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(57) ABSTRACT

On a main face of a substrate, organic EL light emitting
layers are formed by stacking first electrodes for respective
pixels, an organic EL layer having a white light emitting
function formed above the first electrodes to cover the first
electrodes in common, and a second electrode formed such
that the second electrode covers the organic EL layer in
common in this order, and light emitted from the organic EL
layer is irradiated to the second electrode side. Above the
second electrode, a color converting filter, which converts
the white light emitted from the organic EL light emitting
layer to a given color and is applied by coating using a wet
process, is formed for every pixel, and a protective layer,
which prevents the deterioration of the light emitting layer
attributed to a coating material of the color filter, is provided
between the second electrode and the color converting filter.
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ORGANIC ELECTROLUMINESCENCE DISPLAY
DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The disclosure of Japanese Patent Application
JP2004-195217, filed on Jul. 13, 2004, including the speci-
fication, drawings and abstract thereof, is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates in general to a display
device, and, more particularly, the present invention relates
to an organic electroluminescence display device (hereinaf-
ter referred to as “organic EL display device”) which is
capable of producing a multi-colored display by combining
organic EL elements, which are capable of emitting a white
light, and color filters.

[0003] Recently, along with the advent of an advanced
information-oriented society, the demand for personal com-
puters, car navigation systems, personal digital assistants,
information communication equipment and composite prod-
ucts of such equipment has been increasing. As a display
device for use in these products, a display device which has
areduced thickness, is light-weight and exhibits a low power
consumption is suitable. From this viewpoint, a liquid
crystal display device which uses auxiliary illumination, a
display device which uses self-luminous electro-optical ele-
ments, such as organic EL elements, and a plasma display
device have been practically used.

[0004] In this type of display device, to realize a color
display, unit pixels of a plurality of colors (usually, three
colors consisting of red(R), green(G) and blue(B)) are
arranged close to each other and, a color layer (a color filter
or a color emitting layer) is formed for every pixel unit, thus
realizing a so-called full color display.

[0005] In a process for manufacture of an organic EL
display device that is capable of producing a full color
display, the coatings in three-colors, which are produced by
a mask vapor deposition method, are formed separately for
forming an organic EL layer. When a large-sized board that
is capable of producing a large number of substrates at a time
is used for enhancing the throughput and for reducing the
manufacturing cost, there exists a limit with respect to the
manufacturing accuracy of a mask and the positioning
accuracy that can be attained in the mask vapor deposition
method. Further, since the mask is liable to easily suffer from
a change in the size thereof due to the heat radiation from a
vapor deposition source, it is difficult to achieve a high yield
ratio. Still further, the operational efficiency of a manufac-
turing facility is lowered, since a step to treat foreign
substances in the vapor deposition atmosphere and the
exchange of masks require a considerable time.

[0006] To cope with such drawbacks, various techniques
have been known. Japanese Patent. Laid-open 2004-47387
(Patent literatures 1) and Japanese Patent Laid-open 2004-
55355 (Patent literatures 2) disclose an organic EL display
device having a top emission structure in which a first
substrate, having an organic EL element formed thereon, and
a second substrate, having a color changing medium formed
thereon by a photolithography method, are laminated to each
other with a given gap therebetween.
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[0007] Japanese Patent 3395841 (Patent literature 3) dis-
closes a method of manufacture of liquid-crystal-panel fil-
ters in which wettability varying layers are formed on a
smooth transparent substrate and respective color filter dyes
are selectively applied to the wettability varying layers by
making use of the difference in wettability.

[0008] Japanese Patent Laid-open Hei7(1995)-220871
(Patent literature 4) discloses an organic EL display device
which produces a full color display by combining color
filters with a white organic EL element.

[0009] Japanese Patent Laid-open Heil0(1998)-255983
(Patent literature 5) discloses a display element which
enables the emission of light of three primary colors with
high efficiency by combining light emitting members, pig-
ment converting members and color filters.

[0010] Besides the above-referenced literatures, Japanese
Patent Laid-open 2003-282250 (Patent literature 6), Japa-
nese Patent Laid-open 2003-187959 (Patent literature 7),
Japanese Patent Laid-open Heil1(1999)-106934 (Patent lit-
erature 8), Japanese Patent Laid-open Heil1(1999)-242916
(Patent literature 9), Japanese Patent Laid-open Hei7(1995)-
199165 (Patent literature 10), Japanese Patent Laid-open
2000-3786 (Patent literature 11) and Japanese Patent Laid-
open 2004-22541 (Patent literature 12) disclose related
subject matter.

SUMMARY OF THE INVENTION

[0011] However, in the technology disclosed in the patent
literature 1 and the patent literature 2, a displacement is
liable to easily occur in the alignment of both substrates, that
is, between the light-emitting-portion-side substrate and the
color-filter-side substrate, and, hence, it 1s difficult for the
display device to achieve a high definition. Further, the color
filters are basically formed by a photolithography method,
and, hence, the manufacturing cost is increased. In the
technology disclosed in the patent literature 3, due to the
provision of the wettability varying layers, the numbers of
materials and processes are increased, and it is difficult for
the display device to avoid a high manufacturing cost. In the
technology disclosed in the patent literature 4 and the patent
literature 5, in the same manner as the subject matter
disclosed in the patent literature 3, the numbers of materials
and processes are increased, and it is difficult for the display
device to avoid a high manufacturing cost. The patent
literature 6 to the patent literature 10 disclose a technique for
forming thin films at a relatively low temperature. The
patent literature 11 and the patent literature 12 disclose a
technique for forming color filters and color changing media
in a top-emission-type organic EL display device. However,
these patent literatures fail to disclose a technique which
may be used to manufacture color filters and color changing
media for a full color display with high definition at a low
COst.

[0012] Accordingly, it is an object of the present invention
to provide an organic EL display device which makes it
possible to manufacture color filters and color changing
media for a color display of high definition at a low cost.

[0013] The present invention includes a plurality of
aspects to achieve the above-mentioned object.

[0014] The first aspect of the present invention, which
achieves the above-mentioned object, is directed to an
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organic EL display device which includes organic EL ele-
ments which are formed by laminating first electrodes
formed as a film for respective pixels, the organic EL layer
having a white light emitting function which is formed on
the respective first electrodes to cover the respective first
electrodes in common, and a second electrode which is
formed on the organic EL layer to cover the organic EL layer
in common in this order on a main face of a substrate,
wherein the organic EL display device further includes color
changing media which have a function of converting a white
light from the organic EL layers to light of a given color,
which are constituted as upper layers and which are applied
by coating using a wet process or color filters which have a
light transmission peak at a given wavelength and are
applied by a wet process above the second electrodes, and a
protective layer which suppresses the deterioration of the
light emitting layers attributed to a coating material used in
the manufacturing step of the color changing media or the
color filters are formed between the second electrodes and
the color changing media or between the second electrodes
and the color filters.

[0015] According to the first aspect of the invention, prior
to the manufacture of the color changing media or the color
filters using a wet process, the protective layer which
exhibits a higher resistance against the coating material of
the color changing media or the color filters formed above
the second electrode than the light emitting layers, is
formed. Accordingly, it is possible to suppress the deterio-
ration of the light emitting layers which is generated in the
coating step; and, at the same time, even when a residual
component of a solvent used in the coating step remains in
a finished product after the formation of the color filters, it
is possible to protect the light emitting layers, and, hence,
the light emitting property of the organic EL display device
can be enhanced at a low cost. Here, the color filters may be
divided for respective organic EL light emitting elements (in
other words, for the respective pixels), and each one of the
plurality of color filters may be arranged to face one of the
plurality of first electrodes by way of the organic EL layer
and the second electrode.

[0016] The second aspect of the present invention, which
achieves the above-mentioned object, is directed to an
organic EL display device in which by laminating a plurality
of first electrodes (the respective electrodes corresponding to
pixels on a display screen), an organic EL layer having a
white light emitting function which is formed on the respec-
tive first electrodes to cover the respective first electrode in
common (the organic EL layer being capable of including
other organic material layer which assists the light emitting
function of the organic EL layer) and a second electrode
which is formed on the organic EL layer and covers the
plurality of first electrodes in common (for example, the
second electrode spreading over a whole display screen) in
this order on a main face of a substrate, respective organic
EL light emitting elements each of which is formed at a
portion where one of the plurality of first electrodes, the
organic EL layer and the second electrode are overlapped
relative to each other are constituted (for example, two-
dimensionally) in the inside of the main face of the substrate,
and light emitted from the organic EL layer is irradiated to
the second electrode side, wherein a leveling layer which
levels a surface of the second electrode is provided above the
second electrode for every organic EL light emitting element
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(in other words, for every pixel), and color filters are
provided on or above the leveling layer.

[0017] According to the second aspect of the invention,
the flatness of the organic EL light emitting layer can be
made uniform among the pixels and, at the same time, the
leaking of light from the neighboring pixels can be pre-
vented by suitably selecting a refractive index of the leveling
film and the size of the opening portion of the pixel formed
by a black matrix BM, whereby an image display of high
contrast and high color purity can be obtained.

[0018] The color filters may be arranged such that the
plurality of color filters which correspond to the plurality of
respective organic EL light emitting elements which are
arranged in the inside of the main face of the substrate are
arranged above the organic EL light emitting elements
which correspond to the color filters (on a side opposite to
the main face of the substrate by way of the organic EL light
emitting elements). Each one of the plurality of color filters
is arranged to face one of the plurality of first electrodes by
way of the organic EL layer, the second electrode and the
leveling layer.

[0019] Further, the third aspect of the present invention is
directed to an organic EL display device in which a wave-
length converting filter, which has a function of converting
a wavelength of the light emitted from the organic EL layer
and is formed by coating in a wet process, is formed above
the second electrode for every organic EL element (in other
words, for every pixel), a color filter is formed above each
of the wavelength converting filters, a first protective layer
for suppressing the deterioration of the organic EL layer
attributed to a coating material of the wavelength converting
filter (for example, a material which is used in a wet process
for forming the wavelength converting filter) is formed
between the second electrode and the wavelength converting
filter, and a second protective layer for preventing the
deterioration of the organic EL layer attributed to a coating
material of the color filter (for example, a material which is
used in a wet process for forming the color filter) is formed
between the wavelength converting filter and the color filter.

[0020] Here, the wavelength converting filter is also
referred to as a color changing medium and is provided for
changing the wavelength profile (the distribution of intensity
for the wavelength) of light incident on the wavelength
converting filter based on the activation and deactivation of
the electron energy level in the material. Accordingly, the
color filter and the wavelength converting filter differ from
each other with respect to the fact that, while the color filter
selectively irradiates the light which is incident on the color
filter within a given wavelength band, the wavelength con-
verting filter irradiates the light incident on the wavelength
converting filter by changing a wavelength profile thereof
(by shifting a wavelength which exhibits the maximum
intensity).

[0021] Here, it is preferable that the wavelength convert-
ing filter is divided into a plural number corresponding to the
plurality of respective organic EL elements arranged in the
inside of the main face, and each one of the respective
wavelength converting filters may be arranged on an upper
portion (a side opposite to the main face of the substrate by
way of the organic EL element) corresponding to the wave-
length converting filter. Each one of the respective wave-
length converting filters is arranged to face each one of the
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plurality of first electrodes by way of the organic EL layer,
the second electrode and the first protective layer. On the
other hand, it is preferable that the color filter is divided in
a plural number corresponding to the plurality of respective
wavelength converting filters, and each color filter is
arranged to face a corresponding one of the plurality of
wavelength converting filters by way of the second protec-
tive layer.

[0022] Here, it is needless to say that the present invention
is not limited to the above-mentioned examples and the
constitutions of embodiments to be described later, and that
various modifications can be made without departing from
the technical concept of the present invention.

[0023] According to the present invention, it is possible to
apply the color filters and the color changing media (the
wavelength converting filters) for performing a full color
display of high definition with high positional accuracy and
at a low cost, whereby it is possible to provide an organic EL
display device which can produce an image display of high
quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a cross-sectional view showing an
embodiment 1 of the present invention;

[0025] FIG. 2 is a cross-sectional view showing an
embodiment 2 of the present invention;

[0026] FIG. 3 is a cross-sectional view showing an
embodiment 3 of the present invention;

[0027] FIG. 4 is a diagrammatic cross-sectional view
showing one example of a sealing member which seals a
color filter forming surface of a TFT substrate AMP which
constitutes an organic EL display device of the present
invention;

[0028] FIG. 5 is a circuit diagram showing an example of
a pixel of the organic EL display device;

[0029] FIG. 6 is a plan view of the vicinity of the pixel
showing a constitutional example in which a circuit of the
pixel shown in FIG. 5 is realized on a substrate;

[0030] FIG. 7 is an equivalent circuit diagram including a
drive circuit of the organic EL display device; and

[0031] FIG. 8 is an equivalent circuit diagram showing
the constitution of a full-color-display organic EL display
device.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] Hereinafter, various embodiments of the present
invention will be explained in conjunction with the accom-
panying drawings.

Embodiment 1

[0033] FIG. 1 is a cross-sectional view showing an
embodiment 1 of the present invention. A substrate AMP in
FIG. 1 is an active matrix substrate (or a thin film transistor
substrate or a TFT substrate in an abbreviated form) which
constitutes an organic EL display device. On the TFT
substrate AMP, a cathode CD, which constitutes a first
electrode, is formed for every pixel on a main face of an
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insulating substrate (here, a glass substrate) SUB. The
cathode CD is formed by the patterning of a conductive
metal film. As the conductive metal film, an alloy of alu-
minum and lithium fluoride (LiF) is used. On the other hand,
besides the alloy of aluminum and lithium fluoride (LiF), a
Mg/Al alloy, Mg/in alloy and the like can be used. Such a
conductive metal film is formed on a main face of the glass
substrate SUB by vapor deposition, sputtering, CVD or the
like, and a desired patterning is performed through a pho-
tolithography step or the like, thus forming a cathode CD for
every pixel. It is preferable that the cathode CD has a
favorable reflectance.

[0034] Next, an insulation film (hereinafter referred to as
“an interlayer film”) which covers the cathodes CD is
formed. The interlayer film may be formed of an inorganic
material, such as silicon nitride (SiN), on the main face of
the substrate SUB, including the cathodes CD, using a
chemical vapor deposition method. Further, the interlayer
film may be formed by applying an organic material, such as
Novorak resin or the like, to the main face of the substrate
SUB by coating and curing the Novorak resin thereafter. The
interlayer film is subjected to patterning such that upper
surfaces of the cathodes CD are exposed, thus forming
partition banks (also referred to as “banks”) BNK. A region
which includes an upper surface of the cathode CD, which
is surrounded by the banks BNK, corresponds to one pixel
(a sub pixel for color display).

[0035] An organic EL light emitting layer (also referred to
as “an organic EL layer”) OLE is formed above the banks
BNK and the cathodes CD to cover the banks BNK and the
cathodes CD. Although the organic EL light emitting layer
OLE is formed typically by a mask vapor deposition
method, it is possible to use other methods, such as an ink
jet method or patterning using a photolithography method
after forming a thin film, depending on the material of the
organic light emitting layer OLE. In the embodiment 1, by
adopting a mask vapor deposition method, an electron
transport layer (Alq), a first organic light emitting layer, a
second organic light emitting layer, and a hole transport
layer (a-NPD) are stacked sequentially. In forming the first
organic light emitting layer, BH-120, a product of ldemitsu
Kosan Co., Ltd., is used as a host material, and RD-001X,
a product of Idemitsu Kosan Co., Ltd, is used as a dopant.
In forming the second organic light emitting layer, BH-120,
a product of ldemitsu Kosan Co., Ltd., is used as a host
material, and BD-102, a product of Idemitsu Kosan Co., Ltd,
is used as a dopant. The organic light emitting layer OLE(W)
which is capable of emitting a white light, is obtained using
both the first light emitting layer and the second light
emitting layer.

[0036] An ITO film is formed to cover a front surface of
the organic EL light emitting layer OLE(W), thus forming a
transparent anode AD, which constitutes a second electrode.
The transparent anode AD is not limited to an ITO film, and
it may be formed of another transparent conductive film,
such as a transparent metal film. Further, a protective layer
PAS is formed over the transparent anode AD. The organic
EL light emitting layer OLE(W), the transparent anode AD
and the protective layer PAS define surface shapes (recessed
portions) which trace the shapes of the banks BNK. The
protective layer PAS is formed for protecting the organic EL
light emitting layer OLE(W) and for controlling the wetta-
bility in forming the color filters using an ink jet method in



US 2006/0012288 Al

a succeeding step. The protective layer PAS also prevents
deterioration of the properties of the organic EL light
emitting layer OLE(W) by the color filter material (ink)
applied using the ink jet method.

[0037] Although silicon nitride (SiN) or silicon
oxide(SiO) may be used as a material of the protective layer
PAS, another insulation material having similar properties
may be used as well. The protective layer PAS is formed
using a plasma CVD. When it is necessary to ensure the
wettability, an ultra-violet-ray (UV) irradiation is performed
optionally. It is also possible to adopt a film forming method
in which a metal alkoxide is formed into a film by spin
coating and is baked thereafter. Here, depending on the
process condition, the formation of the protective layer PAS
may be omitted.

[0038] Further, by dropping color-filter-material ink INK
into a recessed portion formed by the banks BNK above the
protective layer PAS from a nozzle of the ink jet device,
color filters FIL having three colors (R, G, B) are formed. In
FIG. 1, the coating of only color filters of two colors is
shown. Although it is desirable to form the color filters FIL
having three colors simultaneously from the point of view of
shortening the manufacturing steps, this is not a requisite.
The banks BNK suppress the mixing of the color-filter-
material inks INK dropped from the nozzle.

[0039] After the formation of the color filters FIL, the
color filters FIL are covered with a sealing member, such as
a glass plate, a resilient film or the like, having a light
transmitting property, thus sealing the surrounding area of
the color filters FIL so as to prevent deterioration of the
operational properties attributed to invasion of moisture
from the surrounding environment, whereby a stable display
is realized.

[0040] Although the embodiment 1 adopts a top anode
constitution in which the first electrode and the second
electrode are respectively formed of the cathode CD and the
transparent anode AD, by selecting the electrode material,
the organic light emitting material, the process condition and
the like, the embodiment 1 can adopt a top cathode consti-
tution in which the first electrode is formed of the anode and
the second electrode is formed of the cathode.

[0041] In the embodiment 1 explained heretofore, the
color filters which form the respective pixels can be directly
formed on the substrate on which the white-light organic
light emitting layer is formed using the ink jet method, and,
therefore, it is possible to provide an organic EL display
device capable of high definition, which is free from dis-
placement or shifting of the three colors.

Embodiment 2

[0042] FIG. 2 is a cross-sectional view showing an
embodiment 2 of the present invention. The illustration of
the color-filter-material ink INK indicated in FIG. 1 is
omitted in FIG. 2 for purposes of simplification of the
drawing. The TFT substrate AMP of the embodiment 2 is
substantially the same as that of embodiment 1 until the step
in which the cathodes CD, which constitute the first elec-
trodes, the banks BNK, the organic light emitting layer
OLE(W) and the transparent anode AD, which constitutes
the second electrode, are formed in this order on the upper
surface of the glass substrate SUB. In the embodiment 2, the
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organic material is applied to the upper surface of the
transparent anode AD so as to form an interlayer film OVC
which covers the transparent anode AD, whereby the undu-
lation of an upper surface of the transparent anode AD (in
other words, an irradiation surface of light from the organic
light emitting layer OLE(W)) which is generated by the
banks (BNK) or the like can be leveled. Accordingly, the
surface of the transparent anode AD is eliminated. The
interlayer film OVC is made of a material which belongs to
a metal alkoxide group. The interlayer film OVC made of
metal alkoxide is applied, with a film thickness (desirably 1
um or more) equal to or more than a degree which can level
the upper surface of the transparent anode AD, by spin
coating, the UV irradiation is performed under a mixed
atmosphere of ozone and nitrogen so as to enhance the
oxidizing property, and the interlayer film OVC is cured at
a low temperature (desirably, 100° C. or less).

[0043] Thereafter, a light blocking layer (black matrix)
BM is formed between the pixels, that is, right above the
banks BNK by screen printing using a mask. Further, the
color-filter-material ink INK is dropped into the openings of
the black matrix BM from the nozzle of the ink jet device so
as to form the color filters FIL.

[0044] Here, the step in which the interlayer film OVC
made of metal alkoxide is treated under a mixed atmosphere
of ozone and nitrogen is an option which is adopted to
shorten the treatment time, and, hence, the step is not a
requisite.

[0045] After the formation of the color filters FIL, the
color filters FIL are covered with a sealing member, such as
a glass plate, a flexible film or the like, having light
transmitting property, thus sealing the surrounding area of
the color filters FIL so as to prevent deterioration of the
operational properties attributed to invasion of moisture
from the surrounding environment, whereby a stable display
is realized.

[0046] According to the embodiment 2, in addition to the
advantageous effects obtained by the embodiment 1, the
flatness of the organic EL light emitting layer can be made
uniform between the pixels, and, at the same time, a leaking
of light from a neighboring pixel can be prevented by
properly selecting the refractive index of the interlayer film
OVC and the size of opening portions of the pixels formed
by the black matrix BM, whereby it is possible to obtain an
image display of high contrast and high color purity. Here,
the embodiment 2 can also adopt a top cathode constitution
in the same manner as the embodiment 1.

Embodiment 3

[0047] FIG. 3 is a cross-scctional view showing an
embodiment 3 of the present invention. In the embodiment
3, the illustration of the color-filter-material ink INK shown
in FIG. 1 is omitted. The TFT substrate AMP of the
embodiment 3 is substantially the same as the TFT substrate
AMP of the embodiment 1 and the embodiment 2 up to the
formation of the cathodes CD, which constitute the first
electrodes, and the banks BNK formed on the main face of
the glass substrate SUB. In the embodiment 3, in place of the
organic light emitting layer OLE (W), which is capable of
emitting white light in the embodiment 1 and the embodi-
ment 2, an organic light emitting layer OLE (B), which emits
blue light, is formed in a state such that the organic light



US 2006/0012288 Al

emitting layer OLE (B) covers the banks BNK and the
opening portions of the cathodes CD. Here, it is desirable
that the height of the banks BNK in the embodiment 3 is set
to be larger than the height of the banks BNK in the
embodiment 1 and the embodiment 2.

[0048] Next, the anode AD, which constitutes the second
electrode, is formed in a state such that the anode AD covers
the whole surface of the organic light emitting layer OLE
(B), and then a first protective layer PAS1 is formed above
the anode AD. Above the first protective layer PAS1, ink
material for forming wavelength converting filters (a color
changing medium which converts the blue light into three
respective colors) is dropped from the nozzle of the ink jet
device into the recessed portions formed by the banks BNK,
thus forming wavelength converting filters CCF of three
colors (R, G, B). In FIG. 3, only the coating of the
wavelength converting filters of two colors is shown.

[0049] Although it is desirable to simultancously form all
filter layers concerned the wavelength conversion into each
color from the part of view of shortening the manufacturing
steps, this is not a requisite.

[0050] The banks BNK suppress the mixing of the wave-
length-converting-filter-material ink dropped from the
nozzle. Here, the pixel for the color blue (B) may adopt a
constitution in which the wavelength converting filter is not
applied.

[0051] A second protective layer PAS2, which also func-
tions as an interlayer film, is formed as a film in a state such
that the second protective layer PAS2 covers the wavelength
converting filter CCF. Although the second protective layer
PAS2 is also made of silicon nitride (SiN) or silicon oxide
(Si0) in the same manner as the first protective layer PASI1,
the second protective layer PAS2 may be formed using other
similar materials, such as an amorphous carbon film, for
example, by a plasma CVD method or sputtering. The
carbon film which is formed by the plasma CVD method
constitutes a diamond-like hard film.

[0052] Next, color-filter-material ink is dropped into
recessed portions of the second protective layer PAS2,
which follow the surface shape of the banks BNK, from the
nozzle of the ink jet device, thus forming color filters FIL of
three colors (R, G, B). FIG. 3 shows only the coating of the
color filters of two colors. In forming the color filters FIL,
although it is desirable that all filter layers which allow the
respective lights of three colors to transmit therethrough are
formed simultaneously from the point of view of shortening
the manufacturing steps, this is not a requisite. The banks
BNK suppress the mixing of color-filter-material inks
dropped from the nozzle. Here, the pixel for the color blue
(B) may have a constitution in which the color filter is not
applied.

[0053] After the formation of the color filters FIL, the
upper surfaces of the color filters FIL are covered with a
sealing member, such as a glass plate, a flexible film or the
like, having a light transmitting property, thus sealing the
surrounding area of the color filters FIL, so as to prevent
deterioration of the operational properties attributed to the
invasion of moisture from the surrounding environment,
whereby a stable display is realized.

[0054] According to the embodiment 3, with the use of the
organic light emitting layer OLE (B), which emits a blue

Jan. 19, 2006

light that exhibits a higher luminance and has a longer
lifetime than the currently available organic light emitting
layer OLE (W), which is capable of emitting the white light,
it is possible to obtain an image display of high luminance
and high contrast. Here, the embodiment 3 also can adopt a
top cathode constitution in the same manner as the embodi-
ment 1 and the embodiment 2.

[0055] FIG. 4 is a diagrammatic cross-sectional view
showing one example of a sealing member which seals a
color filter forming surface of the TFT substrate AMP, which
constitutes the organic BL display device of the present
invention. The sealing member CVP provides an absorbent
(desiccant) layer DES on an inner surface of a glass plate
SLS. By sealing the TFT substrate AMP on peripheries not
shown in the drawing, the organic EL display device (panel)
is completed.

[0056] FIG. 5 is a schematic circuit diagram showing a
constitutional example of a pixel of the organic EL display
device. The pixel PX constitutes a sub pixel in the color
display. The pixel PX is constituted of a thin film transistor
TFT 1 for switching, which is connected to a scanning line
GL and a data line DL, a storage capacitance CPR, which
stores display data supplied from the data line DL as a
charge when the thin film transistor TFT is selected by the
scanning line GL, a thin film transistor TFT2 which drives
an organic EL element OLE, and a current supply line CSL.

[0057] The thin film transistor TFT 1 has the gate elec-
trode thereof connected to the scanning line GL and the
drain electrode thereof connected to the data line DL.
Further, the gate electrode of the thin film transistor TFT 2
is connected to the source electrode of the thin film transistor
TFT 1, and one electrode (+pole) of the storage capacitance
CPR is connected to this node. The thin film transistor TFT
2 has the drain electrode thereof connected to the current
supply line CSL and the source electrode thereof connected
to the anode AD of the organic EL element OLE.

[0058] When the pixel PX is selected by the scanning line
GL and the thin film transistor TFT 1 is turned on, the
display data supplied from the data line DL is stored in the
storage capacitance CPR. Further, at a point of time when
the thin film transistor TFT1 is turned off, the thin film
transistor TFT2 is turned on and an electric current flows
from the current supply line CSL to the organic EL element
OLE, and the current is held for a period of substantially 1
frame (or 1 field). The electric current which flows here is
defined by a charge corresponding to the data signal stored
in the storage capacitance CPR. The circuit shown in FIG.
5 has the simplest constitution, and other various circuit
constitutions can be used.

[0059] FIG. 6 is a plan view of the vicinity of a pixel
showing a structural example of the circuit of the pixel
shown in FIG. 5 on a substrate. In the drawing, the same
symbols used in FIG. 5 correspond to identical portions,
wherein symbol DE indicates the opening portion of the
pixel. The thin film transistor TFT 1 and the thin film
transistor TFT 2 are arranged on a non-display portion,
which is arranged close to the opening portion DE of the
pixel.

[0060] FIG. 7 is an equivalent circuit diagram including a
drive circuit of the organic EL display device. The pixels PX
are arranged in a matrix array to form a display region AR.
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The data lines DL are driven by a data line drive circuit
DDR. Further, the scanning lines GL are driven by a
scanning line drive circuit GDR. The current supply line
CSL is connected to a current supply circuit (not shown in
the drawing) through a current supply bus line CSLB. Here,
symbol TM indicates external input terminals.

[0061] FIG. 8 is an equivalent circuit diagram which
shows the constitution of an organic EL display device that
is capable of producing a full color display. The respective
display portions R, G, B of three colors are constituted of
pixels (sub pixels) PX shown in FIG. 7, and they are
arranged in the direction of the scanning line GL to form one
color pixel (constituted of the respective sub pixels PX of R,
G, B). Other constitutions of this equivalent circuit are
substantially the same as the corresponding constitutions
shown in FIG. 7.

[0062] The advantageous effect, in which the mixing of
colors to the neighboring pixel can be prevented by realizing
a coating of the materials of different color filters or the
different wavelength converting filters with high accuracy
using an ink jet device, is not limited to an organic EL
display device. That is, it is possible to obtain substantially
the same advantageous effect by applying such a technical
concept to other display devices, for example, a display
device which uses plasma elements.

1. An organic EL display device comprising a plurality of
organic EL light emitting elements which are arranged in the
inside of a main face of a substrate, wherein

each organic EL light emitting element includes one of a
plurality of first electrodes which are formed above the
main face of the substrate, an organic EL layer which
is formed in a state that the organic EL layer covers the
plurality of first electrodes in common and has a
function of emitting a white light, and a second elec-
trode which is formed above the organic EL layer in a
state that the second electrode is formed in common
with the plurality of organic EL light emitting elements,
and light emitted from the organic EL layer is irradiated
to the second electrode side,

color filters or color changing medium which are formed
by a wet process are provided above the second elec-
trode, and

a protective layer which suppresses the deterioration of
the organic EL layer attributed to a coating material of
the color filters is provided between the second elec-
trode and the color filters.

2. An organic EL display device according to claim 1,
wherein each one of the plurality of first electrodes is
separated from another of the plurality of first electrodes by
partition banks which surround a periphery of one first
electrode and has a film thickness larger than one first
electrode, and

the organic EL layer is brought into contact with one first
electrode in the inside of a recessed portion which is
formed in the partition banks and exposes one first
electrode.

3. An organic EL display device according to claim 2,
wherein the color filter or the color converting filter is
formed in the recessed portion formed by the partition banks
and above the organic EL layer.
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4. An organic EL display device according to claim 1,
wherein the wet process is performed using an ink jet
method.

5. An organic EL display device according to claim 1,
wherein the organic EL display device includes a sealing
member which seals a surface on which the color filter or the
color converting filter is formed.

6. An organic EL display device according to claim 5,
wherein an absorbent is provided in the inside which is
sealed by the sealing member.

7. An organic EL display device according to any one of
claims 1 to 3, wherein the color filter or the color converting
filter is formed for every organic EL light emitting element.

8. An organic EL display device comprising a plurality of
organic EL light emitting elements which are arranged in the
inside of a main face of a substrate, wherein,

each organic EL light emitting element includes one of a
plurality of first electrodes which are formed above the
main face of the substrate, an organic EL layer which
is formed in a state that the organic EL layer covers the
plurality of first electrodes in common and has a
function of emitting a white light, and a second elec-
trode which is formed above the organic EL layer in a
state that the second electrode is formed in common
with the plurality of organic EL light emitting elements,
and light emitted from the organic EL layer is irradiated
to the second electrode side,

a leveling layer which levels a surface of the second
electrode is formed above the second electrode, and

color filters or color changing medium are formed above
the leveling layer by coating using a wet process for
every organic EL light emitting element.

9. An organic EL display device according to claim 8,
wherein each one of the plurality of first electrodes is
separated from another of the plurality of first electrodes
which is arranged close to one first electrode by partition
banks which surround a periphery of one first electrode and
has a film thickness larger than one first electrode, and

the organic EL layer is brought into contact with one first
electrode which is formed in the inside of a recessed
portion which is formed in the partition banks and
exposes one first electrode.

10. An organic EL display device according to claim 8 or
claim 9, wherein a light blocking film is formed between the
color filters or the color changing medium which are
arranged close to each other above the leveling layer.

11. An organic EL display device according to claims 8 or
9, wherein the wet process is performed using an ink jet
method.

12. An organic EL display device according to claims 8 or
9, wherein the organic EL display device includes a sealing
member which seals a surface on which the color filter or the
color converting filter is formed.

13. An organic EL display device according to claim 12,
wherein an absorbent is provided in the inside which is
sealed by the sealing member.

14. An organic EL display device comprising a plurality
of organic EL light emitting elements which are arranged in
the inside of a main face of a substrate, wherein,

each organic EL light emitting element includes one of a
plurality of first electrodes which are formed above the
main face of the substrate, an organic EL layer which
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is formed in a state that the organic EL layer covers the
plurality of first electrodes in common and has a
function of emitting a white light, and a second elec-
trode which is formed above the organic EL layer in a
state that the second electrode is formed in common
with the plurality of organic EL light emitting elements,
and light emitted from the organic EI layer is irradiated
to the second electrode side,

wavelength converting filters which convert a wavelength
of light emitted from the organic EL layer to a given
wavelength are formed above the second electrode for
every organic EL light emitting element by coating in
a wet process,

a color filter which selectively allows light of given
wavelength is formed above each wavelength convert-
ing filter for every organic EL light emitting element by
coating in a wet process,

a first protective layer which suppresses the deterioration
of the organic EL layer attributed to a coating material
of the wavelength converting filter is provided between
the second electrode and the wavelength converting
filter, and

a second protective layer which suppresses the deteriora-
tion of the organic EL layer attributed to a coating
material of the color filter is provided between the
wavelength converting filter and the color filter.

15. An organic EL display device according to claim 14,

wherein each one of the plurality of first electrodes is
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separated from another of the plurality of first electrodes
which is arranged close to one first electrode by partition
banks which surround a periphery of one first electrode and
has a film thickness larger than one first electrode, and

the organic EL layer which is brought into contact with an
upper surface of one first electrode is formed in the
inside of a recessed portion which is formed in the
partition banks and exposes one first electrode.

16. An organic EL display device according to claim 15,
wherein the wavelength converting filter is formed in the
recessed portion formed by the partition banks and above the
organic EL layer.

17. An organic EL display device according to claim 15,
wherein the color filter is formed in the recessed portion
formed by the partition banks and above each wavelength
converting filter corresponding to each organic EL layer.

18. An organic EL display device according to claim 14,
wherein the wet process is performed using an ink jet
method.

19. An organic EL display device according to claim 14,
wherein the organic EL display device includes a sealing
member which seals a surface on which the color filter is
formed.

20. An organic EL display device according to claim 19,
wherein an absorbent is provided in the inside which is
sealed by the sealing member.
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