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7) ABSTRACT

An organic electroluminescent display device is capable of
flowing a constant electric current into each pixel and improv-
ing image qualities even if the device displays an image on a
large screen. The organic electroluminescent display device
including a lower electrode, an organic electroluminescent
film, and an upper electrode on a substrate arranged in this
order, wherein the upper electrode is divided in units of a pixel
or dot by a partition having an insulating property.
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND PRODUCTION
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic elec-
troluminescent display device and a production method
thereof. More specifically, the present invention relates to an
organic electroluminescent display device preferably used as
an active matrix display device and a production method
thereof.

[0003] 2. Description of the Related Art

[0004] An organic electroluminescent (hereinafter, also
referred to as an EL) display device includes an organic EL
element in each pixel or dot. The organic EL element is
composed of two opposed electrodes and an organic EL film
interposed between these two opposed electrodes.

[0005] A passive matrix or active matrix system is com-
monly used as a driving system of the organic EL display
device. Particularly in an organic EL display device with a
large screen, an active matrix system is preferably used
because a response speed is fast and a contrast ratio is excel-
lent (for example, refer to Japanese Kokai Publication No.
2004-246320 and Japanese Kokai Publication No. 2001-
35662). As shown in FIGS. 7 and 8, according to the active
matrix organic EL display device, a gate line 111 and a source
line 112 are arranged to be perpendicular to each other on a
substrate 101 and a switching element such as a thin film
transistor (hereinafter, also referred to as a TFT) and an
organic EL element are arranged in each pixel or dot. A
switching TFT 131 and a driving TFT 132 are generally
arranged as the switching element, as shown in FIG. 7. An
electrode 103 (hereinafter, also referred to as a lower elec-
trode) on the substrate 101 side of two electrodes constituting
the organic EL element is connected to the TFT, commonly.
Further, a metal film is formed on the entire region to form an
electrode 105 (hereinafter, also referred to as an upper elec-
trode), as a common electrode, on the side opposite to the
electrode 103 with the organic EL film 104 therebetween. In
an example shown in FIG. 7, the lower electrode 103 is an
anode and the upper electrode 105 is a cathode. Each TFT
controls driving of the organic EL element. An interlayer
insulating film 102 is generally formed between the substrate
101 and the lower electrode 103 except for a part needed for
wirings. On the interlayer insulating film 102, a bank 106 is
formed to surround the organic EL film 104. In FIG. 7, an
electric current i flows from a power line 113 in the arrow
direction under control of the driving TFT 132, and then flows
to an external region 114 through an organic EL light-emit-
ting region 107. In the driving TFT 132, G shows a gate
electrode; S shows a source electrode; and D shows a drain
electrode.

[0006] Such an organic EL display device is excellent in
responsiveness and visibility such as contrast ratio and view-
ing angle. Further, the organic EL display device permits low
power consumption, slim profile, light weight, and flexibili-
zation of the display itself. In these points, the organic EL
display device is very excellent. Therefore, future market
expansion of such an organic EL display device has been
expected as a next generation flat display. However, the tech-
nology of the organic EL display device is still developing in
comparison to a liquid crystal display device or a plasma
display device, which is a major display device at present. The
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organic EL display device still has a room for improvement in
image qualities particularly when the device displays an
image on a large screen.

[0007] By the way, a silicon thin film formed of amorphous
silicon and polysilicon may be mentioned as a semiconductor
material for a common TFT used in the organic EL display
device. The polysilicon has a high field-effect mobility, but it
is difficult to form a polysilicon film over alarge screen panel
in terms of production processes. Therefore, it is possible that
amorphous silicon which can be easily formed over a large
screen is used to form the panel. However, with regard to the
amorphous silicon, only a method of forming an n-channel
TFT has been established because of the production pro-
cesses.

[0008] As shown in FIGS. 7 and 8, usually, the lower elec-
trode (anode) 103 of the organic EL element is connected to
the source electrode 134 of the driving TFT 132, thereby
connecting the organic EL element to the TFT. According to
suich a connection method, if the resistance of the organic EL
film 104 is changed with time, the gate voltage of the driving
TFT 132 is changed. Therefore, it might become difficult to
drive the organic EL element at a constant electric current. For
this problem, a method in which the organic ELL element
structure is inverted, that is, the organic EL element has a
bottom cathode structure in which the cathode is positioned at
the bottom (on the substrate side), and then the cathode is
connected to an n-channel TFT has been proposed (for
example, refer to Jan Blochwitz-Nimoth et al., “Full Color
Active Matrix OLED Displays with High Aperture Ratio”,
“SID Digest of Technical Papers”, (U.S.), Society for Infor-
mation Display, 2004, p. 1000, and ““Fkisho ni ha makenai”
yuki EL ga kudougijyutu de teikosutoka he”, “Nikkei Micro-
device, February issue, 20057, Nikkei BP Corp., p. 77). How-
ever, if a polymer is used as a material for the organic EL, a
material with a relatively low work function is used as a
material for the cathode. Therefore, the cathode material is
deteriorated during processes of forming the organic EL film,
which inevitably leads to deterioration of the organic EL
element. In this point, such a method has room for improve-
ment.

SUMMARY OF THE INVENTION

[0009] Inorderto overcome the problems described above,
preferred embodiments of the present invention provide an
organic EL display device capable of improving image quali-
ties and a production method thereof.

[0010] The present inventor made various investigations of
an organic EL display device capable of improving qualities
ofanimage displayed particularly on a large screen. Then, the
inventor noted the embodiment of the upper electrode. The
inventor found that if the upper electrode is formed over the
entire substrate surface as a common electrode as in a con-
ventional method, every pixel on the substrate is connected to
each other through the upper electrode, and because of this, a
voltage is largely decreased in the pixels positioned at the end
portion on the substrate, which might cause uneven display.
Further, the inventor found that the decrease in the voltage in
the pixels positioned at the end portion can be reduced by
dividing the upper electrode in units of a pixel or dot using a
partition having an insulating property, and thereby images
with higher qualities can be displayed and a configuration that
is advantageous for improving an aperture ratio or reducing a
parasitic capacitance can be obtained using such a partition.
As aresult, the above-mentioned problems have been solved,
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leading to development and completion of preferred embodi-
ments of the present invention.

[0011] That is, according to a preferred embodiment of the
present invention, an organic electroluminescent display
device includes a lower electrode, an organic electrolumines-
cent film, and an upper electrode on a substrate in this order,
wherein the upper electrode is divided in units ofa pixel or dot
by a partition having an insulating property.

[0012] An organic EL display device according to a pre-
ferred embodiment of the present invention includes a lower
electrode, an organic EL film, and an upper electrode on a
substrate in this order. The above-mentioned substrate is not
especially limited as long as an organic EL element is
arranged on it. A glass substrate, a resin substrate, and the
like, can be used. On the substrate, basically, a wiring which
flows an electric current into the organic EL film in each pixel
or dot and which is connected to the lower electrode and/or
the upper electrode, a circuit element arranged to control an
amount of the electric current, an insulating film (hereinafter,
also referred to as an interlayer insulating film) arranged to
electrically separate a layer where the wiring is arranged from
a layer where the lower electrode is arranged, and the like, is
formed. An acrvlic photosensitive resin and the like may be
used as a material for the insulating film.

[0013] With regard to the above-mentioned upper and
lower electrodes, one is an anode and the other is a cathode.
Further, at least one of the upper and lower electrodes has
transparency and transmits light generated in the organic EL
film. With regard to a material for the anode, a transparent
conductive film such as ITO (indium tin oxide) and IZO
(indium zinc oxide) is preferably used in a bottom emission
organic EL display device. In a top emission organic EL
display device, a stacked body including a transparent con-
ductive film and a metal film such as an aluminum film and a
silver film is preferably used. With regard to a material for the
cathode, for example, a stacked body including a barium film
and an aluminum film is preferably used in a bottom emission
organic BL display device. The same material as used in the
bottom emission organic EL display device can be used in the
top emission organic EL display device. However, such a top
emission organic EL display device has a configuration in
which emitted light is output from the upper electrode side.
Therefore, it is preferable that the upper electrode is formed to
have the smallest possible thickness in order to reduce light
loss attributed to the upper electrode.

[0014] The material for the above-mentioned organic EL
film is not especially limited as long as it is an organic mate-
rial which emits light due to that the molecules are excited by
electrons injected from the electrode. It is preferable that the
organic EL film is a multi-layer film in order to improve the
device characteristics. It is preferable that the organic EL film
is a multi-layer film including a positive hole injection/trans-
port layer, an electron injection/transport layer, and a carrier-
blocking layer, in addition to the light-emitting layer.

[0015] Ina preferred embodiment of the present invention,
the above-mentioned upper electrode is divided into units of
apixel or dot by a partition having an insulating property. The
upper electrodes are electrically separated from each other in
units of a pixel or dot, and thereby a power is supplied to each
organic EL element individually. As a result, the decrease in
voltage in the pixels at the end portion on the substrate can be
suppressed, and thereby it becomes easier to drive each
organic EL element on the substrate at a constant electric
current. The insulating property of the above-mentioned par-
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tition is high enough to electrically separate the upper elec-
trodes which are separately formed in units of a pixel or dot
from each otherand individually control the upper electrodes.
The pixel is the minimum unit for drawing in monochrome
display or color display. In the color display, a plurality of
dots constitutes one pixel. The dot is the minimum unit for
driving. The plurality of dots constituting one pixel (genet-
ally, dots which display different colors) are individually
controlled, and thereby a desired pixel display is performed.
Accordingly, in the monochrome display, one organic EL
element is arranged in one pixel. In the color display, three
dots of red, green, and blue constitute one pixel. One organic
EL element is arranged in each dot. The dot is also referred to
as a sub-pixel.

[0016] The material for the above-mentioned partition is
not especially limited as long as it has an insulating property.
A negative photosensitive resin is preferable in order to sim-
plify the production steps. For example, a novolac resin and
the like may be used. It can be possible in principle to divide
the upper electrode by patterning the upper electrode using a
mask. However, misalignment of the mask and a reduction in
alignment accuracy due to thermal expansion and/or shrink-
age of the mask, are inevitable. Therefore, the partition needs
to be used as in various preferred embodiments ofthe present
invention, in order to electrically separate the upper elec-
trodes from each other in units of a pixel or dot.

[0017] In a passive driving organic EL display device, a
partition which is called cathode separator is arranged to form
the cathode into a stripe pattern, in some cases. However, the
partition in the organic EL display device of a preferred
embodiment of the present invention is formed to separate the
upper electrodes in units of a pixel or dot. Therefore, these
two partitions are different in both of the configuration and
the function.

[0018] The configuration of the organic EL display device
of the present invention is not especially limited as long as it
essentially has these components. Other components are not
especially limited.

[0019] Preferred embodiments of the organic EL display
device of the present invention are described below in more
detail.

[0020] It is preferable that the partition has an overhang
shape. In the present description, the overhang shape is not
especially limited as long as it is the following shape: when
the substrate side is a bottom portion and the opposite side is
an upper portion, the bottom portion is smaller than the upper
portion. An inverted tapered shape may be mentioned as such
ashape. That is, the width of the partition is decreased toward
the bottom portion. If the partition has an overhang shape, a
connection between the conductive film formed on the parti-
tion and the conductive film (upper electrode) formed on the
organic EL film can be prevented when the partition is formed
and then the conductive film is formed over the entire sub-
strate surface. Therefore, it can be easily secured to electri-
cally separate the upper electrodes from each other in units of
a pixel or dot. Such a partition can be formed by a photoli-
thography method.

[0021] Itis preferable thata conductive filmis formed on an
upper surface of the partition (hereinafter, also referred to as
the first preferred embodiment of the present invention). If the
conductive film is formed on the partition, a region on the
partition can be used as a position where wirings or electrodes
are arranged. For example, if the conductive film on the
partition is used as a bus line, a position where the bus line is
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arranged, which is conventionally needed, is omitted, and the
region on the substrate can be effectively used. As a result, the
aperture ratio can be improved. Further, a parasitic capaci-
tance can be reduced if wirings or electrodes are formed on
the partition having an insulating property. Further, the con-
ductive film on the partition can be formed together with the
upper electrode by forming the conductive film over the entire
substrate surface by a deposition method and the like after the
partition is formed. Therefore, no special formation steps are
needed for forming the conductive film. Accordingly, the
same material as that for the upper electrode is preferably
used for the conductive film.

[0022] According to the first preferred embodiment of the
present invention, it is preferable that the partition has a
contact hole. According to this, the conductive film on the
partition can be electrically connected to wirings or elec-
trodes positioned on the lower-layer side than the partition.
Therefore, the conductive film on the partition can be effec-
tively used. In the present description, the contact hole means
a through-hole formed in the partition. In the contact hole, a
conductive material is usually formed. The contact hole may
be a cylindrical hole or a groove formed along the extension
direction of the partition. It is preferable that the contact hole
has a tapered shape, i.e., the width of the contact hole is
decreased toward the substrate side, in order to secure the
electrical connection more surely. It is preferable that the
contact hole has a smooth surface in order to prevent insula-
tion from being generated inside the contact hole due to
disconnection caused by step. The contact hole can be simul-
taneously prepared when the partition is patterned.

[0023] According to the first preferred embodiment of the
present invention, a method of arranging photomasks having
different transmissive patterns with the substrate therebe-
tween and exposing the both sides of the substrate is prefer-
ably used as a method of forming the partition if the contact
hole is formed in the partition. That is, a preferred embodi-
ment of the present invention is a production method of the
organic electroluminescent display device according to
another preferred embodiment of the present invention in
accordance with the preferred embodiment in which a con-
ductive film is formed on an upper surface of a partition and
a contact hole is formed in the partition, wherein a photosen-
sitive resin film is exposed through photomasks having dif-
ferent transmissive patterns from both sides of the substrate,
and the photosensitive resin film is developed, thereby form-
ing a partition having an opening (hereinafter, also referred to
as the first method of forming the partition).

[0024] According to the first method of forming the parti-
tion in a preferred embodiment of the present invention, the
outer wall of the partition is patterned by the exposure from
the upper surface side (on the partition-formed surface side)
of the substrate, and the inner wall (the contact hole side) of
the partition is patterned by the exposure from the lower
surface side of the substrate. If a negative photosensitive resin
film is exposed, the outer wall of the partition has an overhang
shape and the contact hole tapers toward the substrate side
(refer to FIGS. 5A and 5B).

[0025] In the case where the substrate is exposed from one
surface side, the partition can be formed in the following
manner if the conductive film is formed on the upper surface
of the partition and the contact hole is formed in the partition.
A negative photosensitive resin film is patterned to form outer
walls of the partition having an overhang shape, and further a
positive photosensitive resin is applied to form inner walls
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(the contact hole side) of the partition in such a way that the
formed contact hole tapers toward the substrate side. That is,
a preferred embodiment of the present invention provides a
production method of the organic electroluminescent display
device according to a preferred embodiment of the present
invention in accordance with the preferred embodiment in
which a conductive film is formed on an upper surface of a
partition and a contact hole is formed in the partition, wherein
the production method includes the steps of: forming the first
opening and an outer wall portion of the partition by exposing
and developing a negative photosensitive resin film; forming
a positive photosensitive resin film on the outer wall portion
of the partition and inside the first opening; and forming the
second opening and an inner wall portion of the partition by
exposing and developing the positive photosensitive resin
film (hereinafter, also referred to as the second method of
forming the partition).

[0026] According to the second method of forming the
partition according to a preferred embodiment of the present
invention, the outer wall portion having an overhang shape of
the partition is formed first, using a negative photosensitive
resin. In this case, the first opening having a forward tapered
shape is formed in the outer wall portion of the partition.
Then, a positive photosensitive resin film is formed on the
outer wall of the partition and inside the first opening. Usu-
ally, the positive photosensitive resin is applied over the entire
substrate surface including the region on the outer wall por-
tion of the partition and inside the first opening. Then, the
positive photosensitive resin film is patterned, thereby form-
ing the inner wall portion having a forward tapered shape of
the partition on the outer wall portion of the partition and the
inside thereof (refer to FIGS. 6 A-6D). In this case, the second
opening having an overhang shape is formed in the inner wall
portion of the partition. Then, a conductive material is formed
inside the second opening, thereby forming a contact hole.
According to the second method of forming the partition
according to a preferred embodiment of the present invention,
the partition having an overhang shape, which has a contact
hole whose width is decreased toward the substrate side (hav-
ing a tapered shape) is preferably formed.

[0027] It is preferable that the organic electroluminescent
display device further includes an n-channel thin film transis-
tor, and the upper electrode is connected to a drain electrode
of the n-channel thin film transistor (hereinafter, also referred
to as the second embodiment of the present invention). If the
TFT is an n-channel TFT, amorphous silicon can be used
because it is more suitably used than polysilicon in terms of
production processes when the device has a large screen. That
is, according to the second preferred embodiment of the
present invention, amorphous silicon is preferable as a semi-
conductor material for the n-channel TFT. If the TFT is an
n-channel TFT, a reduction in qualities of images displayed
by the organic EL display device might be generated due to
deterioration with time of the organic EL film when the anode
of the organic EL element is connected to the source elec-
trode. Accordingly, a configuration in which the cathode of
the organic EL element is connected to the source electrode of
the TFT is preferable and a bottom anode structure in which
the lower electrode is an anode is particularly preferable
according to the second preferred embodiment of the present
invention. According to the bottom anode structure, the cath-
ode is not so deteriorated during the production processes in
comparison to the bottom cathode structure. Therefore, a
material with a low work function such as barium and calcium
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can be used as the cathode. Therefore, such a bottom anode
structure is suitable for a polymer organic EL element. That
is, if a polymer organic EL material is used, the bottom anode
structure is suitable in order to form a structure in which the
cathode of the organic EL element is connected to the drain
electrode of the n-channel thin film transistor and sufficiently
obtain the above-mentioned effects attributed to the second
embodiment of the present invention. Accordingly, it is pref-
erable that the organic EL film is made of a polymer material
and that the upper electrode is a cathode made of a material
having a low work function such as barium and calcium
according to the second preferred embodiment of the present
invention. In addition, the above-mentioned partition is
formed and the upper electrodes are formed to be separated
from each other in every organic EL element, in a preferred
embodiment of the present invention. Therefore, driving
problems are not generated even if the upper electrode is
connected to the drain electrode of the n-channel TFT.

[0028] As mentioned above, if the lower electrode is con-
nected to the source electrode of the TFT, the organic EL
element might not be driven at a constant electric current
when the resistance of the organic EL film is changed with
time. In contrast, according to the second preferred embodi-
ment of the present invention, the upper electrode is con-
nected to the drain electrode of the n-channel TFT. Therefore,
the organic EL light-emitting region is arranged on the
upstream side of the TFT, and therefore influences by the
change with time in the resistance of the organic EL film are
less. Accordingly, the organic EL light-emitting region can be
driven at a constant current regardless of change with time in
the resistance of the organic EL film. In the present descrip-
tion, the drain electrode of the n-channel TFT is an electrode
from which many carriers flow and the source electrode is an
electrode into which many carriers flow. The drain electrode
has a higher voltage.

[0029] According to the second preferred embodiment of
the present invention, it is preferable that a conductive film
connected to a source electrode of the n-channel thin film
transistor is formed on an upper surface of the partition. In the
present invention, such a preferred embodiment in which the
first preferred embodiment is combined with the second pre-
ferred embodiment is particularly preferable. For example, if
a contact hole is formed also in the bank formed below the
partition to be coupled to the contact hole formed in the
partition, the conductive film on the partition can be con-
nected to the source electrode of the TFT. Therefore, the
conductive film on the partition can be used as a bus line, and
additionally, the second preferred embodiment of the present
invention is realized. That is, there is no need to form a
plurality of wirings having different functions in the same
level, and the plurality of wirings can be formed in different
levels. Therefore, the aperture ratio can be improved and the
parasitic capacitance at the intersections of the wirings can be
reduced. Further, the reduction in parasitic capacitance leads
to an improvement in display uniformity and a reduction in
wiring delay. Further, according to the present preferred
embodiment, the wirings connected to the source electrode
can be formed in a lattice pattern without a reduction in
aperture ratio. Therefore, the resistance of the wiring can be
reduced and redundancy of the wiring can be improved (an
alternative electrical path can be secured even if an electric
discontinuity is generated).

[0030] A preferred embodiment of the present invention
provides a production method of the organic electrolumines-
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cent display device in accordance with the second preferred
embodiment, wherein a liquid material is selectively applied,
thereby forming an organic electroluminescent film (herein-
after, also referred to as a production method of the organic
EL display device according to a preferred embodiment of the
present invention). If the conductive film on the partition is
connected to the source electrode of the n-channel TFT or the
upper electrode is connected to the drain electrode of the TFT,
in order to connect them to each other, the bank below the
partition and the like needs to have a contact hole. However,
if the organic EL film is formed by a deposition method and
the like, the contact hole might be filled with the material for
the organic EL film when the organic film is formed. Accord-
ing to the production method of the organic EL display device
of a preferred embodiment of the present invention, the liquid
material for the organic EL film is selectively applied, which
can prevent the organic EL layer from filling the contact hole.
Examples of'a method of selectively applying the liquid mate-
rial include an ink-jet method, a nozzle printing method, a
photogravure printing method, a screen printing method, a
spray method, and a spin coat method. Among these, an
ink-jet method is preferably used.

[0031] Inorderto enhance the above-mentioned selectivity,
it is preferable that the bank surface is provided with a prop-
erty of shedding the liquid material (hydrophobic property)
and the lower electrode surface is provided with a property of
showing affinity for the liquid material (hydrophilic prop-
erty). According to this, even if a droplet of the liquid material
injected from the ink-jet nozzle is dropped on the bank, the
liquid material flows on the lower electrode surface. As a
result, the organic EL layer can be effectively prevented from
filling the contact hole. The hydrophilicity of the lower elec-
trode can be provided with a UV-ozone treatment or an oxy-
gen plasma treatment, for example. The hydrophobicity ofthe
bank can be provided with a plasma treatment using fluorine
gas such as carbon tetrafluoride.

[0032] According to the organic EL display device of a
preferred embodiment ofthe present invention, the respective
pixels or dots are electrically separated from each other by the
partition. Therefore, the reduction in voltage in the pixels at
the end part on the substrate can be prevented. As a result, it
becomes easier to flow a constant electric current into the
organic EL elements in the substrate plane, and thereby image
qualities can be improved. In addition, the conductive film is
formed on the partition and connected to the source electrode
of the driving TFT. Thereby, a wiring for connecting the
source electrode to the external part needs not to be addition-
ally formed. As a result, a parasitic capacitance generated at
the intersections of the wirings can be reduced and the aper-
ture ratio can be improved. Further, the reduction in the para-
sitic capacitance leads to an improvement in the display uni-
formity and a reduction in the wiring delay. In addition, the
aperture ratio can be improved, and simultaneously, the wit-
ing resistance can be reduced and the wiring redundancy can
be improved.

[0033] Ifann-channel TFT including amorphous silicon is
used, the drain electrode of the TFT is connected to the upper
electrode, and thereby the organic EL display device is driven
at a constant electric current regardless of the change with
time in the resistance of the organic EL film. As a result,
qualities of an image displayed on a large screen can be
improved.

[0034] Other features, elements, steps, characteristics and
advantages of the present invention will become more appat-
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ent from the following detailed description of preferred
embodiments of the present invention with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG.1isaschematic view of an organic EL display
device prepared in Preferred Embodiment 1 and shows a
cross-section taken along line A-B in FIG. 3.

[0036] FIG.2is a circuit diagram of the organic EL display
device prepared in Preferred Embodiment 1.

[0037] FIG. 3 is a planar view schematically showing a
circuit configuration of the organic EL display device pre-
pared in Preferred Embodiment 1.

[0038] FIGS. 4A-4E are cross-sectional views schemati-
cally showing the production steps of the organic EL display
device prepared in Preferred Embodiment 1, wherein FIG. 4A
shows a state where the anode has been prepared, FIG. 4B
shows a state in which the bank has been further prepared,
FIG. 4C shows a state in which the partition has been further
prepared, FIG. 4D shows a state in which the cathode has
been further prepared, FIG. 4E shows a state in which the
cathode is formed on the organic film.

[0039] FIGS. SA and 5B are cross-sectional views sche-
matically showing the production steps (the first method of
forming the partition) of the organic EL display device pre-
pared in Preferred Embodiment 1, wherein FIG. 5A shows a
state when the both sides of the substrate is irradiated with
light, and FIG. 5B shows a state when the partition is formed
by patterning through exposure and development.

[0040] FIGS. 6A-6D are cross-sectional views schemati-
cally showing the production steps (the second method of
forming the partition) of the organic EL display device pre-
pared in Preferred Embodiment 2, wherein FIG. 6A shows a
state in which the negative photosensitive resin has been
applied, FIG. 6B shows a state in which the applied resin has
been patterned by exposure and development, FIG. 6C shows
a state in which the positive photosensitive resin has been
applied, FIG. 6D shows a state in which the applied resin has
been patterned by exposure and development.

[0041] FIG.7isa circuit diagram of a conventional organic
EL display device.

[0042] FIG.8isacross-sectional view schematically show-
ing a conventional organic EL display device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] The present invention is mentioned in more detail
below with reference to preferred embodiments using draw-
ings, but not limited to only these preferred embodiments.
[0044] An organic EL display device prepared in Preferred
Embodiment 1 preferably includes a partition on a bank sur-
rounding an organic EL film; and an n-channel TFT.

[0045] FIG.1isaschematic view of an organic EL display
device prepared in Preferred Embodiment 1 and shows a
cross-section taken along line A-B in FIG. 3.

[0046] According to the organic EL display device pre-
pared in Preferred Embodiment 1, asource line, a gate line 11,
a power supply line 13, a drain electrode 35 and a source
electrode 36 of a switching TFT, a drain electrode 33 and a
source electrode 34 of a driving TFT, and the like, are
arranged on a substrate 1. Thereon, an interlayer insulating
film 2. an anode (lower electrode) 3 ofan organic EL element,
an organic EL film 4, and a cathode (upper electrode) 5 of the
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organic EL element are stacked in this order. Further, a bank
6 1s arranged to surround the organic EL film 4. An insulating
partition 21 having an inverted tapered shape is arranged on
the bank 6. This partition 21 divides the cathode (upper elec-
trode) 5 in units of a pixel or dot. Further, the drain electrode
33 of the driving TFT is connected to the cathode 5 of the
organic EL element through the first contact hole 8 formed in
the bank 6. The source electrode 34 of the driving TFT is
connected to the conductive film 22 formed on the partition
through the second contact hole 9.

[0047] FIG. 2 is a circuit diagram of the organic El display
device prepared in Preferred Embodiment 1.

[0048] Theorganic EL display device prepared in Preferred
Embodiment 1 is driven in accordance with an active matrix
system. On the substrate, the gate line 11 is arranged to be
perpendicular to the source line 12, and the organic EL ele-
ment in arranged in each pixel or dot. The power supply line
13 for organic EL emission is individually arranged and it is
arranged in an organic EL light-emitting region 7. Each pixel
or dot includes at least two switches. One is a switching TFT
31 for controlling emission of light in each pixel or dot. The
other is a driving TFT 32 for controlling a voltage from the
power supply line 13. An electric current flows into a gate
electrode G of the driving TFT 32 when the switching TFT 31
receives a switch signal. Once the electric current flows into
the gate electrode G of the driving TFT 32, an electric current
i flows from the power supply line 13 into the organic EL
light-emitting region 7 in the arrow direction in FIG. 2. The
drain electrode D of the driving TFT 32 is connected to the
organic EL light-emitting region 7. A source electrode S of
the driving TFT 32 is connected to a non-display region 14
through the conductive film 22 on the partition. The pixel
circuit in Preferred Embodiment 1 has a configuration in
which two TFTs, i.e., the switching TFT 31 and the driving
TFT 32, are arranged. However, it is preferable that three or
more TFTs or a capacitance is arranged in order to handle a
variation and change with time in TFT characteristics such as
a threshold or a mohbility.

[0049] FIG. 3 is a planar view schematically showing a
circuit configuration of the organic EL display device pre-
pared in Preferred Embodiment 1.

[0050] As shown in FIG. 3, the switching TFT 31, the gate
electrode G of the driving TFT 32, and the gate line 11 may be
made of the same electrode material. As such an electrode
material, metals with a high melting point such as tantalum
and tungsten or compounds thereof may be used. The drain
electrode 35 and the source electrode 36 ofthe switching TFT
31, the drain electrode 33 and the source electrode 34 of the
driving TFT 32, the source wiring 12, and the power supply
line 13 may be made of the same electrode material. As such
an electrode material, metals with a low resistance such as
aluminum or compounds thereof, or a stacked film including
these metals or compounds, may be used. As an electrode
material for the conductive film 22 on the partition, which is
connected to the source electrode 34, a stacked film including
a bartum film and an aluminum film is used. In Embodiment
1, amorphous silicon is suitably used as a silicon material for
the switching TFT 31 and the driving TFT 32 in using the
amorphous silicon for a large screen. In FIG. 3, regions sur-
rounded by the dotted line each show a contact hole.

[0051] Theorganic EL display device in Preferred Embodi-
ment 1 is prepared in a production flow shown in FIGS.
4A-4E, for example.
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[0052] First, as shown in FIG. 4A, the source electrode and
the drain electrode 35 of the switching TFT 31, the source
electrode 34 and the drain electrode 33 of the driving TFT 32,
the gate line 11, the source line 12, and the power supply line
13 are arranged on the substrate 1. Then, the first contact hole
8a and the second contact hole 9 are arranged and simulta-
neously the interlayer insulating film 2 is stacked over the
substrate. Then, the anode 3 is arranged to be connected to the
power supply line 13.

[0053] Then, the bank 6is formed as shown in FIG. 4B. The
bank 6 has a function of keeping a liquid droplet when an ink
containing a polymer material is applied. Similarly to the
interlayer insulating film 2, it is preferable that the bank 6 has
the first contact hole 8 for connecting the cathode 5 to the
source electrode 34 of the driving TFT and the second contact
hole 95 for connecting the conductive film 22 on the partition
to the drain electrode 33 of the driving TFT. It is preferable
thateach of the first contact hole 8 and the second contact hole
95 has a smooth shape in order to secure the electrical con-
nection. In this case, the inclined surface preferably has a
taper angle of 45° or less, and more preferably a taper angle of
30° or less. It is preferable that a photosensitive resin is used
as a material for the bank 6 because the processes can be
simplified. A polyimide resin, an acrylic resin and a novolac
resin may be used as the resin. The following method may be
mentioned as a method of forming the bank 6, for example. A
liquid resin material is applied by a method such as a spin
coater or a slit coater. Then, the applied resin is etched into a
specific pattern through a series of photolitho-process includ-
ing: prebaking at 120° C. for 3 minutes; exposure at a total
exposure of 100 mJ/cm?; and paddle development for 2 min-
utes using 2.38 wt % of TMAH aqueous solution; and post
baking at 220° C. for 1 hour. In this case, the bank preferably
has a thickness of about 1 um to about 5 um and more
preferably about 2 pm to about 4 um, for example.

[0054] Asshownin FIG. 4C, the partition 21 is formed. The
partition 21 is needed for electrically partitioning the cathode
in units of a pixel or dot. It is preferable that the partition 21
is formed to have a through-hole in such a way that the
through-hole is coupled to the second contact hole 95 previ-
ously formed in the bank 6 to form the second contact hole 9.
As a result, a metal film 22 which is formed on the partition
later can be connected to the source electrode 34 of the driving
TFT 32.

[0055] In Preferred Embodiment 1, the partition 21 is pre-
pared by the first method of forming the partition. That is, as
shown in FIGS. 5A and 5B, a negative photosensitive resin 43
is applied on the bank 6, and two photomasks 42a and 425
having different patterns are arranged on both sides of the
substrate, respectively. Then, the substrate is irradiated with
UV 41 from the both sides. In such manners, the partition 21
can be formed. Specifically, as shown in FIG. 5A, the photo-
mask 42g having two openings and the photomask 425 hav-
ing two openings are appropriately arranged in such a way
that light which passes through the openings of the upper
photomask 42a forms an outer wall of the partition 21 and
light which passes through the openings of the lower photo-
mask 425 forms an inner wall of the partition 21. If the
substrate is irradiated with the UV 41 under such a condition,
the UV 41 which is transmitted through the upper photomask
42q and the UV 41 which is transmitted through the lower
photomask 425 are each radiated in an opposite direction in a
tapered shape. Then, the development step is performed,
thereby patterning the resist into a shape which the UV 41-ir-
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radiated regions 51 and 52 have. Thus, the outer wall of the
partition 21 can be patterned from the upper side of the
substrate and the inner wall (the contact hole side) of the
partition 21 can be patterned from the lower side of the
substrate.

[0056] As a result, as shown in FIG. 5B, the partition 21
having an overhang shape is formed to have the second hole
9¢ at the center thereof. When the above-mentioned pattern-
ing is performed, the opening of the partition 21 needs to be
connected with the second contact hole 95 formed on the bank
6.

[0057] Successively, the organic EL film 4 is formed, as
shown in FIG. 4D. If a polymer organic EL material is used as
a material for the organic EL film, a method of selectively
coating a specific region, particularly an ink-jet method is
preferably used. The ink material is applied on an opening 16
of the bank 6, and the applied ink is subjected to a drying or
baking step, thereby forming an organic EL film 4. It is
preferable that the bank 6 has a surface with a property of
shedding the coating liquid (hydrophobicity) and the anode 3
has a surface with a property of showing affinity for the
coating liquid (hydrophilicity). As a result, the patterning can
be performed with accuracy even if a liquid droplet injected
from an ink-jet nozzle is dropped on the surface of the open-
ing 16 in the bank 6. The hydrophilicity can be provided by an
UV-ozone treatment or an oxygen plasma treatment. The
hydrophobicity can be provided by a plasma treatment using
a fluorine gas such as carbon tetrafluoride. The organic EL
film 4 can be formed through a drying step at a temperature of
100° C. or less (if necessary, under reduced pressure), and a
baking step at a temperature of 150 to 200° C,, after the
material for the organic EL film is applied. It is preferable that
the organic EL film 4 is a multi-layer film in order to improve
the device characteristics. In addition to the light-emitting
layer, a positive hole injection/transport layer, an electron
injection/transport layer, a carrier blocking layer, and the like
preferably constitute the multi-layer film. It is preferable that
each film has a thickness of about 50 pm to about 100 nm.
Examples of the positive hole injection/transport material
include PEDOT-PSS (polyethylene dioxythiophene polysty-
rene sulfonic acid), and polyaniline. Examples of the light-
emitting material include polyfluorene derivatives such as
poly-dioctylfluorene, spiro-polyfluorene derivatives, and
poly-p-phenylene vinylene derivatives.

[0058] Then, the cathode 5 is formed on the organic film 4,
as shown in FIG. 4E. A stacked film including a barium film
and an aluminum film may be used as a material for the
cathode 5 if a bottom-emission type organic EL display
device is prepared. In this case, the barium film has a thick-
ness of about 5 mm and the aluminum film has a thickness of
about 100 nm. If a top-emission type organic EL display
device is prepared, emitted light is output from the cathode 5
side. Therefore, the transmittance needs to be secured in order
to reduce light loss attributed to the cathode 5. It preferable
that the cathode 5 has a smaller thickness if the stacked film
consisting of a barium film and an aluminum film is used. For
example, the cathode 5 has a thickness of 10 nm or less. A
transparent conductive material may be used as the material
for the cathode 5.

[0059] A conductive film 22 is formed on the partition 21.
A material for this conductive film 22 may be appropriately
changed depending on an intended use. The conductive film
may be formed together with the cathode 5 if they have the
same configuration. In this case, there is no need to increase
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the production steps because the partition 21 divides the
respective cathodes 5 and conductive films 22 on the partition
21, and thereby each metal film is formed, even if the metal
film is formed over the entire surface.

[0060] Finally, asealingis perform to block atmosphere. As
a result, the organic EL element is completed.

[0061] According to the thus-prepared organic EL display
element, the cathode 5 is isolated in units of a pixel or dot.
Therefore, the organic Fl display element has an advantage
that a reduction in voltage in the cathode 5 can be reduced in
comparison to the case where the cathode 5 is formed on the
entire substrate surface as a common electrode. In addition,
the conductive film 22 is formed on the partition 21 and
connected to the source electrode 34 of the driving TFT
through the contact hole 9. The conductive film 22 on the
partition serves as a wiring which extracts the source elec-
trode 34 of the driving TFT 32 to the non-display region. As
a result, the aperture ratio can be improved and the parasitic
capacitance can be reduced.

Preferred Embodiment 2

[0062] Preferred Embodiment 2 is preferably substantially
the same as Preferred Embodiment 1, except that the partition
21 is produced in a different method.

[0063] In Preferred Embodiment 2, the partition 21 is pre-
pared by the second method of forming the partition. FIGS.
6A-6D shows a production flow of the partition 21 in Pre-
ferred Embodiment 2.

[0064] First, the negative photosensitive resin 43 is applied
on the bank 6, as shown in FIG. 6A. Then, a photomask 42¢
having two openings is appropriately positioned and the
entire substrate surface is irradiated with the UV 41 from the
negative photosensitive resin 43 side in such a way that an
outer wall of the partition 21 is formed by light which passes
through the openings of the photomask 42¢. As a result,
similarly in Preferred Embodiment 1, the UV 41 isradiated in
an opposed direction in a tapered shape, and as shown in FIG.
6B, the resist 43 is patterned into a shape the UV 41-irradiated
region has, in the development step.

[0065] Then, as shown in FIG. 6C, a positive potosensitive
resin is applied. Then, a photomask 424 having one opening
is appropriately positioned and the entire substrate is irradi-
ated with the UV 41 from the positive photosensitive resin 44
sidein such a way that light which passes through the opening
of the photomask 424 forms an inner wall of the partition 21.
As aresult, similarly in the above-mentioned manner, the UV
41 is radiated in an opposed direction in a tapered shape. In
this step, the positive photosensitive resin 44 is used, and
therefore, the resist is patterned into a shape the region which
is not irradiated with the UV 41 has, in the development step.
As a result, the inner wall (the contact hole side) of the
partition 21 is formed.

[0066] As a result, as shown in FIG. 6D, the partition 21
having an overhang shape is formed to have the second con-
tact hole 9¢ at the center thereof. When the above-mentioned
patterning is performed, the opening of the partition 21 needs
to be connected to the second contact hole 95 formed on the
bank 6.

[0067] The present application claims priority under the
Paris Convention and the domestic law in the country to be
entered into national phase on Patent Application No. 2006-
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218916 filed in Japan on Apr. 26, 2006, the entire contents of
which are hereby incorporated by reference.

[0068] In the present description, the terms “or more” and
“or less” mean that the value described (boundary value) is
included.

[0069] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

1-9. (canceled)

10. An organic electroluminescent display device compris-
ing:

a lower electrode;

an organic electroluminescent film; and

an upper electrode on a substrate; wherein

the lower electrode, the organic electroluminescent film,

and the upper electrode are arranged in this order and the
upper electrode is divided in units of a pixel or dot by a
partition having an insulating property.

11. The organic electroluminescent display device accord-
ing to claim 10, wherein the partition has an overhang shape.

12. The organic electroluminescent display device accord-
ing to claim 10, wherein a conductive film is arranged on an
upper surface of the partition.

13. The organic electroluminescent display device accord-
ing to claim 12, wherein the partition has a contact hole.

14. A production method of the organic electroluminescent
display device of claim 13, wherein a photosensitive resin
film is exposed through photomasks having different trans-
missive patterns from both sides of the substrate, and the
photosensitive resin film is developed, thereby forming a
partition having an opening.

15. A production method of the organic electroluminescent
display device of claim 13, comprising the steps of:

forming a first opening and an outer wall portion of the

partition by exposing and developing a negative photo-
sensitive resin film;
forming a positive photosensitive resin film on the outer
wall portion of the partition and inside the opening; and

forming a second opening and an inner wall portion of the
partition by exposing and developing the positive pho-
tosensitive resin film.

16. The organic electroluminescent display device accord-
ing to claim 10, wherein the organic electroluminescent dis-
play device further comprises an n-channel thin film transis-
tor, and the upper electrode is connected to a drain electrode
of the n-channel thin film transistor.

17. The organic electroluminescent display device accord-
ing to claim 16, wherein a conductive film connected to a
source electrode of the n-channel thin film transistor is dis-
posed on an upper surface of the partition.

18. A production method of the organic electroluminescent
display device of claim 16, wherein a liquid material is selec-
tively applied, thereby forming an organic electrolumines-
cent film.
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