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1
THIN-FILM TRANSISTOR DEVICE AND
METHOD FOR MANUFACTURING SAME,
ORGANIC ELECTROLUMINESCENT
DISPLAY ELEMENT, AND ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation application of PCT Application No.
PCT/IP2012/005999 filed Sep. 21, 2012, designating the
United States of America, the disclosure of which, including
the specification, drawings and claims, is incorporated herein
by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a thin film transistor
device and a manufacturing method thereof, an organic EL
display element, and an organic EL display device.

DESCRIPTION OF THE RELATED ART

In liquid crystal display panels and organic EL display
panels, control of light emission is performed in units of
subpixels. To make this possible, thin film transistor devices
are used in liquid crystal display panels and organic EL dis-
play panels. A thin film transistor device includes a thin film
transistor (TFT) element formed for each subpixel. In par-
ticular, development is in progress of a thin film transistor
device that includes a semiconductor layer formed by using
organic semiconductor material.

As illustrated in FIG. 14A, a conventional organic TFT
device includes, for instance: a substrate 9011; gate elec-
trodes 9012a, 90125; an insulating layer 9013; source elec-
trodes 9014a, 90145; drain electrodes (undepicted); and
organic semiconductor layers 9017a, 90175. The gate elec-
trodes 9012a, 90124, the insulating layer 9013, the source
electrodes 9014a, 90145, the drain electrodes, and the organic
semiconductor layers 9017a, 90175 are formed by being
layered one on top of another in the stated order on the
substrate 9011. The organic semiconductor layers 9017q,
90174 are formed by applying organic semiconductor ink
onto the insulating layer 9013 and by drying the applied
organic semiconductor ink. The organic semiconductor layer
9017a is formed so as to fill the gap between the source
electrode 9014a and the corresponding drain electrode and
cover the source electrode 9014¢ and the corresponding drain
electrode. Similarly, the organic semiconductor layer 90175
is formed so as to fill the gap between the source electrode
90144 and the corresponding drain electrode and cover the
source electrode 90145 and the corresponding drain elec-
trode.

In addition, as illustrated in FIG. 14A, partition walls 9016
are formed on the insulating layer 9013. The partition walls
9016 partition the organic semiconductor layer 90174
belonging to a first thin film transistor element from the
organic semiconductor layer 90175 belonging to a second
thin film transistor element that is adjacent to the first thin film
transistor element. The partition walls 9016 define a plurality
of apertures, namely apertures 9016a through 9016¢. The
aperture 90164 has a bottom portion where a connection wire
9015 that is connected with a drain electrode remains
exposed. Further, an organic semiconductor layer is not
formed with respect to the aperture 9016a. The connection
wire 9015 is an electrode to be connected to an electrode of a
light-emitting element portion to be formed above the organic

15

20

25

30

35

40

45

50

55

60

2

TFT device. On the other hand, the organic semiconductor
layers 9017a, 90175 are formed with respect to the apertures
90165, 9016¢, respectively. Note that the organic semicon-
ductor layers 9017a, 90175 are partitioned from one another.

As already discussed above, a TFT device such as the
organic TFT device illustrated in FIG. 14A is used in a liquid
crystal display panel, an organic EL display panel, or the like.
Further, such a TFT device controls light emission of a light-
emitting element portion according to signals input to the gate
electrodes 90124, 90125, for instance, in the case illustrated
in FIG. 14A.

CITATION LIST
Patent Literature

[Patent Literature 1]
Japanese Patent Application Publication No. 2009-76791

SUMMARY

One problem in a conventional TFT device such as the one
described above is the formation of an organic semiconductor
layer with respect to an area of the TFT device where the
formation of an organic semiconductor layer is undesirable
(e.g., an inside of the aperture 9016a in the case illustrated in
FIG. 14A). The formation of an organic semiconductor layer
at such an area of the TFT device results in poor electrical
connection between the TFT device and other elements (for
instance, the above-described light-emitting element por-
tion), and hence, is problematic. In specific, as illustrated in
FIG. 14B, when respectively applying (dropping) organic
semiconductor ink 90170, 90171 with respect to the apertures
90164, 9016¢ defined by the partition walls 9016, there are
cases where the organic semiconductor ink 90170, 90171
overflows, flows out from the apertures 901654, 9016¢, and
flows into the aperture 9016a (as indicated by arrow F,, in
FIG. 14B). This results in the connection wire 9015, which is
provided for electrical connection, being covered by an
organic semiconductor layer.

Tt can be assumed that the above-described problem is
likely to occur especially in a liquid crystal display panel, an
organic EL display panel, etc. This is since there is a demand
for realizing a liquid crystal display panel, an organic EL
display panel, etc., with higher definition, which gives rise to
a demand for downsizing subpixels therein. When the down-
sizing of subpixels is performed in response to such a
demand, the distances between the above-described apertures
are shortened, and the risk increases of ink overflowing from
a given aperture and flowing into another aperture. As such,
the above-described problem is likely to take place.

Inaddition, as illustrated in F1G. 14B, the application of the
organic semiconductor ink 90170, 90171 with respect to the
inside of the apertures 90165, 9016¢ is performed such that
the organic semiconductor ink 90170, 90171 after application
bulge upwards such that a top surface of the organic semicon-
ductor ink 90170, 90171 after application is higher in level
than top surfaces of the partition walls 9016. Due to this, there
may be cases where the organic semiconductor ink 90170 and
the organic semiconductor ink 90171 meet and blend with
each other. This results in the organic semiconductor layers
9017a, 901756 being provided with undesirable layer-thick-
nesses. Further, when it is desired to form each of the organic
semiconductor layers 9017a, 90176 as an organic semicon-
ductor layer containing different components from the other,
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the above-described meeting and blending of organic semi-
conductor ink results in degradation of transistor perfor-
mance.

It can be assumed that the above-described problem is
likely to occur especially in a liquid crystal display panel, an
organic EL. display panel, etc. This is since, as already
described above, there is a demand for realizing a liquid
crystal display panel, an organic EL display panel, etc., with
higher definition, which gives rise to a demand for downsiz-
ing subpixels therein. When the downsizing of subpixels is
performed in response to such a demand, the distance
between the aperture 90165 and the aperture 9016¢ is short-
ened, and the risk increases of the organic semiconductor ink
90170 and the organic semiconductor ink 90171 meeting and
blending with each other. As such, the above-described prob-
lem is likely to take place.

Note that the same problems as described above can be
expected to occur when an inorganic semiconductor layer is
to be formed according to the application method.

Non-limiting and exemplary embodiments provide a thin
film transistor device having high quality and a manufactur-
ing method thereof, an organic EL display element, and an
organic EL display device. Such a high-quality thin film
transistor device is realized by, upon formation of a semicon-
ductor layer of the thin film transistor device, preventing
formation of a semiconductor layer at an area where the
formation of an organic semiconductor layer is undesirable
and preventing the meeting and blending of ink applied with
respect to adjacent apertures.

In one general aspect, the techniques disclosed here feature
a thin film transistor device having the following structure.

The thin film transistor device comprises a first thin film
transistor element and a second thin film transistor element
that are arranged so as to be adjacent to each other with a gap
therebetween. Each of the first thin film transistor element
and the second thin film transistor element comprises a gate
electrode; a source electrode and a drain electrode; an insu-
lating layer; and a semiconductor layer.

The source electrode and the drain electrode are disposed
on the insulating layer with a gap therebetween.

The insulating layer is disposed on the gate electrode.

The semiconductor layer is disposed on the source elec-
trode and the drain electrode so as to cover the source elec-
trode and the drain electrode and fill the gap between the
source electrode and the drain electrode, and is in contact with
the source electrode and the drain electrode.

The thin film transistor device further comprises partition
walls disposed on the insulating layer and partitioning the
semiconductor layer of the first thin film transistor element
from the semiconductor layer of the second thin film transis-
tor element, the partition walls having liquid-repellant sur-
faces and defining a first aperture, a second aperture, and a
third aperture.

In the thin film transistor device, the first aperture sur-
rounds at least a part of each of the source electrode and the
drain electrode of the first thin film transistor element, and the
second aperture is adjacent to the first aperture and surrounds
at least a part of each of the source electrode and the drain
electrode of the second thin film transistor element.

In the thin film transistor device, the third aperture is adja-
cent to the first aperture with a gap therebetween and is
located in a direction, from the first aperture, differing from a
direction of the second aperture, and an area of the thin film
transistor device surrounded by the third aperture does not
include a semiconductor layer and does not function as a
channel portion of the thin film transistor device.
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In the thin film transistor device, a bottom portion of each
of the first and second apertures includes a source electrode
portion being a bottom portion of the source electrode and a
drain electrode portion being a bottom portion of the drain
electrode, in plan view, at the bottom portion of the first
aperture, a center of a total of areas of the source electrode
portion and the drain electrode portion is offset from a center
of area of the bottom portion in a direction differing from a
direction of the third aperture, and in plan view, at the bottom
portion of one of the first and second apertures, a center a total
of areas of the source electrode portion and the drain electrode
portion is offset from a center of area of the bottom portion in
a direction differing from a direction of the other one of the
first and second apertures.

In the thin film transistor device, at the bottom portion of
the first aperture, the center of the total of areas of the source
electrode portion and the drain electrode portion is offset
from the center of area of the bottom portion in a direction
differing from the direction of the third aperture. Due to this,
when semiconductor ink for forming the semiconductor layer
is applied with respect to the first aperture during the manu-
facture of the thin film transistor device, a surface of the
semiconductor ink applied with respect to the first aperture
exhibits a shape such that the height of the surface of the
applied semiconductor ink at a side of the first aperture in a
direction differing from the direction of the third aperture is
greater than the height of the surface of the applied semicon-
ductor ink at a side of the first aperture in the direction of the
third aperture. In other words, when the semiconductor ink is
applied (i.e., when drops of the semiconductor ink are
dropped) with respect to the first aperture, the surface of the
applied semiconductor ink at a side of the first aperture in the
direction of the third aperture can be configured to be lower in
height compared to the surface of the applied semiconductor
ink at a side of the first aperture at which the source electrode
portion and the drain electrode portion, which are offset with
respect to the center of area of the first aperture, are disposed.

As such, according to the above-described structure of the
thin film transistor device pertaining to one aspect of the
present invention, in the manufacture of the thin film transis-
tor device, semiconductor ink is prevented from overflowing
and flowing out towards the third aperture, and thus, forma-
tion of a semiconductor layer at an area of the thin film
transistor device that does not function as a channel portion is
prevented. Further, by preventing semiconductor ink from
overflowing and flowing out as described above, a layer thick-
ness of the semiconductor later formed within the first aper-
ture can be controlled with high accuracy.

In addition, according to the above-described structure of
the thin film transistor device, in plan view of the bottom
portions of the first and second apertures, at the bottom por-
tion of one of the first and second apertures, the center of the
total of areas of the source electrode portion and the drain
electrode portion is offset from the center of area of the
bottom portion in a direction differing from the direction of
the other one of the first and second apertures. Due to this,
when semiconductor ink for forming the semiconductor layer
is applied (i.e., when drops of the semiconductor ink are
dropped) with respect to the first and second apertures during
the manufacture of the thin film transistor device, the surface
of the semiconductor ink applied with respect to the one of the
firstand second apertures exhibits a shape such that the height
of the surface of the applied semiconductor ink at a side of the
one of the first and second apertures in a direction differing
from the direction of the other one of the first and second
apertures is greater than the height of the surface of the
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applied semiconductor ink at a side of the one of the first and
second apertures in the direction of the other one of the first
and second apertures.

As such, according to the method of manufacturing a thin
film transistor device pertaining to one aspect of the present
invention, in the manufacture of the thin film transistor
device, semiconductor ink applied with respect to one of the
first and second apertures is prevented from undesirably
meeting and blending with semiconductor ink applied with
respect to the other one of the first and second apertures.
Therefore, the first and the second thin film transistor ele-
ments can be formed with high accuracy, particularly in terms
of the material composing the respective semiconductor lay-
ers and the layer thickness of the respective semiconductor
layers.

As such, the thin film transistor device has a high quality
that is realized by, upon formation of the semiconductor layer
of the thin film transistor device, preventing formation of a
semiconductor layer at an area where the formation of an
organic semiconductor layer is undesirable and preventing
the meeting and blending of ink applied with respect to adja-
cent apertures.

These general and specific aspects may be implemented by
using an organic EL display element, an organic EL display
device, and a method of manufacturing a thin film transistor
device.

Additional benefits and advantages of the disclosed
embodiments will be apparent from the specification and
figures. The benefits and/or advantages may be individually
provided by the various embodiments and features of the
specification and drawings disclosed, and need not all be
provided in order to obtain one or more of the same.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram illustrating an overall
structure of an organic EL display device 1 pertaining to
embodiment 1.

FIG. 2 is a schematic cross-sectional view illustrating a
partial structure of an organic EL display panel 10.

FIG. 3A is a schematic plan view illustrating a partial
structure of a TFT substrate 101, and FIG. 3B is a schematic
cross-sectional view illustrating a partial structure of the TFT
substrate 101.

FIG. 4A is a process flow diagram providing an overview
of a method of manufacturing the organic EL display panel
10, and FIG. 4B is a process flow diagram providing an
overview of a method of forming the TFT substrate 101.

FIGS. 5A through 5C are schematic process diagrams
illustrating some procedures among procedures involved in
the manufacturing of the TFT substrate 101.

FIGS. 6A through 6C are schematic process diagrams
illustrating some procedures among procedures involved in
the manufacturing of the TFT substrate 101.

FIG. 7A is a schematic plan view illustrating a procedure
among procedures involved in the manufacturing of the TFT
substrate 101, FIG. 7B is a schematic cross-sectional view
illustrating a structure along a cross section A-A'in FIG. 74,
and FIG. 7C is a schematic cross-sectional view illustrating a
structure along a cross section B-B' in FIG. 7A.

FIGS. 8A and 8B are schematic process diagrams illustrat-
ing some procedures among procedures involved in the
manufacturing of the TFT substrate 101.

FIG. 9A is a schematic plan view illustrating, in a structure
of an organic EL display panel pertaining to embodiment 2, a
partial structure of a TFT substrate, FIG. 9B is a schematic
plan view illustrating, in a structure of an organic EL display
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panel pertaining to embodiment 3, a partial structure of a TFT
substrate, and F1G. 9C is a schematic plan view illustrating, in
a structure of an organic EL display panel pertaining to
embodiment 4, a partial structure of a TFT substrate.

FIG. 10A is a schematic plan view illustrating, in a struc-
ture of an organic EL display panel pertaining to embodiment
5, a partial structure of a TFT substrate, FIG. 10B is a sche-
matic plan view illustrating, in a structure of an organic EL
display panel pertaining to embodiment 6, a partial structure
of a TFT substrate, FIG. 10C is a schematic plan view illus-
trating, in a structure of an organic EL display panel pertain-
ing to embodiment 7, a partial structure of a TFT substrate,
FIG. 10D is a schematic plan view illustrating, in a structure
of an organic EL display panel pertaining to embodiment 8, a
partial structure of a TFT substrate, FIG. 10E is a schematic
plan view illustrating, in a structure of an organic EL display
panel pertaining to embodiment 9, a partial structure of a TFT
substrate, and FIG. 10F is a schematic plan view illustrating,
in a structure of an organic EL display panel pertaining to
embodiment 10, a partial structure of a TFT substrate,

FIG. 11A is a schematic plan view illustrating, in a struc-
ture of an organic EL display panel pertaining to embodiment
11, a partial structure of a TFT substrate, FIG. 11B is a
schematic plan view illustrating, in a structure of an organic
EL display panel pertaining to embodiment 12, a partial struc-
ture of a TFT substrate, and FIG. 11C is a schematic plan view
illustrating, in a structure of an organic EL display panel
pertaining to embodiment 13, a partial structure of a TFT
substrate.

FIG. 12A is a schematic plan view illustrating, in a struc-
ture of an organic EL display panel pertaining to embodiment
14, a partial structure of a TFT substrate, FIG. 12B is a
schematic plan view illustrating, in a structure of an organic
EL display panel pertaining to embodiment 15, a partial struc-
ture ofa TFT substrate, and FIG. 12C is a schematic plan view
illustrating, in a structure of an organic EL display panel
pertaining to embodiment 16, a partial structure of a TFT
substrate.

FIG.13A is a schematic plan view illustrating a shape of an
opening of an aperture defined by partition walls in a TFT
substrate pertaining to modification 1, FIG. 13B is a sche-
matic plan view illustrating a shape of an opening of an
aperture defined by partitions wall in a TFT substrate pertain-
ing to modification 2, and FIG. 13C is a schematic plan view
illustrating a shape of an opening of an aperture defined by
partition walls in a TEFT substrate pertaining to modification
3.

FIG. 14A is a cross-sectional view illustrating, in a struc-
ture of an organic EL display device pertaining to conven-
tional technology, a partial structure of a TFT substrate, and
FIG. 14B is a cross-sectional view illustrating a procedure
pertaining to application of organic semiconductor ink
among procedures involved in the manufacturing of the TFT
substrate pertaining to conventional technology.

DETAILED DESCRIPTION
Overview of Aspects of Present Invention

One aspect of the present invention is a thin film transistor
device comprising a first thin film transistor element and a
second thin film transistor element that are arranged so as to
be adjacent to each other with a gap therebetween. Each ofthe
first thin film transistor element and the second thin film
transistor element comprises a gate electrode; a source elec-
trode and a drain electrode; an insulating layer; and a semi-
conductor layer.
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The source electrode and the drain electrode are disposed
on the insulating layer with a gap therebetween.

The insulating layer is disposed on the gate electrode.

The semiconductor layer is disposed on the source elec-
trode and the drain electrode so as to cover the source elec-
trode and the drain electrode and fill the gap between the
source electrode and the drain electrode, and 1s in contact with
the source electrode and the drain electrode.

The thin film transistor device pertaining to one aspect of
the present invention further comprises partition walls dis-
posed on the insulating layer and partitioning the semicon-
ductor layer of the first thin film transistor element from the
semiconductor layer of the second thin film transistor ele-
ment, the partition walls having liquid-repellant surfaces and
defining a first aperture, a second aperture, and a third aper-
ture.

In the thin film transistor device pertaining to one aspect of
the present invention, the first aperture surrounds at least a
part of each of the source electrode and the drain electrode of
the first thin film transistor element, and the second aperture
is adjacent to the first aperture and surrounds at least a part of
each of the source electrode and the drain electrode of the
second thin film transistor element.

In the thin film transistor device pertaining to one aspect of
the present invention, the third aperture is adjacent to the first
aperture with a gap therebetween and is located in a direction,
from the first aperture, differing from a direction of the second
aperture, and an area of the thin film transistor device sur-
rounded by the third aperture does not include a semiconduc-
tor layer and does not function as a channel portion of the thin
film transistor device.

In the thin film transistor device pertaining to one aspect of
the present invention, a bottom portion of each of the first and
second apertures includes a source electrode portion being a
bottom portion of the source electrode and a drain electrode
portion being a bottom portion of the drain electrode, in plan
view, at the bottom portion of the first aperture, a center of a
total of areas of the source electrode portion and the drain
electrode portion is offset from a center of area of the bottom
portion in a direction differing from a direction of the third
aperture, and in plan view, at the bottom portion of one of the
first and second apertures, a center a total of areas of the
source electrode portion and the drain electrode portion is
offset from a center of area of the bottom portion in a direction
differing from a direction of the other one of the first and
second apertures.

In other words, at the bottom portion of the first aperture,
the source electrode portion and the drain electrode portion,
which commonly have high wettability, are offset from the
center of area of the bottom portion in a direction differing
from the direction of the third aperture, and at the bottom
portion of one of the first and second apertures, the source
electrode portion and the drain electrode portion are offset
from the center of area of the bottom portion in a direction
differing from a direction of the other one of the first and
second apertures.

Note that, when denoting: the area of the source electrode
portion as Ag; a distance from a given point to the center of
area of the source electrode portion as x; the area of the drain
electrode portion as A ,,; a distance from the given point to the
center of area of the drain electrode portion as y, “a center of
a total of areas of the source electrode portion and the drain
electrode portion”, denoted as z, can be expressed as shown in
Math. 1.

z=(Adx+Apxy)/(ds+dp) [Math. 1]
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Math. 1 is a mathematical expression defining a relation-
ship in adirection in which aline connecting the center of area
of the bottom portion of the first aperture and the center of
area of the bottom portion of the third aperture extends.

In the thin film transistor device pertaining to one aspect of
the present invention, at the bottom portion of the first aper-
ture, the center of the total of areas of the source electrode
portion and the drain electrode portion is offset from the
center of area of the bottom portion in a direction differing
from the direction of the third aperture. Due to this, when
semiconductor ink for forming the semiconductor layer is
applied with respect to the first aperture during the manufac-
ture of the thin film transistor device, a surface of the semi-
conductor ink applied with respect to the first aperture exhib-
its a shape such that the height of the surface of the applied
semiconductor ink at a side of the first aperture in a direction
differing from the direction of the third aperture is greater
than the height of the surface of the applied semiconductor
ink at a side of the first aperture in the direction of the third
aperture. In other words, when the semiconductor ink is
applied (i.e., when drops of the semiconductor ink are
dropped) with respect to the first aperture, the surface of the
applied semiconductor ink at a side of the first aperture in the
direction of the third aperture can be configured to be lower in
height compared to the surface of the applied semiconductor
ink at a side of the first aperture at which the source electrode
portion and the drain electrode portion, which are offset with
respect to the center of area of the first aperture, are disposed.

As such, according to the above-described structure of the
thin film transistor device pertaining to one aspect of the
present invention, in the manufacture of the thin film transis-
tor device, semiconductor ink is prevented from overflowing
and flowing out towards the third aperture, and thus, forma-
tion of a semiconductor layer at an area of the thin film
transistor device that does not function as a channel portion is
prevented. Further, by preventing semiconductor ink from
overflowing and flowing out as described above, a layer thick-
ness of the semiconductor layer formed within the first aper-
ture can be controlled with high accuracy.

In addition, according to the above-described structure of
the thin film transistor device pertaining to one aspect of the
present invention, in plan view of the bottom portions of the
first and second apertures, at the bottom portion of one of the
firstand second apertures, the center of the total of areas of the
source electrode portion and the drain electrode portion is
offset from the center of area of the bottom portion in a
direction differing from the direction of the other one of the
first and second apertures. Due to this, when semiconductor
ink for forming the semiconductor layer is applied (i.e., when
drops of the semiconductor ink are dropped) with respect to
the first and second apertures during the manufacture of the
thin film transistor device, the surface of the semiconductor
ink applied with respect to the one of the first and second
apertures exhibits a shape such that the height of the surface
of the applied semiconductor ink at a side of the one of the first
and second apertures in a direction differing from the direc-
tion of the other one of the first and second apertures is greater
than the height of the surface of the applied semiconductor
ink at a side of the one of the first and second apertures in the
direction of the other one of the first and second apertures.

As such, according to the thin film transistor device per-
taining to one aspect of the present invention, in the manu-
facture of the thin film transistor device, semiconductor ink
applied with respect to one of the first and second apertures is
prevented from undesirably meeting and blending with semi-
conductor ink applied with respect to the other one of the first
and second apertures. Therefore, the first and the second thin
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film transistor elements can be formed with high accuracy,
particularly in terms of the material composing the respective
semiconductor layers and the layer thickness of the respective
semiconductor layers.

As such, the thin film transistor device pertaining to one
aspect of the present invention has a high quality that is
realized by, upon formation of the semiconductor layer of the
thin film transistor device, preventing formation of a semi-
conductor layer at an area where the formation of an organic
semiconductor layer is undesirable and preventing the meet-
ing and blending of ink applied with respect to adjacent
apertures.

In the thin film transistor device pertaining to one aspect of
the present invention, the bottom portion of the first aperture
may include a first portion where the source electrode portion
and the drain electrode portion do not exist and thus, where
the insulating layer of the first thin film transistor element is in
direct contact with the semiconductor layer of the first thin
film transistor element, the first portion being within an area
of the bottom portion located in the direction of the third
aperture. According to this, when semiconductor ink for
forming the semiconductor layer is applied (i.e., when drops
of the semiconductor ink are dropped) with respect to the first
aperture during the manufacture of the thin film transistor
device, a surface of the semiconductor ink applied with
respect to the first aperture exhibits a shape such that the
height of the surface of the applied semiconductor ink at a
side of the first aperture in a direction differing from the
direction of the third aperture is greater than the height of the
surface of the applied semiconductor ink at a side of the first
aperture in the direction of the third aperture with higher
certainty. As such, semiconductor ink is prevented from over-
flowing and flowing into the third aperture with certainty, and
hence, a thin film semiconductor device having high quality is
realized.

In the thin film transistor device pertaining to one aspect of
the present invention, the bottom portion of the first aperture
may further include a second portion where the source elec-
trode portion and the drain electrode portion do not exist and
thus, where the insulating layer of the first thin film transistor
element is in direct contact with the semiconductor layer of
the first thin film transistor element, the second portion being
within an area of the bottom portion located in a direction
differing from the direction of the third aperture, and in plan
view of the bottom portion of the first aperture, an area of the
first portion may be greater than an area of the second portion.
When additionally disposing the portion where the insulating
layer is in direct contact with the semiconductor layer at the
side of the first aperture in the direction of the second aperture
and defining the area of the portion where the insulating layer
is in direct contact with the semiconductor layer as described
above, when semiconductor ink is applied with respect to the
first aperture in the manufacture of the thin film transistor
device, the surface of the applied semiconductor ink is rela-
tively low at the sides of the first aperture in the direction of
the third and second apertures. As such, the overflowing and
flowing out of ink towards the third and second apertures can
be prevented with certainty.

In the thin film transistor device pertaining to one aspect of
the present invention, in plan view, at the bottom portion of
the other one of the first and second apertures, a center of a
total of areas of the source electrode portion and the drain
electrode portion may be offset from a center of area of the
bottom portion in a direction differing from a direction of the
one of the first and second apertures. According to this struc-
ture, when semiconductor ink is applied with respect to both
the first and second apertures during the manufacture of the
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thin film transistor device, the meeting and blending of semi-
conductor ink applied with respect to the first aperture and
semiconductor ink applied with respect to the second aperture
is prevented with higher certainty.

In the thin film transistor device pertaining to one aspect of
the present invention, in plan view of the first, second, and
third apertures, the third aperture, the first aperture, and the
second aperture may be arranged in series in the stated order
along a predetermined direction, at the bottom portion of the
first aperture, the center of a total of areas of the source
electrode portion and the drain electrode portion may be
offset from the center of area of the bottom portion in a first
direction that intersects the predetermined direction, and at
the bottom portion of the second aperture a center of a total of
areas of the source electrode portion and the drain electrode
portion may be offset from the center of area of the bottom
portion in a second direction that intersects the predetermined
direction. By disposing, in each of the first and second apet-
tures, the source electrode portion and drain electrode portion
as described above, when the application of semiconductor
ink with respect to both the first aperture and the second
aperture is performed in the manufacture of the thin film
transistor device, both the overflowing and flowing out of
semiconductor ink towards the third aperture and the meeting
and blending of semiconductor ink applied with respect to the
first aperture and semiconductor ink applied with respect to
the second aperture are prevented.

In the thin film transistor device pertaining to one aspect of
the present invention, the first direction and the second direc-
tion may be opposite directions. According to this structure,
the undesirable meeting and blending of semiconductor ink
applied with respect to the first aperture and semiconductor
ink applied with respect to the second aperture can be pre-
vented with higher certainty.

In the thin film transistor device pertaining to one aspect of
the present invention, in plan view of the bottom portion of the
first aperture, a center of area of one of the source electrode
portion and the drain electrode portion may be offset from the
center of area of the bottom portion in a direction differing
from the direction of the third aperture, and a center of area of
the other one of the source electrode portion and the drain
electrode portion may coincide with the center of area of the
bottom portion. According to this structure, in the thin film
transistor device pertaining to one aspect of the present inven-
tion, at the bottom portion of the first aperture, it is not
necessary that both the source electrode portion and the drain
electrode portion are disposed so as to be offset with respect
to the center of area of the bottom portion of the first aperture.
That is, the same effects as described above can be achieved
by disposing one of the source electrode portion and the drain
electrode portion so as to be offset with respect to the center
of area of the bottom portion of the first aperture. This results
in flexibility of the layout of the thin film transistor device
being enhanced.

In the thin film transistor device pertaining to one aspect of
the present invention, in plan view of the bottom portion of the
first aperture, a center of area of each of the source electrode
portion and the drain electrode portion may be offset from the
center of area of the bottom portion in a direction differing
from the direction of the third aperture. According to this
structure, in the thin film transistor device pertaining to one
aspect of the present invention, at the bottom portion of the
first aperture, both the source electrode portion and the drain
electrode portion are disposed so as to be offset with respect
to the center of area of the bottom portion of the first aperture.
As such, compared to when disposing only one of the source
electrode portion and the drain electrode portion so as to be
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offset with respect to the center of area of the bottom portion
of the first aperture, the above-described effects can be
achieved with higher certainty.

In the thin film transistor device pertaining to one aspect of
the present invention, at the bottom portion of the first aper-
ture, at least one of the source electrode portion and the drain
electrode portion may be located apart from a side surface
portion, of the partition walls, facing the first aperture at a side
thereof located in the direction of the third aperture, and may
be in contact with the side surface portion facing the first
aperture at a side thereof located in a direction differing from
the direction of the third aperture, and at the bottom portion of
the one of the first and second aperture’s, at least one of the
source electrode portion and the drain electrode portion may
be located apart from a side surface portion, of the partition
walls, facing the one of the first and second apertures at a side
thereoflocated in the direction of the other one of the first and
second aperture and may be in contact with the side surface
portion facing the other one of the first and second apertures
at a side thereof in a direction differing from the direction of
the other one of the first and second apertures.

The same effects as described above can be achieved by
disposing, in each of'the first and second apertures, the source
electrode portion and the drain electrode portion as described
above.

In the thin film transistor device pertaining to one aspect of
the present invention, aliquid repellency ofthe surfaces of the
partition walls may be greater than a liquid repellency of a
surface of the insulating layer, in each of the first and second
thin film transistor elements, that is in contact with the semi-
conductor layer, and the liquid repellency of the surface of the
insulating layer, in each of the first and second thin film
transistor elements, that is in contact with the semiconductor
layer may be greater than a liquid repellency of a surface of
each of the source electrode and the drain electrode in each of
the first and second thin film transistor elements. When the
above-described relation is satisfied, the surface of the semi-
conductor ink applied with respect to the first aperture and the
surface of the semiconductor ink applied with respect to the
second aperture fulfill the above-described relationship in
terms of shape when the application of semiconductor ink is
performed in the manufacture of the thin film transistor
device, and hence, the above-described effects can be
achieved with certainty.

In the thin film transistor device pertaining to one aspect of
the present invention, a bottom portion of the third aperture
may include a wire for electrically connecting with one of the
source electrode and the drain electrode in the first thin film
transistor element or one of the source electrode and the drain
electrode in the second thin film transistor element. When the
third aperture is used as a contact area in the thin film tran-
sistor device for outputting signals from the thin film transis-
tor elements to the outside, the formation of a semiconductor
layer with respect to the connection wire is to be prevented.
Here, by employing the above-described structure, the flow-
ing out of semiconductor ink towards the third aperture upon
application of semiconductor ink is prevented with certainty,
and thus, it is ensured that the third aperture maintains the
function as the contact area.

One aspect of the present invention is an organic EL dis-
play element comprising: any of the thin film transistor
devices described above; a planarizing film formed above the
thin film transistor device and having a contact hole formed
therein; a lower electrode formed on the planarizing film so as
to cover the planarizing film and a side surface of the pla-
narizing film defining the contact hole, and electrically con-
nected with one of the source electrode and the drain elec-
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trode in the first thin film transistor element or one of the
source electrode and the drain electrode in the second thin
film transistor element; an upper electrode formed above the
lower electrode; and an organic light-emitting layer inter-
posed between the lower electrode and the upper electrode,
wherein the contact hole is in communication with the third
aperture of the thin film transistor device.

According to this, since the organic EL display element
pertaining to one aspect of the present invention includes any
ofthe thin film transistor devices described above, the organic
EL element is ensured to have high quality, and at the same
time, to have high yield in the manufacture thereof.

One aspect of the present invention is an organic EL dis-
play device comprising the organic EL display element per-
taining to one aspect of the present invention. According to
this, the organic EL display device is also ensured to have
high quality, and at the same time, to have high yield in the
manufacture thereof.

One aspect of the present invention is a method of manu-
facturing a thin film transistor device comprising:

forming a first gate electrode and a second gate electrode

on a substrate so as to be adjacent to each other with a
gap therebetween;,

forming an insulating layer so as to cover the first gate

electrode and the second gate electrode;
forming first and second source electrodes and first and
second drain electrodes on the insulating layer, wherein
(i) the first source electrode and the first drain electrode
are formed with respect to the first gate electrode with a
gap therebetween, and (ii) the second source electrode
and the second drain electrode are formed with respect
to the second gate electrode with a gap therebetween;

depositing a layer of photosensitive resist material such
that, above the insulating layer, the layer of photosensi-
tive resist material covers the first and second source
electrodes and the first and second drain electrodes as
well as areas therearound;

forming partition walls on the insulating layer by perform-

ing mask exposure and patterning of the layer of photo-
sensitive resist material, the partition walls having lig-
uid-repellant surfaces and defining a first aperture, a
second aperture that is adjacent to the first aperture, and
a third aperture, the first aperture surrounding at least a
part of each of the first source electrode and the first
drain electrode, the second aperture surrounding at least
a part of each of the second source electrode and the
second drain electrode; and

a first semiconductor layer with respect to the first aperture

and a second semiconductor layer with respect to the
second aperture by applying semiconductor material
with respect to the corresponding aperture and drying
the semiconductor material so applied, wherein (i) the
first semiconductor layer is formed so as to be in contact
with the first source electrode and the first drain elec-
trode, and (i1) the second semiconductor layer is formed
so as to be in contact with the second source electrode
and the second drain electrode.

In the method of manufacturing a thin film transistor device
pertaining to one aspect of the present invention, the partition
walls are formed such that the third aperture is adjacent to the
first aperture with a gap therebetween and is located in a
direction, from the first aperture, differing from a direction of
the second aperture, an area of the thin film transistor device
surrounded by the third aperture does not include a semicon-
ductor layer and does not function as a channel portion of the
thin film transistor device, a bottom portion of each of the first
and second apertures includes a source electrode portion
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being a bottom portion of the corresponding source electrode
and a drain electrode portion being a bottom portion of the
corresponding drain electrode, in plan view, at the bottom
portion of the first aperture, a center of a total of areas of the
source electrode portion and the drain electrode portion is
offset from a center of area of the bottom portion in a direction
differing from a direction of the third aperture, and in plan
view, at the bottom portion of one of the first and second
apertures, a center a total of areas of the source electrode
portion and the drain electrode portion is offset from a center
of area of the bottom portion in a direction differing from a
direction of the other one of the first and second apertures.

In the method of manufacturing a thin film transistor device
pertaining to one aspect of the present invention, the forming
of the partition walls is performed such that, at the bottom
portion of the first aperture, the source electrode portion and
the drain electrode portion are disposed as described above.
Due to this, when semiconductor ink for forming the first
semiconductor layer is applied with respect to the first aper-
ture, a surface of the semiconductor ink applied with respect
to the first aperture exhibits a shape such that the height of the
surface of the applied semiconductor ink at a side of the first
apertureina direction differing from the direction of the third
aperture is greater than the height of the surface of the applied
semiconductor ink at a side of the first aperture in the direc-
tion of the third aperture. In other words, when the semicon-
ductor ink is applied (i.e., when drops of the semiconductor
ink are dropped) with respect to the first aperture, the surface
of the applied semiconductor ink at a side of the first aperture
in the direction of the third aperture can be configured to be
lower in height compared to the surface of the applied semi-
conductor ink at a side of the first aperture at which the source
electrode portion and the drain electrode portion, which are
offset with respect to the center of area of the first aperture, are
disposed.

As such, according to the method of manufacturing a thin
film transistor device pertaining to one aspect of the present
invention, semiconductor ink is prevented from overflowing
and flowing out towards the third aperture, and thus, forma-
tion of a semiconductor layer at an area of the thin film
transistor device that does not function as a channel portion is
prevented. Further, by preventing semiconductor ink from
overflowing and flowing out as described above, a layer thick-
ness of the semiconductor layer formed within the first aper-
ture can be controlled with high accuracy.

Inthe method of manufacturing a thin film transistor device
pertaining to one aspect of the present invention, the partition
walls are formed such that at the bottom portion of one of the
first and second apertures, the center a total of areas of the
source electrode portion and the drain electrode portion is
offset from the center of area of the bottom portion in a
direction differing from the direction of the other one of the
first and second apertures. Due to this, when semiconductor
ink for forming the semiconductor layer is applied (i.e., when
drops of the semiconductor ink are dropped) with respect to
the first and second apertures during the manufacture of the
thin film transistor device, the surface of the semiconductor
ink applied with respect to the one of the first and second
apertures exhibits a shape such that the height of the surface
of the applied semiconductor ink at a side of the one of the first
and second apertures in a direction differing from the direc-
tion of the other one of the first and second apertures is greater
than the height of the surface of the applied semiconductor
ink at a side of the one of the first and second apertures in the
direction of the other one of the first and second apertures.

As such, according to the thin film transistor device per-
taining to one aspect of the present invention, in the manu-
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facture of the thin film transistor device, semiconductor ink
applied with respect to one of the first and second apertures is
prevented from undesirably meeting and blending with semi-
conductor ink applied with respect to the other one of the first
and second apertures. Therefore, the first and the second thin
film transistor elements can be formed with high accuracy,
particularly in terms of the material composing the respective
semiconductor layers and the layer thickness of the respective
semiconductor layers.

As such, according to the method of manufacturing a thin
film transistor device pertaining to one aspect of the present
invention, a thin film transistor device having high quality can
be manufactured by, upon formation of the semiconductor
layer of the thin film transistor device, preventing formation
of a semiconductor layer at an area where the formation of an
organic semiconductor layer is undesirable and preventing
the meeting and blending of ink applied with respect to adja-
cent apertures.

In the method of manufacturing a thin film transistor device
pertaining to one aspect of the present invention, the partition
walls may be formed such that the bottom portion of the first
aperture includes a first portion where the source electrode
portion and the drain electrode portion do not exist and thus,
where the insulating layer is to come in direct contact with the
first semiconductor layer, the first portion being within an
area of the bottom portion located in the direction of the third
aperture. According to this method, the semiconductor ink
applied (dropped) with respect to each of the first and second
apertures can be controlled such that the surface of the semi-
conductor ink exhibits the above-described state. As such, a
thin film transistor device having high quality can be manu-
factured.

Inthe method of manufacturing a thin film transistor device
pertaining to one aspect of the present invention, the partition
walls may be formed such that the bottom portion of the first
aperture further includes a second portion where the source
electrode portion and the drain electrode portion do not exist
and thus, where the insulating layer is to come in direct
contact with the first semiconductor layer, the second portion
being within an area of the bottom portion located in a direc-
tion differing from the direction of the third aperture, and in
plan view of the bottom portion of the first aperture, an area of
the first portion may be greater than an area of the second
portion. According to this method, the semiconductor ink
applied (dropped) with respect to each of the first and second
apertures can be controlled such that the surface of the semi-
conductor ink exhibits the above-described state with higher
certainty. As such, a thin film transistor device having high
quality can be manufactured.

In the method of manufacturing a thin film transistor device
pertaining to one aspect of the present invention, the forming
of the insulating layer, the forming of the first and second
source electrodes and the first and second drain electrodes,
the forming of the partition walls, and the forming of the first
and second semiconductor layers may be performed such that
a liquid repellency of the surfaces of the partition walls is
greater than a liquid repellency of a surface of the insulating
layer that is to come in contact with the first and second
semiconductor layers, and the liquid repellency of the surface
of the insulating layer that is to come in contact with the first
and second semiconductor layers is greater than a liquid
repellency of a surface of each of the first and second source
electrodes and each of the first and second drain electrodes.
When the above-described relationship is satisfied, the sur-
face of the semiconductor ink applied with respect to the first
aperture and the surface of the semiconductor ink applied
with respect to the second aperture exhibit the respective
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shapes as described above when the application of semicon-
ductor ink is performed in the forming of the first and second
semiconductor layers, and hence, the above-described effects
can be achieved with certainty.

Note that in the above, when a given element is “on” or
“above” another element, the given element is not limited to
being disposed in the absolutely vertical direction with
respect to the other element. Instead, in the present disclosure,
the terms “on” and “above” are used to indicate the relative
positions of different elements, or more specifically, the rela-
tive positions of different elements along the direction in
which such elements are layered. Further, in the present dis-
closure, the term “above” is used to indicate not only a state
where a gap exists between two elements, but also a state
where the two elements are in close contact with each other,
and similarly, the term “on” is used to indicate not only a state
where two elements are in close contact with each other, but
also a state where a gap exists between the two elements.

In the following, explanation is provided of characteristics
of various forms of implementation and the effects achieved
thereby, with reference to several specific examples thereof.
Further, note that although the following embodiments
include description on fundamental characteristic features,
the present disclosure is not to be construed as being limited
to the description provided in the following embodiments
other than such fundamental features.

Embodiment 1
1. Overall Structure of Organic EL Display Device 1

In the following, description is provided on a structure of
an organic EL display device 1 pertaining to embodiment 1 of
the present disclosure, with reference to FIG. 1.

As illustrated in FIG. 1, the organic EL display device 1
includes an organic EL display panel 10 and a drive control
circuit portion 20 connected to the organic EL display panel
10.

The organic EL display panel 10 is a panel that makes use
of electroluminescence of organic material. The organic EL
display panel 10 is composed of a plurality of organic EL
elements that are, for instance, arranged so as to form a
matrix. The drive control circuit portion 20 includes four
drive circuits, namely drive circuits 21 through 24, and a
control circuit 25.

Note that, in the organic EL display device 1 pertaining to
the present embodiment, the positional arrangement of the
drive control circuit portion 20 with respect to the organic EL
display panel 10 is not limited to that illustrated in FIG. 1.

2. Structure of Organic EL Display Panel 10

In the following, description is provided on a structure of
the organic EL display panel 10, with reference to the sche-
matic cross-sectional view of FIG. 2, and FIGS. 3A and 3B.

As illustrated in FIG. 2, the organic EL display panel 10
includes a thin film transistor (TFT) substrate 101. The TFT
substrate 101 has a structure where gate electrodes 10124,
10125 are layered on a substrate 1011 with a gap between one
another, and an insulating layer 1013 is layered so as to cover
the substrate 1011 and the gate electrodes 10124, 10125. On
the insulating layer 1013, a source electrode 10144 and a
drain electrode 1014¢ corresponding to the gate electrode
10124 are disposed, and similarly, a source electrode 10145
and a drain electrode 1014d corresponding to the gate elec-
trode 10125 are disposed. As illustrated in FIG. 3A, the
source electrode 1014a and the drain electrode 1014¢ are
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arranged on the insulating layer 1013 so as to be in alignment
in the X axis direction in FIG. 3A, and similarly, the source
electrode 10144 and the drain electrode 10144 are arranged
s0 as to be in alignment in the X axis direction in FIG. 3A.

In addition, as illustrated in FIG. 2 and FIG. 3 A, a connec-
tion wire 1015 is disposed on the insulating layer 1013 at the
left side of the source electrode 1014a in the X axis direction,
and such that there is a gap between the connection wire 1015
and the source electrode 1014q. The connection wire 1015 is
formed by extending one of the source electrode 1014a, the
drain electrode 1014c, the source electrode 10145, and the
drain electrode 1014d. Alternatively, the connection wire
1015 is electrically connected to one of the source electrode
1014a, the drain electrode 1014c¢. the source electrode 10145,
and the drain electrode 10144.

Further, as illustrated in FIGS. 2 and 3A, partition walls
1016 are disposed on the insulating layer 1013. The partition
walls 1016 surround (a) the connection wire 1015, (b) a
combination of the source electrode 1014a and the drain
electrode 1014¢, and (c) a combination of the source elec-
trode 10145 and the drain electrode 10144, in such a manner
that (a), (b), and (c) are separated from one another by being
surrounded by the partition walls 1016. In other words, as
illustrated in FIG. 3A, the partition walls 1016 define three
apertures, namely an aperture 1016a, an aperture 101654, and
an aperture 1016¢. The aperture 1016a at the far left side in
the X axis direction has a bottom portion where the connec-
tion wire 1015 remains exposed. The aperture 10164 does not
function as a channel portion but functions as a contact por-
tion that contacts an anode. On the other hand, the aperture
10164 has a bottom portion where the source electrode 1014a
and the drain electrode 1014¢ remain exposed, and the aper-
ture 1016¢ has a bottom portion where the source electrode
10145 and the drain electrode 10144 remain exposed. The
apertures 10165 and 1016¢ function as channel portions.

Further, as illustrated in FIG. 3B, at each of the bottom
portions of the apertures 10165, 1016¢, the corresponding
one of the source electrodes 1014a, 10145 and the corre-
sponding one of the drain electrodes 1014¢, 1014d (refer to
FIG. 3A for illustration) are not disposed so as to extend
entirely across the bottom portion in the X axis direction. That
is, at the bottom portion of the aperture 10165, a portion of the
insulating layer 1013 remains exposed at a left side of the
bottom portion in the X axis direction (such portion herein-
after referred to exposed portion 1013a) and a portion of the
insulating layer 1013 remains exposed at a right side of the
bottom portion in the X axis direction (such portion herein-
after referred to exposed portion 10135). Similarly, at the
bottom portion of the aperture 1016¢, a portion of the insu-
lating layer 1013 remains exposed at a left side of the bottom
portion in the X axis direction (such portion hereinafter
referred to exposed portion 1013¢) and a portion of the insu-
lating layer 1013 remains exposed at a right side of the bottom
portion in the X axis direction (such portion hereinafter
referred to exposed portion 10134). In addition, at the bottom
portion of the aperture 10165, a portion of the insulating layer
1013 remains exposed at an upper side of the bottom portion
in the Y axis direction (such portion hereinafter referred to as
an exposed portion 1013e). Similarly, at the bottom portion of
the aperture 1016¢, a portion of the insulating layer 1013
remains exposed at a lower side of the bottom portion in the Y
axis direction (such portion hereinafter referred to as an
exposed portion 1013f).

Returning to FIG. 2, within the aperture 10165 defined by
the partition walls 1016, an organic semiconductor layer
1017a is disposed on the source electrode 10144 and the drain
electrode 1014¢ included therein. Similarly, within the aper-
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ture 1016¢ defined by the partition walls 1016, an organic
semiconductor layer 10175 is disposed on the source elec-
trode 10145 and the drain electrode 1014d. More specifically,
the organic semiconductor layer 10174 is formed so as to
cover the source electrode 1014a and the drain electrode
1014¢ and also fill a gap between the source electrode 1014a
and the drain electrode 1014¢. The organic semiconductor
layer 10174 so formed is in contact with the source electrode
10144 and the drain electrode 1014¢. The organic semicon-
ductor layer 10175 is formed in a similar manner and is in
contact with the source electrode 10144 and the drain elec-
trode 10144. Further, the organic semiconductor layer 10174
and the organic semiconductor layer 10175 are partitioned
from each other by the partition walls 1016.

Here, note that the organic semiconductor layer 10174 is in
direct contact with the insulating layer 1013 at the exposed
portions 1013a, 10135, 1013e illustrated in FIG. 3B, without
the source electrode 10144 or the drain electrode 1014¢ exist-
ing therebetween. Similarly, the organic semiconductor layer
10174 is in direct contact with the insulating layer 1013 at the
exposed portions 1013¢, 10134, 1013fillustrated in FIG. 3B,
without the source electrode 10145 or the drain electrode
10144 existing therebetween. Also refer to FIG. 2 for illus-
tration of the above.

Further, as illustrated in F1G. 2, a passivation film 1018 is
disposed so as to cover the organic semiconductor layer
10174, the organic semiconductor layer 10175, and the insu-
lating layer 1013. However, it should be noted that the passi-
vation film 1018 is not disposed above the area corresponding
to the connection wire 1015, and therefore, an opening is
formed at such an area.

The TFT substrate 101 of the organic EL display panel 10
pertaining to the present embodiment has a structure as
described up to this point.

Next, as illustrated in FIG. 2, a planarizing film 102 covers
the TFT substrate 101 from above. However, it should be
noted that the planarizing film 102 does not cover the con-
nection wire 1015, and a contact hole 1024 is formed in the
planarizing film 102 at an area above the connection wire
1015. The contact hole 102¢ is in communication with the
aperture 1016a of the TFT substrate 101.

An anode 103, a light-transmissive conduction film 104,
and a hole injection layer 105 are disposed in the stated order
on a main surface of the planarizing film 102. Here, each of
the anode 103, the light-transmissive conduction film 104,
and the hole injection layer 105 is disposed not only on the
planarizing film 102 but also along a side surface of the
planarizing film 102 defining the contact hole 102a. The
anode 103 is in contact with and electrically connected to the
connection wire 1015.

Further, banks 106 are disposed on the hole injection layer
105. The banks 106 are disposed so as to surround an area
above the hole injection layer 105 that corresponds to a light-
emitting portion (i.e., a subpixel). In an opening formed at the
above-described area by the banks 106, a hole transport layer
107, an organic light-emitting layer 108, and an electron
transport layer 109 are disposed in the stated order.

On the electron transport layer 109 and on exposed sur-
faces of the banks 106, a cathode 110 and a sealing layer 111
are disposed in the stated order so as to cover the electron
transport layer 109 and the exposed surfaces of the banks 106.
Further, a color filter (CF) substrate 113 is arranged so as to
face the sealing layer 111. The sealing layer 111 and the CF
substrate 113 are joined together by an adhesion layer 112
filling a gap therebetween. The CF substrate 113 includes a
substrate 1131, and a color filter 1132 and a black matrix 1133
disposed on a main surface of the substrate 1131. The main

20

25

40

45

50

60

65

18
surface of the substrate 1131 is a surface of the substrate 1131
that is located lower in the Z axis direction.

3. Material Constituting Organic EL Display Panel
10

Each part of the organic EL display panel 10 may, for
instance, be formed by using the materials as described in the
following.

(i) Substrate 1011

The substrate 1011 may be, for instance: a glass substrate;
a quartz substrate; a silicon substrate; a metal substrate com-
posed of, for example, molybdenum sulfide, copper, zinc,
aluminum, stainless steel, magnesium, iron, nickel, gold, or
silver; a semiconductor substrate composed of, for example,
gallium arsenide; or a plastic substrate.

Examples of material constituting the plastic substrate
include thermoplastic resins and thermosetting resins.
Examples thereof include polyolefins, such as polyethylene,
polypropylene, ethylene-propylene copolymers, and ethyl-
ene-vinyl acetate copolymers (EVA), cyclic polyolefin,
modified polyolefins, polyvinyl chloride, polyvinylidene
chloride: polystyrene, polyamide, polyimide (PI), polya-
mide-imide, polyesters, such as polycarbonate, poly(4-meth-
ylpentene-1), ionomers, acrylic-based resins, polymethyl
methacrylater acrylic-styrene copolymers (AS resins), buta-
diene-styrene copolymers, ethylene vinyl alcohol copoly-
mers (EVOH), polyethylene terephthalate (PET), polybuty-
lene terephthalate, polyethylene naphthalate (PEN), and
polycyclohexane terephthalate (PCT), polyether, polyether
ketone, polyethersulfone (PES), polyether imide, polyacetal,
polyphenylene oxide, modified polyphenylene oxide, pol-
yarylate, aromatic polyesters (liquid crystal polymer), poly-
tetrafluoroethylene, polyvinylidene fluoride, other fluorocar-
bon resins, thermoplastic elastomers, such as styrene-based
elastomers, polyolefin-based elastomers, polyvinyl chloride-
based elastomers, polyurethane-based elastomers, fluorocar-
bon rubbers, and chlorinated polyethylene-based elastomers,
epoxy resins, phenolic resins, urea resins, melamine resins,
unsaturated polyesters, silicone resins, and polyurethane, and
copolymers, blends, and polymer alloys thereof. The plastic
substrate may be a single layer substrate composed of one of
the materials described above or a multilayer substrate having
layers composed of two or more materials.

(ii) Gate Electrodes 10124, 10125

The gate electrodes 1012a, 10125 may be made of, for
instance, any material having electrical conductivity.

Specific examples thereof include metals, such as chro-
mium, aluminum, tantalum, molybdenum, niobium, copper,
silver, gold, platinum, palladium, indium, nickel, and neody-
mium, and alloys thereof; conductive metal oxides, such as
zine oxide, tin oxide, indium oxide, and gallium oxide; con-
ductive metal complex oxides, such as indium tin complex
oxide (ITO), indium zinc complex oxide (I1Z0), aluminum
zinc complex oxide (AZO), and gallium zinc complex oxide
(GZ0); conductive polymers, such as polyaniline, polypyr-
role, polythiophene, and polyacetylene, and conductive poly-
mers doped with acids, e.g., hydrochloric acid, sulfuric acid,
and sulfonic acid, Lewis acids, e.g., phosphorus pentafluo-
ride, arsenic pentafluoride, and iron chloride, halogen ele-
ments, e.g., iodine, and metals, e.g., sodium and potassium;
and conductive composite materials containing carbon black
and metal particles dispersed. Alternatively, polymer mix-
tures containing conductive particles, such as fine metal par-
ticles and graphite, may be used. These materials may be used
alone or in combination.
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(iii) Insulating Layer 1013

The insulating layer 1013 functions as a gate insulating
layer. The insulating layer 1013 may be made, for instance, of
any material having insulative properties. Examples of the
material that can be used include organic insulating materials
and inorganic insulating materials.

Examples of organic insulating materials include acrylic
resins, phenolic resins, fluororesins, epoxy resins, imide res-
ins, and novolac type resins.

Examples of inorganic insulating materials include: metal
oxides, such as silicon oxide, aluminum oxide, tantalum
oxide, zirconium oxide, cerium oxide, zinc oxide, and cobalt
oxide; metal nitrides, such as silicon nitride, aluminum
nitride, zirconium nitride, cerium nitride, zinc nitride, cobalt
nitride, titanium nitride, and tantalum nitride; and metal com-
plex oxides, such as barium strontium titanate and lead zir-
conate titanate. These may be used alone or in combination.

Further, the insulating layer 1013 may have a surface
thereof processed by using a surface treatment agent (ODTS
OTS HMDS BPTS) or the like.

(iv) Source Electrodes 1014a, 10145, and Drain Electrodes
1014c¢, 10144

The source electrodes 1014a, 10145 and the drain elec-
trodes 1014¢, 10144 can be formed by using the same mate-
rials as used for forming the gate electrodes 1012a, 10125.

(v) Organic Semiconductor Layers 1017a, 10175

The organic semiconductor layers 1017a, 10175 may be
formed by using, for instance, any material that has semicon-
ducting properties and is soluble to a solvent. Specific
examples thereof include thiophene-based materials, such as
poly(3-alkylthiophene), poly(3-hexylthiophene) (P3HT),
poly(3-octylthiophene),  poly(2,5-thienylene  vinylene)
(PTV), quarterthiophene (4T), sexithiophene (6T),
octathiophene, 2,5-bis(5'-biphenyl-2'-thienyl)thiophene
(BPT3), 2,5-[2,2'-(5,5'-diphenyl)dithienylJthiophene, and
[5,5"-bis(3-dodecyl-2-thienyl)-2,2'-bithiophene] (PQT-12);
phenylene vinylene-based materials such as poly(paraphe-
nylene vinylene) (PPV); fluorene-based materials such as
poly(9,9-dioctylfluorene) (PFO); triallylamine-based poly-
mers; acene-based materials, such as anthracene, tetracene,
pentacene, and hexacene; benzene-based materials, such as
1,3,5-tri [(3-phenyl-6-trifluoromethyl)quinoxalin-2-yl|ben-
zene (TPQ1) and 1,3.5-tris[{3-(4-tert-butylphenyl)-6-
trisfluoromethy!} quinoxalin-2-yl]benzene (TPQ2); phthalo-
cyanine-based materials, such as phthalocyanine, copper
phthalocyanine (CuPc), iron phthalocyanine, and perfluo-
rophthalocyanine; organometallic materials, such as tris(8-
hydroxyquinoline) aluminum (Alg3) and fac-tris(2-phe-
nylpyridine) iridium (Ir(ppy)3); C60; polymers, such as,
oxadiazole-based polymers, triazole-based polymers, carba-
zole-based polymers, and fluorene-based polymers; poly(9,
9-dioctylfluorene-co-bis-N,N-(4-methoxyphenyl)-bis-N,N'-
phenyl-1,4-pheny  lenediamine) (PFMO); poly(9,9-
dioctylfluorene-co-benzothiadiazole)  (BT);  fluorene-
triallylamine copolymers; and copolymers of fluorene and
poly(9,9-dioctylfluorene-co-dithiophene) (F8T2). These
materials may be alone or in combination.

Alternatively, the organic semiconductor layers 1017a,
10175 may be formed by using an inorganic material that is
soluble in a solvent.

(v) Passivation. Film 1018

The passivation film 1018 may be formed by using, for
instance, a water soluble resin such as polyvinyl alcohol
(PVA), or a fluororesin.
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(vii) Planarizing Film 102

The planarizing film 102 is formed by using, for instance,
an organic compound such as polyimide, polyamide, and
acrylic resin material.

(viil) Anode 103

The anode 103 is made of'a metal material containing silver
(Ag) or aluminum (Al). Further, in a top-emission type dis-
play panel such as the organic EL display panel 10 pertaining
to the present embodiment, it is desirable that a surface por-
tion of the anode 103 have high reflectivity.

(ix) Light-Transmissive Conduction Film 104

The light-transmissive conduction film 104 is formed by
using, for instance, Indium Tin Oxide (ITO), Indium Zinc
Oxide (IZ0O), or the like.

(x) Hole Injection Layer 105

Theholeinjectionlayer 105is alayer made of, for instance,
an oxide of a metal such as silver (Ag), molybdenum (Mo),
chromium (Cr), vanadium (V), tungsten (W), nickel (Ni), and
iridium (Ir), or aconductive polymer material suchas PEDOT
(an amalgam of polythiophene and polystyrene sulfonic
acid). The hole injection layer 105 in the organic EL display
panel 10 pertaining to the present embodiment as illustrated
in FIG. 2 is assumed to be made of a metal oxide. In such a
case, the hole injection layer 105 is provided with a function
of assisting hole generation and injecting holes into the
organic light-emitting layer 108 with a higher level of stabil-
ity, compared to when the hole injection layer 105 is made of
a conductive polymer material such as PEDOT. As such, the
hole injection layer 105, when made of a metal oxide, has a
higher work function than the hole injection layer 105, when
made of a conductive polymer material.

Here, a case where the hole injection layer 105 is made of
an oxide of a transition metal is considered. In such a case, a
plurality of levels can be occupied since there are a plurality
of oxidation numbers. This makes hole injection easy and
allows for reduction of driving voltage. It is particularly desir-
able to form the hole injection layer 105 by using tungsten
oxide (WO, since the hole injection layer 105 can be pro-
vided with the function of stably injecting holes and assisting
the generation of holes.

(xi) Banks 106

The banks 106 are formed by using an organic material
such as resin and have insulative properties. Example of
organic material usable for forming the banks 106 include
acrylic resins, polyimide resins, and novolac type phenolic
resin. In addition, it is desirable that the banks 106 have
organic solvent resistance. Further, since the banks 106 may
undergo processes such as etching, baking, etc. when being
formed, it is desirable that the banks 106 be formed from
highly resistant material that will not change excessively in
shapeor quality during such processes. In addition, to provide
the banks 106 with liquid repellency, the surfaces thereof can
be fluoridated.

This is since, if a liquid-philic material is used to form the
banks 106, the difference in liquid philicity/liquid repellency
between the surfaces of the banks 106 and the surface of
organic light-emitting layer 108 becomes small, and it thus
becomes difficult to keep ink including an organic substance
for forming the organic light-emitting layer 108 to be selec-
tively held within the apertures defined by the banks 106.

In addition, the banks 106 need not be formed so as to have
a single-layer structure as shown in FIG. 2. That is, the banks
106 may be alternatively formed so as to have a structure
including two or more layers. In such a case, the above mate-
rials may be combined for each layer, or layers may alternate
between inorganic and organic material.
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(xii) Hole Transport Layer 107

The hole transport layer 107 is formed by using a high-
molecular compound not containing a hydrophilic group. For
instance, the hole transport layer 107 may be formed by using
ahigh-molecular compound such as polyfluorene or a deriva-
tive thereof, and polyallylamine or a derivative thereof, but
not containing a hydrophilic group.

(xiii) Organic Light-emitting Layer 108

The organic light-emitting layer 108 has a function of
emitting light when an excitation state is produced by the
recombination of holes and electrons injected thereto. It is
desirable that material used to form the organic light-emitting
layer 108 is a light emitting-organic material, a film of which
can be formed by wet printing.

Specifically, it is desirable that the organic light-emitting
layer 108 be formed from a fluorescent material such as an
oxinoid compound, perylene compound, coumarin com-
pound, azacoumarin compound, oxazole compound, oxadia-
zole compound, perinone compound, pyrrolo-pyrrole com-
pound, naphthalene compound, anthracene compound,
fluorene compound, fluoranthene compound, tetracene com-
pound, pyrene compound, coronene compound, quinolone
compound and azaquinolone compound, pyrazoline deriva-
tive and pyrazolone derivative, rhodamine compound, chry-
sene compound, phenanthrene compound, cyclopentadiene
compound, stilbene compound, diphenylquinone compound,
styryl compound, butadiene compound, dicyanomethylene
pyran compound, dicyanomethylene thiopyran compound,
fluorescein compound, pyrylium compound, thiapyrylium
compound, selenapyrylium compound, telluropyrylium
compound, aromatic aldadiene compound, oligophenylene
compound, thioxanthene compound, anthracene compound,
cyanine compound, acridine compound, metal complex of a
8-hydroxyquinoline compound, metal complex of a 2-bipy-
ridine compound, complex of a Schiff base and a group three
metal, metal complex of oxine, rare earth metal complex, etc.,
as recited in Japanese Patent Application Publication No.
HS5-163488.

(xiv) Electron Transport Layer 109

The electron transport layer 110 has a function of trans-
porting electrons injected through the cathode 111 to the
organic light-emitting layer 108, and is formed by using, for
instance, an oxadiazole derivative (OXD), a triazole deriva-
tive (TAZ), a phenanthroline derivative (BCP, Bphen), or the
like.

(xv) Cathode 110

The cathode 110 is formed by using, for instance, Indium
Tin Oxide (ITO), Indium Zinc Oxide (IZO), or the like. Fur-
ther, in a top-emission type display panel such as the organic
EL display panel 10 pertaining to the present embodiment, it
is desirable that the cathode 110 be formed by using light-
transmissive material. When forming the cathode 111 by
using light-transmissive material as described above, it is
desirable that the cathode 111 be provided with light-trans-
missivity of 80% or greater.

In addition to the materials presented above, the following
materials may be used to form the cathode 110. That is, the
cathode 110 may be formed, for instance, as a layer including
an alkali metal, a layer including an alkali earth metal, or a
layer including an alkali earth metal halide. Alternatively, the
cathode 110 may be formed as a laminate including one of the
above-described layers and a layer including Ag laminated in
the stated order. When the cathode 110 is formed as a laminate
as described above, the layer including Ag may be formed
with Ag alone, or with an alloy of Ag. Further, in order to
enhance the efficiency with which light is guided out from the
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organic EL display panel 10, a highly light-transmissive,
refraction index adjustment layer may be provided above the
layer including Ag.

(xvi) Sealing Layer 111

The sealing layer 111 has a function of preventing organic
layers such as the organic light-emitting layer 108 from being
exposed to water and/or air and is formed by using, for
example, material such as silicon nitride (SiN) and silicon
oxynitride (SiION). In addition, a sealing resin layer made of
aresin material such as acrylic resin and silicone resin may be
further disposed above the sealing layer, which is formed by
using material such as silicon nitride (SiN) and silicon oxyni-
tride (SiON) as described above.

Further, in a top-emission type display panel such as the
organic EL display panel 10 pertaining to the present embodi-
ment, it is desirable that the sealing layer 111 be formed by
using light-transmissive material.

4. Arrangement of Source Electrodes 1014a, 10145
and Drain Flectrodes 1014¢, 10144 in TFT Substrate
101

In the following, description is provided on a positional
arrangement of the source electrodes 1014a, 10144 and the
drain electrodes 1014¢, 10144 in the TFT substrate 101, with
reference to FIGS. 3A and 3B.

As illustrated in FIGS. 3A and 3B, at the bottom portion of
each of the apertures 10165, 1016¢ defined by the partition
walls 1016, the corresponding one of the source electrodes
10144, 10145 and the corresponding one of the drain elec-
trodes 1014¢, 10144 are disposed so as to be off-center in the
Y axis direction. In specific, at the bottom portion of the
aperture 10165, each of the source electrode 10144 and the
drain electrode 1014c is disposed so as to be offset in the
lower direction along the Y axis. In other words, at the bottom
portion of the aperture 10165, a center of a total of areas of the
source electrode 1014 and the drain electrode 1014¢ is offset
from a center of area of bottom portion of the aperture 10165
in a direction differing from the direction of the adjacent
aperture 1016a or that is, a direction differing from the left
direction along the X axis.

On the other hand, at the bottom portion of the aperture
1016¢, each of the source electrode 10144 and the drain
electrode 10144 is disposed so as to be offset in the upper
direction along the Y axis. In other words, at the bottom
portion of the aperture 1016¢, a center of a total of areas of the
source electrode 10145 and the drain electrode 1014d is offset
from a center of area of bottom portion of the aperture 1016¢
in a direction differing from the direction of the adjacent
aperture 10165 or that is, a direction differing from the left
direction along the X axis.

Note that each of “a center of a total of areas of the source
electrode 1014¢ and the drain electrode 1014¢” and “a center
of a total of areas of the source electrode 10145 and the drain
electrode 10144 as mentioned above can be calculated
according to Math. 1 above.

In addition, each of the source electrode 1014a and the
drain electrode 1014c¢ is in contact with a lower side, in the Y
axis direction, of a side surface portion, of the partition walls
1016, facing the aperture 10165 while being located apart
from the rest of the sides of the side surface portion facing the
aperture 10164. Similarly, at the bottom portion of the aper-
ture 1016¢, each of the source electrode 10145 and the drain
electrode 10144 is in contact with an upper side, in the'Y axis
direction, of a side surface portion, of the partition walls 1016,
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facing the aperture 1016¢ while being located apart from the
rest of the sides of the side surface portion facing the aperture
1016¢.

In addition, as illustrated in FIG. 3B, at a point when the
organic semiconductor layer 1017« has not yet been formed,
at the bottom portion of the aperture 10165, a center of areas
of portions of the insulating layer 1013 remaining exposed (a
center of areas of the exposed portions 1013a, 10135, 1013¢)
is offset from the center of area of the bottom portion of the
aperture 10165 in the upper direction along the Y axis. Simi-
larly, at a point when the organic semiconductor layer 10175
has not yet been formed, at the bottom portion of the aperture
1016¢, a center of areas of portions of the insulating layer
1013 remaining exposed (a center of areas of the exposed
portions 1013¢, 10134, 10130 1s offset from the center of area
of the bottom portion of the aperture 1016¢ in the lower
direction along the Y axis.

5. Method of Manufacturing Organic Display
Device 1

In the following, description is provided on a method of
manufacturing the organic EL display device 1, and in par-
ticular, a method of manufacturing the organic FL display
panel 10, with reference to FIG. 2 and FIGS. 4A and 4B.

First, as illustrated in FIG. 2 and FIG. 4A, the substrate
1011 is prepared (Step S1). The substrate 1011 serves as a
base of the TFT substrate 101. Then, the TFT substrate 101 is
formed by forming a thin film transistor (TFT) device on the
substrate 1011 (Step S2).

Then, as illustrated in FIG. 2 and FIG. 4A, the planarizing
film 102, which is made of insulative material, is formed on
the TFT substrate 101 (Step S3). As illustrated in FIG. 2, the
planarizing film 102 has the contact hole 102« formed therein
at an area above the connection wire 1015 in the TFT sub-
strate 101. Further, the planarizing film 102 is formed such
that upper surfaces in the 7 axis direction of portions thereof
other than the contact hole 102a are substantially planar.

Then, the anode 103 is formed on the planarizing film 102
(Step S4). As illustrated in FIG. 2, the anode 103 in the
organic EL display panel 10 is formed so as to be partitioned
in units of light emission (i.e., in units of subpixels). Further,
the anode 103 is formed so as to have a portion that is con-
nected to the connection wire 1015 of the TFT substrate 101
by being formed along the side surface of the planarizing film
102 defining the contact hole 102a.

Here, note that the anode 103 can be formed, for instance,
by first forming a metal film according to the sputtering
method, the vacuum vapor deposition method, or the like, and
then etching the metal film so formed to obtain subpixel units.

Then, the light-transmissive conduction film 104 is formed
so as to cover an upper surface of the anode 103 (Step S5). As
illustrated in FIG. 2, the light-transmissive conduction film
104 covers not only the upper surface of the anode 103 but
also surfaces of lateral edges of the anode 103. Further, the
light-transmissive conduction film 104 also covers the upper
surface of the anode 103 within the contact hole 102a. Note
that the light-transmissive conduction film 104 can also be
formed, for instance, by first forming a film according to the
sputtering method, the vacuum vapor deposition method, or
the like, and then etching the film so formed to obtain subpixel
units.

Then, the hole injection layer 105 is formed on the light-
transmissive conduction film 104 (Step S6). Note that,
although the hole injection layer 105 is formed so as to cover
the entire light-transmissive conduction film 104 in FIG. 2,
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the hole injection layer 105 may alternatively be formed so as
to be partitioned into subpixel units.

Further, when forming the hole injection layer 105 by using
a metal oxide (e.g., tungsten oxide), the formation of the
metal oxide film can be performed according to specific film
forming conditions. For instance, the metal oxide film can be
formed under film forming conditions such that: (i) a gas
including argon gas and oxygen gas is used as a sputtering gas
in a chamber of a sputtering device for forming the metal
oxide film; (ii) a total pressure of the sputtering gas is higher
than 2.7 Pa and lower than or equal to 7.0 Pa; (iii) a partial
pressure of the oxygen gas in the sputtering gas is at least 50%
and at most 70%; and (iv) an input power density per unit area
of the sputtering target is at least 1.0 W/cm? and at most 2.8
W/em?.

Then, the banks 106 defining subpixels of the organic EL
display panel 10 are formed (Step S7). As illustrated in FIG.
2, the banks 106 are formed so as to be layered onto the hole
injection layer 105.

In specific, the banks 106 are formed by first forming a
layer of material for forming the banks 106 (hereinafter
referred to as a “material layer”) on the hole injection layer
105. The material layer is formed, for instance, by using a
material including a photosensitive resin component and a
fluorine component such as acrylic resin, polyimide resin,
and novolac-type phenolic resin, and according to the spin
coating method, or the like. Note that, in the present embodi-
ment, a negative photosensitive material manufactured by
Zeon Corporation (product code: ZPN1168), which is one
example of a photosensitive resin material, can be used for
forming the material layer. Subsequently, by patterning the
material layer so formed, apertures corresponding to the sub-
pixels of the organic EL display panel 10 are formed. The
forming of the apertures can be performed by disposing a
mask onto the surface of the material layer, performing expo-
sure from over the mask, and finally performing developing.

Then, in each concavity on the hole injection layer 105
defined by the banks 106, the hole transport layer 107, the
organic light-emitting layer 108, and the electron transport
layer 109 are formed in the stated order so as to be layered one
on top of another (Steps S8 through S10).

The hole transport layer 107 is formed by first forming,
according to the printing method, a film made of an organic
compound for forming the hole transport layer 107, and then
sintering the film so formed. The organic light-emitting layer
108 is similarly formed by first forming a film according to
the printing method, and then sintering the film so formed.

Then, the cathode 110 and the sealing layer 111 are layered
onto the electron transport layer 109 in the stated order (Steps
S11and S12). As illustrated in FIG. 2, the cathode 110 and the
sealing layer 111 are formed so as to cover the layers ther-
ebelow entirely, including top surfaces of the banks 106.

Then, an adhesive resin material for forming the adhesion
layer 112 is applied onto the sealing layer 111, and a color
filter (CF) panel having been prepared in advance is adhered
onto the sealing layer 111 via the adhesive layer 112 (Step
S13). As illustrated in FIG. 2, the CF substrate 113 adhered
onto the sealing layer 111 via the adhesion layer 112 includes
the substrate 1131, and the color filter 1132 and the black
matrix 1133 formed on the surface of the substrate 1131 that
is located lower in the Z axis direction.

As such, the manufacturing of the organic EL display panel
10, which is an organic EL display element, is completed.

Note that, although illustration is not provided in the draw-
ings, the manufacturing of the organic EL display device 1 is
completed by annexing the drive control circuit portion 20 to
the organic EL display panel 10 (refer to FIG. 1), and then
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performing aging processing. The aging processing is per-
formed by, for instance, causing the organic EL display
device 1 to conduct until the mobility of holes in the organic
EL display device 1 reaches Yo or lower with respect to the
hole injection characteristics before the aging processing.
More specifically, in the aging processing, the organic EL
display device 11is electrified for a predetermined time period
while maintaining the luminous intensity of the organic EL
display device 1 to be at least equal to the luminous intensity
upon actual usage and at most three times the luminous inten-
sity upon actual usage.

Subsequently, description is provided on a method of form-
ing the TFT substrate 101, with reference to FIG. 4B, FIGS.
5A through 5C, FIGS. 6A through 6C, FIGS. 7A through 7C,
and FIGS. 8A and 8B.

As illustrated in FIG. 5A, the gate electrodes 1012a, 10125
are formed on a main surface of the substrate 1011 (Step S21
in FIG. 4B). Note that the formation of the gate electrodes
10124, 10126 may be performed according to the above-
described method applied in the formation of the anode 103.

Then, as illustrated in FIG. 5B, the insulating layer 1013 is
formed so as to cover the substrate 1011 and the gate elec-
trodes 1012a, 10124 (Step S22 in FIG. 4B). Then, as illus-
trated in FIG. 5C, the source electrodes 10144, 10145, the
drain electrodes 1014c¢, 10144, and the connection wire 1015
are formed on a main surface of the insulating layer 1013
(Step S23 in FIG. 4B). In this step, note that the position of
each of the source electrodes 1014a, 10145 and each of the
drain electrodes 1014¢, 10144 on the insulating layer 1013 is
defined such that, in each of the apertures 10165, 1016¢, a
corresponding one of the source electrodes 1014a, 10145 and
the corresponding one of the drain electrodes 1014¢, 10144
are disposed so as to be offset in the manner described above.
Such arrangements are made in the present step taking into
account the partition walls 1016 that are formed through the
following steps. Due to this, the exposed portion 1013a of the
insulating layer 1013 is formed at the left side of the source
electrode 1014¢ in the X axis direction, and the exposed
portion 10135 of the insulating layer 1013 is formed at the
right side of the drain electrode 1014¢ in the X axis direction.
Similarly, the exposed portion 1013¢ of the insulating layer
1013 is formed at the left side of the source electrode 10145
in the X axis direction, and the exposed portion 10134 of the
insulating layer 1013 is formed at the right side of the drain
electrode 10144 in the X axis direction. Note that, although
undepicted in FIG. 5C, the exposed portions 1013e, 1013f'of
the insulating layer 1013 are also formed in this step.

Then, as illustrated in FIG. 6 A, a film 10160 of photoresist
material for forming the partition walls 1016 is deposited so
as to accumulate and cover the source electrodes 1014a,
10145, the drain electrodes 1014c, 10144, the connection
wire 1015, and the exposed portions 10134, 10135 of the
insulating layer 1013 (Step S24 in FIG. 4B). Then, as illus-
trated in FIG. 6B, a mask 501 is disposed above the film
10160 so deposited, and mask exposure and patterning of the
photoresist material film 10160 is performed (Step S25 in
FIG. 4B). Here, note that the mask 501 has window portions
501a,5015,501¢, and 5014 formed therein which correspond
in position to the partition walls 1016 to be formed. Note that,
although not illustrated in FIG. 6B, the mask 501 has addi-
tional window portions formed therein which also correspond
in position to the partition walls 1016 to be formed.

The partition walls 1016, illustration of which is provided
in FIG. 6C, are formed in such a manner as described above
(Step S26 in FIG. 4B). The partition walls 1016 define a
plurality of apertures including the apertures 10164, 10165,
and 1016¢. More specifically, the partition walls 1016 defin-

15

20

25

40

45

60

65

26

ing the aperture 1016a surround the connection wire 1015,
the partition walls 1016 defining the aperture 10165 surround
the source electrode 1014q and the drain electrode 1014¢, and
the partition walls 1016 defining the aperture 1016e surround
the source electrode 10145 and the drain electrode 10144.
Further, in each of the apertures 10165, 1016¢, the corre-
sponding one of the source electrodes 10144, 10145 and the
corresponding one of the drain electrodes 1014¢, 1014d are
each disposed so as to be offset as illustrated in FIG. 3A.

After the partition walls 1016 are formed, organic semi-
conductor ink 10170a, 101705, for respectively forming the
organic semiconductor layers 1017a, 10175, are respectively
applied to the apertures 10165, 1016¢ defined by the partition
walls 1016, as illustrated in FIG. 7A (Step S27 in FIG. 4B).
Here, it should be noted that a plan view surface ofthe organic
semiconductor ink 10170a applied with respect to the aper-
ture 10165 and a plan view surface of the organic semicon-
ductor ink 10170a applied with respect to the aperture 10165
are not symmetric in the X axis direction in FIG. 7A. Rather,
the plan view surface of the organic semiconductor ink
101704 and the plan view surface of the organic semiconduc-
tor ink 10170 are off-center in different directions (the direc-
tions indicated by arrows F, and F,, in FIG. 7A).

More specifically, as illustrated in FIG. 7B, the surface
shape of the organic semiconductor ink 10170a applied with
respect to the aperture 10165 is biased in one direction along
the Y axis (i.e., the direction indicated by the arrow F; illus-
trated above the organic semiconductor ink 10170a). In other
words, the organic semiconductor ink 101704 applied with
respect to the aperture 10165 has a shape such that one side
along the Y axis in the direction indicated by the arrow F,
includes a greater distribution of portions having relatively
great surface height than the other side. On the other hand, as
illustrated in FIG. 7C, the surface shape of the organic semi-
conductor ink 101705 applied with respect to the aperture
1016¢ is biased in one direction along the Y axis (i.e., the
direction indicated by the arrow F, illustrated above the
organic semiconductor ink 101706). In other words, the
organic semiconductor ink 101705 applied with respect to the
aperture 1016¢ has a shape such that one side along the Y axis
in the direction indicated by the arrow F, includes a greater
distribution of portions having relatively great surface height
than the other side.

By controlling the surface shapes of the organic semicon-
ductor ink 10170a, 101705 in such a manner, the organic
semiconductor ink 10170q, 101705 is (i) prevented from
overflowing and flowing out towards undesirable areas
including the aperture 10164, and (ii) prevented from meeting
and blending with each other. The specific reasons as to why
such a problem can be prevented are described later in the
present disclosure.

Subsequently, by drying the organic semiconductor ink
10170a, 101704 (Step S28 in FIG. 4B), the organic semicon-
ductor layers 1017a, 10175 are respectively formed with
respect to the apertures 10165, 1016¢ as illustrated in FIG. 8 A
(Step S29 in FIG. 4B).

Finally, the formation of the TFT substrate 101 is com-
pleted by forming the passivation film 1018 so as to entirely
cover underlayers therebelow with the exception of a contact
area including the aperture 10164, etc., as illustrated in FIG.
8B (Step S30 in FIG. 4B).

6. Effects Achieved

For the reasons explained in the following, the TFT sub-
strate 101 pertaining to the present embodiment, the organic
EL display panel 10 including the TFT substrate 101, and the
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organic BL display device 1 having a structure including the
organic EL display panel 10 are ensured to have high quality,
and at the same time, to have high yield in the manufacture
thereof.

As illustrated in FIGS. 7A through 7C, according to the
TFT substrate 101 pertaining to the present embodiment,
when the organic semiconductor ink 10170a, 101705, which
are for respectively forming the organic semiconductor layers
1017a, 10175, are respectively applied with respect to the
apertures 10165, 1016¢, the organic semiconductor ink
10170a exhibits a shape such that the above-described side
thereof, which is not in the direction along which the aperture
10164 adjacent to the aperture 10165 exists, includes a great
distribution of portions having great surface height. Due to
this, it is unlikely that the organic semiconductor ink 101704
flows out towards the aperture 1016a.

In addition, when comparing the organic semiconductor
ink 10170a applied with respect to the aperture 10165 and the
organic semiconductor ink 101705 applied with respect to the
aperture 1016¢, portions having great surface height are
located at opposite sides in the Y axis direction. Due to this, it
is unlikely that the organic semiconductor ink 10170a and the
organic semiconductor ink 101705 meet and blend with each
other.

As such, in the TFT substrate 101 pertaining to the present
embodiment, the formation of the organic semiconductor
layers 1017a, 10175 at only desired areas (i.e., the channel
portions) is realized. In addition, by preventing the organic
semiconductor ink 10170a, 101705 from overflowing, the
layer thicknesses of the organic semiconductor layers 1017a
and 10175 (i.e., the layer thickness of an organic semicon-
ductor layer 1017) can be controlled with high precision.
Furthermore, high performance is guaranteed of each ofa thin
film transistor element formed at an area corresponding to the
aperture 10165 and a thin film transistor element formed at an
area corresponding to the aperture 1016¢.

As such, the TFT substrate 101 pertaining to the present
embodiment, the organic EL display panel 10 including the
TFT substrate 101, and the organic EL display device 1 hav-
ing a structure including the organic EL display panel 10,
upon formation of the organic semiconductor layer 1017 in
the TFT substrate 101, (i) prevents the formation of the
organic semiconductor layer 1017 at undesirable areas, and
(i1) prevents the organic semiconductor ink 10170a, 101705
from meeting and blending with each other, and thereby
ensures high quality.

Note that the above-described effect is a result of (i) the
positional arrangement of the source electrodes 1014a, 10145
and the drain electrodes 1014¢, 10144 at the bottom portion of
the apertures 10165, 1016¢, and (ii) a specific relationship
between the liquid repellency of the surfaces of the partition
walls 1016, the liquid repellency of the surface of the insu-
lating layer 1013, and the liquid repellency of the surfaces of
the source electrodes 1014a, 10145 and the drain electrodes
1014¢, 10144. In specific, the following relationship is satis-
fied when denoting: the liquid repellency of the surfaces of
the partition walls 1016 as Rw; the liquid repellency of the
surface of the insulating layer 1013 as R, and the liquid
repellency of the surfaces of the source electrodes 1014a,
10145 and the drain electrodes 1014¢, 10144 as R ..

Ry>R>Ry [Math. 2]

Note that, the liquid repellency denoted by each of R, R,
and R indicates the liquid repellency of the corresponding
surface(s) with respect to the organic semiconductor ink
10170a, 101705.
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Inthe meantime, when seen from an opposite point of view,
or that is, in terms of wettability, the characteristics of the
surfaces of the partition walls 1016, the characteristics of the
surface of the insulating layer 1013, and the characteristics of
the surfaces of the source electrodes 10144, 10145 and the
drain electrodes 1014¢, 10144 satisfy the following relation-
ship.

Wiy<Wy<Wy

In Math. 3, W, denotes the wettability of the surfaces of
the partition walls 1016, W, denotes the wettability of the
surface of the insulating layer 1013, and W denotes the
wettability of the surfaces of the source electrodes 1014a,
10145 and the drain electrodes 1014c¢, 10144.

As described up to this point, according to the present
embodiment, control is performed of (i) the positional
arrangement of the source electrodes 1014a, 10145 and the
drain electrodes 1014¢, 10144 at the bottom portions of the
apertures 10165, 1016¢, and (ii) the relationship between the
liquid repellency of the surfaces of the partition walls 1016,
the liquid repellency of the surface of the insulating layer
1013, and the liquid repellency of the surfaces of the source
electrodes 1014a, 10145 and the drain electrodes 1014c,
10144. Due to this, the surfaces of the organic semiconductor
ink 101704, 101705, upon application in the manufacturing
of the TFT substrate 101, exhibit the shapes as illustrated in
FIGS. 7A through 7C. Hence, the organic semiconductor ink
10170a, 101705 can be (i) effectively prevented from over-
flowing and flowing out towards undesirable areas such as the
inside of the aperture 10164 and (ii) effectively prevented
from meeting and blending with each other. This results in the
formation of the organic semiconductor layers 10174, 10175
at undesirable portions being prevented and the degradation
of device characteristics due to meeting and blending of
organic semiconductor ink between thin film transistor ele-
ments being prevented. As such, the TFT substrate 101, the
organic EL display panel 10, and the organic EL display
device 1 are ensured to have high quality, and at the same
time, to have high yield in the manufacture thereof.

Note that, by disposing the source electrode 1014a and the
drain electrode 1014c at the bottom portion of the aperture
10165 and the source electrode 10145 and the drain electrode
10144 at the bottom portion of the aperture 1016¢ according
to the positional arrangement illustrated in FIG. 3A, the
exposed portions 10134, 10135, 1013e of the insulating layer
1013 are formed at the bottom portion of the aperture 10165
and the exposed portions 1013c¢, 10134, 1013/ of the insulat-
ing layer 1013 are formed at the bottom portion of the aper-
ture 1016¢ as illustrated in FIG. 3B. As a result, at the bottom
portion of the aperture 10165, the area of the insulating layer
1013 remaining exposed is greater at the upper side of the
bottom portion in the Y axis direction than at the lower side.
On the other hand, at the bottom portion of the aperture
1016¢, the area of the insulating layer 1013 remaining
exposed is greater at the lower side of the bottom portion in
theY axis direction than at the upper side. Such a relationship
is also effective in achieving the above-described effects.

[Math. 3]

Embodiment 2

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 2 of the present
disclosure, with reference to FIG. 9A. FIG. 9A corresponds to
FIG. 3A inembodiment 1, and other than differences between
the structures illustrated in FIG. 9A and FIG. 3A, embodi-
ment 2 is similar to embodiment 1. As such, the structures
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similar between embodiment 2 and embodiment 1 are not
illustrated in the drawings nor will be described in the fol-
lowing.

As illustrated in FIG. 9A, the TFT substrate pertaining to
the present embodiment has partition walls 2016 that define
four apertures, namely apertures 2016a, 20165, 2016c,
20164. Among the four apertures that are defined by the
partition walls 2016, the apertures 2016a, 20164 are respec-
tively provided with connection wires 20154, 20154 at bot-
tom portions thereof, and thus, do not function as channel
portions.

Note that, as illustrated in FIG. 9A, one of the apertures
20164, 20164, which do not function as channel portions,
here for instance, the aperture 20164 belongs to a TFT ele-
ment that corresponds to a subpixel adjacent to a subpixel that
the apertures 2016a through 2016¢ correspond to.

In addition, at the bottom portion of the aperture 2016, a
source electrode 2014 and a drain electrode 2014c are dis-
posed. Similarly, at the bottom portion of the aperture 2016¢,
a source electrode 20145 and a drain electrode 20144 are
disposed.

The source electrode 2014a and the drain electrode 2014¢
at the bottom portion of the aperture 20165, and the source
electrode 20145 and the drain electrode 20144 at the bottom
portion of the aperture 2016¢ have a shape of an elongated
rectangle whose long sides extend in the X axis direction.
Further, one long side of the source electrode 2014a faces one
long side of the drain electrode 2014c¢, and similarly, one side
long of the source electrode 20145 faces one long side of the
drain electrode 2014d.

In addition, at the bottom portion of the aperture 20165
before the formation of an organic semiconductor layer, a
portion of an insulating layer 2013 remaining exposed (i.e.,
an exposed portion 2013¢) occupies a greater area in the left
side of the bottom portion in the X axis direction compared to
in the right side, as illustrated in portion (a) of F1IG. 9. On the
other hand, at the bottom portion of the aperture 2016¢ before
the formation of an organic semiconductor layer, portions of
the insulating layer 2013 remaining exposed at both sides of
the bottom portion in the X axis direction (i.e., exposed pot-
tions 2013¢, 20134) occupy substantially the same area.

In the manufacturing of the TFT substrate pertaining to the
present embodiment that has the above-described structure,
when organic semiconductor ink is applied with respect to the
apertures 20165, 2016¢, the organic semiconductor ink
exhibits a state as described in the following. That is, the
surface shape of the organic semiconductor ink applied with
respect to the aperture 20165 is biased in the direction indi-
cated by the arrow F. On the other hand, the surface shape of
the organic semiconductor ink applied with respect to the
aperture 2016¢ is biased in the two directions indicated by the
arrows Fg and F.

As such, the structure according to the present embodiment
achieves the same effects as the structure described in
embodiment 1, and therefore, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 3

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 3 of the present
disclosure, with reference to FIG. 9B. F1G. 9B corresponds to
FIG. 3A inembodiment 1, and other than differences between
the structures illustrated in FIG. 9B and FIG. 3A, embodi-
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ment 3 is similar to embodiments 1 and 2. As such, the
structures similar between embodiment 3 and embodiments 1
and 2 are not illustrated in the drawings nor will be described
in the following.

As illustrated in FIG. 9B, the TFT substrate pertaining to
the present embodiment has partition walls 3016 that define
four apertures, namely apertures 3016a, 30165, 3016¢,
3016d. Among the four apertures that are defined by the
partition walls 3016, the apertures 3016a, 3016 are respec-
tively provided with connection wires 30154, 30154 at bot-
tom portions thereof, and thus, do not function as channel
portions.

Note that, as illustrated in FIG. 9B, one of the apertures
30164, 30164, which do not function as channel portions,
here for instance, the aperture 30164 belongs to a TFT ele-
ment that corresponds to a subpixel adjacent to a subpixel that
the apertures 30164 through 3016¢ correspond to. This is
similar to embodiment 2, etc.

In addition, at the bottom portion of the aperture 30165, a
source electrode 3014¢ and a drain electrode 3014c are dis-
posed. Similarly, at the bottom portion of the aperture 3016c,
a source electrode 30145 and a drain electrode 3014d are
disposed.

The source electrode 3014a and the drain electrode 3014c
at the bottom portion of the aperture 30165, and the source
electrode 30145 and the drain electrode 30144 at the bottom
portion of the aperture 3016¢ each have a shape of an elon-
gated rectangle whose long sides extend in the X axis direc-
tion. Further, one long side of the source electrode 30144
faces one long side of the drain electrode 3014¢, and simi-
larly, one side long of the source electrode 30145 faces one
long side of the drain electrode 30144.

At the bottom portion of the aperture 30165 before the
formation of an organic semiconductor layer, portions of an
insulating layer 3013 remaining exposed at both sides of the
bottom portion in the X axis direction (i.e., exposed portions
30134, 3013b) occupy substantially the same area. On the
other hand, at the bottom portion of the aperture 3016¢ before
the formation of an organic semiconductor layer, a portion of
the insulating layer 3013 remaining exposed (i.e., an exposed
portion 30134) occupies a greater area in the right side of the
bottom portion in the X axis direction compared to in the left
side.

In the manufacturing of the TFT substrate pertaining to the
present embodiment that has the above-described structure,
when organic semiconductor ink is applied with respect to the
apertures 30165, 3016¢, the organic semiconductor ink
exhibits a state as described in the following. That is, the
surface shape of the organic semiconductor ink applied with
respect to the aperture 30165 is biased in the two directions
indicated by the arrows Fg and F,. On the other hand, the
surface shape of the organic semiconductor ink applied with
respect to the aperture 3016¢ is biased in the direction indi-
cated by the arrow F .

As such, the structure according to the present embodiment
achieves the same effects as the structure described in
embodiment 1, and therefore, similar as described in embodi-
ment | above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 4

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 4 of the present
disclosure, with reference to FIG. 9C. F1G. 9C corresponds to
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FIG. 3A inembodiment 1, and other than differences between
the structures illustrated in FIG. 9C and FIG. 3A, embodi-
ment 4 is similar to embodiments 1, 2, and 3. As such, the
structures similar between embodiment 4 and embodiments
1, 2, and 3 are not illustrated in the drawings nor will be
described in the following.

As illustrated in FIG. 9C, the TFT substrate pertaining to
the present embodiment has partition walls 4016 that define
four apertures, namely apertures 4016a, 40165, 4016c,
4016d. Among the four apertures that are defined by the
partition walls 4016, the apertures 4016a, 4016 are respec-
tively provided with connection wires 40154, 40154 at bot-
tom portions thereof, and thus, do not function as channel
portions.

Note that, as illustrated in FIG. 9C, one of the apertures
40164, 40164, which do not function as channel portions,
here for instance, the aperture 40164 belongs to a TFT ele-
ment that corresponds to a subpixel adjacent to a subpixel that
the apertures 4016a through 4016¢ correspond to. This is
similar to embodiments 2, 3, etc.

In addition, at the bottom portion of the aperture 40165, a
source electrode 40144 and a drain electrode 4014c¢ are dis-
posed. Similarly, at the bottom portion of the aperture 4016¢,
a source electrode 40145 and a drain electrode 40144 are
disposed. Here, note that the source electrode 4014a and the
drain electrode 4014¢ are disposed at the bottom portion of
the aperture 40165 and the source electrode 40145 and the
drain electrode 40144 are disposed at the bottom portion of
the aperture 4016¢ such that the apertures 401654, 4016¢ in the
present embodiment and the apertures 10165, 1016¢ in
embodiment are symmetrical with respect to the Y axis. That
is, at the bottom portion of the aperture 40165, the source
electrode 4014a and the drain electrode 4014¢ are disposed in
a similar manner as in the aperture 1016¢, and at the bottom
portion of the aperture 4016¢, the source electrode 40145 and
the drain electrode 40144 are disposed in a similar manner as
in the aperture 10165.

The source electrode 40144 and the drain electrode 4014¢
at the bottom portion of the aperture 40165, and the source
electrode 40145 and the drain electrode 40144 at the bottom
portion of the aperture 4016¢ each have a substantially square
shape, similar as the source electrodes and drain electrodes in
embodiment 1.

At the bottom portion of the aperture 40165 before the
formation of an organic semiconductor layer, a portion of an
insulating layer 4013 remaining exposed (i.e., an exposed
portion 4013a) occupies a greater area in the lower side of the
bottom portion in the Y axis direction compared to in the
upper side. On the other hand, at the bottom portion of the
aperture 4016¢ before the formation of an organic semicon-
ductor layer, a portion of the insulating layer 4013 remaining
exposed (i.e., an exposed portion 4013¢) occupies a greater
area in the upper side of the bottom portion in the Y axis
direction compared to in the lower side.

In the manufacturing of the TFT substrate pertaining to the
present embodiment that has the above-described structure,
when organic semiconductor ink is applied with respect to the
apertures 4016b, 4016¢, the organic semiconductor ink
exhibits a state as described in the following. That is, the
surface shape of the organic semiconductor ink applied with
respect to the aperture 40165 is biased in the direction indi-
cated by the arrow F,,. On the other hand, the surface shape
of the organic semiconductor ink applied with respect to the
aperture 4016¢ is biased in the direction indicated by the
arrow Fy,.

As such, the structure according to the present embodiment
achieves the same effects as the structure described in
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embodiment 1, and therefore, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 5

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 5 of the present
disclosure, with reference to FIG. 10A. Note that FIG. 10A is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 5.

As illustrated in FIG. 10A, partition walls 5016 in the TFT
substrate pertaining to the present embodiment defines an
aperture 50165. At a bottom portion of the aperture 50165, a
source electrode 5014¢ and a drain electrode 5014c are dis-
posed. The source electrode 50144 and the drain electrode
5014c at the bottom portion of the aperture 50165 each have
a T-shape in plan view. Further, in the aperture 50165, a
portion of the source electrode 50144 extending in the X axis
direction faces a portion of the drain electrode 5014¢ extend-
ing in the X axis direction. Further, at the bottom portion of
the aperture 50164, a center of a total of areas of the source
electrode 5014¢ and the drain electrode 5014c¢ is offset from
a center of area of the bottom portion of the aperture 50165 in
the right direction along the X axis.

Due to such electrodes disposed in such an arrangement as
described above being included in the TFT substrate pertain-
ing to the present embodiment, a shape of a surface of semi-
conductor ink applied with respect to the aperture is con-
trolled in a similar manner as in Claim 1. Hence, the organic
semiconductor ink is prevented from overflowing and flowing
out undesirably, and further, the meeting and blending of the
semiconductor ink with semiconductor ink applied with
respect to an adjacent aperture is prevented.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 6

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 6 of the present
disclosure, with reference to FIG. 10B. Note that FIG. 10B is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 6.

As illustrated in FIG. 10B, partition walls 5016 in the TFT
substrate pertaining to the present embodiment defines an
aperture 50165. At a bottom portion of the aperture 50164, a
source electrode 5514¢ and a drain electrode 5514c are dis-
posed. The source electrode 5514a has a T-shape in plan view,
and the drain electrode 5514¢ has a rectangular shape in plan
view. Further, in the aperture 50164, a portion of the source
electrode 55144 extending in the X axis direction faces a
portion of the drain electrode 5514¢ extending in the X axis
direction.

Further, at the bottom portion of the aperture 50165, a
center of a total of areas of the source electrode 5514¢ and the
drain electrode 5514c is offset from a center of area of the
bottom portion of the aperture 50165 in the upper direction
along the Y axis. Due to such electrodes disposed in such an
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arrangement as described above being included in the TFT
substrate pertaining to the present embodiment, a shape of a
surface of semiconductor ink applied with respect to the
aperture is controlled in a similar manner as in Claim 1.
Hence, the organic semiconductor ink is prevented from over-
flowing and flowing out undesirably, and further, the meeting
and blending of the semiconductor ink with semiconductor
ink applied with respect to an adjacent aperture is prevented.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment | above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 7

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 7 of the present
disclosure, with reference to FIG. 10C. Note that FIG. 10C is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 7.

As illustrated in FIG. 10C, partition walls 6016 in the TFT
substrate pertaining to the present embodiment defines an
aperture 6016b. At a bottom portion of the aperture 60165, a
source electrode 60144 and a drain electrode 6014¢ are dis-
posed. The source electrode 60144 and the drain electrode
6014c¢ each have a comb shape in plan view and each have a
comb-teeth portion. Further, in the aperture 60165, the comb
teeth portion of the source electrode 6014a faces the comb
teeth portion of the drain electrode 6014c. Further, a center of
a total of areas of the source electrode 60144 and the drain
electrode 6014c¢ at the bottom portion of the aperture 60165 is
offset from a center of area of the bottom portion of the
aperture 60164 in the right direction along the X axis.

Due to such electrodes disposed in such an arrangement as
described above being included in the TFT substrate pertain-
ing to the present embodiment, a shape of a surface of semi-
conductor ink applied with respect to the aperture is con-
trolled in a similar manner as in Claim 1. Hence, the organic
semiconductor ink is prevented from overflowing and flowing
out undesirably, and further, the meeting and blending of the
semiconductor ink with semiconductor ink applied with
respect to an adjacent aperture is prevented.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1.

In addition, according to the present embodiment, the
source electrode 60144 and the drain electrode 6014 each
have acomb shape, and further, the comb-teeth portion of the
source electrode 6014¢ faces the comb-teeth portion of the
drain electrode 6014c. As such, the areas of the electrodes
facing the corresponding electrode increase, which leads to
an improvement in transistor characteristics.

Embodiment 8

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 8 of the present
disclosure, with reference to FIG. 10D. Note that FIG. 10D is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 8.

As illustrated in F1G. 10D, partition walls 6016 in the TFT
substrate pertaining to the present embodiment defines an
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aperture 60165. At a bottom portion of the aperture 60165, a
source electrode 6514a and a drain electrode 6514¢ are dis-
posed. Similar as in embodiment 7, the source electrode
6514 and the drain electrode 6514c¢ each have a comb shape
in plan view and each have a comb-teeth portion. Further, in
the aperture 60165, the comb teeth portion of the source
electrode 6514a faces the comb teeth portion of the drain
electrode 6514c¢. Further, a center of a total of areas of the
source electrode 6514 and the drain electrode 6514c at the
bottom portion of the aperture 601654 is offset from a center of
area of the bottom portion of the aperture 60165 in the upper
direction along the Y axis.

Due to such electrodes disposed in such an arrangement as
described above being included in the TFT substrate pertain-
ing to the present embodiment, a shape of a surface of semi-
conductor ink applied with respect to the aperture is con-
trolled in a similar manner as in Claim 1. Hence, the organic
semiconductor ink is prevented from overflowing and flowing
out undesirably, and further, the meeting and blending of the
semiconductor ink with semiconductor ink applied with
respect to an adjacent aperture is prevented.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1.

In addition, according to the present embodiment, the
source electrode 65144 and the drain electrode 6514¢ each
have a comb shape, and further, the comb-teeth portion of the
source electrode 6514a faces the comb-teeth portion of the
drain electrode 6514c. As such, the areas of the electrodes
facing the corresponding electrode increase, which leads to
an improvement in transistor characteristics.

Embodiment 9

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 9 of the present
disclosure, with reference to FIG. 10E. FIG. 10E corresponds
to FIG. 3A in embodiment 1, and other than differences
between the structures illustrated in FIG. 10E and FIG. 3A,
embodiment 9 is similar to embodiments 1, 2, and 3. As such,
the structures similar between embodiment 9 and embodi-
ments 1,2,and 3 are not illustrated in the drawings nor will be
described in the following.

As illustrated in FIG. 10E, partition walls 7016 in the TFT
substrate pertaining to the present embodiment defines an
aperture 70165. The aperture 70165 has an opening having a
circular shape and has a bottom portion having a circular
shape. At the bottom portion of the aperture 70165, a source
electrode 70144 and a drain electrode 7014¢ each having an
outline of a circular shape or a shape of a circular arc are
disposed.

Further, at the bottom portion of the aperture 70165, each
of the source electrode 70144 and the drain electrode 7014c¢ is
disposed so as to be offset such that a center of area thereof s
offset in the right direction along the X axis from a center of
area of the bottom portion of the aperture 70165. Further, a
center of a total of areas of the source electrode 7014¢ and the
drain electrode 7014c at the bottom portion of the aperture
70165 is offset from the center of area of the bottom portion
of the aperture 70165 in the right direction along the X axis.

In addition, similar as in the above, in the TFT substrate
pertaining to the present embodiment, at the bottom portion
of the aperture 70165, each of the source electrode 7014a and
the drain electrode 7014c¢ is located apart from a side surface
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portion, of the partition walls 7016, facing the aperture 70165
at both sides (i.e., the right and left sides) thereofin the X axis
direction.

In addition, at the bottom portion of the aperture 70165
before the formation of an organic semiconductor layer, a
portion of an insulating layer remaining exposed occupies a
greater area in the left side of the bottom portion in the X axis
direction compared to in the right side, as illustrated in FIG.
10E.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

In addition, in the present embodiment, the source elec-
trode 70144 and the drain electrode 7014c have the respective
shapes as illustrated in FIG. 10E. As such, the areas of the
electrodes facing the corresponding electrode increase, and
further, a so-called “sneak current” is reduced.

Embodiment 10

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 10 of the present
disclosure, with reference to FIG. 10F. Note that FIG. 10F is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 10.

As illustrated in FIG. 10F, partition walls 7016 in the TFT
substrate pertaining to the present embodiment defines an
aperture 7016b. At a bottom portion of the aperture 7016, a
source electrode 75144 and a drain electrode 7514¢ are dis-
posed. The shape of each of the source electrode 7514a and
the drain electrode 7514c¢ is similar as the shape of the corre-
sponding electrode in embodiment 9.

In the present embodiment, a center ofa total of areas of the
source electrode 7514a and the drain electrode 7514c at the
bottom portion of the aperture 70165 is offset from a center of
area of the bottom portion of the aperture 70165 in the upper
direction along the Y axis.

Due to such electrodes disposed in such an arrangement as
described above being included in the TFT substrate pertain-
ing to the present embodiment, a shape of a surface of semi-
conductor ink applied with respect to the aperture is con-
trolled in a similar manner as in Claim 1. Hence, the organic
semiconductor ink is prevented from overflowing and flowing
out undesirably, and further, the meeting and blending of the
semiconductor ink with semiconductor ink applied with
respect to an adjacent aperture is prevented.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1.

In addition, in the present embodiment, the source elec-
trode 75144 and the drain electrode 7514c have the respective
shapes as illustrated in FIG. 10F. As such, the areas of the
electrodes facing the corresponding electrode increase, and
further, a so-called “sneak current” is reduced, similar as in
embodiment 9.

Embodiment 11

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 11 of the present
disclosure, with reference to FIG. 11A. FIG. 11A corre-
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sponds to FIG. 3A in embodiment 1, and other than differ-
ences between the structures illustrated in FIG. 11A and FIG.
3A, embodiment 11 is similar to embodiments 1, 2, 3, etc. As
such, the structures similar between embodiment 11 and
embodiments 1, 2, 3, etc., are not illustrated in the drawings
nor will be described in the following.

As illustrated in portion FIG. 11A, partition walls 8016 in
the TFT substrate pertaining to the present embodiment
define two apertures, namely apertures 8016a, 80162. Fur-
ther, each of the apertures 80164, 80165 has an opening
having a quadrilateral shape and a bottom portion having a
quadrilateral shape, similar as in embodiment 1, etc. At the
bottom portion of the aperture 80164, a connection wire 8015
having a substantially square or rectangular shape is dis-
posed. At the bottom portion of the aperture 8016, a source
electrode 8014¢ and a drain electrode 8014¢ cach having a
substantially square or rectangular shape are disposed.

Further, lengths in the X axis direction of the source elec-
trode 8014a and the drain electrode 8014c¢ disposed at the
bottom portion of the aperture 80165 differ from each other.
In addition, at the bottom portion of the aperture 80164, the
source electrodes 8014a is disposed such that a center of area
thereof in the X axis direction substantially coincides with a
line L, passing through a center of area of the bottom portion.

On the other hand, the drain electrode 8014¢ has a longer
length in the X axis direction compared to the source elec-
trode 80144, and has a shape that the source electrode 8014a
would exhibit when extended in the right direction along the
X axis. Further, the drain electrode 8014c¢ is disposed at the
bottom portion of the aperture 80165 such that a center of area
thereof is offset in the right direction along the X axis from the
line L, passing through the center of area of the bottom
portion. At the bottom portion of the aperture 80165 pertain-
ing to the present embodiment, a line L, passing through a
center of a total of areas of the source electrode 8014q and the
drain electrode 8014c is offset in the right direction along the
X axis from the line L, passing through the center of area of
the bottom portion of the aperture 80164 in the X axis direc-
tion by a distance x,.

In addition, in the TFT substrate pertaining to the present
embodiment, at the bottom portion of the aperture 80165, the
source electrode 8014 is located apart from a side surface
portion, of the partition walls 8016, facing the aperture 80165
at both sides thereof (the left and right sides) in the X axis
direction. Further, at the bottom portion of the aperture
80165, the drain electrode 8014c is located apart from the side
surface portion facing the aperture 80165 at a left side thereof
in the X axis direction while being in contact with the side
surface portion facing the aperture 80165 at a right side
thereof in the X axis direction.

In addition, at the bottom portion of the aperture 80165
before the formation of an organic semiconductor layer, a
portion of an insulating layer 8013 remaining exposed (i.e.,
an exposed portion 8013¢a) occupies a greater area in the left
side of the bottom portion in the X axis direction compared to
in the right side, as illustrated in FIG. 11A.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment | above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 12

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 12 of the present
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disclosure, with reference to F1G. 11B. FIG. 11B corresponds
to FIG. 3A in embodiment 1, and other than differences
between the structures illustrated in FIG. 11B and FIG. 3A,
embodiment 12 is similar to embodiment 1, etc. As such, the
structures similar between embodiment 12 and embodiments
1, etc., are not illustrated in the drawings nor will be described
in the following.

As illustrated in FIG. 11B, partition walls 8116 in the TFT
substrate pertaining to the present embodiment defines two
apertures, namely apertures 8116a, 81165. Further, each of
the apertures 81164, 81165 has an opening having a quadri-
lateral shape and a bottom portion having a quadrilateral
shape. similar as in embodiment 1, etc. At the bottom portion
of the aperture 8116a, a connection wire 8115 having a sub-
stantially square shape is disposed. At the bottom portion of
the aperture 8116, a drain electrode 8114¢ having a rectan-
gular shape is disposed.

On the other hand, a source electrode 8114a also disposed
at the bottom portion of the aperture 81165 has a U-shape in
plan view, and faces a part of the drain electrode 8114¢ at
three sides thereof.

Further, at the bottom portion of the aperture 81165, the
source electrode 8114aq is disposed such that a center of area
of the source electrode 8114a is offset in the right direction
along the X axis from a line L, passing through a center of
area of the bottom portion of the aperture 81165.

On the other hand, at the bottom portion of the aperture
81164, the drain electrode 8114¢ is disposed such that a
center of area thereof is offset in the left direction along the X
axis from the line [, passing through the center of area of the
bottom portion of the aperture 81164.

At the bottom portion of the aperture 81165 pertaining to
the present embodiment, a line [, passing through a center of
a total of areas of the source electrode 81144 and the drain
electrode 8114¢ is offset in the right direction along the X axis
from the line 1, passing through the center of area of the
bottom portion of the aperture 81165 in the X axis direction
by a distance X,.

In addition, in the TFT substrate pertaining to the present
embodiment, each of upper and lower portions of the source
electrode 8114a in the Y axis direction and a right portion of
the source electrode 8114¢ in the X axis direction are in
contact with a side surface portion, of the partition walls
8116, facing the aperture 81165 while a left portion of the
source electrode 81144 in the X axis direction is located apart
from the side surface portion facing the aperture 81165. On
the other hand, a left portion of the drain electrode 8114c¢ in
the X axis direction is in contact with the side surface portion
facing the aperture 81165 while a right portion of the drain
electrode 8114c in the X axis direction is located apart from
the side surface portion facing the aperture 81165.

In addition, at the bottom portion of the aperture 81165
before the formation of an organic semiconductor layer, a
portion of an insulating layer 8113 remaining exposed (i.e.,
an exposed portion 8113¢) occupies a greater area in the left
side of the bottom portion in the X axis direction compared to
in the right side, as illustrated in FIG. 11B.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 13

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 13 of the present
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disclosure, with reference to F1G. 11C. FIG. 11C corresponds
to FIG. 3A in embodiment 1, and other than differences
between the structures illustrated in FIG. 11C and FIG. 3A,
embodiment 13 is similar to embodiment 1, etc. As such, the
structures similar between embodiment 13 and embodiments
1, etc., are notillustrated in the drawings nor will be described
in the following.

As illustrated in FIG. 11C, partition walls 8216 in the TFT
substrate pertaining to the present embodiment define two
apertures, namely apertures 8216a, 82164. Further, each of
the apertures 8216a, 82165 has an opening having a quadri-
lateral shape and a bottom portion having a quadrilateral
shape, similar as in embodiment 1, etc. At the bottom portion
of the aperture 8216a, a connection wire 8215 having a sub-
stantially square shape is disposed. At the bottom portion of
the aperture 82165, a source electrode 8214a and a drain
electrode 8214¢ each having a rectangular shape are dis-
posed.

Further, at the bottom portion of the aperture 8216, the
source electrode 8214a is disposed such that a center of area
of the source electrode 8214a is offset in the right direction
along the X axis from a line Ls passing through a center of
area of the bottom portion of the aperture 82165.

On the other hand, at the bottom portion of the aperture
8216b, the drain electrode 8214¢ is disposed such that a
center of area thereof is offset in the left direction along the X
axis from the line L, passing through the center of area of the
bottom portion of the aperture 82165.

At the bottom portion of the aperture 8216 pertaining to
the present embodiment, a line [, passing through a center of
a total of areas of the source electrode 82144 and the drain
electrode 8214c¢is offset in the right direction along the X axis
from the line L, passing through the center of area of the
bottom portion of the aperture 82165 in the X axis direction
by a distance X5.

In addition, in the TFT substrate pertaining to the present
embodiment, each of upper and lower portions of the source
electrode 82144 in the Y axis direction and a right portion of
the source electrode 8214¢ in the X axis direction are in
contact with a side surface portion, of the partition walls
8216, facing the aperture 82164 while a left portion of the
source electrode 82144 in the X axis direction is located apart
from the side surface portion facing the aperture 82165. On
the other hand, upper and lower portions of the drain electrode
8214c in the Y axis direction are in contact with the side
surface portion facing the aperture 82165 while both portions
of the drain electrode 8214c¢ in the X axis direction are located
apart from the side surface portion facing the aperture 82165.

In addition, at the bottom portion of the aperture 82165
before the formation of an organic semiconductor layer, a
portion of an insulating layer 8213 remaining exposed (i.e.,
an exposed portion 82134) occupies a greater area in the left
side of the bottom portion in the X axis direction compared to
in the right side, as illustrated in FIG. 11C.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment | above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 14

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 14 of the present
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disclosure, with reference to FIG. 12A. Note that FIG. 12A is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 14.

As illustrated in FIG. 12A, the TFT substrate pertaining to
the present embodiment has partition walls 8316 that define
fiveapertures, namely apertures 8316a, 83165, 8316¢, 83164,
8316¢. Among the five apertures that are defined by the par-
tition walls 8316, the apertures 8316a, 8316¢ are respectively
provided with connection wires 83154, 8315¢ at bottom por-
tions thereof, and thus, do not function as channel portions.

Note that, as illustrated in FIG. 12A; one of the apertures
83164, 8316¢, which do not function as channel portions,
here for instance, the aperture 8316¢ belongs to a TFT ele-
ment that corresponds to a subpixel adjacent to a subpixel that
the apertures 83164 through 83164 correspond to. This is
similar as already described above.

In the present embodiment, the apertures 83165, 8316c,
83164, which are disposed between the apertures 8316a,
8316¢, are disposed with gaps therebetween. Further, at a
bottom portion of each of the apertures 83165, 8316¢, 83164,
a corresponding one of source electrodes 8314a, 83145,
8314¢ and a corresponding one of drain electrodes 83144,
8314e, 8314/ are disposed. Further, an undepicted organic
semiconductor layer is formed with respect to each of the
apertures 83165, 8316¢, 83164d. Hence, the apertures §3165,
8316¢, 83164 are portions that function as channel portions.

In each of the apertures 83165, 8316¢, 83164, the corre-
sponding one of the source electrodes 8314a, 83145, 8314c¢ is
disposed at a lower side of the aperture in the' Y axis direction,
and the corresponding one of the drain electrodes 83144,
8314e, 8314/1s disposed at an upper side of the aperture in the
Y axis direction. In addition, in each of the apertures 83167,
8316c¢, 83164, the corresponding one of the source electrodes
83144, 83145, 8314c is in contact with a side surface portion
of the partition walls 8316 facing the aperture at a lower side
thereof in the Y axis direction while being located apart from
the side surface portion at other sides thereof. Similarly, in
each of the apertures 83165, 8316¢, 83164, the corresponding
one of the drain electrodes 8314d, 8314e, 8314fis in contact
with the side surface portion facing the aperture at an upper
side thereof in the Y axis direction while being located apart
from the side surface portion at other sides thereof.

When organic semiconductor ink is applied with respect to
the apertures 83165, 8316c, 83164 having the above-de-
scribed structures, a surface of the organic semiconductor ink
applied with respect to each of the apertures 83164, 8316¢,
83164 exhibits a shape of being biased in the upper and lower
directions along the Y axis.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 15

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 15 of the present
disclosure, with reference to FIG. 12B. Note that FIG. 12B is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 15.

As illustrated in FIG. 12B, the TFT substrate pertaining to
the present embodiment has partition walls 8416 that define
six apertures, namely apertures 84164, 84164, 8416¢, 84164,
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8416¢, 8416/ Among the six apertures that are defined by the
partition walls 8416, the apertures 84164, 8416 are respec-
tively provided with connection wires 84154, 8415/ at bottom
portions thereof, and thus, do not function as channel por-
tions.

Note that, as illustrated in FIG. 12B, one of the apertures
84164, 8416/, which do not function as channel portions, here
for instance, the aperture 8416fbelongs to a TFT element that
corresponds to a subpixel adjacent to a subpixel that the
apertures 8416a through 8416e correspond to. This is similar
as described above.

In the present embodiment, the four apertures 84165,
8416¢, 84164, 8416¢ are disposed in the form of a matrix
between the apertures 8416a, 8416/ and with gaps therebe-
tween. Further, at a bottom portion of each of the apertures
84165, 8416¢, 84164, 8416e, a corresponding one of source
electrodes 8414a, 84145, 8414c, 84144 and a corresponding
one of drain electrodes 8414¢, 8414/, 8414¢, 8414/ are dis-
posed. Further, an undepicted organic semiconductor layer is
formed with respect to each of the apertures 84165, 8416¢,
84164, 8416e. Hence, the apertures 84165, 8416¢, 84164,
8416¢ are portions that function as channel portions.

In each of the apertures 84165, 8416¢, 84164, 8416¢, the
corresponding one of the source electrodes 8414q, 84145,
8414c, 84144 is disposed at a left side of the aperture in the X
axis direction, and the corresponding one of the drain elec-
trodes 8414¢, 8414/, 8414g, 8414/ is disposed at a right side
of the aperture in the X axis direction. In addition, in each of
the apertures 84165, 8416¢, 84164, 8416e, the corresponding
one of the source electrodes 8414a, 84145, 8414c, 84144 is in
contact with a side surface portion of the partition walls 8416
facing the aperture at either an upper side or a lower side
thereof in the Y axis direction while being located apart from
the side surface portion at other sides thereof. Similarly, in
each of the apertures 84165, 8416¢, 84164, 8416¢, the corre-
sponding one of the drain electrodes 8414e, 8414/, 8414¢,
8414/ is in contact with the side surface portion facing the
aperture at the same side in the Y axis direction as the corre-
sponding source electrode while being located apart from the
side surface portion at other sides thereof.

When organic semiconductor ink is applied with respect to
the apertures 84165, 8416¢, 84164, 8416¢ having the above-
described structures, a surface of the organic semiconductor
ink applied with respect to each of the apertures 84165, 84164
exhibits a shape of being biased in the upper direction along
the Y axis while a surface of the organic semiconductor ink
applied with respect to each of the apertures 8416¢, 8416e
exhibits a shape of being biased in the lower direction along
the Y axis.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.

Embodiment 16

In the following, description is provided on a structure of a
TFT substrate pertaining to embodiment 16 of the present
disclosure, with reference to FIG. 12C. Note that FIG. 12C is
a diagram illustrating a portion of the TFT substrate pertain-
ing to embodiment 16.

As illustrated in FIG. 12C, the TFT substrate pertaining to
the present embodiment has partition walls 8516 that define
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seven apertures, namely apertures 8516a, 85165, 8516c,
85164, 8516¢, 8516/, 8516g. Among the seven apertures that
are defined by the partition walls 8516, the apertures §516a,
8516g are respectively provided with connection wires
85154, 8415/ at bottom portions thereof, and thus, do not
function as channel portions.

Note that, as illustrated in FIG. 12C, one of the apertures
85164, 8516g, which do not function as channel portions,
here for instance, the aperture 8516g belongs to a TFT ele-
ment that corresponds to a subpixel adjacent to a subpixel that
the apertures 8516a through 8516/ correspond to. This is
similar as described above.

In the present embodiment, the five apertures 85165,
8516c¢, 85164, 8516¢, 85161 are disposed between the aper-
tures 8516a, 8516g and with gaps therebetween. Further, at a
bottom portion of each of the apertures 851654, 8516¢, 85164,
8516¢, 8516/, a corresponding one of source electrodes
85144, 85145, 8514¢, 85144, 8514¢ and a corresponding one
of drain electrodes 8514f, 8514g, 8514/, 8514i, 8514 are
disposed. Further, an undepicted organic semiconductor layer
is formed with respect to each of the apertures 85165, 8516¢,
8516d, 8516¢, 8516f. Hence, the apertures 85165, 8516¢,
85164, 8516, 8516/ are portions that function as channel
portions.

In each of the apertures 85165, 8516¢, 8516¢, 8516/, the
corresponding one of the source electrodes 8514a, 85145,
85144, 8514¢ is disposed at a left side of the aperture in the X
axis direction, and the corresponding one of the drain elec-
trodes 8514/, 8514g, 8514, 8514/ is disposed at a right side of
the aperture in the X axis direction. Inthe aperture 85164, the
source electrode 8514¢ is disposed at an upper side of the
aperture in the Y axis direction and the drain electrode 85147
is disposed at a lower side of the aperture in the Y axis
direction. In addition, each of the electrodes 8514a, 85145,
8514c, 85141, 8514i, 8514 is in contact with a side surface
portion, of the partition walls 8516, facing the corresponding
one of the apertures 85165, 8516¢, 8516d, 8516e, 8516/ at
either an upper side or a lower side thereof in the Y axis
direction while being located apart from the side surface
portion at other sides thereof. On the other hand, each of the
electrodes 85144, 8514e, 8514/, 8514¢ is in contact with the
side surface portion, of the partition walls 8516, facing the
corresponding one of the apertures 85165, 8516¢, 8516¢,
85161 at either a right side or a left side thereof in the X axis
direction in addition to being in contact with the side surface
portion at either an upper side or a lower side thereofinthe Y
was direction. Further, each of the electrodes 85144, 8514e,
8514/, 8514¢ is located apart from the side surface portion at
other sides thereof.

When organic semiconductor ink is applied with respect to
the apertures 85165, 8516c¢, 85164, 8516¢ having the above-
described structures, a surface of the organic semiconductor
ink applied with respect to each of the apertures 85166, 8516¢
exhibits a shape of being biased in the upper direction along
the Y axis while a surface of the organic semiconductor ink
applied with respect to each of the apertures 8516¢, 8516/
exhibits a shape of being biased in the lower direction along
the Y axis. In addition, the surface of the organic semicon-
ductor ink applied with respect to each of the apertures 85165,
8516¢is also biased in the right direction along the X axis, and
the surface of the organic semiconductor ink applied with
respect to each of the apertures 8516¢, 8516/ is also biased in
the left direction along the X axis.

Further, when organic semiconductor ink is applied with
respect to the aperture 85164 having the above-described
structures, a surface of the organic semiconductor ink applied
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with respect to the aperture 85164 exhibits a shape of being
biased in the upper and lower directions along the Y axis.

The TFT substrate pertaining to the present embodiment,
due to being provided with the structure described above,
achieves the same effects as the structure described in
embodiment 1. In addition, similar as described in embodi-
ment 1 above, an organic EL display panel and an organic EL
display device including the TFT substrate pertaining to the
present embodiment are ensured to have high quality, and at
the same time, to have high yield in the manufacture thereof.
[Other Matters]

In some of the above-described embodiments 1 through 16,
description has been provided of examples where, within one
side of an aperture in a direction of an adjacent aperture, a
portion exists where a source electrode nor a drain electrode
exists and thus, where an insulating layer is in direct contact
with an organic semiconductor layer. However, the one side
may include a portion of the source electrode and/or a portion
of the drain electrode, provided that an area of an exposed
portion of the insulating layer at each of the sides be deter-
mined in relation with a shape to be exhibited by a surface of
semiconductor ink applied with respect to the aperture at each
of the sides.

In the above-described embodiments 1 through 16,
description has been provided by taking as an example a TFT
substrate to be used in the organic EL display panel 10.
However, the TFT substrate may alternatively be used in a
liquid crystal display panel, a field emission display panel,
etc. Further, the TFT substrate may also be used in an elec-
tronic paper, etc.

In addition, the materials described in the above-described
embodiments are mere examples of such materials that may
be used. As such, other materials may be used as necessary.

In addition, as illustrated in FIG. 2, the organic EL display
panel 10 pertaining to embodiment 1 is a top-emission type
organic EL display panel. However, the organic EL display
panel may alternatively be a bottom-emission type organic
EL display panel. In such a case, the materials to be used for
forming the organic EL display panel and the layout design of
the organic EL display panel may be changed as necessary.

In addition, in the above, description has been provided
that the apertures defined by the partition walls each have an
opening having a rectangular shape or a substantially circular
shape. However, the apertures defined by the partition walls
may alternatively have openings of various shapes. For
instance, an aperture may have an opening having a square
shape as illustrated in FIG. 13A, or may have an opening
having a shape as illustrated in FIG. 13B composed of one
side being a circular arc and three remaining sides being
straight lines. In addition, an aperture may have an opening
having a circular shape as illustrated in FIG. 13C, and another
aperture having the shape of a circulararc may be provided so
as to partially surround the circular aperture. Needless to say,
the shape of an opening of an aperture corresponding to a
channel portion and the shape of an opening of an aperture
corresponding to a non-channel portion are interchangeable.

In addition, in the above, description has been provided
that the outflow of organic semiconductor ink toward an
aperture to come in contact with an anode or the like is
undesirable, and thus should be prevented. However, the out-
flow of organic semiconductor ink to other types of apertures
may alternatively be prevented. For instance, the outflow of
organic semiconductor ink towards a “repair aperture” may
be prevented. Here, the repair aperture refers to an aperture
that is used when a defect is found in a TFT device having
been formed and the TFT device is repaired by newly forming
a TFT element only with respect to a cell having a defect.
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Further, in cases such as where great stress is exerted on
partition walls in a TFT substrate, holes may be formed in the
partition walls in order to relieve the stress exerted on the
partition walls. In such cases, it is desirable that configuration
be made such that organic semiconductor ink is prevented
from flowing out towards the holes formed in the partition
walls in order to relieve the stress exerted on the partition
walls. Note that, although the formation of organic semicon-
ductor layers with respect to the above-described holes
formed in the partition walls is not problematic by itself, a
problem arises when organic semiconductor ink flow out
towards such holes formed in the partition walls since the
amount of organic semiconductor ink remaining at areas at
which the formation of organic semiconductor layers is
desired decreases. As such, the outflow of organic semicon-
ductor ink towards the above-described holes is undesirable
since the control of the layer thicknesses of the organic semi-
conductor layers would become difficult. In other words, the
outflow of organic semiconductor ink towards such holes
formed in the partition walls may affect TFT performance. As
such, it is desirable that measures be taken so as to prevent
organic semiconductor ink from flowing out towards the
above-described holes formed in the partition walls in order
to relieve the stress exerted on the partition walls.

In addition, description has been provided in the above on
a structure including an organic semiconductor layer formed
by using organic semiconductor ink. However, a similar
structure may alternatively be used for a structure including
an inorganic semiconductor layer formed by using inorganic
semiconductor ink. In such a case, the same effects as
described above can be achieved. For instance, an amorphous
metal oxide semiconductor may be used as the inorganic
semiconductor material. It is expected for such semiconduc-
tors to be applied to displays, electronic papers, etc., for the
transparency possessed thereby.

In terms of mobility, such semiconductors are materials
that may potentially realize a movability of 3 to 20 cm*/Vs,
which is desirable in high performance LCD and organic
electro-luminescence (EL) displays.

Some commonly-known, representative examples of an
amorphous metal oxide semiconductor include an amor-
phous indium zinc oxide semiconductor (a-InZnO) contain-
ing indium (In) and zinc (Zn) and an amorphous indium
gallium zinc oxide semiconductor (a-InGaZnO), which
includes gallium (Ga) as a metal component in addition to
indium (In) and zinc (Zn).

For details concerning such inorganic semiconductors, ref-
erence may be made to disclosure in International Applica-
tion No. WO 2012/035281.

In the above, description has been provided on a structure
in which the outflow of organic semiconductor ink towards a
specific aperture is undesirable, and thus prevented. However,
application to a structure not including such an aperture is
also possible. In specific, in a structure where two or more
apertures with respect to which organic semiconductor layers
are to be formed are arranged adjacent to each other, partition
walls may be formed such that organic semiconductor ink
does not flow out from one aperture towards another. By
forming such partition walls, the formation of the organic
semiconductor layers can be performed while it is ensured
that organic semiconductor ink for forming one organic semi-
conductor layer exists separately from organic semiconduc-
tor ink for forming the other organic semiconductor layer. As
such, compared to a case where the formation of organic
semiconductor layers is performed while applied organic
semiconductor ink covers two adjacent apertures and the gap
therebetween, it is easier to reduce the difference between
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layer thickness of an organic semiconductor layer to be
formed with respect to one aperture and layer thickness of
another organic semiconductor layer to be formed with
respect to an adjacent aperture, and as a result, excellent
semiconductor characteristics and an improvement in yield
can be expected.

INDUSTRIAL APPLICABILITY

The invention disclosed in the present disclosure is appli-
cable to a display device provided with a panel, such as an
organic EL display panel, and is useful for realizing a TFT
device having high quality by realizing high-definition.

REFERENCE SIGNS LIST

1 organic EL display device

10 organic EL display panel

20 drive control circuit portion

21-24 drive circuit

25 control circuit

101 TFT substrate

102 planarizing film

1024 contact hole

103 anode

104 light-transmissive conduction film

105 hole injection layer

106 bank

107 hole transport layer

108 organic light-emitting layer

109 electron transport layer

110 cathode

111 sealing layer

112 adhesion layer

113 CF substrate

501 mask

1011, 1131 CF substrate

10124, 10125 gate electrode

1013 insulating layer

1014a, 10145, 2014a, 20145, 3014¢, 3014H, 4014q,
40145, 5014a, 5514a, 6014a, 6514a, 7014a, 7514a,
8014¢, 8114a, 8214a, 8314a, 83145, 8314c, 8414q,
84145, 8414c, 84144, 8514a, 8514b, 8514c, 85144,
8514e source electrode

1014¢, 10144, 2014¢,2014d, 3014¢, 30144, 4014¢, 40144,
5014c, 5514c, 6014c, 6514c, 7014c, 7514¢. 8014c,
8114c, 8214c, 83144, 831de, 8314f, 8414e, 8414,
8414g, 84141, 85141, 8514g, 8514k, 8514, 8514 drain
electrode

1015, 20154, 20154, 3015q, 30154, 4015aq, 40154, 8015,
8115, 8215, 8315a, 8315¢, 84154, 8415f, 85154, 8515¢
connection wire

1016, 2016, 3016, 4016, 5016, 6016, 7016, 8016, 8116,
8216, 8316, 8416, 8516 partition walls

10164,10165,1016¢, 26164, 20165, 2016¢, 20164, 30164,
30165, 3016¢, 3016d. 40164, 40165, 4016¢. 40164,
50165, 60165, 70165, 80164, 80165, 8116a, 81165,
82160, 8216b, 8316a, 83165, 8316¢, 8316d, 8316¢,
84160, 8416, 8416¢, 84164, 8416¢, 84161, 8516q,
85165, 8516¢, 85164, 8516¢, 85161, 8516 aperture

1017a, 101756 organic semiconductor layer

1018 passivation film

1132 color filter

1133 black matrix

10160 photoresist material film

101704, 101705 organic semiconductor ink



US 8,946,730 B2

45

The invention claimed is:

1. A thin film transistor device comprising:

a first thin film transistor element and a second thin film
transistor element that are positioned adjacent to each
other with a gap therebetween, wherein

each of the first thin film transistor element and the second
thin film transistor element comprises:

a gate electrode;

an insulating layer disposed on the gate electrode;

a source electrode and a drain electrode disposed on the
insulating layer with a gap therebetween; and

a semiconductor layer that is disposed on the source
electrode and the drain electrode to cover the source
electrode and the drain electrode and fill the gap
between the source electrode and the drain electrode,
and that is in contact with the source electrode and the
drain electrode, wherein

the thin film transistor device further comprises partition
walls that are disposed on the insulating layer and par-
tition the semiconductor layer of the first thin film tran-
sistor element from the semiconductor layer of the sec-
ond thin film transistor element, the partition walls
having liquid-repellant surfaces and defining a first aper-
ture, a second aperture, and a third aperture,

the first aperture surrounds at least a part of each of the
source electrode and the drain electrode of the first thin
film transistor element,

the second aperture is adjacent to the first aperture and
surrounds at least a part of each of the source electrode
and the drain electrode of the second thin film transistor
element,

the third aperture is adjacent to the first aperture with a gap
therebetween and is positioned in a direction, from the
first aperture, differing from a direction in which the
second aperture is positioned with respect to the first
aperture,

an area of the thin film transistor device in the third aperture
does not include a semiconductor layer and does not
function as a channel portion of the thin film transistor
device,

a bottom portion of each of the first and second apertures
includes a source electrode portion, which is a bottom
portion of the source electrode, and a drain electrode
portion, which is a bottom portion of the drain electrode,

in a plan view, at the bottom portion of the first aperture, a
center of a total of areas of the source electrode portion
and the drain electrode portion is offset from a center of
an area of the bottom portion of the first aperture in a
direction differing from the direction in which the third
aperture is positioned with respect to the first aperture,
and

in the plan view, at the bottom portion of one of the first and
second apertures, a center ofa total ofareas of the source
electrode portion and the drain electrode portion is offset
from a center of an area of the bottom portion of the one
of the first and second apertures in a direction differing
from a direction in which the other one of the first and
second apertures is positioned with respect to the one of
the first and second apertures.

2. The thin film transistor device of claim 1, wherein

the bottom portion of the first aperture includes a first
portion where the source electrode portion and the drain
electrode portion are not present and where the insulat-
ing layer of the first thin film transistor element is in
direct contact with the semiconductor layer of the first
thin film transistor element, wherein the first portion is
located at an end of the bottom portion of the first aper-
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ture in the direction in which the third aperture is posi-
tioned with respect to the first aperture.

3. The thin film transistor device of claim 2, wherein

the bottom portion of the first aperture further includes a
second portion where the source electrode portion and
the drain electrode portion are not present and where the
insulating layer of the first thin film transistor element is
in direct contact with the semiconductor layer of the first
thin film transistor element, wherein the second portion
is located at an end of the bottom portion of the first
aperture in the direction differing from the direction in
which the third aperture is positioned with respect to the
first aperture, and

in the plan view of the bottom portion of the first aperture,
an area of the first portion is greater than an area of the
second portion.

4. The thin film transistor device of claim 1, wherein

in the plan view, at the bottom portion of the other one of
the first and second apertures, a center of a total of areas
of the source electrode portion and the drain electrode
portion is offset from a center of area of the bottom
portion of the other one of the first and second apertures
in the direction differing from the direction in which the
one of the first and second apertures is positioned with
respect to the other one of the first and second apertures.

5. The thin film transistor device of claim 1, whetein

in the plan view of the first, second, and third apertures,

the third aperture, the first aperture, and the second aper-
ture are arranged in series in the stated order along a
predetermined direction,

at the bottom portion of the first aperture, the center of the
total of areas of the source electrode portion and the
drain electrode portion is offset from the center of the
area of the bottom portion of the first aperture in a first
direction that intersects the predetermined direction, and

at the bottom portion of the second aperture, a center of a
total of areas of the source electrode portion and the
drain electrode portion is offset from a center of an area
of the bottom portion of the second aperture in a second
direction that intersects the predetermined direction.

6. The thin film transistor device of claim 5, wherein

the first direction and the second direction are opposite
directions.

7. The thin film transistor device of claim 1, whetein

in the plan view of the bottom portion of the first aperture,

a center of an area of one of the source electrode portion
and the drain electrode portion is offset from the center
of the area of the bottom portion of the first aperture in
the direction differing from the direction in which the
third aperture is positioned with respect to the first aper-
ture, and

a center of an area of the other one of the source electrode
portion and the drain electrode portion coincides with
the center of the area of the bottom portion of the first
aperture.

8. The thin film transistor device of claim 1, wherein

in the plan view of the bottom portion of the first aperture,

a center of an area of each of the source electrode portion
and the drain electrode portion is offset from the center
of the area of the bottom portion of the first aperture in
the direction differing from the direction in which the
third aperture is positioned with respect to the first aper-
ture.

9. The thin film transistor device of claim 1, wherein

at the bottom portion of the first aperture,

at least one of the source electrode portion and the drain
electrode portion is spaced from a first side surface of the
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partition walls, and is in contact with a second side
surface of the partition walls, the first side surface facing
the first aperture and being located in the direction in
which the third aperture is positioned with respect to the
first aperture, the second side surface facing the first
aperture and being located in a direction differing from
the direction in which the third aperture is positioned
with respect to the first aperture, and

at the bottom portion of the one of the first and second
apertures,

at least one of the source electrode portion and the drain
electrode portion is spaced from a third side surface of
the partition walls, and is in contact with a fourth side
surface of the partition walls, the third side surface fac-
ing the one of the first and second apertures and being
located in the direction in which the other one of the first
and second apertures is positioned with respect the one
of the first and second apertures, the fourth side surface
facing the one of the first and second apertures and being
located in the direction differing from the direction in
which the other one of the first and second apertures is
positioned with respect to the one of the first and second
apertures.

10. The thin film transistor device of claim 1, wherein

a liquid repellency of the surfaces of the partition walls is
greater than a liquid repellency of a surface of the insu-
lating layer, in each of the first and second thin film
transistor elements, that is in contact with the semicon-
ductor layer, and

the liquid repellency of the surface of the insulating layer,
in each of the first and second thin film transistor ele-
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ments, that is in contact with the semiconductor layer is
greater than aliquid repellency of a surface of each of the
source electrode and the drain electrode in each of the
first and second thin film transistor elements.

11. The thin film transistor device of claim 1, wherein

abottom portion of the third aperture includes a connection
wire for electrically connecting with one of the source
electrode and the drain electrode in the first thin film
transistor element or one of the source electrode and the
drain electrode in the second thin film transistor element.

12. An organic EL display element comprising:

the thin film transistor device of claim 1;

a planarizing film that is provided above the thin film
transistor device and includes a contact hole;

alower electrode that is provided on the planarizing film to
cover the planarizing film and a side surface of the pla-
narizing film defining the contacthole, and is electrically
connected with one of the source electrode and the drain
electrode in the first thin film transistor element or one of
the source electrode and the drain electrode in the sec-
ond thin film transistor element;

anupper electrode provided above the lower electrode; and

an organic light-emitting layer interposed between the
lower electrode and the upper electrode, wherein

the contact hole is in communication with the third aper-
ture of the thin film transistor device.

13. An organic EL display device comprising the organic

5o EL display element of claim 12.

* ok %k



THMBW(EF)

RE(EFR)AGE)
HAT R E(ZFRR)AGE)

FRI& B A

RAAN

IPCH 35

CPCH¥S

RIEEHRI(IF)

S EREESE

BEG®)

EEBRRAESRNT , 2
EE—AWES , RBRED MR BRE D B EERN P OMNEIRR X (
BHRHORETEBTAENEE. F=f K ABEE-—NE-APH—

ReERE D MiRBRET 2N EERETRTaw @ L

NS |, Hody

R B AR B XA R /Do

BRBGERERAFESE , BNEBRAERTHAMENEBR KT REN

US8946730 NI (»&E)B
US13/968556

WT R~ LR &t
WMTEREm LKA &4t

OKUMOTO YUKO
MIYAMOTO AKIHITO
UKEDA TAKAAKI

OKUMOTO, YUKO
MIYAMOTO, AKIHITO
UKEDA, TAKAAKI

2015-02-03

2013-08-16

patsnap

HO1L27/15 HO1L21/00 HO1L27/12 HO1L27/32 HO1L29/66 HO1L29/786 HO1L51/05 HO1L51/10 HO1L51

/52

HO1L29/78693 HO1L27/3274 HO1L51/105 HO1L27/1225 HO1L27/1292 HO1L29/66742 HO1L51/52

HO1L27/3262 H01L51/0545 HO1L27/3248
GREENBLUMES{HZHE , P.L.C.

LEE , #2{LUMING

2011248807 2011-11-14 JP
US20130328034A1

Espacenet USPTO

BEREE— , E-HNE=A. £FXEEH , 1015 1016

1014

I'Jlia{lﬂlih
[

1013%

16tde

( wfnb

0% 1014

It mm( o
RN

|

!

E—NE-APHE—THNHEE,.

'

L 1]



https://share-analytics.zhihuiya.com/view/b81f5e87-3279-401f-bc63-380ded812c3f
https://worldwide.espacenet.com/patent/search/family/048429193/publication/US8946730B2?q=US8946730B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8946730.PN.&OS=PN/8946730&RS=PN/8946730

