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A method for manufacturing an organic electroluminescent
display apparatus including a plurality of organic electrolu-
minescent devices at least containing a fused ring compound
having an anthracene skeleton, includes, in the following
order: forming an organic electroluminescent layer on a sub-
strate on which a first electrode has been formed; processing
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compound having an anthracene skeleton from forming the
(51) Imt.ClL organic electroluminescent layer until completion of provid-
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METHOD FOR MANUFACTURING ORGANIC
ELECTROLUMINESCENT DISPLAY
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method for manu-
facturing an organic electroluminescent display apparatus.
[0003] 2. Description of the Related Art

[0004] An organic electroluminescent display apparatus is
a display including a plurality of organic electroluminescent
devices. Since organic electroluminescent display appara-
tuses have high contrast and can be easily manufactured in a
small thickness, these display apparatuses have attracted
attentions as a promising candidate of a flat panel display. The
organic electroluminescent display apparatuses also have an
advantage that the response speed thereof is higher than that
of a liquid crystal display and hence the organic electrolumi-
nescent display apparatuses are suitable for displaying
dynamic images.

[0005] Inadisplay region of an organic electroluminescent
display apparatus, for example, subpixels each including an
organic electroluminescent device for outputting any one of
red, green and blue lights are arranged two-dimensionally and
with high definition. Furthermore, by controlling the quantity
of light emitted from each of the subpixels, a desired full color
image can be displayed.

[0006] As a method for manufacturing a display apparatus
including organic electroluminescent devices with high defi-
nition, various methods have been proposed. Japanese Patent
No. 4507759 discloses a method for forming a layer of an
organic material (an organic material layer) constructing an
organic electroluminescent device into a desired pattern
shape with good patterning accuracy. Specifically, a mask
layer is formed on an organic material layer by photolithog-
raphy process, so as to pattern the organic material layer by
using the mask layer. The mask layer is formed by succes-
sively forming an intermediate layer containing a light
absorption material and made of alcohol-soluble nylon and a
resist layer, and processing a layered body of the intermediate
layer and the resist layer by the photolithography process.
Here, the light absorption material contained in the interme-
diate layer is provided for the purpose of preventing damage
of the organic material layer caused by exposing light.
[0007] On the other hand, various organic compounds have
been proposed for the purpose of improving efficiency and
durability of organic electroluminescent devices. Japanese
Patent Application Laid-Open No. 2010-150236 discloses a
fused polycyclic compound having an anthracene skeleton
represented by the following general formula:

wherein R, to R, ; each represent a hydrogen atom, a halogen
atom, an alkyl group having 1 to 20 carbon atoms, a substi-
tuted amino group, an aryl group that may have a substituent
or aheterocyclic group that may have a substituent. However,
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at least one of R, to R4 is a halogen atom, an alkyl group
having 1 to 20 carbon atoms, a substituted amino group, an
aryl group that may have a substituent or a heterocyclic group
that may have a substituent.

SUMMARY OF THE INVENTION

[0008] In order to obtain a display apparatus with high
definition, high efficiency and high durability, the patterning
method disclosed in Japanese Patent No. 4507759 may be
applied to an organic electroluminescent material having an
anthracene skeleton as disclosed in Japanese Patent Applica-
tion Laid-Open No. 2010-150236. When the organic elec-
troluminescent material having an anthracene skeleton is
exposed to light having higher energy than singlet excitation
energy under an atmosphere containing oxygen, however, the
organic electroluminescent material is degraded through pho-
todimerization. Although Japanese Patent No. 4507759
makes no detailed description, there is a possibility that some
steps such as a step of transporting a substrate to a photoli-
thography apparatus after forming the organic compound
layer and a step of removing the intermediate layer by dipping
the intermediate layer in water are carried out in the atmo-
sphere under an environment where the spectrum of ambient
light is not restricted, for example, under light from a white
luminescent lamp. In such a case, there arises a problem in
which the organic electroluminescent material having an
anthracene skeleton is degraded so that the manufactured
device may be inferior in luminous efficiency and durability
characteristics to a device manufactured by vacuum evapora-
tion.

[0009] The present invention was achieved for solving the
aforementioned problems, and an object of the present inven-
tion is to provide an organic electroluminescent apparatus
having high definition, high efficiency and a long life.
[0010] The method for manufacturing an organic electrolu-
minescent display apparatus of the present invention is a
method for manufacturing an organic electroluminescent
apparatus that includes, on a substrate, a plurality of organic
electroluminescent devices each including a first electrode, a
second electrode and an organic compound layer sandwiched
between the first electrode and the second electrode and con-
taining a fused ring compound having an anthracene skeleton,
with the organic electroluminescent devices covered by a
sealing member, including, in the following order: forming
the organic compound layer on the substrate on which the first
electrode has been formed; processing the organic compound
layer; forming the second electrode on the organic compound
layer; and providing the sealing member covering the organic
compound layer, wherein the organic compound layer is not
exposed to an environment containing oxygen and including
light of a wavelength shorter than a wavelength of a long
wavelength edge of an absorption spectrum of the fused ring
compound having an anthracene skeleton from forming the
organic compound layer until completion of providing the
sealing member.

[0011] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic cross-sectional view illustrat-
ing an example of an organic electroluminescent apparatus
manufactured by a manufacturing method of the present
invention.
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[0013] FIGS. 24, 2B, 2C, 2D, 2E, 2F, 2G, 2H, 2, 21, 2K,
2L, 2M and 2N are schematic cross-sectional views illustrat-
ing exemplary embodiments attained in the method for manu-
facturing an organic electroluminescent apparatus of the
present invention.

[0014] FIG. 3 is a diagram illustrating an absorption spec-
trum, in a solution, of a fused ring compound having an
anthracene skeleton contained in a first light emitting layer.
[0015] FIG.4is adiagram illustrating an absorption edge of
a peak of the spectrum of FIG. 3.

[0016] FIG. 5is a diagram illustrating a spectral distribu-
tion of a commercially available yellow fluorescent lamp for
use in a semiconductor manufacturing factory (FL40S Y-F
manufactured by Hitachi, Ltd.).

[0017] FIG. 6is a diagram illustrating absorption spectra of
a first organic electroluminescent material and a second
organic electroluminescent material.

DESCRIPTION OF THE EMBODIMENTS

[0018] Preferred embodiments of the present invention will
now be described in detail in accordance with the accompa-
nying drawings.

[0019] A method for manufacturing an organic electrolu-
minescent display apparatus of the present invention is a
method for manufacturing an organic electroluminescent dis-
play apparatus including organic electroluminescent devices
including an organic electroluminescent layer containing a
first organic electroluminescent material, that is, a fused ring
compound having an anthracene skeleton. An organic elec-
troluminescent layer may contain, in addition to the first
organic electroluminescent material, a second organic elec-
troluminescent material not having an anthracene skeleton.
[0020] Themethod for manufacturing an organic electrolu-
minescent display apparatus of the present invention typically
includes at least following steps (1) to (3):

[0021] (1) A step of forming an organic electroluminescent
layer containing a first organic electroluminescent material;

[0022] (2) a transporting step; and

[0023] (3) a step of processing the organic electrolumines-
cent layer.

[0024] In the present invention, the step (2) (the transport-

ing step) is typically a step of transportation, performed after
forming the organic electroluminescent layer in the step (1)
(the step of forming an organic electroluminescent layer), to
a processing apparatus for the organic electroluminescent
layer for performing the step (3). The step (2) is performed in
the atmosphere under ambient light, and at this point, the
spectrum of the ambient light is restricted so that the organic
electroluminescent layer may not be exposed to light with
higher energy than singlet excitation energy of the first
organic electroluminescent material.

[0025] The step (3) (the step of processing the organic
electroluminescent layer) is a processing step in which the
organic electroluminescent layer is patterned and an interme-
diate layer is removed after forming a mask pattern on the
organic electroluminescent layer by photolithography. Also
in the step (3), the organic electroluminescent layer is
exposed in the atmosphere to the ambient light, and the spec-
trum of the ambient light is restricted at this point so that the
organic electroluminescent layer may not be exposed to light
with higher energy than the singlet excitation energy of the
first organic electroluminescent material. In other words, a
short wavelength edge of the spectrum of the ambient light to
which the first organic electroluminescent material is exposed
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in the steps (2) and (3) has a longer wavelength than a long
wavelength edge of an absorption spectrum of the first
organic electroluminescent material.

[0026] Incidentally, in the present invention, the organic
electroluminescent layer is typically a single layer or a lay-
ered body including a plurality of layers to be processed by
the photolithography, and corresponds to a layer constructing
an organic electroluminescent device.

[0027] Now, an embodiment of the present invention will
be specifically described with reference to the accompanying
drawings. It is noted that common techniques or known tech-
niques of the related art can be applied to matters not espe-
cially illustrated in the drawings or not especially mentioned
in the following description.

[0028] (Organic Electroluminescent Device)

[0029] FIG. 1 is a schematic cross-sectional view illustrat-
ing an example of an organic electroluminescent apparatus
manufactured by the manufacturing method of the present
invention. The organic electroluminescent apparatus 1 of
FIG. 1 includes two kinds of subpixels, namely, a first sub-
pixel 2a and a second subpixel 25, provided on a substrate 10.
In the organic electroluminescent apparatus 1 of FIG. 1, the
first subpixel 2a has an organic electroluminescent device
including a lower electrode 11a provided on the substrate 10,
a charge injection transport layer 12a, a first light emitting
layer 13a, an adjacent functional layer 14a, an electron trans-
port layer 17, an electron injection layer 18 and an upper
electrode 19 provided in this order.

[0030] In the organic electroluminescent apparatus 1 of
FIG. 1, the second subpixel 25 has an organic electrolumi-
nescent device including a lower electrode 115 provided on
the substrate 10, a charge injection transport layer 125, a
second light emitting layer 135, an adjacent functional layer
14b, an electron transport layer 17, an electron injection layer
18 and an upper electrode 19 provided in this order. The
charge injection transport layers 12a and 125 and the adjacent
functional layers 14a and 145 may be respectively made of
the same material or different materials. Hereinafter, if these
layers are referred to regardless of the first subpixel 24 and the
second subpixel 2b, reference signs with “a” and “b” omitted
are used for the description like a charge injection transport
layer 12 and an adjacent functional layer 14.

[0031] (Method for Manufacturing Organic Electrolumi-
nescent Apparatus)

[0032] The present invention typically relates to a method
for manufacturing an organic electroluminescent display
apparatus, comprising a step of forming on the substrate an
organic electroluminescent layer patterned into a desired
shape by the photolithography, and a step where the organic
electroluminescent layer on the substrate can be exposed to
ambient light in the atmosphere in the course of manufactur-
ing the organic electroluminescent display apparatus.
Accordingly, the present invention is applicable to any manu-
facturing process including a step where the organic elec-
troluminescent layer on the substrate can be exposed to ambi-
ent light in the atmosphere in the course of manufacturing the
organic electroluminescent display apparatus. A specific
example of the manufacturing process of the present inven-
tion will now be described, but it is noted that the present
invention is not limited to this specific example.

[0033] FIGS.2A to 2N are schematic cross-sectional views
illustrating exemplified embodiments attained in the method
for manufacturing an organic electroluminescent apparatus
of the present invention. FIGS. 2A to 2N illustrate the manu-
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facturing process foran organic electroluminescent apparatus
having two kinds of subpixels (2a and 25) different from each
other in color of light emission, but the present invention is
not limited to such an apparatus. For example, the number of
kinds of subpixels may be three or more. Incidentally, in an
actual organic electroluminescent apparatus, pixels (each
corresponding to a minimum unit for forming an image) each
including a combination of two kinds of subpixels (2a and 25)
are two-dimensionally provided on a substrate 10. Now, the
manufacturing method of the present invention will be
described based on FIGS. 2A to 2N.

[0034] (1) Step of manufacturing substrate having lower
electrode (FIG. 2A)

[0035] First, a plurality of lower electrodes 11 are formed
on a substrate 10 (FIG. 2A). As the substrate 10, for example,
an insulating substrate such as a glass substrate, a Si wafer or
the like is used. Although not illustrated in FIG. 2A, a drive
circuit including a transistor or the like for driving the organic
electroluminescent apparatus may be provided in the sub-
strate 101fnecessary. Ifa drive circuit (not shown) is provided
in the substrate 10, a planarizing layer (not shown) for pla-
narizing irregularities caused by providing the drive circuit
can be provided.

[0036] A material for the lower electrode 11 may be appro-
priately selected according to a light extraction direction. For
example, a conductive metal material such as Alor Ag may be
used for forming the lower electrode 11 as a reflecting elec-
trode, or a transparent electrode material such as ITO or zinc
oxide containing tin may be used for forming the lower elec-
trode 11 as an optically transparent electrode. In the case
where the lower electrode 11 is formed as a reflecting elec-
trode, an electrode including an electrode layer made of a
conductive metal material and an electrode layer made of a
transparent electrode material stacked in this order may be
used.

[0037] Ifthe respective organic electroluminescent devices
are individually operated to emit light from each subpixel, the
lower electrode 11 is patterned into a desired shape, so as to be
divided correspondingly to each subpixel. As a method for
patterning the lower electrode 11, a known method such as the
photolithography process may be applied. After patterning
the lower electrode 11 into a desired shape so as to isolate
respective electrodes, a pixel isolation film for partitioning
light emitting regions of the respective subpixels may be
provided if necessary.

[0038] (2) Step of forming charge injection transport layer
(FIG. 2B)
[0039] Next, a charge injection transport layer 12a and a

first light emitting layer 13a constructing an organic elec-
troluminescent device included in a first subpixel 2a are suc-
cessively formed over the substrate 10 (FIG. 2B).

[0040] Incidentally, the charge injection transport layer 12
1s not always necessary. If the charge injection transport layer
12 is provided, the charge injection transport layer 12 may be
made of a single layer or a plurality of layers.

[0041] Ifthe lower electrode 11 is a positive electrode, the
charge injection transport layer 12 includes a hole injection
layer, a hole transport layer, an electron blocking layer and the
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like. Alternatively, if the lower electrode 11 is a negative
electrode, the charge injection transport layer 12 includes an
electron injection layer, an electron transport layer, a hole
blocking layer and the like.

[0042] As a material for the first light emitting layer 13a,
any of known low molecular materials or high molecular
materials can be selected. As a method for forming the first
light emitting layer 13a, a vacuum evaporation method, a
coating method or the like can be employed.

[0043]
cent layer includes a first organic electroluminescent mate-
rial. More specifically, in this embodiment, at least any one of
the charge injection transport layer 12, the light emitting layer
(the first light emitting layer 13a) and the adjacent functional
layer 14 includes a first organic electroluminescent material.
A second organic electroluminescent material may be further
included. Here, the first organic electroluminescent material
and the second organic electroluminescent material are mate-

In the present invention, the organic electrolumines-

rials described below.
[0044]

[0045]
fused ring compound having an anthracene skeleton.
Examples of the fused ring compound having an anthracene
skeleton include compounds represented by the following
Formulas (a) to (g):

(2a) First Organic Electroluminescent Material

The first organic electroluminescent material is a
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[0046] In Formulas (a) to (g), a hydrogen atom may be
substituted with any one of a fluorine atom, a chlorine atom,
abromine atom, an iodine atom, an alkyl group having 1 to 20
carbon atoms, a substituted amino group, an aryl group that
may have a substituent and a heterocyclic group that may
have a substituent. However, at least one of the hydrogen
atoms can be substituted with a halogen atom, an alkyl group
having 1 to 20 carbon atoms, a substituted amino group, an
aryl group that may have a substituent or a heterocyclic group
that may have a substituent.

[0047] Examples of the alkyl group used for substituting a
hydrogen atom include a methyl group, an ethyl group, an
n-propyl group, an iso-propyl group, an n-butyl group, a
sec-butyl group, an iso-butyl group, a tert-butyl group and an
n-hexyl group.

[0048] Examples of the substituted amino group used for
substituting a hydrogen atom include a dimethylamino group
and a diphenylamino group.

[0049] An example of the aryl group used for substituting a
hydrogen atom includes a phenyl group.

[0050] An example of the heterocyclic group used for sub-
stituting a hydrogen atom includes a pyridyl group.

[0051] The first organic electroluminescent material may
be contained in the organic electroluminescent layer formed
in the first subpixel 2a or the second subpixel 25 or in the
organic electroluminescent layers formed in both the subpix-
els. In the following description, an exemplary case in which
the first organic electroluminescent material is contained in
the organic electroluminescent layer formed in the first sub-
pixel 2a is assumed.

[0052] Specific examples of the first organic electrolumi-
nescent material include the following compounds. Itis, how-
ever, noted that compounds usable as the first organic elec-
troluminescent material in the present invention are not
limited to the following group of compounds.
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[0053] (2b) Second Organic Electroluminescent Material
[0054] The organic electroluminescent layer may further
contain the second organic electroluminescent material not
having an anthracene skeleton. Compounds to be used as the
second organic electroluminescent material are not especially
limited, but the second organic electroluminescent material
preferably has an absorption spectrum not overlapping the
spectrum of the ambient light. Specifically, the spectrum of
the ambient light can preferably be restricted so as to overlap
neither the absorption spectrum of the first organic electrolu-
minescent material nor the absorption spectrum of the second
organic electroluminescent material. This is because the first
organic electroluminescent material and the second organic
electroluminescent material can be thus prevented from being
excited by the ambient light.

[0055] Specific examples of the second organic electrolu-
minescent material include the following compounds, but the
present invention is not limited to these compounds.

o C
eesdsee




US 2014/0004640 Al

-continued

[0056] (3) Step of Forming Adjacent Functional Layer
(FI1G. 2C)
[0057] Next, an adjacent functional layer 14a is formed on

the first light emitting layer 13¢ (FIG. 2C). In the present
invention, the adjacent functional layer 14 is typically a layer
provided on the light emitting layer (the first light emitting
layer 13a) and adjacent to the light emitting layer. Examples
of the adjacent functional layer 14 include a hole blocking
layer and an electron blocking layer.

[0058] (4) Step of Forming Sacrificial Layer (FIG. 2C)

[0059] Next, a sacrificial layer 15 is formed on the adjacent
functional layer 14a (FIG. 2C). The sacrificial layer 15 is
provided so that a layer present on the sacrificial layer 15 (an
intermediate layer 21) may be removed without a residue in a
subsequent step. As a material for the sacrificial layer 15, a
material soluble in a polar solvent is selected. When the
material for the sacrificial layer 15 is selected to have higher
solubility in a polar solvent than a material for the adjacent
functional layer 14, the sacrificial layer 15 can be selectively
removed, and thus, thickness variation of the adjacent func-
tional layer 14 caused in the process can be suppressed. In
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other words, the accuracy in controlling the thickness of the
adjacent functional layer 14 can be improved. In this manner,
the material for the sacrificial layer 15 is selected to be a
compound soluble in or having high solubility in a polar
solvent, and specific examples include a heterocyclic com-
pound and an organic compound having an electron-donating
or electron-withdrawing substituent.

[0060] (5) Step of Forming Intermediate Layer (FIG. 2D)
[0061] Next, the intermediate layer 21 is formed on the
sacrificial layer 15 (FIG. 2D). As a material for the interme-
diate layer 21, a material that has high solubility in a solvent
in which the material for the sacrificial layer 15 has low
solubility and does not damage the sacrificial layer 15, the
adjacent functional layer 14a, the first light emitting layer 13a
and the charge injection transport layer 124 in forming can be
selected.

[0062] This means that an etching rate of the intermediate
layer 21 in a specific solvent is set to be higher than that of the
sacrificial layer 15 and the like. If, for example, a material
minimally dissolved in water is used as the material for the
sacrificial layer 15, water can be suitably used as a solution (a
peeling solution) for dissolving the intermediate layer 21.
Here, if water is selected as the peeling solution for the
intermediate layer 21, a water-soluble inorganic material
such as LiF or NaCl, or a water-soluble polymer such as
polyvinyl alcohol (PVA) or polyvinyl pyrrolidone (PVP) can
be used as the material for the intermediate layer 21.

[0063] (6) Step of Forming Protection Layer (FIG. 2E)
[0064] Next, a protection layer 22 is provided on the inter-
mediate layer 21 (FIG. 2E). The protection layer 22 is pro-
vided for protecting, in forming a resist layer 23 described
later, the intermediate layer 21 and the layers below the inter-
mediatelayer from asolvent used for dissolving a material for
the resist layer 23. Furthermore, the range of selection of the
material for the resist layer 23 can be expanded by providing
the protection layer 22. An example of a material for the
protection layer 22 includes an inorganic material with low
permeability such as silicon nitride or silicon oxide.

[0065] (7) Step of Forming Resist Layer (FIG. 2F)

[0066] Next, the resist layer 23 is formed on the protection
layer 22 (FIG. 2F). As a material for the resist layer 23, a
known resist material can be used.

[0067] (8) Step of Processing First Organic Electrolumi-
nescent Layer (FIGS. 2G to 2I)

[0068] After forming the layers up to the resist layer as
illustrated in F1G. 2F, a first organic electroluminescent layer
is processed by the photolithography. Through procedures of
FIGS. 2G to 21, a first organic layered body 16« in which the
charge injection transport layer 12a, the first light emitting
layer 13a, the adjacent functional layer 14a, the sacrificial
layer 15, the intermediate layer 21 and the protection layer 22
are stacked is processed.

[0069] First, the resist layer 23 is irradiated (exposed) with
light and developed for processing the resist layer 23 so that
the resist layer 23 may remain in a region where the first
subpixel 2a is to be provided (FIG. 2G).

[0070] Then, by using the remaining resist layer 23 as a
mask, portions of the protection layer 22, the intermediate
layer 21, the sacrificial layer 15 and the adjacent functional
layer 14a not covered by the resist layer 23 are successively
removed by dry etching or wet etching (FIG. 2H). Inciden-
tally, in processing by patterning the protection layer 22, the
intermediate layer 21, the sacrificial layer 15 and the adjacent
functional layer 14a, two or more layers may be simulta-
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neously processed in one procedure or the respective layers
may be individually processed in different procedures.
[0071] Next, the firstlight emitting layer 13a and the charge
injection transport layer 12a are successively processed by
the dry etching or the wet etching (FIG. 2I). Through this
processing, a lower electrode 115 to be included in a second
subpixel (B subpixel) 2b is exposed. Incidentally, although
the resist layer 23 covering the first subpixel 2a remains in
processing the first light emitting layer 13a and the charge
injection transport layer 12a in FIG. 21, the resist layer 23 may
be removed during the procedures of FIGS. 2G to 2I. How-
ever, theresist layer 23 can preferably be removed in this step
from the viewpoint that an impurity from the resist layer 23
can be prevented from entering the organic electrolumines-
cent layer in a subsequent step (FIG. 2J).

[0072] (9) Step of Forming Second Organic Electrolumi-
nescent Layer (FIG. 2K)

[0073] Next, a charge injection transport layer 124, a sec-
ond light emitting layer 135, an adjacent functional layer 145
and a sacrificial layer 15 are formed at least in a region where
the second subpixel is to be formed (FIG. 2K). Although the
charge injection transport layer 124, the second light emitting
layer 135 and the adjacent functional layer 145 are formed as
a second organic electroluminescent layer in this embodi-
ment, the second organic electroluminescent layer of the
present invention is not limited to these layers. For example,
the charge injection transport layer 125 may be omitted so as
to form the second organic electroluminescent layer from the
second light emitting layer 135 and the adjacent functional
layer 145.

[0074] Then, a sacrificial layer 15 is formed on the adjacent
functional layer 144 (FIG. 2K). Here, for forming the adja-
cent functional layer 145, the method described in the afore-
mentioned item (3) can be employed. Furthermore, for form-
ing the sacrificial layer 15, the method described in the
aforementioned item (4) can be employed.

[0075] (10) Lift-Off Step (FIG. 2L)

[0076] Next, the intermediate layer 21 is brought into con-
tact with a solution for dissolving the intermediate layer 21,
s0 as to be dissolved therein, and thus, the layers provided on
and above the intermediate layer 21 (the charge injection
transport layer 124, the second light emitting layer (the B
light emitting layer) 135, the adjacent functional layer 145
and the sacrificial layer 15) are removed (by lift-off) all
together (FIG. 2L). The lift-off is performed specifically by
dipping the substrate 10 in a solution for dissolving the inter-
mediate layver 21. At this point, as the solution for dissolving
the intermediate layer 21, a solvent having a higher etching
rate for the intermediate layer 21 than for the sacrificial layer
15 is selected.

[0077] (11) Step of Removing Sacrificial Layer (FIG. 2M)
[0078] Although most portions of the intermediate layer 21
and the layers provided on and above the intermediate layer
21 are removed in the lift-off step, part of these layers may
remain as a residue on the sacrificial layer 15 in some cases.
Therefore, the sacrificial layer 15 is selectively removed by
the wet etching. Thus, the residue remaining on the sacrificial
layer 15 is removed together with the sacrificial layer 15 as
illustrated in FIG. 2M.

[0079] Through the aforementioned procedures, layered
bodies each including the charge injection transport layer
(12a or 125), the light emitting layer (13a or 135) for output-
ting light corresponding to each subpixel and the adjacent
functional layer (14a or 145) are formed in a desired pattern
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shapein the respective subpixels (2a and 25). If the number of
kinds of subpixels is increased to further form an organic light
emitting layer for outputting light corresponding to the
increased subpixel, the procedures from the step of forming
the intermediate layer (the step of the item (5) above) to the
lift-off step (the step of the item (10) above) are appropriately
repeated before removing the sacrificial layer.

[0080] (12) Step of Forming Common Layer (FIG. 2N)
[0081] Next, after sufficiently dehydrating the substrate, a
common layer is formed (FIG. 2N). In the present invention,
the common layer typically includes at least an upper elec-
trode 19 that is an electrode commonly used by the respective
subpixels. Furthermore, an interleaved layer such as a charge
transport layer 17 or a charge injection layer 18 commonly
used by the subpixels may be appropriately provided between
the adjacent functional layer 14 and the upper electrode 19 in
consideration of use of optical interference or the like.
[0082] A material for the upper electrode 19 is not espe-
cially limited as long as the material is a conductive material.
For example, a metal material such as Al or Ag, or a transpar-
ent electrode material such as ITO or zinc oxide containing tin
can be used. Alternatively, a layered electrode film including
a layer of a metal material and a layer of a transparent con-
ductive material can be used. Here, in order to externally
output light emitted from the respective light emitting layers
(13a and 135), a material transparent or translucent to visible
light is used for at least one of the lower electrode 11 and the
upper electrode 19.

[0083] (13) Sealing Step

[0084] Ultimately, a sealing structure (not shown) for pro-
tecting the organic electroluminescent device from oxygen
and moisture included in the air is provided, resulting in
completing the organic electroluminescent apparatus. The
procedures performed after removing the sacrificial layer and
dehydrating the substrate can preferably be conducted under
an environment in which the moisture amount in the atmo-
sphere is restricted, such as under a vacuum or nitrogen atmo-
sphere, so as to prevent re-adhesion of moisture. Examples of
the sealing structure for the substrate include a constitution
for covering the organic electroluminescent device by an
inorganic protection layer with low permeability, and a con-
stitution for covering the organic electroluminescent device
by adhering a base material of glass, a metal or the like with
low permeability onto the substrate 10 with a low permeable
adhesive. Such an inorganic protection layer or a base mate-
rial with low permeability correspond to “sealing member” in
claims.

[0085] (With Regard to Ambient Light)

[0086] Inthe manufacturing process described so far, a part
of the process from the formation of the charge injection
transport layer 124 to the formation of the sealing structure is
performed in the atmosphere. On this occasion, the organic
electroluminescent layer constructing the first subpixel, more
specifically, (at least any one of) the three layers of the charge
injection transport layer 124, the first light emitting layer 13a
and the adjacent functional layer 14a may be exposed to the
ambient light in some cases. Here, depending upon the light
(the ambient light) to which the organic electroluminescent
layer is exposed, it is apprehended that the first organic elec-
troluminescent material (the organic compound having a
fused ring structure including an anthracene skeleton) con-
tained in the first organic electroluminescent layer may be
degraded. Therefore, in the present embodiment, the range of
the spectrum of the ambient light is appropriately restricted.
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In the processes illustrated in FIGS. 2A to 2N, steps in which
there is a possibility that any one of the three layers of the
charge injection transport layer 12a, the first light emitting
layer 13a and the adjacent functional layer 14 may be exposed
to the ambient light in the atmosphere are the steps illustrated
in FIGS. 2B to 2N and transportation steps between these
steps.

[0087] For example, if any one of the steps of successively
forming the respective layers (12a, 13a and 14a) constructing
the first organic electroluminescent layer (FIGS. 2B to 2C) is
a step of forming a layer of a polymeric organic material by a
coating method, the layer containing the first organic elec-
troluminescent material may be exposed to the ambient light
in the atmosphere. Alternatively, if the step of forming the
intermediate layer 21 (FIG. 2D) is a step of coating a water-
soluble polymer such as polyvinyl pyrrolidone (PVP), the
respective layers (12a, 13a and 14a) constructing the first
organic electroluminescent layer can be exposed to the ambi-
ent light in the atmosphere. In the lift-off step (FIG. 2K), the
first organic electroluminescent layer can be exposed to the
ambient light in the atmosphere in lifting off the intermediate
layer 21 with water or the like. In the step of removing the
sacrificial layer (FIG. 2L), the first organic electrolumines-
cent layer can be exposed to the ambient light in the atmo-
sphere during etching (FIG. 2M). Besides, the first organic
electroluminescent layer can be exposed to the ambient light
in the atmosphere also during transportation between the
respective steps.

[0088] As described above, when an organic electrolumi-
nescent material having an anthracene skeleton is exposed to
light with higher energy than the singlet excitation energy
under an atmosphere containing oxygen, the organic elec-
troluminescent material is degraded through photodimeriza-
tion. Accordingly, after the step of forming the organic elec-
troluminescent material having an anthracene skeleton, it is
necessary to restrict at least one of oxygen contained in the
atmosphere employed for every step and the spectrum of the
ambient light. If the oxygen contained in the atmosphere is
restricted, the oxygen concentration is controlled to be pref-
erably 1000 ppm or less and more preferably 10 ppm or less.
If the spectrum of the ambient light is restricted, a short
wavelength edge of the spectrum of the ambient light can
preferably be controlled to have a longer wavelength than an
absorption spectral edge of the organic electroluminescent
material having an anthracene skeleton.

[0089] In the present embodiment, the first organic elec-
troluminescent layer is not exposed to light having higher
energy than the singlet excitation energy of the first organic
electroluminescent material in each of the steps performed in
the atmosphere. Specifically, the ambient light is restricted to
have a spectrum with a short wavelength edge having a longer
wavelength than the absorption spectral edge of the fused ring
compound having an anthracene skeleton (the first organic
electroluminescent material). Thus, the fused ring compound
having an anthracene skeleton does not cause singlet exciton
by absorbing the ambient light. In other words, the photo-
dimerization of the fused ring compound having an
anthracene skeleton is prevented, so that degradation in the
luminous efficiency and durability life of the organic elec-
troluminescent device containing the compound can be sup-
pressed.
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[0090] Here, the control of the ambient light will be spe-
cifically described.

[0091] FIG. 3 is a diagram illustrating an absorption spec-
trum in a solution of a fused ring compound having an
anthracene skeleton contained in the first light emitting layer
134, specifically, a compound represented by general formula
(d). As illustrated in FIG. 3, the absorption spectrum has a
peak derived from a singlet excited state of the objective
compound in the vicinity of 450 nm. In the present embodi-
ment, the ambient light is controlled so that the short wave-
length edge of the spectrum may have lower energy than the
singlet excitation energy of the fused ring compound having
an anthracene skeleton. For example, as for the compound
having the spectrum of FIG. 3, the ambient light is restricted
to have a short wavelength edge of the spectrum on a longer
wavelength side than the absorption edge of the peak present
in the vicinity of 450 nm.

[0092] Similarly, the absorption spectrum of a compound
represented by general formula (a) has a peak derived from
the singlet excited state in the vicinity of 390 nm. Accord-
ingly, if the compound of general formula (a) is used, the
ambient light is restricted to have a short wavelength edge of
the spectrum on a longer wavelength side than the absorption
edge of the peak present in the vicinity of 390 nm.

[0093] Similarly, the absorption spectrum of a compound
represented by general formula (b) has a peak derived from
the singlet excited state in the vicinity of 420 nm. Accord-
ingly, if the compound of general formula (b) is used, the
ambient light is restricted to have a short wavelength edge of
the spectrum on a longer wavelength side than the absorption
edge of the peak present in the vicinity of 420 nm.

[0094] Similarly, the absorption spectrum of a compound
represented by general formula (c) has a peak derived from
the singlet excited state in the vicinity of 420 nm. Accord-
ingly, if the compound of general formula (c) is used, the
ambient light is restricted to have a short wavelength edge of
the spectrum on a longer wavelength side than the absorption
edge of the peak present in the vicinity of 420 nm.

[0095] Similarly, the absorption spectrum of a compound
represented by general formula (e) has a peak derived from
the singlet excited state in the vicinity of 410 nm. Accord-
ingly, if the compound of general formula (e) is used, the
ambient light is restricted to have a short wavelength edge of
the spectrum on a longer wavelength side than the absorption
edge of the peak present in the vicinity of 410 nm.

[0096] Similarly, the absorption spectrum of a compound
represented by general formula (f) has a peak derived from the
singlet excited state in the vicinity of 480 nm. Accordingly, if
the compound of general formula (f) is used, theambient light
is restricted to have a short wavelength edge of the spectrum
on a longer wavelength side than the absorption edge of the
peak present in the vicinity of 480 nm.

[0097] Similarly, the absorption spectrum of a compound
represented by general formula (g) has a peak derived from
the singlet excited state in the vicinity of 530 nm. Accord-
ingly, if the compound of general formula (g) is used, the
ambient light is restricted to have a short wavelength edge of
the spectrum on a longer wavelength side than the absorption
edge of the peak present in the vicinity of 530 nm.

[0098] Now,strict definition ofan absorption edge of a peak
will be described in detail. FIG. 4 is a diagram illustrating the
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absorption edge of the peak of the spectrum of FIG. 3. Refer-
ring to the spectrum of FIG. 3 as a specific example, the
absorption edge of the peak of the objective compound cor-
responds to a point of intersection, with the X axis (where
absorption intensity is 0), of a tangent line passing through an
inflection point disposed on the longest wavelength side in the
peak of the absorption spectrum derived from the singlet
excited state as illustrated in FIG. 4. Based on the absorption
edge of the peak obtained in this manner, light having a short
wavelength edge of the spectrum on the longer wavelength
side than this absorption edge of the peak may be used as the
ambient light. Incidentally, the short wavelength edge of the
spectrum of the ambient light refers to a wavelength at which
intensity of 0.02% or less of the maximum intensity of the
emission spectrum of the ambient light may be attained.

[0099] If the compound having the spectrum illustrated in
FIG. 3 is used, the spectrum of the ambient light can be
restricted by using a commercially available yellow fluores-
cent lamp for use in a semiconductor manufacturing factory
as a light source employed in the environment where the
process is performed. FIG. 5 is a diagram illustrating a spec-
tral distribution of a commercially available yellow fluores-
cent lamp for use in a semiconductor manufacturing factory
(FL40S Y-F manufactured by Hitachi Ltd.). It is understood
from the spectral distribution of FIG. 5 that light of a wave-
length shorter than 500 nm is cut by 99.98% or more in the
objective fluorescent lamp. The light source of the ambient
light is, however, not limited to the yellow fluorescent lamp
for use in a semiconductor manufacturing factory. For
example, apart from the yellow fluorescent lamp for use in a
semiconductor manufacturing factory, various lightings such
as a dark room lamp, an LED light source, an infrared light
source and a sodium lamp can be used as a light source
employed in the environment where the process is performed.
Alternatively, a low-pass filter may be used in combination
with any of various lightings. The yellow fluorescent lamp for
use in a semiconductor manufacturing factory can be suitably
used also when any of the compounds of general formulas (a)
to (g) is used as the first organic electroluminescent material.

[0100] As described so far, by appropriately controlling the
spectral range of the ambient light to which the organic elec-
troluminescent layer may be exposed, the current luminous
efficiency and the brightness durability characteristics of the
organic electroluminescent device included in a specific sub-
pixel can be improved.

[0101] Incidentally, if the second organic electrolumines-
cent material additionally contained in the organic electrolu-
minescent layer constructing the organic electroluminescent
device is a compound having an absorption spectrum distrib-
uted on the longer wavelength side than the first organic
electroluminescent material and having high triplet excitation
energy, the ambient light is set as follows: The ambient light
is selected or set so that the spectrum on the short wavelength
side of the ambient light overlaps neither the absorption spec-
trum of the first organic electroluminescent material nor the
absorption spectrum of the second organic electrolumines-
cent material.

[0102] It is assumed, for example, that the following two
compounds are respectively used as the first organic elec-
troluminescent material and the second organic electrolumi-
nescent material.
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[0103] First Organic Electroluminescent Material
[0104] Second Organic Electroluminescent Material
[0105] FIG. 6is a diagram illustrating absorption spectra of

the first organic electroluminescent material and the second
organic electroluminescent material. As understood from
FIG. 6, the absorption edge of the absorption spectrum of the
second organic electroluminescent material is present on the
longer wavelength side than that of the first organic electrolu-
minescent material. Furthermore, the triplet excitation energy
of the first organic electroluminescent material is 747.13 nm,
and the triplet excitation energy of the second organic elec-
troluminescent material is 655.21 nm. In this case, the ambi-
ent light may be set to have the emission spectrum on the
longer wavelength side, so that the emission spectrum of the
ambient light may overlap neither the absorption spectrum of
the first organic electroluminescent material nor the absorp-
tion spectrum of the second organic electroluminescent mate-
rial. In this manner, excitation of the second organic electrolu-
minescent material otherwise caused by absorption of the
ambient light and occurrence of energy transfer of the triplet
excitation energy from the second organic electroluminescent
material placed in triplet exciton to the first organic electrolu-
minescent material can be prevented. Accordingly, the deg-
radation of the first organic electroluminescent material, that
is, the fused ring compound having an anthracene skeleton,
caused through a reaction with the ambient light can be sup-
pressed, and therefore, the current luminous efficiency and
the brightness durability characteristics of the organic elec-
troluminescent device included in the first subpixel (G sub-
pixel) 2a can be improved.
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EXAMPLES

[0106] The present invention will now be described in more
detail with reference to examples. It is noted that the present
invention is not limited to the example described below.

Example 1

[0107] Based on the manufacturing process illustrated in
FIGS. 2A to 2N, an organic electroluminescent apparatus 1
including two kinds of subpixels (a first subpixel 2a and a
second subpixel 25) as illustrated in FIG. 1 was manufactured
by a method described below. It is noted that the organic
electroluminescent apparatus manufactured in this example
(Example 1) is an organic electroluminescent apparatus hav-
ing two kinds of subpixels, that is, a G subpixel for displaying
green corresponding to the first subpixel 24 and a B subpixel
for displaying blue corresponding to the second subpixel 25.
[0108] (1) Step of Forming Lower Electrode (FIG. 2A)

[0109] First, a reflection film was formed on a substrate 10
by depositing silver by a vacuum evaporation method. At this
point, the thickness of the reflection film was set to 120 nm.
Next, a positive electrode was formed on the reflection film by
depositing indium tin oxide. At this point, the thickness of the
positive electrode was set to 60 nm. Subsequently, a layered
electrode including the reflection film and the positive elec-
trode stacked in this order was processed by the photolithog-
raphy process, so as to form lower electrodes 11 (11a and
114) in regions where a first subpixel 24 and a second sub-
pixel 25 were respectively to be provided (FIG. 2A). There-
after, as pre-processing for the lower electrodes 11, the sub-
strate 10 was irradiated with UV for 10 minutes in a vacuum
apparatus and then was subjected to a heat treatment.

[0110] (2) Step of Forming G Organic Electroluminescent
Layer
[0111] Next, aholetransportlayer (a charge injection trans-

port layer 12), a first light emitting layer (a G light emitting
layer) 13a, a hole blocking layer (an adjacent functional layer
14) and a sacrificial layer 15 were formed by a continuous
vacuum evaporation process performed in the vacuum appa-
ratus as described below. Incidentally, a layered body includ-
ing the hole transport layer (the charge injection transport
layer 12), the first light emitting layer 134 and the hole block-
ing layer (the adjacent functional layer 14) functions as a first
organic electroluminescent layer (a G organic electrolumi-
nescent layer).

[0112] First, an organic material represented by the follow-
ing formula was deposited on the lower electrodes 11, so as to
form the hole transport layer (the charge injection transport
layer 12). At this point, the thickness of the hole transport
layer was set to 120 nm.
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[0113] Next, three compounds respectively represented by
the following formulas (i) to (iil) were codeposited on the
hole transport layer, so as to form the first light emitting layer
(the G light emitting layer) 13a. In this example, the com-
pound of formula (i) corresponds to a first organic electrolu-
minescent material, that is, a fused ring compound having an
anthracene skeleton, and is contained as an assist material.
The compound of formula (iii) corresponds to a second
organic electroluminescent material having higher triplet
excitation energy than the first organic electroluminescent
material, and is contained as a light emitting material. At this
point, the thickness of the first light emitting layer (the G light
emitting layer) 13a was set to 20 nm.

®

[0114]

Next, an organic material represented by the follow-
ing formula was deposited on the first light emitting layer (the
G light emitting layer) 134, so as to form the hole blocking
layer (the adjacent functional layer 14). At this point, the
thickness of the hole blocking layer was set to 10 nm.
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[0115] Next, an organic material represented by the follow-
ing formula was deposited on the hole blocking layer, so as to
form the sacrificial layer 15. At this point, the thickness of the
sacrificial layer 15 was set to 40 nm.

[0116] (3) Step of Forming Intermediate Layer

[0117] Next, the substrate 10 on which the layers up to the
sacrificial layer 15 had been formed was taken out of the
vacuum apparatus to a clean room. Here, the clean room had
cleanliness of ¢lass 1000, the air environment therein was the
same as the atmosphere, and every lighting therein was a
yellow fluorescent lamp for use in a semiconductor manufac-
turing factory (FL40S Y-F, manufactured by Hitachi, Ltd.).
When the substrate 10 was taken out to the clean room, the
sacrificial layer 15 constituted the outermost surface, and the
G organic electroluminescent layer was directly irradiated
with light from the yellow fluorescent lamp for use in a
semiconductor manufacturing factory in the atmosphere.
[0118] Next, after depositing PVP (polyvinyl pyrrolidone)
on the sacrificial layer 15 by coating, the PVP was dried so as
to form an intermediate layer 21.

[0119] (4) Step of Forming Protection Layer

[0120] Next, after the substrate 10 was returned to the
vacuum apparatus, SiN (silicon nitride) was deposited on the
intermediate layer 21 by the vacuum evaporation method, so
as to form a protection layer 22. Incidentally, during trans-
portation for returning the substrate 10 to the vacuum appa-
ratus, the first organic electroluminescent layer (the G organic
electroluminescent layer) was continuously irradiated with
the light from the yellow fluorescent lamp for use in a semi-
conductor manufacturing factory in the atmosphere.

[0121] (5) Step of Processing Protection Layer

[0122] Next, the protection layer 22 was processed by pat-
terning by the photolithography, so as to remain merely in a
region where the G subpixel was to be provided. Specifically,
the substrate 10 was first taken out of the vacuum apparatus to
the cleanroom. As described above, the air environment in the
clean room was the same as the atmosphere, and every light-
ing was the yellow fluorescent lamp for use in a semiconduc-
tor manufacturing factory.

[0123] Next, after applying HMDS (hexamethyl disila-
zane) onto the protection layer 22 for forming an HMDS
layer, a positive photoresist was applied onto the HMDS layer
with a spin coater, so as to form a resist layer 23. Subse-
quently, pre-baking was carried out if necessary. Thereafter,
exposure was performed by using a mask having an opening
correspondingly to a region other than the region where the G
subpixel 2a was to be provided, and then, development and
post-baking were successively carried out. In this manner, the
resist layer 23 patterned according to the region where the G
subpixel 2a was to be provided was formed.

[0124] Next, dry etching was carried out with the patterned
resist layer 23 used as a mask, so as to remove the protection
layer 22, the intermediate layer 21, the sacrificial layer 15 and
the first organic electroluminescent layer (the G organic elec-
troluminescent layer) from the region other than the region
where the first subpixel (G subpixel) 2a was to be provided.
Specifically, the substrate 10 was first transported under the
light from the yellow fluorescent lamp for use in a semicon-
ductor manufacturing factory, and then, the substrate 10 was
returned to the vacuum apparatus. Next, dry etching was
carried out by using a carbon tetrafluoride gas (CF, gas), so as
to remove a portion of the protection layer 22 not masked by
the resist layer 23. Thereafter, dry etching was carried out
with the thus patterned protection layer 22 used as a mask, so
as to remove a portion of the intermediate layer 21 not masked
by the protection layer 22. Subsequently, etching was carried
out by using oxygen with the thus patterned intermediate
layer used as a mask, so as to remove a portion of the sacri-
ficial layer 15 and the first organic electroluminescent layer
not masked by the intermediate layer 21. In this manner, the
protection layer 22 remained merely in the region where the
G subpixel 2a was to be provided, and the lower electrode 11
provided in a pixel other than the first subpixel 2a was
exposed.

[0125] (6) Step of Forming B Organic Electroluminescent
Layer
[0126] Next, after returning the substrate 10 to the vacuum

apparatus, the exposed lower electrode 11 was subjected to
pre-processing. Then, a hole transport layer, an electron
blocking layer, a second light emitting layer (a B light emit-
ting layer) 135, a hole blocking layer (an adjacent functional
layer 144) and a sacrificial layer 15 were formed by a con-
tinuous vacuum evaporation process performed in the
vacuum apparatus as described below. Incidentally, a layered
body including the hole transport layer and the electron
blocking layer functions as a charge injection transport layer
12, and a layered body including the charge injection trans-
port layer 12, the second light emitting layer (the B light
emitting layer) 135 and the hole blocking layer (the adjacent
functional layer 14) functions as a B organic electrolumines-
cent layer.

[0127] First, an organic material represented by the follow-
ing formula was deposited on the lower electrode 11, so as to
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form the hole transport layer. At this point, the thickness of the [0129] Next, two compounds respectively represented by
hole transport layer was set to 60 nm. the following formulas were codeposited on the electron
blocking layer, so as to form the second light emitting layer
(the B light emitting layer) 135. At this point, the thickness of
the second light emitting layer (the B light emitting layer) 135
was set to 20 nm. In this example, the second light emitting

layer (the B light emitting layer) 135 contains neither the first
Me Me

\ organic electroluminescent material nor the second organic
O Me € Q electroluminescent material having higher triplet excitation
! ! energy than the first organic electroluminescent material.

[0128] Next, a compound represented by the following for- '
mula was deposited on the hole transport layer, so as to form OD ‘O

the electron blocking layer. At this point, the thickness of the
electron blocking layer was set to 10 nm.
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[0130] Next, an organic material represented by the follow-
ing formula was deposited on the second light emitting layer
(the B light emitting layer) 13, so as to form the hole block-
ing layer (the adjacent functional layer 14). At this point, the
thickness of the hole blocking layer was set to 10 nm.

&
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[0131] Next, an organic material represented by the follow-
ing formula was deposited on the hole blocking layer, so as to
form the sacrificial layer 15. At this point, the thickness of the
sacrificial layer 15 was set to 40 nm.

[0132] (7) Lift-Off Step

[0133] Subsequently, the substrate 10 was taken out of the
vacuum apparatus to a room lighted merely by the yellow
fluorescent lamp for use in a semiconductor manufacturing
factory. Next, the substrate 10 taken out was dipped in water.
At this point, since the PVP used as the material for the
intermediate layer 21 is water-soluble, the intermediate layer
was dissolved when dipped in water, and accordingly, the
protection layer 22 was also removed together with the inter-
mediate layer 21. Incidentally, in this step, the first organic
electroluminescent layer (the G organic electroluminescent
layer) and the second organic electroluminescent layer (the B
organic electroluminescent layer) were irradiated with the
light from the yellow fluorescent lamp for use in a semicon-
ductor manufacturing factory in the atmosphere with the sac-
rificial layer 15 constituting on the outermost surface.
[0134] (8) Step of Removing Sacrificial Layer

[0135] Next, the substrate 10 was dipped in isopropyl alco-
hol, so as to remove the sacrificial layer 15 provided in the G
subpixel 2a and the B subpixel 2b. At this point, the first
organic electroluminescent layer (the G organic electrolumi-
nescent layer) and the second organic electroluminescent
layer (the B organic electroluminescent layer) were irradiated
with the light from the yellow fluorescent lamp for use in a
semiconductor manufacturing factory in the atmosphere with
the hole blocking layer (the adjacent functional layer 14)
constituting the outermost surface.

[0136] Subsequently, in order to remove moisture adhered
on the top surface or the side surfaces of a layered body
including the charge injection transport layer 12, the light
emitting layers (13a and 134) and the adjacent functional
layer 14, the substrate 10 was transported into a vacuum
apparatus and then was baked at 100° C. The transportation of
the substrate into the vacuum apparatus after removing the
sacrificial layer was performed in the atmosphere and under
the light from the yellow fluorescent lamp for use in a semi-
conductor manufacturing factory.

[0137] (9) Step of Forming Common Layers

[0138] Next, an electron transport layer, an electron injec-
tion layer and an upper electrode commonly used by the
respective subpixels were formed by a continuous vacuum
evaporation process performed in the vacuum apparatus.
[0139] First, an organic material represented by the follow-
ing formula was deposited into a thickness of 10 nm on the
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hole blocking layer (the adjacent functional layer 14), so as to
form the electron transport layer 17. Thereafter, the organic
material represented by the following formula and cesium
carbonate were codeposited, so as to form the electron injec-
tion layer 18. At this point, the thickness of the electron
injection layer 18 was set to 20 nm.

[0140] Next, silver was deposited on the electron injection
layer 18 by sputtering, so as to form the upper electrode 19. At
this point, the thickness of the upper electrode 19 was set to 12
nm.

[0141] (10) Sealing Step

[0142] Ultimately, the organic electroluminescent appara-
tus was sealed by using a cap glass within a glove box filled
with nitrogen. The transportation of the substrate 10 from the
vacuum apparatus to the glove box after forming the upper
electrode was continuously performed within an apparatus
having an atmosphere in which the moisture was restricted. In
this manner, the organic electroluminescent apparatus was
obtained.

[0143] (11) Evaluation of Apparatus

[0144] The thus obtained apparatus was evaluated for light
emitting characteristics (luminous efficiency and durability)
of the G subpixel 2a by known methods as follows:

[0145] (11-1) Luminous Efficiency

[0146] The luminous efficiency at CIE, of 0.230 was mea-
sured.

[0147] (11-2) Durability

[0148] The organic electroluminescent apparatus was con-

tinuously operated at room temperature, and time elapsed
when brightness was lowered from initial brightness (bright-
ness at 100% level) to brightness at 98.5% level was mea-
sured.

[0149] The results of the measurements are listed in Table
1

Comparative Example 1

[0150] An organic electroluminescent apparatus was
manufactured in the same manner as in Example 1 except that
a white fluorescent lamp was used instead of the yellow
fluorescent lamp for use in a semiconductor manufacturing
factory used in Example 1. Incidentally, in this comparative
example (Comparative Example 1), the first organic elec-
troluminescent layer (G organic electroluminescent layer)
was exposed to the atmosphere and irradiated directly with
white light emitted from the white fluorescent lamp in steps
corresponding to the steps described in the items (3), (5), (7)
and (8) of Example 1.
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[0151] The thus manufactured apparatus was evaluated for
the light emitting characteristics (luminous efficiency and
durability) of a G subpixel 2a in the same manner as in
Example 1. The results are listed in Table 1.

TABLE 1
Luminous
Durability efficiency
Ambient light [time] [cd/A]
Example 1 Yellow fluorescent lamp for 96 37
use in semiconductor
manufacturing factory
Comparative ~ White fluorescent lamp 2 9
Example 1
[0152] Table 1 shows comparison in the luminous effi-

ciency and durability of the G subpixel 2a between Example
1 and Comparative Example 1. As shown in Table 1, if the
white fluorescent lamp is used as the ambient light in the
processing of the organic electroluminescent layer by the
photolithography process, the luminous efficiency and the
durability of the G subpixel 2a are largely degraded as com-
pared with the case where the yellow fluorescent lamp foruse
in a semiconductor manufacturing factory is used.

[0153] As described above, the organic electroluminescent
apparatus of the present invention contains a fused ring com-
pound having an anthracene skeleton as one of materials for
an organic electroluminescent device constructing the
organic electroluminescent apparatus. Furthermore, the pho-
tolithography can be emploved in the manufacturing method
of the present invention, and for example, the range of the
wavelength of the ambient light to which the fused ring com-
pound having an anthracene skeleton is exposed during the
process is restricted to a prescribed range. Specifically, the
ambient light is restricted to have a spectrum having a short
wavelength edge with lower energy than singlet excitation
energy of the fused ring compound having an anthracene
skeleton (the first organic electroluminescent material). In
this manner, the fused ring compound having an anthracene
skeleton never absorbs the ambient light and hence is never
excited. Since the excitation is not caused, photodimerization
that may otherwise degrade the fused ring compound having
an anthracene skeleton can be avoided.

[0154] Accordingly, when the manufacturing method of
the present invention is employed, an organic electrolumines-
cent apparatus having high definition, high efficiency and a
long life can be manufactured.

[0155] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0156] This application claims the benefit of Japanese
Patent Application No. 2012-147950, filed on Jun. 29, 2012
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. A method for manufacturing an organic electrolumines-
cent apparatus that includes, on a substrate, a plurality of
organic electroluminescent devices each including a first
electrode, a second electrode and an organic electrolumines-
cent layer sandwiched between the first electrode and the
second electrode and containing a fused ring compound hav-
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ing an anthracene skeleton, with the organic electrolumines-
cent devices covered by a sealing member, comprising, in the
following order:

forming the organic electroluminescent layer on the sub-

strate on which the first electrode has been formed;
processing the organic electroluminescent layer;

forming the second electrode on the organic electrolumi-

nescent layer; and

providing the sealing member covering the organic elec-

troluminescent layer,

wherein the organic electroluminescent layer is not

exposed to an environment containing oxygen and
including light of a wavelength shorter than a wave-
length of a long wavelength edge of an absorption spec-
trum of the fused ring compound having an anthracene
skeleton from forming the organic electroluminescent
layer until completion of providing the sealing member.

2. The method for manufacturing an organic electrolumi-
nescent apparatus according to claim 1,

wherein the method is performed under light of a wave-

length region longer than the wavelength of the long
wavelength edge of the absorption spectrum of the fused
ring compound having an anthracene skeleton from
forming the organic electroluminescent layer until pro-
viding the sealing member.

3. The method for manufacturing an organic electrolumi-
nescent apparatus according to claim 1,

wherein a light emitting layer included in the organic elec-

troluminescent layer contains the fused ring compound
having an anthracene skeleton.

4. The method for manufacturing an organic electrolumi-
nescent apparatus according to claim 1,

wherein the organic electroluminescent layer further con-

tains an organic compound material not having an
anthracene skeleton, and

the organic electroluminescent layer is not exposed either

to light of a wavelength shorter than a wavelength of a
long wavelength edge of an absorption spectrum of the
organic compound material not having an anthracene
skeleton from forming the organic electroluminescent
layer until providing the sealing member.

5. The method for manufacturing an organic electrolumi-
nescent apparatus according to claim 1, further comprising,
before forming the organic electroluminescent layer:

providing an intermediate layer made of a water-soluble

material; and

removing a part of the intermediate layer,

wherein the processing the organic electroluminescent

layer includes removing the organic electroluminescent
layer formed on the intermediate layer by dissolving the
intermediate layer.

6. The method for manufacturing an organic electrolumi-
nescent apparatus according to claim 5,

wherein the processing the organic electroluminescent

layer is carried out under light of a wavelength region
longer than the wavelength of the long wavelength edge
of the absorption spectrum of the fused ring compound
having an anthracene skeleton.

7. The method for manufacturing an organic electrolumi-
nescent apparatus according to claim 5,

wherein the removing a part of the intermediate layer

includes:

forming a photoresist layer on the intermediate layer;

patterning the photoresist layer by photolithography; and
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removing the intermediate layer by using the patterned
photoresist layer as a mask.
8. The method for manufacturing an organic electrolumi-
nescent apparatus according to claim 7, further comprising;

forming a protection layer of an inorganic material on the
intermediate layer before forming the photoresist layer;
and
removing the protection layer by using the photoresist
layer as a mask before removing the intermediate layer.
9. A method for manufacturing an organic electrolumines-
cent apparatus including, on a substrate, a plurality of organic
electroluminescent devices each including a first electrode, a
second electrode and an organic electroluminescent layer
sandwiched between the first electrode and the second elec-
trode and containing a fused ring compound having an
anthracene skeleton, with the organic electroluminescent
devices covered by a sealing member, comprising:
forming the organic electroluminescent layer on the sub-
strate on which the first electrode has been formed;

processing the organic electroluminescent layer;
forming the second electrode on the organic electrolumi-
nescent layer; and

providing the sealing member covering the organic elec-
troluminescent layer,

wherein a process carried out under an environment in
which oxygen is contained and the organic electrolumi-
nescent layer is exposed to ambient light is performed
between the forming the organic electroluminescent
layer and the providing the sealing member, and

a wavelength of a short wavelength edge of a spectrum of
the ambient light is longer than a wavelength of a long
wavelength edge of an absorption spectrum of the fused
ring compound having an anthracene skeleton.

10. The method for manufacturing an organic electrolumi-

nescent apparatus according to claim 9,

wherein the fused ring compound having an anthracene
skeleton is any one of compounds represented by the
following general formulas (a) to (g), and a light source
of the ambient light is a yellow fluorescent lamp:
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-continued

)
8

wherein, in general formulas (a) to (g), a hydrogen atom
may be substituted with any one of a fluorine atom, a
chlorine atom, a bromine atom, an iodine atom, an alkyl
group having 1 to 20 carbon atoms, a substituted amino
group, an aryl group that may have a substituent and a
heterocyclic group that may have a substituent.
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