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(57) ABSTRACT

A composition containing a high-molecular compound hav-
ing as a photo-crosslinkable group any of a cinnamoyl
group, a cinnamylidene group, a chalcone residual group, an
isocoumarin residual group, a 2,5-dimethoxystilbene
residual group, a thymine residual group, a styrylpyridinium
residual group, an a-phenylmaleimide residual group, an
anthracene residual group and a 2-pyrone residual group, or
an aromatic bisazide, is cross-linked by light irradiation via
a mask to cure the composition in a prescribed pattern to
form photoemission layers.
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ORGANIC-ELECTROLUMINESCENCE DEVICE,
PROCESS FOR ITS PRODUCTION AND
ORGANIC-ELECTROLUMINESCENCE DISPLAY
SYSTEM

[0001] This application is based on Japanese Patent Appli-
cation No. 2000-165976 filed in Japan, the contents of which
are incorporated hereinto by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to an organic-electrolumi-
nescence (hereinafter often “organic-EL”) device, a process
for its production, and an organic-electroluminescence dis-
play system having the device.

[0003] In general, in notebook personal computers, PDAs
(personal digital assistants), mobile computers, portable
information terminals, cellular phones and so forth, liquid-
crystal display is chiefly used as flat-panel display. Also, in
recent years, the proportion of using liquid-crystal display in
place of CRT (cathode ray tube) display is increasing in
desktop computers, too.

[0004] However, the liquid-crystal display has problems
such that it has insufficient response speed, requires a large
power consumption in the case of backlighting systems, has
a low luminance and contrast in the case of reflection
systems and has inferior visual angle characteristics.

[0005] Flat-panel display substitutive of such liquid-crys-
tal display may include PDP (plasma display panel) and
FED (field emission display). These, however, also has
problems that they require a large power consumption, can
not be made thin and are heavy-weight.

[0006] Accordingly, as display that can solve these prob-
lems in liquid-crystal display and other flat-panel display
such as PDP and FED at a stretch, organic-EL display is
proposed (e.g., C. W. Tang et al., Appl. Phys. Lett., 51, 913,
1987). This organic-EL display has various superior char-
acters such that it has a very higher response speed than the
liquid-crystal display, has an excellent viewing angle due to
displaying by self light emission, can be made thin by half
as much as the liquid-crystal display because it has only one
sheet as a necessary glass substrate and hence can be
light-weight and may require a smaller power consumption
than the backlighting-type liquid-crystal display. Accord-
ingly, the organic-EL display is expected as a prospective
means in the twenty-first century.

[0007] The organic-EL display uses, as luminescent
devices, organic-EL devices making use of organic com-
pounds as luminescent materials. The organic-EL devices
have basic structure in which the anode, a photoemission
layer and the cathode are superposed in this order on a
substrate. A hole transport layer between the anode and the
photoemission layer, and an electron transport layer between
the cathode and the photoemission layer are optionally
provided. Color display by such organic-EL devices include
full-color display by three-primary-color dot matrixes, and
multiple-color area color display. In either case, photoemis-
sion layers must be formed in prescribed patterns.

[0008] As methods for forming the photoemission layers
for color display, the following methods (1) to (4) are known
in the art.

Apr. 10, 2003

[0009] (1) A method in which respective EL luminescent
low-molecular materials for red, blue and green are sepa-
rately mask-vacuum-deposited three times;

[0010] (2) a method in which organic-EL blue-light
emission is converted into red color and green color
by means of color conversion layers;

[0011] (3) a method in which solutions of respective
EL luminescent high-molecular materials for red,
blue and green are coated by ink-jet printing to coat
three-primary-color materials separately; and

[0012] (4) a method in which white-color EL light
backlighting and color filters are used in combina-
tion.

[0013] However, the method (1) of mask vacuum deposi-
tion has so poor a productivity as to result in a high cost.
Also, mask registration must be made inside a vacuum
reactor, and it is difficult to achieve uniform film formation
because of a difference in molecules’ flying angle and
distance between the middle area and the peripheral area of
a substrate. In addition, there is a problem that any dusting
inside the vacuum deposition reactor may cause film defects.

[0014] The method (2) of color conversion requires the
color conversion layers other than organic-EL layers formed
of EL luminescent high-molecular materials, and has a
problem that many steps must be provided. In addition
thereto, there is another problem that photoemission effi-
ciency may lower because of a loss at the time of color
conversion.

[0015] The method (3) of ink-jet coating requires dams for
separating dots of EL luminescent high-molecular materials,
and hence involves a low aperture percentage, resulting in a
low effective luminance. Moreover, a long tact time is
required because any whole-surface one-time coating can
not be performed, resulting in a high cost especially in the
case that large number of organic EL devices are produced
in one lump substrate. There is also a problem on how to
keep the quality of inks and printer heads.

[0016] The method (4) of using white EL light backlight-
ing and color filters in combination has a disadvantage that
the utilization efficiency of organic-EL light is so poor as to
require a large power consumption.

[0017] Accordingly, as disclosed in Japanese Patent Appli-
cation Laid-open No. 11-8069, a process for producing an
organic-EL. device making use of a photocurable acrylic
resin is proposed. This process is a process in which a
photosensitive resin composition prepared by adding an
organic-EL material to a photocurable acrylic resin is coated
on a substrate to form a film, followed by exposure via a
mask having prescribed patterns and then development to
form a photoemission layer and a hole transport layer and/or
an electron transport layer in that prescribed patterns.

[0018] According to this process, the layers can be formed
in patterns in a simple manner for each color of RGB (red,
green and blue). The acrylic resin, however, may be affected
by oxygen the atmosphere may contain at the time of curing,
so that the surface may cure with difficulty.

[0019] Especially in the production of organic-EL devices
in which photoemission layers must be formed in thin films
of about 100 nm thick, the rate of curing in air is so greatly
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low that the layers must be exposed in an inert atmosphere
of argon, nitrogen or the like. This can be an obstacle to the
achievement of mass production of devices. Also, since a
liquid is used as the photosensitive material, a gap must be
provided between the photosensitive material and the mask,
and hence no precise exposure can be effected.

SUMMARY OF THE INVENTION

[0020] An object of the present invention is to provide an
organic-EL device production process by which fine-pattern
photoemission layers can be formed with ease and in a good
precision, an organic-EL device which can be produced by
that process, and an organic EL display system having that
device.

[0021] To achieve the above object, the present invention
provides a process for producing an organic-EL device; the
process comprising the steps of:

[0022] forming a film of at least one of;

[0023] (a) a high-molecular compound composi-
tion which contains a high-molecular compound
having a divalent organic group represented by the
following Formula (7); and/or

[0024] (b) a high-molecular compound composi-
tion which contains i) a high-molecular compound
having a divalent organic group represented by the
following Formula (8) and ii) a bisazide com-
pound;

[0025] followed by exposure and then development
to form a photoemission layer in a prescribed pat-
tern.

M

CH—X—CR"™=CRSR’

/

[0026] wherein X is a divalent organic group containing at
least one of an allyl group (preferably having 2 to 10 carbon
atoms), an aryl group (e.g., a benzene ring residual group
such as a phenyl group or a phenylene group), an alkylene
group (preferably having 1 to 10 carbon atoms), an alkyl
group (preferably having 1 to 10 carbon atoms), an amide
group, an ester group, a nitrile group and a carbonyl group;
and R” to R® are each a hydrogen atom or a monovalent
organic group containing at least one of an allyl group
(preferably having 2 to 10 carbon atoms), an aryl group (e.g.,
a benzene ring residual group such as a phenyl group or a
phenylene group), an alkylene group (preferably having 1 to
10 carbon atoms), an alkyl group (preferably having 1 to 10
carbon atoms), an amide group, an ester group, a nitrile
group and a carbonyl group.

®

CH—W
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[0027] wherein W is a monovalent organic group contain-
ing at least one of an allyl group (preferably having 2 to 10
carbon atoms), an aryl group (e.g., a benzene ring residual
group such as a phenyl group or a phenylene group), an
alkylene group (preferably having 1 to 10 carbon atoms), an
alkyl group (preferably having 1 to 10 carbon atoms), an
amide group, an ester group, a nitrile group, a carbonyl
group, a carbazole group and a fluorene group.

[0028] The present invention also provides an organic-EL
device having a photoemission layer containing a high-
molecular compound having been cross-linked with a diva-
lent organic group represented by the following Formula (1)
or (2), and an organic-EL display system having that
organic-EL device. In the organic-EL device of the present
invention, the photoemission layer may also have the func-
tion as a hole transport layer or an electron transport layer.

@)
RZ R?

\/
e
—x—cK Deri—y—

~~

/C\

R> Rf

@

—X—NH—Z—NH—Y——

[0029] 1In the formulas, X, Y and Z are each a divalent
organic group containing at least one of an allyl group
(preferably having 2 to 10 carbon atoms), an aryl group (e.g.,
a benzene ring residual group such as a phenyl group or a
phenylene group), an alkylene group (preferably having 1 to
10 carbon atoms), an alkyl group (preferably having 1 to 10
carbon atoms), an amide group, an ester group, a nitrile
group and a carbonyl group. Also, R* to R® are each a
hydrogen atom or a monovalent organic group containing at
least one of an allyl group (preferably having 2 to 10 carbon
atoms), an aryl group (e.g., a benzene ring residual group
such as a phenyl group or a phenylene group), an alkylene
group (preferably having 1 to 10 carbon atoms), an alkyl
group (preferably having 1 to 10 carbon atoms), an amide
group, an ester group, a nitrile group and a carbonyl group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and other features, objects and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings wherein:

[0031] FIG.1is apartial cross-sectional view presented to
describe an example of the structure of the organic-EL
device of the present invention.

[0032] FIG. 2 is a perspective view presented to describe
an example of the organic-EL device of the present inven-
tion.

[0033] FIG. 3 is a partial cross-sectional view showing
another example of the structure of the organic-EL device of
the present invention.

[0034] FIG. 4 is a partial cross-sectional view showing
still another example of the structure of the organic-EL
device of the present invention.
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[0035] FIG. 5 is a partial cross-sectional view showing a
further example of the structure of the organic-EL device of
the present invention.

[0036] FIG. 6 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0037] FIG. 7 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0038] FIG. 8 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0039] FIG. 9 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0040] FIG. 10 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0041] FIG. 11 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0042] FIG. 12 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention. FIG. 13 is a partial cross-
sectional view showing a still further example of the struc-
ture of the organic-EL device of the present invention.

[0043] FIG. 14 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0044] FIG. 15 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0045] FIG. 16 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0046] FIG. 17 illustrates the function of a hole block
layer.

[0047] FIG. 18 illustrates the function of a photoemissive
hole transport layer.

[0048] FIG. 19 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0049] FIG. 20 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0050] FIG. 21 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0051] FIG. 22 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0052] FIG.23 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.
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[0053] FIG. 24 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0054] FIG. 25 is a partial cross-sectional view showing a
still further example of the structure of the organic-EL
device of the present invention.

[0055] FIGS. 26A to 26F illustrate an example of pro-
duction steps for the organic-ELL device of the present
invention.

[0056] FIGS. 27A to 271 illustrate another example of
production steps for the organic-EL. device of the present
invention.

[0057] FIGS. 28A and 28B illustrate still another example
of production steps for the organic-EL device of the present
invention.

[0058] FIGS. 29A and 29B illustrate a further example of
production steps for the organic-EL device of the present
invention.

[0059] FIGS. 30A to 30C illustrate a still further example
of production steps for the organic-EL device of the present
invention.

[0060] FIGS. 31A and 31B illustrate a still further
example of production steps for the organic-EL device of the
present invention.

[0061] FIGS. 32A to 32G illustrate a still further example
of production steps for the organic-EL device of the present
invention.

[0062] FIGS. 33A and 33B illustrate a still further
example of production steps for the organic-EL device of the
present invention.

[0063] FIGS. 34A and 34B illustrate a still further
example of production steps for the organic-EL device of the
present invention.

[0064] FIGS. 35A to 35G illustrate a still further example
of production steps for the organic-EL device of the present
invention.

[0065] FIG. 36 is a diagrammatic view showing a high
polymer cross-linked with photosensitive groups.

[0066] FIG. 37 is a diagrammatic view showing a high
polymer and a low polymer both cross-linked with photo-
sensitive groups.

[0067] FIG. 38 is a diagrammatic view showing a high
polymer cross-linked with photosensitive groups, and fluo-
rescent coloring matters.

[0068] FIG. 39 is a perspective view showing a glass
substrate on which stripe-shaped ITO electrodes have been
formed.

[0069] FIG. 40 is a perspective view showing an exposure
mask used in Examples.

[0070] FIG. 41 is a perspective view showing a substrate
which is in a state where green-color photoemission layers
have been formed thereon.

[0071] FIG. 42 is a cross-sectional view showing a sub-
strate which is in a state where green-color photoemission
layers have been formed thereon.
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[0072] FIG. 43 is a cross-sectional view showing a sub-
strate which is in a state where red-color and green-color
photoemission layers have been formed thereon.

[0073] FIG. 44 is a perspective view showing a substrate
which is in a state where three-color photoemission layers
have been formed thereon.

[0074] FIG. 45 is a cross-sectional view showing a sub-
strate which is in a state where three-color photoemission
layers have been formed thereon.

[0075] FIG. 46 is a perspective view of an organic-EL
device produced in Example 1.

[0076] FIG.47 is a cross-sectional view of the organic-EL
device produced in Example 1.

[0077] FIG. 48 is a perspective view of a substrate (with
photoemission layers) standing before the cathode is formed
in Example 8.

[0078] FIG. 49 is a cross-sectional view of the substrate
(with photoemission layers) standing before the cathode is
formed in Example 8.

[0079] FIG. 50 is a perspective view of an organic-EL
device produced in Example 8.

[0080] FIG. 51 is a cross-sectional view of an organic-EL
device produced in Example 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0081] In the present invention, a film is formed using a
material having already polymerized and standing as a
high-molecular compound, and the film formed is exposed
to cause it to undergo cross-linking to cure.

[0082] Hence, the film can be cured in air. Also, compo-
sitions used in the film formation have a moderate viscosity
that fine patterns can be formed with ease and in a good
precision.

[0083] A. Photosensitive Composition Before Photo-
Crosslinking

[0084] (a) High-Molecular Compound (Binder Polymer):

[0085] As to a high-molecular compound (binder poly-
mer) having not been photo-crosslinked, there are no par-
ticular limitations on its backbone chain skeleton as long as
it has a photo-crosslinkable group or is capable of being
photo-crosslinked with a photo-crosslinking agent.

[0086] For example, polyvinyl resins, epoxy resins and
phenolic resins may be used. There are also no particular
limitations on its degree of polymerization as long as a thin
film of about 10 to 200 nm thick can be formed. It may
appropriately determined in accordance with necessary film
properties and so forth, and may usually be from 10,000 to
2,000,000 as weight-average molecular weight.

[0087] It is desirable for the binder polymer to have at
least one photo-crosslinkable group of a cinnamoyl group, a
cinnamylidene group, a chalcone residual group, an isocou-
marin residual group, a 2,5-dimethoxystilbene residual
group, a thymine residual group, a styrylpyridinium residual
group, an o-phenylmaleimide residual group, an anthracene
residual group and a 2-pyrone residual group. For example,
it may include those having repeating units as shown below.
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In the following, letter symbol n represents any desired
integer.

Photo-cross-linkable polymer
containing cinnamoyl group
polyvmyl cinnamate)

<
s

Photo-cross-linkable polymer

containing chalcone group

f— CH')H_

CH
l
CH
i _OCH,
CH,0

Photo-cross-linkable
polymer containing 2,5-
dimethoxystilbene residual

group
—¢CH,—CH¥%—
O
/
(|: =
N O

Photo-cross-linkable
polymer containing
isocoumarin residual group
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-continued
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Photo-cross-linkable
polymer containing
pyrrone residual group

—tCH— <|2Hﬁ—

C=0

I
NYO
| NH
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Photo-cross-linkable
polymer containing
pyrrone residual group

—¢CHy— (|3H‘)n—

O

C=—=0

N* CI

CH,

Photo-cross-linkable polymer

containing styrylpyridinium
residual group

_fCHz_(lfHﬁn—
O
|
cC—0

Photo-cross-linkable
polymer containing
anthracene residual group
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-continued
—¢CH— (|3H%—
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N
o= C/ \C= l¢)

Photo-cross-linkable polymer
containing a-phenyl-
maleimide residual group

[0088] The binder polymer having such a photo-crosslink-
able group may include, e.g., polyvinyl resins having a
repeating unit represented by the following Formula (9).
Thus, the binder polymer having a photo-crosslinkable
group in the molecule is preferred because it is unnecessary
to mix any additional photo-crosslinking agent.

©

[0089] In Formula (9), X is a divalent organic group
containing at least one of an allyl group (preferably having
2 to 10 carbon atoms), an aryl group (e.g., a benzene ring
residual group such as a phenyl group or a phenylene group),
an alkylene group (preferably having 1 to 10 carbon atoms),
an alkyl group (preferably having 1 to 10 carbon atoms), an
amide group, an ester group, a nitrile group and a carbonyl
group; R to R® are each a hydrogen atom or a monovalent
organic group containing at least one of an allyl group
(preferably having 2 to 10 carbon atoms), an aryl group (e.g.,
a benzene ring residual group such as a phenyl group or a
phenylene group), an alkylene group (preferably having 1 to
10 carbon atoms), an alkyl group (preferably having 1 to 10
carbon atoms), an amide group, an ester group, a nitrile
group and a carbonyl group; and n is an integer.

[0090] A binder polymer having a fluorescent group and/
or a carrier transport group in the molecule is also preferred
because it is unnecessary to mix any additional fluorescent
agent or carrier-transporting agent. Such a functional binder
polymer may include, e.g., photo-crosslinkable hole-trans-
porting high polymers having a repeating unit represented
by the following structural formulas, Formulas (10) to (12),
and a photo-crosslinkable electron-transporting high poly-
mer having a repeating unit represented by the following
structural formula, Formula (13). Then, n is an integer.
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CH,OCCH=—=CI
(11)
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o
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e}
N
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[0091] The binder polymer (having not been cross-linked)
in the case when the photo-crosslinkable agent is used may
preferably have an allyl group (preferably having 2 to 10
carbon atoms), an aryl group (e.g., a benzene ring residual
group such as a phenyl group or a phenylene group), an
alkylene group (preferably having 1 to 10 carbon atoms), an
alkyl group (preferably having 1 to 10 carbon atoms), an
amide group, an ester group, a nitrile group, a carbonyl
group, a carbazole group and/or a fluorene group. Such a
high-molecular compound may include polyvinyl resins
represented by the following Formula (14).
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14
—CH,— CH3r—

[0092] In Formula (14), W is a monovalent organic group
containing at least one of an allyl group (preferably having
2 to 10 carbon atoms), an aryl group (e.g., a benzene ring
residual group such as a phenyl group or a phenylene group),
an alkylene group (preferably having 1 to 10 carbon atoms),
an alkyl group (preferably having 1 to 10 carbon atoms), an
amide group, an ester group, a nitrile group, a carbonyl
group, a carbazole group and a fluorene group. Also, n
represents an integer.

[0093] (b) Photo-Crosslinking Agent:

[0094] Where the binder polymer does not have the above
photo-crosslinkable group, it is desirable for the photosen-
sitive composition to contain a photo-crosslinking agent. As
the photo-crosslinking agent, an aromatic bisazide is pre-
ferred.

[0095] The photo-crosslinking agent may preferably be
mixed in an amount of from 5 to 50 parts by weight, and
particularly preferably from 10 to 30 parts by weight, based
on 100 parts by weight of the binder polymer. If it is mixed
in an amount less than 5 parts by weight, the photo-
crosslinking reaction may proceed insufficiently. If it is in an
amount more than 50 parts by weight, insufficient photo-
emission performance or carrier transport performance may
result.

[0096] (c) Functional Material:

[0097] The photosensitive composition used in the present
invention may be used to form any of photoemission layers,
electron transport layers and hole transport layers.

[0098] Where the photosensitive composition is used to
form photoemission layers, a fluorescent coloring matter is
mixed in the composition. This fluorescent coloring matter
may preferably be mixed in an amount of from 0.1 to 10
parts by weight, and particularly preferably from 0.5 to 4
parts by weight, based on 100 parts by weight of the binder
polymer. If it is in an amount less than 0.1 part by weight,
a low light emission intensity may result. If it is mixed in an
amount more than 10 parts by weight, extinction ascribable
to concentration may occur to also provide a low light
emission intensity.

[0099] Where the photosensitive composition is used to
form hole transport layers or electron transport layers and
when the high-molecular compound itself has neither hole
transport properties nor ¢lectron transport properties, a hole-
transporting agent or an electron-transporting agent may be
mixed in the composition, whereby such functions can be
imparted to the layers. The hole-transporting agent or elec-
tron-transporting agent may preferably be mixed in an
amount of from 5 to 120 parts by weight, and particularly
preferably from 50 to 80 parts by weight, based on 100 parts
by weight of the binder polymer. If it is mixed in an amount
less than 5 parts by weight, the layer may have an insuffi-
cient carrier transport performance. If it is in an amount
more than 120 parts by weight, the photosensitive compo-
sition may have insufficient film-forming properties.
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[0100] (d) Photo-Crosslinking Initiator:

[0101] In order to cause cross-linking reaction in a good
efficiency by light irradiation, a photo-crosslinking initiator
may be mixed in the photosensitive composition. As this
photo-crosslinking initiator, usable are, e.g., benzoin, ben-
zoin ethers, Michler’s ketone, azobutyronitrile and 8-chlo-
rothioxanthone. Many photoradical generators used in usual
photoresists are also usable as photo-crosslinking initiators.

[0102] The photo-crosslinking initiator may preferably be
mixed in an amount of from 1 to 40 parts by weight, and
particularly preferably from 5 to 20 parts by weight, based
on 100 parts by weight of the binder polymer. If it is mixed
in an amount less than 1 parts by weight, the photo-
crosslinking reaction may proceed insufficiently. If it is in an
amount more than 40 parts by weight, the layer may have an
insufficient photoemission performance or carrier transport
performance.

[0103] (e) Solvent:

[0104] There are no particular limitations on solvents as
long as they are capable of dissolving respective compo-
nents mixed in the photosensitive composition, such as the
binder polymer having not been photo-crosslinked. Where
the composition is coated by printing, preferred are N-me-
thylpyrrolidone, y-butyrolactone, dimethyl sulfoxide, dim-
ethylformamide and mixed solvents of any of these, as
having relatively high boiling points and superior dissolving
power.

[0105] Based on 100 parts by weight of a solvent, the
binder polymer may preferably be mixed in an amount of
from 1 to 30 parts by weight. When films are formed by
either method of spin coating and printing, it is difficult to
form thin films if the binder polymer is mixed in an amount
less than 1 part by weight. If it is in an amount more than 30
parts by weight, it is difficult to form thin films of 200 nm
or smaller in thickness.

[0106] B. Curing Conditions

[0107] There are no particular limitations on a light source
and wavelength used to effect photo-crosslinking. These
may appropriately be so selected that the wavelength at
which the photosensitive material used is photosensitive and
the wavelength of the light source may come into agreement
and the irradiation can be made in an amount of light that is
necessary and sufficient for the required degree of curing.

[0108] As the light source used to effect photo-crosslink-
ing, usable are, e.g., high-pressure mercury lamps, halogen
lamps and metal halide lamps.

[0109] As to the amount of exposure light for the photo-
crosslinking, the photo-crosslinking can usually be effected
at 50 to 5,000 mJ/cm?, and preferably at 500 to 3,000
mJ/cm?. If the amount of exposure light is smaller than 50
mJ/cm®, too small cross-link density may result. If the
amount of exposure light is larger than 5,000 mJ/cm?, side
reaction such as reaction of fluorescent coloring matter with
light may occur. Accordingly, it is desirable for its amount
to be appropriately regulated in accordance with the types
and concentrations of the photo-crosslinking agent, photo-
crosslinking initiator and photo-crosslinkable group to be
used.
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[0110] C. High-Molecular Compound (Binder Polymer)
After Photo-Crosslinking

[0111] Asto a high-molecular compound (binder polymer)
having been photo-crosslinked, there are no particular limi-
tations on its backbone chain skeleton as long as it has been
cross-linked with the photo-crosslinkable group or photo-
crosslinking agent. For example, polyvinyl resins, epoxy
resins and phenolic resins may be used. There are also no
particular limitations on its degree of polymerization as long
as a thin film of about 10 to 200 nm thick can be formed. It
may appropriately determined in accordance with necessary
film properties and so forth.

[0112] For the high-molecular compound (binder poly-
mer) contained in the photoemission layer of the present
invention (and optionally the electron transport layer and/or
the hole transport layer), it is desirable to have been cross-
linked with at least one photo-crosslinkable group of a
cinnamoyl group, a cinnamylidene group, a chalcone
residual group, an isocoumarin residual group, a 2,5-
dimethoxystilbene residual group, a thymine residual group,
a styrylpyridinium residual group, an a-phenylmaleimide
residual group, an anthracene residual group and a 2-pyrrone
residual group, or have been cross-linked with the photo-
crosslinking agent (preferably an aromatic bisazide).

[0113] Such a binder polymer may include, e.g., polyvinyl
resins having a repeating unit represented by the following
Formula (15) or (16).

(1s)

(16)

—CH,—CH—

[0114] 1In the formula, X, Y and Z are each a divalent
organic group containing at least one of an allyl group
(preferably having 2 to 10 carbon atoms), an aryl group (e.g.,
a benzene ring residual group such as a phenyl group or a
phenylene group), an alkylene group (preferably having 1 to
10 carbon atoms), an alkyl group (preferably having 1 to 10
carbon atoms), an amide group, an ester group, a nitrile
group and a carbonyl group. Also, R' to R® are each a
hydrogen atom or a monovalent organic group containing at
least one of an allyl group (preferably having 2 to 10 carbon
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atoms), an aryl group (e.g., a benzene ring residual group
such as a phenyl group or a phenylene group), an alkylene
group (preferably having 1 to 10 carbon atoms), an alkyl
group (preferably having 1 to 10 carbon atoms), an amide
group, an ester group, a nitrile group and a carbonyl group.
Also, n represents an integer.

[0115] As examples of the binder polymer used in the
present invention, it may include, e.g., cross-linked poly-
mers obtained by photo-crosslinking any of polyvinyl car-
bazole type, polyalkylfluorene type, polytriphenylamine
type, soluble polyphenylenevinylene type, triazole type and
oxathiazole type high polymers each having a photosensitive
group such as an azido group, a cinnamoyl group, a cin-
namylidene group, an acrylic group, a methacrylic group or
a chalcone group, as shown in FIG. 36, via this photosen-
sitive group.

[0116] 1In the present invention, as the binder polymer, a
high polymer may also be used which is obtained by, as
shown in FIG. 37, photo-crosslinking a low polymer having
the above-exemplified photosensitive group in plurality,
with a high polymer having the photosensitive group in
plurality.

[0117] A high polymer obtained by, as shown in FIG. 38,
photo-crosslinking a fluorescent coloring matter having the
above-exemplified photosensitive group in plurality, with a
high polymer having the photosensitive group in plurality
may still also be used to form the photoemission layer.

[0118] In these materials, the linear high polymer cross-
links upon irradiation by light to form networks, and become
insoluble in solvents.

[0119] D. Photoemission Layers

[0120] In the organic-EL device of the present invention,
at least a part of photoemission layers comprises a cured
product of the photosensitive composition. More specifi-
cally, where the photoemission layers comprise blue-color
photoemission layers (in a pattern) comprised of a blue-
color luminescent material, red-color photoemission layers
(in a pattern) comprised of a red-color luminescent material
and green-color photoemission layers (in a pattern) com-
prised of a green-color luminescent material, at least one of
the blue-color luminescent material, the red-color lumines-
cent material and the green-color luminescent material con-
tains the high-molecular compound having been photo-
crosslinked with the organic group of Formula (1) or (2).
Here, the photoemission layers (or a part thereof) may be so
made as to serve also as at least one of the electron transport
layer(s) and the hole transport layer(s). In the present
invention, a photoemissive hole transport layer and a pho-
toemissive electron transport layer are also included in the
photoemission layers. In the case when the photoemission
layers are endowed with hole transport properties, a hole-
transporting high-polymeric material or low-polymeric
material may be added. In the case when the photoemission
layers are endowed with electron transport properties, an
electron-transporting high-polymeric material or low-poly-
meric material may be added. The low-polymeric material is
incorporated into the networks of the high polymer having
been photo-crosslinked, and hence does not dissolve easily
in the subsequent steps. A high polymer may also be used
which has a functional group having hole transport proper-
ties or electron transport properties in the molecule.
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[0121] In order to improve photoemission efficiency and
photoemission colors, the photoemission layers may be
doped with a fluorescent coloring matter. As a method for
the doping with a fluorescent coloring matter, a coloring
matter having a photosensitive group as a substituent may be
used. Alternatively, a coloring matter having no photosen-
sitive group may merely be mixed in the photosensitive
composition described above. Even when thus merely
mixed, the fluorescent coloring matter the layers have been
doped with is incorporated into the networks of the high
polymer having been photo-crosslinked, and hence does not
dissolve easily in the subsequent steps. As examples of such
dopant fluorescent coloring matter, it may include coumarin-
type coloring matters, styryl-type coloring matters, mero-
cyanine-type coloring matters, oxonol-type coloring mat-
ters, Nile Red, rubrene and perylene.

[0122] In the organic-EL device of the present invention,
the device may also be so constructed that a hole transport
layer containing a first-color (e.g., blue-color) luminescent
material is further provided and the photoemission layers
comprise 1) a hole block pattern comprised of a hole-
blocking material which inhibits the transport of holes, ii) a
first photoemission pattern comprised of a second-color
(e.g., red-color) luminescent material and iii) a second
photoemission pattern comprised of a third-color (e.g.,
green-color) luminescent material. In this case, at least one
of the hole-blocking material, the second-color luminescent
material and the third-color luminescent material contains
the high-molecular compound having been photo-
crosslinked with the organic group of Formula (1) or (2).
Here, at least one of the first photoemission pattern and the
second photoemission pattern may be so made as to serve
also as the electron transport layer.

[0123] As materials for the first-color (e.g., blue-color)
photoemissive hole transport layer, luminescent materials
having a large band gap may be used, such as cross-linked
polyvinyl carbazole, polyalkylfluorene and polytripheny-
lamine. Also, a hole-transporting low-molecular material
and a blue-color luminescent low-molecular material may be
used in combination in the photosensitive composition.
These mixed low-molecular materials are incorporated into
the networks of the cross-linked polymer having been photo-
crosslinked, and hence do not dissolve easily in the subse-
quent steps.

[0124] To form the hole block layer, a cross-linkable high
polymer to which molecules capable of exhibiting hole
block performance have been bonded may be used, or
molecules capable of exhibiting hole block performance
may be mixed in the cross-linkable high polymer.

[0125] The organic-EL device of the present invention
may preferably have a hole transport layer containing a high
polymer cross-linked with the divalent organic group rep-
resented by the above Formula (1), provided that X and Y
are each a divalent organic group represented by any of the
following structural formulas, Formulas (3) to (5):

©)

CH,0—C—
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-continued
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[0126] R*, R?, R*and R® are each a hydrogen atom; and
R?* and R° are each a phenyl group.

[0127] This high-molecular compound has both the photo-
curability and the hole transport properties, and hence,
especially when at least a part of the photoemission layers
has also the hole transport properties, the compound is
preferable for the formation of photoemission layers having
the hole transport properties (serving also the hole transport
layer).

[0128] The organic-EL device of the present invention
may also preferably have an electron transport layer con-
taining a high polymer cross-linked with the divalent
organic group represented by the above Formula (1), pro-
vided that X and Y are each a divalent organic group
represented by the following structural formula, Formula

(6):

Q]

OO
\ 2

N—N

[0129] R*, R?2, R*and R’ are each a hydrogen atom; and
R? and RS are each a phenyl group.

[0130] This high-molecular compound has both the photo-
curability and the electron transport properties, and hence,
especially when at least a part of the photoemission layers
has also the electron transport properties, the compound is
preferable for the formation of photoemission layers having
the electron transport properties (serving also the electron
transport layer).

[0131] E. Organic-EL Device

[0132] In the organic-EL device of the present invention,
at least the photoemission layer(s) comprise(s) a cured
product of the photosensitive composition. In addition to the
photoemission layer(s), one or both of the electron transport
layer and the hole transport layer may comprise a cured
product of the photosensitive composition.
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[0133] An example of the structure of the organic-EL
device of the present invention is shown in FIG. 1. FIG. 1
is a partial illustration of a structural cross section. As
structure of the simplest organic-EL device, photoemission
layers 3 are formed on anodes 2 comprised of transparent
conductive films formed on a glass substrate 1, and a
cathode 4 comprised of, e.g., a magnesium-silver alloy or an
aluminum-lithium alloy is further formed thereon. In this
case, the photoemission layers 3 have both the property of
transporting holes injected from the anodes 2 and the
property of transporting electrons injected from the cathode.
The holes and electrons injected recombine in photoemis-
sive molecules in the interior of the photoemission layers 3,
and fluorescent light is emitted in that course.

[0134] In an RGB full-color display device, the photo-
emission layers 3 are, as shown in FIG. 1, constituted of
red-color photoemission layers 31, blue-color photoemis-
sion layers 32 and green-color photoemission layers 33.
Also, in a multiple-color area color display device, the
respective photoemission layers 31 to 33 are formed in
patterns as shown in FIG. 2, for individual areas of logo-
types and icons. In the present invention, these photoemis-
sion layers 31 to 33 may be constituted of the photo-
crosslinked high polymer or the the composition containing
the photo-crosslinked high polymer, whereby fine patterning
can be made with ease.

[0135] Another example of the structure of the organic-EL
device of the present invention is shown in FIG. 3. In this
example of structure, photoemission layers 3 and a hole
transport layer 5 stand functionally separate from each other
to provide an organic double-layer structure.

[0136] More specifically, the hole transport layer 5 is
provided between the photoemission layers 3 and anodes 2.
In this structure, the photoemission layers 3 has both the
photoemission properties and the electron transport proper-
ties, but need not necessarily have the property of transport-
ing holes. The holes injected from the anodes 2 reach the
photoemission layers 3 through the hole transport layer 5.
The electrons injected from the cathode 4 are transported
through the interior of the photoemission layers 3. Thus, the
holes and electrons injected recombine in the interior of the
photoemission layers 3, and the energy thus produced causes
photoemission. Incidentally, the hole transport layer 5,
which is also an underlying layer of the photoemission
layers 3, is formed using a material containing a high
polymer insoluble in a solvent for a material solution used
when the photoemission layers 3 are formed.

[0137] Such a high polymer may preferably be a cured
product of a cross-linkable high polymer, like the cured
product of the photosensitive composition used in the
present invention, but a material containing an uncrosslink-
able, solvent-insoluble high polymer may also be used.

[0138] Still another example of the structure of the
organic-EL device of the present invention is shown in FIG.
4. In this example of structure, photoemission layers 3 and
an electron transport layer 6 stand functionally separate from
each other to provide an organic double-layer structure.
More specifically, the electron transport layer 6 is provided
between the photoemission layers 3 and the cathode 4. In
this structure, the photoemission layers 3 has both the
photoemission properties and the hole transport properties,
but need not necessarily have the property of transporting
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electrons. The electrons injected from the cathode 4 are
transported to the photoemission layers 3 through the elec-
tron transport layer 6. The holes injected from the anodes 2
are transported through the interior of the photoemission
layers 3. Thus, the holes and electrons recombine in the
interior of the photoemission layers 3, and the energy thus
produced causes photoemission. The electron transport layer
6 may be formed using any of a low-molecular compound,
an uncrosslinkable polymer and a cross-linkable polymer,
but it is better to use a cross-linked polymer like the cured
product of the photosensitive composition used in the
present invention. This is preferable because electron trans-
port layer materials can have a high glass transition tem-
perature (Tg) and the device can be improved in long-term
operation stability.

[0139] Thus, such function-separated structure in which
the photoemission layers 3 and the hole transport layer 5 or
electron transport layer 6 stand functionally separate enables
a more improvement in photoemission efficiency.

[0140] A further example of the structure of the organic-
EL device of the present invention is shown in FIG. 5. In
this example of structure, photoemission layers 3, a hole
transport layer 5 and an electron transport layer 6 stand
functionally separate from one another to provide an organic
triple-layer structure. More specifically, a substrate 1,
anodes 2, a hole transport layer §, photoemission layers 3, an
electron transport layer 6, a cathode 4 are superposed in this
order. In this structure, the hole mobility and electron
mobility in the photoemission layers 3 need not necessarily
be so much larger than those in the corresponding transport
layers.

[0141] Thus, such function-separated structure in which
the photoemission layers 3, and hole transport layer § and/or
electron transport layer 6 stand functionally separate enables
a more improvement in photoemission efficiency.

[0142] The organic-EL device of the present invention
may also be provided with, as shown in FIG. 6, a hole
injection layer 7 between the anodes 2 and the hole transport
layer 5 so that the efficiency of hole injection from the
anodes 2 can be improved. The organic-EL device of the
present invention may be provided with, as shown in FIG.
7, a buffer layer 8 between the cathode 4 and the electron
transport layer 6, or may be provided with, as shown in FIG.
8, insulators 9 to separate adjoining dots electrically so that
any electric-current leak can be prevented from occurring
between the adjoining dots.

[0143] As in a full-color display device of an RGB three-
primary-color dot matrix type shown in FIG. 9, the device
may also be constructed in such a way that red-color
photoemission layers 31 are so provided as to respectively
cover anodes 2 in respect of %5 (one third) among the anodes
2 to form red pixels, blue-color photoemission layers 32 are
so provided as to respectively cover anodes 2 in respect of
other 3 among the anodes 2 to form blue pixels, and
green-color photoemission layers 33 are so provided as to
respectively cover anodes 2 in respect of the remaining %3
among the anodes 2 to form green pixels at the areas not
covered with the photoemission layers 31 and 32. Inciden-
tally, photoemission colors of the photoemission layers 31 to
33 are by no means limited to those shown here, and any
desired colors may be selected from among the three colors
RGB.
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[0144] In this example, the photoemission layer (green-
color photoemission layers) 33 which covers the respective
photoemission layers 31 and 32 need not necessarily be
formed of the material containing the photo-crosslinked
polymer. The photoemission layer 33 has the property of
electroluminescence and at the same time the property of
transporting holes and electrons. The photoemission layers
31 and 32 each have the property of electroluminescence
and at the same time the property of transporting holes, but
need not necessarily have the property of transporting elec-
trons. However, it is better for these layers 31 and 32 also to
have electron transport properties.

[0145] Into the photoemission layers 31 and 32, electrons
are injected through the photoemission layer 33. The holes
and electrons injected recombine in molecules in the interior
of the photoemission layers 3. In that course, fluorescent
light is emitted. Compared with the construction shown in
FIG. 1, the construction shown in FIG. 9 has an advantage
that it is unnecessary to form the photoemission layer 33 in
a pattern and hence the production steps can be fewer.

[0146] In the area color display device, the photoemission
colors need not be the RGB three primary colors. For
example, pixels may be formed in five colors. In such a case,
too, like the case shown in FIG. 9, only four color photo-
emission layers may be formed in patterns and the remaining
one color photoemission layer may be formed over the
whole display area. This enables formation of pixels in many
colors through a smaller number of steps.

[0147] In the case when one photoemission layer 33 is so
formed over the whole as to cover other photoemission
layers 31 and 32 in this way, like the case described above,
a hole transport layer 5 may also be provided between the
photoemission layers 3 and the anodes 2 as shown in FIGS.
10 and 12, or an electron transport layer 6 may be provided
between the photoemission layers 3 and the cathode 4 as
shown in FIGS. 11 and 12. Also, as shown in FIG. 13, a
hole injection layer 7 may be provided between the anodes
2 and the hole transport layer 5, and, as shown in FIG. 14,
a buffer layer 8 may be provided between the cathode 4 and
the electron transport layer 6. Still also, as shown in FIG. 15,
insulators 9 may be provided between adjoining pixels.

[0148] As in a full-color display device of an RGB three-
primary-color dot matrix type shown in FIG. 16, the device
may also be constructed in such a way that a blue-color
photoemissive hole transport layer 50 is so provided as to
cover the anodes 2 and that red-color photoemission layers
31, green-color photoemission layers 33 and hole block
layers 34 are provided on the surface of this blue-color
photoemissive hole transport layer 50 at its positions corre-
sponding to the anodes 2. Like the case of FIGS. 1 and 9 as
described above, this construction is applicable not only to
the full-color display device of an RGB three-primary-color
dot matrix type but also to the multiple-color area color
display device.

[0149] In the present organic-EL device, the holes injected
from the anodes 2 are injected into the red-color photoemis-
sion layers 31 and green-color photoemission layers 33
through the blue-color photoemissive hole transport layer
50, and recombine with electrons in photoemission atomic
groups in the interior of the photoemission layers 31 and 33.
In that course, red-color light and green-color light are
emitted.
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[0150] In contrast thereto, the emission of blue-color takes
place in the blue-color photoemissive hole transport layer
50. As shown in FIG. 17, the holes injected from the anodes
2 are transported through the blue-color photoemissive hole
transport layer 50 up to the vicinity of the interface between
it and each hole block layer 34. However, the hole block
layer 34 has so great an ionization potential that the holes are
by no means injected into the hole block layer 34. On the
other hand, the electrons injected from the cathode 4 are
injected into the blue-color photoemissive hole transport
layer 50 through the electron transport layer 6 and the hole
block layer 34. The hole-electron recombination takes place
in the interior of the blue-color photoemissive hole transport
layer 50, and blue-color light is emitted.

[0151] Here, in order for the hole block layers 34 to
function in this way, the layer must have an ionization
potential of 6.0 eV or higher. If the hole block layers 34 are
not provided, as shown in FIG. 18 the holes injected from
the anodes 2 are injected into the electron transport layer 6
through the blue-color photoemissive hole transport layer
50, but deactivate in the vicinity of the interface between
them to become heat energy, because there is no photoemis-
sive atomic group in the electron transport layer 6. The hole
block layers 34 may be formed using a material containing
a phenanthrorine material represented by the following
Formula (17).

an

[0152] In the formula, R'® to R'* are each an alkyl group,
alkenyl group or alkoxyl group which is unsubstituted or has
a substituent such as a cyano group, a hydroxyl group, a
nitro group, an amino group or a dimethylamino group. Such
molecules have a feature that they have a greater ionization
potential than the blue-color photoemissive hole transport
layer 50, thus the transport of holes is shut out here (FIG.
17).

[0153] In the present invention, at least one of the red-
color photoemission layers 31, the green-color photoemis-
sion layers 33 and the hole block layers 34 is comprised of
a cured product of the photosensitive composition described
above, and all of them may preferably be comprised of such
a cured product. Also, in this example, the blue-color
photoemissive hole transport layer 50 serves as both a
blue-color photoemission layer and a hole transport layer.
However, any of red-color and green-color photoemission
layers may be so formed as to serve also as the hole transport
layer.

[0154] In the construction in which the hole block layers
34 are used, too, like the case shown in FIG. 12, the
photoemission layers 31 and the hole block layers 34 may be
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so provided that each of them covers each corresponding
anode 2, and a green-color photoemission layer 33 having
electron transport properties may be so formed over the
whole blue-color photoemissive hole transport layer 50 as to
cover the red-color photoemission layers 31 and the hole
block layers 34 (FIG. 19). With such construction, com-
pared with the example shown in FIG. 16, it is unnecessary
to form the green-color photoemission layers 33 in a pattern
and hence the number of production steps can be cut down.
Also, as shown in FIG. 20, a red-color photoemission layer
314 having electron transport properties may be so formed
over the whole blue-color photoemissive hole transport layer
50 as to cover green-color photoemission layers 33 and hole
block layers 34. Still also, the electron transport layer 6 may
be provided between such an electron-transporting photo-
emission layer 31a or 334 and the cathode 4 (FIGS. 21 and
22).

[0155] In the construction in which the hole block layers
34 are provided, too, like the examples shown in FIGS. 1
and 9, a hole injection layer 7 may be provided between the
anodes 2 and the blue-color photoemissive hole transport
layer 50 as shown in FIG. 23, and, as shown in FIG. 24, a
buffer layer 8 may be provided between the cathode 4 and
the electron transport layer 6. Still also, as shown in FIG. 25,
insulators 9 may be provided between adjoining pixels.

[0156] F. Organic-EL Device Production Process

[0157] In the production process of the present invention,
the photoemission layers are formed using the photosensi-
tive composition.

[0158] The hole transport layer and/or the electron trans-
port layer may also be formed using the photosensitive
composition. When these layers are formed using the pho-
tosensitive composition, films (wet coatings) of the photo-
sensitive composition are first formed (by coating or the
like), which are optionally dried, followed by exposure and
development to form a prescribed pattern.

[0159] The films of the photosensitive composition may
be formed by, e.g., spin coating or printing. Printing is
preferred in view of an advantage that the photosensitive
composition can be used in a small quantity. Where a coating
film is formed by spin coating over the whole surface of a
substrate, in order to make mounting easy the film may be
exposed to light through a photomask so that the external
connecting terminal portions of a lead-out electrode are not
irradiated by light, and thereafter such portions may pref-
erably be removed by development. Alternatively the pho-
tosensitive composition may previously be molded into a
self-supportive film, and this film may be stuck to the
surface of a substrate to provide the film thereon. Still
alternatively, a thin film of the photosensitive composition
may previously be formed on the surface of a support sheet,
which is then stuck to the part where the film is to be formed,
and thereafter the support sheet may be peeled to provide the
film of the photosensitive composition.

[0160] When the hole transport layer and the electron
transport layer are formed, a material composition may
patternwise be printed on only the part from which the
external connecting terminal portions of a lead-out electrode
have been removed, and thereafter the whole surface may be
irradiated by light without use of any photomask to effect
cross-linking and make the layer insoluble. Such a method
promises a high productivity.
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[0161] An example of the process for producing the
organic-EL device of the present invention are described
below with reference to FIGS. 26A to 26F. First, on a glass
substrate 1 on which transparent electrodes (anodes) 2 have
been formed in a pattern, a photosensitive material (a
photoemission layer material solution containing a material
having the property of causing cross-linking reaction upon
light irradiation) capable of emitting light of a first color
selected arbitrarily from among the three primary colors is
coated to form a photoemission layer material coating 10

(FIG. 26A).

[0162] After the coating 10 is optionally dried, the coating
film 10 formed is irradiated by light through openings 20 of
a photomask 11 to effect exposure (FIG. 26B). In the
photoemission layer material coating film 10 thus exposed,
crosslinking between molecular chains takes place at a
plurality of points in each molecule of the binder polymer,
so that the exposed portions turn insoluble in the solvent.
After the exposure, the unexposed portions are removed
with the solvent, so that first photoemission layers 31
containing the cross-linked high polymer are formed in a
pattern (FIG. 26C). The step of forming this pattern of
photoemission layers is repeated twice, so that the three-
color photoemission layers 31 to 33 are formed (FIGS. 26C
to 26E). Here, the first-color photoemission layers 31
already formed are formed of the cross-linked high polymer,
and hence by no means dissolve in any solvents used in the
second-color and third-color film formation processing.

[0163] Finally, a cathode 4 is formed to make up the RGB
three-primary-color dot matrix full-color display device
which can make full-color display. Incidentally, in the case
of passive drive, the cathode is formed in the form of stripes
falling at right angles with the anodes. In the case of active
drive using TFTs (thin-film transistors), its patterning is
unnecessary.

[0164] Where the photoemission efficiency should have
priority over the number of steps, as shown in FIGS. 27A to
271 a hole transport layer photosensitive material film 51 is
formed after the anodes 2 have been formed and before a
first luminescent material layer 10 is formed (FIG. 27A),
which is then optionally dried and then exposed (FIG. 27B)
to form the hole transport layer 5 (FIG. 27C). On its surface,
the photoemission layers 31 to 33 and the cathode 4 may be
formed in the same manner as the steps shown in FIGS. 26A
to 26F (FIGS. 27D to 271).

[0165] The hole transport layer is required not to dissolve
in any solvents used in the formation of photoemission
layers in the subsequent steps. In this example, the cross-
linkable high polymer is photo-crosslinked by light irradia-
tion to make the hole transport layer insoluble. Incidentally,
the photo-crosslinking need not necessarily be carried out
when a solvent-insoluble high polymer such as a heat-curing
resin is used in the hole transport layer. For example, when
a solvent-insoluble high polymer such as polyphenylenevi-
nylene is used in the hole transport layer, the photo-
crosslinking need not necessarily be carried out, and a
polyphenylenevinylene precursor may be patternwise
printed at display areas, followed by curing to form a
polyphenylenevinylene film.

[0166] Where a film is formed over the whole surface of
an underlying layer as in the case of the hole transport layer
5 in this example, it may be formed by a coating method
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such as print coating (printing) or spin coating. In the case
of print coating, the material is coated on the substrate at its
areas except the terminal portions and the whole surface is
irradiated by light to effect photo-crosslinking. In the case of
spin coating, the material is coated on the whole substrate
surface and the surface is irradiated by light through a
photomask, and coating films at the terminal portions are not
photo-crosslinked and removed by development.

[0167] On the other hand, where the number of steps
should have priority, the first and second photoemission
layers 31 and 32 may be formed in the same manner as the
steps shown in FIGS. 26A to 26D or FIGS. 27A to 27G.
Thereafter, as shown in FIG. 28A or FIG. 29A, a third
photoemission layer 33 may be so formed over the whole
surface as to cover the photoemission layers 31 and 32 and
the anodes 2 standing uncovered, and the cathode may be
formed on the surface of this third photoemission layer 33
(FIG. 28B or FIG. 29B).

[0168] A first method for forming this photoemission layer
33 is a method in which a photoemission layer material
solution (photosensitive composition) containing a material
having the property of emitting third-color light and the
property of transporting electrons and holes and also having
the property of causing photo-crosslinking reaction upon
light irradiation is coated to form a photoemission layer
material coating, and, after the coating is optionally dried,
the coating film formed is irradiated by light only at the
display areas via a photomask to effect curing, followed by
removal of unexposed areas at the terminal portions by using
a solvent, to form the third photoemission layer 33 contain-
ing the cross-linked high polymer.

[0169] A second method for forming the photoemission
layer 33 is a method in which the above photosensitive
composition is coated by print coating to form a coating only
at the display area, and, after the coating is optionally dried,
the coating film formed is irradiated by light over the whole
surface to form the third photoemission layer 33 containing
the cross-linked high polymer.

[0170] A third method for forming the photoemission
layer 33 is a method in which a photoemission layer for-
mation material containing a material having the property of
emitting third-color light and the property of transporting
electrons and holes is coated by print coating to form a
coating only at the display area, and the coating is optionally
dried to form the third photoemission layer 33 containing no
cross-linked high polymer.

[0171] A fourth method for forming the photoemission
layer 33 is a method in which a low-molecular-weight
luminescent material containing a material having the prop-
erty of emitting third-color light and the property of trans-
porting electrons and holes is vacuum deposited to form a
film only at the display area to form the third photoemission
layer 33 containing no cross-linked high polymer.

[0172] After the third photoemission layer 33 which cover
the whole surface has been thus formed (FIG. 30A), the
electron transport layer 6 may be formed on its surface
(FIG. 30B), and thereafter the cathode 4 may be formed
(FIG. 300C). Alternatively, after the photoemission layers 31
to 33 have been formed in the same manner as the steps
shown in FIGS. 26A to 26E, the clectron transport layer 6
may be formed on its surface (FIG. 31A), and thereafter the
cathode 4 may be formed (FIG. 31B).
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[0173] In these cases, the step of forming the electron
transport layer 6 is the final step of forming organic layers.
Accordingly, the electron transport layer 6 need not neces-
sarily be insoluble in the solvent, and hence a low-molecu-
lar-weight material and a linear high-molecular-weight
material may be used. Thus, there can be an advantage that
materials may be selected over a very wide range and
materials having superior photoemission efficiency, lifetime
and color purity can be selected. In the case when the
low-molecular-weight material is used, the layer(s) is/are
formed by vacuum deposition. In the case of the linear
high-molecular-weight material, the layer(s) is/are formed
by solution coating. However, the use of the photo-
crosslinked high polymer which is the cured product of the
photosensitive composition is preferred to the use of the
low-molecular-weight material or linear high-molecular-
weight material, because the material can have a higher glass
transition temperature (Tg) to bring about an improvement
in long-term operation stability of the device.

[0174] In the case when the electron transport layer 6 is
formed by coating using a solution containing a high-
molecular-weight material, the underlying photoemission
layer 33 may preferably be formed by the above first
method. According to this method, the film is formed by
exposure, using the material having the property of causing
photo-crosslinking reaction upon light irradiation, and hence
the photoemission layer 33 contains the cross-linked high
polymer and stands insoluble in the solvent. Thus, it by no
means dissolves in the solvent when the electron transport
layer 6 is formed on its surface.

[0175] The organic-EL device having the blue-color pho-
toemissive hole transport layer S0 and the hole block layers
34 can also be produced as shown in FIGS. 32A to 32G.
More specifically, after the anodes 2 have been formed and
before the first luminescent material film 10 is formed, a
coating of the photosensitive composition for forming the
blue-color photoemissive hole transport layer 50 is formed
(FIG. 32A). After the coating is optionally dried, the pho-
toemission layers 31 and 33 are formed in the same manner
as the steps shown in FIGS. 27D to 27G (FIGS. 32B to
32F). Next, the hole block layers 34 are formed in a
prescribed pattern at the pixel areas in the same manner as
the photoemission layers 31 and 33 (FIG. 32G), using a
solution of a photosensitive composition for forming the
hole block layers, containing a photosensitive material hav-
ing together the property of blocking the transport of holes,
the property of transporting electrons and the property of
causing photo-crosslinking reaction upon light irradiation.
Then the cathode 4 is formed thereon (FIG. 32G).

[0176] Methods for forming the blue-color photoemissive
hole transport layer 50 include the following two methods,
which, when films are further formed on its surface, may
appropriately selected depending on the material used for its
formation or film forming method (e.g., whether or not a
solvent which may attack the blue-color photoemissive hole
transport layer 50).

[0177] A first method is a method in which a solution of
a material for forming the blue-color photoemissive hole
transport layer, containing a material having the property of
emitting blue-light color and the property of transporting
holes and also having the property of causing photo-
crosslinking reaction upon light irradiation is coated to form
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a coating of the material for forming the blue-color photo-
emissive hole transport layer, and, after the coating is
optionally dried, the coating film formed is irradiated by
light only at the display areas via a photomask to effect
curing, followed by removal of unexposed areas at the
terminal portions by using a solvent, to form the blue-color
photoemissive hole transport layer containing the cross-
linked high polymer.

[0178] A second method for forming the blue-color pho-
toemissive hole transport layer 50 is a method in which a
solution of a material for forming the blue-color photoemis-
sive hole transport layer, containing a material having the
property of emitting blue-light color and the property of
transporting holes and also having the property of causing
photo-crosslinking reaction upon light irradiation is coated
by print coating to form a coating only at the display area,
and, after the coating is optionally dried, the coating film
formed is irradiated by light over the whole surface to form
the blue-color photoemissive hole transport layer containing
the cross-linked high polymer.

[0179] As the green-color photoemission layers 33, a
green-color photoemissive electron transport layer 33a may
be formed as shown in FIGS. 33A and 33B, using a material
having electron transport properties, which is so formed as
to cover the photoemission layers 31, the hole block layers
34 and the blue-color photoemissive hole transport layer 50
standing uncovered (FIG. 33A), and the cathode 4 may be
formed on its surface (FIG. 33B).

[0180] In this case, the step of forming the green-color
photoemissive electron transport layer 33a is the final step of
forming organic layers.

[0181] Accordingly, the green-color photoemissive elec-
tron transport layer 33a need not necessarily be insoluble in
the solvent, and hence a low-molecular-weight material and
an uncrosslinkable high-molecular-weight material may be
used. In the case when the low-molecular-weight material is
used, the layer can be formed by vacuum deposition. In the
case of the uncrosslinkable high-molecular-weight material,
the layer can be formed by solution coating. However, the
use of the cross-linked high polymer is preferred to the use
of the low-molecular-weight material or uncrosslinkable
high-molecular-weight material, because the material can
have a higher glass transition temperature (Tg) to bring
about an improvement in long-term operation stability of the
device.

[0182] The organic-EL. device shown in FIG. 22, the
photoemission layers 3 of which comprise the blue-color
photoemissive hole transport layer 50, the green-color pho-
toemission layers 33, the hole block layers 34 and the
red-color photoemissive electron transport layer 31a can
also be produced by a like process but by appropriately
selecting luminescent materials.

[0183] Where the electron transport layer 6 is formed
between the green-color photoemissive electron transport
layer 33a and the cathode 4 in order to improve electron
transport performance, the green-color photoemissive hole
transport layer 33a may be formed in the same manner as the
steps shown in FIGS. 32A to 32E and FIG. 33A. Thereafter,
the electron transport layer 6 may be formed as shown in
FIG. 34A, on the surfaces of pixel areas over the whole
display region, and the cathode 4 may be formed as shown
in FIG. 34B.
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[0184] As described above, the process for producing the
RGB full-color organic-EL device of the present invention is
a process in which at least part of the photoemission layers
is formed in a pattern by photolithographic processing.
Thus, RGB patterns can be formed by a simple process in a
better precision than conventional low-polymer mask
vacuum deposition and ink-jet printing,.

[0185] The foregoing examples concern processes used
when the full-color display devices having RGB three-
primary-color photoemission layer patterns are produced.
These processes are applicable to the multiple-color area
color display device as long as the patterns of photoemission
layers are changed. An example of a process by which a
multiple-color area color display organic-EL device having
RGB three-primary-color photoemission layer logotypes is
shown in FIGS. 35A to 35G.

[0186] First, on a glass substrate 1 on which transparent
electrodes (anodes) 2 have been formed in a pattern, a
first-color photosensitive composition (a photoemission
layer material solution containing a material capable of
emitting light of a first color and also having the property of
causing cross-linking reaction upon light irradiation) is
coated to form a photoemission layer material coating 40
(FIG. 35A).

[0187] After the coating 40 is optionally dried, the coating
film formed is irradiated by light via a photomask to effect
exposure. In the photoemission layer material coating film
40 thus exposed, cross-linking between molecular chains
takes place at a plurality of points in each molecule of the
binder polymer, so that the exposed portions turn insoluble
in the solvent. After the exposure, the unexposed portions
are removed with the solvent, so that a photoemission layer
15 containing the cross-linked high polymer is formed in a
pattern (FIG. 35B).

[0188] The like procedure is repeated to form second- to
fourth-color photoemission layers 16 to 18 are sequentially
formed in patterns (FIGS. 35C to 35F). Here, the photo-
emission layer patterns already formed have been made
insoluble by means of the cross-linked high polymer, and
hence by no means dissolve in any solvents used in the
second-color and following film formation processing.

[0189] Finally, a cathode 4 is formed to make up the
organic-EL device which can make multiple-color area color
display In the multiple-color area color display device, the
photosensitive composition may patternwise be printed
when the photoemission layer patterns 15 to 18 are formed.
Such pattern printing enables whole-area exposure without
masking to effect curing, and hence the step of development
is unnecessary, making it possible to produce the device
more simply than the above method. This method is very
effective when relatively rough patterns are formed.

[0190] As described above, the present invention enables
simple production of organic-EL devices which can make
three-primary-color dot matrix full-color display or mul-
tiple-color area color display device. Incidentally, described
in the foregoing examples are organic-EL devices for color
display, but monochromatic display organic-EL devices can
also be produced with ease by the process according to the
present invention and are embraced in the present invention.
Also, organic-EL devices involving both the dot matrix
display and the area display (such as logotypes) can be
produced with ease by the process according to the present
invention.
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[0191] The organic-EL device of the present invention and
the process for its production are described below in greater
detail by giving Examples. The present invention is by no
means limited to these Examples only.

EXAMPLE 1
[0192] A first working example is described below.

[0193] On the whole surface of one of the both sides of a
glass substrate of 0.7 mm in thickness and 25x25 mm in
size, an ITO (indium tin oxide) film having a thickness of
200 nm and a sheet resistance of 15 W was formed by EB
(electron beam) vacuum deposition. The ITO film thus
formed was subjected to etching to form, as the anode, nine
stripes 19 as shown in FIG. 39, each having a width of 1.0
mm and a length of 25 mm and at intervals of 1.0 mm.

[0194] Next, after the surface of this substrate with the
anode was subjected to oxygen plasma treatment, a photo-
sensitive composition for forming green-color photoemis-
sion layers was spin-coated at 3,000 rpm, followed by
drying at 80° C. for 30 minutes to form a film of the
photosensitive composition. Here, the photosensitive com-
position for forming green-color photoemission layers com-
prises 0.55 g of a binder polymer, 0.05 g of coumarin-6
represented by the structural formula (18), 0.35 g of an
oxadiazole derivative represented by the structural formula
(19), 0.1 g of Michler’s ketone represented by the structural
formula (20) and 10 g of N-methylpyrrolidone.

(18)
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[0195] In the present example, used as the binder polymer
was a random copolymer having a repeating unit represented
by the structural formula (21) and a repeating unit repre-
sented by the structural formula (22), i.e., polyvinyl carba-
zole part of a carbazole group in the molecule of which has
been substituted with a cinnamoyl group. In the formulas
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(21) and (22), n and m are each an integer of 1 or more,
where polymerization ratio n:m is 1.1 and weight-average
molecular weight is 160,000. This copolymer is hereinafter
simply called a polyvinyl carbazole derivative.

21
—¢CH,— CH3¥—
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[0196] This polyvinyl carbazole derivative transports
holes injected from the anode. Also, the oxadiazole deriva-
tive transports electrons injected from the cathode. The
coumarin-6 is a compound which causes the injected holes
and electrons to recombine to effect green-color photoemis-
sion.

[0197] Next, the photosensitive composition film thus
formed was exposed to ultraviolet radiation via photomask
21 (FIG. 40) provided with three stripes of openings 20 each
having a width of 2.0 mm and a length of 12 mm and at
intervals of 4.0 mm. Here, the photomask 21 was so dis-
posed that the center line of each ITO stripe 19 come into
agreement with the center line of each photomask opening
20. As a light source, a high-pressure mercury lamp having
an exposure illumination of 45 mW/cm? was used, by means
of which the exposure was made for 60 minutes so as to be
in a total exposure dose of 2,700 mJ. Subsequently, this was
immersed in N-methylpyrrolidone for 1 minute to remove
unexposed-area films by development, followed by rinsing
with acetone and thereafter drying at 80° C. for 30 minutes.

[0198] Through these steps, green-color photoemission
layer stripes 33 were formed as shown in FIGS. 41 and 42.
Incidentally, FIG. 42 is a cross-sectional view along the line
A-A' in FIG. 41. The photoemission layers 33 thus formed
have a structure wherein the coumarin-6 and the oxadiazole
derivative are confined in the networks of the polyvinyl
carbazole cross-linked with cinnamoyl groups, and hence do
not dissolve in any solvent used in the following subsequent
step.

[0199] Next, a photosensitive composition for forming
red-color photoemission layers, comprising 0.55 g of the
polyvinyl carbazole derivative, 0.35 g of the oxadiazole
derivative, 0.15 g of an aromatic bisazide represented by the
structural formula (23), 0.05 g of Nile Red represented by
the structural formula (24) and 10 g of N-methylpyrrolidone,
was spin-coated at 3,000 rpm. Nile Red is a fluorescent
coloring matter dopant for red-color photoemission.
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[0200] The photomask used to form the green-color pho-
toemission layer stripes was disposed at a position moved in
parallel by 2 mm from that at the time of the formation of
the green-color photoemission layer stripes, and exposure
and development were carried out in the same manner as the
step of forming the green-color photoemission layers to
form red-color photoemission layers 31 (FIG. 43). Like the
case of the green-color photoemission layers, the red-color
photoemission layers 31 thus formed have a structure
wherein Nile Red and the oxadiazole derivative are confined
in the networks of the polyvinyl carbazole cross-linked with
cinnamoyl groups, and hence do not dissolve in any solvent
used in the following subsequent step.

[0201] Next, using a photosensitive composition for form-
ing blue-color photoemission layers, comprising 0.55 g of
the polyvinyl carbazole derivative, 0.35 g of the oxadiazole
derivative, 0.02 g of 1,1,4,4-tetraphenyl-1,3-butadiene rep-
resented by the structural formula (25), 0.1 g of Michler’s
ketone and 10 g of N-methylpyrrolidone, the coating, expo-
sure and development were carried out in the same manner
as the above steps to form blue-color photoemission layers

32 (FIG. 44).

25)

[0202] The blue-color photoemission layers 32 thus
formed have a structure wherein the 1,1,4,4-tetraphenyl-1,
3-butadiene and the oxadiazole derivative are confined in the
networks of the polyvinyl carbazole cross-linked with cin-
namoyl groups.
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[0203] The polyvinyl carbazole derivative transports holes
injected from the anode, and the oxadiazole derivative
transports electrons injected from the cathode. The 1,1,4,4-
tetraphenyl-1,3-butadiene is a compound which causes the
injected holes and electrons to recombine to effect blue-
color photoemission.

[0204] Thus, as shown in FIGS. 44 and 45, a panel having
stripe patterns 31 to 33 consisting of green, red and blue
three colors was obtained. FIG. 45 is a cross-sectional view
along the line B-B' in FIG. 44. The photoemission layers 31
to 33 were each in a thickness of 100 nm.

[0205] Next, using a vacuum deposition mask having an
opening of 16x25 mm in size, a 200 nm thick cathode 4
comprised of Mg/Ag (1/10) was formed by vacuum co-
deposition. The organic-EL device thus obtained is shown in
FIGS. 46 and 47.

[0206] FIG.4'is a cross-sectional view along the line C-C'
in FIG. 46. Setting the ITO as the anodes 2 and the Mg/Ag
as the cathode 4, a voltage of 10 V was applied to this device
by means of a DC power source, whereupon the green, red
and blue three-color light was emitted in stripes.

EXAMPLE 2
[0207] A second working example is described below.

[0208] The same glass substrate with an ITO pattern as
that used in Example 1 was subjected to oxygen plasma
treatment. Thereafter, a coating of a photosensitive compo-
sition for forming a hole transport layer was formed on the
whole pixel areas by flexographic printing, followed by
drying at 80° C. for 30 minutes to form a film of the
photosensitive composition. Here, in the present example, a
composition comprising 0.35 g of the polyvinyl carbazole
derivative, 0.1 g of Michler’s ketone and 10 g of N-meth-
ylpyrrolidone was used as the photosensitive composition
for forming the hole transport layer.

[0209] Next, the whole surface of the coating film formed
was exposed to ultraviolet radiation for 60 seconds, using a
high-pressure mercury lamp having an exposure illumina-
tion of 45 mW/cm?. Here, the total exposure dose was 2,700
mlJ. Thus, a hole transport layer having a thickness of 50 nm
was formed. Next, green, red and blue three-color stripe-
shaped photoemission layers 31 to 33 and the cathode 4 were
formed in the same manner as in Example 1 to obtain an
organic-EL device. A voltage of 10 V was applied to this
device, whereupon the green, red and blue three-color light
was seen to be emitted in stripes.

EXAMPLE 3
[0210] A third working example is described below.

[0211] The same glass substrate with an ITO pattern as
that used in Example 1 was subjected to oxygen plasma
treatment. Thereafter, using a solution comprising 0.3 g of a
polyphenylenevinylene precursor represented by the struc-
tural formula (26) and 10 g of butyl cellosolve, a coating of
was formed on the pixel areas by flexographic printing.
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(26)
Ccr
Cr

[0212] Next, this coating was subjected to heat treatment
at 250° C. for 1 hour in an atmosphere of nitrogen to convert
it into a hole transport layer comprised of polyphenylenevi-
nylene. The layer was in a thickness of 50 nm. Subsequently,
green, red and blue three-color stripe-shaped photoemission
layers 31 to 33 and the cathode 4 were formed in the same
manner as in Example 1 to obtain an organic-EL device. A
voltage of 10 V was applied to this device, whereupon the
green, red and blue three-color light was emitted in stripes.

EXAMPLE 4
[0213] A fourth working example is described below.

[0214] In the present example, a solution comprising 0.55
g of the polyvinyl carbazole (weight-average molecular
weight: 1,100,000) represented by the structural formula
(22) set out previously, 0.15 g of the aromatic bisazide
represented by the structural formula (23), 0.05 g of cou-
marin-6, 0.35 g of the oxadiazole derivative represented by
the structural formula (19) and 10 g of N-methylpyrrolidone
was used as the photosensitive composition for forming
green-color photoemission layers.

[0215] As the photosensitive composition for forming
red-color photoemission layers, a solution comprising 0.55
g of the polyvinyl carbazole represented by the structural
formula (22), 0.15 g of the aromatic bisazide represented by
the structural formula (23), 0.05 g of Nile Red, 0.35 g of the
oxadiazole derivative represented by the structural formula
(19) and 10 g of N-methylpyrrolidone was also used.

[0216] As the photosensitive composition for forming
blue-color photoemission layers, a solution comprising 0.55
g of the polyvinyl carbazole represented by the structural
formula (22), 0.15 g of the aromatic bisazide represented by
the structural formula (23), 0.02 g of 1,1,4,4-tetraphenyl-1,
3-butadiene, 0.35 g of the oxadiazole derivative represented
by the structural formula (19) and 10 g of N-methylpyrroli-
done was used.

[0217] The procedure of Example 1 was repeated except
for using these compositions for forming photoemission
layers, to produce an organic-EL device in which the anodes
2, the green, red and blue three-color stripe-shaped photo-
emission layers 31 to 33 and the cathode 4 were superposed
on the glass substrate 1. A voltage of 10 V was applied to the
device thus obtained, whereupon the green, red and blue
three-color light was emitted in stripes.

EXAMPLE 5
[0218] A fifth working example is described below.

[0219] The hole transport layer comprised of a cross-
linked high polymer and the stripe-shaped three-primary-
color photoemission layers comprised of a cross-linked high
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polymer, a coloring matter, an electron-transporting material
and a hole-transporting material were formed in the same
manner as in Example 2.

[0220] Next, a photosensitive composition for forming an
electron transport layer, comprising 0.6 g of polymethyl
methacrylate (weight-average molecular weight: 230,000),
0.35 g of the aromatic bisazide represented by the structural
formula (23), 0.3 g of tris(8-quinolinolato)aluminum repre-
sented by the structural formula (27) and 10 g of N-meth-
ylpyrrolidone, was patternwise printed by flexographic
printing at the center area of the substrate, followed by
drying to form an electron transport layer with a thickness of

30 nm.
O
Al
= N
P
3

[0221] Next, the cathode was formed in the same manner
as in Example 1 to obtain an organic-EL device. A voltage
of 10 V was applied to this device, whereupon the green, red
and blue three-color light was emitted in stripes.

@n

EXAMPLE 6

[0222] A sixth working example is described below.

[0223] The hole transport layer comprised of a cross-
linked high polymer and the stripe-shaped three-primary-
color photoemission layers comprised of a cross-linked high
polymer, a coloring matter, an electron-transporting material
and a hole-transporting material were formed in the same
manner as in Example 2.

[0224] Next, an electron transport layer with a thickness of
30 nm, consisting of a thin film of the tris(8-quinolinola-
to)aluminum, was formed by vacuum deposition, and there-
after the cathode was formed in the same manner as in
Example 1 to obtain an organic-EL device. A voltage of 10
V was applied to this device, whereupon the green, red and
blue three-color light was emitted in stripes.

EXAMPLE 7

[0225] A seventh working example is described below.

[0226] On the whole surface of a glass substrate of 0.7 mm
in thickness and 25x25 mm in size, an [TO film having a
thickness of 200 nm and a sheet resistance of 15 W was
formed by EB vacuum deposition. The I'TO film thus formed
was subjected to patterning in logotypes as the anode as
shown in FIG. 35A.

[0227] After the surface of this substrate with the anode
was subjected to oxygen plasma treatment, the same pho-
tosensitive composition 40 for forming green-color photo-
emission layers as that in Example 1 was spin-coated at
3,000 rpm, followed by drying at 80° C. for 30 minutes to
form a film. Then, the film was exposed to ultraviolet
radiation at its part involving the letter “O” and letter “D”
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via a photomask, followed by development to form green-
color photoemission layers. Then, the same photosensitive
composition for forming red-color photoemission layers as
that in Example 1 was also spin-coated at 3,000 rpm,
followed by drying at 80° C. for 30 minutes to form a film.
Thereafter, the film was exposed to ultraviolet radiation at its
part involving the letter “L” via a photomask, followed by
development to form a red-color photoemission layer. Sub-
sequently, the same photosensitive composition for forming
blue-color photoemission layers as that in Example 1 was
spin-coated at 3,000 rpm, followed by drying at 80° C. for
30 minutes to form a film. Thereafter, the film was exposed
to ultraviolet radiation at its part involving the letter “E” via
a photomask, followed by development to form a blue-color
photoemission layer.

[0228] As the light source used when the photosensitive
composition films were exposed, a high-pressure mercury
lamp having an exposure illumination of 45 mW/cm? was
used, by means of which the exposure was made for 60
minutes so as to be in a total exposure dose of 2,700 mJ.
Also, as to the development, the films were immersed in
N-methylpyrrolidone for 1 minute to remove unexposed-
area films, followed by rinsing with acetone and thereafter
drying at 80° C. for 30 minutes.

[0229] Next, on the part involving this logotype, the same
photosensitive composition for forming an electron trans-
port layer as that in Example 6 was patternwise printed by
flexographic printing, followed by drying at 80° C. for 30
minutes to form an electron transport layer with a thickness
of 30 nm. Subsequently, using a vacuum deposition mask, a
200 nm thick cathode 4 consisting of Mg/Ag (1/10) was
formed by vacuum co-deposition to obtain an organic-EL
device.

[0230] To this device, setting the ITO as the anode and the
Mg/Ag as the cathode, a voltage of 10 V was applied by
means of a DC power source, whereupon the layers at the
part of the letter “O” and letter “D” emitted light in green
color, the letter “L” in red color, and the letter “E” in blue
color.

EXAMPLE 8

[0231] An eighth working example is described below.

[0232] An organic-EL device was produced in the same
manner as in Example 1 except that the green-color photo-
emission layers 33 and red-color photoemission layers 31
were each formed as shown in FIG. 48 in a thickness of 50
nm, and the blue-color photoemission layer 32 in a thickness
of 100 nm. Also, in the exposure to form the blue-color
photoemission layers 32, a photomask made of quartz and
having an opening of 16x25 mm was used. Thus, as shown
in FIG. 48, the blue-color photoemission layer 32 was so
formed as to cover the green-color photoemission layers 33
and red-color photoemission layers 31. A cross-sectional
view along the line D-D' in FIG. 48 is shown in FIG. 49.

[0233] The cathode 4 was formed in the same manner as
in Example 1 to obtain an organic-EL device shown in FIG.
50. A cross-sectional view along the line E-E' in FIG. 50 is
shown in FIG. 51. To this device, setting the ITO as the
anode and the Mg/Ag as the cathode, a voltage of 10 V was
applied by means of a DC power source, whereupon the
green, red and blue three-color light was emitted in stripes.
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EXAMPLE 9
[0234] A ninth working example is described below.

[0235] An organic-EL device was produced in the same
manner as in Example 2 except that the respective photo-
emission layers 31 to 33 were formed in the same manner as
in Example 8 in the like layer thickness and using the like
exposure mask for the blue-color photoemission layer. To
the device thus obtained, a voltage of 10 V was applied,
whereupon the green, red and blue three-color light was
emitted in stripes.

EXAMPLE 10
[0236] A tenth working example is described below.

[0237] An organic-EL device was produced in the same
manner as in Example 3 except that the respective photo-
emission layers 31 to 33 were formed in the same manner as
in Example 8 in the like layer thickness and using the like
exposure mask for the blue-color photoemission layer.

[0238] To the device thus obtained, a voltage of 10 V was
applied, whereupon the green, red and blue three-color
layers emitted light in stripes.

EXAMPLE 11
[0239] An eleventh working example is described below.

[0240] An organic-EL device was produced in the same
manner as in Example 4 except that the respective photo-
emission layers 31 to 33 were formed in the same manner as
in Example 8 in the like layer thickness and using the like
exposure mask for the blue-color photoemission layer.

[0241] To the device thus obtained, a voltage of 10 V was
applied, whereupon the green, red and blue three-color light
was emitted in stripes.

EXAMPLE 12
[0242] A twelfth working example is described below.

[0243] An organic-EL device was produced in the same
manner as in Example 5 except that the respective photo-
emission layers 31 to 33 were formed in the same manner as
in Example 8 in the like layer thickness and using the like
exposure mask for the blue-color photoemission layer and
the tris(8-quinolinolato)aluminum was replaced with 0.35 g
of the oxadiazole derivative represented by the structural
formula (19). To the device thus obtained, a voltage of 10 V
was applied, whereupon the green, red and blue three-color
light was emitted in stripes.

EXAMPLE 13
[0244] A thirteenth working example is described below.

[0245] An organic-EL device was produced in the same
manner as in Example 6 except that the respective photo-
emission layers 31 to 33 were formed in the same manner as
in Example 8 in the like layer thickness and using the like
exposure mask for the blue-color photoemission layer. To
the device thus obtained, a voltage of 10 V was applied,
whereupon the green, red and blue three-color light was
emitted in stripes.

Apr. 10, 2003

EXAMPLE 14

[0246] A fourteenth working example is described below
with reference to FIGS. 32A to 32G.

[0247] The same glass substrate with ITO stripes as that
used in Example 1 was subjected to oxygen plasma treat-
ment. Thereafter, a photosensitive composition for forming
a blue-color photoemissive hole transport layer, comprising
0.35 g of the polyvinyl carbazole derivative, 0.05 g of
Michler’s ketone and 10 g of N-methylpyrrolidone, was
spin-coated at 3,000 rpm, followed by drying at 80° C. for
30 minutes to form a coating film.

[0248] Then, the coating film formed was exposed to
ultraviolet radiation via a photomask made of quartz and
having an opening of 16x25 mm was used. As a light source,
a high-pressure mercury. lamp having an exposure illumi-
nation of 45 mW/cm?® was used, by means of which the
exposure was made for 60 minutes so as to be in a total
exposure dose of 2,700 mJ. Next, this was immersed in
N-methylpyrrolidone for 1 minute to remove unexposed-
area films by development, followed by rinsing with acetone
and thereafter drying at 80° C. for 30 minutes. Thus, the
blue-color photoemissive hole transport layer 50 having a
layer thickness of 80 nm was formed on the whole surface
of pixel-forming region. (FIG. 32A).

[0249] The polyvinyl carbazole derivative transports holes
injected from the anode and at the same time contributes to
blue-color photoemission in the course of recombination of
electrons and holes. The blue-color photoemissive hole
transport layer 50 thus formed has a structure wherein the
polyvinyl carbazole derivative has cross-linked, and hence
does not dissolve in any solvent used in the following
subsequent step.

[0250] On the surface of this blue-color photoemissive
hole transport layer 50, red-color photoemission layers 31
each having a layer thickness of 80 nm were formed in the
same manner as in Example 1 (FIGS. 32B to 32D), using a
photosensitive composition for forming red-color photo-
emission layers, comprising 0.35 g of the polyvinyl carba-
zole derivative, 0.55 g of the same oxadiazole derivative as
that used in Example 1, 0.05 g of Nile Red, 0.05 g of
Michler’s ketone and 10 g of N-methylpyrrolidone.

[0251] Next, green-color photoemission layers 33 each
having a layer thickness of 80 nm were formed in the same
manner as in Example 1 (FIG. 32E), using a photosensitive
composition for forming green-color photoemission layers,
comprising 0.35 g of the polyvinyl carbazole derivative,
0.55 g of the same oxadiazole derivative as that used in
Example 1, 0.05 g of coumarin-6, 0.05 g of Michler’s ketone
and 10 g of N-methylpyrrolidone.

[0252] Subsequently, a photosensitive composition for
forming hole block layers, comprising 0.5 g of polyvinyl
cinnamate represented by the structural formula (28), 0.15 g
of bathocuproin represented by the structural formula (29),
0.25 g of the same oxadiazole derivative as that in Example
1, 0.1 g g of Michler’s ketone and 10 g of N-methylpyr-
rolidone, was spin-coated at 3,000 rpm on the blue-color
photoemissive hole transport layer 50 on which the red-color
and green-color hole block layers had been formed, followed
by drying at 80° C. for 30 minutes. The oxadiazole deriva-
tive transports electrons injected from the cathode, and the
bathocuproin is used to shut out the transport of holes.
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[0253]

[0254] The photomask was disposed at a position moved
in parallel by 2 mm from the position at which the green-
color photoemission layers were formed, and exposure and
development were carried out in the same manner as the step
of forming the above photoemission layers to form hole
block layers 34 each having a layer thickness of 80 nm (FIG.
32F).

[0255] Like the case of the green-color photoemission
layers, the hole block layers 34 thus formed have a structure
wherein bathocuproin and the oxadiazole derivative are
confined in the networks of the polyvinyl carbazole cross-
linked with cinnamoyl groups, and hence do not dissolve in
any solvent used in the following subsequent step.

In the formula (28), n is an integer.

[0256] Next, a photosensitive composition for forming an
electron transport layer, comprising 0.6 g of polymethyl
methacrylate represented by the structural formula (30), 0.15
g and 0.35 g of the same aromatic bisazide and oxadiazole
derivative, respectively, as those in Example 1 and 10 g of
N-methylpyrrolidone, was patternwise printed by flexo-
graphic printing at the center area of the substrate, followed
by exposure to ultraviolet radiation over the whole surface
under the same exposure conditions as the case of the above
photoemission layers, to form an electron transport layer 6
with a thickness of 50 nm.

(30
T
_e CH,— (ljﬁn_
O=COCH;,

[0257]

[0258] Finally, the cathode 4 was formed in the same
manner as in Example 1 to obtain an organic-EL. device

In the formula (30), n is an integer.
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shown in FIG. 32G. To this device, setting the ITO as the
anode and the Mg/Ag as the cathode, a voltage of 10 V was
applied by means of a DC power source, whereupon the
green, red and blue three-color light was emitted in stripes.

EXAMPLE 15
[0259] A fifteenth working example is described below.

[0260] The ITO electrodes, blue-color photoemissive hole
transport layer, red-color photoemission layers, green-color
photoemission layers, hole block layers, electron transport
layer and cathode were formed on the surface of the glass
substrate to obtain an organic-EL device in the same manner
as in Example 14 except that, in the photosensitive compo-
sition for forming the blue-color photoemissive hole trans-
port layer, 0.02 g of 1,1,4,4-tetraphenyl-1,3-butadiene was
mixed and the Michler’s ketone was mixed in an amount of
0.1g.

[0261] To this device, setting the ITO as the anode and the
Mg/Ag as the cathode, a voltage of 10 V was applied by
means of a DC power source, whereupon the green, red and
blue three-color light was emitted in stripes.

EXAMPLE 16
[0262] A sixteenth working example is described below.

[0263] The ITO electrodes, blue-color photoemissive hole
transport layer, green-color photoemission layers, red-color
photoemission layers, hole block layers, electron transport
layer and cathode were formed on the surface of the glass
substrate to obtain an organic-EL device in the same manner
as in Example 14 except that a solution comprising 0.6 g of
polymethyl methacrylate, 0.35 g of the same oxadiazole
derivative as that used in Example 1 and 10 g of N-meth-
ylpyrrolidone was used as the photosensitive composition
for forming the electron transport layer.

[0264] To the device thus obtained, setting the ITO as the
anode and the Mg/Ag as the cathode, a voltage of 10 V was
applied by means of a DC power source, whereupon the
green, red and blue three-color light was emitted in stripes.

EXAMPLE 17

[0265] A scventeenth working example is described
below.

[0266] The ITO electrodes, blue-color photoemissive hole
transport layer, green-color photoemission layers, red-color
photoemission layers, hole block layers, electron transport
layer and cathode were formed on the surface of the glass
substrate to obtain an organic-EL device in the same manner
as in Example 14 except that the electron transport layer
(thickness: 50 nm) was formed using a vacuum deposition
mask having an opening of 16x25 mm was used and formed
by vacuum deposition of tris(8-quinolinolato) aluminum.

[0267] To the device thus obtained, setting the ITO as the
anode and the Mg/Ag as the cathode, a voltage of 10 V was
applied by means of a DC power source, whereupon the
green, red and blue three-color light was emitted in stripes.
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EXAMPLE 18

[0268] A cighteenth working example is described below.

[0269] As shown in FIG. 33A, the ITO electrodes 2,
blue-color photoemissive hole transport layer 50, red-color
photoemission layers 31 and hole block layers 34 were
formed on the surface of the substrate 1 in the same manner
as in Example 14 except that the green-color photoemission
layers were not formed.

[0270] Next, a green-color photoemissive electron trans-
port layer 33a with a thickness of 100 nm, consisting of
tris(8-quinolinolato)aluminum, was formed by vacuum
deposition, and thereafter the cathode 4 was formed in the
same manner as in Example 14 to obtain an organic-EL
device.

[0271] To the device thus obtained, setting the ITO as the
anode and the Mg/Ag as the cathode, a voltage of 10 V was
applied by means of a DC power source, whereupon the
green, red and blue three-color light was emitted in stripes.

EXAMPLE 19

[0272] A nineteenth working example is described below.

[0273] An organic-EL device having the green-color pho-
toemissive electron transport layer 33a was obtained in the
same manner as in Example 18 except that the green-color
photoemissive electron transport layer 33a was formed
using a photosensitive composition for forming green-color
photoemissive electron transport layer, comprising 0.6 g of
polymethyl methacrylate, 0.15 g of the aromatic bisazide
represented by the structural formula (23), 0.05 g of cou-
marin-6, 0.35 g of the same oxadiazole derivative as that
used in Example 1 and 10 g of N-methylpyrrolidone, which
was patternwise printed by flexographic printing at the
center area of the substrate, followed by exposure and
development under the same conditions as those for the
other photoemission layers.

[0274] To the device thus obtained, setting the ITO as the
anode and the Mg/Ag as the cathode, a voltage of 10 V was
applied by means of a DC power source, whereupon the
green, red and blue three-color light was emitted in stripes.

EXAMPLE 20

[0275] A twentieth working example is described below.

[0276] The ITO electrodes, blue-color photoemissive hole
transport layer, red-color photoemission layers, hole block
layers and green-color photoemissive electron transport
layer were formed on the surface of the substrate in the same
manner as in Example 19.

[0277] Next, as shown in FIG. 34A, on the surface of the
green-color photoemissive electron transport layer 33a, the
electron transport layer 6 was formed in the same manner as
in Example 14 except that the aromatic bisazide was mixed
in an amount of 0.35 g. Thereafter, the cathode 4 was formed
in the same manner as in Example 14 to obtain an organic-
EL device shown in FIG. 34B.

[0278] To the device thus obtained, setting the ITO as the
anode and the Mg/Ag as the cathode, a voltage of 10 V was
applied by means of a DC power source, whereupon the
green, red and blue three-color light was emitted in stripes.
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[0279] According to the present invention, the photosen-
sitive composition can readily cure upon exposure in air, and
hence the devices can be mass-produced at a low cost in a
large quantity. Also, the photosensitive composition has so
high a viscosity that it is unnecessary to provide any gap
between the photosensitive composition formed into a film
and the mask, and hence precise exposure can be effected.
Thus, the hole transport layer, photoemission layers and/or
electron transport layer can be formed in well-precise and
fine patterns. While we have shown and described several
embodiments in accordance with our invention, it should be
understood that disclosed embodiments are susceptible of
changes and modifications without departing from the scope
of the invention. Therefore, we do not intend to be bound by
the details shown and described herein but intend to cover all
such changes and modifications a fall within the ambit of the
appended claims.

What is claimed is:
1. A process for producing an organic-electrolumines-
cence device, comprising the steps of:

forming a film of a high molecular weight compound
composition which contains a high molecular weight
compound having a divalent organic group represented
by the following Formula (1);

followed by exposure and then development to form a
photoemission layer in a pattern,

@

CH—X—CR’=—CR®R’

wherein X is a divalent organic group containing at least
one of an allyl group, an aryl group, an alkylene group,
an alkyl group, an amide group, an ester group, a nitrile
group and a carbonyl group; and R” to R® are each a
hydrogen atom or a monovalent organic group contain-
ing at least one of an allyl group, an aryl group, an
alkylene group, an alkyl group, an amide group, an
ester group, a nitrile group and a carbonyl group.
2. The process for producing an organic-electrolumines-
cence device according to claim 1, further comprising the
steps of:

forming a film of a hole transport material having a
photosensitivity,

followed by exposure and then curing to form a hole

transport layer.

3. The process for producing an organic-electrolumines-
cence device according to claim 2, wherein, in the organic-
electroluminescence device produced, said film of the high
molecular weight compound composition is between an
anode and a cathode, and the hole transport layer is between
the anode and the high molecular weight compound com-
position film.

4. The process for producing an organic-electrolumines-
cence device according to claim 1, further comprising the
steps of:

forming a film of an electron transport material having a
photosensitivity,
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followed by exposure and then curing to form an electron

transport layer.

5. The process for producing an organic-electrolumines-
cence device according to claim 4, wherein, in the organic-
electroluminescence device produced, said film of the high
molecular weight compound composition is between an
anode and a cathode, and the electron transport layer is
between the cathode and the high molecular weight com-
pound composition film.

6. The process for producing an organic-electrolumines-
cence device according to claim 1, further comprising the
step of:

printing an ink containing an electron transport material
so as to form an electron transport layer.
7. The process for producing an organic-electrolumines-
cence device according to claim 1, further comprising the
steps of:

printing an ink containing an electron transport material
having a photosensitivity,

followed by exposure and then curing to form an electron
transport layer.
8. The process for producing an organic-electrolumines-
cence device according to claim 1, further comprising the
step of:

forming an electron transport layer by evaporating an
electron transport material.
9. The process for producing an organic-electrolumines-
cence device according to claim 1, further comprising the
steps of:

forming a film of a hole transport material, which contains
blue-photoemission material, having a photosensitivity
in all photoemission regions,

followed by exposure and then curing to form a hole
transport layer which also functions as a blue-photo-
emission layer, and

forming a film of hole blocking material having a pho-
tosensitivity,

followed by exposure and then curing to form a hole
blocking layer in a pattern on the blue-photoemission
layer.
10. A process for producing an organic-electrolumines-
cence device, comprising the steps of:

forming a film of a high-molecular weight compound
composition which contains a) a high-molecular weight
compound having a divalent organic group represented
by the following Formula (2), and b) a bisazide com-
pound;

followed by exposure and then development to form a
photoemission layer in a prescribed pattern,

@

CH—W

/

wherein W is a monovalent organic group containing at
least one of an allyl group, an aryl group, an alkylene
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group, an alkyl group, an amide group, an ester group,
a nitrile group and a carbonyl group, a carbazole group
and a fluorene group.
11. The process for producing an organic-electrolumines-
cence device according to claim 10, further comprising the
steps of:

forming a film of a hole transport material having a
photosensitivity,

followed by exposure and then curing to form a hole

transport layer.

12. The process for producing an organic-electrolumines-
cence device according to claim 11, wherein, in the organic-
electroluminescence device produced, said film of the high
molecular weight compound composition is between an
anode and a cathode, and the hole transport layer is between
the anode and the high molecular weight compound com-
position film.

13. The process for producing an organic-electrolumines-
cence device according to claim 10, further comprising the
steps of:

forming a film of an electron transport material having a
photosensitivity,

followed by exposure and then curing to form an electron

transport layer.

14. The process for producing an organic-electrolumines-
cence device according to claim 13, wherein, in the organic-
electroluminescence device produced, said film of the high
molecular weight compound composition is between an
anode and a cathode, and the electron transport layer is
between the cathode and the high molecular weight com-
pound composition film.

15. The process for producing an organic-electrolumines-
cence device according to claim 10, further comprising the
step of:

printing an ink containing an electron transport material
so as to form an electron transport layer.
16. The process for producing an organic-electrolumines-
cence device according to claim 10, further comprising the
steps of:

printing an ink containing an electron transport material
having a photosensitivity,

followed by exposure and then curing to form an electron
transport layer.
17. The process for producing an organic-electrolumines-
cence device according to claim 10, further comprising the
step of:

forming an electron transport layer by evaporating an
electron transport material.
18. The process for producing an organic-electrolumines-
cence device according to claim 10, further comprising the
steps of:

forming a film of a hole transport material which contains
blue-photoemission material having a photosensitivity
in all photoemission regions,

followed by exposure and then curing to form a hole
transport layer which also functions as a blue-photo-
emission layer, and

forming a film of hole blocking material having a pho-
tosensitivity,
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followed by exposure and then curing to form a hole
blocking layer in a pattern on the blue-photoemission
region.
19. A process for producing an organic-electrolumines-
cence device, comprising the steps of:

forming a film of a high molecular weight compound
composition which contains a high molecular weight
compound having a divalent organic group represented
by the following Formula (1),

followed by exposure and then development to form a
plurality of patterned layers having a plurality of pho-
toemissions; and

forming an electron transport layer, having a different
photoemission compared with that of said plurality of
patterned layers, so as to overlie both said plurality of
patterned layers and a region not patterned,

™

CH—X— CR"=CR®R’

/

wherein X is a divalent organic group containing at least
one of an allyl group, an aryl group, an alkylene group,
an alkyl group, an amide group, an ester group, a nitrile
group and a carbonyl group; and R” to R® are each a
hydrogen atom or a monovalent organic group contain-
ing at least one of an allyl group, an aryl group, an
alkylene group, an alkyl group, an amide group, an
ester group, a nitrile group and a carbonyl group.

20. A process for producing an organic-electrolumines-

cence device, comprising the steps of:

forming a film of a high-molecular weight compound
composition which contains a) a high-molecular weight
compound having a divalent organic group represented
by the following Formula (2), and b) a bisazide com-
pound,

followed by exposure and then development to form a
plurality of patterned layers having a plurality of pho-
toemissions; and

forming an electron transport layer, having a different
photoemisison compared with that of said plurality of
patterned layers, so as to overlie both said plurality of
patterned layers and a region not patterned,

Apr. 10, 2003

@

CH—W

wherein W is a monovalent organic group containing at
least one of an allyl group, an aryl group, an alkylene
group, an, alkyl group, an amide group, an ester group,
a nitrile group and a carbonyl group, a carbazole group
and a fluorene group.
21. The process for producing an organic-electrolumines-
cence device according to claim 20, further comprising the
steps of:

forming a film of an electron transport material having a
photosensitivity,

followed by exposure and then curing to form an electron
transport layer which also functions as a photoemission
layer.
22. The process for producing an organic-electrolumines-
cence device according to claim 20, further comprising the
step of:

printing an ink containing an electron transport material
which contains a photoemission material, so as to form
an electron transport layer which also functions as a
photoemission layer.
23. The process for producing an organic-electrolumines-
cence device according to claim 20, further comprising the
steps of:

printing an ink containing an electron transport material
which contains a photoemission material having a
photosensitivity,

followed by exposure and then curing to form an electron
transport layer which also functions as a photoemission
layer.
24. The process for producing an organic-electrolumines-
cence device according to claim 20, further comprising the
step of:

forming an electron transport layer, which also functions
as a photoemission layer, by evaporating an electron
transport material which contains a photoemission
material.
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