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7) ABSTRACT

In a method of manufacturing and organic EL panel wherein
an organic light emitting material is laminated between a
pair of opposing electrodes, at least one of which is trans-
parent or semitransparent, a photosensitive body having a
charge generating layer 3 and charge transfer layer 4 is
formed on the transparent substrate 2 side, and a latent
image is formed by charging and exposing this photosensi-
tive body. Using a powder developer, the exposed portion or
unexposed portion thereof is developed, and a separation
wall composed of the charged powder developer is formed.
Next, a light emitting layer, electron transporting layer, and
cathode are uniformly deposited by in vacuo vapor deposi-
tion, and after vapor deposition, by removing the developer
used in the separation wall by transfer, the laminate of the
light emitting layer, electron transporting layer, and cathode
is selectively removed therewith, light emitting pattern
formation and cathode separation are performed, and pixels
are formed.
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ORGANIC EL PANEL AND THE MANUFACTURE
THEREOF

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method of manu-
facturing an organic electroluminescent panel, particularly, a
method of forming pixels and a color separation method in
an organic electroluminescent panel. In the present specifi-
cation the term “electroluminescence[electroluminescent ]
will be abbreviated as “EL”.

[0002] A method of manufacturing an inorganic EL panel
is disclosed in Japanese Unexamined Patent Application
Publication No. 5-108014. In this inorganic EL panel manu-
facturing method, as shown in FIG. 22, the process whereby
a mask plate 19 having a window pattern 19A corresponding
to the light emitting film part for pixels of an identical
display color is arranged in extreme proximity to the panel
substrate (wherein a transparent electrode 2 and insulating
layer 17 are laminated on a transparent electrode 1), and in
this state, an inorganic light emitting layer 18 of the identical
display color is formed into a film selectively and uniformly
from a vapor deposition source 20 in a position correspond-
ing to the window pattern 19A on the insulating layer 17, is
performed in sequence, while the position of the mask plate
19 is shifted for each color, then light emitting film parts
having differing display colors are formed in sequence by
shifting the position for each color. This method is referred
to hereinafter as the first conventional method.

[0003] Additionally, Japanese Unexamined Patent Appli-
cation Publication No. 7-121056 discloses a manufacturing
method for a color filter used in plasma display or liquid
crystal display. According to this method, after a substrate on
which a photosensitive layer having an organic photocon-
ductive layer is formed has been charged to the desired
polarity, and an electrostatic latent image has been formed
by selective exposure, a pattern is formed by fixing a
developer in which an inorganic pigment is dispersed, said
substrate is baked, the organic photoconductive layer is
removed, and the desired pattern can be obtained. Herein-
after, this method is referred to as the second conventional
method.

[0004] Furthermore, pigment dispersion methods which
use photolithography can be considered as manufacturing
methods for color filters for liquid crystal displays. In such
a method, after the substrate has been coated with a photo-
sensitive polymer in which the colorizing pigment has been
dispersed, it is exposed through a photomask and then
developed, a color pattern is formed by etching, and this
process is repeated for each color of red, green, and blue.
This method is referred to hereinafter as method of the
comparative example.

[0005] For reasons such as the occurrence of bending or
warping of the mask plate caused by the weight of the mask
plate itself or thermal expansion due to radiant heat during
vapor deposition and the difficulty in controlling the precise
position of the mask plate, problems such as the overlapping
of layers and insufficient separation occur. For this reason,
this method is defective in terms of difficulty in increasing
the screen size from the standpoint of yield. Additionally, the
mask plate is formed by opening patterns in a thin metal
plate by etching, but the finer the pattern becomes, the more
easily the plate can be cut, and the more difficult the
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manufacture of the mask plate itself becomes. Furthermore,
it is necessary to separate the mask plate and substrate as a
countermeasure against shorts in the pixels caused by
scratches occurring when the mask plate and substrate come
in contact, but the vapor deposition material can turn in on
itself during vapor deposition, so that there are limitations to
refinement.

[0006] The second conventional method, whereby an elec-
trostatic latent image on the photosensitive body is devel-
oped with an inorganic pigment dispersed developer, then
baked, and the photosensitive body is removed, uses an
organic material which lacks heat resistance as the light
emitting layer, charge transfer layer, etc., and therefore
cannot be used in organic EL panels. In the organic EL
panel, moreover, since at present there are no white light
emitting materials, the use of a color filter is difficult.

[0007] Furthermore, in the case of the method of the
comparative example, whereby a pigment dispersion system
is used in the coloration of an organic EL panel, since the
organic EL material is extremely susceptible to moisture, in
patterning, after the substrate which has been coated with the
organic polymer has been exposed through a photomask,
when processes such as developing and etching are per-
formed, pixel defects such as the occurrence and growth of
dark spots and exfoliation at the interface between the
organic layer and the electrode can easily occur.

[0008] Thus, heretofore, there has been no method for
manufacturing organic EL panels in which refinement and/or
coloration can be realized practically and effectively.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to offer a
method of manufacturing an organic thin-film EL panel in
which the problems described above are solved.

[0010] A second object of the present invention is to offer
a method of manufacturing an organic thin-film EL panel in
which refinement and coloration can be achieved by means
of a simple method without damaging pixels in the organic
EL panel.

[0011] Inorder to achieve the aforementioned purpose, the
manufacturing method of the present invention is charac-
terized by the fact that, in the manufacture of a pixel Light
emitting layer and pixel electrode formed in an organic EL
panel wherein an organic light emitting material is laminated
between a pair of opposing electrodes, at least one of which
is transparent or semitransparent:

[0012] a transparent substrate is prepared wherein a trans-
parent or semitransparent common electrode is formed on at
least one face thereof;

[0013] a photosensitive thin film having a charge gener-
ating layer and charge transfer layer is formed on the
aforementioned common electrode;

[0014] the aforementioned photosensitive thin film is uni-
formly charged, and an electrostatic image is formed by
exposure in a specified pattern;

[0015] the unexposed portions and the exposed portions of
the aforementioned photosensitive thin-film are developed
using a powder developer, and a separation wall is formed
from the aforementioned charged powder developer;



US 2003/0132703 Al

[0016] a light emitting layer, electron transporting layer,
and pixel electrode layer are uniformly deposited in that
order;

[0017] after deposition, using the charge of the aforemen-
tioned electrostatic latent image, the aforementioned powder
developer used in the aforesaid separation wall is removed
by transfer, and the laminate is selectively removed together
therewith;

[0018] pattern formation of the pixel light emitting layer
and separation of the pixel electrode layer are performed
simultaneously, and a pixel light emitting layer and pixel
electrode are formed in a specified pixel pattern.

[0019] Furthermore, according to the second characteristic
of the present invention, the method whereby a pixel light
emitting layer for each color and pixel electrodes are formed
so as to be separated from one another in a color organic EL
panel wherein an organic light emitting material is layered
between a pair of opposing electrodes, at least one of which
is transparent or semitransparent, is characterized by the fact
that:

[0020] a transparent substrate is prepared wherein a trans-
parent or semitransparent common electrode is formed on at
least one face thereof;

[0021] a photosensitive thin film having a charge gener-
ating layer and charge transfer layer is formed on the
aforementioned common electrode;

[0022] the aforesaid photosensitive thin film is uniformly
charged, an electrostatic latent image is formed by exposure
in a pattern in a first color among the three colors of red,
green, and blue;

[0023] the exposed portion or the unexposed portion of the
aforementioned photosensitive film is developed using a
powder developer, and a first mask, which is composed of
the aforementioned powder developer that has been charged
and covers the regions other than the pixel region of the
aforementioned first color, is formed,

[0024] a light emitting layer of the aforementioned first
color, an electron transporting layer, and a pixel electrode
layer are deposited uniformly in that order;

[0025] after deposition, the aforementioned powder devel-
oper used in the aforementioned first mask is removed using
the charge of the electrostatic latent image, the laminate is
selectively removed together therewith, and a pixel light
emitting layer and pixel electrode of a pixel pattern of the
aforementioned first color are formed;

[0026] the aforesaid photosensitive thin film is uniformly
charged, an electrostatic latent image is formed by exposure
in a pattern in a second color among the three colors of red,
green, and blue;

[0027] the exposed portion or the unexposed portion of the
aforementioned photosensitive film is developed using a
powder developer, and a second mask, which is composed
of the aforementioned powder developer that has been
charged and covers the regions other than the pixel region of
the aforementioned second color, is formed;

[0028] a light emitting layer of the aforementioned second
color, an electron transporting layer, and a pixel electrode
layer are deposited uniformly in that order;
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[0029] after deposition, the aforementioned powder devel-
oper used in the aforementioned second mask is removed
using the charge of the electrostatic latent image, the lami-
nate is selectively removed together therewith, and a pixel
light emitting layer and pixel electrode of a pixel pattern of
the aforementioned second color are formed;

[0030] the aforesaid photosensitive thin film is uniformly
charged, an electrostatic latent image is formed by exposure
in a pattern in a third color among the three colors of red,
green, and blue;

[0031] the exposed portion or the unexposed portion of the
aforementioned photosensitive film is developed using a
powder developer, and a third mask, which is composed of
the aforementioned powder developer that has been charged
and covers the regions other than the pixel region of the
aforementioned third color, is formed;

[0032] a light emitting layer of the aforementioned third
color, an electron transporting layer, and a pixel electrode
layer are deposited uniformly in that order;

[0033] after deposition, the aforementioned powder devel-
oper used in the aforementioned third mask is removed
using the charge of the electrostatic latent image, the lami-
nate is selectively removed together therewith, and a pixel
light emitting layer and pixel electrode of a pixel pattern of
the aforementioned third color are formed;

[0034] a pixel light emitting layer and pixel electrode are
formed in the three colors of red, green, and blue in the
respective desired pixel patterns.

[0035] By means of the method of manufacturing an
organic EL panel according to the present invention, the
organic photosensitive body is formed on a transparent or
semitransparent common electrode which is formed as a
glass or other transparent substrate, and after this organic
photosensitive body has been charged, and an electrostatic
image has been formed by selective exposure in a specified
pattern, an electrostatic latent image is formed in areas other
than those parts, the aforementioned electrostatic latent
image is developed using a powder developer having a
specified granule diameter and charge amount, and a pixel
separation wall is formed.

[0036] Furthermore, by means of the method of manufac-
turing a color organic EL panel according to the present
invention, an organic photosensitive body that has been
formed on the transparent electrode side for each color is
charged and exposed, an electrostatic latent image in the
areas other than those of the light emitting dots of the color
in question is formed (i.e., an area equivalent to the dot
width and space of two colors), and using a developer, a
tight-fitting mask is formed in the exposed areas.

[0037] Finally, by forming uniformly a light emitting layer
for that color, an electron transporting layer, and a pixel
electrode layer in that order, by, e.g., vapor deposition, and
removing the developer that has formed the tight-fitting
mask or separation wall from the panel substrate, a process
is performed whereby light emitting pixels and pixel elec-
trodes for that color are formed.

[0038] The dot pitch and space width of the organic EL
panel obtained is determined by the exposure precision and
the granule size of the developer, and it is possible to form
a fine pattern having a size of about 10 u.
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[0039] According to the method described above, more-
over, since there is no curling in during vapor deposition due
to the floating of the mask when a thin film is formed by
vacuum vapor deposition using a mask plate that is sepa-
rated from the substrate, as in the first conventional method
described above, there is no color displacement or positional
displacement, and a panel having sharp edges can be pro-
duced. Since there is no necessity to position the mask or to
reduce the vacuum processing, the panel manufacturing
process can be accelerated.

BRIEF EXPLANATION THE DRAWINGS

[0040] FIG. 1 is a sectional view showing the state in
which the transparent electrode and organic photosensitive
thin film are formed on a transparent substrate in a method
of manufacturing an organic EL panel in a working example
of the present invention.

[0041] FIG. 2 is a sectional view explaining the first
method whereby a photosensitive thin film is uniformly
charged in a method of manufacturing an organic EL panel
in a working example of the present invention.

[0042] FIG. 3 is a sectional view explaining the first
method whereby a photosensitive thin film is uniformly
charged in a method of manufacturing an organic EL panel
in a working example of the present invention.

[0043] FIG. 4 is a sectional view explaining the state in
which the photosensitive thin film is exposed in a method of
manufacturing an organic EL panel in a working example of
the present invention.

[0044] FIG. 5 is a sectional view explaining the develop-
ing method in the first mode of a method of manufacturing
an organic EL panel in a working example the present
invention.

[0045] FIG. 6 is a sectional view explaining the method of
forming a laminate of a light emitting layer, electron trans-
porting layer, and cathode in the first mode of a method of
manufacturing an organic EL panel in a working example of
the present invention.

[0046] FIG.7 is asectional view explaining the method of
forming a laminate of a light emitting layer, electron trans-
porting layer, and cathode in the first mode of a method of
manufacturing an organic EL panel in a working example of
the present invention.

[0047] FIG. 8 is a schematic sectional view of organic EL
panels formed in the first mode and second mode of the
method of manufacturing an organic EL panel in a working
example of the present invention.

[0048] FIG. 9 is a sectional view explaining the develop-
ment method according to the second mode of a method of
manufacturing an organic EL panel in a working example of
present invention.

[0049] FIG. 10 is a sectional view explaining the method
of forming a laminate of a light emitting layer, electron
transporting layer, and cathode in the second mode of a
method of manufacturing an organic EL panel in a working
example of the present invention.

[0050] FIG. 11 is a sectional view explaining the method
of removing a laminate of a light emitting layer, electron
transporting layer, and cathode in the second mode of a
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method of manufacturing an organic EL panel in a working
example of the present invention.

[0051] FIG. 12 is a sectional view explaining the method
of developing a latent image for the second color in the third
mode of a method of manufacturing an organic EL panel in
a working example of the present invention.

[0052] FIG. 13 is a sectional view explaining the method
of removing a laminate of a light emitting layer, electron
transporting layer, and cathode for the second color in the
third mode of a method of manufacturing an organic EL
panel in a working example of the present invention.

[0053] FIG. 14 is a sectional view explaining the method
of developing a latent image for the third color in the third
mode of a method of manufacturing an organic EL panel in
a working example of the present invention.

[0054] FIG. 15 is a sectional view explaining the method
of removing a laminate of a light emitting layer, electron
transporting layer, and cathode for the third color in the third
mode of a method of manufacturing an organic EL panel in
a working example of the present invention.

[0055] FIG. 16 is a schematic sectional view of color
organic EL panels formed in the third mode and fourth mode
of a method of manufacturing an organic EL panel in a
working example of the present invention.

[0056] FIG. 17 is a sectional view explaining the method
of developing a latent image for the second color in the
fourth mode of a method of manufacturing an organic EL
panel in a working example of the present invention.

[0057] FIG. 18 is a sectional view explaining the method
of removing a laminate of a light emitting layer, electron
transporting layer, and cathode for the second color in the
fourth mode of a method of manufacturing an organic EL
panel in a working example of the present invention.

[0058] FIG. 19 is a sectional view explaining the method
of developing a latent image for the third color in the fourth
mode of a method of manufacturing an organic EL panel in
a working example of the present invention.

[0059] FIG. 20 is a sectional view explaining the method
of removing a laminate of a light emitting layer, electron
transporting layer, and cathode for the third color in the
fourth mode of a method of manufacturing an organic EL
panel in a working example of the present invention.

[0060] FIG. 21 is a sectional view of a developing
machine used in the method of manufacturing an organic EL
pattern in a working example of the present invention.

[0061] FIG. 22 is a sectional view explaining a conven-
tional inorganic EL panel manufacturing process.

DETAILED DESCRIPTION OF THE
INVENTION

[0062] Next, the present invention is explained referring to
the figures. First, as shown in FIG. 1, a transparent common
electrode 2 made of, e.g., indium tin oxide (ITO), tin oxide
thin film, etc., is formed on a transparent substrate 1 of glass
or light material. The common electrode 2 may also be
semitransparent. The thin film formation method whereby
the common electrode 2 is formed may use a sputtering
method, electron beam method, chemical reaction method,
or the like.
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[0063] An organic photosensitive layer composed of an
organic charge generating layer 3 and an organic charge
transfer layer 4 is formed on the transparent electrode 2. The
organic charge generating layer 3 may be formed using a
coating liquid in which an organic charge generating agent
is dispersed in butyral resin, for example. Examples of
organic charge generating agents include phthalocyanine
compounds such as nonmetallic phthalocyanines, copper
phthalocyanine, titanyl phthalocyanine, and vanadyl phtha-
locyanine, perylene type pigments, polycyclic quinone type
pigments, squarylinium pigments, and azulenium pigments.
The organic charge generating layer 3 preferably should be
formed in a thickness of 0.04 um.

[0064] The organic charge transfer layer 4 can be formed
as a film using a coating liquid wherein a hole transporting
organic compound is dispersed in, for example, a polycar-
bonate resin. Such hole transporting organic compounds
include amine derivatives such as N,N'diphenyl-N,N'-di(3-
methylphenyl)-1,1"-biphenyl-4,4'-diamine (abbreviated as
TPD) and N,N'diphenyl-N,N'-bis(c-naphthyl)-1,1'-biphe-
nyl-4,4'-diamine (abbreviated as a-NPD), aryl amine deriva-
tives such as 4,4'4"-tris(3-methylphenethylphenethy-
lamino)-triphenylarnine, heterocyclic compounds such as
oxadiazole, oxazole and pyrazoline, hydrazone type com-
pounds, condensed polycyclic compounds, etc. The organic
charge transfer layer 4 also should be formed in a thickness
of 0.04 um.

[0065] The thin film formation method of the charge
generating layer 3 and charge transfer layer 4 may use either
a dipping method or spin coating method. The film thickness
of the organic photosensitive layer composed of the charge
generating layer 3 and charge transfer layer 4 should be as
thin as possible, taking into consideration the degree of
movement of carriers and the fact that light is extracted from
the glass substrate side. However, if the film is too thin,
insulation breakdown can occur due to pin holes, etc. On the
other hand, if the organic photosensitive layer is too thick,
then the drive voltage necessary for the completed organic
EL panel will be too high, so a maximum of 25 um is
desirable. From overall considerations, a range of about 0.1
to 5 um is preferable for the film thickness of organic
photosensitive layer. The ratio of film thickness between the
charge generating layer 3 and charge transfer layer 4 should
be in a range from 1:1 to 1:20.

[0066] Since this process can be performed in various
modes, an explanation is given for each mode.

[0067] First Mode

[0068] An organic photosensitive layer formed on a sub-
strate is electrostatically charged, as shown in FIG. 2, using
a corona charger 5 such as a scorotron having a scorotron
wire 5a and grid 5b, or, as shown in FIG. 3, using a contact
type charger such as a brush charger 6, blade charger, or
roller charger. The photosensitive body charge potential 0,
when the transparent electrode 2 is given a ground potential,
changes according to the film thickness and migration
properties of the organic film that is formed, but when
reversal development is performed using a negatively
charged developer, this becomes approximately -300 to
-1200 V. For this reason, in the case of a scorotron, since
discharge development is performed, the voltage applied to
the scorotron wire 54 is in a range from 2 kV to several kV.
On the other hand, in the case of a contact type developer,
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since there is contact resistance between the brush, blade, or
roller and the photosensitive layer, a voltage approximately
100 to 300 V higher than the photosensitive body charged
voltage VO (approximately —400 to -1500 V) is applied to
the contact charger.

[0069] Next, as shown in FIG. 4, in the case of reverse
development, using an exposure device 8 such as a laser or
LED, pattern exposure is performed by selective scanning of
the areas other than the light emitting area that is the target
of vapor deposition, or uniform exposure is performed via a
photomask forming a pattern on the areas other than the light
emitting area that is the target of vapor deposition. In other
words, the charged photosensitive body is exposed in an
inverted pattern of the dot pattern of the pixel light emitting
layer to be formed. At this time, the transparent electrode 2
is connected to a ground potential.

[0070] The wavelength of the exposure device is about
780 nm, which is the absorption wavelength of the charge
generating layer. At this time, light such as a laser beam
reaches the charge generating layer, hole-electrode pairs are
generated, these holes and electrodes are separated, elec-
trons escape to the ground via the transparent electrode 2,
while holes are injected into the charge transfer layer by
means of an electric field based on the charge potential VO
of the photosensitive body surface, and travel until reaching
the photosensitive body surface. The holes reaching the
surface bond with the electrostatic charges, reducing the
electrostatic charge, and thereby forming an electrostatic
latent image 9 having an exposure voltage Vi, as shown in
FIG. 5.

[0071] In order to form a comparatively unrefined pattern
on a substrate having a large surface area, uniform exposure
by LED using a photomask is efficient, but in order to form
a finer, more complex pattern, a laser scanning exposure
method is more effective.

[0072] Next, the transparent electrode 2 is maintained at
ground potential, and the electrostatic latent image is devel-
oped using the developer 10. A pulverized developer
obtained by kneading a charge control agent (CCA) into a
polymer selected from among polyesters, styrene-acrylic
copolymers, and acrylics, and pulverized to a suitable gran-
ule size, or a polymerized developer, produced by incorpo-
rating a charge control agent (CCA) when the aforesaid
polymer is polymerized and inducing polymerization to a
suitable granule size, may be used as the developer 10. A
nigrosine dye or quaternary ammonium salt, etc., may be
used as a positive-charging charge control agent. An elec-
tronic-receptive substance such as a metal salt of a monoazo
dye can be used as a negative-charging charge control agent.

[0073] The developing device for uniformly charging the
developer and developing the electrostatic latent image may
be constituted, for example, as shown in FIG. 21. Specifi-
cally, the developing device shown in the figure has a hopper
21, which holds the developer 10, and a developing chamber
22, which charges the developer 10 and supplies it to the
photosensitive layer on which the electrostatic latent image
is formed.

[0074] The developer 10 inside the hopper 21 is agitated
by means of an agitating member 23, and is supplied to the
developer carrier 25, which comprises a roller which rotates
in the counter-clockwise direction in the figure, by means of
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a developer feeding member 24, which comprises a roller
which is driven in rotation likewise in the counter-clockwise
direction in the figure. The developer carrier 25 is composed
of a metal roller made of stainless-steel, aluminum, or the
like, and an elastic rubber material such as silicone, nitrile-
butadiene copolymer, or urethane rubber which is provided
with conductivity by means of ketjen black or acetylene
black, formed on the outer circumference of said metal
roller. The elastic part of the surface of this developer carrier
25, in consideration of the contact pressure with the thin-
layer formation member 26 formed by the doctor plate, has
a rubber hardness of 30 to 40 degrees, based on JIS hardness
meter A, and in consideration of leakage into the electro-
static latent image carrier due to the low resistance of the
developercarrier,andreductioninthe developmentefficiency,
clouding, etc., due to high resistance thereof, the resistance
between the roller surface and core should be made within
10° to 10° Q so as to obtain the optimal development
efficiency. Moreover, in order to uniformly charge and
convey the developer having a granule size of about 6 um,
which is used in the working example described below, the
cross-point average surface roughness Rz of the developer
carrier should be no greater than 10 um.

[0075] The developer 10 supplied to the developer carrier
25 is charged by friction with a thin-layer formation member
26, its thickness is restricted, and it forms a uniform thin-
layer approximately several layers from the developer 1
layer.

[0076] The thin-layer formation member 26 is composed
of a spring material such as a thin metal plate of stainless
steel, phosphor bronze, or like material. The charge devel-
oper which forms a thin layer on the developer carrier is
carried up to the area of opposition between the developer
carrier and the photosensitive body under rotation of the
developer carrier, and, by means of an electric field based on
the potential differences among the electrostatic potential VO
of photosensitive body surface, the exposure potential Vi,
and the development bias Vb applied to the developer
carrier, is transferred to the electrostatic latent image on the
photosensitive body surface and forms an image (FIG. 5).
The developer carrier and organic photosensitive body may
be placed in contact with each other or, if placed in prox-
imity but separated, since the developer can fly onto the
photosensitive body due to the electrical field, should be
separated by a distance of 100 to 300 um. By performing
non-contact development, fogging and scattering onto non-
developed areas can be reduced.

[0077] The development shown in FIG. 5 is a reversal
development method in which the photosensitive body
potential and the charging polarity of the developer are the
same polarity. In the latent image shown in FIG. § formed
by exposure in a reverse pattern of the dot pattern of the
pixels, the exposure potential Vi is distributed on the reverse
pattern, and the electrostatic potential VO (negative poten-
tial) is distributed on the pixel dot pattern. When such an
electrostatic latent image is developed using a negatively
charged developer 10, the negatively charged developer 10
does not adhere to the dot pattern parts of the pixels having
an electrostatic potential of VO (negative potential), but
adheres only to the reverse pattern part having the exposure
potential of Vi.

[0078] There are two methods which can be used as a
developing process: reversal development wherein, as
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shown in FIG. 5, the photosensitive body potential and the
charge polarity of the developer have the same polarity, and
positive development, as described below, wherein the pho-
tosensitive body potential and the charge of the developer
have opposite polarities. The positive development method
is effective in the development of a comparatively large
region, and the reversal development method is useful in the
development of finer regions.

[0079] By developing the electrostatic latent image using
the developing device, as shown in FIG. 6, a separation wall
11, which separates the light emitting dots, is formed by the
adhering developer.

[0080] Next, as shown in FIG. 6, a light emitting layer 12
is formed by means of, e.g., vacuum vapor deposition,
wherein the transparent electrode 2 is given a positive
potential.

[0081] In order to form a green or red light emitting layer
12, vapor codeposition of a dopant for green or red is
performed using an 8-hydroxyquinoline metal complex rep-
resented by tris(8-quinolol)ammonium (aluminoquinoline
complex), a distyrylbenzene derivative such as 1,4-bis(2-
methylstyryl) benzene, a bisstyrylanthracene derivative,
coumarin derivative, perylene derivative, or the like, as a
host.

[0082] Examples of green dopants which can be used
include quinacridone, quinacridone derivatives such as 2,9-
dimethylquinacridone, and coumarin derivatives such as
3-(2-benzothiazolyl)-7-diethylaminocoumarin  (coumarin
540).

[0083] Examples of red dopants which can be used include
dicyanomethylene pyrane pigments such as 4-dicyanometh-
ylene-2-methyl-6-(p-dimethylaminostyryl)-4H-pyrane
(abbreviated as DCM) and 4-dicyanomethylene-2-methyl-
6-[ 2-(9-urolidyl)ethenyl]-4H-thiopyrane, phenoxazone
derivatives, and squarylinium pigments.

[0084] The blue light emitting layer 12 is formed by the
vapor deposition of tetraphenyl cyclopentadiene, pentaphe-
nyl cyclopentadiene, tetraphenyl butadiene derivatives,
perylene derivatives, dibenzonaphthacene, benzopyrene,
ete.

[0085] Next, a material which acts as an electron carrier,
¢.g., an 8-quinolinole metal complex such as tris(8-quino-
linole)aluminum and bis(8-quinolinole)magnesium, an oxa-
diazole derivative, perylene derivative, etc., is vapor-depos-
ited, forming the electron transporting layer 13.

[0086] Finally, the in vacuo vapor deposition of Mg:Ag or
Al:Li from an alloy thereof or using a vapor codeposition
method is performed, and a pixel electrode layer, ie.,
cathode 14, is formed.

[0087] Thus, a three-layer film (12+13+14) composed of a
light emitting layer 12, electron transporting layer 13, and
pixel electrode layer, i.e., cathode layer 14 is formed uni-
formly on both the separation wall 11 of adhering developer
and the exposed photosensitive body surface.

[0088] After vapor deposition, as shown in FIG. 7, the
transparent electrode 2 is biased to a negative potential, the
developer used in the separation wall for the light emitting
parts is removed by transfer from the panel substrate, light
emitting pattern formation and cathode separation are per-
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formed, and pixel formation is carried out. As the method of
removing the developer, after vapor deposition, a transfer
medium 15 such as a polymer sheet of polyethylene, etc., or
dust-free paper having a thickness of approximately 10 ym
is placed on the substrate, a positive electrical field is applied
by means of a transfer member 16 of a corona charger
(scorotron or the like) or a contact charger (transfer roller or
the like) from the back face of the transfer medium 15, and
the developer used in the separation wall is transferred to the
transfer medium 15 and removed. At this time, the 3-layer
film (12+13+14) is also selectively removed together with
the developer, and the three-layer film (12+13+14) is pat-
terned.

[0089] In this way, as shown in FIG. 8, the pattern of the
light emitting part is formed, cathode separation is per-
formed, and a mono-color organic EL panel is completed.
Specifically, a three-layer laminate composed of the light
emitting layer 12, electron transporting layer 13, and pixel
electrode, i.c., cathode 14 is separated and formed on the
charge transfer layer 14[sic]. In the organic EL panel the
charge generating layer 3 functions as a positive hole
injection layer, and the charge transfer layer 4 functions as
a positive hole transporting layer.

[0090]

[0091] In the first mode described above, reversal devel-
opment was performed, but as described above, positive
development can also be performed. An example of positive
development is described below.

[0092] The process up to the charging of the organic
photosensitive layer is the same as that in the first working
mode. However, while the photosensitive body electrostatic
potential VO varies according to the film thickness and
transfer properties of the organic film formed, also when
positive development is performed using a positive electro-
static developer, it is in a range of approximately —100 to
-1000 V.

[0093] In the exposure process shown in FIG. 4, in the
case of positive development, pattern exposure is performed
by selectively scanning the light emitting part which is the
target of vapor deposition using an exposure device 8 such
as a laser beam or LED, or uniform exposure is performed
on the light emitting part which is the target of vapor
deposition through a photomask on which a pattern has been
formed. Specifically, the charge to photosensitive body is
exposed in the dot pattern of the pixel light emitting layer to
be formed. The wavelength of the exposure device should be
approximately 780 nm, which is the absorption wavelength
of the charge generating layer, as in the first working mode.
In this case, the dispersion pattern of the exposure potential
Vi corresponds to the pixel dot pattern, and the dispersion
pattern of the charge potential VO area corresponds to the
reverse pattern of the pixel dot pattern.

[0094] Development is performed using a developing
device like that shown in FIG. 21, as in the first working
mode. However, in this case, the developer 10 is charged
positively. The charge developer which has formed a thin
layer on the developer carrier likewise in a positive devel-
opment process using a positive electrostatic developer is
carried to the opposing parts of the developer carrier and
photosensitive body by the rotation of the developer carrier,
and in accordance with an electrical field based on the
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potential difference between the photosensitive body surface
charge potential VO and exposure potential Vi and the
development bias Vb applied to the developer carrier, is
transferred to the electrostatic latent image on the photo-
sensitive body surface and forms an image (FIG. 9). In this
case, when the electrostatic latent image is developed using
the positive developer 10, the positive developer 10 adheres
to the reverse pattern area of the pixel dot pattern of the
charge potential VO (negative potential), and does not adhere
to the pixel dot pattern having the exposure potential Vi.

[0095] In this case also, as with the first working mode, the
developer carrier and organic photosensitive body may be in
contact, and if they are within a proximal distance, the
developer will fly to the photosensitive body due to the
electrical field, so that the two bodies may be separated by
a distance of about 100 to 300 um. By performing non-
contact development, the clouding and scattering of devel-
oper on the non-image areas can be reduced.

[0096] The development process shown in FIG. 9 is
positive development in which the photosensitive body
potential and the electrostatic polarity of developer are in
reverse polarity. In the electrostatic latent image shown in
FIG. 9, which is formed by exposure in the dot pattern, the
exposure potential Vi is distributed in the pixel dot pattern,
and the electrostatic charge potential VO (negative potential)
is distributed in the reverse pattern of the pixel dot pattern.
When this electrostatic latent image is developed using the
positive developer 10, by biasing the transparent substrate 2
to ground potential, the positive developer 10 adheres to the
reverse pattern area of the pixel dot pattern of the charge
potential VO (negative potential), and does not adhere to the
pixel dot pattern having the exposure potential Vi.

[0097] Next, as shown in FIG. 10, by biasing the trans-
parent electrode 2 to a negative potential and vapor depo-
sition, a three-layer film composed of a light emitting layer
12, electron transporting layer 13, and pixel electrode layer,
i.e., cathode layer 14 is formed. The process of forming the
three-layer film composed of a light emitting layer 12,
electron transporting layer 13, and pixel electrode layer, i.e.,
cathode layer 14, is similar to that in the first working mode
and detailed description thereof is omitted.

[0098] After vapor deposition, as shown in FIG. 11, the
developer used in the separation walls of the light emitting
parts is removed by transfer from the panel substrate, light
emitting pattern formation and cathode separation are per-
formed, and pixels are formed. As a method of removing the
developer, the transparent electrode 2 is biased to a positive
potential, a transfer medium 15 such as a polyethylene or
other polymer sheet or dust-free paper having a thickness of
about 10 ym is placed on the substrate after vapor deposi-
tion, a negative electrical field is applied by means of a
transfer member of a corona charger such as a scorotron 5
or contact charger (transfer roller or the like) from the back
face of the transfer medium 15, and the developer used in the
separation walls is transferred to the transfer medium 15 and
removed. At this time, the three-layer film (12+13+14) is
selectively removed together with the developer, and pat-
terning is formed on the three-layer film (12+13+14).

[0099] Thus, as shown in FIG. 8, pattern formation and
cathode separation are performed for the light emitting part,
and a monocolor organic EL panel is completed. Specifi-
cally, a three-layer laminate composed of the light emitting
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layer 12, electron transporting layer 13, and pixel electrode,
ie., cathode 14 is separated and formed on the charge
transfer layer 14[sic].

[0100] The process of colorizing the organic EL panel, i.e.,
the process of producing the color organic EL panel, is
performed by repeating the aforementioned monocolor
organic EL panel manufacturing process in each color for
the three colors of red, green, blue. Thus, in the following
explanation, the details of the process performed for each
color are basically the same as those in the method of
manufacturing the aforesaid monocolor organic EL panel, so
detailed explanation of the process is omitted. On the other
hand, since the method of producing a color organic EL
panel, like the method of manufacturing of monocolor
organic EL panel, can be performed in two modes, a reversal
development process, wherein the photosensitive body
potential and the charge polarity of the developer have the
same polarity, and a positive development process, wherein
the photosensitive body potential and the charge polarity of
the developer have the opposite polarity, each mode is
explained below.

[0101] Third Mode

[0102] The method of producing a color organic EL panel
which uses reversal development in which the photosensi-
tive body potential and the charge polarity of the developer
have the same polarity is explained as follows.

[0103] FIG. 12 shows the state in which a three-layer
laminate composed of a light emitting layer 12, electron
transporting layer 13, and pixel electrode layer, i.e., cathode
layer 14, for the first color among the three colors of red,
green, and blue, e.g., red, is formed on a charge transfer layer
4 in accordance with the first mode of the method of
manufacturing a monocolor organic EL panel described
above. The difference with the above-described first working
mode lies in the fact that, when an electrostatic latent image
is formed by exposing the areas other than the desired red
light emitting dots, in the case of reversal development, the
areas other than the red light emitting dots correspond to the
[dot width of the other two colors (i.c., green and blue)]+
[space portion separating each color]. Accordingly, this type
of electrostatic latent image is developed using a developer
having the same electrostatic polarity as the photosensitive
body, and a separation wall is produced. Since this separa-
tion wall covers an area equivalent to the [dot width of the
other two colors (i.c., green and blue)]+[space portion
separating each color], it is referred to as a tight-fitting mask
with regard to the method of manufacturing a color organic
EL panel.

[0104] 1In FIG. 12, the transparent electrode 2 is biased to
ground potential, preferably, a red cathode 14 is biased to
ground potential through the charge transfer layer 4, the
photosensitive thin film wherein a three-layer laminate com-
posed of the red light emitting layer 12, electron transporting
layer 13, and pixel electrode, i.e., cathode 14, is formed on
the charge transfer layer, is uniformly charged with a nega-
tive charge, and an. electrostatic latent image is formed by
exposure in a reverse pattern of the dot pattern of the second
color among the three colors of red, green and blue, e.g.,
green, on the charge transfer layer 4. For the sake of
simplification in the drawings, the light emitting layer 12
and electron transporting layer 13 are depicted as one
organic layer. Moreover, when the red cathode 14 is biased
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to the ground potential via the charge transfer layer 4,
charging in a negative charge is not performed on the red
cathode 14, but the fact that the electrostatic latent image
formed corresponds to the reverse pattern of the green dot
pattern remains unchanged.

[0105] Next, as shown in FIG. 12, when the transparent
electrode 2 is biased to ground potential, and the red cathode
14 is biased to ground potential through the charge transfer
layer 4 during uniform charging, the red cathode 14 is biased
to positive potential through the charge transfer layer 4, and
the exposed part of the photosensitive thin film is developed
using the powder developer that has been negatively
charged. As a result, as shown in FIG. 13, a separation wall
formed of powder developer, i.e., second tight-fitting mask
11, is formed. This second tight-fitting mask 11 is composed
of a powder developer that has been the negatively charged,
and covers the area corresponding to the portion other than
the green light emitting dots, i.e., [dot width of the other two
colors (i.e., green and blue)]+[space portion separating each
color]. Accordingly, the second tight-fitting mask 11 covers
the three-layer laminate composed of the red light emitting
layer 12, electron transporting layer 13, and pixel electrode,
i.e., cathode 14, and is formed in a position displaced from
the position of the tight-fitting mask (referred to as the first
tight-fitting mask) used for the formation of the red light
emitting layer. Next, as shown in FIG. 13, the transparent
substrate 2 is biased to a positive potential, and the green
light emitting layer, electron transporting layer, and pixel
electrode layer are vapor-deposited in that order by uniform
in vacuo vapor deposition.

[0106] After vapor deposition, using the charge of the
electrostatic latent image, the powder developer used in the
second tight-fitting mask is transferred and removed, and the
pixel light emitting layer and pixel electrode of the green
pixel pattern are formed. In this state, as shown in FIG. 14,
the three-layer laminate of the red light emitting layer,
electron transporting layer, and pixel electrode and the
three-layer laminate of the red light emitting layer, electron
transporting layer, and pixel electrode are formed on the
charge transfer layer 4.

[0107] In FIG. 14, the transparent electrode 2 is biased to
ground potential, preferably, red and green cathodes 14 are
biased to ground potential through the charge transfer layer
4, photosensitive thin films wherein the three-layer laminate
composed of the red light emitting layer, electron transport-
ing layer, and pixel electrode and three-layer laminate com-
posed of the green light emitting layer, electron transporting
layer, and pixel electrode are formed on the charge transfer
layer 4 are uniformly charged, and an electrostatic latent
image is formed by exposure in a reverse pattern of the dot
pattern of the third color among the three colors of red, green
and blue, i.e., blue. When the red and green cathodes 14 are
biased to ground potential through the charge transfer layer
4, a negative charge is not charged over the red and green
cathodes 14, but the fact that the electrostatic latent image
formed corresponds to the reverse pattern of the blue dot
pattern remains unchanged.

[0108] Next, as shown in FIG. 14, the transparent elec-
trode 2 is biased to ground potential, and in the case where
the red and green cathodes 14 are biased to ground potential
through the charge transfer layer 4 in the uniform charging
process, the red and green cathodes 14 are charged to a
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positive potential through the charge transfer layer 4, and the
exposed portion of the photosensitive thin film is developed
using a powder developer that has been negatively charged.
As a result, as shown in FIG. 15, a separation wall formed
of powder developer, i.e., a third tight-fitting mask 11, is
formed. This third tight-fitting mask 11 is composed of
powder developer that has been negatively charged and
covers an area corresponding to the portions other than the
blue light emitting dots, i.e., the [dot width of the other two
colors]+[space portion separating each color]. Accordingly,
the third tight-fitting mask 11 covers the three-layer laminate
composed of the red light emitting layer 12, electron trans-
porting layer 13, and pixel electrode, i.¢., cathode 14, and the
three-layer laminate composed of the green light emitting
layer 12, electron transporting layer 13, and pixel electrode,
i.e., cathode 14, and is formed in a position displaced from
the position of the first tight-fitting mask used for the
formation of the red light emitting layer and also displaced
from the position of the second tight-fitting mask used for
the formation of the green light emitting layer.

[0109] Next, as shown in FIG. 15, the transparent sub-
strate 2 is biased to a positive potential, and the blue light
emitting layer, electron transporting layer, and pixel elec-
trode layer are vapor-deposited in that order by uniform in
vacuo vapor deposition. After vapor deposition, using the
charge of the electrostatic latent image, the powder devel-
oper used in the third tight-fitting mask is transferred and
removed, and the pixel light emitting layer and pixel elec-
trode of the green [sic] pixel pattern are formed.

[0110] Thus, as shown in FIG. 16, a three-layer laminate
of a red light emitting layer, electron transporting layer, and
pixel electrode, a three-layer laminate of a green light
emitting layer, electron transporting layer, and pixel elec-
trode, and a three-layer laminate of a blue light emitting
layer, electron transporting layer, and pixel electrode, are
separated from each other and formed on the charge transfer
layer 4.

[o111]

[0112] The method of manufacturing a color organic EL
panel using a positive development process wherein the
photosensitive body potential and the charge polarity of the
developer are of opposite polarities is as described below.

[0113] FIG. 17 shows the state in which, in accordance
with the second mode of manufacturing a monocolor
organic EL panel described above, a three-layer laminate
composed of a red light emitting layer 12, electron trans-
porting layer 13, and pixel electrode, i.e., cathode 14, of one
color among the three colors of red, green, and blue, e.g.,
red, is formed on a charge transfer layer 4. The difference
from the second mode described above lies in the fact that
the separation wall formed by developing the electrostatic
latent image formed by exposure of the desired red light
emitting dots, using a charged developer having the opposite
polarity as the polarity of the charged photosensitive body,
covers an area corresponding to the portions other than the
red light emitting dots, i.e., the [dot width of the other two
colors (i.e., green and blue)]+[space portion separating cach
color], and the separation wall thus formed is referred to as
a tight-fitting mask, as in the third mode.

[0114] In FIG. 17, the transparent electrode 2 is biased to
ground potential, and preferably, the cathode 14 is biased to
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ground potential through the charge transfer layer 4, a
photosensitive thin film formed on the charge transfer layer
4, wherein the three-layer laminate composed of the red light
emitting layer 12, electron transporting layer 13, and pixel
electrode, i.c., cathode 14, is uniformly charged, and an
electrostatic latent image is formed by exposure in a reverse
pattern of the dot pattern of the second color among the three
colors of red, green and blue, e.g., green. For the sake of
simplification in the drawings, the light emitting layer 12
and electron transporting layer 13 are depicted as one
organic layer.

[0115] Next, as shown in FIG. 17, when the transparent
electrode 2 is biased to ground potential, and the red cathode
14 is biased to ground potential through the charge transfer
layer 4 in the uniform charging process, the unexposed
portion of the photosensitive thin film is developed using a
positively charged powder developer, and, as shown in FIG.
18, a separation wall formed of powder developer, ie., a
second tight-fitting mask 11, is formed. This second tight-
fitting mask 11 is composed of powder developer that has
been positively charged, and covers an area corresponding to
the portions other than the green light emitting dots, i.e., the
[dot width of the other two colors]+[space portion separating
each color]. Accordingly, the second tight-fitting mask 11
covers the three-layer laminate composed of the red light
emitting layer 12, electron transporting layer 13, and pixel
electrode, i.c., cathode 14, and is formed in a position
displaced from the position of the tight-fitting mask used for
the formation of the red light emitting layer (referred to as
the first tight-fitting mask).

[0116] Next, as shown in FIG. 18, the transparent sub-
strate 2 is biased to a negative potential, and the green light
emitting layer, electron transporting layer, and pixel elec-
trode layer are vapor-deposited in that order by uniform in
vacuo vapor deposition.

[0117] After vapor deposition, using the charge of the
electrostatic latent image, the powder developer used in the
third tight-fitting mask is transferred and removed, and the
pixel light emitting layer and pixel electrode of the green
pixel pattern are formed. In this state, as shown in FIG. 19,
the three-layer laminate composed of the red light emitting
layer, electron transporting layer, and pixel electrode and the
three-layer laminate composed of the green light emitting
layer, electron transporting layer, and pixel electrode are
formed on the charge transfer layer 4.

[0118] In FIG. 19, the transparent electrode 2 is biased to
ground potential, and preferably, red and green cathodes 14
are biased to ground potential through the charge transfer
layer 4, a photosensitive thin film, wherein the three-layer
laminate composed of the red light emitting layer, electron
transporting layer, and pixel electrode and the three-layer
laminate composed of the green light emitting layer, electron
transporting layer, and pixel electrode are formed on the
charge transfer layer 4, is uniformly charged, and an elec-
trostatic latent image is formed by exposure in a reverse
pattern of the dot pattern of the third color among the three
colors of red, green and blue, i.¢., blue.

[0119] Next, as shown in FIG. 19, when the transparent
electrode 2 is biased to ground potential, and the red and
green cathodes 14 are biased to ground potential through the
charge transfer layer 4 in the uniform charging process, the
unexposed portion of the photosensitive thin film is devel-
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oped using a powder developer, as shown in FIG. 20,
forming a separation wall formed of powder developer, i.e.,
a third tight-fitting mask 11. This third tight-fitting mask 11
is composed of powder developer that has been positively
charged, and covers an arca corresponding to the portions
other than the blue light emitting dots, i.e., the [dot width of
the other two colors]+[space portion separating each color].
Accordingly, the third tight-fitting mask 11 covers the three-
layer laminate composed of the red light emitting layer 12,
electron transporting layer 13, and pixel electrode, ie.,
cathode 14, and the three-layer laminate composed of the
green light emitting layer 12, electron transporting layer 13,
and pixel electrode, i.e., cathode 14, and is formed in a
position displaced from the position of the first tight-fitting
mask used for the formation of the red light emitting layer
and also displaced from the position of the second tight-
fitting mask used for the formation of the green light
emitting layer.

[0120] Next, as shown in FIG. 20, the transparent sub-
strate 2 is biased to a positive potential, and the blue light
emitting layer, electron transporting layer, and pixel elec-
trode layer are vapor-deposited in that order by uniform in
vacuo vapor deposition.

[0121] After vapor deposition, using the charge of the
electrostatic latent image, the powder developer used in the
third tight-fitting mask is transferred and removed, and the
pixel light emitting layer and pixel electrode of the green
[sic] pixel pattern are formed.

[0122] Thus, as shown in FIG. 16, a three-layer laminate
of a red light emitting layer, electron transporting layer, and
pixel electrode, a three-layer laminate of a green light
emitting layer, electron transporting layer, and pixel elec-
trode, and a three-layer laminate of a blue light emitting
layer, electron transporting layer, and pixel electrode, are
separated from each other and formed on the charge transfer
layer 4.

[0123] In the process described above, since exposure in
development can be performed as desired on a fine region,
the film forming sequence may be selected as desired.

WORKING EXAMPLE 1

[0124] An ITO film was formed by sputtering as an
electrode in a thickness of 20 nm on a glass substrate having
a thickness of 0.7 mm, and a transparent electrode was
formed by lithography and wet etching. The sheet resistance
was 15 /0, the wiring width 300 um, and the space width
30 ym.

[0125] As a charge generating layer (hole injection layer)
applied thereon as a coating, titanyl phthalocyanine and
butyral resin were measured out in a weight ratio of 3.0:1,
dissolved in THF (tetrahydrofuran), dispersed with a mixer,
and thereby a dispersion coating material having a solid
component ratio of 3 wt % was prepared. Said coating
material was applied by dipping to form a coating film on the
glass substrate, dried, and a thin film having a film thickness
of 300 nm was formed.

[0126] As a charge transporting layer (hole transporting
layer), N,N'-diphenyl-N,N'-di(3-methylphenyl)-1,1'-biphe-
nyl-4,4'-diamine and polycarbonate were measured out in a
weight ratio of 2.5:1, dissolved in dichloromethane, and a
dispersion coating material having a solid component ratio
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of 3 wt % was prepared. Said coating material dissolved in
dichloromethane was applied by dipping to form a thin film
having a film thickness of 300 nm.

[0127] The substrate on which the organic photosensitive
body was formed as described above was then charged using
a contact type charger in which a charging roller was used.
The voltage applied to the charging roller was =700 V, and
the surface charge potential Vo to the glass substrate in fixed
voltage control was =400 V.

[0128] Next, using a semiconductor laser, pattern expo-
sure was performed selectively on portions of the interelec-
trode space (the desired location of the pixel pattern) so as
to be orthogonal to the ITO wiring pattern. The wavelength
of the exposure device was 780 nm, the absorption wave-
length of the charge generating agent. The exposure dosage
was 0.3 mW/em?, and an electrostatic latent image having
an exposure spot diameter of 10 gm, an exposure width of
30 um, and an exposure potential Vi=-40 V was obtained.

[0129] Next, in the developer used as the developing
agent, a spherical polymerized developer having a volume-
centered granule diameter of 6 um and an average charge
amount of 8 uC/g, in which a positively charged charge
control agent (CCA) was incorporated at the time of poly-
merization of a styrene-acrylic copolymer, was used, a
development bias Vb=-160 volts was applied to the devel-
oper carrier (roller) 25 in development, and the developer
(separation wall) was made to adhere to the space portion
(unexposed portion) between the electrodes.

[0130] Thereupon, as a green light emitting layer, as a host
tris(8-quinolinol)aluminum (alumiquinoline) was vapor co-
deposited with quinacridone (doping concentration 5 wt %)
as a dopant in a thickness of 25 nm, and next, as an electron
transporting layer, tris(8-quinolinol)aluminum was formed
in a thickness of 30 nm by vapor deposition. Next, Mg:Ag
was vapor-deposited in a thickness of 150 nm from two
sources to form a cathode.

[0131] Finally, a dust-free paper having a thickness of
about 10 #m was placed on the substrate after vapor depo-
sition, using a transfer roller, a transfer bias Vp of 400 V
was applied, and the developer used in the separation wall
was transferred from the panel substrate to the dust-free
paper and thereby removed. In this way, light emitting
pattern formation and electrode separation were performed,
and pixels were formed.

[0132] By this means a green panel having a dot pitch of
300x300 um, a space of 30 um, and a pixel number of
256x64 dots was prepared.

WORKING EXAMPLE 2

[0133] An ITO film was formed by spuitering as an
electrode in a thickness of 20 nm on a glass substrate having
a thickness of 1.1 mm, and a transparent electrode was
formed by lithography and wet etching. The sheet resistance
was 15 Q/0J, the wiring width 160 ¢m, and the space 50 um.

[0134] As a charge generating layer (hole injection layer)
applied thereon as a coating, copper phthalocyanine and
butyral resin were measured out in a weight ratio of 3.0:1,
dissolved in THF, dispersed with a mixer, and thereby a
dispersion coating material having a solid component ratio
of 5 wt % was prepared. Said coating material was applied
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by dipping to form a coating film on the glass substrate,
dried, and a thin film having a film thickness of 200 nm was
formed.

[0135] As a charge transporting layer (hole transporting
layer), N,N'-diphenyl-N,N"-bis(a-naphthyl)-1,1'-biphenyl-4,
4'-diamine and polycarbonate were measured out in a weight
ratio of 2.5:1, dissolved in dichloromethane, and a disper-
sion coating material having a solid component ratio of 2 wt
% was prepared. Said coating material dissolved in dichlo-
romethane was applied by dipping to form a thin film having
a film thickness of 300 nm.

[0136] The substrate on which the organic photosensitive
body had been formed as described above was then charged
to a surface charge potential VO of =400 V using a scorotron.
The applied voltage of the scorotron wire 5a was approxi-
mately -3 kV D.C., the fixed current controlled [to] 500 uA,
and the grid 5b voltage Vg was made -400 V.

[0137] Next, in order to perform reversal development,
selective exposure using a semiconductor laser was per-
formed on the areas other than the desired light emitting
pattern (the areas corresponding to space between cathodes
+areas other than the desired color) so as to be orthogonal to
the ITO wiring pattern. The wavelength, exposure dosage,
and exposure spot diameter of the exposure device were the
same as in Working Example 1. The electrostatic latent
image formed had a photosensitive layer surface charge
potential VO of —400 V and exposure potential Vi of -50 V.

[0138] Using a polyester resin into which a charge control
agent (CCA) using an electron-receptive substance such as
a metal complex of a monoazo dye was pulverized to a
volume center diameter of 6 um as the developer, and
making the average charge dosage —11 C/g and applying the
development bias Vb of -150 V, development was per-
formed, and the developer was made to adhere to the
substrate part (exposed part) other than the light emitting
part upon which vapor deposition was to be performed.

[0139] Thereupon, as a red light emitting layer, as a host
tris(8-quinolinol)aluminum (alumiquinoline) was vapor co-
deposited with 4-diaminomethylene-2-methyl-6-(p-dim-
ethylaminostyryl)-4H-pyrane (DCM, doping concentration
5 wt %) as a dopant in a thickness of 25 nm, and next as an
electron transporting layer, tris(8-quinolinol) aluminum
(aliminoquinoline) was formed in a thickness of 35 nm by
vapor deposition. Next, as a cathode, aluminum and lithium
were vapor-codeposited in a thickness of 30 nm, and next
aluminum only was vapor-deposited in a thickness of 100
nm.

[0140] After the red pattern was prepared, dust-free paper
having a thickness of about 10 um was placed on the
substrate, a transfer bias Vp of 400 V was applied using a
scorotron, and the separation wall (developer layer), i.c.,
tight-fitting mask, was removed from the substrate (FIG.
11). The applied voltage of the scorotron wire 5a was about
3kV D.C,, the fixed current controlled [to] 500 uA, and the
grid 5b voltage Vg 400 V.

[0141] The processes of charging, exposure, development,
vapor deposition, and transfer were repeated in the same
way with regard to the formation of the green light emitting
part as well. In reversal development, since the surface of the
previously formed red light emitting part is a cathode,
exposure was performed likewise without charging, by
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means of ground connection, and development was per-
formed. In order to increase the development efficiency
further, a bias having the opposite polarity as the polarity of
the developer was applied to the cathode part (FIG. 12). As
the green light emitting part, as a host tris(8-quinolinol)a-
luminum was vapor co-deposited with 2,9-dimethylquinac-
ridone (doping concentration 5 wt %) as a dopant in a
thickness of 25 nm, and next, as an electron transporting
layer, tris(8-quinolinol)aluminum was formed in a thickness
of 35 nm by vapor deposition. Next, as a cathode, Al:Li was
vapor-deposited in a thickness of 30, and then aluminum
alone-was vapor-deposited in the thickness of 100 nm (FIG.
13). The separation wall (developer layer), i.e., tight-fitting
mask, was removed by the same transfer process as in the
case of red.

[0142] The processes of charging, exposure, development,
vapor deposition, and transfer were repeated in the same
way with regard to the formation of the blue light emitting
part as well. In the blue light emitting part, using 25 nm
tetraphenylbutadiene, the electron transporting layer and
cathode were formed by vapor deposition using the same
materials and same film thickness as with red and green
(FIG. 15). The separation wall (developer layer), i.c., tight-
fitting mask, was removed by the same transfer process as in
the case of red, and an organic EL panel was formed. Thus,
a panel able to perform color display and having a dot pitch
of 50 um, space of 15 um, and a pixel number of 320 dots
horizontalx240 dots vertical was produced (FIG. 16).

[0143] An ITO film was formed in a film thickness of 20
nm by sputtering as an anode on a glass substrate having a
thickness of 1.1 mm, and a transparent electrode was formed
by lithography and wet etching. The sheet resistance was 15
Q/0, the wiring width 160 um, and the space 50 um.

[0144] As a charge generating layer (hole injection layer)
applied thereon as a coating, nonmetallic phthalocyanine
and butyral resin were measured out in a weight ratio of
3.0:1, dissolved in THE, dispersed with a mixer, and thereby
a dispersion coating material having a solid component ratio
of 5 wt % was prepared. Said coating material was applied
by spin-coating to form a coating film on the glass substrate
on which the ITO thin film was formed, dried, and a thin film
having a film thickness of 200 nm was formed.

[0145] As a charge transporting layer (hole transporting
layer), N,N'-diphenyl-N,N*-bis(a-naphthyl)-1,1'-biphenyl-4,
4'-diamine and polycarbonate were measured out in a weight
ratio of 2.5:1, dissolved in dichloromethane, and a disper-
sion coating material having a solid component ratio of 2 wt
% was prepared. Said coating liquid dissolved in dichlo-
romethane was applied by spin-coating to form a thin film
having a film thickness of 300 nm.

[0146] The substrate on which the organic photosensitive
body had been formed as described above was then charged
to a surface charge potential VO of =400 V using a scorotron.
The applied voltage of the scorotron wire Sa was approxi-
mately -3 kV D.C., the fixed current was controlled to 500
A, and the grid 5b voltage Vg was —400 V.

[0147] Next, selective exposure using a semiconductor
laser was performed on the areas other than the desired light
emission pattern so as to be orthogonal to the ITO wiring
pattern (positive development). The wavelength, exposure
dosage, and exposure spot diameter of the exposure device
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were the same as in Working Example 1. The electrostatic
latent image formed had a photosensitive layer surface
charge potential VO of —400 V, and an exposure potential Vi
of -40 V.

[0148] As the developer, a spherical polymerized devel-
oper resin obtained by incorporating a positively charged
charge control agent (CCA) during the polymerization of a
styrene-acrylic copolymer, and having a volume center
diameter of 6 um and average charge dosage of 10 uC/g, was
used. Applying a development bias Vb of —150 V, develop-
ment was performed, and the developer was made to adhere
to the substrate part (exposed part) other than the light
emitting part upon which vapor deposition was to be per-
formed.

[0149] Thereupon, as a red light emitting layer, tris(8-
quinolinol)aluminum (alumiquinoline) was vapor co-depos-
ited with 4-diaminomethylene-2-methyl-6-(p-dimethylami-
nostyryl)-4H-pyrane (DCM, doping concentration 5 wt %)
as a dopant in a thickness of 25 nm, and next, as an electron
transporting layer, 2-(4'-t-butylphenyl)-5-(4'-biphenyl) 1,3,
4-oxadiazole was formed a thickness of 35 nm by vapor
deposition. Next, as a cathode, aluminum and lithium were
vapor-codeposited in a thickness of 30 nm, and next alumi-
num only was vapor-deposited in a thickness of 100 nm.
After the red pattern was prepared, a polyethylene sheet
having a thickness of about 10 um was placed on the
substrate, a transfer bias Vp of 300 V was applied using a
scorotron, and the separation wall (developer layer), i.c.,
tight-fitting mask, was removed from the substrate (FIG.
11). The applied voltage of the scorotron wire 5a was about
2.7kV D.C., the fixed current controlled [to] 500 uA, and the
grid 5b voltage Vg -300 V.

[0150] The processes of charging, exposure, development,
vapor deposition, and transfer were repeated in the same
way with regard to the formation of the green light emitting
part as well. In positive development, since a developer
having the opposite polarity as the surface potential (charge
potential) of the organic photosensitive body is used in
development, a bias voltage of 250V, a polarity opposite
the polarity of the developer, was applied to the cathode of
the previously formed red light emitting part (FIG. 17). By
this means, development was also performed on the red-
emitting part, creating a masked state. In other words, a
separation wall (developer layer), i.e., a tight-fitting mask,
was formed.

[0151] As the green light emitting part, as a host tris(8-
quinolinol)aluminum (Alq3) was vapor co-deposited with
quinacridone (doping concentration 3 wt %) as a dopant in
a thickness of 25 nm, and next, as an electron transporting
layer, 2-(4'-t-butylphenyl)-5-(4'-biphenyl) 1,3,4-oxadiazole
was formed in a thickness of 35 nm by vapor deposition.
Next, as a cathode, ALLi was vapor-codeposited in a thick-
ness of 30 nm, and next aluminum only was vapor-deposited
in a thickness of 100 nm (FIG. 18). The separation wall
(developer layer), i.e., tight-fitting layer, was then removed
by the same transfer process as in the case of red.

[0152] The processes of charging, exposure, development,
vapor deposition, and transfer were repeated in the same
way with regard to the formation of the blue light emitting
part as well. In the blue light emitting part, pentaphenylcy-
clopentadiene was vapor-deposited to 25 mn, and the elec-
tron transporting layer and cathode were formed by vapor
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deposition using the same materials and same film thickness
as with red and green. The separation wall (developer layer),
ie., tight-fitting mask, was removed by the same transfer
process as in the case of red, and an organic EL panel was
formed.

[0153] Thus, a panel able to perform color display and
having a dot pitch of 50 um, space of 15 um, and a pixel
number of 320 dots horizontalx240 dots vertical was pro-
duced.

CONVENTIONAL EXAMPLE

[0154] Asa comparison with the above-described working
examples, an ITD thin film having a film thickness of 120
nm and a surface resistance of 15 Q/O0 was formed by
sputtering as a clear electrode on glass substrate having a
thickness of 1.1 mm, and thereupon, as a hole injection and
transportation layer, N,N'-diphenyl-N,N'-bis(x-naphthyl)-1,
1'-biphenyl-4,4'-diamine was formed in a thickness of 50 mn
by in vacuo vapor deposition. Thereupon, as a red light
emitting layer, tris(8-quinolinol)aluminum (alumiquinoline)
was vapor co-deposited with DCM in a doping concentra-
tion 5 wt % as a dopant in a thickness of 25 nm, and next,
as a green light emitting layer, tris(8-quinolinol)aluminum
and, as a dopant, quinacridone in a concentration of 3 wt %
were co-deposited to 25 nm, and as a blue light emitting
layer, pentaphenyleyclopentadiene was vapor-deposited to
25 nm, and finally, as an electron transporting layer, an
alumiquinoline complex was vapor-deposited to 30 mn.

[0155] The color separation of the three colors of red,
green, blue, was performed by sliding the metal mask. Next,
using ITO as a metal mask, aluminum and lithium were
vapor-codeposited in a thickness of 30 nm so as to be
orthogonal to the organic thin film, and next, aluminum only
was vapor-deposited in a thickness of 120 nm to form a
cathode, and the organic EL panel was produced.

[0156] By the color separation method using the mask
described above, the positioning of the mask at a dot pitch
of 80 yum and a space of 40 yum or less was difficult, color
displacement occurred, and the panel was difficult to manu-
facture.

[0157] Asexplained above, by means of the present inven-
tion, since an organic photosensitive body is formed on a
transparent substrate, exposure and development are per-
formed selectively, and a light emitting pattern is formed, in
comparison with methods whereby a mask plate is shifted in
in vacuo vapor deposition which is used as the conventional
method of producing organic EL panels, there is no curling-
in of materials due to warping or displacement of the mask,
separation defects are eliminated, and a high level of dimen-
sional accuracy and positional accuracy can be maintained.

[0158] Furthermore, since the resolution of a light emit-
ting pattern is dependent upon the exposure device and
granule diameter of the developer, fine processing can be
performed down to about 10 ym.

[0159] Moreover, the film formation and color separation
processes are simple, allowing throughput to be increased
and poor efficiency to be improved.

[0160] By dispersing a hole injection and transporting
material in a binder, the adhesive properties at the ITO and
organic layer interface are improved, and agglomeration of
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materials and changes in film quality are eliminated. By this
means, the heat resistance of the organic EL panel is
improved, and the useful life is extended.

1. A method of forming pixel light emitting layers and
pixel electrodes in an organic EL panel wherein an organic
light emitting material is laminated between a pair of
opposing electrodes, at least one of which is transparent or
semitransparent, said method characterized by the fact that:

a transparent substrate is prepared wherein a transparent
or semitransparent common electrode is formed on at
least one face thereof;

a photosensitive thin film having a charge generating
layer and charge transfer layer is formed on said
common ¢lectrode;

said photosensitive thin film is uniformly charged, and an
electrostatic image is formed by exposure in a specified
pattern;

the unexposed portions and the exposed portions of said
photosensitive thin film are developed using a powder
developer, and a separation wall is formed from said
charged powder developer;

a light emitting layer, and electron transporting layer, and
pixel electrode layer are uniformly deposited in that
order;

after deposition, using the charge of said electrostatic
latent image, said powder developer used in said sepa-
ration wall is removed by transfer, and the laminate is
selectively removed together therewith;

pattern formation of the pixel light emitting layer and
separation of the pixel electrode layer are performed
simultaneously, and a pixel light emitting layer and
pixel electrode are formed in a specified pixel pattern.

2. A method according to claim 1, characterized by the
fact that said laminate of a light emitting layer, electron
transporting layer, and pixel electrode layer is formed by the
uniform vapor deposition of a light emitting layer, electron
transporting layer, and pixel electrode layer in that order by
in vacuo vapor deposition.

3. A method according to claim 1, characterized by the
fact that said development is performed using a powder
developer having a specified granule diameter and charged
amount.

4. A method according to claim 1, characterized by the
fact that a pulverized developer obtained by kneading a
charge control agent into a polymer selected from among
polyesters, styrene-acrylic copolymers, and acrylics, and
pulverized to a suitable granule size, or a polymerized
developer, produced by incorporating said charge control
agent when said polymer is polymerized and inducing
polymerization to a suitable granule size, is used as said
developer.

5. A method according to claim 4, characterized by the
fact that said photosensitive thin film is an organic photo-
sensitive layer composed of an organic charge generating
layer and an organic charge transfer layer, and said organic
charge generating layer and organic charge transfer layer
each have a film thickness of the least 0.04 um.

6. A method according to claim 5, characterized by the
fact that said organic charge generating layer is formed as a
film using a coating liquid wherein an organic charge
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generating agent is dispersed in a butyral resin, and said
organic charge transfer layer is formed as a film using a
coating liquid wherein a hole transferring organic compound
is dispersed in a polycarbonate resin.

7. A method according to claim 1, characterized by the
fact that said photosensitive thin film is an organic photo-
sensitive layer composed of an organic charge generating
layer and an organic charge transfer layer, and said organic
charge generating layer and said organic charge transfer
layer each have a film thickness of the least 0.04 pm.

8. A method according to claim 7, characterized by the
fact that said organic charge generating layer is formed as a
film using a coating liquid wherein an organic charge
generating agent is dispersed in a butyral resin, and said
organic charge transfer layer is formed as a film using a
coating liquid wherein a hole transferring organic compound
is dispersed in a polycarbonate resin.

9. A method according to claim 1, wherein said develop-
ment is performed by non-contact development, wherein
said photosensitive thin film and developer carrier are sepa-
rated by a distance of approximately 100 to 300 um.

10. Amethod whereby a pixel light emitting layer for each
color and pixel electrodes are formed so as to be separated
from one another in a color organic EL panel wherein an
organic light emitting material is layered between a pair of
opposing electrodes, at least one of which is transparent or
semitransparent, is characterized by the fact that:

a transparent substrate is prepared wherein a transparent
or semitransparent common electrode is formed on at
least one face thereof;

a photosensitive thin film having a charge generating
layer and charge transfer layer is formed on said
common electrode;

said photosensitive thin film is uniformly charged, an
electrostatic latent image is formed by exposure in a
pattern in a first color among the three colors of red,
green, and blue;

the exposed portion or the unexposed portion of said
photosensitive film is developed using a powder devel-
oper, and a first mask, which is composed of said
powder developer that has been charged and covers the
regions other than the pixel region of said first color, is
formed;

a light emitting layer of said first color, an electron
transporting layer, and a pixel electrode layer are
deposited uniformly in that order;

after deposition, said powder developer used in said first
mask is transferred using the charge of the electrostatic
latent image, the laminate is selectively removed
together therewith, and a pixel light emitting layer and
pixel electrode of a pixel pattern of said first color are
formed;

said photosensitive thin film is uniformly charged, an
electrostatic latent image is formed by exposure in a
pattern in a second color among the three colors of red,
green, and blue;

the exposed portion or the unexposed portion of said
photosensitive film is developed using a powder devel-
oper, and a second mask, which is composed of said
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powder developer that has been charged and covers the
regions other than the pixel region of said second color,
is formed,

a light emitting layer of said second color, an electron
transporting layer, and a pixel electrode layer are
deposited uniformly in that order;

after deposition, said powder developer used in said
second mask is transferred using the charge of the
electrostatic latent image, the laminate is selectively
removed together therewith, and a pixel light emitting
layer and pixel electrode of a pixel pattern of said
second color are formed;

said photosensitive thin film is uniformly charged, an
electrostatic latent image is formed by exposure in a
pattern in a third color among the three colors of red,
green, and blue;

the exposed portion or the unexposed portion of said
photosensitive film is developed using a powder devel-
oper, and a third mask, which is composed of said
powder developer that has been charged and covers the
regions other than the pixel region of said third color,
is formed;

a light emitting layer of said third color, an electron
transporting layer, and a pixel electrode layer are
deposited uniformly in that order;

after deposition, said powder developer used in said third
mask is transferred using the charge of the electrostatic
latent image, the laminate is selectively removed
together therewith, and a pixel light emitting layer and
pixel electrode of a pixel pattern of said third color are
formed; and

a pixel light emitting layer and pixel electrodes are
formed in the three colors of red, green, and blue in the
respective desired pixel patterns.

11. A method according to claim 10, characterized by the
fact that said laminate of a light emitting layer, electron
transporting layer, and pixel electrode layer is formed by the
uniform vapor deposition of a light emitting layer, electron
transporting layer, and pixel electrode layer in that order by
in vacuo vapor deposition.

12. A method according to claim 10, characterized by the
fact that said development is performed using a powder
developer having a specified granule diameter and charged
amount.

13. A method according to claim 10, characterized by the
fact that a pulverized developer obtained by kneading a
charge control agent into a polymer selected from among
polyesters, styrene-acrylic copolymers, and acrylics, and
pulverized to a suitable granule size, or a polymerized
developer, produced by incorporating said charge control
agent when said polymer is polymerized and inducing
polymerization to a suitable granule size, is used as said
developer.

13
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14. A method according to claim 13, characterized by the
fact that said photosensitive thin film is an organic photo-
sensitive layer composed of an organic charge generating
layer and an organic charge transfer layer, and said organic
charge generating layer and organic charge transfer layer
each have a film thickness of the least 0.04 um.

15. A method according to claim 14, characterized by the
fact that said organic charge generating layer is formed as a
film using a coating liquid wherein an organic charge
generating agent is dispersed in a butyral resin, and said
organic charge transfer layer is formed as a film using a
coating liquid wherein a hole transferring organic compound
is dispersed in a polycarbonate resin.

16. A method according to any one of claims 10 through
12, characterized by the fact that said photosensitive thin
film is an organic photosensitive layer composed of an
organic charge generating layer and an organic charge
transfer layer, and said organic charge generating layer and
said organic charge transfer layer each have a film thickness
of at least 0.04 um.

17. Amethod according to claim 16, characterized by the
fact that said organic charge generating layer is formed as a
film using a coating liquid wherein an organic charge
generating agent is dispersed in a butyral resin, and said
organic charge transfer layer is formed as a film using a
coating liquid wherein a hole transferring organic compound
is dispersed in a polycarbonate resin.

18. A method according to claim 10, wherein said devel-
opment is performed by non-contact development, wherein
said photosensitive thin film and developer carrier are sepa-
rated by a distance of approximately 100 to 300 um.

19. An organic EL panel wherein an organic light emitting
material is laminated between a pair of opposing electrodes,
at least one of which is transparent or semitransparent,

said organic EL panel characterized as being provided
with:

a transparent substrate on one face of which a trans-
parent or semitransparent common electrode is
formed,

a photosensitive thin film, which is formed on said
common electrode and has a charge generating layer
and charge transfer layer,

and multiple laminates of a light emitting layer, elec-
tron transporting layer, and pixel electrode, which
are formed into pixel units on said photosensitive
thin film, and by the fact that said multiple laminates
are mutually separated.

20. An organic EL panel according to claim 19, charac-
terized by the fact that said multiple laminates are provided
for each color of red, green, and blue and are mutually
separated.
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