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(57) ABSTRACT

The present invention provides a thin-film formed substrate,
an organic electroluminescent display device, a color filter
substrate, and a method of producing a thin-film formed
substrate. The thin-film formed substrate according to the
present invention is a thin-film formed substrate provided
with a substrate and a thin film formed on the substrate, the
substrate comprising a first bank forming a depression on the
substrate, and a second bank formed on the first bank, wherein
a partitioned region surrounded by the second bank has a
plurality of the depressions arranged therein, and the thin film
is arranged in each of the depressions.
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THIN-FILM FORMED SUBSTRATE,
ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE, COLOR FILTER
SUBSTRATE, AND METHOD OF PRODUCING
THIN-FILM FORMED SUBSTRATE

TECHNICAL FIELD

[0001] The present invention relates to a thin-film formed
substrate, an organic electroluminescent (hereinafter also
referred to as organic EL) display device, a color filter sub-
strate, and a method of producing a thin-film formed sub-
strate. More specifically, the present invention relates to a
thin-film formed substrate, an organic EL display device, a
color filter substrate, and a method of producing a thin-film
formed substrate which enable suitable use of a coater such as
an ink jet device in production.

BACKGROUND ART

[0002] Film production technologies are frequently used in
production of displays such as formation of semiconductive
layers. Particularly the film production technology using an
ink jet device (ink jet method) is employed in production of
organic EL layers for organic EL elements, color filter layers
for color filter substrates, and functional thin films such as
pattern wirings for metal wiring substrates. The ink jet
method makes it possible to easily adjust the thickness of thin
films and easily respond to enlargement of the area compared
to solid phase methods such as deposition. Further, the ink jet
method provides high material efficiency, and thus makes it
possible to reduce the cost.

[0003] Generally in the ink jet method, a functional fluid
containing a functional material (thin film material) and a
solvent is applied and then the solvent is removed to leave a
functional thin film. If the solvent volatilizes at the head
portion and thereby a functional material or the like is pre-
cipitated during ejection of the printing liquid droplets, ejec-
tion defects may occur such as that the droplets maybe ejected
onto different positions or the amounts of ejected droplets
may be different. Further, depending on the differences in the
ejection accuracy or the ejection amount of the nozzles of the
ink jet device, functional thin films having desired film thick-
nesses may not be achieved or the film thicknesses of the
functional thin films may be different.

[0004] The ink jet method thus usually employs a process
of applying a functional fluid to regions partitioned by por-
tions called banks. For example, Patent Document 1 discloses
a technology of filling a functional fluid in the regions parti-
tioned by banks and forming patterned wirings. This technol-
ogy requires the banks to be formed corresponding to the
wiring patterns, and thus still has room for improvement in
that it is difficult to form, with this technology, complicated
wiring patterns or high resolution devices. Meanwhile, Patent
Documents 2 and 3 each disclose a technology of stacking
lyophilic bank and a lyophobic bank. As for this technology,
there is room for improvement in that when a surface treat-
ment is performed on the bank stacked on the upper side, the
effect of the bank arranged thereunder is negated, and thus
sufficient effects cannot be provided. Patent Document 4
discloses an organic EL display device in which an organic
EL layer is formed in a region partitioned by stacked lyophilic
first bank and a lyophobic second bank. In this technology,
there is room for improvement in that an electron injection
transport layer cannot be completely covered by a middle
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layer and a light-emitting layer, which are to be applied on the
electron injection transport layer, because the electron injec-
tion transport layer is attached on the wall surface of the banks
or on the banks, and the incomplete covering causes a direct
contact between the electron injection transport layer and the
cathode, whereby the functions of the organic EL layer
decrease.

[Patent Document 1]

[0005] Japanese Kokai Publication No. 2007-95729
[Patent Document 2]
[0006] Japanese Kokai Publication No. 2007-280866

[Patent Document 3]

[0007] Japanese Kokai Publication No. 2008-4376

[Patent Document 4]

[0008] Japanese Kokai Publication No. 2005-362779
DISCLOSURE OF INVENTION
[0009] Hereinafter, the problems in conventional substrates

having a thin film will be described with an example of an
organic EL element.

[0010] An organic EL element has a structure in which an
organic EL layer including at least a light-emitting layer is
sandwiched by an anode and a cathode, and is arranged in a
pixel region surrounded by a bank. Further, an organic EL,
element usually has organic layers such as an electron injec-
tion layer, a carrier transport layer (an electron transport layer,
a hole transport layer), and a hole injection layer as well as a
light-emitting layer. A carrier transport layer is usually
designed to have lower resistance and a higher conductivity
than a light-emitting layer in order to allow a sufficient elec-
tric field to be applied to the light-emitting layer. Further, in
order to prevent carriers from passing through the light-emit-
ting layer without contributing to light emission, a carrier
blocking layer, which is a functional material layer for cap-
turing the carriers within the light-emitting layer, may be
formed between the carrier transport layer and the light-
emitting layer. Such a carrier blocking layer usually has low
conductivity, and therefore has a much smaller thickness than
the light-emitting layer in many cases. Since an organic EL
element is formed by laminating thin films (organic EL lay-
ers) in the above way, it has been particularly difficult for such
an organic EL element to have uniformly controlled film
thicknesses as compared to color filter substrates and wiring
substrates.

[0011] Now, a case will be described in which a hole trans-
port layer and a light-emitting layer are sequentially lami-
nated by applying functional fluids to each pixel region sur-
rounded by a bank by the ink jet method. Here, anodes are
already formed in the pixel regions. First, a functional fluid
containing a hole injection material and a solvent is ejected on
each anode and then the solvent is removed by drying and
heating so that a hole transport layer is formed on the anode.
Subsequently, a functional fluid containing a light-emitting
material and a solvent is ejected onto the hole transport layer.
At this time, the functional fluid may not be sufficiently
maintained within the region surrounded by the bank depend-
ing on the shape of the bank and, as a result, the functional
fluid may not completely cover the hole transport layer and
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the anode. In this case, a part of the anode and the hole
transport layer turns out to be exposed. If a cathode is formed
on the light-emitting layer in this state by a method such as a
vacuum deposition, the cathode comes in contact with the
hole transport layer and the anode directly without the light-
emitting layer interposed therebetween, at the portions where
the hole transport layer and the anode are exposed. At those
contact portions, carriers cannot contribute to light emission
in the case that light is emitted by application of electric
current to the organic EL element, and thereby the electric
current utilization efficiency decreases. The decrease causes
problems such as a decrease in brightness, generation of heat,
and an increase in power consumption, which lead to major
problems in the power efficiency or the element life. The hole
transport layer and the anode are therefore preferably com-
pletely covered by the light-emitting layer. The above prob-
lems similarly arise in a structure in which an electron trans-
port layer is arranged between the cathode and the light-
emitting layer, when there is contact, without the light-
emitting layer interposed, between the anode and the cathode,
between the hole transport layer and the electron transport
layer, between the hole transport layer and the cathode, or
between the electron transport layer and the anode.

[0012] Inastructure in which each of the pixels is enclosed
(partitioned) by the bank parts, a functional fluid is to be
ejected in the respective pixels and maintained in the respec-
tive pixels. Here, since nozzles may eject droplets in different
amounts because of the different nozzle sizes generated in the
production, and thereby the amount of a functional fluid to be
applied can be different from pixel to pixel. Also, when the
position onto which a functional fluid droplet is ejected hap-
pens to be displaced and the functional fluid accordingly
enters an adjacent pixel, the amounts of the functional fluid
can be different in the respective pixels. As a result, the
organic EL layers can have different thicknesses for the
respective pixels, and the difference appears as display
unevenness.

[0013] Those problems cannot be solved even by the tech-
nologies of Patent Documents 2 to 4.

[0014] The present invention has been made in view of the
above state of the art, and aims to provide a thin-film formed
substrate which can easily achieve improvement in thin-film
flatness and a yield rate; an organic electroluminescent dis-
play device; a color filter substrate; and a method of produc-
ing a thin-film formed substrate.

Means for Solving the Problems

[0015] The present inventions have made various studied
on thin-film formed substrates which can easily achieve
improvement in thin-film evenness and a yield rate without an
additional complicated production process. As a result, the
inventors have focused on use of two kinds of banks. More
specifically, a first bank forming depressions is arranged on
the substrate and then a second bank is arranged on the first
bank in such a manner as to surround the depressions. This
arrangement has been found to enable application of a func-
tional fluid in a region (partitioned region) surrounded by the
second bank to form a flat thin film within each depression.
Further, the arrangement can increase the margins of the
alignment accuracy and the droplet placement accuracy of the
thin film formation device and thus improve the yield of
thin-film formed substrates. In this way, the above problems
have been solved admirably and thereby the present invention
has been completed.
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[0016] That is, one aspect of the present invention is a
thin-film formed substrate provided with a substrate and a
thin film formed on the substrate, the thin-film formed sub-
strate comprising a first bank forming a depression on the
substrate, and a second bank formed on the first bank, wherein
a partitioned region surrounded by the second bank has a
plurality of the depressions arranged therein, and the thin film
is arranged in each of the depressions. On the thin-film
formed substrate according to the present invention, one first
bank may form any number of depressions; that is, a first bank
may form multiple depressions or a single depression. In the
case that one first bank forms a single depression, multiple
first banks may be provided.

[0017] When a functional fluid is applied to a region (par-
titioned region) surrounded by the second bank on the thin-
film formed substrate according to the present invention, the
functional fluid spreads along side faces of the second bank in
such a manner as to cover the depressions. As a result, the
fluid level of the functional fluid in the respective depressions
can be suitably equilibrated. Also, since the first bank main-
tains (pins) the functional fluid within the depressions, the
functional fluid is enclosed within the depressions in a pro-
cess of removing the solvent. In the above manner, a flat thin
film can be formed at a desired position (depression).

[0018] The thin-film formed substrate according to the
present invention can also increase the margins of the align-
ment accuracy and the droplet placement accuracy of a thin-
film formation device in the case of including the first bank
and the second bank in a stacked manner as compared to the
case of including the first bank only. Thereby, defects in a
thin-film formation process (for example, thickness variation
of thin films) can be suppressed, and the yield of thin-film
formed substrates can be improved.

[0019] A thin film herein refers to a film which has a thick-
ness suitable for a component such as an organic EL layer of
an organic EL element and a color filter of a color filter
substrate. More specifically, the thin film may have a thick-
ness 0of 0.01 to 3 um. First and second banks herein each refer
to a partition wall placed in a frame-like arrangement (a
frame-like object).

[0020] The structure of the thin-film formed substrate
according to the present invention is not particularly limited
as long as the thin-film formed substrate includes the above
components, and may or may not include other components.
[0021] Preferable embodiments of the thin-film formed
substrate according to the present invention are described in
detail below. Note that the various embodiments below may
be appropriately combined.

[0022] The partitioned region preferably has a linear planar
shape. Such a shape allows a functional fluid applied to a
partitioned region to spread along the side faces of the second
bank more easily due to the capillary effect. As a result, the
fluid level of the functional fluid in the respective depressions
can be suitably equilibrated.

[0023] Inthe case that the entire second bank is lyophobic
to a functional fluid, it may be difficult for the functional fluid
to spread along the side faces of the second bank. In contrast,
in the case that the entire second bank is lyophilic to a func-
tional fluid, the functional fluid may flow over the top face of
the second bank to flow into aregion where no functional fluid
is required. Accordingly, the second bank is preferably lyo-
phobic to a functional fluid on a top face, and the second bank
is preferably lyophilic to a functional fluid on a side face.
Such a structure can be achieved for example by performing
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a lyophobicity providing process on the second bank formed
from a lyophilic material. However, in the case that a lyopho-
bicity providing process is performed on the second bank
having a forward-tapered shape, the side faces of the second
bank may also be lyophobic. As a result, it may be difficult for
a functional fluid to spread along the side faces of the second
bank. Hence, the second bank preferably has a reverse-ta-
pered shape. The reverse-tapered shape allows the side faces
ofthe second bank to go into the shadow of the top face of the
second bank, and thus reduces the influence of the lyopho-
bicity providing process on the side faces of the second bank.
As a result, the second bank can easily have lyophobic top
face and lyophilic side faces.

[0024] The “top” herein refers to a position farther from the
substrate, and the “bottom” herein refers to a position closer
to the substrate. Further, the “reverse-tapered shape” herein
refers to a shape with an angle of a side face to the substrate
face (i.e., taper angle) of 90° or larger, and the “forward-
tapered shape” herein refers to a shape with an angle of a side
face to the substrate face of smaller than 90°.

[0025] One ofthe conditions for decreasing the influence of
the lyophobicity providing process on the side faces of the
second bank is that the side faces of the second bank do not
project from the top face of the second bank in a plan view.
That is, it is preferable that the partitioned region have a linear
planar shape, and a length L1 of a bottom face of the parti-
tioned region, in a cross-sectional view of the substrate in a
short-side direction of the partitioned region, and a length 1.2
of a top face of the partitioned region satisfy the relation
L1=L.2, and more preferably the relation L1>L.2.

[0026] If the first bank has a reverse-tapered shape, it may
be possible that a functional fluid collects between the sub-
strate and the side faces of the first bank and cannot fully
spread within the partitioned region. In such a state, it may be
difficult to produce a flat thin film within a depression.
Accordingly, the first bank preferably has a forward-tapered
shape.

[0027] The first bank preferably has a forward-tapered
shape, and the second bank preferably has a reverse-tapered
shape. Thereby, a functional fluid can be suppressed from
collecting between the substrate and the side faces of the first
bank, and the influence of the lyophobicity providing process
on the side faces of the second bank can be decreased.
[0028] The first bank is preferably provided with fluorine
onanupper face where the second bank is not arranged. When
being provided with fluorine, the first bank can be lyophobic
to a functional fluid on the upper face where the second bank
is not arranged. As a result, the functional fluid can be more
surely maintained (pinned) in a depression, and a flat thin film
can be more surely produced. Here, the upper face of the first
bank encompasses not only the top face of the first bank but
also the side faces of the first bank.

[0029] The second bank is preferably provided with fluo-
rine on a top face. When being provided with fluorine, the
second bank can be lyophobic to a functional fluid on the top
face. As a result, the functional fluid can be more surely
enclosed within a partitioned region, and can be more surely
prevented from flowing over the top face of the second bank
into a region where no functional fluid is required.

[0030] The first bank is preferably provided with fluorine
on an upper face where the second bank is not arranged, and
the second bank is preferably provided with fluorine on a top
face. When being provided with fluorine, the first bank can be
lyophobic to a functional fluid on the upper face where the
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second bank is not arranged, and the second bank can be
lyophobic to a functional fluid on the upper face. As a result,
a flat thin film can be more surely produced within a depres-
sion, and the functional fluid can be more surely prevented
from flowing over the top face of the second bank into aregion
where no functional fluid is required. Such a structure, in
which the first bank is provided with fluorine on the upper
face where the second bank is not arranged and the second
bank is provided with fluorine on the top face, can be pro-
duced for example by performing, at one time, a fluorine
plasma process on the upper face of the first bank where the
second bank is not arranged and on the top face of the second
bank. Accordingly, the production process can be simplified.

[0031] The method of achieving the structure, in which the
upper face of the first bank where the second bank is not
arranged and/or the top face of the second bank is/are pro-
vided with fluorine, may be, alternatively to the above fluo-
rine plasma process, a method of coating the face(s) with a
film that contains fluorine.

[0032] A distance hl from the surface of the substrate to a
top face of the second bank preferably satisfies the relation
h1>65 pum. Such a structure prevents generation of a void
portion where no thin film exists on the substrate inside par-
titioned regions.

[0033] Ifanend ofthebottom face ofa depression is not 15
um or farther away from an end of the bottom face of a
partitioned region in a plan view, a part of the functional fluid
maintained within a depression may be attached to a side face
of the second bank, and thereby the uniformity of the thick-
nesses of the thin films formed within the depressions may be
decreased. Accordingly, an end of a bottom face of each
depression is preferably 15 um or farther away from an end of
a bottom face of the partitioned region.

[0034] It is preferable that the partitioned region have a
linear planar shape, the thin-film formed substrate have a first
object formed on the first bank, and the first object be in
contact with the second bank, and have a planar shape pro-
jecting from the second bank toward between the depressions
arranged in the partitioned region. This structure enables to
prevent excess flow of a functional fluid due to the capillary
effect. Further, since the second bank has a similar (analo-
gous) structure to the first bank, the drying speeds of the
functional fluid can be made uniform within a partitioned
region. With the above structure, it is possible to produce
flatter thin films in the depressions.

[0035] The first object may be produced from a different
material from the second bank, but still is preferably pro-
duced from the same material as the second bank. In this case,
the first object and the second bank can be formed in the same
process, and thus the production process can be simplified.
Alternatively, the first object and the second bank may be
integrally formed. That is, the second bank may have a pro-
jection which functions as the first object.

[0036] It is preferable that the partitioned region have a
linear planar shape, the thin-film formed substrate have a
second object formed on the first bank, and the second object
be arranged between the depressions arranged in the parti-
tioned region, and be not in contact with the second bank. The
same effect as in the case with the first object can also be
achieved in this case.

[0037] The second object may be produced from a different
material from the second bank, but still is preferably pro-
duced from the same material as the second bank. In this case,
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the second object and the second bank can be formed in the
same process, and thus the production process can be simpli-
fied.

[0038] Another aspect of the present invention is a method
of producing the thin-film formed substrate of the present
invention, the method comprising: a first bank formation
process of forming the first bank on the substrate; a second
bank formation process of forming the second bank on the
first bank; and an application process of applying a functional
fluid containing a thin film material to the partitioned region.
[0039] In accordance with the method of producing the
thin-film formed substrate of the present invention, when a
functional fluid is applied to a partitioned region, the func-
tional fluid spreads along the side faces of the second bank in
such a manner as to cover the depressions. As a result, fluid
level of the functional fluid in the respective depressions can
be suitably equilibrated. Further, since the first bank main-
tains (pins) the functional fluid within each depression, the
functional fluid is enclosed within the depression in a process
of removing the solvent. In the above manner, a flat thin film
can be formed at a desired position (depression).

[0040] The method of producing the thin-film formed sub-
strate of the present invention can also increase the margins of
the alignment accuracy and the droplet placement accuracy of
a coater in the case of including the first bank and the second
bank in a stacked manner as compared to the case of including
the first bank only. Thereby, defects in a thin-film formation
process (for example, thickness variation of thin films) can be
suppressed, and the yield of thin-film formed substrates can
be improved.

[0041] The method of producing the thin-film formed sub-
strate of the present invention is not particularly limited by
other processes as long as including the above process.
[0042] A preferable method of producing the thin-film
formed substrate of the present invention is explained in detail
below. Note that the various embodiments below may be
appropriately combined.

[0043] The firstbank is preferably lyophobic to a functional
fluid on an upper face where the second bank is not arranged.
This makes it possible to more surely maintain (pin) a func-
tional fluid within a depression, and thus to more surely
produce a flat thin film within the depression.

[0044] The second bank is preferably lyophobic to a func-
tional fluid on a top face. As a result, a functional fluid can be
more surely maintained within a partitioned region, and can
be more surely prevented from flowing over the top face of the
second bank into a region where no functional fluid is
required.

[0045] The firstbank is preferably lyophobic to a functional
fluid on an upper face where the second bank is not arranged,
and the second bank is preferably lyophobic to a functional
fluid on a top face. As a result, a flat thin film can be more
surely produced within a depression, and the functional fluid
can be more surely prevented from flowing over the top face
of the second bank into a region where no functional fluid is
required. Such a structure, in which the first bank is lyophobic
on the upper face where the second bank is not arranged and
the second bank is lyophobic on the top face, can be produced
by performing, at one time, a lyophobicity providing process
onthe upper face of the first bank where the second bank is not
arranged and on the top face of the second bank. Accordingly,
the production process can be simplified.

[0046] The second bank is preferably lyophilic to a func-
tional fluid on a side face. With this structure, the functional
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fluid spreads along the side faces of the second bank more
easily, and thus a flatter thin film can be produced.

[0047] The functional fluid applied to a partitioned region
spreads within the partitioned region along the side faces of
the second bank that face each other, and the fluid surface of
the functional fluid reaches the ends of the top face of the
second bank. At this time, the fluid surface of the applied
functional fluid is lower at a position farther from the second
bank. Ifthe fluid surfaces of the functional fluid flowing along
the opposite side faces of the second bank respectively reach
the surface of the substrate without coming into contact with
each other, a void portion is generated in which no functional
fluid exists on the substrate within the partitioned region, and
thereby no thin film will be formed in the void portion. There-
fore, in order to surely prevent generation of such a void
portion, the second bank may be designed to have an appro-
priate height that does not generate a void portion.

[0048] Now, the condition for not generating a void portion,
in which no functional fluid exists on the substrate in a region
sandwiched by the second bank parts, will be described with
reference to a drawing. FIG. 6 is a cross-sectional view sche-
matically illustrating the state where the functional fluid is
applied in the region sandwiched by the second bank parts.
Note that the first bank is not illustrated in FIG. 6. As illus-
trated in FIG. 6, hl represents a distance from the surface of
a substrate 110 to the top face of a second bank 112; o
represents a taper angle of the second bank 112 to the sub-
strate 110 (an angle of gradient of a side face of the second
bank 112 in a cross section); 0 represents an angle of contact
of a functional fluid 130 to a side face of the second bank 112;
€ represents a crossing point of lines drawn at an angle of 6
from the ends of the top face of the second bank 112; y
represents a distance from an end of the top face of the second
bank 112 to € in a plan view; d represents a length of the
bottom face between the opposite parts of the second bank
112 (the length of the bottom face in the partitioned region);
h2 represents a height difference between the top face of the
second bank 112 and €; and x represents a height difference
between € and the substrate 110. With those representations,
the second bank 112 may be designed to always have a height
that satisfies the relation x>0. The condition for satisfying the
relation x>0 can be led by the following formulas (1) to (3).

d 9
y= 3 + hl-cota

d @
h2=y-tan(@ - 0) = (E +hl -cota]tan(w )

d
x:hl—hZ:hl—(E +h1-cota]tan(a—0)>0

[0049] The condition led by the formulas (1) to (3)is shown
by the following formula (4). Therefore, in orderto satisty the
relation x>0, the second bank may be designed to have a
height that satisfies the following formula (4). That is, it is
preferable that the partitioned region have a linear planar
shape, and the application process comprise applying a func-
tional fluid such that the distance h1 from the surface of the
substrate to a top face of the second bank satisty the following
formula (4), when the substrate is observed in a cross section
in a short-side direction of the partitioned region in a portion
that passes through any of the depressions arranged in the
partitioned region, wherein d represents a length of the bot-
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tom face of the partitioned region, o represents a taper angle
ofthe second bank to the substrate, and 6 represents an angle
of contact of the functional fluid to a side face of the second
bank.

Wl d tan(a — 6) (€]
e 2°1- cot(a)tan(a — 0)

[0050] In the above formula (4), a relation h1>65 um is
preferably satisfied. Since the suitable value of d is different
according to the application of the thin-film formed substrate,
the formula (4) may not be satisfied depending on the value of
d. For example, in the case that the thin-film formed substrate
of the present invention is used for a display, the pixel size is
determined according to the required fineness, and thereby
the range for d can be specified. When the values of o and 6
are constant, a change in the value of d leads to a change in the
right side of the formula (4). For this reason, the formula (4)
may not be satisfied depending on the value of d. In contrast,
the formula (4) can be surely satisfied with the range of d 0 50
to 100 pm when the relation h1>65 pm is satisfied. When 0
and o are set to be easily achieved values (0 is 45° or larger,
a.is 70° to 120°) in the case that the second bank is formed
from a common material by a common method, the value of
the right side of the formula (4) will not exceed 65 pm even if
d is changed within the range of 50 to 100 um. Therefore, the
formula (4) can be satisfied in the range of d of 50 to 100 um
when therelationh1>65 pm is satisfied. Inthe formula (4), the
larger the value of 0, the smaller the value of the right side of
the formula. Here, the value of d may be 50 pm or less. Still,
in terms of securement of the application margin in the case of
using the ink jet method or the like, the relation d>50 pm is
preferably satisfied.

[0051] Ifthe relations 0°<a.—0<90° and a.>90° are satisfied,
the term cot(o)tan(ct—0) will be a negative value which is very
small as compared to the term tan(o—0). Thereby, the
denominator of the right side of the formula (4) will be a
positive value of approximately 1. The above hl therefore can
be represented simply by the following formula (5). That is, if
the relations 0°<0~0<90° and o>90° are satisfied in the for-
mula (4), the above h1 preferably satisfies the following for-
mula (5).

hl > % -tan(a — 6) ®

[0052] If the relation 0=90° is satisfied, then the term cot
(90°) may be regarded as 0 and the relation of the following
formula (6) may satisfied.

sin(90° —6)  cos(9) 6)

tan(90° - 0) = m = m = cot(6)

[0053] Therefore, the above hl can be simply represented
by the following formula (7). That is, when a=90° in the
above formula (4), the above hl preferably satisfies the fol-
lowing formula (7).

d O]
hl > 3 -cot(8)
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[0054] Another aspect of the present invention is an organic
EL display device comprising the thin-film formed substrate
of the present invention or a thin-film formed substrate pro-
duced by the production method of the present invention,
wherein the organic EL display device has a first electrode
and a second electrode which sandwich the thin film, and the
thin film is an organic EL layer. With this structure, since a flat
organic EL layer can be produced in a depression, an organic
EL display device with little display unevenness can be pro-
duced. Further, since the coatability of the organic EL layer
can be improved, generation of the leakage current resulting
from the short circuit of the first and second electrodes can be
suppressed.

[0055] Yet another aspect of the present invention is also a
color filter substrate comprising the thin-film formed sub-
strate of the present invention or a thin-film formed substrate
produced by the production method of the present invention,
wherein the thin film is a color filter. With this structure, a
color filter substrate having a flat color filter can be produced.
Further, use of the color filter substrate of the present inven-
tion for a liquid crystal display device enables production of
a liquid crystal display device with little display unevenness.
In this way, the color filter substrate of the present invention
can be suitably used especially for a liquid crystal display
device.

Effect of the Invention

[0056] The thin-film formed substrate, the organic EL dis-
play device, the color filter substrate, and the method of
producing a thin-film formed substrate of the present inven-
tion enable production of a thin-film formed substrate which
can easily achieve improvement in thin-film flatness and a
yield rate; an organic electroluminescent display device; a
color filter substrate; and a method of producing a thin-film
formed substrate.

BRIEF DESCRIPTION OF DRAWINGS

[0057] FIG. 1 is a plan view schematically illustrating an
organic EL display device of Example 1.

[0058] FIG. 2is a cross-sectional view schematically illus-
trating the organic EL display device on an X1-Y1 line in
FIG. 1 before formation of organic EL layers.

[0059] FIG. 3 is a cross-sectional view schematically illus-
trating the organic EL display device on an X2-Y2 line in
FIG. 1 before formation of the organic EL layers.

[0060] FIG. 4 is a plan view schematically illustrating an
organic EL display device of Example 4.

[0061] FIG. 5 is a plan view schematically illustrating an
organic EL display device of Example 5.

[0062] FIG. 61is a cross-sectional view schematically illus-
trating the state where a functional fluid is applied in a region
sandwiched by second bank parts.

[0063] FIG. 7is a cross-sectional view schematically illus-
trating the organic EL display device on the X1-Y1 line in
FIG. 1 after formation of the organic EL layers and a cathode.
[0064] FIG. 8is a cross-sectional view schematically illus-
trating the organic EL display device on the X2-Y?2 line in
FIG. 1 after formation of the organic EL layers and the cath-
ode.
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[0065] FIG. 9 is a plan view schematically illustrating
arrangement of the anodes and depressions in the organic EL
display device of Example 1.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0066] The present invention is described in more detail
based on the following Examples with reference to the draw-
ings. The present invention is not limited to these Examples.

EXAMPLE 1

[0067] FIG. 1 is a plan view schematically illustrating an
organic EL display device of Example 1. FIG. 2 is a cross-
sectional view schematically illustrating the organic EL dis-
play device on an X1-Y1 line in FIG. 1 before formation of
organic EL layers. FIG. 3 is a cross-sectional view schemati-
cally illustrating the organic EL display device on an X2-Y2
line in FIG. 1 before formation of the organic EL layers. FIG.
7 is a cross-sectional view schematically illustrating the
organic EL display device on the X1-Y1 line in FIG. 1 after
formation of the organic EL layers and a cathode. FIG. 8 is a
cross-sectional view schematically illustrating the organic
EL display device on the X2-Y?2 line in FIG. 1 after formation
ofthe organic EL layers and the cathode. FIG. 9 is a plan view
schematically illustrating arrangement of the anodes and
depressions in the organic EL display device of Example 1.
Asillustrated in FIGS. 1to 3 and 7 to 9, the organic EL display
device of Example 1 is provided with thin-film transistors
(TFTs), anodes 20, a first bank 11, and a second bank 12, on
a substrate 10. The TFTs are arranged in a matrix form. Each
TFT has one anode 20. The first bank 11 is arranged in such
a manner as to cover the anodes 20. Each region (depression
13) surrounded by the first bank 11 has a recess formed by the
first bank 11 and one of the anodes 20. The first bank 11 forms
(defines) multiple depressions 13, and the depressions 13 are
arranged for the respective anodes 20. Each depression 13 has
an elliptical planar shape. The second bank 12 is arranged on
the first bank 11, and the depressions 13 are arranged in the
long-side direction of the depressions 13 in each region (par-
titioned region 16) surrounded by the second bank 12. Each
partitioned region 16 has a linear planar shape. The second
bank 12 forms (defines) the partitioned regions 16, and the
partitioned regions 16 are arranged in stripes (side-by-side).
In other words, the second bank 12 has a stripe planar shape
with the both ends the stripes closed. On each anode 20, a hole
transport layer 21, a light-emitting layer 22, and a cathode 23
are laminated in the stated order from the substrate 10 side.
The anodes 20, hole transport layers 21, light-emitting layers
22, and cathodes 23 constitute respective organic EL ele-
ments. That is, the organic EL display device of Example 1
has the organic ELL elements arranged for the respective
depressions 13, and each region (depression 13) having one
organic EL element arranged therein functions as one pixel
region.

[0068] Hereinafter, a method of producing the organic EL
display device of Example 1 will be described.

[0069] First, the substrate 10 was prepared. A transparent
substrate having light transmittance and optical conductivity
can be suitably used as the substrate 10, and a glass substrate
was used in the present Example. The glass substrate may be
one produced from alkali free glass or a glass material such as
a silica-based glass material, a multi-component glass mate-
rial, a rare earth element doped silica-based glass material,
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and a rare earth element doped multi-component glass mate-
rial, as well as one produced from commonly used soda glass.

[0070] Next, the TFTs were arranged in a matrix form on
the substrate 10 by a common method. A semiconductor layer
of'each TFT may be, for example, an amorphous silicon film
orapolycrystalline silicon film. Next, an interlayer insulation
film having a function of a flattering layer was formed on the
TFTs, and then a 100-nm thick ITO (Indium Tin Oxide) film
was formed on the interlayer insulation film by spattering.
Thereafter, the ITO film was patterned by photolithography
with an aqueous ferric chloride solution as an etching solu-
tion, so that the anodes 20 were partitioned to correspond to
the respective pixel regions. As illustrated in FIG. 9, each
anode 20 has a size of 230 um (in the long-side direction) and
70 um (in the short-side direction). Further, the anodes 20
were arranged at intervals of 10 um. That is, the pixel pitch
was 240 pum in the long-side direction and 80 um in the
short-side direction. The interlayer insulation film separates
the anodes 20 from the TFTs, and allows, through contact
holes made therein, the anodes 20 and the TFTs to be electri-
cally connected. The material of the anodes 20 may be 1ZO
(Indium Zinc Oxide), ZnO, SnO,, In,O;, or the like, as well
as ITO. Each anode 20 preferably has a thickness of 50 to 500
nm, and more preferably 40 to 300 nm. A thickness of each
anode 20 of larger than 500 nm may decrease the transmit-
tance and thereby may lead to disadvantages in light emission
from the anode 20 side in a bottom-emission organic EL
display device, may cause coming off of the anodes 20, or the
like. In contrast, a thickness of each anode 20 of smaller than
50 nm may not provide sufficient effects as an electrode.

[0071] Afterthat, a photosensitive acrylic resin dispersed in
asolvent was applied on the substrate 10 having the anodes 20
formed thereon by the spin coat method such that the thick-
ness of the resin would be about 2 um, and then the substrate
10 was exposed to light to develop the resin, whereby a first
bank 11 having a thickness of about 2 um was formed on the
substrate 10. Examples of the method of forming the first
bank 11 include a method of applying a liquid by the spin coat
method; a method of attaching a sheet-shaped resin; a method
of forming a film by vapor deposition or sputtering in a
vacuum; and a method of transferring bank patterns by laser
or the like. In the case that the first bank 11 has a thickness of
about 2 um as in the present Example, the first bank 11 is
preferably formed by applying a liquid by the spin coat
method. This method enables easy formation of the first bank
11 with small taper angles at low cost. The taper angle of the
first bank 11 to the substrate 10 was 30°. That is, the first bank
11 has a forward-tapered shape in the present Example. As
illustrated in FIGS. 1 and 9, the first bank 11 was formed in
such a manner as to leave the anodes 20 exposed by defining
on the anodes 20 the elliptical depressions 13 each having a
major-axis radius of 60 pm and a minor-axis radius of 15 pm.
The distance between one long-side edge of the anode 20 to
the outer edge of the depression 13 was 20 um. The distance
between one short-side edge of the anode 20 to the outer edge
of the depression 13 was 55 pm. The space between adjacent
elliptical depressions 13 in the long-side direction of the
depressions 13 was 120 um. The space between adjacent
elliptical depressions 13 in the short-side direction of the
depressions 13 was 50 um. Here, if, for example, the first bank
11 has a taper angle of 90° or larger (if the first bank 11 has a
reverse-tapered shape), a functional fluid applied tends to
collect on the first bank 11 side. In this case, the fluid surface
of'the functional fluid at the central part of each anode 20 will
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be low, which will make it difficult to form a thin film having
auniform desired thickness in each pixel region. Accordingly,
the first bank 11 preferably has a forward-tapered shape. The
first bank 11 may be produced from any material as long as the
first bank 11 can have a desired thickness, and may be pro-
duced from a photosensitive polyimide resin or the like as
well as the photosensitive acrylic resin. Fach depression 13
may have any planar shape as long as the planar shape pro-
vides a light emission area as large as possible, and may have
a quadrangular shape or a circular shape.

[0072] Subsequently, a sheet-shaped photosensitive acrylic
resin was attached to the substrate 10 having the first bank 11
formed thereon by a laminating device such that the resin
would have a thickness of about 45 um, and then the resin was
exposed to be developed. Thereby, as illustrated in FIG. 2, the
second bank 12 having a height of about 45 jum was formed in
stripes on the first bank 11. Examples of the method of form-
ing the second banks 12 include the same method as the
method of forming the first bank 11. In the case that the
second bank 12 has a height of about 45 um or so which is
close to 50 um as in the present Example, the second bank 12
is preferably formed by attaching a sheet-shaped resin. In this
way, the second bank 12 can be formed easily. Here, the
second bank 12 was formed such that an end of the bottom
face of each depression 13 was 15 um away from an end ofthe
bottom face of the second bank 12 (an end of the bottom face
ofthe partitioned region 16) in a plan view. The taper angle of
the second bank 12 to the substrate 10 was 93°. That is, in the
present Example, the second bank 12 has a reverse-tapered
shape. Therefore, in a cross-sectional view of the substrate 10
in the short-side direction of the partitioned regions 16, an L1,
which is the length of the bottom face of each partitioned
region 16 (the interval between the bottom face parts of the
second bank 12), is larger than an .2, which is the length of
the top face of each partitioned region 16 (the interval
between the top face parts of the second bank 12). The second
bank 12 may be produced from any material as long as the
second bank 12 can have a desired thickness, and may be
produced from a photosensitive polyimide resin or the like as
well as the photosensitive acrylic resin. The width of the
second bank 12 in the short-side direction is not particularly
limited, and may be appropriately adjusted according to the
shape of the thin-film display device and the properties (such
as resolution, thin wire adhesion, and an aspect ratio) of the
bank material to be used. In the present Example, as illus-
trated in FIG. 1, each bottom face part of the second bank 12
has a width in the short-side direction of 20 pm. That is, the
second bank 12 in FIG. 1 is illustrated based on the width of
the bottom face parts. As illustrated in FIG. 1, the interval of
the stripes of the second bank 12 (the length of the bottom
face parts of each partitioned region 16 (L1)) was 60 um, and
the pitch of the stripes of the second bank 12 in the short-side
direction was 80 pm.

[0073] Next, the substrate 10 having the second bank 12
formed thereon was put into a fluorine plasma process using
gases such as CF,, SF, and CHF, so that lyophobicity would
be provided to the upper face of the first bank 11 where the
second bank 12 was not formed and the top face of the second
bank 12. The above process allows functional fluids (inks) to
easily leave the first bank 11 when the functional fluids to be
filled in the partitioned regions in the later-described appli-
cation process are dried. Accordingly, functional fluids can be
easily formed into organic EL layers (the hole transport layer
21, the light-emitting layer 22) in each depression 13, without
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being condensed on the first bank 11. The process can also
prevent functional fluids from flowing over the top face of the
second bank 12 to flow into adjacent regions via the second
bank 12. At this time, the side faces of the second bank 12 go
into the shadow of the top face of the second bank 12, and thus
are not much affected by the lyophobicity providing process.
The side faces of the second bank are therefore not affected by
the lyophobicity providing process as long as the lyophobic-
ity providing process is performed under normal conditions.
Since the second bank 12 in the present Example does not
contain a lyophobic material, the side faces of the second
bank 12 are lyophilic. The side faces of the second bank
therefore show better wettability to the functional fluids, and
thus the functional fluids to be filled in the later-described
application process can be wet-spread uniformly on the
anodes 20. Also, impurities such as an organic material on the
anodes 20 can be removed.

[0074] Evenin the case of forming the second bank 12 from
a lyophobic material, it is possible to provide lyophilicity to
the side faces of the second bank 12 by performing a lyophi-
licity providing process on the substrate 10 having the second
bank 12 formed thereon for a long time before performing the
above lyophobicity providing process. In this case, although
the side faces of the second bank 12 are not much affected by
the lyophilicity providing process because they go into the
shadow of the top face of the second bank 12, the side faces
still gradually become lyophilic because of oblique incidence
and diffusion. After that, the lyophobicity providing process
may be performed under the normal conditions in order to
provide lyophobicity to the upper face of the first bank 11
where the second bank 12 is not formed and the top face of the
second bank 12. However, performing the lyophilicity pro-
viding process for a long time as described above may pos-
sibly cause damage such as film-thickness loss on the first
bank 11 and the second bank 12. The second bank 12 is
therefore preferably formed without using a lyophobic mate-
rial.

[0075] Next, a functional fluid containing a hole transport
material is applied to the regions (partitioned regions 16)
partitioned by the second bank 12 (application process). The
hole transport material may be a low-molecular or high-
molecular material and the material may be a single material
or mixed material of two or more kinds, as long as the material
can be discharged by a coater and express a hole transport
function when being separated from a solvent to form a film
after application. Alternatively, a material produced by dop-
ing a dopant into a matrix material may be used. In the present
Example, PEDOT/PSS (mixture of polyethylene diox-
ythiophene and polyethylene sulfonic acid) was used as a hole
transport material, and water was used as a solvent to have the
PEDOT/PSS dispersed or dissolved therein. The angle of
contact of a functional fluid produced by mixing the PEDOT/
PSS and water to a side face of the second bank 12 is about
60°. When the angle of contact of a functional fluid produced
by mixing the PEDOT/PSS and water is set to 90° or smaller,
the functional fluid spreads along the side faces of the second
bank 12 due to the capillary effect, and the fluid amount
within each partitioned region 16 is equalized. As a result, the
thicknesses of the hole transport layers 21 to be formed in the
pixel regions in each partitioned region 16 in a later-described
process can be made uniform. For this reason, the hole trans-
port material and the solvent are preferably selected such that
the functional fluid will form an angle of contact of 90° or
smaller to the side faces of the second bank 12. As the coater,
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an ink jet device was used which had an ink jet head with a
nozzle in diameter of about 20 pum, a substrate mounting
stage, and the like.

[0076] Then, the substrate 10 was left to stand for 20 min-
utes under a condition of 80° C. and 1 Torr (133,322 Pa) in
a vacuum dryer to dry-remove water, the solvent component
in the functional fluid. Thereafter, the substrate 10 was baked
for five minutes on a hot plate, so that the hole transport layer
21 was formed. The hole transport layer 21 may have any
thickness as long as the characteristics of the hole transport
material can be sufficiently provided. The thickness is pref-
erably 5 to 300 nm, and is more preferably 10 to 150 nm. In
the present Example, the thickness of the hole transport layer
21 was set to 70 nm. Here, the application method is not
particularly limited as long as a functional fluid can be ejected
in a desired region and the functional fluid can be accumu-
lated in the region. Other than the ink jet method, the coating
method may be a nozzle coat method, a spray method, or the
like.

[0077] Next, a functional fluid containing a light-emitting
material is applied to the regions (partitioned regions 16)
partitioned by the second bank 12, in the same manner as in
the case of applying a functional fluid containing a hole
transport material. The light-emitting material may be a low-
molecular or high-molecular material and the material may
be a single material or mixed material of two or more kinds,
as long as the material can be discharged by a coater and
express a hole transport function when being separated from
a solvent to form a film after application. Alternatively, a
material produced by doping a dopant into a matrix material
may be used. In the present Example, a polyfluorene com-
pound represented by the following general formula (1) was
used as a light-emitting material, and a non-polar solvent was
used as a solvent to have the polyfluorene compound dis-
persed or dissolved therein. The angle of contact of the func-
tional fluid produced by mixing the polyfluorene compound
and the non-polar solvent to a side face of the second bank 12
is about 45°. When the angle of contact of the functional fluid
produced by mixing a light-emitting material and a solvent is
set to 90° or smaller, the functional fluid spreads along the
side faces of the second bank 12 due to the capillary effect,
and the fluid amount within each partitioned region 16 is
equalized. As a result, the thicknesses of the light-emitting
layers 22 to be formed in the pixel regions in each partitioned
region 16 in a later-described process can be made uniform.
For this reason, the light-emitting material and the solvent are
preferably selected such that the functional fluid will form an
angle of contact of 90° or smaller to the side faces of the
second bank 12.

QO
!

R! R?

[0078] The polyfluorene compound represented by the
general formula (1) is a copolymer compound of a fluorene
ring having alkyl chains and at least one unit of an aryl
compound. In the general formula (1), each of R' and R?
represents an alkyl chain; each of Ar' and Ar® represents a unit
of an aryl compound; each of 1 and m is an integer of 1 or
greater; and nis an integer of O or 1 or greater. Examples of the
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aryl compound include methylbenzene, pyridine, benzene,
anthracene, spirobifluorene, carbazole, benzo amine, bipyri-
dine, and benzothiadiazole. The color of the light to be emit-
ted differs according to the unit to be copolymerized and the
ratio of 1, m, and n.

[0079] Then, the substrate 10 was dried on a hot plate set to
200° C. for 60 minutes under N, atmosphere so that the
non-polar solvent, the solvent component in the functional
fluid, was dry-removed, whereby the light-emitting layers 22
were formed. Each light-emitting layer 22 may have any
thickness as long as the characteristics of the light-emitting
material can be sufficiently provided. The thickness is pref-
erably 5 to 300 nm, and is more preferably 10 to 150 nm. In
the present Example, the thickness of each light-emitting
layer 22 was set to 80 nm.

[0080] Next, the cathodes 23 were formed on the substrate
10 having the hole transport layers 21 and the light-emitting
layers 22 formed thereon, by oblique deposition using a com-
mon technique. Metals having a low work function of less
than 4.0 eV, such as Ca, Ce, Cs, Rb, Sr, Ba, Mg, and Li, can be
used as the material of the cathodes 23. For a high-molecular
organic light-emitting layer, metals such as Ca and Ba are
suitably used. Such a metal having a low work function is
easily degraded by oxygen, water, and the like. For this rea-
son, in the case of being used as the cathodes 23, such a metal
is preferably alloyed with a comparatively stable metal such
as Ni, Os, Pt, Pd, Al, Au, Rh1, and Ag or laminated with any
of those stable metals. In the present Example, a laminated
film of'a Ca film and an Al film was used as the cathode 23. In
a top-emission organic EL display device, each cathode 23 is
required to have a small thickness to have light transmittance.
In such a case, in order to secure sufficient conductivity as an
electrode, a transparent electrode film formed from a conduc-
tive metal oxide such as ITO, IZO, ZnO, and SnO, may be
used as the cathode 23. The transparent electrode film may be
a single layer film or a laminated film of multiple materials.
The thickness of each cathode 23 is preferably 1 to 500 nm,
and is more preferably 1 to 200 nm. A thickness of each
cathode 23 of larger than 500 nm may decrease the transmit-
tance and thereby may lead to disadvantages in light emission
from the cathode 23 side in a top-emission organic EL display
device, may cause coming off of the cathodes 23, or the like.
In contrast, a thickness of each cathode 23 of smaller than 1
nm may not provide sufficient effects as an electrode. In the
present Example, the thickness of each cathode 23 was set to
150 nm.

[0081] Lastly, the components formed on the substrate 10
were sealed with a sealing material, and then components that
a common organic EL display device has, such as a driving
circuit, were mounted on the substrate 10, so that the organic
EL display device of the present Example was produced. A
transparent or translucent flat-plate material can be used as a
sealing material. Common soda glass is used as a sealing
material in the present Example. However, the sealing mate-
rial is not limited to common soda glass, and may be boro-
silicate glass, aluminosilicate glass, silica glass, quartz, resin,
or an inorganic film. It is usually preferable that the adhesive
material for adhering a sealing material be transparent or
translucent, and do not allow moisture, activated gas, and the
like to pass therethrough. Although the adhesive material
used in the present Example was a photocurable epoxy resin,
the adhesive material to be used is not limited to a photocur-
able epoxy resin, and may be a thermosetting epoxy resin.

[0082] The organic EL display device of the present
Example was produced under conditions that the above for-
mula (4) was satisfied. In the formula (4), hl represents a
distance from the substrate 10 to the top face of the second
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bank 12. In the present Example, the first bank 11 has a
thickness of 2 um and the second bank 12 has a thickness of
45 um as illustrated in FIG. 2, and thus the relation h1=47 um
is satisfied. Also, d represents the distance between the bot-
tom portions of the second bank 12 which face each other
with the depressions 13 therebetween. In the present
Example, the distance from an end of each depression 13 to a
contact portion between the second bank 12 and the first bank
11 is 15 um and the length in the short-side direction of each
depression 13 is 30 pm in a plan view as illustrated in FIG. 1,
and thus the relation d=60 um is satisfied. The symbol a
represents a taper angle of the second bank 12 to the substrate
10, and is 93° in the present Example, as illustrated in FIG. 2.
The symbol 6 is a contact angle of a side face of the second
bank 12 to the functional fluid. In the present Example, the
relation 8=60° is satisfied in the case of a functional fluid
containing a hole transport material, and thus the formula (4)
is satisfied. Alternatively in the case of a functional fluid
containing a light-emitting material, the relation 6=60° is
satisfied and thus the formula (4) is satisfied.

EXAMPLE 2

[0083] The organic EL display device of Example 2 was
produced by the same procedure as that for Example 1, except
that the taper angle of the second bank 12 to the substrate 10
was set to 70°. That is, in the present Example, the second
bank 12 has a forward-tapered shape.

EXAMPLE 3

[0084] The organic EL display device of Example 3 was
produced by the same procedure as that for Example 1, except
that the taper angle of the second bank 12 to the substrate 10
was set to 90°. That is, in the present Example, the second
bank 12 has a reverse-tapered shape.

EXAMPLE 4

[0085] FIG. 4 is a plan view schematically illustrating an
organic EL display device of Example 4. The organic EL
display device of Example 4 has the same structure as the
organic EL display device of Example 1, except for having,
on the first bank 11, first objects 14 that project from the
second bank 12 toward between adjacent depressions 13 as
illustrated in FIG. 4. In the present Example, the first objects
14 are the portions that the second bank 12 extends in the
direction perpendicular to the stripe pattern of the second
bank 12. Accordingly, in other words, projections of the sec-
ond bank 12 correspond to the first objects 14. The width of
each first object 14 in the direction along the stripe pattern of
the second bank 12 was set to 50 um. The width of each first
object 14 in the direction perpendicular to the stripe pattern of
the second bank 12 was set to 15 pm. In the present Example,
the first objects 14 and the second bank 12 are formed from
the same material, but the first objects 14 and the second bank
12 maybe formed from different materials. In terms of sim-
plification of the production process, the first objects 14 and
the second bank 12 are preferably formed from the same
material as in the present Example.

EXAMPLE 5

[0086] FIG. 5 is a plan view schematically illustrating an
organic EL display device of Example 5. As illustrated in FIG.
5, the organic EL display device of Example 5 has the same
structure as the organic EL display device of Example 1,
except for having, on the first bank 11, a rectangular second
object 15 not in contact with the second bank 12 between
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adjacent depressions 13. The width of each second object 15
in the long-side direction was 30 pm, and the width of each
second object 15 in the short-side direction was 50 um. The
space between the second bank 12 and the second object 15
was 15 um. In the present Example, the second object 15 and
the second bank 12 were simultaneously formed from the
same material, but the second object 15 and the second bank
12 maybe formed from different materials. Still, in terms of
simplification of the production process, the second object 15
and the second bank 12 are preferably formed from the same
material.

EXAMPLE 6

[0087] The organic EL display device of Example 6 was
produced by the same procedure as that for Example 1, except
that the second bank 12 was formed such that an end of the
bottom face of each depression 13 was 10 um away from an
end of the bottom face of the second bank 12 in a plan view.

EXAMPLE 7

[0088] The organic EL display device of Example 7 was
produced by the same procedure as that for Example 1, except
that an end of the bottom face of each depression 3 was 5 pm
away from an end of the bottom face of the second bank 12.
[0089] In the process of forming thin films (hole transport
layer 21 and light-emitting layer 22) in the process of produc-
ing the organic EL display devices of Examples 1 to 7, the
functional fluids spread along the side faces of the second
bank 12 in such a manner as to cover the depressions 13 due
to the capillary effect and the fluid level of the functional fluid
in the respective depressions can be suitably equilibrated. As
a result, the functional fluid was collected in an amount
required for formation of a thin film having a desired thick-
ness, in each pixel region (depression 13). Evenifa functional
fluid ejected from the ink jet head was not ejected in a desired
direction, the lyophobic top face of the second bank 12
enabled to draw the functional fluid into the region partitioned
by the second bank 12 (partitioned region 16), and to prevent
the functional fluid from flowing over the top face of the
second bank 12 into a region where no functional fluid was
required. Further, since the lyophobic first bank 11 more
surely pinned the functional fluid in the depressions 13 in the
process of drying the solvent in the functional fluid, the func-
tional fluid was enclosed within the depressions 13. This
mechanism enabled to produce a flat film for each pixel
region. Since the functional fluid to be the light-emitting layer
22 spread along the side faces of the second bank 12 in such
a manner as to cover the depressions 13 due to the capillary
effect, the light-emitting layer 22 showed improved coverage
to the hole transport layer 21. Thereby, contact between the
hole transport layer 21 and the cathode 23 was suppressed,
and also the leakage current generated in a conventional
structure was suppressed. In each partitioned region 16, since
the uniformity of the thicknesses of the thin films formed in
the respective pixel regions was improved, uniform light
emission was achieved. Such uniform light emission led to
improvement in the display qualities of the organic EL dis-
play device.

[0090] Each of the organic EL display devices of Examples
1 to 7 had the second bank 12, which formed the partitioned
regions 16 with the depressions 13 arranged therein in the
long-side direction of the depressions 13, on the first bank 11.
This structure increased the margin of error caused by the
coater head (ejection position margin) as compared to a struc-
ture in which the pixel regions (light-emitting portions) were
partitioned by only the first bank 11 (i.e., a structure in which
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the second bank 12 was not provided). Accordingly, those
organic EL display devices decreased the difference in the
film thickness and improved the production yield.

[0091] In Examples 1,4, 5, 6, and 7, the taper angle of the
second bank 12 to the substrate 10 was 93°. In Example 3, the
taper angle of the second bank 12 to the substrate 10 was 90°.
That is, in these Examples, since the second bank 12 has a
reverse-tapered shape, an .1, which is the width of the bottom
face of each region between the bottom face parts of the
second bank 12 (the length of the bottom face of each parti-
tioned region 16), is larger than an [.2, which is the width of
the top face of each region (the length of the top face of each
partitioned region 16), and provides the relation L1=L2.
Consequently, the side faces of the second bank 12 were not
affected by the lyophobicity providing process for the second
bank 12, and therefore the second bank 12 of each of the
above Examples had higher lyophilicity at the side faces than
the second bank 12 of Example 2 having a forward-tapered
shape. Thereby, the angle of contact between the side faces of
the second bank 12 and the functional fluid could be suitably
adjusted, and thus the functional fluid was able to spread
easily along the side faces of the second bank 12 due to the
capillary effect. As a result, the uniformity in the thickness of
thin films (hole transport layer 21, light-emitting layer 22)
formed in respective pixel regions was further improved.
[0092] InExamples 1to 7, satisfaction of the relation of the
formula (1) enabled the functional fluid to be surely main-
tained in the central portion of each pixel. Accordingly, dry-
removing the solvent from the functional fluid made it pos-
sible to form a thin film (hole transport layer 21, light-
emitting layer 22) having a desired thickness for each pixel
region. Since the light-emitting layer 22 was formed on con-
dition that the formula (1) was satisfied, the light-emitting
layer 22 was able to more surely cover the hole transport layer
21. As aresult, the hole transport layer 21 and the cathode 23
were prevented from coming into contact with each other, and
the leakage current generated in the conventional structure
was suppressed.

[0093] In order to produce displays for various applica-
tions, the pixel sizes need to be changed according to the
respective applications. If the formula (4) needs to be satisfied
with the pixel size (d) in the range of 50 to 100 pm with an
angle of contact (0) of a side face of the second bank 12 to the
functional fluid being 40°, the height (h1) of the second bank
12 is required to satisty the relation h1>65 um. In the case that
d is set to a constant value of 60 um as in Example 1, the
difference in the value of 6 has to be considered in order to
further improve the liquid level balance. For example, even if
the value of 6 was decreased from 40° to 35°, the relation
h1>65 um has to be also satisfied. This condition does not
apply in the case that d or 0 is changed to a value outside the
above range, or that both d and 0 are further changed. Even in
those cases, satisfaction of the formula (4) leads to the effect
of the present invention.

[0094] The formula (4) can be further simplified in the case
that the relations 0<0—<90° and a>90° are satisfied in the
formula (4), and here, the effect of the present invention can
be achieved if the above formula (5) is satisfied.

[0095] Further, the formula (4) can be further simplified in
the case that the relation a=90° is satisfied, and the effect of
the present invention can be achieved if the above formula (7)
is satisfied.

[0096] As above, with the above formulas (5) and (7),
design values required to achieve the effect of the present
invention can be easily determined.

[0097] As seen in Examples 4 and 5, formation of the first
object 14 or the second object 15 prevented excessive flowing
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ofthe function fluid due to the capillary effect. Also, since the
second bank 12 had an enclosure-type structure which was
similar (analogous) to the structure of the first bank 11, the
drying speeds of the functional fluid were able to be uniform
within each partitioned region 16. In the above way, the film
thickness uniformity of the thin films formed in the respective
pixel regions was able to be further improved.

[0098] As for the cases of Examples 6 and 7, a part of the
functional fluid maintained in the depressions 13 came into
contact with the side faces of the second bank 12 in the
production process. For this reason, the uniformity of thin
films (hole transport layer 21, light-emitting layer 22) formed
in the pixel regions was slightly lower than in those of
Examples 1 to 5. Those results taught that an end of the
bottom face of each depression 13 was preferably 15 um or
more away from an end of the bottom face of the second bank
12 (an end of the bottom face of the partitioned region 16).
[0099] The present application claims priority to Patent
Application No. 2008-240881 filed in Japan on Sep. 19, 2008
under the Paris Convention and provisions of national law in
a designated State, the entire contents of which are hereby
incorporated by reference.

EXPLANATION OF NUMERALS AND
SYMBOLS

[0100] 10, 110: Substrate
[0101] 11: First bank

[0102] 12, 112: Second bank
[0103] 13: Depression

[0104] 14: First object

[0105] 15: Second object
[0106] 16: Partitioned region
[0107] 20: Anode

[0108] 21: Hole transport layer
[0109] 22: Light-emitting layer
[0110] 23: Cathode

[0111] 130: Functional fluid

1. A thin-film formed substrate provided with a substrate
and a thin film formed on the substrate, the thin-film formed
substrate comprising

a first bank forming a depression on the substrate, and

a second bank formed on the first bank,

wherein a partitioned region surrounded by the second

bank has a plurality of the depressions arranged therein,
and

the thin film is arranged in each of the depressions.

2. The thin-film formed substrate according to claim 1,
wherein the partitioned region has a linear planar shape.

3. The thin-film formed substrate according to claim 1,
wherein the second bank has a reverse-tapered shape.

4. The thin-film formed substrate according to claim 1,
wherein the partitioned region has a linear planar shape, and

a length L1 of a bottom face of the partitioned region, in a

cross-sectional view of the substrate in a short-side
direction of the partitioned region, and a length L2 of a
top face of the partitioned region satisfy the relation
L1=12.

5. The thin-film formed substrate according to claim 1,
wherein the first bank has a forward-tapered shape.

6. The thin-film formed substrate according to claim 1,
wherein the first bank has a forward-tapered shape, and

the second bank has a reverse-tapered shape.

7. The thin-film formed substrate according to claim 1,
wherein the first bank is provided with fluorine on an upper
face where the second bank is not arranged.
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8. The thin-film formed substrate according to claim 1,
wherein the second bank is provided with fluorine on a top
face.

9. The thin-film formed substrate according to claim 1,
wherein the first bank is provided with fluorine on an upper
face where the second bank is not arranged, and the second
bank is provided with fluorine on a top face.

10. The thin-film formed substrate according to claim 1,
wherein a distance hl from the surface of the substrate to a top
face of the second bank satisfies the relation h1>65 pm.

11. The thin-film formed substrate according to claim 1,
wherein an end of a bottom face of each depression is 15 pm
or farther away from an end of a bottom face of the partitioned
region.

12. The thin-film formed substrate according to claim 1,
wherein the partitioned region has a linear planar shape,

the thin-film formed substrate has a first object formed on

the first bank, and

the first object is in contact with the second bank, and has

a planar shape projecting from the second bank toward
between the depressions arranged in the partitioned
region.

13. The thin-film formed substrate according to claim 1,
wherein the partitioned region has a linear planar shape,

the thin-film formed substrate has a second object formed

on the first bank, and

the second object is arranged between the depressions

arranged in the partitioned region, and is not in contact
with the second bank.

14. An organic electroluminescent display device compris-
ing the thin-film formed substrate according to claim 1,
wherein the organic electroluminescent display device has a
first electrode and a second electrode that sandwich the thin
film, and

the thin film is an organic electroluminescent layer.

15. A color filter substrate comprising the thin-film formed
substrate according to claim 1, wherein the thin film is a color
filter.

16. A method of producing the thin-film formed substrate
according to claim 1, the method comprising:

a first bank formation process of forming the first bank on

the substrate;

a second bank formation process of forming the second

bank on the first bank; and

an application process of applying a functional fluid con-

taining a thin film material to the partitioned region.

17. The method of producing the thin-film formed sub-
strate according to claim 16, wherein the first bank is lyopho-
bic to a functional fluid on an upper face where the second
bank is not arranged.

18. The method of producing the thin-film formed sub-
strate according to claim 16, wherein the second bank is
lyophobic to a functional fluid on a top face.

19. The method of producing the thin-film formed sub-
strate according to claim 16, wherein the first bank is lyopho-
bic to a functional fluid on an upper face where the second
bank is not arranged, and the second bank is lyophobic to a
functional fluid on a top face.
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20. The method of producing the thin-film formed sub-
strate according to claim 16, wherein the second bank is
lyophilic to a functional fluid on a side face.

21. The method of producing the thin-film formed sub-
strate according to claim 16, wherein the partitioned region
has a linear planar shape, and

the application process comprises applying a functional

fluid such that the distance hl from the surface of the
substrate to a top face of the second bank satisfy the
following formula (1), when the substrate is observed in
a cross section in a short-side direction of the partitioned
region in a portion that passes through any of the depres-
sions arranged in the partitioned region:

d tan(e — 0) 1)

AL > 21 — cot(a)tan(a — 6)

wherein d represents a length of the bottom face of the
partitioned region, o represents a taper angle of the
second bank to the substrate, and 0 represents an angle of
contact of the functional fluid to a side face of the second
bank.

22. The method of producing the thin-film formed sub-
strate according to claim 21, wherein a relation h1>65 um is
satisfied in the formula (1).

23. The method of producing the thin-film formed sub-
strate according to claim 21, wherein h1 satisfies the follow-
ing formula (2) when relations 0°<a-0<90° and >90° are
satisfied in the above formula (1):

hl > ; -tan(a — 6). @

24. The method of producing the thin-film formed sub-
strate according to claim 21, wherein h1 satisfies the follow-
ing formula (3) when a relation a=90° is satisfied in the above
formula (1):

d (©)]
hl > 3 -cot(0).

25. An organic electroluminescent display device compris-
ing a thin-film formed substrate produced by the method of
producing the thin-film formed substrate according to claim
16, wherein the organic electroluminescent display device
has a first electrode and a second electrode which sandwich
the thin film, and

the thin film is an organic electroluminescent layer.

26. A color filter substrate comprising a thin-film formed
substrate produced by the method of producing the thin-film
formed substrate according to claim 16, wherein the thin film
is a color filter.
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