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) ABSTRACT

An organic EL display device includes a glass substrate and a
flattening film arranged above the glass substrate. A plurality
of anodes are arranged on a surface of the flattening film. A
plurality of organic EL layers are arranged on a surface of the
anodes. The flattening film has irregularities formed in at least
a partial surface in a region outside a region where the plu-
rality of organic EL layers are arranged. According to such a
structure, an organic EL display device in which remaining of
moisture in an insulating film is suppressed can be provided.

6 Claims, 22 Drawing Sheets
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ORGANIC EL DISPLAY DEVICE AND
MANUFACTURING METHOD OF THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic EL display
device and a manufacturing method of the same.

2. Description of the Background Art

In recent years, an organic EL (Electro Luminescence)
display device including an organic EL element has increas-
ingly been developed. As the organic EL display device is of
a self-emitting type, a backlight as required in a liquid crystal
display device is not necessary. In addition, as smaller thick-
ness and lighter weight can be achieved and an angle of view
is wide, the organic EL display device is expected to serve as
a next-generation display. In particular, an active-matrix
organic EL display device in which a thin film transistor
(TFT)is arranged for each pixel as a drive element for driving
an organic EL element has attracted attention.

A structure for extracting light that is emitted from a light-
emitting layer includes a structure for extracting emitted light
from the bottom side (hereinafter, referred to as “bottom
emission structure”) and a structure for extracting emitted
light from the top side (hereinafter, referred to as “top emis-
sion structure”), with respect to a glass substrate on which a
TFT or the like is formed. The top emission structure is
capable of achieving higher definition and improved light
extraction efficiency, because light is not blocked by the TFT.

An organic EL element has such a structure that an organic
EL layer is sandwiched between an anode and a cathode. The
organic EL layer may be implemented only by a light-emit-
ting layer or by a multi-layer structure formed by layering a
light-emitting layer, a hole transport layer and an electron
injection layer. The organic EL. element emits light, for
example in such a manner that, by applying a voltage across
the anode and the cathode, electrons injected from the cath-
ode through the electron injection layer and holes injected
from the anode through the hole transport layer are recom-
bined within the organic EL layer. Meanwhile, the organic EL
layer is composed of a low-molecular type organic EL mate-
rial, a macromolecular type (polymeric) organic EL material,
and the like. The low-molecular type organic EL material is
formed with a vapor deposition method or the like. The mac-
romolecular type organic EL material is formed with a coat-
ing method using spin coating or an ink jet method.

The organic EL element has such a disadvantage that dete-
rioration thereof proceeds due to moisture, which leads to
lower luminance and poor long-term reliability. As character-
istics of the organic EL element are readily impaired by
moisture, reaching of moisture to the organic EL element is
preferably suppressed as much as possible. Moisture reach-
ing the organic EL element is broadly categorized into mois-
ture that is introduced from the outside of the display device
and moisture contained in the display device.

Example of moisture that is introduced from the outside of
the display device includes moisture contained in normal air
in which the organic EL display device is used. The moisture
passes through a pin hole or the like of the cathode in an
uppermost layer that forms the organic EL element, and dif-
fuses in the inside to cause, for example, such a defect that a
non-emitting region called a dark spot grows in a circular
shape.

Introduction of moisture from the outside of the display
device is prevented by covering the entire surface of the
organic EL element with a covering film such as a barrier
layer formed with an inorganic insulating film composed of
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SiNx, SiOxNy or the like, aresin film, and a film implemented
by layering these films. Alternatively, all of a plurality of
organic EL elements are covered with a cover glass and then
a peripheral portion of the cover glass is sealed with a photo-
curing adhesive such as an epoxy resin, thus preventing intro-
duction of moisture. Sealing with such a covering film and a
cover glass is performed in a vacuum atmosphere or in a dry
inert gas atmosphere having a dew point around -80° C.

Alternatively, a getter material or a getter film containing
Ca0, BaO, SrO, orthe like is arranged in a space covered with
a cover glass or the like. By arranging such a hygroscopic
member, moisture that is introduced from the outside is
absorbed, so that reaching of moisture to the organic EL
element is suppressed.

An example of moisture contained in the display device
includes moisture contained in an organic insulating film.
Moisture present in a flattening film formed between the
organic EL element and a surface where a TFT is formed and
implemented by an organic insulating film represents one
example. In addition, moisture present in an isolation film
arranged to surround a pixel region where the organic EL
layer is arranged and implemented by an organic insulating
film represents one example. The isolation film is also
referred to as a pixel isolation film, and it is formed, for
example, to cover an end portion of an anode and a region
where an anode is not present.

The organic insulating film may contain a photosensitive
resin. The organic insulating film is formed, for example, by
arranging a photosensitive resin with spin coating, thereafter
performing exposure to form a desired pattern using a pho-
tomask, and thereafter performing a development treatment.
After the development treatment, heat treatment is performed
in atmosphere. The heat treatment is referred to as a curing
and baking treatment or a post-baking treatment. By perform-
ing the curing and baking treatment, a coating solvent con-
tained in the organic insulating film is removed and the insu-
lating film is burnt. In the curing and baking treatment, for
example, heating at a temperature of approximately 200° C.
or higher and approximately 300° C. or lower is performed
for 0.5 to 1 hour, although there is some difference depending
on an organic material.

Japanese Patent Laying-Open No. 2003-332058 discloses
a method of manufacturing an electroluminescence panel
including the steps of: forming a first electrode on a substrate;
forming an insulating layer around the first electrode; sub-
jecting the insulating layer to heat treatment so as to lower an
amount of moisture contained in the insulating layer; forming
an electroluminescence layer on the insulating layer; and
forming a second electrode on the electroluminescence layer.

Moisture contained in the organic EL display device dif-
fuses to move toward the organic EL element. When the
moisture reaches the organic EL element, such a defect that a
dark region where emission intensity is low grows from a
peripheral portion toward the center of a pixel appears. Thus,
display characteristics of the organic EL display device are
lowered due to moisture present in the display device. The
moisture reaches the organic EL layer mainly through the
flattening film or the isolation film as the diffusion path.

In general, the flattening film or the isolation film is imple-
mented by an organic insulating film. As a material, the
organic insulating film is likely to absorb moisture. Accord-
ingly, the organic insulating film absorbs moisture in such
steps as a wet treatment or a washing treatment with water in
the manufacturing process. Alternatively, the organic insulat-
ing film absorbs a large amount of moisture during transpor-
tation through atmosphere.
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Japanese Patent Laying-Open No. 2003-332058 above dis-
closes heat treatment of the insulating layer for 1 hour to 3
hours at a temperature from 200° C. to 270° C. With the heat
treatment, however, it has been difficult to sufficiently obtain
stability of luminance and long-term reliability. Though an
allowable upper temperature limit of the organic insulating
film depends on a material for the same, an allowable upper
temperature limit of a general organic insulating film is not
lower than 200° C. and not higher than 300° C. For example,
after continued use of a product while being heated for 3
hours at the allowable upper temperature limit, a dark region
from an outer peripheral portion of a pixel was observed in
several hundred hours.

In particular, an active-matrix organic EL. display device
having a TFT as a drive element for driving a pixel has such a
complicated structure that a TFT, a capacitance portion, an
interconnection, and the like are present under a pixel elec-
trode and these elements are covered with a flattening film.
Here, simply performing heat treatment described in the pub-
lication above has been insufficient to remove the contained
moisture. Though a dehydration effect is enhanced by extend-
ing a time for dehydration, productivity in manufacturing the
organic EL display device becomes poorer (poorer through-
put). Therefore, it is not allowed to perform dehydration for a
long time and a major problem of reliability has still
remained.

In the step of manufacturing a flattening insulating film or
an isolation film, a curing and baking step of performing heat
treatment as a step of solidifying an organic insulating film
after the organic insulating film is formed is present. For
removal of moisture, a dehydration step using heat treatment
is preferably performed other than the curing and baking step,
however, a temperature and a time period for heating are
restricted. Therefore, in a range of time ensuring throughput,
it has been impossible to perform the dehydration step suffi-
cient for suppressing deterioration of the organic EL element.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an organic
EL display device in which remaining of moisture in an
insulating film is suppressed and a manufacturing method of
the same.

An organic EL display device according to one aspect of
the present invention includes: a substrate; a flattening film
arranged above the substrate; a plurality of first electrodes
arranged on a surface of the flattening film; and a plurality of
organic EL layers arranged on a surface of the first electrodes.
The flattening film has first irregularities formed in at least a
partial surface, in a region outside a region where the plurality
of organic EL layers are arranged.

An organic EL display device according to another aspect
ofthe present invention includes: a substrate; a flattening film
arranged above the substrate; a plurality of first electrodes
arranged on a surface of the flattening film; a plurality of
organic EL layers arranged on a surface of the first electrodes;
and an isolation film arranged on the first electrodes and
covering end portions of the first electrodes adjacent to each
other. The isolation film has a slope portion with a gradually
decreasing film thickness at an end portion, and has second
irregularities in a surface of a region except for the slope
portion.

A method of manufacturing an organic EL display device
according to one aspect of the present invention includes the
steps of: arranging a drive element on a surface of a substrate;
forming a flattening film above the substrate; and performing
heating after the step of forming a flattening film. The step of
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forming a flattening film includes the step of forming a plu-
rality of connection holes for connection with the drive ele-
ment. In addition, the manufacturing method includes the
step of forming first irregularities in at least a partial surface,
in a region outside a region where the plurality of connection
holes are formed.

A method of manufacturing an organic EL display device
according to another aspect of the present invention includes
the steps of: arranging a drive element on a surface of a
substrate; forming a flattening film having a plurality of con-
nection holes corresponding to the drive element, above the
substrate; forming a plurality of first electrodes for respective
ones of a plurality of drive element; forming an isolation film
so as to cover end portion of the first electrode adjacent to
each other; and performing heating after the step of forming
an isolation film. The step of forming an isolation film
includes the step of forming an opening for arranging an
organic EL layer. The step of forming an opening includes the
step of forming a slope portion with a gradually decreasing
thickness at an end portion of the isolation film. The step of
forming an isolation film includes the step of forming second
irregularities in a surface of the isolation film in a region
except for the slope portion.

A method of manufacturing an organic EL display device
according to yet another aspect of the present invention
includes the steps of: arranging a drive element on a surface of
a substrate; forming an organic insulating film above the
substrate; forming irregularities for increasing a surface area
in a surface of the organic insulating film; and performing
heating while the surface of the organic insulating film is
exposed.

According to the present invention, an organic EL display
device in which remaining of moisture in an insulating film is
suppressed and a method of manufacturing the same can be
provided.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a schematic cross-sectional view of an organic EL.
display device in a first embodiment.

FIG. 2 is a schematic plan view of the organic EL display
device in the first embodiment.

FIG. 3 is a cross-sectional view illustrating a first step of a
method of manufacturing the organic EL display device inthe
first embodiment.

FIG. 4 is across-sectional view illustrating a second step of
the method of manufacturing the organic EL display device in
the first embodiment.

FIG. 5 is a cross-sectional view illustrating a third step of
the method of manufacturing the organic EL display device in
the first embodiment.

FIG. 6 is a cross-sectional view illustrating a fourth step of
the method of manufacturing the organic EL display device in
the first embodiment.

FIG. 7 is a cross-sectional view illustrating a fifth step of
the method of manufacturing the organic EL display device in
the first embodiment.

FIG. 8 is a cross-sectional view illustrating a sixth step of
the method of manufacturing the organic EL display device in
the first embodiment.
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FIG. 9 is a cross-sectional view illustrating a seventh step
ofthe method of manufacturing the organic EL display device
in the first embodiment.

FIG. 10 is a cross-sectional view illustrating an eighth step
ofthe method of manufacturing the organic EL display device
in the first embodiment.

FIG. 11 is a cross-sectional view illustrating a ninth step of
the method of manufacturing the organic EL display device in
the first embodiment.

FIG. 12 is a schematic plan view of a photomask in the first
embodiment.

FIG. 13 is a schematic plan view of another photomask in
the first embodiment.

FIG. 14 is a cross-sectional view illustrating a first step of
a method of manufacturing an organic EL display device in a
comparative example of the first embodiment.

FIG. 15 is a cross-sectional view illustrating a second step
ofthe method of manufacturing the organic EL display device
in the comparative example of the first embodiment.

FIG. 16 is a cross-sectional view illustrating a third step of
the method of manufacturing the organic EL display device in
the comparative example of the first embodiment.

FIG. 17 is a schematic cross-sectional view of the organic
EL display device in the comparative example of the first
embodiment when an organic insulating film releases mois-
ture.

FIG. 18 is an enlarged schematic cross-sectional view of an
end portion of an isolation film of the organic EL display
device in the first embodiment.

FIG. 19 is an enlarged schematic cross-sectional view of an
end portion of an isolation film of an organic EL display
device representing another comparative example of the first
embodiment.

FIG. 20 is a cross-sectional view illustrating a first step of
a method of manufacturing an organic EL display device in a
second embodiment.

FIG. 21 is a cross-sectional view illustrating a second step
ofthe method of manufacturing the organic EL display device
in the second embodiment.

FIG. 22 is a cross-sectional view illustrating a third step of
the method of manufacturing the organic EL display device in
the second embodiment.

FIG. 23 is a cross-sectional view illustrating a first step of
a method of manufacturing an organic EL display device in a
third embodiment.

FIG. 24 is a cross-sectional view illustrating a second step
ofthe method of manufacturing the organic EL display device
in the third embodiment.

FIG. 25 is a schematic plan view of a shadow mask used in
a plasma treatment step in the third embodiment.

FIG. 26 illustrates a step in a method of manufacturing an
organic EL display device in a fourth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

An organic EL display device in a first embodiment of the
present invention and a method of manufacturing the organic
EL display device will be described with reference to FIGS. 1
to 19. The organic EL display device in the present embodi-
ment is an active-matrix display device in which each pixel is
arranged and each pixel is driven by a drive element. In
addition, the organic EL display device in the present embodi-
ment is a top-emission display device from which light is
extracted through an upper surface.
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FIG. 1 is a schematic cross-sectional view of the organic
EL display device in the present embodiment. The organic EL
display device in the present embodiment has a display region
shown with an arrow 90. The organic EL display device has a
region outside the display region shown with an arrow 91.

FIG. 2 is a schematic plan view of the organic EL display
device in the present embodiment. In an organic EL display
device 30 in the present embodiment, a display region 31
shown with arrow 90 is formed to have a substantially rect-
angular two-dimensional shape. In display region 31, a plu-
rality of pixels 32 are arranged. The plurality of pixels 32 are
regularly arranged. Pixels 32 are arranged at a distance from
each other. A region outside display region 31 shown with
arrow 91 is formed to surround the display region.

Referring to FIG. 1, the organic EL display device in the
present embodiment includes a glass substrate 1 serving as
the substrate. The organic EL display device includes a TFT
2 serving as a drive element arranged on a surface of glass
substrate 1. TFT 2 is arranged in the display region shown
with arrow 90. A region shown with an arrow 95 is a pixel
region where an organic EL layer 11 emits light.

TFT 2 is formed for an anode 9 of each pixel. TFT 2
includes a source/drain region 5. In the present embodiment,
out of source/drain region 5, a drain region is connected to
anode 9 of each pixel.

An inorganic insulating film 3 is formed on a surface of
TFT 2. Inorganic insulating film 3 is arranged above glass
substrate 1. Inorganic insulating film 3 is formed to cover TFT
2.

Inthe display region, an interconnection hole 4 is formed in
inorganic insulating film 3 to penetrate therethrough. Inter-
connection hole 4 is formed to reach source/drain region 5 of
TFT 2. A source/drain interconnection 16 is arranged in inter-
connection hole 4. Source/drain interconnection 16 is in con-
tact with source/drain region 5. Source/drain interconnection
16 is formed such that interconnection hole 4 is filled with
source/drain interconnection 16.

In the region outside the display region, an interconnection
46 is formed on a surface of inorganic insulating film 3.
Interconnection 46 is formed to linearly extend over the sur-
face of inorganic insulating film 3.

A protection film 6 is arranged on inorganic insulating film
3. Protection film 6 is formed to cover a surface of source/
drain interconnection 16, interconnection 46, and inorganic
insulating film 3. Protection film 6 has a through hole 7.
Through hole 7 is formed in correspondence with a position
of source/drain interconnection 16 connected to the drain
region.

The organic EL display device includes a flattening film 8a.
Flattening film 8a in the present embodiment is an organic
insulating film. Flattening film 8a is arranged above glass
substrate 1. Flattening film 8a is formed to flatten a step
formed in the surface due to TFT 2, source/drain interconnec-
tion 16, and the like. Flattening film 8a in the present embodi-
ment is formed in the display region shown with arrow 90 and
in the region outside the display region shown with arrow 91.
Flattening film 8a is formed on the surface of protection film
6.

In the display region, an upper surface of flattening film 8a
is formed as a plane. Flattening film 8a is formed such that its
upper surface is flat in the pixel region shown with arrow 95.
Flattening film 8a has a connection hole (contact hole) 15.
Connection hole 15 is formed to penetrate flattening film 8a.
Connection hole 15 is formed in correspondence with a posi-
tion of the source/drain interconnection connected to each
drain region. Connection hole 15 communicates with through
hole 7.
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Anode 9 serving as the first electrode is arranged on the
upper surface of connection hole 15, through hole 7, and
flattening film 8a. Anode 9 is formed for each pixel. Anode 9
is what is called a pixel electrode. Anode 9 is cut at an
isolation portion 95 and formed to be isolated for each pixel.
Anode 9 is formed over the entire pixel region shown with
arrow 95.

In the region outside the display region, flattening film 8a
has irregularities 61 serving as first irregularities formed in
the upper surface. Irregularities 61 in the present embodiment
are formed as a result of formation of a plurality of recess
portions 45 in the upper surface of flattening film 8a. Recess
portions 45 are regularly formed. In addition, recess portions
and projecting portions are regularly formed to implement
irregularities 61. Recess portion 45 in the present embodi-
ment is formed with a photomechanical process, as will be
described later.

The organic EL display device in the present embodiment
has an isolation film 10aq. Isolation film 10a is arranged above
flattening film 8a. Isolation film 10a is formed from a material
having an electrically insulating property. Isolation film 10a
in the present embodiment is implemented by an organic
insulating film.

Isolation film 10a is formed to expose the pixel region
shown with arrow 95. Isolation film 10a is formed to cover
end portions of anodes 9 opposed to each other. Isolation film
10aq is formed to electrically insulate anode 9 for each pixel.
Isolation film 10a is formed to surround each pixel.

Isolation film 10a is formed to have a substantially trap-
ezoidal cross-sectional shape. Isolation film 10« has a slope
portion 51 at an end portion. Slope portion 51 is formed such
that a film thickness decreases toward a tip end of isolation
film 10a.

Isolation film 10a in the present embodiment has irregu-
larities 71 formed in the surface, that serve as second irregu-
larities. Irregularities 71 are formed in a region except for
slope portion 51. Irregularities 71 are formed not to penetrate
isolation film 10a. Irregularities 71 in the present embodi-
ment are formed as a result of formation of a plurality of
recess portions 47 in the upper surface. Recess portion 47 in
the present embodiment is formed with a photomechanical
process, as will be described later. Recess portions 47 are
regularly formed, and recess portions and projecting portions
are regularly formed to implement irregularities 71.

The organic insulating film such as the flattening film and
the isolation film in the present embodiment is formed from a
positive photosensitive resin. Irregularities formed with a
photomechanical process depend on a mask pattern for expo-
sure. In the present embodiment, as openings in the mask
pattern are regularly formed, portions serving as recess por-
tions are regularly formed.

The organic EL display device in the present embodiment
has organic EL layer 11. Organic EL layer 11 is arranged in a
region surrounded by isolation film 10a. Organic EL layer 11
is formed in the pixel region shown with arrow 95. Organic
EL layer 11 is arranged on the surface of anode 9. Organic EL
layer 11 is formed such that its end portion covers a part of
slope portion 51.

In the display region, a cathode 12 serving as the second
electrode is formed on the surface of isolation film 10a and
organic EL layer 11. Organic EL layer 11 is sandwiched
between anode 9 and cathode 12. An organic EL element
serving as a light-emitting element in the present embodiment
includes organic EL layer 11, anode 9, and cathode 12. In the
region outside the display region, cathode 12 is arranged on
the surface of flattening film 8a. In the display region and the
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region outside the display region, a passivation film 13 for
protecting the surface is formed on cathode 12.

As will be described later, in the organic EL display device
in the present embodiment, moisture in the organic insulating
film such as flattening film 8a or isolation film 104 can effi-
ciently be removed during the manufacturing step and
remaining of moisture in the organic EL display device can be
suppressed. Therefore, deterioration of display characteris-
tics such as lower luminance due to reaching of moisture to
organic EL layer 11 can be suppressed.

The surface of the organic insulating film such as the flat-
tening film or the isolation film without irregularities has an
arithmetic mean deviation of roughness profile Ra (JIS B
0170-1993) of approximately 0.3 nm or greater and approxi-
mately 0.5 nm or smaller. Roughness of irregularities formed
in the surface of the organic insulating film in the present
embodiment is several orders of magnitude greater than the
aforementioned surface roughness.

FIGS. 3 to 11 illustrate the steps of the method of manu-
facturing the organic EL display device in the present
embodiment. FIGS. 3 to 11 are schematic cross-sectional
views in respective steps.

FIG. 3 is across-sectional view illustrating a first step of the
method of manufacturing the organic EL display device in the
present embodiment. TFT 2 including source/drain region 5
is formed on the surface of glass substrate 1 serving as the
substrate. TFT 2 is arranged and formed in correspondence
with each pixel. Here, the substrate is not limited to the glass
substrate and any substrate may be employed. For example, a
silicon substrate, a plastic substrate, or a substrate having a
film formed on the surface may be employed.

Thereafter, inorganic insulating film 3 is formed above
glass substrate 1 to cover TFT 2. In the present embodiment,
a silicon oxide (SiO,) film is formed as inorganic insulating
film 3. The film thickness was set to 500 nm. Film forming
conditions for forming the inorganic insulating film are for
example such that SiH, (silane), O, (oxygen), and He (he-
lium) are introduced into a reaction chamber at 30 sccm, 100
sccm, and 1000 scem, respectively. Film forming was per-
formed under such conditions that a film forming pressure
was set to 100 Pa, a film forming temperature was set to 220°
C., and high-frequency power was set to 0.8 kW.

Thereafter, interconnection hole 4 is formed with a photo-
mechanical process so as to penetrate inorganic insulating
film 3. Interconnection hole 4 is formed to reach source/drain
region 5 of TFT 2.

Thereafter, source/drain interconnection 16 implemented
by a three-layered structure is formed in the surface of inor-
ganic insulating film 3. Source/drain interconnection 16 is
patterned in a photomechanical process. Source/drain inter-
connection 16 is formed, for example, by successively form-
ing a molybdenum film, an aluminum film and a molybdenum
film, using DC magnetron sputtering. By arranging source/
drain interconnection 16 in interconnection hole 4, source/
drain interconnection 16 is connected to source/drain region
5.

Any material formed from a conductor having low resis-
tance may be used for source/drain interconnection 16. For
example, a material such as Al (aluminum), Cr (chromium),
W (tungsten), or Mo (molybdenum) is used to form the inter-
connection consisting of a single layer or multiple layers.
Interconnection 46 is formed in the region outside the display
region shown with arrow 91.

Thereafter, protection film 6 is formed on the surface of
inorganic insulating film 3, so as to cover source/drain inter-
connection 16. Protection film 6 in the present embodiment is
implemented by a nitride film (Si;N,). Protection film 6 in the
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present embodiment was formed to a film thickness of 300
nm. In forming protection film 6 in the present embodiment,
SiH, (silane), NH; (ammonia), and N, (nitrogen) are intro-
duced into a reaction chamber at 30 sccm, 30 sccm, and 1000
sccm, respectively. Film forming is performed under such
conditions that a film forming pressure is set to 130 Pa, a film
forming temperature is set to 220° C., and high-frequency
power is setto 1.0 kW.

Thereafter, through hole 7 is formed in protection film 6 to
expose a part of source/drain interconnection 16, using a
photomechanical process. In the surface of protection film 6,
a step has been created in the manufacturing steps so far.

FIG. 4 is across-sectional view illustrating a second step of
the method of manufacturing the organic EL display device in
the present embodiment. Then, the step of forming the flat-
tening film is performed, in which flattening film 8a for
flattening the step in the surface of protection film 6 is formed.

In the present embodiment, in forming flattening film 8a, a
photosensitive acrylic resin material is used as a first photo-
sensitive material. In order for the surface of flattening film 8a
to be sufficiently flat, the entire surface is coated with the
photosensitive acrylic resin using spin coating to a thickness
ofapproximately 1500 nm or greater and approximately 2000
nm or smaller. Thereafter, a pre-bake treatment is performed
for 10 minutes in an environment set to a temperature of 90°
C.

In the present embodiment, though the photosensitive
acrylic resin is used for the flattening film, the embodiment is
not limited as such, and other organic insulating films made,
for example, of a photosensitive polyimide material may be
employed. In addition, in the present embodiment, though the
resin is arranged on the protection film with spin coating, the
embodiment is not limited as such. Any method such as slit
spin coating, roll coating, or spraying may be adopted.

Thereafter, a first exposure step of performing exposure
using a photomask 21 is performed. Photomask 21 is a mask
for forming a connection hole in the flattening film. Photo-
mask 21 has an opening 21a. Opening 21a is formed in a
region corresponding to the display region shown with arrow
90. Opening 21a is formed in correspondence with the con-
nection hole in flattening film 8a that is subsequently formed.

Exposure is performed with photomask 21 being arranged
such that opening 214 is located at a position substantially the
same as through hole 7 in protection film 6. Complete expo-
sure is performed in the first exposure step. Here, in the
present invention, complete exposure refers to such exposure
that an exposed object is completely removed in a prescribed
development period, with respect to a direction of entire film
thickness in which exposure is performed. A completely
exposed portion 41 is formed in flattening film 8a. Com-
pletely exposed portion 41 is formed in the direction of entire
thickness of flattening film 8a. For example, as a condition for
performing complete exposure of the flattening film having a
thickness of 1500 nm and containing an acrylic resin material,
lamp luminous exposure of 280 mJ/cm?® was optimal.

FIG. 5 is a cross-sectional view illustrating a third step of
the method of manufacturing the organic EL display device in
the present embodiment. Then, without performing develop-
ment subsequent to the first exposure step, a second exposure
step is performed. In the second exposure step, exposure is
performed using a photomask 22. Photomask 22 is a mask for
forming the first irregularities in the surface of flattening film
8a.Photomask 22 has an opening 224. Opening 224 is formed
in a region corresponding to the region outside the display
region shown with arrow 91.

In photomask 22, for example, a plurality of openings 22a
in a shape of a square having a side of a length of 4 um or
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greater and 8 um or smaller are formed. The opening in the
photomask for forming the irregularities is not limited as
such, and an opening of any two-dimensional shape and size
may be adopted. For example, an opening in the photomask
may be formed in a circular shape having a radius of 4 pm or
greater and 8 um or smaller.

In the second exposure step, at least a partial surface in the
region outside the display region is subjected to incomplete
exposure to form an incompletely exposed portion 42. A
region in flattening film 8a in which a flattening film pattern
does not remain as a final shape is subjected to incomplete
exposure. Alternatively, the region in the flattening film out-
side the region where the connection hole is formed is sub-
jected to incomplete exposure.

Here, in the present invention, incomplete exposure refers
to such exposure that an exposed object is not completely
removed in a prescribed development period in a direction of
film thickness in which exposure is performed, by varying
(decreasing) a dissolving rate of an exposed portion in a
developer. In the present embodiment, incomplete exposure
refers to an exposure technique in which decomposition of a
photosensitive material in a direction of depth is lowered so as
to avoid penetration during development.

In the second exposure step, lamp luminous exposure of 80
mJ/cm? was set as the condition for incomplete exposure. By
performing exposure under this exposure condition, incom-
pletely exposed portion 42 was formed in a concave shape to
a depth of approximately 450 nm from the surface.

FIG. 6 is a cross-sectional view illustrating a fourth step of
the method of manufacturing the organic EL display device in
the present embodiment. Then, by developing flattening film
8a, completely exposed portion 41 and incompletely exposed
portion 42 formed in flattening film 8a are removed. Connec-
tion hole 15 is formed in flattening film 8a. Recess portion 45
like a crater can be formed in the surface of flattening film 8a.
By forming a plurality of recess portions 45, irregularities can
be formed in a part of the surface of flattening film 8a.

In the present embodiment, in the second exposure step for
forming recess portion 45, incomplete exposure is performed.
If complete exposure is performed, interconnection 46 under
flattening film 8a and cathode 12 covering flattening film 8a
are short-circuited. Alternatively, even in incomplete expo-
sure, if luminous exposure is great, a distance between inter-
connection 46 and cathode 12 becomes shorter, capacitance is
increased, and wiring delay may be caused in interconnection
46. In order to avoid wiring delay, a film thickness of flatten-
ing film 8a between interconnection 46 and cathode 12 is
preferably not smaller than 1000 nm.

In the present embodiment, a distance between a deepest
portion of recess portion 45 and protection film 6 is not
smaller than 1000 nm. Namely, the film thickness of flatten-
ing film 8a is not smaller than 1000 nm also in the region
where recess portion 45 is formed. Therefore, the problem of
short-circuiting or wiring delay can be avoided.

Thereafter, a curing and baking treatment is performed for
1 hour at an atmosphere temperature of 220° C. By perform-
ing the curing and baking treatment, excessive solvent is
removed. In addition, cross-linking reaction of the resin mate-
rial is promoted and the flattening film is burnt. The curing
and baking treatment is effective to remove moisture
absorbed in the photomechanical process. In the present
embodiment, irregularities are formed in the surface of the
flattening film. Therefore, the surface for releasing moisture
is greater and a time period required for dehydration can be
shortened.

FIG. 7 is a cross-sectional view illustrating a fifth step of
the method of manufacturing the organic EL display device in
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the present embodiment. Then, the pixel electrode forming
step of forming a pixel electrode serving as the first electrode
is performed. Anode 9 serving as the pixel electrode is formed
on the surface of flattening film 8a.

Initially, anode 9 is formed on the surface of connection
hole 15 and through hole 7. Anode 9 is electrically connected
to source/drain interconnection 16 through connection hole
15 and through hole 7.

In the present embodiment, anode 9 is formed from Mo
(molybdenum) using DC magnetron sputtering. Sputtering is
performed using an Mo target as the target and Ar (argon) gas.
Sputtering was performed under such conditions that Ar gas
was set to 100 sccm, a pressure was set to 0.14 Pa, power was
set to 1.0 Kw, and a temperature was set to 100° C. Anode 9
was formed to a film thickness of 100 nm.

A film thickness of anode 9 is preferably 50 nm or larger, in
order to obtain sufficient reflectance. On the other hand, if the
film thickness is too large, protrusions are generated on the
surface of the film and flatness becomes poor. Therefore, the
thickness is preferably 100 nm or smaller.

In the present embodiment, though the anode is formed
from Mo (molybdenum), the embodiment is not limited as
such. Cr (chromium), Ag (silver), Al (aluminum), Pd (palla-
dium), or other metals may be employed. In addition, for a
bottom emission display device, a transparent conductive
film is selected for the anode. For example, ITO (indium tin
oxide), IZO (indium zinc oxide), ZnO (zinc oxide), or the like
may be used as the transparent conductive film.

Thereafter, isolation portion 95 is formed by performing
patterning through photomechanical process and etching. By
forming isolation portion 95, anode 9 is isolated for each
pixel. Initially, a resist film of a desired pattern is formed with
a photomechanical process. Etching is performed using an
etchant obtained by mixing phosphoric acid, nitric acid and
acetic acid. After etching, washing with water is performed
for 10 minutes to sufficiently wash away the etchant. There-
after, the resist film that is no longer necessary is removed
with a resist removal liquid. Thereafter, washing with water is
performed to form anode 9 serving as the pixel electrode. In
the pixel electrode forming step, as the wet step using liquid
is performed several times, flattening film 8a absorbs a large
amount of water.

FIG. 8 is a cross-sectional view illustrating a sixth step of
the method of manufacturing the organic EL display device in
the present embodiment. Then, isolation film 10a serving as a
pixel isolation film is formed around anode 9 for each pixel
that is formed on the surface of flattening film 8a. In the
present embodiment, a photosensitive polyimide material is
used as the second photosensitive material. Initially, the pho-
tosensitive polyimide material is arranged to a film thickness
of approximately 1500 nm with spin coating, so as to cover
entire anode 9 and flattening film 8a.

In the present embodiment, though the photosensitive
polyimide material is used as the material for forming the
isolation film, the embodiment is not limited as such. For
example, a photosensitive acrylic resin material may be
employed. The method for arranging the photosensitive resin
is not limited to spin coating, and any method such as slit spin
coating, roll coating, spraying, or the like may be adopted.
Thereafter, the pre-bake treatment is performed for 2 minutes
at a temperature of 120° C.

Thereafter, using a photomask 23, a third exposure step is
performed. Photomask 23 is a mask for forming an opening
for arranging the organic EL layer in the isolation film. Iso-
lation film 10a is subjected to complete exposure such that the
opening is formed in the region where anode 9 is arranged, in
the flat surface of flattening film 8a. A completely exposed
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portion 43 is formed as a result of complete exposure. As a
condition for complete exposure of the photosensitive poly-
imide material having a film thickness of 1500 nm, lamp
luminous exposure of 340 mJ/cm? was optimal.

FIG. 12 is a schematic plan view of a photomask for form-
ing the opening in the isolation film. Photomask 23 has a
plurality of openings 23a. Openings 23a are formed corre-
sponding to respective pixels. Opening 23a in the present
embodiment is formed to have a rectangular two-dimensional
shape.

Referring to FIGS. 8 and 12, in the region outside the
display region shown with arrow 91, opening 23a is formed to
allow complete exposure. Smaller photomask 23 may be
formed so as not to block light in the region outside the
display region.

FIG. 9 is a cross-sectional view illustrating a seventh step
of'the method of manufacturing the organic EL display device
in the present embodiment. Then, using a photomask 24, a
fourth exposure step is performed. Photomask 24 is a mask
for forming second irregularities in the surface of the isolation
film. In the fourth exposure step, incomplete exposure for
forming irregularities in the surface of isolation film 10a is
performed. By performing incomplete exposure, an incom-
pletely exposed portion 44 is formed in the top surface of
isolation film 10a.

The fourth exposure step in the present embodiment is
performed before development. By performing incomplete
exposure, incompletely exposed portion 44 is formed. In the
present embodiment, incompletely exposed portion 44 is
formed in the region of isolation film 10a, except for the end
portion serving as slope portion 51. In the present embodi-
ment, incompletely exposed portion 44 is formed in a region
inside the region of isolation film 10a serving as slope portion
51.

FIG. 13 is a schematic plan view of a photomask for form-
ing irregularities in the surface of the isolation film. Photo-
mask 24 has a plurality of openings 24a. A plurality of open-
ings 24a are formed at a distance from each other. Opening
24a is formed in a region between pixels. Photomask 24 in the
present embodiment has opening 24a formed, in a shape of a
square having a side of a length of approximately 4 um or
greater and approximately 8 um or smaller.

The photomask for forming the irregularities in the surface
of the organic insulating film is not limited as such, and a
photomask having an opening of any two-dimensional shape
and size may be adopted. For example, an opening in the
photomask may be formed in a circular shape having a radius
of approximately 4 pm or greater and approximately 8 um or
smaller.

As the condition for incomplete exposure in the present
embodiment, lamp luminous exposure was set to 280
ml/cm?. By performing exposure under this exposure condi-
tion, a recess portion like a crater was formed, without the
recess portion reaching flattening film 8 or anode 9 present
under isolation film 10a.

Referring to FIGS. 9 and 13, photomask 24 is formed such
that the region outside the display region shown with arrow 91
is not exposed. Opening 24a is formed in a region of isolation
film 104, except for completely exposed portion 43.

FIG. 10 is a cross-sectional view illustrating an eighth step
of'the method of manufacturing the organic EL display device
in the present embodiment. Then, development is performed
to remove completely exposed portion 43 and incompletely
exposed portion 44.

In the display region shown with arrow 90, isolation film
10a having irregularities 71 on the surface can be formed.
Recess portion 47 can be formed not to penetrate isolation
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film 10a. By forming recess portion 47, short-circuiting
between cathode 12 formed above isolation film 10a and
anode 9 formed under isolation film 10a and resultant defec-
tive light emission can be prevented.

An opening 17 serving as the pixel region can be formed in
isolation film 10a. Slope portion 51 can be formed at the end
portion of isolation film 10a. In the region outside the display
region shown with arrow 91, flattening film 8« having irregu-
larities 61 in the surface is exposed.

Thereafter, by performing the curing and baking treatment
at a temperature of 230° C. for 1 hour, excessive solvent is
removed. In addition, cross-linking reaction of the resin mate-
rial is promoted and isolation film 10a is burnt. The curing
and baking treatment is effective to remove moisture that has
been absorbed in the photomechanical process.

In the present embodiment, irregularities are formed in the
surface of flattening film 8a outside the display region and in
the surface of isolation film 10a in the display region.
Namely, irregularities are formed in the surface of the organic
insulating film. Therefore, the surface area for releasing mois-
ture is increased and a time period required for dehydration
can be shortened.

Thereafter, organic residues are removed by washing with
ozone water. Washing with ozone water in the present
embodiment was performed under such conditions as ozone
concentration of 10 to 30 ppm, an amount of water of 20
L/minute, and a treatment time of 2 minutes. In the portion
where the organic EL layer is to be formed, i.e., the exposed
portion of anode 9, residue of the resist resulting when the
anode is patterned or residue of the isolation film resulting
when the isolation film is formed may remain. If foreign
matters such as residues are present in the exposed portion of
anode 9 that forms the organic EL layer, such foreign matters
cause extremely small thickness of the organic EL layer or
failure of formation of the organic EL layer. Consequently, a
dark spot may be generated or short-circuiting between the
anode and the cathode may occur. By washing with ozone
water, these foreign matters can be removed.

Thereafter, the substrate is placed in an apparatus including
a vacuum heating chamber, an organic EL vapor deposition
chamber, a cathode film forming chamber, and a passivation
film forming chamber. In the present embodiment, dehydra-
tion by heating in vacuum atmosphere is performed. There-
after, vapor deposition of the organic EL layer, formation of
the cathode, and formation of the passivation film are succes-
sively performed. Chambers in the present embodiment are
connected to each other by a carrier chamber and the device
can be carried through vacuum atmosphere.

Initially, a preheating step for removing moisture that has
remained in the organic insulating film such as the flattening
film and the isolation film in the manufacturing process so far
is performed. The preheating step in the present embodiment
is performed with the use of the vacuum heating chamber. In
the preheating step, the device is heated for 1 hour at a tem-
perature of 200° C.

In the preheating step, as moisture is released into the
vacuum heating chamber, a degree of vacuum in the vacuum
heating chamber becomes poorer. In the present embodiment,
the degree of vacuum that is reached when the vacuum heat-
ing chamber is idle is approximately 5x10~7 Pa. The degree of
vacuum becomes poorer when heating is started. The degree
of vacuum in the vacuum heating chamber after 1 hour, how-
ever, was equal to the degree of vacuum that is reached when
the vacuum heating chamber is idle. It can be seen from this
result that moisture was sufficiently removed in the preheat-
ing step.
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Here, a similar test was conducted, as a comparative
example which will be described later, for a device in which
irregularities are not formed in the surface of the flattening
film and the surface of the isolation film. Namely, a device in
which the entire surface of the flattening film and the isolation
film is flat was manufactured and this device was subjected to
a similar preheating step. Consequently, the degree of
vacuum fell only to approximately 2x107~° Pa even after heat-
ing for 2 hours at a temperature of 200° C. It can be seen that
moisture was not completely removed even after preheating
for 2 hours in the device representing the comparative
example.

Referring to FIG. 10, moisture contained in flattening film
8a and isolation film 10a passes through flattening film 8a and
isolation film 10a, as shown with an arrow 81. Moisture is
mainly released from the exposed surface of flattening film 8a
and isolation film 10a.

In the display region shown with arrow 90, a primary
interface from which moisture contained in the flattening film
or the isolation film is released to the outside is the surface of
isolation film 10aq. In addition, in the region outside the dis-
play region shown with arrow 91, if the isolation film is not
provided as in the present embodiment, the surface of flatten-
ing film 8a serves as a primary interface from which moisture
is released to the outside.

In the present embodiment, as irregularities are formed in
the surface of the flattening film and the isolation film, the
surface area for releasing moisture in the dehydration step is
increased. Accordingly, sufficient dehydration can be
achieved in a short period of time. In addition, moisture that
remains inside the organic EL display device can sufficiently
be removed, and the organic EL display device free from
deterioration of luminance and achieving high reliability can
be provided. In particular, deterioration of display character-
istics at an outer peripheral portion of the display region can
be prevented.

FIG. 11 is a cross-sectional view illustrating a ninth step of
the method of manufacturing the organic EL display device in
the present embodiment. Then, the device is carried to the
organic EL vapor deposition chamber via the carrier chamber
connected to the vacuum heating chamber. Organic EL layer
11 is formed on the surface of anode 9 exposed in the opening
of isolation film 10a. Organic EL layer 11 is formed, for
example, with a mask vapor deposition method.

Each layerin organic EL layer 11 is formed while a vacuum
state is held. Organic EL layer 11 in the present embodiment
is implemented by successively forming a hole transport
layer, a light-emitting layer, and an electron injection layer. In
the present embodiment, a bis[(N-naphthyl)-N-phenyl|ben-
zidine (ct-NPD) layer serving as the hole transport layer, a
8-quinolinol aluminum complex (Alq) layer serving as the
light-emitting layer, and a bathocuproin layer serving as the
electron injection layer were successively formed to a thick-
ness of 40 nm, 30 nm, and 50 nm, respectively. Organic EL,
layer 11 is not limited as such, and any organic EL layer may
be formed.

Thereafter, the device is carried to the cathode film forming
chamber via the carrier chamber connected to the organic EL.
vapor deposition chamber. In the cathode film forming cham-
ber, cathode 12 is formed to cover at least the entire display
region. By forming cathode 12, the organic EL element is
formed.

Cathode 12 in the present embodiment is formed by form-
ing an MgAg film to a thickness of 10 nm with vacuum vapor
deposition and by forming an ITO (indium tin oxide) film on
the surface thereof to a thickness of 60 nm with sputtering.
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In vacuum vapor deposition, vapor deposition was per-
formed with resistance heating under the degree of vacuum of
107° Pa. The MgAg film may be formed with sputtering or the
like.

Sputtering for forming the ITO film was performed under
such conditions that Ar (argon) gas was set to 50 sccm, O,
(oxygen)was set to 1 sccm, a pressure was setto 0.1 Pa, power
was set to 0.42 kW, and a temperature was set to 23° C.
Though the ITO film was formed as the transparent conduc-
tive film in the present embodiment, the embodiment is not
limited as such and other transparent conductive films such as
an IZ0 (indium zinc oxide) film may be formed.

Thereafter, the device is carried to the passivation film
forming chamber via the carrier chamber connected to the
cathode film forming chamber. In the passivation film form-
ing chamber, passivation film 13 is formed to cover the entire
surface.

In the present embodiment, passivation film 13 is formed
with plasma CVD. Conditions for film formation are set such
that SiH,, N,O and He as a material gas are fed at a flow rate
of30 scem, 200 scem, and 500 scem, respectively. SION was
formed to a film thickness of 3000 nm under such conditions
that high-frequency power was set to 100 W, a pressure was
set to 1.0 Torr (0.133 KPa), and a temperature in the chamber
was set to 120° C.

In the present embodiment, by sufficiently removing mois-
ture in the organic insulating film, an organic EL display
panel with high reliability can be manufactured. In addition,
as film formation up to the passivation film is performed in
vacuum atmosphere, the organic EL device in which lowering
in reliability is suppressed can be formed.

Thereafter, the display region where the organic EL ele-
ment is formed is sealed with glass. Thereafter, connection
with an external driver is made, whereby the organic EL
display device can be manufactured.

Here, a method of manufacturing an organic EL display
device representing a comparative example of the present
embodiment will be described with reference to FIGS. 14 to
17. FIGS. 14 to 17 are schematic cross-sectional views in
respective steps. In the organic EL display device represent-
ing the comparative example, irregularities are not formed in
the surface of the flattening film and the isolation film, that is,
the surface is flat.

FIG. 14 illustrates a first step of the method of manufac-
turing the organic EL display device representing the com-
parative example of the present embodiment. TFT 2 for driv-
ing the organic EL element is formed on the surface of glass
substrate 1. Inorganic insulating film 3 composed of SiOx or
the like is formed to cover TFT 2. Interconnection hole 4 is
formed in inorganic insulating film 3. Source/drain intercon-
nection 16 is formed in the surface of inorganic insulating
film 3, on which protection film 6 composed of SiNx or the
like is formed. Through hole 7 is formed in protection film 6.
Through hole 7 is formed in correspondence with source/
drain interconnection 16 connected to the drain region of TFT
2.

Thereafter, in order to flatten the step in the surface, a
flattening film 85 implemented by the organic insulating film
is formed. After application of the organic insulating film
with spin coating, as in the case of the protection film, the
organic insulating film is subjected to an exposure and devel-
opment treatment to form an opening for exposing a part of
source/drain interconnection 16 connected to the drain region
of TFT 2. The organic insulating film is subjected to the
curing and baking treatment in atmosphere after the develop-
ment treatment, so as to remove the organic solvent contained
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inside, whereby the organic insulating film is burnt. Here,
moisture absorbed in the development process is removed to
some extent.

FIG. 15 illustrates a second step of the method of manu-
facturing the organic EL display device representing the com-
parative example of the present embodiment. Then, anode 9 is
formed on the surface of flattening film 86 with sputtering,
and thereafter, patterning for forming isolation portion 94
with an etching step is performed. Anode 9 is isolated by
isolation portion 95 for each pixel. In the step of forming
anode 9, a wet treatment including the etching step, the resist
separation step, the step of washing with water, and the like is
performed, and flattening film 85 is directly exposed to water.
Therefore, flattening film 85 absorbs a large amount of water
as shown with an arrow 82.

FIG. 16 illustrates a third step of the method of manufac-
turing the organic EL display device representing the com-
parative example of the present embodiment. Thereafter, iso-
lation film 1056 implemented by the organic insulating film is
formed around the end portion of anode 9. In forming isola-
tion film 105, a material for the organic insulating film is
applied with spin coating, and patterned to expose a part of
anode 9. Patterning is performed with a photomechanical
process including exposure and development.

Thereafter, the curing and baking treatment is performed in
atmosphere to remove the organic solvent contained inside,
whereby the isolation film is burnt. In the curing and baking
treatment of isolation film 105, absorbed moisture is removed
to some extent.

Thereafter, in order to remove foreign matters such as
particles on anode 9, a cleaning step basically including
washing with water is performed. In the cleaning step, isola-
tion film 105 absorbs a large amount of water as shown with
an arrow 83.

Thereafter, formation of the organic EL layer, formation of
the cathode, and various types of sealing are performed to
manufacture the organic EL display device.

In the organic EL display device representing the compara-
tive example, a defect that the moisture that remains inside
reaches the organic EL layer and a dark region grows from a
peripheral portion of the display region was noticeably
observed.

FIG. 17 is a schematic cross-sectional view of the organic
EL display device representing the comparative example of
the present embodiment when the organic insulating film
releases moisture. Moisture present inside flattening film 84
or isolation film 105 moves through flattening film 86 and
isolation film 105 as shown with arrow 81.

In particular, flattening film 85 absorbs a large amount of
water through the wet treatment in patterning anode 9 located
directly above. When dehydration through heat treatment is
attempted, anode 9 impedes diffusion of moisture and a suf-
ficient dehydration effect could not be obtained.

In contrast, the organic EL device in the present embodi-
ment can achieve a sufficient dehydration effect, because
irregularities are formed in the surface of at least one of the
flattening film and the isolation film so as to increase an area
for releasing moisture.

FIG. 18 is a schematic cross-sectional view of the end
portion of the isolation film of the organic EL display device
in the present embodiment. Isolation film 10a in the present
embodiment is formed to have a substantially trapezoidal
cross-sectional shape. Isolation film 10a has slope portion 51
formed to have a gradually decreasing film thickness at the
end portion. Irregularities formed in the surface of isolation
film 10qa are formed at a position except for the end portion.
The irregularities in the present embodiment are formed in a
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region except for slope portion 51. Irregularities in the surface
of isolation film 10q are formed in the top surface of the
trapezoid representing the cross-sectional shape.

Isolation film 104 has a function as a base for a mask in
mask vapor deposition of organic EL layer 11. Isolation film
104 formed to cover the end portion of anode 9 has a function
to partition each pixel at a tip end portion 52. In addition, tip
end portion 52 has a function to prevent short-circuiting
between anode 9 and cathode 12.

FIG. 19 is a schematic cross-sectional view of an end
portion of an isolation film of an organic EL display device
representing another comparative example of the present
embodiment. The organic EL display device in another com-
parative example has a flattening film 8¢ and an isolation film
10c. Isolation film 10c is formed to have a substantially trap-
ezoidal cross-sectional shape. Isolation film 10c¢ has slope
portion 51. Irregularities are formed in the entire surface of
isolation film 10c. Irregularities in the surface are formed also
in slope portion 51, in addition to the top surface of isolation
film 10c. Irregularities are also formed at tip end portion 52 of
isolation film 10c.

In the step of forming organic EL layer 11, for example, EL
vapor deposition that is highly likely to proceed linearly is
performed. When irregularities are formed in slope portion 51
of isolation film 10¢, molecules to be vapor-deposited are
introduced not substantially in a direction of a normal to the
surface of irregularities in isolation film 10¢ but from a direc-
tion diagonal to the surface of irregularities. In an extreme
case, a hidden portion with respect to vapor deposition may be
present due to irregularities in isolation film 10c.

Consequently, a film thickness of organic EL layer 11
provided at tip end portion 52 of isolation film 10c becomes
extremely small or the organic EL layer may become discon-
tinuous. Accordingly, a distance between anode 9 and cath-
ode 12 becomes smaller and electric field becomes higher,
which may result in discharge breakdown. In addition, con-
tact between anode 9 and cathode 12 causes short mode fault.
As a current tends to flow through a short-circuited portion
more preferentially than through the organic EL layer, the
pixel turns out to be a non-illuminating pixel. In the display
device, a non-illuminating point defect is caused.

Therefore, the isolation film preferably does not have
irregularities in the surface of the slope portion. The isolation
film preferably has a slope portion of which slope is more
gentle toward the inside. In particular, preferably, irregulari-
ties are not present at the tip end portion of the isolation film.
According to such a structure, coverage characteristic of the
organic EL layer at the tip end portion of the isolation film is
improved so that discharge breakdown, short-circuiting or the
like can be suppressed.

The preheating step for removing moisture in the organic
insulating film in the present embodiment is performed after
ozone water washing for washing the surface of the pixel
electrode, however, the embodiment is not limited as such.
The preheating step may be performed at timing after
completion of the wet treatment and before the step of form-
ing the organic EL layer.

For example, in performing dry cleaning such as UV-O,
treatment or O, plasma treatment for removing impurities at
the surface of the pixel electrode, the preheating step may be
performed before these steps. For example, UV-O; treatment
is performed for 4 minutes under such conditions as lumi-
nance of UV (ultraviolet) of 26 uW/cm?, dry air of 1000 sccm,
and pressure of 100 Torr (13.3 KPa). Alternatively, for
example, O, plasma treatment is performed for 30 seconds
under such conditions as O, of 800 sccm, pressure of 400 Pa,
and high-frequency power of 100 W.
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Carrying from the preheating step to the step of forming the
organic EL layer is preferably performed without passing
through atmosphere, in order to avoid absorption of moisture.
For example, carrying through the carrier chamber isolated
from outer air is preferred.

Irregularities to be formed in the surface of the flattening
film in the present embodiment are formed in the entire region
outside the display region, however, the embodiment is not
limited as such. The irregularities should only be formed in at
least a part of the region outside the display region. In addi-
tion, irregularities to be formed in the surface of the isolation
film should only be formed in at least some isolation films out
of a plurality of isolation films.

Irregularities are formed in the surface of the organic insu-
lating film with the photomechanical process in the present
embodiment, however, the embodiment is not limited as such,
and irregularities may be formed in the surface with any
method. For example, irregularities may mechanically be
formed in the surface of the organic insulating film using an
abrasive cloth.

Second Embodiment

An organic EL display device and a method of manufac-
turing an organic EL display device in a second embodiment
of the present invention will be described with reference to
FIGS. 20 to 22.

The organic EL display device in the present embodiment
is similar to that in the first embodiment in that the first
irregularities are formed in the surface of the flattening film in
the region outside the display region and also in that the
second irregularities are formed in the top surface of the
isolation film in the display region. In the present embodi-
ment, the second irregularities are formed in the surface of the
isolation film using plasma treatment. Irregularities formed
with plasma treatment are random, and recess portions and
projecting portions of random sizes are arranged.

The method of manufacturing the organic EL display
device in the present embodiment will be described with
reference to FIGS. 20 to 22. FIGS. 20 to 22 are schematic
cross-sectional views in respective steps.

FIG. 20 illustrates a first step of the method of manufac-
turing the organic EL display device in the present embodi-
ment. TFT 2, inorganic insulating film 3 and a flattening film
8d are formed on glass substrate 1. Irregularities 61 are
formed in the surface of flattening film 84 in the region
outside the display region shown with arrow 91. Irregularities
61 are formed with a photomechanical process. Anode 9 is
formed on the surface of flattening film 84 in correspondence
with each pixel.

Thereafter, in the present embodiment, the step of forming
the isolation film is performed. In the present embodiment, a
photosensitive polyimide material is used as the second pho-
tosensitive material. An isolation film 104 is arranged on the
entire surface to a film thickness of approximately 2000 nm
with spin coating.

In the present embodiment, isolation film 104 is formed to
be thicker than in the first embodiment. This is because a
thickness that decreases through the plasma treatment to sub-
sequently be performed is taken into consideration. Thereaf-
ter, the pre-bake treatment is performed for 2 minutes at a
temperature of 120° C.

Thereafter, a first plasma treatment step is performed. In
the first plasma treatment step, the entire surface of isolation
film 104 is subjected to plasma treatment. In the first plasma
treatment step in the present embodiment, dry etching using
O, plasma is performed.
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In the present embodiment, as the plasma treatment is
performed before development and curing and baking treat-
ment, the isolation film may be exposed to light emitted by the
plasma. In the present embodiment, the treatment is per-
formed using a remote plasma technique, in which plasma is
generated at a position distant from a portion to be treated,
active species is carried, and an object is treated.

By adopting the remote plasma technique for the plasma
treatment, exposure of a photosensitive film can be prevented.
As aphotomechanical process can be employed in patterning
the isolation film, patterning can readily be performed.

In the present embodiment, radicals of oxygen are gener-
ated by feeding oxygen through the inside of a high-fre-
quency waveguide. Etching is performed by introducing the
radicals into the chamber. In the present embodiment, a
quartz tube is arranged inside the waveguide, to which high-
frequency is applied at high-frequency power of 4000 W. The
quartz tube is arranged to extend in a direction perpendicular
to a direction in which the waveguide extends. By feeding O,
ata flow rate of 2.0 L/minute through the quartz tube, oxygen
radicals are generated in the waveguide.

Thereafter, generated oxygen radicals were introduced into
the chamber where the device is placed and etching treatment
was performed for 600 seconds. Referring to FIG. 20, as the
thickness of isolation film 10d decreases, irregularities 72 are
formed in the surface. Irregularities 72 are formed in the
entire surface of isolation film 10d. In the present embodi-
ment, by performing the first plasma treatment, a film thick-
ness of a polyimide film serving as isolation film 104 attained
to approximately 1500 nm.

In the present embodiment, an area of 1 um? in the surface
ofisolation film 104 was measured with AFM (Atomic Force
Microscopy), and arithmetic mean deviation of roughness
profile Ra was approximately 70 nm.

In the first plasma treatment step in the present embodi-
ment, O, is used as the dry etching gas for plasma treatment,
however, the embodiment is not limited as such. For example,
similar treatment can be performed also with the use of CF,,
NF;, C,Fq, or the like.

FIG. 21 is a cross-sectional view illustrating a second step
ofthe method of manufacturing the organic EL display device
in the present embodiment. Then, patterning of the isolation
film is performed using the photomechanical process. Expo-
sure is performed using photomask 23 having opening 23a.
Opening 23a is formed to expose a pixel portion. By perform-
ing exposure through opening 23a, a completely exposed
portion 49 is formed.

FIG. 22 is a cross-sectional view illustrating a third step of
the method of manufacturing the organic EL display device in
the present embodiment. Thereafter, the development step is
performed. By performing development, completely exposed
portion 49 is removed and isolation film 104 having a sub-
stantially trapezoidal cross-sectional shape is formed. Isola-
tion film 104 has slope portion 51 at the end portion. Slope
portion 51 does not have irregularities formed in the surface,
and it is formed like a smooth, curved surface.

Thereafter, for example, the curing and baking treatment is
performed for 1 hour in atmosphere at a temperature of 230°
C. In the curing and baking step, the solvent is removed,
imidization of polyimide is promoted, and isolation film 104
is burnt.

Thereafter, the preheating step is performed. By perform-
ing the preheating step, moisture that remains inside the
organic EL display device can sufficiently be removed. In the
method of manufacturing the organic EL display device in the
present embodiment as well, irregularities 72 are formed in
the top surface of isolation film 10d. Accordingly, an area for

30

40

45

20

releasing moisture can be increased and moisture contained
in the flattening film or the isolation film can sufficiently be
removed.

Irregularities formed in the surface of the isolation film in
the present embodiment have arithmetic mean deviation of
roughness profile Raper 1 um? of 70 nm. In order to evaporate
moisture in a heating step such as the curing and baking step
and the preheating step, a greater surface area of the isolation
film is preferred. Therefore, the irregularities formed in the
surface of the isolation film preferably have greater arithmetic
mean deviation of roughness profile Ra.

Excessively large irregularities in the surface, however,
cause local disconnection of the cathode that is arranged on
the surface of the isolation film and hence higher interconnect
resistance of the cathode. Higher interconnect resistance
causes remarkable voltage drop that occurs from an outer
periphery of the display region toward the inside. Conse-
quently, a problem of what is called shading, or luminance
decreasing toward the inside of the display region, arises.
Alternatively, disconnection of the cathode results in a non-
illuminating pixel.

In a test in the present embodiment, shading was caused or
a partially non-light-emitting region was produced when
arithmetic mean deviation of roughness profile Ra per 1 um?
exceeds approximately 90 nm. In addition, display perfor-
mance of the organic EL display device was unstable. In
contrast, by setting arithmetic mean deviation of roughness
profile Ra per 1 um? to 80 nm or smaller, such a problem could
be avoided.

Thus, irregularities formed in the surface of the isolation
film are preferably small to some extent, and arithmetic mean
deviation of roughness profile Ra per 1 um? is preferably set
to approximately 80 nm or smaller. According to such a
structure, increase in the interconnect resistance or discon-
nection of the cathode can be suppressed.

In controlling a size of irregularities formed in the surface
of the organic insulating film, for example, a time period for
plasma treatment is set within a prescribed range of time. By
extending the time for plasma treatment, irregularities
become greater. Therefore, relation between the time for
plasma treatment and the size of irregularities to be formed is
studied in advance and the time for plasma treatment is set
within a prescribed range, so that irregularities of an optimal
size can be formed.

In the present embodiment, irregularities are formed in the
surface of the photosensitive material for forming the organic
insulating film with the remote plasma technique, however,
the embodiment is not limited as such. Irregularities may be
formed in the surface of the photosensitive material by
directly irradiating the surface with plasma. In directly irra-
diating the surface with plasma, a plasma condition suppress-
ing exposure of the photosensitive film is selected in the
plasma treatment, and in addition, a selected type of resin
composition is preferably used as the photosensitive material.

As the configuration, the function and effect, and the manu-
facturing method are otherwise the same as in the first
embodiment, description will not be repeated here.

Third Embodiment

An organic EL display device and a method of manufac-
turing an organic EL display device in a third embodiment of
the present invention will be described with reference to
FIGS. 23 to 25. The method of manufacturing the organic EL
display device in the present embodiment is different from
that in the first embodiment in the method of forming irregu-
larities to be formed in the surface of the flattening film and
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the isolation film. In the present embodiment, after patterning
of'the isolation film, plasma treatment for forming irregulari-
ties in the surface of the flattening film and the isolation film
is performed.

FIGS. 23 and 24 are schematic cross-sectional views of
respective manufacturing steps in the present embodiment.
FIG. 23 is a cross-sectional view illustrating a first step of the
method of manufacturing the organic EL display device in the
present embodiment. In the region outside the display region
shown with arrow 91, irregularities 61 are formed in the
surface of a flattening film 8e. Irregularities 61 are formed by
forming a plurality of recess portions 45 with a photome-
chanical process. In the display region shown with arrow 90,
anode 9 is formed on the surface of flattening film 8e.

Thereafter, in order to form an isolation film 10e serving as
a pixel isolation film, a photosensitive polyimide material is
arranged as the second photosensitive material on the entire
surface to a film thickness of approximately 1500 nm with
spin coating. The pre-bake treatment is performed for 2 min-
utes at a temperature of 120° C.

Thereafter, exposure is performed using photomask 23
having opening 23a corresponding to each pixel (see FIG.
12). Development is performed thereafter, and opening 17 is
formed in a portion corresponding to the pixel region. Isola-
tion film 10e is formed to have a trapezoidal cross-sectional
shape.

Thereafter, post-baking is performed for 1 hour at a tem-
perature of 230° C. Isolation film 10e is burnt. In the present
embodiment, at this stage, irregularities have not yet been
formed in the surface of isolation film 10e.

Thereafter, a second plasma treatment step is performed as
the plasma treatment in the present embodiment. The second
plasma treatment step is performed after development of the
organic insulating film. In the second plasma treatment step,
dry etching is performed.

FIG. 25 is a schematic plan view of a shadow mask used in
the plasma treatment step in the present embodiment. A
shadow mask 25 is formed to cover a region that serves as the
organic EL layer. Shadow mask 25 is formed to cover the
slope portion of the isolation film. Shadow mask 25 is formed
to expose the region between pixels.

FIG. 24 is a cross-sectional view illustrating a second step
ofthe method of manufacturing the organic EL display device
in the present embodiment. FIG. 24 is a schematic cross-
sectional view when the plasma treatment step in the present
embodiment is being performed.

An opening 25a in shadow mask 25 is formed in corre-
spondence with isolation film 10e. In the present embodi-
ment, shadow mask 25 abuts on isolation film 10e. Opening
25a abuts on isolation film 10e. In this state, by emitting
active species of plasma as shown with an arrow 84, irregu-
larities 73 are formed in the surface of isolation film 10e.
Irregularities 73 are formed in the top surface of isolation film
10e. Irregularities 73 are formed in a region except for slope
portion 51.

In addition, in the region outside the display region shown
with arrow 91, irregularities 62 are formed in the surface of
flattening film 8e. Irregularities 62 are formed in the surface
ofthe irregularities that were formed with the photomechani-
cal process, by further performing the plasma treatment
thereon.

Dry etching in the second plasma treatment step was per-
formed for 200 seconds under such conditions that O, was set
to 200 sccm, He was set to 200 scem, high-frequency power
was set to 300 W, pressure was set to 70 Pa, and the tempera-
ture in the chamber was set to 23° C.
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Thus, irregularities 73 can be formed in the surface of
isolation film 10e in the display region shown with arrow 90,
and the surface area of isolation film 10e can be increased. In
addition, in the region outside the display region shown with
arrow 91, irregularities 62 can be formed in the surface of
flattening film 8¢ and the surface area of flattening film 8e can
be increased.

Thereafter, the preheating step can be performed to effi-
ciently remove moisture contained inside.

In the present embodiment, shadow mask 25 is arranged to
be in contact with the surface of isolation film 10e. With this
method, the top surface of isolation film 10e can selectively
be irradiated with active species such as radicals and ions
produced by plasma. A larger amount of active species can
reliably be impinged on the top surface of isolation film 10e
than on slope portion 51 of isolation film 10e, and formation
of irregularities in slope portion 51 can be suppressed.

In the second plasma treatment step in the present embodi-
ment, the remote plasma technique described previously or a
method of directly emitting plasma may be adopted. In the
present embodiment, as the pattern formation of the isolation
film has been completed, a direct plasma method may be
adopted.

The present embodiment is the same as the second embodi-
ment in that irregularities 73 to be formed in the surface of
isolation film 10e are preferably formed to have arithmetic
mean deviation of roughness profile Ra per 1 um? of 80 nm or
smaller.

Meanwhile, in the present embodiment, O, is used as the
dry etching gas for the plasma treatment, however, the
embodiment is not limited as such. Similar irregularities can
be formed also with the use of CF,, NF;, or C,F,.

In addition, in the present embodiment, in the region out-
side the display region, irregularities are formed in advance in
the surface of the flattening film using the photomechanical
process, however, the embodiment is not limited as such. The
first irregularities may be formed with plasma treatment,
without forming the irregularities with the photomechanical
process. In the case that the first irregularities are formed in
the surface of the flattening film as well, the irregularities are
preferably formed to have arithmetic mean deviation of
roughness profile Ra per 1 um® of 80 nm or smaller. Accord-
ing to such a structure, increase in interconnect resistance of
the cathode at the surface can be suppressed in the region
outside the display region.

As the configuration, the function and effect, and the manu-
facturing method are otherwise the same as in the first
embodiment or the second embodiment, description will not
be repeated here.

Fourth Embodiment

An organic EL display device and a method of manufac-
turing an organic EL display device in a fourth embodiment of
the present invention will be described with reference to FIG.
26.

In the organic EL display device in the present embodi-
ment, irregularities are formed in the surface of the isolation
film and irregularities are formed in the surface of the flatten-
ing film in the region outside the display region. In the present
embodiment, irregularities are formed with the photome-
chanical process in the flattening film and the isolation film,
and thereafter, the flattening film and the isolation film are
subjected to plasma treatment to form first irregularities and
second irregularities.

FIG. 26 is a schematic cross-sectional view of the step of
manufacturing the organic EL display device in the present
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embodiment. The present embodiment is similar to the first
embodiment in that the irregularities are formed in the surface
of a flattening film 8f'with the photomechanical process in the
region outside the display region shown with arrow 91. In
addition, the present embodiment is similar to the first
embodiment in that the irregularities are formed in the region
of an isolation film 10f except for slope portion 51 in the
display region shown with arrow 90 (see FIG. 10).

In forming isolation film 10f'in the present embodiment,
the second photosensitive material is arranged on the entire
surface of the substrate to a film thickness of approximately
1500 nm with spin coating. The pre-bake treatment is per-
formed for 2 minutes at a temperature of 120° C. Isolation
film 10f'is subjected to complete exposure for forming an
opening for arranging the organic EL layer. Incomplete expo-
sure for forming irregularities in the top surface of isolation
film 10f’is performed.

Thereafter, isolation film 10f'having irregularities formed
in the top surface is formed by removing, through develop-
ment, an exposed portion that is formed in complete exposure
and incomplete exposure. Thereafter, the solvent is removed
by performing the post-baking treatment for 1 hour at a tem-
perature of 230° C. In isolation film 10f; imidization of poly-
imide is promoted and the isolation film is burnt.

Thereafter, the second plasma treatment step is performed
after the development step. In the second plasma treatment,
the plasma treatment is performed using the shadow mask for
forming the first irregularities and the second irregularities in
the surface of the flattening film and in the surface of the
isolation film, respectively. In the second plasma treatment
step, the shadow mask covering the pixel region is used (see
FIG. 25).

Referring to FIG. 26, in the present embodiment, shadow
mask 25 is brought into contact with the top surface of isola-
tion film 10f. In the display region, the plasma treatment is
performed through opening 25a as shown with arrow 84, so as
to form irregularities 74 in the surface of isolation film 10/ In
the region outside the display region, irregularities 63 are
formed in the surface of flattening film 8/

Thus, in the present embodiment, irregularities are formed
in the surface of the isolation film and the flattening film with
the photomechanical process. In addition, after the isolation
film is developed, the second plasma treatment step is per-
formed to form irregularities. According to the organic EL
display device and the method of manufacturing the organic
EL display device in the present embodiment as well, the
organic EL display device in which remaining of moisture in
the insulating film is suppressed and the method of manufac-
turing the same can be provided.

As the configuration, the function and effect, and the manu-
facturing method are otherwise the same as in any one of the
first to third embodiments, description will not be repeated
here.

In each embodiment described above, irregularities are
formed in the surface of both of the isolation film and the
flattening film, however, the embodiment is not limited as
such. Irregularities may be formed in one of the isolation film
and the flattening film.

For example, in a device in which an interconnection
located under the flattening film is replaced with a gate line,
an inorganic insulating film is present between the gate line
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and the cathode. Therefore, in the region outside the display
region, the flattening film can be removed. In such a case,
irregularities should be formed only in the surface of the
isolation film. Alternatively, in a device where an inorganic
insulating film such as a nitride film having excellent mois-
ture blocking characteristic is formed as the isolation film,
irregularities should be formed only in the surface of the
flattening film. In order to form irregularities in a desired
region, an opening pattern in the photomask or the shadow
mask should be changed.

In each drawing above, the same or corresponding ele-
ments have the same reference characters allotted. In addi-
tion, in the present invention, denotation as “on”, “above” or
“under” does not indicate an absolute up and down direction
in the vertical direction but indicates relative positional rela-
tion of each portion or member.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by
way of illustration and example only and is not to be taken by
way of limitation, the scope of the present invention being
interpreted by the terms of the appended claims.

What is claimed is:

1. An organic EL display device, comprising:

a substrate;

a protection film;

a flattening film arranged above said protection film,

a plurality of first electrodes arranged on a surface of said

flattening film; and

a plurality of organic EL layers arranged on a surface of

said first electrodes,

said flattening film having first irregularities being inde-

pendent of said protection film and not penetrating said
flattening film, and

wherein said first irregularities have an arithmetic mean

deviation of roughness profile Raper 1 um? of at most 80
nm.

2. The organic EL display device according to claim 1,
wherein said flattening film has a film thickness of at least
1000 nm at a deepest portion in a recess portion of said first
irregularities.

3. An organic EL display device, comprising:

a substrate;

a protection film;

a flattening film arranged above said protection film;

a plurality of first electrodes arranged on a surface of said

flattening film;

a plurality of organic EL layers arranged on a surface of

said first electrodes; and

an isolating film arranged on said first electrodes and cov-

ering end portions of said first electrodes adjacent to
each other,

said flattening film having first irregularities being inde-

pendent of said protection film and not penetrating said
flattening film,

said isolating film having a slope portion with a gradually

decreasing film thickness at an end portion,

said isolating film having second irregularities in a surface

of a region except for said slope portion, and

wherein said second irregularities have an arithmetic mean

deviation of roughness profile Raper 1 um? of at most 80
nm.
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4. The organic EL display device according to claim 3,
wherein
said isolating film is formed on the surface of said first
electrodes, and
a recess portion of said second irregularities does not pen-

etrate said isolating film.

5. The organic EL display device according to claim 1,
wherein additional first irregularities are formed on said flat-
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tening film outside a display region, the display region includ-
ing said plurality of organic EL layers and the corresponding
circuitry.

6. The organic EL display device according to claim 3,
wherein additional first irregularities are formed on said flat-
tening film outside a display region, the display region includ-
ing said plurality of organic EL layers and the corresponding
circuitry.
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