0048] FIG. 3 shows a cross-sectional structure of a part of
the display area 110 shown in FIG. 1. Each of the red organic
EL element 10R, the green organic EL element 10G, and the
blue organic EL element 10B has a structure in which a lower
electrode 14 serving as an anode, a partition wall 15, an
organic layer 16 including a light emitting layer 16C (a red
light emitting layer 16CR, a green light emitting layer 16CG,
and a blue light emitting layer 16CB) which will be described
later, and an upper electrode 17 serving as a cathode are
laminated in this order from the substrate 11 side through the
drive transistor Trl, and a planarizing insulating film (not
shown) of the pixel drive circuit 140 described above.
[0049] Thered organic EL elements 10R, the green organic
EL elements 10G, and the blue organic EL element 10B are
all covered with a protective layer 30, and are all sealed by
sticking a sealing substrate 40 made of a glass or the like over
the entire surface of the protective layer 30 through an adhe-
sive layer (not shown) made of a thermosetting resin, an
ultraviolet curable resin or the like.

[0050] The substrate 11 is a supporting body in which the
red organic EL elements 10R, the green organic EL elements
10G, and the blue organic EL elements 10B are arranged and
formed on one principal surface side thereof, and may be a
known substrate. For example, quartz, a glass, a metallic foil,
a film or sheet made of a resin, or the like is used as the
substrate 11. In particular, the quartz or the glass is preferable.
In the case where the substrate 11 is made of the resin, the
material thereof includes a methacrylic resin class typified by
polymethyl methacrylate (PMMA), a polyester class such as
polyethylene terephthalate (PET), polyethylene naphthalate
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(PEN) or polybutylene naphthalate (PBN), a polycarbonate
resin or the like. However, it is necessary to make alamination
structure or a surface treatment for suppressing water perme-
ability and gas permeability.

[0051] Thelowerelectrode 14 is provided every red organic
EL element 10R, green organic EL element 10G, and blue
organic EL. element 10B on the substrate 11. A thickness ina
lamination direction (hereinafter simply referred to as “a
thickness”) of the lower electrode 14, forexample, is 10 nm to
1,000 nm. A material of the lower electrode 14 includes a
simple substance of a metallic element such as chromium
(Cr), gold (Au), platinum (Pt), nickel (Ni), copper (Cu), tung-
sten (W) or silver (Ag) or an alloy thereof. In addition, the
lower electrode 14 may have a lamination structure including
a metallic film made of a simple substance any of these
metallic elements or an alloy thereof, and a transparent con-
ductive film made of an indium tin oxide (ITO), an indium
zine oxide (InZnO), an alloy of a zinc oxide (ZnO) and
aluminum (Al) or the like. It is noted that when the lower
electrode 14 is used as an anode, the lower electrode 14 is
preferably made of a material having a high hole injection
property. However, even in a material in which presence of an
oxide thin film on a surface, and a hole injection barrier due to
a small work function become a problem as with the alumi-
num (Al) alloy, the suitable hole injection layer 16A is pro-
vided, thereby being able to be used as the lower electrode 14.
[0052] The partition wall 15 is provided in order to ensure
the insulating property between the lower electrode 14 and
the upper electrode 17, and to make the light emission area
into a desired shape. In addition, the partition wall 15 has a
function as a partition wall as well when the application is
carried out by utilizing an ink-jet method, a nozzle coating
method or the like in a manufacturing process which will be
described later. The partition wall 15, for example, has an
upper partition wall 15B made of a photosensitive resin such
as positive photosensitive polybenzoxazole or positive pho-
tosensitive polyimide on a lower partition wall 15A made of
an inorganic insulating material such as SiO,. An opening is
provided in the partition wall 15 so as to correspond to the
light emission area. It is noted that although the organic layer
16 and the upper electrode 17 may be formed not only over the
opening, but also on the partition wall 15, the light emission
is generated only in the opening of the partition wall 15.
[0053] The organic layer 16 of the red organic EL element
10R, for example, has a structure in which a hole injection
layer 16AR, a hole transport layer 16BR, a red light emitting
layer 16CR, a connection layer 16D, a blue light emitting
layer 16CB, an electron transport layer 16E, and an electron
injection layer 16F are laminated in this order from the lower
electrode 14 side. The organic layer 16 of the green organic
EL element 10G, for example, has a structure in which a hole
injection layer 16AG, a hole transport layer 16BG, a green
light emitting layer 16CG, the connection layer 16D, the blue
light emitting layer 16CB, the electron transport layer 16E,
and the electron injection layer 16F are laminated in this order
from the lower electrode 14 side. The organic layer 16 of the
blue organic EL element 10B, for example, has a structure in
which a hole injection layer 16AB, a hole transport layer
16BB, the connection layer 16D, the blue light emitting layer
16CB; the electron transport layer 16E, and the electron injec-
tion layer 16F are laminated in this order from the lower
electrode 14 side. Ofthem, the connection layer 16D, the blue
light emitting layer 16CB, the electron transport layer 16E,
and the electroninjection layer 16F are provided as a common
layer of the red organic EL element 10R, the green organic EL
element 10G, and the blue organic EL element 10B.

[0054] The hole injection layers 16AR, 16AG, and 16AB
are buffer layers for increasing the efficiencies of the injection
of the holes into the light emitting layers 16CR, 16CG, and
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16CB, and preventing the leakage. Also, the hole injection
layers 16AR, 16AG, and 16AB are provided every red
organic EL element 10R, green organic FL element 10G, and
blue organic EL element 10B on the lower electrode 14.

[0055] A thickness of each of the hole injection layers
10AR, 10AG, and 16AB, for example, is preferably in the
range of 5 to 100 nm, and more preferably in the range of 8 to
50 nm. Materials composing the hole injection layers 16 AR,
16AG, and 16AB may be suitably selected in relation to the
materials of the electrodes and the adjacent layers. Thus, the
materials composing the hole injection layers 16AR, 16AG,
and 16AB include polyaniline, polythiophene, polypyrrole,
polyphenylenevinylene, polythienylenevinylene, polyquino-
line, polyquinoxaline, a derivative thereof, a conductive high-
molecular material such as a polymer containing therein an
aromatic amine structure in a main chain ora side chain, metal
phthalocyanine (such as copper phthalocyanine), carbon, and
the like.

[0056] When the material used in each of the hole injection
layers 16 AR, 16 AG, and 16AB is a high-molecular material,
all it takes is that a weight-average molecular weight (Mw) of
the high-molecular material is in the range of 5,000 to 300,
000, and especially, preferably in the range of about 10,000 to
about 200,000. In addition, although about 2,000 to about
10,000 oligomers may be used, when Mw is smaller than
5,000, there is the possibility that the hole injection layer is
dissolved when the layers in and after the hole transport layer
are formed. In addition, when Mw exceeds 300,000, there is
the possibility that the material is gelatinized, and the film
deposition becomes difficult.

[0057] A typical conductive high-molecular material used
as the material composing each of the hole injection layers
16AR, 16AG, and 16AB, for example, includes polydiox-
ythiophene such as polyaniline, oligoaniline, and poly(3,4-
ethylenedioxythiophene) (PEDOT). In addition thereto, the
typical conductive high-molecular material includes a poly-
mer offered commercially as Nafion (registered trademark)
manufactured by H.C. Stark Ltd., or a polymer offered com-
mercially in the form of a dissolution form as Liquion (reg-
istered trademark), and ELsource (registered trademark)
manufactured by NISSAN CHEMICAL INDUSTRIES,
LTD., Berazol (registered trademark) as a conductive poly-
mer manufactured by Soken Chemical & Engineering Co.,
Ltd., and the like.

[0058] Thehole transport layers 16BR, 16BG, and 16BB of
the red organic EL element 10R, the green organic EL ele-
ment 10G, and the blue organic EL element 10B are provided
in order to increase the efficiencies of the transport of the
holes to the red light emitting layer 16CR, the green light
emitting layer 16CG, and the blue light emitting layer 16CB,
respectively. The hole transport layers 16BR, 16BG, and
16BB are provided every red organic EL element 10R, green
organic EL element 10G, and blue organic EL element 10B
on the hole injection layers 16AR, 16AG, and 16AB.

[0059] Although depending on the entire structure of the
element, a thickness of each of the hole transport layers
16BR, 16BG, and 16BB, for example, is preferably in the
range of 10 to 200 nm, and more preferably in the range of 15
to 150 nm. A light emitting material which can be dissolved
into an organic solvent, for example, polyvinylcarbazole,
polyfluorene, polyaniline, polysilane or a derivative thereof, a
polysiloxane derivative having aromatic amine in a side chain
or a main chain, polythiophene, and a derivative thereof,
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polypyrrole, and the like can be used as the high-molecular
materials composing the hole transport layers 16BR, 16BG,
and 16BB.

[0060] More preferably, a high-molecular material can be
given which is excellent in adhesiveness to the hole injection
layers 16 AR, 16AG, and 16AB, and the light emitting layers
16CR, 16CG, and 16CB of R, G, and B which the hole
transport layers 16BR, 16BG, and 16BB contact on a lower
side and an upper side, respectively, which has the property of
being able to be dissolved into the organic solvent, and which
is expressed by the general formula (1):

/lxz
Al—N—A3F—£ Ad 3y

[0061] inwhich Al to A4 are groups in each of which 1 to
10 aromatic hydrocarbon groups or 1 to 10 derivative thereof
are coupled independently of one another, or 1 to 15 hetero-
cyclic groups or 1 to 15 derivatives thereof are coupled to one
another, m and n are each an integral number of 0 to 10,000,
and (n+m) is an integral number of 10 to 20,000.

[0062] Inaddition, the order ofarrangement of an npart and
an m part is arbitrary and, for example, may be any of a
random polymer, an alternate copolymer, a cyclic copolymer,
and a block copolymer. Moreover, each of n and m is prefer-
ably an integral number of 5 to 5,000, and more preferably an
integral number of 10 to 3,000. Also, (n+m) is preferably an
integral number of 10 to 10,000, and more preferably an
integral number of 20 to 6,000.

[0063] In addition, an concrete example of the aromatic
hydrocarbon group represented by Al to A4 in the compound
expressed by the general formula (1), for example, includes
benzene, fluorene, naphthalene, anthracene or a derivative
thereof, or a phenylenevinylene derivative, a styryl derivative,
and the like. Also, a concrete example of the heterocyclic
group, for example, includes thiophene, pyridine, pyrrol, car-
bazole or a derivative thereof.

[0064] In addition, when Al to A4 in the compound
expressed by the general formula (1) have a substituent, the
substituent, for example, is a normal-chain or branched alkyl
group or alkenyl group having a carbon number of 1 to 12.
Specifically, the substituent is preferably a methyl group, an
ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group, a hexyl group, a heptyl group, an octyl
group, a nonyl group, a decyl group, an undecyl group, a
dodecyl group, a vinyl group, an allyl group or the like.

[0065] Although as a concrete example of the compound
shown in the general formula (1), for example, compounds
expressed by the following structural formulas (1-1) to (1-3):
poly[(9,9-dioctyl fluorenyl-2,7-diyl)-co-(4,4'-(N-(4-sec-bu-
tyl phenyl))diphenylamine)] (TFB, the structural formula
(1-1));  poly[(9,9-dioctyl fluoreny-2,7-diyl)-alt-co-(N,N'-
bis{4-butylphenyl}-benzidine ~ N,N'-{1,4-diphenylene})]
(the structural formula (1-2)); and poly[(9,9-dioctyl fluore-
nyl-2,7-diy])] (PFO, the structural formula (1-3)) are prefer-
able, the present disclosure is by no means limited thereto.

@
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[0066] Itisnoted thatinthe first embodiment, up to the hole
injection layers 16AR, 16AG, and 16AB, the hole transport
layers 16BR, 16BG, and 16BB, and the red light emitting
layer 16CR, and the green light emitting layer 16CG are
formed by utilizing the application method. For this reason,
compounds which are cross-linked and insolubilized into the
solvent through the heat treatment or the like after completion
of the formation of the layers described above need to be used
as the hole injection layers 16 AR, 16AG, and 16AB, and the
hole transport layers 16BR, 16BG, and 16BB.

[0067] In each of the red light emitting layer 16CR and the
green light emitting layer 16CG, the electron and the hole are
recombined with each other by application of the electric
field, thereby emitting the light. Although depending on the
entire structure of the element, preferably, a thickness of each
of the red light emitting layer 16CR and the green light
emitting layer 16CG, for example, is in the range of 10 to 200
nm, and more preferably in the range of 15 to 150 nm. The red
light emitting layer 16CR and the green light emitting layer
16CG are made of low-molecular materials which emit phos-
phorescences, respectively. The fluorescence material which
has been used in the past directly returns from an excited state,
that is, a singlet state to a ground state, thereby emitting a
light. Since the singlet state is unstable because of a high
energy thereof, a life is short. On the other hand, the phos-
phorescence luminescent material returns from the singlet
state to the ground state through a slightly stable intermediate
state, that is, a triplet state. Since the triplet state is a state to
which the state transits from the singlet state, a life of the
phosphorescence is longer than that of the fluorescence.

[0068] It is noted that here, the low-molecular material
means one which is other than a compound composed of
molecules of a polymer or a condensed body having a high

molecular weight, and generated by repeating the same reac-
tion or a similar reaction in a chain reaction by a low-molecu-
lar compound, and also means one whose molecular weight is
substantially single. In addition, a new chemical coupling
between molecules due to heating is not generated in the
low-molecular material described above and thus the low-
molecular material described above exists in the form of a
mono-molecule. A weight-average molecular weight (Mw)
of such a low-molecular material is preferably equal to or
smaller than 10,000.

[0069] Specifically, a material composing each of the red
light emitting layer 16CR and the green light emitting layer
16CG includes phosphorescence host materials expressed by
the general formulas (2) and (3) below and each containing
therein a phosphorescence dopant:

&)
AS

/
Z1—L1—N
A6

[0070] inwhich Z is either a nitrogen-containing hydrocar-
bon group or a derivative thereof, L1 is a group into which 1
to 4 bivalent aromatic cyclic groups are coupled, specifically,
a group into which 1 to 4 bivalent aromatic rings are linked or
aderivative thereof, and A5 and A6 are aromatic hydrocarbon
groups or aromatic heterocyclic ring groups, or derivatives
thereof, but A5 and A6 may be coupled to each other to form
a ring structure, and
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[0071] in which R1 to R3 are independently hydrogen
atoms, aromatic hydrocarbon groups into each of which 1 to
3 aromatic rings are condensed or derivatives thereof, aro-
matic hydrocarbon groups into each of which 1 to 3 aromatic

oy

W
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rings each having a hydrocarbon group having a carbon num-
ber of 1 to 6 are condensed or derivatives thereof, or aromatic
hydrocarbon groups into each of which 1 to 3 aromatic rings
each having an aromatic hydrocarbon group having a carbon
number of 6 to 12 or derivatives thereof.

[0072] A concrete example of the compound expressed by
the general formula (2) includes compounds expressed by the
following structural formulas (2-1) to (2-96). It is noted that
although the compounds having a carbazole group and an
indole group, for example, are given as the nitrogen-contain-
ing hydrocarbon groups coupled to L1 here, the present dis-
closure is by no means limited thereto. For example, an imi-
dazole group may be used.
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[0073] A concrete example of the compound expressed by -continued
the general formula (3) includes compounds expressed by the 3-3)
following structural formulas (3-1) to (3-11), and the like: / \ '

(3-1)

o 50 Q N
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(3-9)

3-6)

(3-7)

(3-11)

3-8)

[0074] A dopant with which the phosphorescence host
material is doped includes a phosphorescence metallic com-
plex compound, specifically, an ortho metalated complex or a
porphyrin metallic complex. Metals selected from 7 to 11
groups in a periodic table, for example, ruthenium (Ru),
rhodium (Rh), palladium (Pd), silver (Ag), rhenium (Re),
osmium (Os), iridium (Ir), platinum (Pt), and gold (Au) are
preferably used as central metals. It is noted that one to two or
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more kinds of dopants described above may be used. In addi-
tion, dopants which are different in central metal from one
another may be combined with one another.

[0075] Although the ortho metalated complex, for
example, includes compounds expressed by the structural
formulas (4-1) to (4-12), respectively, the present disclosure
is by no means limited thereto.

4-1)

4-3)

(4-4)

-continued
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(4-9) 5-1)
Et Et
Et Et
Et Et
Et Et
5-2)
Et Me
(4-10)
Me Et
Et Me
Me Et
5-3)
(4-11) Et Bt
(4-12)
5-4

[0076] Although the porphyrin metallic complex, for
example, includes compounds expressed by the structural

formulas (5-1) to (5-7), respectively, the present disclosure is

by no means limited thereto.
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[0077] The connection layer 16D is provided in order to
confine the triplet excitons formed within both of the red light
emitting layer 16CR and green light emitting layer 16CG
described above in both of the red light emitting layer 16CR
and the green light emitting layer 16CG, and to increase the
efficiency of injection of the holes into the blue light emitting
layer 16CB. The connection layer 16D is provided as the
common layer over the entire surfaces of the red light emit-
ting layer 16CR, the green light emitting layer 16CG, and the
hole transport layer 16BB for the blue organic EL element

28
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10B. Although depending on the entire structure of the ele-
ment, a thickness of the common hole transport layer 16D, for
example, is preferably in the range of 1 to 30 nm, and more
preferably in the range of 1 to 15 nm.

[0078] The following conditions are given for the material
composing the common layer 16D. Firstly, an excited triplet
energy of the material composing the connection layer 16D is
sufficiently higher than that of each of the red light emitting
layer 16CR and the green light emitting layer 16CG. Specifi-
cally, as shown in FIG. 4, the triplet excited state (T1H) of the
connection layer 16D is preferably 0.1 eV or more higher than
the triplet excited state of the red light emitting layer 16CR
and the triplet exited state (T1E) of the green light emitting
layer 16CG (only the green light emitting layer 16CG is
shown in FIG. 4). As a result, the triplet excitations generated
in both of the red light emitting layer 16CR and the green light
emitting layer 16CG are prevented from diffusing into the
blue light emitting layer 16CB, so that the phosphorescence
emission is obtained at a high efficiency. It is noted that each
of the red light emitting layer 16CR and the green light
emitting layer 16CG is made of a mixture of a host material
(host matrix) and a guest material (phosphorescence emitter).
The triplet excited state of each of the red light emitting layer
16CR and the green light emitting layer 16CG stated here
means a triplet excited state of the material having a light
emitting section of the materials described above. Secondly,
the connection layer 16D has a high hole transport perfor-
mance in order to increase the efficiency ofthe injection of the
holes into the blue light emitting layer 16CB, and prevents a
large hole injection barrier from being generated between the
hole transport layer 16BB for the blue organic EL element
10B, and the connection layer 16D. Specifically, an energy
difference between the ground state (SOH) of the connection
layer 16D and the ground state (SOI) of the hole transport
layer 16BB is set to 0.4 eV or less, thereby making it possible
to maintain the efficiency of the injection of the holes into the
blue light emitting layer 16CB.

[0079] In addition, a low-molecular material, especially, a
monomer is preferably used as a material for the connection
layer 16D because the connection layer 16D is formed by
utilizing an evaporation method. The reason for this is
because it is feared that the polymerized molecules like either
an oligomer or a high-molecular material are resolved during
the evaporation. Itis noted that the low-molecular material of
the connection layer 16D may also be formed by mixing two
or more kinds of materials which are different in molecular
weight from one another with one another, or laminating the
two or more kinds of materials which are different in molecu-
lar from one another weight one upon another.

[0080] The low-molecular material used in the connection
layer 16D, for example, includes the phosphorescent host
materials expressed by the structural formulas (2-1) to (2-96),
and the structural formulas (3-1) to (3-11). In addition, it is
also possible to use any of the phosphorescence host materials
other than the phosphorescence host materials described
above. However, although in general, many phosphorescence
host materials are high in energy level (T1 level), it is prefer-
able to exclude any of the materials each having the high
electron transport property. However, even in the case of the
material having the high electron transport performance, such
a material can be used by being mixed with the material
having the high hole transport property, or by laminating
suitable layers one upon another.

[0081] In addition thereto, benzine, styrylamine, tripheny-
lamine, porphyrin, triphenylene, azatriphenylene, tetracy-
anoquinodimethane, triazole, imidazole, oxadiazole, pol-
varylalkane, phenylenediamine, arylamine, oxazole,
anthracene, fluorenone, hydrazone, stilbene or a derivative
thereof, or a heterocyclic conjugate system monomer or oli-
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gomer such as a vinylcarbazole system compound, a
thiophene system compound or an aniline system compound,
for example, can be used as the low-molecular material other
than the phosphorescence host material used in the connec-
tion layer 16D.

[0082] In addition, although a concrete material includes
porphyrin, metal tetraphenylporphyrin, metal naphthalocya-
nine, N.N,N',N'-tetrakis(p-tolyl)p-phenylenediamine, N,N,
N'N'-tetraphenyl-4,4'-diaminobiphenyl, N-phenylcarbazole,
4-di-p-tolylaminostilben, and the like, the present disclosure
is by no means limited thereto.

[0083] More preferably, low-molecular materials
expressed by the following general formulas (6) and (7) are
given:

(6)
A7

7 —

AS/ \AQ

(6-1)

00

(6-3)

(€-5)
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[0084] inwhichA7to A9 arearomatic hydrocarbon groups,
heterocyclic groups or derivatives thereof, and

™

Al10 Al2
/
N—L2—N
All Al

[0085] in which L2 is a group in which 2 to 6 bivalent
aromatic cycle groups are coupled to on another, specifically,
a bivalent group into which 2 to 6 bivalent aromatic rings are
linked, or a derivative thereof, and A10 to A13 are aromatic
hydrocarbon groups or heterocyclic groups, or groups into
each of which 1 to 10 derivatives thereof are coupled.

[0086] A concrete example of the compound expressed by
the general formula (6) includes the following structural for-
mulas (6-1) to (6-48) and the like:

(6-2)
N,

(6-4)
N

(6-6)
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[0087] Inaddition, of the compounds expressed by the gen-
eral formula (6), it is preferable to use amine compounds
containing therein an aryl group having a dibenzofuran struc-
ture, and an aryl group having a carbazole structure. Each of
these amine compounds is large in singlet excited level and in
triplet excited level, and thus can effectively block the elec-
trons of the blue light emitting layer 16CB. For this reason,
since the luminous efficiency is increased and the injection of
the electrons into thehole transport layer 16BB is suppressed,

AN

|/

¢

9
NN
\| \|

(6-48)

the life property is enhanced. In addition, the triplet excitons
of the red light emitting layer 16CR and the green light
emitting layer 16CG can be confined in high triplet excited
levels, thereby increasing the luminous efficiency.

[0088] A concrete example of the amine compound con-
taining therein the aryl group having the dibenzofuran struc-
ture, and the aryl group having the carbazole structure
includes compounds, for example, expressed by the follow-
ing structural formulas (6-49) to (6-323), and the like:

(6-49)
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[0089] A concrete example of the compound expressed by
the general formula (7) includes compounds expressed by the
following structural formulas (7-1) to (7-45), and the like:
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[0090] In addition, compounds expressed by the structural
formulas (2-97) to (2-166) expressed by the general formula
(2) described above, and the like can also be used in addition
to the phosphorescence host materials expressed by the struc-
tural formulas (2-1) to (2-96). It is noted that although the
compounds having the carbazole group and the indole group,

(2-97)

(7-43)

b ool

‘0

(7-44)

OMe

MeO OMe
(7-43%)

for example, are given as the nitrogen-containing hydrocar-
bon group coupled to L1, the present disclosure is by no
means limited thereto. For example, the imidazole group may
be used as the nitrogen-containing hydrocarbon group
coupled to LL1.

(2-:98)
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[0091] The electron and the hole are recombined with each [0095] Inaddition, the groups each having the heterocyclic

other in the blue light emitting layer 16CB by application of
the electric field, so that the blue light emitting layer 16CB
emits the light. Thus, the blue light emitting layer 16CB is
provided over the entire surface of the connection layer 16D.
The blue light emitting layer 16CB is doped with a guest
material of a blue or green color fluorescent dye with an
anthracene compound as a host material, and thus emits a blue
or green light.

[0092] In particular, for the host material composing the
blue light emitting layer 16 CB, a compound expressed by the
general formula (8) is preferably used as the host material:

®

R4

R9 RS

RS l l l R6
R7

[0093] in which R4 to R9 are hydrogen atoms, halogen
atoms, hydroxyl groups, alkyl groups each having a carbon
number of 20 or less, alkenyl groups, groups each having a
carbonyl group, groups each having a carbonylester group,
groups each having an alkoxyl group, groups each having a
cyano group, groups each having a nitro group or derivatives
thereof, groups each having a silyl group having a carbon
number of 30 or less, groups each having an aryl group,
groups each having a heterocyclic group, or groups each
having an amino group or derivatives thereof.

[0094] The groups each having the aryl group and repre-
sented by R4 to R9 in the compounds expressed by the gen-
eral formula (8), for example, include a phenyl group, a
1-naphthyl group, a 2-naphthyl group, a fluorenyl group, a
1-anthryl group, a 2-anthryl group, a 9-anthryl group, a
1-phenanthryl group, a 2-phenanthryl group, a 3-phenanthryl
group, a 4-phenanthryl group, a 9-phenanthryl group, a
1-naphthacenyl group, a 2-naphthacenyl group, a 9-naph-
thacenyl group, a 1-pyrenyl group, a 2-pyrenyl group, a
4-pyrenyl group, a 1-crycenyl group, a 6-crycenyl group, a
2-fluoranthenyl group, 3-fluoranthenyl group, a 2-biphenylyl
group, a 3-biphenylyl group, a 4-biphenylyl group, an o-trill
group, an m-trill group, a p-trill group, a p-t-butylphenyl
group, and the like.

group and represented by R4 to R9 include a five-membered
or six-membered aromatic cyclic group containing therein an
oxygen atom (Q), a nitrogen atom (N), and a sulfur atom (S)
as hetero atoms: a condensed polycyclic aromatic cyclic
group having a carbon number of 2 to 20. Such a heterocyclic
group, for example, includes a thienyl group, a furyl group, a
pyrrolyl group, a pyridyl group, a quinolyl group, a quinox-
alyl group, an imidazopyridyl group, and a benzothiazole
group. A typical heterocyclic group includes a 1-pyrrolyl
group, a 2-pyrrolyl group, a 3-pyrrolyl group, a pyrazinyl
group, a 2-pyridinyl group, a 3-pyridinyl group, a 4-pyridinyl
group, a l-indolyl group, a 2-indolyl group, a 3-indolyl
group, a 4-indolyl group, a 5-indolyl group, a 6-indolyl
group, a 7-indolyl group, a 1-isoindolyl group, a 2-isoindolyl
group, a 3-isoindolyl group, a 4-isoindolyl group, a 5-isoin-
dolyl group, a 6-isoindolyl group, a 7-isoindolyl group, a
2-furil group, a 3-furil group, a 2-benzofuranyl group, a
3-benzofuranyl group, a 4-benzofuranyl group, a S-benzo-
furanyl group, a 6-benzofuranyl group, a 7-benzofuranyl
group, a l-isobenzofuranyl group, a 3-isobenzofuranyl
group, a 4-isobenzofuranyl group, a S-isobenzofuranyl
group, a O-isobenzofuranyl group, a 7-isobenzofuranyl
group, a quinolyl group, a 3-quinolyl group, a 4-quinolyl
group, a S-quinolyl group, a 6-quinolyl group, a 7-quinolyl
group, a 8-quinolyl group, a 1-isoquinolyl group, a 3-iso-
quinolyl group, a 4-isoquinolyl group, a S-isoquinolyl group,
a 6-isoquinolyl group, a 7-isoquinolyl group, a 8-isoquinolyl
group, a 2-quinoxalinyl group, a S-quinoxalinyl group, a
6-quinoxalinyl group, a 1-carbazolyl group, a 2-carbazolyl
group, a 3-carbazolyl group, a 4-carbazolyl group, a 9-carba-
zolyl group, a 1-phenanthridinyl group, a 2-phenanthridinyl
group, a 3-phenanthridinyl group, a 4-phenanthridinyl group,
a 6-phenanthridinyl group, a 7-phenanthridinyl group, a
8-phenanthridinyl group, a 9-phenanthridinyl group, a
10-phenanthridinyl group, a 1-acrizinyl group, a 2-acridinyl
group, a 3-acrizinyl group, a 4-acrizinyl group, a 9-acrizinyl
group, and the like.

[0096] A group having an amino group represented by R4
to R9 may be any of an alkylamino group, an arylamino
group, an aralkylamino group, and the like. These groups
preferably have an aliphatic hydrocarbon group having a
carbon number of 1 to 6 and/or an aromatic ring group having
a carbon number of 1 to 4. Such a group includes a dimethy-
lamino group, a diethylamino group, a dibutylamino group, a
diphenylamino group, a ditolylamino group, a bisbiphenyly-
lamino group, and a dinaphthylamino group. It is noted that
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the substituent described above either may form a condensed [0097] A concrete example of the compound expressed by
ring composed of two or more substituents, or may be a the general formula (8) includes compounds expressed by the
derivative thereof. following structural formulas (8-1) to (8-51), and the like:

(&-1) (8-2)
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[0098] On the other hand, a low-molecular fluorescence
material having a high luminous efficiency, an organic lumi-
nescent material such as a phosphorescence dye or a metallic
complex or the like is used as a luminescence guest material
composing the blue light emitting layer 16CB.

[0099] Here, the blue luminescence guest material means a
compound which has a peak in the range ofabout 400 to about
490 nm in wavelength range of the light emission. An organic
material such as a naphthalene derivative, an anthracene
derivative, a naphthacene derivative, a styrylamine derivative
or a bis(azinyl)methene boron complex is used as such a
compound. In particular, preferably, such a compound is
selected from an aminonaphthalene derivative, an aminoan-
thracene derivative, an aminochrysene derivative, an ami-
nopyrene derivative, a styrvlamine derivative, a bis(azinyl)
methene boron complex. It is noted that the material used in
the blue light emitting layer is by no means limited to the
fluorescent material described above, and the phosphores-
cence may also be used. In this case, since the connection
layer 16D described above is the hole transport layer for the
blue light emitting layer 16CB, the connection layer 16D
described above is preferably structured so as to have a triplet
energy higher than that of the blue light emitting layer 16CB.
[0100] Theelectron transport layer 16E is provided in order
to increase the efficiency of the transport of the electrons to
each of the red light emitting layer 16CR, the green light
emitting layer 16CG, and the blue light emitting layer 16CB,
and is formed as the common layer over the entire surface of
the blue light emitting layer 16CB. Although depending on
the entire structure of the element, for example, a thickness of
the electron transport layer 16E is preferably in the range of 5
to 300 nm, and more preferably in the range of 10to 170 nm.

[0101] An organic material having an excellent electron
transporting ability is preferably as the material for the elec-
tron transport layer 16E. The efficiency of the transport of the
electrons to the luminescence layer, especially, each of the red
light emitting layer 16CR and the green light emitting layer
16CG is increased, whereby the change in the luminescent
color in each of the red organic EL element 10R and the green
organic EL, element 10G due to an electric field strength
which will be described later is suppressed. Specifically, a
nitrogen-containing heterocyclic ring derivative in which an
electron mobility is 107° cm®/Vs to 1.0x10™" cm?/Vs can be
used as such an organic material.

[0102] Although a more concrete material includes a ben-
zoimidazole derivative (the general formula (9)), a
pyridylphenyl derivative (the general formula (10)), and a
bipyridine derivative (the general formula (11)) which are
expressed by the following general formulas (9) to (11),
respectively, the present disclosure is by no means limited
thereto:

(8-51)

O

N
B
ae” N \>7R10
AN N
Ri1

[0103] inwhichA14is ahydrogen atom, a halogenatom, an
alkyl group having a carbon number of 1 to 20, ahydrocarbon
group having a carbon number of 6 to 60 and having a poly-
cyclic aromatic hydrocarbon group into which 3 to 40 aro-
matic rings are condensed, or a nitrogen-containing hetero-
cyclic group or a derivative thereof, B is a bivalent aromatic
cyclic group having a single bound or a derivative thereof, and
R10 and R11 are independently hydrogen atoms or halogen
atoms, alkyl groups each having a carbon number of 1 to 20,
aromatic hydrocarbon groups each having a carbon number
of 6 to 60, nitrogen-containing heterocyclic groups or alkoxy
groups each having a carbon number of 1 to 20 or derivatives
thereof,

R21
R12 R22 R20
\)\/ /
AIS R13 R17 |
/ /
| X
| RlS/\N RI9
R14)ﬁ/le6
RIS

[0104] in which A15 is an n-valent group into which 2 to 5
aromatic rings are condensed, specifically, an n-valent acene
system aromatic ring group into which 3 aromatic rings are
condensed or a derivative thereof, R12 to R17 are indepen-
dently a hydrogen atom or a halogen atom, or a free atomic
valence coupled to any one of A15 or R18 to R22, R18 to R22
are independently a hydrogen atom or a halogen atom, or a
free atomic valence coupled to any one of R12 to R17, nis an
integral number of 2 or more, and n pyridylphenyl groups
either may be identical to one another or may be different
from one another, and

(10)
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[0105] inwhich A16 is an m-valent group into which 2to 5

aromatic rings are condensed, specifically, an n-valent acene
system aromatic ring group into which 3 aromatic rings are

Dec. 5, 2013

condensed or a derivative thereof, R23 to R27 are indepen-
dently a hydrogen atom or a halogen atom, or a free atomic
valence coupled to any one of A16 or R28 to R32, R28 to R32
are independently a hydrogen atom or a halogen atom, or a
free atomic valence coupled to any one of R23 to R27, m is an
integral number of 2 or more, and m bipyridyl groups either
may be identical to one another or may be different from one
another.

[0106] A concrete example of the compound expressed by
the general formula (9) includes compounds expressed by the
following structural formulas (9-1) to (9-49). It is noted that
Ar(o) corresponds to benzoimidazole skeleton containing
therein R10 and R11 in the general formula (9), and B corre-
sponds to B in the general formula (9). Also, Ar(1) and Ar(2)
correspond to R10 and R11 in the general formula (9), and
Ar(1)and Ar(2) are coupled in the order of Ar(1) and Ar(2) to
B.

Ar (1) Ar(2)

©-1) Q
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[0108] In addition, a concrete example of the compound
expressed by the general formula (11) includes compounds
expressed by the following structural formulas (11-1) to (11-
17), and the like:

11-1)

11-2)

(11-3)
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-continued

(11-14)

11-17)

[0109] It is noted that although a compound having an
anthracene skeleton as with the compound described above is
preferable as an organic material used in the electron trans-
port layer 16E, the present disclosure is by no means limited
thereto. For example, a benzoimidazole derivative, a
pyridylphenyl derivative or a bipyridyl derivative including
either a pyrene skeleton or a chrysene skeleton instead of the
anthracene skeleton may be used. In addition, not only one
kind of organic material is used in the electron transport layer
16E, but also organic materials into which plural kinds of
organic materials are mixed with one another or laminated
one upon another may be used in the electron transport layer
16E. Moreover, the compound described above may be used
in the electron injection layer 16F which will be described
later.
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[0110] Theelectron injection layer 16F is provided in order
to increase the electron injection efficiency, and is also pro-
vided as the common layer over the entire surface of the
electron transport layer 16E. A lithium oxide (LiO,) as an
oxide of lithium (i), a cesium carbonate (Cs,CO;) as a
composite oxide of cesium (Cs), or a mixture of the oxide and
the composite oxide, for example, can be used as the material
for the electron injection layer 16F. In addition, the electron
injection layer 16F is by no means limited to these materials.
That is to say, for example, an alkaline earth metal such as
calcium (Ca) or barium (Ba), an alkaline metal such as
lithium (Li) or cesium (Cs), or a metal, having a small work
function, such as indium (In) or magnesium (Mg), or an
oxide, a composite oxide, or a fluoride of any of these metals,
or the like either may also be used in the form of a single
substance or may also be used as the form of a mixture or an
alloy of these metals, oxides, and composite oxides, or fluo-
rides in order to obtain the increased stability in terms of the
material for the electron injection layer 16F. In addition, any
of the organic materials expressed by the general formulas (6)
to (8) and given as the material for the electron transport layer
16E may be used.

[0111] Theupper electrode 17, for example, is in the range
of 2 to 150 nm in thickness and is made with a metallic
conductive film. Specifically, the metallic conductive film
includes an alloy of Al, Mg, Ca or Na. In particular, an alloy
of magnesium and silver (Mg—Ag alloy) is preferable as the
material of the upper electrode 17 because it has both of the
conductive property and the small absorption in thin film.
Although a ratio of magnesium to silver in the Mg—Ag alloy
is especially by no means limited, the ratio is preferably in the
range of Mg:Ag=20:1 to 1:1 in thickness ratio. In addition,
the material for the upper electrode 17 may also be an alloy of
Al and Li (Al—Li alloy).

[0112] In addition, the material for the upper electrode 17
may also be made with a mixture layer containing therein an
organic luminescent material such as an alumiquinoline com-
plex, a styrylamine derivative or a phthalocyanine derivative.
In this case, the upper electrode 17 may specially further have
a layer having a light permeability made of MgAg or the like
as a third layer. It is noted that in the case of the active matrix
drive system, the upper electrode 17 is formed in the solid-
film shape on the substrate 11 in the state in which it is
insulated from the lower electrode 14 through both of the
organic layer 16 and the partition wall 15. Also, the upper
electrode 17 is formed as the common electrode for the red
organic EL element 10R, the green organic EL element 10G,
and the blue organic EL element 10B.

[0113] The protective layer 30, for example, is in the range
of 2 to 3 pum in thickness and may be made of either an
insulating material or a conductive material. An inorganic
amorphous insulating material, for example, amorphous sili-
con (a-S1), amorphous silicon carbide (t-SiC), an amor-
phous silicon nitride (@-Si, N ), an amorphous carbon (a-C)
or the like is preferable as the insulating material. Since such
an inorganic amorphous insulating material does not com-
pose a grain, it is low in water permeability and thus becomes
an excellent protective film.

[0114] The sealing substrate 40 is located on the side of the
upper electrode 17 of the red organic EL element 10R, the
green organic EL element 10G, and the blue organic EL
element 10B. Also, the red organic EL element 10R, the green
organic EL element 10G, and the blue organic EL element
10B are sealed with the sealing substrate 40 together with an
adhesive layer (not shown). The sealing substrate 40 is made
of a material such as a glass which is transparent for lights
emitted from the red organic EL element 10R, the green
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organic EL element 10G, and the blue organic EL element
10B, respectively. The sealing substrate 40, for example, is
provided with a color filter (not shown) and a light blocking
film (not shown) as a black matrix. Thus, the sealing substrate
40 takes out the lights emitted from the red organic EL ele-
ment 10R, the green organic EL element 10G, and the blue
organic EL element 10B, respectively, and absorbs outside
lights reflected from the red organic EL element 10R, the
green organic EL element 10G, and the blue organic EL
element 10B, and wirings among them, thereby improving
the contrast. It is noted that a structure in which the upper
electrode 17 is the reflecting electrode, and the light generated
from the transparent lower electrode 14 is taken out is by no
means limited thereto. For example, the protective layer 30
and the sealing substrate 40 may be made of opaque materi-
als, respectively. In this case, the color filter and the light
blocking film as the black matrix are formed on the pixel drive
circuit 140 on the lower electrode 14 side, thereby making it
possible to obtain the same effects as those described above.
[0115] The color filter has a red filter, a green filter, and a
blue filter (each not shown) which are disposed in order so as
to correspond to the red organic EL element 10R, the green
organic EL element 10G, and the blue organic EL element
10B, respectively. The red filter, the green filter, and the blue
filter, for example, have rectangular shapes, and are formed
without any space among them. The red filter, the green filter,
and the blue filter are made of resins mixed with pigments,
respectively. Thus, by selecting the pigments, the red filter,
the green filter, and the blue filter are adjusted in such a way
that light transmittance in a wavelength region of objective
red, green or blue becomes high, and light transmittance in
other wavelength regions becomes low.

[0116] In addition, a wavelength range in which the trans-
mittance in the color filter is high agrees with a peak wave-
length, A, of a spectrum of a light desired to be taken out from
a resonance structure MCl. As a result, of the outside lights
made incident from the sealing substrate 40, only the outside
light having the wavelength equal to the peak wavelength, A,
of the spectrum of the light desired to be taken out is trans-
mitted through the color filter. Also, the outside lights having
other waveforms are prevented from entering the organic EL
elements 10R, 10G, and 10B of R, G, and B.

[0117] Thelightblocking film, for example, is composed of
a black resin film having an optical density of 1 or more and
mixed witha black coloring agent, or a thin film filter utilizing
interference between thin films. In particular, composing the
light blocking filter of the black resin film is preferable
because the light blocking filter can be inexpensively, readily
formed. The thin film filter, for example, is formed by lami-
nating one or more thin films each made of a metal, a metal
nitride or a metal oxide one upon another, and serves to
attenuate the light by utilizing the interference between the
thin films. Specifically, the thin film filter includes a thin film
filter formed by alternately laminating Cr and a chromium
oxide (I11) (Cr,05).

[0118] This organic EL display device, for example, can be
manufactured as follows.

[0119] FIG. 5 shows a flow of a method of manufacturing
this organic EL display device. FIGS. 6A to 6] show the
manufacturing method in the order of processes. Firstly, the
pixel drive circuit 140 including the drive transistor Trl is
formed on the substrate 11 made of the material described
above, and a planarizing insulating film (not shown), for
example, made of the photosensitive resin is provided.

(A Process for Forming the Lower Electrode 14)

[0120] Next, the transparent conductive film, for example,
made of an ITO is formed over the entire surface of the
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substrate 11. Also, the transparent conductive film is pat-
terned, whereby as shown in FIG. 6A, the lower electrodes 14
are formed so as to correspond to the red organic EL element
10R, the green organic FL element 10G, and the blue organic
EL element 10B, respectively (Step S101). In this case, the
lower electrode 14 is made to communicate with a drain
electrode of the drive transistor Trl through a contact hole
(not shown) of the planarizing insulating film (not shown).

(A Process for Forming the Partition Wall 15)

[0121] Subsequently, similarly, as shown in FIG. 6A, an
inorganic insulating material such as SiQ, is deposited on
each of the lower electrode 14 and the planarizing insulating
film (not shown) by, for example, utilizing a Chemical Vapor
Deposition (CVD) method. Also, the inorganic insulating
material is patterned by utilizing a photolithography tech-
nique and an etching technique, thereby forming a lower
partition wall 15A.

[0122] After that, similarly, as shown in FIG. 6A, an upper
partition wall 15B made of the photosensitive resin described
above is formed in a predetermined position of the lower
partition wall 15A, specifically, in a position surrounding a
light emission area of the pixel. As a result, the partition wall
15 including the upper partition wall 15A and the lower
partition wall 15B is formed (Step S102).

[0123] After completion of the formation of the partition
wall 15, a surface on a side of the substrate 11 on which the
lower electrode 14 and the partition wall 15 are formed is
subjected to an oxygen plasma treatment to remove contami-
nation such as an organic matter adhered to the surface con-
cerned, thereby increasing wettability. Specifically, the sub-
strate 11 is heated at a predetermined temperature, for
example, at a temperature of about 70 to about 80° C. Subse-
quently, the substrate 11 is subjected to a plasma treatment
(O, plasma treatment) at an atmospheric pressure using oxy-
gen as a reactive gas.

(A Process for Carrying Out Water Repellent)

[0124] After the plasma treatment has been carried out, a
water repellent treatment is carried out (Step S103), thereby
especially reducing the wettability of an upper surface and a
side surface of the upper partition wall 15B. Specifically, a
plasma treatment (CF, plasma treatment) at an atmospheric
pressure using 4-fluoromethane as a reactive gas is carried
out. After that, the substrate 11 heated for the plasma treat-
ment is cooled to a room temperature to subject the upper
surface and the side surface ofthe upper partition wall 15B to
the water repellent treatment, thereby reducing the wettability
of the upper surface and the side surface of the upper partition
wall 15B.

[0125] It is noted that although an exposed surface of the
lower electrode 14, and the lower partition wall 15A are
slightly influenced in the CF,, plasma treatment, since the ITO
as the material for the lower electrode 14, SiO, as the material
composing the lower partition wall 15A, and the like are each
poor in affinity for fluorine, the wettability of the surface
having the increased wettability in the oxygen plasma treat-
ment is held as it is.

(A Process for Forming the Hole Injection Layers 16AR,
16AG, and 16AB)

[0126] After the water repellent treatment has been carried
out, as shown in FIG. 6B, the hole injection layers 16AR,
16AG, and 16 AB made of the materials described above are
formed in regions which are surrounded by the upper partition
walls 15B (Step S104).
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[0127] The hole injection layers 16AR, 16AG, and 16AB
are formed by utilizing an application method such as a spin
coating method or a droplet discharging method. In particu-
lar, when the materials for formation of the hole injection
layers 16AR, 16AG, and 16AB are selectively arranged in the
regions surrounded by the upper partition walls 15B, an ink-
jetmethod or anozzle coating method as the droplet discharg-
ing method is preferably used. It is noted that when the hole
injection layers 16AR, 16AG, and 16AB are formed so as to
have the same thickness, the materials are collectively applied
within the regions, respectively, by using a slit coating
method or the like, thereby making it possible to reduce the
number of processes.

[0128] Specifically, a liquid solution or a dispersion liquid
of polyaniline, polythiophene or the like as the material for
formation of the hole injection layers 16AR, 16AG, and
16AB are disposed above the exposed surfaces of the lower
electrodes 14 by, for example, utilizing the ink-jet method.
After that, a heat treatment (drying treatment) is carried out,
thereby forming the hole injection layers 16AR, 16AG, and
16AB.

[0129] In the heat treatment, after either a solvent or a
dispersion media is dried, the heating is carried out at a high
temperature. When a conductive polymer of polyaniline,
polythiophene or the like is used, either the atmospheric
ambient or an oxygen ambient is preferable. The reason for
this is because the conductivity becomes easy to develop due
to the oxidation of the conductive polymer by oxygen.
[0130] Theheating temperature is preferably in the range of
150 to 300° C., and more preferably in the range of 180 to
250° C. Although depending on the temperature and the
ambient, the heating time is preferably in the range of about 5
to about 300 minutes, and more preferably in the range of 10
to 240 minutes. A film thickness after completion of the
drying is preferably in the range of 5 to 100 nm, and more
preferably in the range of 8 to 50 nm.

(A Process for Forming the Hole Transport Layers 16BR,
16BG, and 16BB)

[0131] After completion of the formation of the hole injec-
tion layers 16AR, 16AG, and 16 AB, as shown in FIG. 6C, the
hole transport layers 16BR and 16BG containing therein the
polymers described above are formed so as to correspond to
the red organic EL element 10R and the green organic EL
element 10G, respectively (Step S105).

[0132] Theholetransportlayer 16BR and the hole transport
layer 16BG are formed by utilizing the application method
such as the spin coating method or the droplet discharging
method. In particular, from necessity for selectively dispos-
ing the materials of formation of the hole transport layers
16BR and 16BG in the regions surrounded by the upper
partition walls 15B, the ink-jet method or the nozzle coating
method as the droplet discharging method is preferably uti-
lized.

[0133] Specifically, mixed liquid solutions or dispersion
liquids of the high-molecular polymer as the materials for
formation of the hole transport layers 16BR and 16BG, and
the low-molecular materials are disposed on the exposed
surfaces of the hole injection layers 16 AR and 16AG by, for
example, utilizing the ink-jet method. After that, the heat
treatment (drying treatment) is carried out, thereby forming
the hole transport layers 16BR and 16BG of the red organic
EL element 10R and the green organic EL element 10G.
[0134] Inthe heat treatment, after a solvent or a dispersion
media has been dried, the heating is carried out at a high
temperature. An ambient containing therein nitrogen (N,) as
a principal component is preferable as an ambient for appli-
cation or an ambient in which the solvent is dried and heated.
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If there is oxygen or moisture, there is the possibility that the
luminous efficiency and life of the manufactured organic EL
display device arereduced. In particular, since an influence of
oxygen or the moisture is large in the heating process, atten-
tion needs to be paid thereto. An oxygen concentration is
preferably inthe range 0f 0.1 to 100 ppm, and more preferably
in the range of 0.1 to 50 ppm. When the oxygen concentration
exceeds 100 ppm, it is feared that the interface of the formed
thin film is contaminated, and thus the luminous efficiency
and life of the resulting organic ELL display device are
reduced. In addition, when the oxygen concentration is
smaller than 0.1 ppm, although there is no problem in char-
acteristics of the element, there is possible that the system
cost for holding the ambient at the oxygen concentration
smaller than 0.1 ppm becomes enormous in terms of the
processes for the exciting mass production.

[0135] Inaddition, with regard to the moisture, a dew point,
for example, is preferably in the range of -80° C. to —40° C.
Also, the dew point is more preferably equal to or lower than
-50°C., and furthermore preferably in the range of -80° C. to
-60° C. When there is the moisture showing the dew point
higher than -40° C,, it is feared that the interface of the
formed thin film is contaminated, and thus the luminous
efficiency and life of the resulting organic EL display device
are reduced. In addition, in the case of the moisture showing
the dew point lower than —80° C., although there is no prob-
lem in characteristics of the element, it is possible that the
system cost for holding the ambient at the dew point lower
than -80° C. becomes enormous in terms of the processes for
the exciting mass production.

[0136] Theheating temperature is preferably in the range of
100 to 230° C., and more preferably in the range of 100 to
200° C. The heating temperature is at least lower than that in
aphase of formation of the hole injectionlayers 16 AR, 16AG,
and 16AB. Although depending on the temperature and the
ambient, the heating time is preferably in the range of about 5
to about 300 minutes, and more preferably in the range of 10
to 240 minutes. Although depending on the entire structure of
the element, a film thickness after completion of the drying is
preferably in the range of 10 to 200 nm, and more preferably
in the range of 15 to 150 nm.

(A Process for Forming the Red Light Emitting Layer 16CR
and the Green Light Emitting Layer 16CG)

[0137] After completion of the formation of the hole trans-
port layers 16BR and 16BG of the red organic EL element
10R and the green organic EL element 10G, as shown in FIG.
6D, the red light emitting layer 16CR made of the phospho-
rescent host material containing therein the phosphorescent
dopant described above is formed on the hole transport layer
16BR of the red organic EL element 10R. In addition, the
green light emitting layer 16CG made of the phosphorescent
host material containing therein the phosphorescent dopant
described above is formed on the hole transport layer 16BG of
the green organic EL element 10G (Step S106). The red light
emitting layer 16CR and the green light emitting layer 16CG
are formed by utilizing the application method such as the
spin coating method or the droplet discharging method. In
particular, from necessity for selectively disposing the mate-
rials of formation of the red light emitting layer 16CR and the
green light emitting layer 16CG in the regions surrounded by
the upper partition walls 15B, the ink-jet method or the nozzle
coating method as the droplet discharging method is prefer-
ably utilized.

[0138] Specifically, mixed liquid solutions or dispersion
liquids in which the phosphorescent host materials as the
materials for formation of the red light emitting layer 16CR
and the green light emitting layer 16CG are dissolved into



US 2013/0323867 Al

solvents in each of which xylene and cyclohexylbenzene are
mixed with each other at a ratio of 2:8 in such a way that the
phosphorescent host materials, for example, are doped with 1
wt % of phosphorescent dopant are disposed on the exposed
surfaces of the hole transport layers 16BR and 16BG by, for
example, utilizing the ink-jet method. After that, a heat treat-
ment is carried out by utilizing the same method and condi-
tion as those in the heat treatment (dying treatment) described
in the process for forming the hole transport layers 16BR and
16BG of the red organic EL element 10R and green organic
EL element 10G described above, thereby forming the red
light emitting layer 16CR and the green light emitting layer
16CG.

(A Process for Forming the Hole Transport Layer 16BB of the
Blue Organic EL Element 10B)

[0139] After completion of the formation of the red light
emitting layer 16CR and the green light emitting layer 16CG,
as shown in FIG. 6E, the hole transport layer 16BB made of
the low-molecular material described above is formed on the
hole injection layer 16AB for the blue organic light emitting
element 10B (Step S107). The hole transport layer 16BB is
formed by utilizing the application method such as the spin
coating method orthe droplet discharging method. In particu-
lar, from necessity for selectively disposing the materials of
formation of the hole transport layer 16BB in each of the
regions surrounded by the upper partition walls 15B, the
ink-jet method or the nozzle coating method as the droplet
discharging method is preferably utilized.

[0140] Specifically, a liquid solution or dispersion liquid of
low-molecular materials as the material for formation of the
hole transport layer 16BB is disposed on the exposed surface
of the hole injection layer 16AB by, for example, utilizing the
ink-jet method. After that, a heat treatment is carried out by
utilizing the same method and condition as those in the heat
treatment (dying treatment) described in the process for form-
ing the hole transport layers 16BR and 16BG of the red
organic EL element 10R and green organic EL element 10G
described above, thereby forming the hole transport layer
16BB.

(With Respect to the Order of the Processes)

[0141] The process for forming the hole transport layers
16BR and 16BG of the red organic EL element 10R and the
green organic EL element 10G, the process for forming the
hole transport layer 16BB of the blue organic EL element
10B, and the process for forming the red light emitting layer
16CR and the green light emitting layer 16CG may be carried
outin any order. However, it is necessary that at least the base
on which the layer(s) to be formed is(are) developed is for-
merly formed, and is subjected to the heating process of the
heating process and the drying process. In addition, the appli-
cation needs to be carried out in such a way that the tempera-
ture in the phase of the heating process is at least equal to or
lower than that in the preceding process. For example, when
the heating temperatures for the red light emitting layer 16CR
and the green light emitting layer 16CG are each 130° C. and
the heating temperature for the hole transport layer 16BB for
the blue organic EL element 10B is also 130° C., the appli-
cation of the red light emitting layer 16CR and the green light
emitting layer 16CG is carried out without drying. Subse-
quently, after the application of the hole transport layer 16BB
for the blue organic EL element 10CB has been carried out,
the process for drying and heating the red light emitting layer
16CR, the green light emitting layer 16CG, and the hole
transport layer 16BB for the blue organic EL element 10B
may be carried out.
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[0142] Ttis noted that when the hole transport layers 16BR,
163G, and 16BB are made of the same material and formed so
as to have a uniform thickness, as described above, the hole
transport layers 16BR, 16BG, and 16BB may be collectively
formed as the common layer over the entire surface within the
regions by utilizing the slit coating method or the like. As a
result, the number of processes can be reduced. Specifically,
after the hole transport layers 16BR, 16BG, and 16BB have
been formed as the common layer over the entire surfaces of
the hole injection layers 16 AR 16AG and 16AB by utilizing
the application method such as the slit coating method, a heat
treatment is carried out by utilizing the same method and
condition as those in the heat treatment (dying treatment)
described in the process for forming the hole transport layers
16BR and 16BG of the red organic EL element 10R and green
organic EL element 10G described above. After that, as
described above, the red light emitting layer 16CR and the
green light emitting layer 16CG are formed.

[0143] In addition, in the processes described above, the
dry process and the heating process are preferably carried out
as the different processes separately from each other. The
reason for this is because in the drying process, the film
uniformity is easy to occur since the wet film applied is very
easy to flow. A preferable drying process utilizes a method of
uniformly carrying out vacuum drying at normal pressure.
Moreover, the drying is preferably carried out without wind-
ing during the drying. In the heating process, the solvent is
evaporated to some degree to reduce the fluidity, and thus the
cured film is obtained. By slowly heating the film from this
state, a minute amount of solvent can be removed away, and
also the rearrangement can be caused in the luminescent
material and the material for the hole transport layer on the
molecular level.

(A Process for Forming the Connection Layer 16D)

[0144] After up to the red light emitting layer 16CR and the
green light emitting layer 16CG have been formed, as shown
in FIG. 6F, the connection layer 16D made of the low-mo-
lecular material described above is formed as the common
layer over the entire surfaces of the red light emitting layer
16CR and the green light emitting layer 16 CG by utilizing the
evaporation method (Step S108).

(A Process for Forming the Blue Light Emitting Layer 16CB)

[0145] After completion of the formation of the red light
emitting layer 16CR, the green light emitting layer 16CG, and
the blue hole transport layer 16BB, as shown in FIG. 6G, the
blue light emitting layer 16CB made of the low-molecular
material described above is formed as the common layer over
the entire surface of the connection layer 16D by utilizing the
evaporation method (Step S109).

(A Process for Forming the Electron Transfer Layer 16E, the
Electron Injection Layer 16F, and the Upper Electrode 17)

[0146] After completion of the formation of the blue light
emitting layer 16CB, as shown in FIGS. 6H, 61, and 67, the
electron transport layer 16E, the electron injection layer 16F,
and the upper electrode 17 made of the materials described
above, respectively, are formed in this order over the entire
surface of the blue light emitting layer 16CB by utilizing the
evaporation method (Steps S110, S111, and S112).
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[0147] After completion of the formation of the upper elec-
trode 17, as shown in FIG. 3, the protective layer 30 is formed
by utilizing a deposition method with which deposition par-
ticles each having a low energy to the degree that no influence
is exerted on the base are obtained such as the evaporation
method or the CVD method. For example, when the protec-
tive layer 30 made of an amorphous silicon nitride is formed,
the protective layer 30 is formed so as to have a thickness of
2 to 3 um by utilizing the CVD method. In this case, for the
purpose of preventing the reduction of the luminance due to
the deterioration of the organic layer 16, preferably, the depo-
sition temperature is set to a normal temperature. Also, for the
purpose of preventing the peeling-off of the protective layer
30, preferably, the protective layer 30 is deposited under the
condition in which a stress of the film becomes minimum.
[0148] The connection layer 16D, the blue light emitting
layer 16CB, the electron transport layer 16E, the electron
injection layer 16F, the upper electrode 17, and the protective
layer 30 are formed as the solid films over the entire surface
without using a fine mask. In addition, the blue light emitting
layer 16CB, the electron transport layer 16E, the electron
injection layer 16F, the upper electrode 17, and the protective
layer 30 are preferably continuously formed within the same
deposition system without being exposed to the atmosphere.
As aresult, the deterioration of the organic layer 16 due to the
moisture in the atmosphere is prevented.

[0149] It is noted that when an auxiliary electrode (not
shown) is formed in the same process as that for the lower
electrode 14, the organic layer 16 formed as the solid film on
the upper portion of the auxiliary electrode may be removed
away before formation of the upper electrode 17 by utilizing
a technique such as laser ablation. As a result, the upper
electrode 17 can be made to directly contact the auxiliary
electrode, and thus the contact property is enhanced.

[0150] After completion of the formation of the protective
layer 30, for example, the light blocking film made of the
material described above is formed on the sealing substrate 40
made of the material described above. Subsequently, a mate-
rial for the red filter (not shown) is applied onto the sealing
substrate 40 by utilizing the spin coating method or the like,
and is then patterned by utilizing the photolithography tech-
nique, and is then fired, thereby forming the red filter. Sub-
sequently, similarly to the case of the red filter (not shown),
the blue filter (not shown) and the green filter (not shown) are
formed in order.

[0151] After that, a bonding layer (not shown) is formed on
the protective layer 30, and the sealing substrate 40 is stuck
through the bonding layer. With that, the organic EL display
device 1 shown in FIGS. 1 to 3 is completed.

[0152] Intheorganic EL display device 1, scanning signals
are supplied from the scanning line drive circuit 130 to the
pixels through the gate electrodes of the write transistors Tr2.
Also, image signals from the signal line drive circuit 120 are
held in the hold capacitor Cs through the write transistors Tr2,
respectively. That is to say, the drive transistor Trl is con-
trolled so as to be turned ON or OFF in accordance with the
image signal held in the hold capacitor Cs. As a result, the
drive current Id is injected to the red organic EL element 10R,
the green organic EL element 10G, the blue organic EL ele-
ment 10B, so that the hole and the electron are recombined
with each other to emit a light. In the case of the bottom-
emission, the light is transmitted through the lower electrode
14 and the substrate 11 to be taken out. On the other hand, in
the case of the top-emission, the light is transmitted through
the upper electrode 17, the color filter (not shown), and the
sealing substrate 40 to be taken out.
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[0153] As previously stated, the organic EL display device
using the phosphorescent material having the higher internal
quantum efficiency than that in the fluorescence emission
material conventionally used as the fluorescent material has
been recently developed. However, actually, it may be impos-
sible to utilize the internal quantum efficiency which the
phosphorescent material essentially has, which causes the
reduction of the luminous efficiency. This is related to the
light emission principles of the phosphorescence described
above. The phosphorescent material returns from the singlet
state back to the ground state through the triplet state at the
lower energy level. For this reason, for obtaining the phos-
phorescence emission at a high efficiency, the excited triplet
energy of each of the material becoming the host matrix
contained in the phosphorescence emission layer and the
material adjacent to the phosphorescence emission layer
needs to be larger than the excited triplet energy of the phos-
phorescence emitter contained together with the host matrix
in the phosphorescence emission layer.

[0154] 1In general, although in the host material of the fluo-
rescence, the excited singlet energy S1BH is larger than that
of the fluorescence dopant material, the excited triplet energy
T1BH is not necessarily larger than that of the fluorescence
dopant material. Therefore, the host material of the fluores-
cence is not suitable as the material for the layer adjacent to
the phosphorescence emission layer. For example, a descrip-
tion will now be given with respect to the organic EL display
device in which the blue light emitting layer containing
therein the anthracene derivative is provided as the common
layer on the upper portion of the light emitting layer contain-
ing therein the phosphorescence emission layer given in Japa-
nese Patent Laid-Open No. 2006-140434 described above.
Since the anthracene derivative is as relatively low as about
1.9 eV in excited triplet energy T1BH, the anthracene deriva-
tive cannot confine the excited triplet energy in the light
emitting layer for the phosphorescence emitter having the
light emission wavelength in the visible light region of 500 to
720 nm. For this reason, the triplet energy diffuses into the
blue light emitting layer, so that the luminous efficiency of the
phosphorescence emission layer is reduced. In addition, there
is also caused a problem that the emission amount in the blue
light emitting layer is changed to change the chromaticity.

[0155] On the other hand, in the first embodiment, the con-
nection layer 16D made of the low-molecular material is
provided between the red light emitting layer 16CR and the
green light emitting layer 16CG which are formed every
element, and the blue light emitting layer 16CB formed as the
solid film. As a result, the excited energies, of the luminescent
material, excited in the red light emitting layer 16CR and the
green light emitting layer 16CG are prevented from diffusing
into the adjacent layer, especially, into the blue light emitting
layer 16CB, thereby allowing the excited energies to be held
in the red light emitting layer 16CR and the green light emit-
ting layer 16CG.

[0156] Insuch away, in the organic EL display device 1 of
the first embodiment, the connection layer 16D is provided
between the red light emitting layer 16CR and the green light
emitting layer 16CG, and the blue light emitting layer 16CB.
Therefore, the excited energies, of the light emitting material,
excited in the red light emitting layer 16CR and the green
light emitting layer 16CG can be confined in the red light
emitting layer 16CR and the green light emitting layer 16CG.
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As a result, the luminous efficiency of the red light emitting
layer 16CR and the green light emitting layer 16CG is
increased. In addition, since the energies are prevented from
diffusing into the blue light emitting layer 16CB, the change
in chromaticity due to the change in the emission amount in
the blue light emitting layer 16CB is suppressed to enhance
the color purity.

[0157] In addition, since the energy difference in ground
state between the connection layer 16D and the hole transport
layer 16BB is set equal to or lower than 0.4 eV, the efficiency
of the injection of the holes into the blue light emitting layer
16CB isincreased. Therefore, the current density dependency
is suppressed, and the change in the chromaticity in the phase
of the low current is suppressed. As a result, it becomes
possible to manufacture the high-definition organic EL dis-
play device in which the change in the color reproduction
region due to the gradation is suppressed.

[0158] Hereinafter, a description will be given with respect
to a change of the first embodiment, and second and third
embodiments of the present disclosure. It is noted that the
same constituent elements as those in the first embodiment
are designated by the same reference numerals, respectively,
and a description thereof is omitted here for the sake of
simplicity.

2. Change

[0159] FIG. 7 is a cross sectional view showing a structure
of an organic EL display device 2 according to a change of the
first embodiment. The organic EL display device 2 of the
change of the first embodiment is different from the organic
EL display device 1 of the first embodiment in that the red
light emitting layer 26CR and the green light emitting layer
26CG are formed by utilizing the evaporation method and a
laser transfer method.

[0160] Specifically, a mask having an opening portion in an
area corresponding to the red organic EL element 20R, for
example, a stripe-like mask is formed and the red light emit-
ting layer 26CR is deposited by utilizing the evaporation
method. Subsequently, a stripe-like mask having an opening
portion in an area corresponding to the green organic EL
element 20G is formed, and the green light emitting layer
26CG is deposited by utilizing the evaporation method. It is
noted that when the layer is formed by utilizing a thermal
transfer method typified by the laser transfer method or the
like, it is possible to use a thermal transfer method of related
art. Specifically, for example, a transferring substrate on
which a transfer material layer is formed, and a transfer
receiving substrate on which up to the hole transfer layers
26BR, 26BG, and 26BB of the red organic EL element 20R,
the green organic EL element 20G, and the blue organic EL
element 20B are previously formed are disposed so as to face
each other. Then, by carrying out the light radiation, the red
light emitting layer 26CR and the green light emitting layer
26CG are formed in accordance with a transfer pattern.

[0161] After completion of the formation of the red light
emitting layer 26CR and the green light emitting layer 26CG,
the layers in and after the connection layer 16D are formed by
utilizing the same method as that in the first embodiment
described above, thereby completing the organic EL display
device 2 having the same structure as that of the organic EL
display device 1 of the first embodiment.

Dec. 5, 2013

3. Second Embodiment

[0162] FIG. 8 is a cross sectional view showing a structure
of an organic EL display device 3 according to the second
embodiment of the present disclosure. The organic EL dis-
play device 3 of the second embodiment is different from the
organic EL display device 1 of the first embodiment in that
each of the red light emitting layer 36CR and the green light
emitting layer 36CG is made of a mixed material in which a
phosphorescence luminescent low-molecular material is
added to a high-molecular material.

[0163]
light emitting layer 36CR and the green light emitting layer

The high-molecular material used in each of the red

36CG includes a high-molecular material which does not
include a light emitting portion. Specifically, for example,
polyvinylcarbazole expressed by the following general for-
mula (12) is preferable because an excited triplet level is high.
In addition thereto, even a high-molecular material including
a light emitting portion can be used as long as it is a material
notimpeding the light emission of the low-molecular material
added. Specifically, for example, polyfluorene and a deriva-
tive thereof are given as such a high-molecular material:

Yo

[0164]

[0165] Itis noted that when the high-molecular material not
including the luminescent portion is used, it is necessary to
add a phosphorescence luminescent dopant. Specifically, the
phosphorescence metallic complex compound described in
the first embodiment described above, specifically, the ortho
metalated metallic complex or the porphyrin metallic com-
plex is given. For example, although the compounds
expressed by the structural formulas (4-1) to (4-12), and the
structural formulas (5-1) to (5-7) are given, the present dis-
closure is by no means limited thereto.

[0166] In addition, the effects which will be described
below are obtained by adding the low-molecular materials to
the high-molecular materials composing the red light emit-
ting layer 36CR and the green light emitting layer 36CG,
respectively.

[0167] When the connection layer 16D made of the low-
molecular material is formed on the upper portions of the red
light emitting layer 36CR and the green light emitting layer
36CG composed of only the high-molecular materials,
respectively, a difference between the energy level of each of
the red light emitting layer 36CR and the green light emitting

in which n is an integral number of 10 to 5,000.
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layer 36CG, and the energy level of the connection layer 16D
is large. For this reason, the efficiency of the injection of the
holes or the electrons between the connection layer 16D, and
the red light emitting layer 36CR and the green light emitting
layer 36CG is very low, and thus there is caused the problem
that as described above, it may be impossible to sufficiently
obtain the original characteristics which the light emitting
layer made of the original high-molecular material has. In the
second embodiment, for the purpose of enhancing the char-
acteristics of the injection of the holes or the electrons, a
low-molecular material (either monomer or oligomer) serv
ing to reduce the difference between the energy level of each
of the red light emitting layer 36CR and the green light
emitting layer 36CG, and the energy level which the connec-
tion layer 16D has is added to each of the red light emitting
layer 36CR and the green light emitting layer 36CG. In this
case, a relationship among the Highest Occupied Molecular
Orbital (HOMO) levels and the Lowest Unoccupied Molecu-
lar Orbital (LUMO) levels of the red light emitting layer
36CR and the green light emitting layer 36CG, the HOMO
level and LUMO level of the connection layer 16D, and the
HOMO level and LUMO level of the low-molecular material
added to the red light emitting layer 36CR and the green light
emitting layer 36 CG s taken, into consideration. Specifically,
acompound which has a deeper value than each of the LUMO
levels of the red light emitting layer 36CR and the green light
emitting layer 36CG, and has a shallower value than the
LUMO level of the connection layer 16D, and which has a
deeper value of each of the HOMO levels of the red light
emitting layer 36CR and the green light emitting layer 36CG,
and a shallower value than the HOMO level of the connection
layer 16D is selected as the low-molecular material to be
added.

[0168] However, the materials used in the red light emitting
layer 36CR and the green light emitting layer 36CG are not
necessarily limited to the reference based on the values of the
HOMO and LUMO described above. In addition, the low-
molecular materials with which the red light emitting layer
36CR and the green light emitting layer 36CG are mixed are
not necessarily limited to the case where the red light emitting
layer 36CR and the green light emitting layer 36CG are mixed
singularly with the low-molecular materials. That is to say,
plural kinds of materials different in energy level from one
another are mixed to be used, whereby the transfer of the
holes and the electrons are smoothly carried out.

[0169] The low-molecular materials added to the red light
emitting layer 36 CR and the green light emitting layer 36CG
mean organic materials which are other than the compound
composed of the molecules of the polymer or the condensa-
tion body having a high molecular weight and generated by
repeating the same or similar reaction in a chain reaction by
the low-molecular compound, and whose molecular weights
are substantially single. In addition, new chemical bounding
between the molecules due to the heating is not caused in the
low-molecular material described above, and thus the low-
molecular material described above exists in the form of a
single molecule. The weight-average molecular weight (Mw)
of such a low-molecular material is preferably equal to or
smaller than 10,000. In addition, a molecular weight ratio of
the high-molecular material to the low-molecular material is
preferably equal to or larger than 10. The reason for this is
because the material having somewhat small molecular
weight as compared with the material having the large
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molecular weight, for example, the material having the
molecular weight of 50,000 or more has the various charac-
teristics, and thus the mobility of the hole or the electron, the
band gap, the solubility of such a material into the solvent or
the like is easy to adjust. In addition, with regard to an addi-
tion amount of low-molecular material, the mixing ratio of
the high-molecular material to the low-molecular material
used in the red light emitting layer 36CR and the green light
emitting layer 36CG is preferably set equal to or larger than
20:1 and equal to or smaller than 1:9 in weight ratio. The
reason for this is because when the mixing ratio of the high-
molecular material to the low-molecular material is smaller
than 20:1, the effect due to the addition of the low-molecular
material is reduced. Also, the reason for this is because when
that mixing ratio exceeds 1:9, the characteristics which the
high-molecular material as the luminescent material has
become hard to obtain.

[0170] As described above, the low-molecular materials
are added to the red light emitting layer 36CR and the green
light emitting layer 36CG, respectively, whereby it becomes
easier to adjust the carrier balance between the holes and the
electrons. As a result, the reduction of the electron injection
property between the connection layer 16D made of the low-
molecular material, and the red light emitting layer 36CR and
the green light emitting layer 36CG, and the reduction of the
hole transport property between them are suppressed. That is
to say, the reduction of the luminous efficiency and lives of the
red organic EL element 10R, the green organic EL element
10G, and the blue organic EL element 10B, and the rise of the
drive voltages are suppressed.

[0171] Such a low-molecular material includes the compo-
nents expressed by the general formulas (5) to (7). respec-
tively.

[0172] In the second embodiment, the high-molecular
material such as polyvinylcarbazole in which the low-mo-
lecular materials are added to the red light emitting layer
36CR and the green light emitting layer 36CG, respectively,
is used, thereby obtaining the organic EL display device
having the high luminous efficiency and the high color purity
similarly to the case of the first embodiment described above.
In addition thereto, the mixed material of the low-molecular
material and the high-molecular material is used as with the
second embodiment, whereby the crystallization is sup-
pressed as compared with the case where only the low-mo-
lecular material is used as with the first embodiment. There-
fore, there is offered an effect that the printing becomes easy.

4. Third Embodiment

[0173] FIG. 9 is a cross sectional view showing a structure
of an organic EL display device 4 according to a third embodi-
ment of the present disclosure. The organic EL display device
4 of the third embodiment is different from the organic EL
display device 1 of the first embodiment in that unlike the
high-molecular material such as polyvinylcarbazole
described above, a red light emitting layer 46CR and a green
light emitting layer 46CG are made of phosphorescence lumi-
nescent high-molecular materials each containing therein a
phosphorescence luminescent light emission unit.



US 2013/0323867 Al

[0174] Thehigh-molecular materials (light emission units)
composing the red light emitting layer 46CR and the green
light emitting layer 46CG, respectively, for example, include
luminescent high-molecular materials such as a polyfluorene
system high-molecular derivative, a polyphenylenevinylene
derivative, a polyphenylene derivative, a polyvinylcalbazole
derivative, and a polythiophene derivative. It is noted that the
high-molecular material used herein is by no means limited
only to the conjugated system polymer, and thus also includes
a pendant-shaped non-conjugated polymer and a dye mixing
non-conjugated system polymer. Thus, the high-molecular
material may also be a dendrimer type high-molecular lumi-
nescent material composed of a side chain having core mol-
ecules disposed at the center and called a dendron. The devel-
opment of the dendrimer type high-molecular luminescent
material has been recently advanced. In addition, with regard
to the light emitting portion, there is known a light emitting
portion in which a light is emitted from a singlet exciton, a
light emitting portion in which a light is emitted from a triplet
exciton, or a light emitting portion in which lights are emitted
from the both of the singlet exciton and the triplet exciton.
However, the light emitting portion in which the light is
emitted from the triplet exiton is used in the red light emitting
layer 46CR and the green light emitting layer 46CG in the
third embodiment.

[0175] Although with regard to the light emission unit fol-
lowed by the triplet excited state, there are many compounds
containing therein the metal complexes such as an iridium
metal complex, a metal complex may also be used which
contains therein any other suitable metal as a central metal.
With regard to a concrete example of the high-molecular
luminescent material in which the light is emitted from the
triplet excited state, an RPP (the structural formula (13-1)) is
given as a red phosphorescence luminescent material, and a
GPP (the structural formula (13-2)) is given as a green phos-
phorescence luminescent material. In addition, there, for
example, are given a PP[Ir(tBuppy),] (the structural formula
(14-1) and a PP[Ir(ppy),acac] (the structural formula (14-2))
each having a hole transport group (for example, HMTPD)
and an electron transport group (for example, TBPhB) in a
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-continued
(14-2)
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HMTPD

[0177] inwhich each of X, y, and z is an integral number of
10 1o 5,000.
[0178] In addition, as described above, for the purpose of

enhancing the adjustment of the carrier balance between the
holes and the electrons, especially, the efficiency of the imjec-
tion of the electrons from the connection layer 16D to each of
the red light emitting layer 46CR and the green light emitting
layer 46CG, it is preferable to add the low-molecular mate-
rials expressed by the general formulas (5) to (7) described
above, respectively.

[0179] In the third embodiment, the high-molecular mate-
rials in each of which the light is emitted from the triplet
exciton is used in the red light emitting layer 46CR and the
green light emitting layer 46CG, thereby obtaining the same
effects as those in the second embodiment described above.

5. Module and Examples of Application

[0180] Hereinafter, a description will be given with respect
to examples of application of the organic EL display device 1
according to the first embodiment of the present disclosure
described above. The organic EL display device 1 of the first
embodiment described above can be applied to the display
devices, of electronic apparatuses in all the fields, in each of
which a video signal inputted from the outside to the elec-
tronic apparatus, or a video signal generated in the electronic
apparatus is displayed in the form of an image or a video
image. In this case, the electronic apparatuses include a tele-
vision set, a digital camera, a notebook-size personal com-
puter, mobile terminal equipment such as a mobile phone, and
a video camera.

(Module)

[0181] Theorganic EL display device 1 of the first embodi-
ment described above is incorporated as a module, for
example, as shown in FIG. 10, in various kinds of electronics
apparatuses exemplified as first to fifth examples of applica-
tion which will be described later. In the module, for example,
an area 210 exposed either from the protective layer 30 and
the sealing substrate 40 in the first embodiment is provided in
one side of the substrate 11, and wirings of the signal line

TBphB

Ir(ppy); acac

drive circuit 120 and the scanning line drive circuit 130 are
made to extend to form external connection terminals (not
shown) in the exposed area 210. A Flexible Printed Circuit
(FPC) board 220 for input/output of the signals may be pro-
vided in those external connection terminals.

First Examples of Application

[0182] FIG. 11 is a perspective view showing an external
appearance of a television set as a first example of application
to which the organic EL display device 1 of the first embodi-
ment is applied. The television set, for example, includes an
image display screen portion 300 composed of a front panel
310 and a filter glass 320. In this case, the image display
screen portion 300 is composed of the organic EL display
device 1 of the first embodiment described above.

Second Example of Application

[0183] FIGS. 12A and 12B are respectively perspective
views showing respective external appearances of a digital
camera as a second example of application to which the
organic EL display device 1 of the first embodiment descried
above is applied. The digital camera, for example, includes a
light emitting portion 410 for flash, a display portion 420, a
menu switch 430, and a shutter button 440. In this case, the
display portion 420 is composed of the organic EL display
device 1 of the first embodiment described above.

Third Example of Application

[0184] FIG. 13 is a perspective view showing an external
appearance of a notebook-size personal computer as a third
example of application to which the organic EL display
device 1 of the first embodiment described above is applied.
The notebook-size personal computer, for example, includes
amain body 510, a keyboard 520 which is manipulated when
characters or the like are inputted, and a display portion 530
for displaying thereon an image. In this case, the display
portion 530 is composed of the organic EL display device 1 of
the first embodiment described above.
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Fourth Example of Application

[0185] FIG. 14 is a perspective view showing an external
appearance of a video camera as a fourth example of appli-
cation to which the organic EL display device 1 of the first
embodiment described above is applied. The video camera,
for example, includes a main body portion 610, a lens 620
which captures an image of a subject and which is provided
on a side surface directed forward, a start/stop switch 630
which is manufactured when an image of a subject is cap-
tured, and a display portion 640. In this case, the display
portion 640 is composed of the organic EL display device 1 of
the first embodiment described above.

Fifth Example of Application

[0186] FIGS. 15A to 15G are respectively views showing
respective external appearances of a mobile phone as a fifth
example of application to which the organic EL display
device 1 of the first embodiment described above is applied.
The mobile phone, for example, is constructed in such a way
that an upper chassis 710 and a lower chassis 720 are coupled
to each other through a coupling portion (hinge portion) 730.
The mobile phone, for example, includes a display portion
740, a sub-display portion 750, a picture light 760, and a
camera 770 in addition to the upper chassis 710, the lower
chassis 720, and the coupling portion (hinge portion) 730. In
this case, of these constituent elements, either the display
portion 740 or the sub-display portion 750 is composed of the
organic EL display device 1 of the firstembodiment described
above.

[0187] It should be noted that although the organic EL
display device of the first embodiment described above is
applied to each of the first to fifth examples of application, the
organic EL display device 2, 3 or 4 of any of the change of the
first embodiment, and the second and third embodiments can
also be applied to each of the first to fifth examples of appli-
cation.

Example 1

[0188] Thered organic EL elements 10R, the green organic
EL elements 10G, and the blue organic EL elements 10B were
formed on the substrate 11 of 25 mmx25 mm.

[0189] Firstly, a glass substrate (of 25 mmx25 mm) was
prepared as the substrate 11, and a transprarent conductive
film having a thickness of 100 nm and made of an ITO was
formed as the lower electrode 14 on the substrate 11 (Step
S101). Subsequently, the partition wall 15A was made of an
inorganic material such as SiO,, and the partition wall 15B
was made of a resin material such as polyimide, acrylic or
novolac, thereby forming the partition wall 15 (Step S102).
Next, the partition wall 15 was introduced into a system
including a plasma power source and electrodes, and was then
subjected to the plasma treatment by using a fluorine system
gas such as CF,, thereby carrying out the water repellent
treatment for the surface of the partition wall 15.

[0190] Subsequently, for formation of the hole injection
layers 16AR, 16AG, and 16 AB, ND1501 (polyaniline manu-
factured by NISSAN CHEMICAL INDUSTRIES, LTD.)
was applied in the atmosphere so as to have a thickness of 15
nm by utilizing the nozzle coating method. Then, the ND1501
thus applied was thermally cured on a hot plate at 220° C. for
30 minutes.

[0191] After that, for formation of the hole transport layers
16BR, 16BG, and 16BB, a liquid solution in which the com-
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pound expressed by the structural formula (1-1) was dis-
solved at a ratio of 1 wt % into either xylene or a solvent
having a higher boiling point than that of xylene was applied
onto the hole injection layers 16AR, 16AG, and 16AB by
utilizing the nozzle coating method. With regard to a thick-
ness, a thickness of the hole transport layer 16BR for the red
organic EL element 10R was set to 50 nm, a thickness of the
hole transport layer 16BG for the green organic EL element
10G was set to 30 nm, and a thickness of the hole transport
layer 16BB for the blue organic EL element 10B was set to 20
nm. Next, after the gas was exhausted up to a state in which
the substrate 11 underwent a negative pressure to vacuum-dry
the solvent, a heat treatment was carried out at 180° C. for 30
minutes.

[0192] Subsequently. after completion of the formation of
thehole transport layers 16BR, 16BG, and 16BB, thered light
emitting layer 16CR was formed on the hole transport layer
16BR of the red organic EL element 10R. Specifically for
example, the compound expressed by the structural formula
(2-7), and the compound expressed by the structural formula
(4-4) were respectively dissolved as the host material and the
guest material into either xylene or the solvent having the
higher boiling point than that of xylene, and was then applied
and printed so as to have a thickness of 60 nm by utilizing the
nozzle coating method. In addition, the green light emitting
layer 16CG was formed on the hole transport layer 16BG of
the green organic EL element 10G. Specifically, for example,
the compound expressed by the structural formula (2-3), and
the compound expressed by the structural formula (4-1) were
respectively dissolved as the host material and the guest mate-
rial into either xylene or the solvent having the higher boiling
point than that of xylene, and was then applied and printed so
as to have a thickness of 50 nm by utilizing the nozzle coating
method. Subsequently, after the gas was exhausted up to a
state in which the substrate 11 underwent the negative pres-
sure to vacuum-dry the solvent, a heat treatment was carried
out at 130° C. for 30 minutes.

[0193] Next, the substrate 11 was moved into a vacuum
evaporation system, and the layers in and after the connection
layer 16D were formed through the evaporation. Firstly, for
formation of the connection layer 16D, the compound, for
example, expressed by the structural formula (6-22) was
evaporated so as to have a thickness of 10 nm by utilizing the
vacuum evaporation method. It is noted that when the con-
nection layer 16D was formed so as to have a lamination
structure composed of two kinds of materials, the twokinds of
materials were formed so as for each of them to have a
thickness of 5 nm, thereby having a thickness of 10 nm in
total. After the connection layer 16D was commonly formed,
the ADN (9,10-di(2-naphthyl)anthracene) expressed as the
blue light emitting layer by the structural formula (8-20), and
the blue dopant expressed by the general formula (15) were
co-evaporated at a weight ratio of 95:5 so as to have a thick-
ness of 25 nm in total. For formation of the electron transport
layer 16E, the organic material, for example, expressed by the
structural formula (9-30) was evaporated so as to have a
thickness of 15 nm by utilizing the vacuum evaporation
method. Subsequently, for formation of the electron injection
layer 16E, an LiF film was deposited so as to have a thickness
of 0.3 mm by utilizing the evaporation method, and for for-
mation of the upper electrode 17, an Al film was deposited so
as to have a thickness of 100 nm. Finally, the protective layer
30 made of SiN was formed so as to have a thickness of 3 pm
by utilizing the CVD method, and is solid-sealed with an
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epoxy resin. The red organic EL element 10R, green organic
EL element 10G, and blue organic EL element 10B thus
obtained were combined with one another, thereby obtaining
the full-color organic EL display device (Examples 1-1to0 1-4,
Comparative Examples 1-1to 1-4).

(15

S eaYatalngs

[0194] It is noted in addition to Examples 1-1 to 1-4 and
Comparative Examples 1-1 to 1-4 each of which had the
material structure similar to that in each of the first embodi-
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ment and change of the first embodiment described above,
and in each of which the red light emitting layer 16CR and the
green light emitting layer 16CG were formed by utilizing the
application method, organic EL display devices were respec-
tively formed as Example 1-5, Comparative Example 1-5 and
Example 1-6, Comparative Example 1-6 by utilizing the
evaporation method and the laser transfer method. In addi-
tion, an organic EL display device in which a yellow organic
EL element was added to the red, green, and blue organic EL
elements was manufactured as Example 1-7.

[0195] With regard to Examples 1-1 to 1-7 and Compara-
tive Examples 1-1 to 1-6, a luminous efficiency (Cd/A), a
drive voltage (V), and chromaticity coordinates (x, y) in a
phase of the drive with a current density of 10 mA/cm” were
measured. It is noted that the measurements described above
were carried out under the environment in which the tempera-
ture was controlled at 23+0.5° C.

[0196] Table 1 shows a list of the layer structures and the
materials in Examples 1-1 to 1-7 and Comparative Examples
1-1to 1-6. Table 2 is a list of the measurement result obtained
from Examples 1-1 to 1-7 and Comparative Examples 1-1 to
1-6.

TABLE 1
Green light Red light Yellow light
Hele Hole emitting layer emitting layer emitting layer
injection  transport Host Guest Host Guest Host Guest
layer layer material  material  material  material  material = material
Ex. ND1501  Stmuectural Structural Structural  Structural  Structural — —
1-1 formula  formula  formula  formula  formula
1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Ex. ND1501  Stmuectural Structural Structural  Structural  Structural — —
1-2 formula  formula  formula  formula  formula
1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Ex. ND1501  Stmuectural Structural Structural  Structural  Structural — —
-3 formula  formula  formula  formula  formula
1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Ex. ND1501  Stmuectural Structural Structural  Structural  Structural — —
1-4 formula  formula  formula  formula  formula
1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Ex. ND1501  Structural Structural Structural Structural Structural — —
-5 formula  formula  formula  formula  formula
1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Ex. ND1501  Structural Structural Structural Structural Structural — —
1-6 formula  formula  formula  formula  formula
1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Ex. ND1501  Structural Structural Structural —Structural Structural — Structural — Structural
-7 formula  formula  formula  formula  formula  formula  formula
1-1 2-3 4-1(10%) 2-7 4-4 (5%) 23 4-3 (10%)
Comp. NDI501  Structural Structural Structural Structural Structural — —
Ex. formula  formula  formula  formula  formula
1-1 1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Comp. NDI1501  Structural Structural Structural —Structural Structural — —
Ex. formula  formula  formula  formula  formula
1-2 1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Comp. NDI1501  Structural Structural Structural —Structural Structural — —
Ex. formula  formula  formula  formula  formula
1-3 1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Comp. NDI1501  Structural Structural Structural —Structural Structural — —
Ex. formula  formula  formula  formula  formula
1-4 1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Comp. NDI1501  Structural Structural Structural —Structural Structural — —
Ex. formula  formula  formula  formula  formula
1-5 1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Comp. NDI1501  Structural Structural Structural —Structural Structural — —
Ex. formula  formula  formula  formula  formula
1-6 1-1 2-3 4-1(10%) 2-7 4-4 (5%)
Comp. NDI1501  Structural Structural Structural —Structural Structural — Structural — Structural
Ex. formula  formula  formula  formula  formula  formula  formula
1-7 1-1 2-3 4-1(10%) 2-7 4-4(53%) 23 4-3 (10%)
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TABLE 1-continued
Comnnection Electron Electron
layer Blue transport injection
1 2 common layer layer layer Electrode
Ex. Structural ~ — Structural formula Structural LiF Al
1-1 formula 8-20 + general formula
6-22 formula 14 (5%) 9-50
Ex. Structural ~ — Structural formula Structural LiF Al
1-2 formula 8-20 + general formula
6-49 formula 14 (5%) 9-50
Ex. Structural ~ — Structural formula Structural LiF Al
1-3 formula 8-20 + general formula
2-1 formula 14 (5%) 9-50
Ex. Structural ~ — Structural formula Structural LiF Al
1-4 formula 8-20 + general formula
3-10 formula 14 (5%) 9-50
Ex. Structural ~ — Structural formula Structural LiF Al
1-5 formula 8-20 + general formula
6-49 formula 14 (5%) 9-50
Ex. Structural  — Structural formula  Structural LiF Al
1-6 formula 8-20 + general formula
6-49 formula 14 (5%) 9-50
Ex. Structural  — Structural formula  Structural LiF Al
1-7 formula 8-20 + general formula
6-49 formula 14 (5%) 9-50
Comp. — — Structural formula Structural LiF Al
Ex. 8-20 + general formula
1-1 formula 14 (5%) 9-50
Comp. BCP — Structural formula Structural LiF Al
Ex. 8-20 + general formula
1-2 formula 14 (5%)  9-50
Comp. aNPD — Structural formula Structural LiF Al
Ex. 8-20 + general formula
1-3 formula 14 (5%) 9-50
Comp.  Structural —— Structural formula Structural LiF Al
Ex. formula 8-20 + general formula
1-4 3-10 formula 14 (5%)  9-50
Comp. — — Structural formula  Structural LiF Al
Ex. 8-20 + general formula
1-5 formula 14 (5%) 9-50
Comp. — — Structural formula  Structural LiF Al
Ex. 8-20 + general formula
1-6 formula 14 (5%)  9-50
Comp. — — Structural formula Structural LiF Al
Ex. 8-20 + general formula
1-7 formula 14 (5%)  9-50
TABLE 2
Blue organic EL element Green organic EL element Red organic EL element Yellow organic EL element
Chro- Chro- Chro- Chro-
Luminous Volt- ma- Luminous Volt- ma- Luminous Volt- ma- Luminous Volt- ma-
efficiency age ticity efficiency age ticity efficiency age ticity efficiency age ticity Life/
(Cd/A) (V) x,y Lifeh  (Cd/A) V) x,y Lifeh  (Cd/A) V) x,y Lifeh  (Cd/A) V) xy h
Ex. 7.2 51 0.15, 80 55.6 5.8 026, 0005 123 6.5 0.67, 0.002
1-1 0.11 0.65 0.32
Ex. 7.1 52 0.15, 120 50.2 5.8 026, 0005 125 6.5 0.67, 0.003
12 0.11 0.65 0.32
Ex. 7.5 52 0.15, 110 343 5.8 026, 0003 13.1 6.5 0.67, 0.002
13 0.11 0.65 0.32
Ex. 7.5 52 0.15, 80 585 5.8 026, 0002 12.8 6.5 0.67, 0.001
14 0.11 0.65 0.32
Ex. 7.2 51 0.15, 130 60.5 51 026, 0003 12.8 6.1 0.67, 0.002
1-5 0.11 0.65 0.32
Ex. 7.1 53 0.15, 110 50.8 6.1 026, 0.005 11.8 6.5 0.67, 0.003
1-6 0.11 0.65 0.32
Ex. 7.1 52 0.15, 120 50.2 5.8 026, 0005 125 6.5 0.67, 0.003 65.4 5.9 046, 0.003
1-7 0.11 0.65 0.32 0.54
Comp. 3.1 49 0.5, 10 325 5.6 022, 0012 8.7 6.5 0.62, 0.029
Ex. 0.11 0.57 031

1-1
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TABLE 2-continued

Blue organic EL element Green organic EL element

Red organic EL element Yellow organic EL element

Chro-
Luminous Volt- ma-
efficiency age ticity

Chro-
Luminous Volt- ma-
efficiency age ticity

Chro-
Luminous Volt- ma-
efficiency age ticity

Chro-
Luminous Volt- ma-
efficiency age ticity Life/

(CA/A) (V) x,y  Lifeh (CdA) (V) xy Lifeh (CJA) (V) x,y Lifeh (CJA) (V) %y h
Comp. 2.1 49 0.12, 5 354 5.6 026, 0007 115 6.5 067, 0008
Ex. 0.13 0.64 032
12
Comp. 45 49 015, 30 305 5.6 022, 0039 87 65 061, 0043
Ex. 0.11 0.56 032
13
Comp. 6.4 49 015, 10 451 56 022, 0028 86 65 058, 004
Ex. 0.11 055 031
14
Comp. 5.1 53 015, 50 50.1 61 026, 0008 112 65 067, 0003
Ex. 0.11 0.65 032
15
Comp. 4.1 53 015, 20 415 61 026, 0009 98 65 067, 0021
Ex. 0.12 0.65 032
1-6
Comp. 3.1 49 015, 10 325 5.6 022, 0012 87 65 062, 002 421 58 042, 0018
Ex. 0.11 0.57 031 051
1.7
[0197] As can be seen from Table 2, in Comparative [0199] Inaddition, the present disclosure can be applied not

Example 1-1 in which no connection layer 16D was provided,
the sufficient characteristics are not obtained with respect to
the luminous efficiency and life of the blue organic EL ele-
ment. In addition, the sufficient luminous efficiency is not
obtained in each of the green organic EL element and the red
organic EL, element as well, and the measurement of the
chromaticity was also observed. On the other hand, in
Examples 1-1 and 1-2 in each of which the connection layer
16D was provided, the enhancement of the life characteristics
of the blue EL element was 8 or 10 more times as large as that
of the life characteristics of the blue EL element of Compara-
tive Example 1-1. In addition, the chromaticity change in
each of the green organic EL element and the red organic EL
element was also suppressed. Also, as apparent from the
measurement results obtained from Examples 1-3 and 1-4,
the suitable materials are laminated one upon another,
whereby it is also becomes possible to use the material which
does not sufficiently function as the connection layer 16D
when being singularly used.

[0198] Inaddition, even in Examples 1-5 and 1-6 in each of
which the red light emitting layer 16CR and the green light
emitting layer 16CG were formed by utilizing either the
evaporation method or the laser transfer method, the lumi-
nous efficiency and life characteristics of the blue organic EL
element are enhanced comparably with those of each of
Examples 1-1 to 1-4. On the other hand, in Comparative
Examples 1-5 and 1-6 in each of which no connection layer
16D is provided, and the individual luminescent layers were
formed by utilizing either the evaporation method or the laser
transfer method, the luminous efficiency and life character-
istics of the blue organic EL element remain low. From this
fact, it is understood that the improvement in the element
characteristics of the individual organic EL elements due to
the provision of the connection layer 16D does not depend on
the manufacturing processes for the individual layers.

only to the 3-subpixels ofred (R), green (G), and blue (B), but
also to 4-subpixels in which yellow (Y) is added to red (R),
green (G), and blue (B) as with Example 1-7. Thus, it is
possible to improve the luminous efficiency and life charac-
teristics of the blue organic FL element. In addition, as can be
understood from Table 2, the provision of the connection
layer 16D makes it possible to reduce the chromaticity change
as well of the yellow organic EL element similarly to the case
of the red and green organic EL elements 10R and 10G. It is
noted that in the case of the 4-subpixel of R, G, B, and Y, Y
having a high visual sensitivity is utilized, whereby it
becomes possible to reduce the power consumption in terms
of the display system.

Examples 2 and 3

[0200]
same material compositions as those of each of the second

Organic EL display devices 2 and 3 each having the

and third embodiments described above were manufactured
by utilizing the same methods as those in Example 1 (Ex-
amples 2-1 to 2-3, Comparative Example 2-1, and Examples
3-1to 3-3, Comparative Example 3-1). Table 3 shows alist of
the layer structures, and materials in Examples 2-1 to 2-3 and
Comparative Example 2-1. Table 4 is a list of measurement
results obtained from Examples 2-1 to 2-3 and Comparative
Example 2-1 by utilizing the same measurement methods as
those in Example 1. Table 5 shows alist of layer structures and
materials in Examples 3-1 to 3-3 and Comparative Example
3-1. Also, Table 6 is a list of measurement results obtained
from Examples 3-1 to 3-3 and Comparative Example 3-1 by
utilizing the same measurement methods as those in Example
1.
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TABLE 3
Green light emitting layer Red light emitting layer
Low- Low-
Hole High- molecular molecular
injection molecular mixed Guest High-molecular mixed Guest
layer Interlayer material material material material material material
Ex. ND1501 TFB  General Structural Structural General Structural Structural
2-1 formula 12 formula 2-3  formula4-1 formula 12 formula 2-7  formula 4-4
(50%) (10%) (50%) (5%)
Ex. ND1501 TFB  General Structural Structural General Structural Structural
2-2 formula 12 formula 2-3  formula4-1  formula 12 formula 2-7  formula 4-4
(50%) (10%) (50%) (5%)
Ex. ND1501 TFB  General Structural Structural General Structural Structural
2-3 formula 12 formula 2-3  formula4-1 formula 12 formula 2-7  formula 4-4
(50%) (10%) (50%) (5%)
Comp. NDI1501 TFB  General Structural Structural General Structural Structural
Ex. formula 12 formula 2-3  formula4-1 formula 12 formula 2-7  formula 4-4
2-1 (50%) (10%) (50%) (5%)
Connection Electron Electron
layer Blue transport injection
1 2 common layer layer layer Electrode
Ex. Structural — Structural Structural LiF Al
2-1 formula 6-22 formula 8-20 + formula
general 9-50
formula 14
(5%)
Ex. Structural — Structural Structural LiF Al
2-2 formula 6-49 formula 8-20 + formula
general 9-50
formula 14
(5%)
Ex. Structural Structural Structural Structural LiF Al
2-3 formula 3-10 formula 6-49 formula 8-20 + formula
general 9-50
formula 14
(5%)
Comp. no provision — Structural Structural LiF Al
Ex. formula 8-20 + formula
2-1 general 9-50
formula 14
(5%)
TABLE 4
Blue organic E1 element Green organic EL element Red organic EL element
Luminous Luminous Luminous
efficiency Voltage Chromaticity efficiency Voltage Chromaticity efficiency Voltage Chromaricity
(Cd/A) V) x,v Life/h (Cd/A) V) xvy Life/h (Cd/A) V) xy Life/h
Ex. 7.2 5.1 015 80 58.5 6.5  0.26, 0.003 1.5 73 067, 0.002
2-1 0.11 0.64 0.32
Ex. 7.1 52 015, 120 60.5 6.2 0.6, 0.003 12.1 7.6 0.7, 0.003
22 0.11 0.64 0.32
Ex. 7.5 52 015, 80 59.5 64  0.26, 0.002 12.5 74 0.7, 0.002
2-3 0.11 0.65 0.32
Comp. 3.1 49 0.5, 10 39.5 6.9 022, 0.018 8.1 7 0.59, 0.045
Ex. 0.11 0.57 031
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TABLE 5
Green light
emitting layer
Low- Red light
Hole Hole molecular emitting layer Connection
injection  transport  Host mixed Host Low-molecular layer
layer layer material  material  material  mixed material 1 2
Ex. ND1501 TFB Structural — Structural — Structural —
31 formula formula formula
13-2 13-1 6-49
Ex. ND1501 TFB Structural  Structural Structural — Structural Structural —
32 formula  formula  formula  formula formula
13-2 2-1(30%) 13-1 4-4 (30%) 6-49
Ex.3-3 NDI501 TFB Structural — Structural — Structural — Structural Structural Structural
formula  formula  formula  formula formula formula
13-2 2-1(30%) 13-1 4-4 (30%) 3-10 6-49
Comp. NDI1501 TFB Structural — Structural — 1o provision —
Ex. formula formula
3-1 13-2 13-1
Electron Electron
Blue transport injection
common layer layer layer Electrode
Ex. Structural formula 8-20 +  Structural LiF Al
3-1 general formula 14 formula
(5%) 9-50
Ex. Structural formula 8-20 +  Structural LiF Al
3-2 general formula 14 formula
(5%) 9-50
Ex. 3-3  Structural formula 8-20 + Structural LiF Al
general formula 14 formula
(5%) 9-50
Comp.  Structural formula 8-20 + Structural LiF Al
Ex. general formula 14 formula
3-1 (5%) 9-50
TABLE 6
Blue organic EL element Green organic EL element Red organic EL element
Luminous Luminous Luminous
efficiency Voltage Chromaticity efficiency Voltage Chromaticity efficiency Voltage Chromaricity
(Cd/A) V) xv Life/h (Cd/A) V) X%y Life/h (Cd/A) V) xy Life/h
Ex. 7.1 5.2 0.15, 120 55.4 78 0.27, 0.009 9.8 85 0.65, 0.008
3-1 0.11 0.63 0.34
Ex. 7.1 5.2 015, 120 57.8 64 0.26, 0.003 9.5 7.8  0.65, 0.003
32 0.11 0.64 0.34
Ex. 7.5 5.2 015, 80 59.1 6.3 0.26, 0.002 10.1 7.7 0.65, 0.002
33 0.11 0.65 0.34
Comp. 3.1 49 0.5, 10 41.5 7.7 022, 0.025 7.5 84 057, 0.048
Ex. 0.11 0.55 0.35
3-1
[0201] As can been seen from Table 4, even when each of  layer 46D results in that the luminous efficiency and life

the red light emitting layer 36CR and the green light emitting
layer 36CG was made of the phosphorescence luminescent
low-molecular material and high-molecular material, the pro-
vision ofthe connection layer 36D results in that the luminous
efficiency and life characteristics of the blue organic EL ele-
ment 30B were enhanced. In addition, the chromaticity
change of each of the red organic EL element 30R and the
green organic EL element 30G was also suppressed.

[0202] Also, as can be seen from Table 6, even when each of
the red light emitting layer 46CR and the green light emitting
layer 46CG was made of the phosphorescence luminescent
high-molecular material, the provision of the connection

characteristics of the blue organic EL element 40D were
enhanced. In addition, the chromaticity change of each of the
red organic EL element 40R and the green organic EL ele-
ment 40G was also suppressed. Inaddition, like Examples 3-2
and 3-3, the suitable low-molecular materials are added to the
red light emitting layer 46CR and the green light emitting
layer 46CG, respectively, whereby the chromaticity change
can be further suppressed and the low voltage promotion
becomes possible.

[0203] From the foregoing, the connection layer 16D, 26D,
36D, 46D containing therein the low-molecular material is
provided between the red light emitting layer 16CR, 26CR,
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36C, 46CR and the green light emitting layer 16CG, 26CG,
36CG, 46CG, and the blue light emitting layer 16CB, 26CB,
36CG, 46CB, whereby the luminous efficiency and life char-
acteristics of the blue organic EL element 10B, 20B, 30B,
40B are enhanced. In addition, in the red organic EL element
10R, 20R, 30R, 40R and the green organic EL element 10G,
20G, 30G, 40G in each of which the phosphorescence lumi-
nescent materials are used in the red light emitting layer and
the green light emitting layer, respectively, the chromaticity
change due to the current density dependency is suppressed
irrespective of the kinds of phosphorescence luminescent
materials.

[0204] Although the present disclosure has been described
so far based on the first to third embodiments and Examples 1
to 3, the present disclosure is by no means limited to the
embodiments, change and Examples described above, and
thus various changes can be made.

[0205] For example, the materials and the thicknesses, or
the deposition methods, the deposition conditions, and the
like which have been described in the embodiments, change
and Examples described above are by no means limited
thereto, other suitable materials and thicknesses may also be
used instead, or other suitable deposition methods and depo-
sition conditions may also be utilized instead.

[0206] In addition, although in Examples 1 and 2, the low-
molecular material (monomer) is used in the blue hole trans-
portlayer 16BB, the present disclosure is by no means limited
thereto, and thus an oligomer material or a high-molecular
material obtained through the polymerization may also be
used instead. It is noted that when the low-molecular material
is used in the application method such as the spin coating
method or the irk-jet method, an adjustment range of the film
thickness is limited in some cases because in general, the
viscosity of the liquid solution to be applied becomes small.
The problem is solved by using the oligomer material or
polymer material having an increased molecular weight.
[0207] In addition, in the second and third embodiments,
and Examples described above, the low-molecular materials
are added to the red light emitting layer 16CR and the green
light emitting layer 16CG, respectively, thereby enhancing
the hole transport characteristics. However, even when the
high-molecular material having the structure portion or the
substituent bearing the hole transport is used as the high-
molecular material composing each of the red light emitting
layer 16CR and the green light emitting layer 16CG, the same
effects can be obtained.

[0208] Moreover, although the embodiments and
Examples described above have been described by concretely
giving the structures of the organic EL elements 10R, 10G,
and 10B, it is unnecessary to include all of the layers, and
other suitable layer(s) may also be included. For example, the
hole transport layer 16BB of the blue organic EL element 16B
may be omitted and the connection layer 16D may be directly
provided on the hole injection layer 16AB. As a result, the
number of manufacturing processes can be reduced and the
cost can also be suppressed. In addition, although in the
embodiments and Examples described above, the organic EL
display device including the red, green and yellow organic EL
elements as the organic ELL elements other than the blue
organic EL element has been described, a white organic EL
element may also be used in addition thereto.

[0209] Furthermore, although in the embodiments and the
like described above, the description has been given with
respect to the case of the active matrix type display device, the
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present disclosure can also be applied to a positive matrix
type display device. Furthermore, the configuration of the
pixel drive circuit for the active matrix drive is by no means
limited to any of the configurations described in the embodi-
ments described above, and thus a capacitive element or a
transistor may also be added as may be necessary. In this case,
in addition to the signal line drive circuit 120 and scanning
line drive circuit 130 described above, a necessary drive cit-
cuit(s) may be added in accordance with the change in the
pixel drive circuit.

[0210] Inaddition, although in Examples described above,
the hole injection layers 16AR, 16AG, and 16AB, the hole
transport layers 16BR, 16BG, and 16BB, and the red light
emitting layer 16 CR and green light emitting layer 16CG are
all formed by utilizing the nozzle coating method of the
application methods, the present disclosure is by no means
limited thereto, and thus the spin coating method, the ink-jet
method or the slit coating method may also be used instead.
Moreover, for example, these layers may also be formed by
utilizing a discharge system such as a microsyringe for
directly drawings a desired pattern either on the pixels or
among the pixels, or a plate system typified by a relief print-
ing, flexo printing, offset printing, and gravure printing each
using a plate.

[0211] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2011-048353 filed in the Japan Patent Office on Mar.
4,2011, the entire content of which is hereby incorporated by
reference.

[0212] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alternations may occur depending on design require-
ments and other factors insofar as they are within the scope of
the appended claims or the equivalent thereof.

What is claimed is:

1. A method of manufacturing an organic EL display
device, which stands for organic electro luminescence dis-
play device, comprising:

providing a lower electrode every first organic EL element

for a blue color and every second organic EL element for
another color on a substrate;

forming a hole injection/transport layer having at least one

of properties of hole injection and hole transport every
first organic EL element and second organic EL element
on said lower electrode, by utilizing an application
method;

forming a second organic light emitting layer for another

color on the hole injection/transport layer for said sec-
ond organic EL element by utilizing an application
method;

forming a connection layer made of a low-molecular mate-

rial over an entire surface of said hole injection/transport
layer for said second organic light emitting layer and
said first organic EL element by utilizing an evaporation
method;

forming a first organic light emitting layer for a blue color

over an entire surface of said connection layer by utiliz-
ing an evaporation method; and

forming an electron injection/transport layer having at

least one of properties of electron injection and electron
transport, and an upper electrode in order over an entire
surface of said blue light emitting layer in order.

2. The method of manufacturing an organic EL display
device according to claim 1, wherein said hole injection/
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transport layer is formed as a common layer on a lower
electrode of said first organic EL element and said second
organic EL element by utilizing an application method.

3. The method of manufacturing an organic EL display
device according to claim 1, wherein said hole injection/
transport layer and said second organic light emitting layer
are formed through application appropriately by utilizing any
one of a spin coating method, an ink-jet method, a nozzle
coating method, a slit coating method, a printing method, and
a spray method as the application method.

4. The method of manufacturing an organic EL display
device according to claim 3, wherein the printing method is
either a discharge method or a plate method.

5. The method of manufacturing an organic EL display
device according to claim 1, wherein said hole injection/
transport layer and said second organic light emitting layer
are formed through application appropriately by utilizing
either a metal mask method or a laser transport method.

* % % k¥
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