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(57) The invention relates to providing an electro-
optical device, which is capable of improving film thick-
ness uniformity and flatness of electro-optical layers to
be formed. A method of manufacturing an electro-opti-
cal device according to the present invention comprises
a step of forming a first partition wall portion 112a and
a second partition wall portion 112b, and a step of eject-
ing a liquid substance for each of openings of each of
the partition wall portions using a liquid droplet ejecting
method, the liquid substance including functional mate-
rials composing the electro-optical layers. The ejected

liquid substance has different viscosities for each elec-
tro-optical layer. In the partition wall portion formation
step, a surface area of a portion of the first partition wall
portion 112a projecting from the second partition wall
portion 112b becomes relatively small in a position at
which the liquid substance having relatively low viscos-
ity is ejected, and the surface area of the portion of the
first partition wall portion 112a projecting from the sec-
ond partition wall portion 112b becomes relatively large
in a position at which the liquid substance having rela-
tively high viscosity is ejected.
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Description

[Technical Field]

[0001] The present invention relates to a method of
manufacturing a color filter substrate, a method of man-
ufacturing an electro-optical device, an electro-optical
device, and an electronic apparatus.

[Background Art]

[0002] In recent years, there has been developed a
color organic electroluminescent (EL) device having a
structure where a light emitting layer formed of a light
emitting material is inserted between an anode and
cathode by adopting a method in which the light emitting
material is patterned by an inkjet method of jetting ink
made of a light emitting material, such as an organic flu-
orescent material, on a substrate (for example, Patent
Document 1).

[Patent Document 1] Japanese Unexamined Pat-
ent Application Publication No. 2002-252083

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0003] However, in manufacturing the organic EL de-
vice using the inkjet method, it is important to make light
emission characteristics (brightness, color purity, etc) of
arranged pixels (light emitting elements) uniform, which
has a significant effect on the product yield of the organic
EL device. In order to make the light emission charac-
teristics uniform, it is required to uniformly and flatly form
light emitting layers among the pixels. Particularly, since
the thickness uniformity and flatness of the layers are
greatly varied depending on dry conditions of applied
ink, the dry conditions become important factors for im-
proving the uniformity of the light emitting elements. Al-
though the above-mentioned Patent Document 1 has no
definite description about a drying process of ink
dropped on a substrate, the light emitting layers are ac-
tually formed by means of the following processes.
[0004] To begin with, a substrate on which pixel elec-
trodes and banks for partitioning the pixel electrodes are
formed is prepared, and hole injection/transport layers
are formed in a region surrounded by the banks using
the inkjet method.
Next, on the substrate having the hole injection/trans-
port layers formed thereon, ink for a red color light emit-
ting layer, filled in an inkjet head, is dropped in the region
surrounded by the banks, and thereafter, the dropped
ink is dried to form the red color emitting layer. Similarly,
ink for a green color light emitting layer is disposed on
fixed points on the substrate using the inkjet head, to
thereby form a green color light emitting layer through
the drying process. Similarly, ink for a blue color light
emitting layer is disposed on fixed points on the sub-

strate using the inkjet head, to thereby form a blue color
light emitting layer through the drying process. In this
way, the color organic EL device is manufactured by dis-
posing the red, green and blue color light emitting layers
on the substrate in a predetermined pattern.
[0005] When the light emitting layers having the dif-
ferent light emitting colors are formed, a manufacturing
method for dropping and drying one color ink, and then,
forming light emitting layers having different colors is in
common use. This is because the light emitting layers
having the different colors have different ink solvent due
to differences of ink components, and accordingly, opti-
mal drop and dry conditions are different for each color.
[0006] However, it takes a long time to perform the
drop and dry of ink for each color one by one. In addition,
for example, in the course of a process the red color light
emitting layer is formed and then the green color light
emitting layer is formed, since the red color light emitting
layer that has been already dried is exposed to a solvent
atmosphere, it may be redissolved depending on a kind
of solvent. As a result, there arises a problem in that the
red color light emitting layer may be deteriorated, thus
causing deterioration of characteristics of the red color
light emitting layer.
[0007] Accordingly, the present invention is designed
to solve the above-mentioned problem, and it is an ob-
ject of the present invention to provide a manufacturing
method of a color filter substrate having a plurality of
coloring layers, which is capable of greatly improving a
manufacture efficiency of the color filter substrate and
improving film thickness uniformity and flatness of each
coloring layer to be formed. It is another object of the
present invention to provide a manufacturing method of
an electro-optical device having a plurality of electro-op-
tical layers such as a plurality of light emitting layers,
which is capable of greatly improving a manufacture ef-
ficiency of the electro-optical device and improving film
thickness uniformity and flatness of each electro-optical
layer to be formed.

[Means for Solving the Problems]

[0008] In order to achieve the above-mentioned ob-
jects, the present invention provides a method of man-
ufacturing a color filter substrate including a plurality of
coloring layers having a plurality of colors in a predeter-
mined pattern, the method comprising a partition wall
portion formation step of forming on a substrate a first
partition wall portion having a first opening defining a
region in which the coloring layers are formed and a sec-
ond partition wall portion located on the first partition
wall portion and having a second opening defining a re-
gion in which the coloring layers are formed; and an
ejection step of ejecting liquid substances for the open-
ings of the partition wall portions by using a liquid droplet
ejecting method, the liquid substances being made by
dissolving or dispersing coloring materials composing
the respective coloring layers in solvents, wherein the
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ejected liquid substances have different viscosities for
each coloring layer, and wherein, in the partition wall
portion formation step; the first partition wall portion
projects from an inner surface of the second opening of
the second partition wall portion, a surface area of a por-
tion of the first partition wall portion projecting from the
second partition wall portion becomes relatively small in
an opening through which the liquid substance having
relatively low viscosity is ejected, and the surface area
of the portion of the first partition wall portion projecting
from the second partition wall portion becomes relatively
large in an opening through which the liquid substance
having relatively high viscosity is ejected.
[0009] The present inventors have repeated studies
for overcoming the above-mentioned problem, and as
a result, have discovered that the film thickness of the
formed coloring layers becomes ununiform due to the
viscosity of the liquid substance, that is, when the vis-
cosity of the liquid substance is high, the film thickness
of the coloring layer formed in the opening of the parti-
tion wall portion tends to become thick at a central por-
tion of the coloring layer, on the other hand, when the
viscosity of the liquid substance is low, the film thickness
of the coloring layer formed in the opening of the parti-
tion wall portion tends to become thick at a peripheral
portion (a side near the partition wall portion) of the
coloring layer.

In addition, as a result of the studies, the present
inventors have discovered that the film thickness of the
formed coloring layer becomes ununiform due to the
surface area of a portion (projecting portion) of the first
partition wall portion projecting from an inner surface of
the second opening of the second partition wall portion,
that is, when the surface area of the projecting portion
of the first partition wall portion is small, the film thick-
ness of the coloring layer formed in the opening of the
partition wall portion tends to become thick at a central
portion of the coloring layer, on the other hand, when
the surface area of the projecting portion of the first par-
tition wall portion is large, the film thickness of the color-
ing layer formed in the opening of the partition wall por-
tion tends to become thick at a peripheral portion (a side
near the partition wall portion) of the coloring layer.
[0010] Base on the result of the studies, the present
inventors have discovered a method of forming flat
coloring layers having a uniform film thickness even
when the viscosities of the liquid substance are different
for each pattern of the coloring layers. The film thickness
of the coloring layers can become uniform and the color-
ing layers can become flat by properly adjusting an area
of the projecting portion of the first partition wall portion
according to the viscosity of the liquid substance, as in
the manufacturing method of the present invention,
more specifically, by making a surface area of the pro-
jecting portion of the first partition wall portion relatively
small in an opening through which the liquid substance
having relatively low viscosity is ejected, and making the
surface area of the projecting portion of the first partition

wall portion relatively large in an opening through which
the liquid substance having relatively high viscosity is
ejected.
[0011] In order to achieve the above-mentioned ob-
jects, the present invention provides a method of man-
ufacturing an electro-optical device including different
types of electro-optical layers in a predetermined pat-
tern, the method comprising a partition wall portion for-
mation step of forming on a substrate a first partition wall
portion having a first opening defining a region in which
the electro-optical layers are formed and a second par-
tition wall portion located on the first partition wall portion
and having a second opening defining a region in which
the electro-optical layers are formed; and an ejection
step of ejecting liquid substances for the openings of the
partition wall portions by using a liquid droplet ejecting
method, the liquid substances being made by dissolving
or dispersing functional materials composing the re-
spective electro-optical layers in solvents, wherein the
ejected liquid substances have different viscosities for
each electro-optical layer, and wherein, in the partition
wall portion formation step, the first partition wall portion
projects from an inner surface of the second opening of
the second partition wall portion, a surface area of a por-
tion of the first partition wall portion projecting from the
second partition wall portion becomes relatively small in
an opening through which the liquid substance having
relatively low viscosity is ejected, and the surface area
of the portion of the first partition wall portion projecting
from the second partition wall portion becomes relatively
large in an opening through which the liquid substance
having relatively high viscosity is ejected.
[0012] The present inventors have repeated studies
for overcoming the above-mentioned problem, and as
a result, have discovered that the film thickness of the
formed electro-optical layers becomes ununiform due to
the viscosity of the liquid substance, that is, when the
viscosity of the liquid substance is high, the film thick-
ness of the electro-optical layer formed in the opening
of the partition wall portion tends to become thick at a
central portion of the electro-optical layer, on the other
hand, when the viscosity of the liquid substance is low,
the film thickness of the electro-optical layer formed in
the opening of the partition wall portion tends to become
thick at a peripheral portion (a side near the partition
wall portion) of the electro-optical layer.

In addition, as a result of the studies, the present
inventors have discovered that the film thickness of the
formed electro-optical layers becomes ununiform due to
the surface area of a portion (projecting portion) of the
first partition wall portion projecting from an inner sur-
face of the second opening of the second partition wall
portion, that is, when the surface area of the projecting
portion of the first partition wall portion is small, the film
thickness of the electro-optical layer formed in the open-
ing of the partition wall portion tends to become thick at
a central portion of the electro-optical layer, on the other
hand, when the surface area of the projecting portion of
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the first partition wall portion is large, the film thickness
of the electro-optical layer formed in the opening of the
partition wall portion tends to become thick at a periph-
eral portion (a side near the partition wall portion) of the
electro-optical layer.
[0013] Base on the result of the studies, the present
inventors have discovered a method of forming flat elec-
tro-optical layers having a uniform film thickness even
when the viscosities of the liquid substances are differ-
ent for each pattern of the electro-optical layers. The film
thickness of the electro-optical layers can become uni-
form and the electro-optical layers can become flat by
properly adjusting the area of the projecting portion of
the first partition wall portion according to the viscosity
of the liquid substances, as in the manufacturing method
of the present invention, more specifically, by making a
surface area of the projecting portion of the first partition
wall portion relatively small in an opening through which
the liquid substance having relatively low viscosity is
ejected, and making the surface area of the projecting
portion of the first partition wall portion relatively large
in an opening through which the liquid substance having
relatively high viscosity is ejected.
[0014] In the partition wall portion formation step, the
projecting length of the first partition wall portion project-
ing from the inner surface of the second opening of the
second partition wall portion can become relatively short
in an opening through which the liquid substance having
relatively low viscosity is ejected, and the projecting
length of the first partition wall portion projecting from
the second partition wall portion can become relatively
long in an opening through which the liquid substance
having relatively high viscosity is ejected. With this con-
figuration, the surface area of the projecting portion can
be easily adjusted.
[0015] The method of manufacturing an electro-opti-
cal device according to the present invention further
comprises, after the ejection step, a drying step of drying
the ejected liquid substances simultaneously for electro-
optical layers. In this way, by drying the electro-optical
layers collectively, the product efficiency of the electro-
optical devices can be greatly enhanced over the con-
ventional product efficiency of the electro-optical devic-
es. In addition, it is preferable to use the same solvent
for the electro-optical layers when the electro-optical
layers are simultaneously dried.
However, if the same solvent is used for different func-
tional materials, the viscosities of the liquid substances
are varied. Accordingly, in this case, by using the man-
ufacturing method of the present invention, it is possible
to prevent or suppress problems of deviation of the film
thickness of the electro-optical layers due to the differ-
ence between viscosities of the liquid substances.
[0016] Preferably, the drying step is a vacuum drying
step. by employing a vacuum dry in order to dry the liquid
substance coated on the substrate, it is possible to con-
trol dry conditions minutely. Accordingly, after the drying
step, the electro-optical layers having a uniform film

thickness and a good flatness can be obtained.
[0017] In addition, the present invention provides an
electro-optical device manufactured by the manufactur-
ing method of the present invention. Furthermore, an
electronic apparatus according to the present invention
comprises the electro-optical device as, for example, a
display unit. Accordingly, electro-optical devices and
electronic apparatuses can be manufactured at low
costs and with high reliability.

[Brief Description of the Drawings]

[0018]

Fig. 1 is a circuit diagram of an organic EL device
according to an embodiment of the present inven-
tion.
Fig. 2 is a plan view of a configuration of the organic
EL device according to the embodiment of the
present invention.
Fig. 3 is a sectional view of a configuration of a dis-
play region in the organic EL device according to
the embodiment of the present invention.
Fig. 4 is a process diagram illustrating a manufac-
turing method according to an embodiment of the
present invention.
Fig. 5 is a process diagram illustrating the manufac-
turing method according to the embodiment of the
present invention.
Fig. 6 is a process diagram illustrating the manufac-
turing method according to the embodiment of the
present invention.
Fig. 7 is a process diagram illustrating the manufac-
turing method according to the embodiment of the
present invention.
Fig. 8 is a process diagram illustrating the manufac-
turing method according to the embodiment of the
present invention.
Fig. 9 is a process diagram illustrating the manufac-
turing method according to the embodiment of the
present invention.
Fig. 10 is a process diagram illustrating the manu-
facturing method according to the embodiment of
the present invention.
Fig. 11 is an enlarged schematic diagram of a stack
structure of an inorganic bank layer and an organic
bank layer.
Fig. 12 is an explanatory diagram illustrating one
aspect of a layer formed in a bank portion.
Fig. 13 is an explanatory diagram illustrating anoth-
er aspect of a layer formed in a bank portion.
Fig. 14 is a plan view of a head according to an em-
bodiment of the present invention.
Fig. 15 is a plan view of an inkjet apparatus accord-
ing to an embodiment of the present invention.
Fig. 16 is a perspective view illustrating an example
of an electronic apparatus.
Fig. 17 is a sectional view illustrating a relationship
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between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.
Fig. 18 is a sectional view illustrating a relationship
between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.
Fig. 19 is a sectional view illustrating a relationship
between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.
Fig. 20 is a sectional view illustrating a relationship
between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.
Fig. 21 is a sectional view illustrating a relationship
between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.
Fig. 22 is a sectional view illustrating a relationship
between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.
Fig. 23 is a sectional view illustrating a relationship
between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.
Fig. 24 is a sectional view illustrating a relationship
between a shape of a layer to be formed, viscosity
of a liquid composition, and a projecting width of a
bank.

[Best mode for Carrying Out the Invention]

[0019] Hereinafter, as an embodiment of an electro-
optical device of the present invention, an organic EL
device and a manufacturing method of the organic EL
device will be described.

Fig. 1 is an explanatory diagram illustrating an in-
terconnection structure of an organic EL device accord-
ing to this embodiment, Fig. 2 is a schematic plan view
of the organic EL device according to this embodiment,
and Fig. 3 is a schematic sectional view of a display re-
gion of the organic EL device according to this embod-
iment.

(Organic EL Device)

[0020] As shown in Fig. 1, an organic EL device ac-
cording to this embodiment includes a plurality of scan
lines 101, a plurality of data lines 102 extending cross
the plurality of scan lines 101, a plurality of power lines
extending in parallel to the plurality of data lines 102,
and pixel regions P provided in the vicinity of intersec-
tions of the plurality of scan lines 101 and the plurality
of data lines 102.
[0021] A data line driving circuit 104 having a shift reg-
ister, a level shifter, a video line, and an analog switch

is connected to the data lines 102. In addition, a scan
line driving circuit 105 having a shift register and a level
shifter is connected to the scan lines 101.

In addition, each of the pixel circuits P includes a
switching thin film transistor 122 having a gate electrode
to which a scan signal is applied via a scan line 101, a
storage capacitor cap for storing a pixel signal supplied
from the data line 102 via the switching thin film transis-
tor 122, a driving thin film transistor 123 of which a gate
electrode receives the pixel signal stored in the storage
capacitor cap, a pixel electrode (electrode) 111 into
which a driving current flows from a corresponding pow-
er line 103 when the pixel electrode 111 is electrically
connected to the power line 103 via the driving thin film
transistor 123, and an organic EL layer 110 inserted be-
tween the pixel electrode 111 and a negative electrode
(opposite electrode) 12. The pixel electrode 111, the op-
posite electrode 12 and the organic EL layer 110 com-
pose a light emitting element.
[0022] When the scan line 101 is driven and the
switching thin film transistor 122 is turned on, a potential
of the data line 102 is maintained by the storage capac-
itor cap and the driving thin film transistor 123 is turned
on or off depending on the state of the storage capacitor
cap. In addition, a current flows from the power line 103
into the pixel electrode 111 via a channel of the driving
thin film transistor 123 and a current flows into the neg-
ative electrode 12 via the organic EL layer 110. The or-
ganic EL layer 110 emits light in proportion to the amount
of the current flowing into the organic EL layer 110.
[0023] As shown in Fig. 3, the organic EL device ac-
cording to this embodiment includes a transparent sub-
strate 2 made of glass and the like, a light emitting ele-
ment portion 11 having light emitting elements formed
on the substrate 2 and arranged in the form of a matrix,
and the negative electrode 12 formed on the light emit-
ting element portion 11. Here, the light emitting element
portion 11 and the negative electrode 12 compose a dis-
play element 10.

The substrate 2 is formed of a transparent sub-
strate such as glass and the like, and is divided into a
display region 2a located at the center of the substrate
2 and a non-display region 2c located at the circumfer-
ence of the substrate 2 and surrounding the display re-
gion 2a, as shown in Fig. 2. The display region 2a is a
region in which the light emitting elements arranged in
the form of the matrix are formed.
[0024] In addition, the power lines 103 (103R, 103G,
and 103B) are arranged in the non-display region 2c.
The scan line driving circuits 105 and 105 are arranged
in both sides of the display region 2a, respectively. In
addition, at one side of each of the scan line driving cir-
cuits 105 and 105 are arranged a driving circuit control
signal line 105a and a driving circuit power line 105b,
both of which are connected to each line driving circuit
105 and 105. A check circuit 106 for checking quality or
defects of a display device when it is in the course of
manufacturing or in the market is arranged above the
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display region 2a.
[0025] Three pixel regions A are shown in the section-
al view of Fig. 3. In the organic EL device according to
this embodiment, a circuit element portion 14 having cir-
cuits such as thin film transistors (TFTs), the light emit-
ting element portion 11 having the organic EL layer 110,
and the negative electrode 12 are stacked in order on
the substrate 2. Under this configuration, light emitted
from the organic EL layer 110 to the substrate 2 is out-
putted to a lower side (observer side) of the substrate 2
through the circuit element portion 14 and the substrate
2, and simultaneously, light emitted from the organic EL
layer 110 to the opposite side of the substrate 2 is re-
flected by the negative electrode 12 and then is output-
ted to the lower side (observer side) of the substrate 2
through the circuit element portion 14 and the substrate
2.

In addition, when the negative electrode 12 is
formed of a transparent material, light emitted from the
negative electrode side can be outputted to the lower
side of the substrate 2. The transparent negative elec-
trode material may include an indium tin oxide (ITO), Pt,
Ir, Ni, or Pd.
[0026] A base protective layer 2c made of a silicon
oxide is formed in the circuit element portion 14 on the
substrate 2, and an island-shaped semiconductor layer
141 made of polycrystalline silicon is formed on the base
protective layer 2c. A source region 141a and a drain
region 141b are formed in the semiconductor layer 141
by heavily doping P ions into the semiconductor layer
141. A portion of the semiconductor layer 141 into which
the P ions are not doped forms a channel region 141c.
[0027] In addition, a transparent gate insulating layer
142 covering the base protective layer 2c and the sem-
iconductor layer 141 is formed, a gate electrode 143
(scan line 101) made of Al, Mo, Ta, Ti, or W is formed
on the gate insulating layer 142, and a first transparent
interlayer insulating layer 144a and a second transpar-
ent interlayer insulating layer 144b are formed on the
gate electrode 143 and the gate insulating layer 142.
The gate electrode 143 is disposed at a location corre-
sponding to the channel region 141c of the semiconduc-
tor layer 141. In addition, contact holes 145 and 146 are
connected to the source and drain regions 141a and
141b of the semiconductor layers 141 through the first
and second interlayer insulating layers 144a and 144b,
respectively.
[0028] In addition, the transparent pixel electrode 111
made of ITO and the like is formed with a predetermined
pattern on the second interlayer insulating layer 144b,
and the contact hole 145 is connected to the pixel elec-
trode 111. The contact hole 146 is connected to the pow-
er line 103. In this way, the driving thin film transistor
123 connected to the pixel electrode 111 is formed in
the circuit element portion 14.
[0029] The light emitting element portion 11 includes,
as a main body, organic EL layers 110 stacked on each
of the plurality of pixel electrodes 111 , and bank por-

tions 112 formed between pixel electrodes 111 and be-
tween organic EL layers 110 for partitioning the organic
EL elements 110. The negative electrode 12 is formed
on the organic EL layers 110. The pixel electrodes 111,
the organic EL layers 110 and the negative electrode 12
compose the light emitting element. Here, each pixel
electrode 111 is made of, for example, ITO, and has a
substantially rectangular pattern in a plane. The bank
portions 112 have shapes of partitioning the pixel elec-
trodes 111.
[0030] As shown in Fig. 3, each of the bank portions
112 has a structure where an inorganic bank layer (first
bank layer) 112a, which serves as a first partition wall
portion, located at the substrate 2 side and an organic
bank layer (second bank layer) 112b, which serves as
a second partition wall portion, spaced apart from the
substrate 2 are stacked. The inorganic bank layer 112a
is formed of, for example, TiO2 or SiO2, and the organic
bank layer 112b is formed of, for example, an acryl resin
or a polyimide resin.
[0031] The inorganic and organic bank layers 112a
and 112b are formed in such a manner that they are
placed on the peripheral portions of the pixel electrodes
111. When viewed from a plane, the peripheral portions
of the pixel electrodes 111 partially overlap with the in-
organic bank layer 112a. Similarly, the organic bank lay-
er 112b overlaps with portions of the pixel electrodes
111 when viewed from the plane. In addition, the inor-
ganic bank layer 112a is formed to further project toward
the centers of the pixel electrodes 111 beyond an edge
of the organic bank layer 112b. In this way, as a first
stack portion (projecting portion) 112e of the inorganic
bank layer 112a is formed inside the pixel electrodes
111, lower openings 112c corresponding to formation lo-
cations of the pixel electrodes 111 are formed.
[0032] In addition, upper openings 112d are formed in
the organic bank layer 112b. The upper openings 112d
are provided corresponding to the formation locations
of the pixel electrodes 111 and the lower openings 112c.
The upper openings 112d are formed to be wider than
the lower openings 112c and narrower than the pixel
electrodes 111, as shown in Fig. 3. In addition, upper
portions of the upper openings 112d may be formed at
the about same positions as end portions of the pixel
electrodes 111. In this case, as shown in Fig. 3, the up-
per openings 112d of the organic bank layer 112b have
inclined sections. In this way, openings 112g through
which the lower openings 112c communicate with the
upper openings 112d are formed in the bank portion 112.
[0033] In addition, the bank portion 112 has lyophilic
regions and lyophobic regions. The lyophilic regions in-
clude the first stack portion 112e of the inorganic bank
layer 112a and an electrode surface 111a of each pixel
electrode 111. Surfaces of these regions are processed
by lyophilic substance using a plasma process using ox-
ygen as a process gas. In addition, the lyophobic re-
gions include a wall of each upper opening 112d and a
top surface 112f of the organic bank layer 112. Surfaces

9 10



EP 1 601 032 A2

7

5

10

15

20

25

30

35

40

45

50

55

of these regions are processed by fluorine (by lyophobic
substance) using a plasma process using tetrafluor-
omethane or carbon tetrafluoride as a process gas.
[0034] The organic EL layer 110 includes a hole injec-
tion/transport layer 110a stacked on the pixel electrode
111 and a light emitting layer 110b formed on the hole
injection/transport layer 110a.

The hole injection/transport layer 110a serves to
inject holes into the light emitting layer 110b and trans-
port holes into the hole injection/transport layer 110a.
By forming the hole injection/transport layer 110a be-
tween the pixel electrode 111 and the light emitting layer
110b, characteristics such as light emission efficiency
and lifetime of the light emission layer 110b can be im-
proved.
In addition, the light emission layer 110b emits light as
holes injected from the hole injection/transport layer
110a and electrons injected from the negative electrode
12 are recombined in the light emitting layer 110b.
[0035] The hole injection/transport layer 110a in-
cludes a flat portion 110a1 located within the lower
opening 112c and formed on the pixel electrode surface
111a, and a peripheral portion 110a2 located within the
upper opening 112d and formed on the first stack portion
112e of the inorganic bank layer. In addition, the hole
injection/transport layer 110a may be formed on the pix-
el electrode 111 and only between the inorganic bank
layers 112a (at the lower openings 112c) depending on
its structure (or may be formed only on the above men-
tioned flat portion).
[0036] In addition, the light emitting layer 110b is
formed on the flat portion 110a1 and peripheral portion
110a2 of the hole injection/transport layer 110a and has
a thickness of 50 nm to 80 nm on the flat portion 110a1.
The light emitting layer 110b has three kinds of light
emitting layers, i.e., a red color light emitting layer 110b1
emitting red color (R) light, a green color light emitting
layer 110b2 emitting green color (G) light, and a blue
color light emitting layer 110b3 emitting blue color (B)
light, which are arranged in a stripe shape, as shown in
Fig. 2.
[0037] Since the peripheral portion 110a2 is formed
at a ununiform thickness on the first stack portion 112e
of the inorganic bank layer, it is electrically isolated from
the pixel electrode 111 by the first stack portion 112e,
and accordingly, holes are not injected from the periph-
eral portion 110a2 into the light emitting layer 110b. Ac-
cordingly, a current from the pixel electrode 111 flows
only into the flat portion 110a1, and accordingly, the
holes can be uniformly transported from the flat portion
110a1 to the light emitting layer 110b. As a result, only
a central portion of the light emitting layer 110b emits
light and the amount of light emission in the light emitting
layer 110b can be uniformly maintained.

In addition, since the inorganic bank layer 112a ex-
tends toward the center of the pixel electrode 111 more
than the organic bank layer 112b, a shape of a junction
portion between the pixel electrode 111 and the flat por-

tion 110a1 is trimmed by the inorganic bank layer 112a.
Accordingly, deviation of light emission strength be-
tween the light emitting layers 110b can be suppressed.
[0038] In addition, since the electrode surface 111a of
the pixel electrode 111 and the first stack portion 112e
of the inorganic bank layer have lyophilic property, the
organic EL layer 110 is uniformly stuck fast to the pixel
electrode 111 and the inorganic bank layer 112a. Ac-
cordingly, the organic EL layer 110 is not excessively
thinned on the inorganic bank layer 112a, and accord-
ingly, a short between the pixel electrode 111 and the
negative electrode 12 can be prevented.

In addition, since the top surface 112f of the or-
ganic bank layer 112b and the wall surface of the upper
opening 112d have lyophobic property, the organic EL
layer 110 is not well stuck to the organic bank layer 112b,
and accordingly, the organic EL layer 110 does not over-
flow the opening 112g.
[0039] In addition, as a formation material of the hole
injection/transport layer, for example, a mixture of poly-
thiophene derivatives, such as polyethylenedioxithi-
ophene, and polystylenesulfonic acid, and so on can be
used. In addition, as a formation material of the light
emitting layer 110b, for example, (poly) paraphenyle-
nevinylene derivatives, polyphenylene derivatives,
polyfluorene derivatives, polyvinylcarbazole, polythi-
ophene derivatives, perylene pigment, coumarin pig-
ment, or rhodamine pigment can be used, and moreo-
ver, these high molecular material doped with rubrene,
perylene, 9,10-diphenylanthracene, tetraphenylbutadi-
ene, nile red, coumarin 6, or quinacridone can be used.
[0040] The negative electrode 12 is formed on the en-
tire surface of the light emitting element portion 11 and
serves to flow a current into the organic EL layer 110,
with the pixel electrode 111 paired. The negative elec-
trode 12 is formed of, for example, a calcium layer and
an aluminum layer, which are stacked. In this case, the
negative electrode provided at a side near the light emit-
ting layer preferably has a layer having a low work func-
tion. Particularly, with this configuration, the layer having
the low work function makes a direct contact with the
light emitting layer 110b and serves to inject electrons
in the light emitting layer 110b.
[0041] In addition, LiF may be formed between the
light emitting layer 110b and the negative electrode 12
in order to increase the light emission efficiency. In ad-
dition, the red and green color light emitting layers 110b1
and 110b2 may use other material without being limited
to lithium fluoride. Accordingly, in this case, a layer
formed of the lithium fluoride is stacked on only the blue
color (B) light emitting layer 110b3 and materials other
than the lithium fluoride may be stacked on the red and
green color light emitting layers 110b1 and 110b2. Alter-
natively, only a calcium layer may be stacked on the red
and green light emitting layers 110b1 and 110b2 without
stacking the lithium fluoride thereon.
[0042] In addition, the aluminum layer forming a part
of the negative electrode 12 serves to reflect light emit-
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ted from the light emitting layer 110b on the substrate 2.
Accordingly, preferably, an Ag layer or a stack layer of
an Al layer and an Ag layer may be used, as well as the
aluminum layer. In addition, an antioxidation protective
layer formed of SiO, SiO2, or SiN can be formed on the
aluminum layer.
[0043] In an actual organic EL device, a sealing por-
tion is provided on the light emitting element portion 11
shown in Fig. 3. The sealing portion can be formed by,
for example, coating a seal resin in an annular shape
around the substrate 2 and sealing the sealing resin us-
ing a sealing vessel. The sealing resin is made of a ther-
mosetting resin or an ultraviolet curing resin. Particular-
ly, it is preferably made of an epoxy resin, which is a kind
of the thermosetting resin. The sealing portion serves to
prevent oxidation of the negative electrode 12 or the
light emitting layer formed within the light emitting ele-
ment portion 11. In addition, a gettering agent for ab-
sorbing water or oxygen may be provided inside the
sealing vessel in order to absorb water or oxygen pen-
etrated into the sealing vessel.

(Method of Manufacturing the Organic EL Device)

[0044] Next, a method of manufacturing the organic
EL device of the present invention will be described with
reference to the drawings.

The manufacturing method according to this em-
bodiment includes (1) a bank portion formation process,
(2) a hole injection/transport layer formation process, (3)
a light emitting layer formation process, (4) a negative
electrode formation process, and (5) a sealing process.
The manufacturing method described here is provided
as one example, and therefore, if necessary, some of
the above mentioned processes may be omitted or other
processes may be added. In addition, (2) the hole injec-
tion/transport layer formation process and (3) the light
emitting layer formation process are performed using a
liquid ejecting method (an inkjet method) employing a
liquid droplet ejecting apparatus.

In addition, in (3) the light emitting layer formation
process of the manufacturing method of this embodi-
ment, liquid composition ejected on the substrate 2 is
composed of light emitting layer formation liquid com-
positions for each color using common mixed solvent,
and, after ejection of the liquid compositions for each
color is completed, a drying process is collectively per-
formed.

(1) Bank Portion Formation Process

[0045] In the bank portion formation process, the bank
portion 112 is formed at a predetermined position on the
substrate 2. The bank portion 112 has an inorganic bank
layer 112a as a first bank layer and an organic bank layer
112b as a second bank layer.

(1)-1 Formation of Inorganic Bank Layer 112a

[0046] As shown in Fig. 4, first, the inorganic bank lay-
er 112a is formed at the predetermined position on the
substrate.
The inorganic bank layer 112a is formed on the second
interlayer insulating layer 144b and the pixel electrode
111. In addition, the second interlayer insulating layer
144b is formed on the circuit element portion 14 in which
the thin film transistors, the scan lines and the data lines
are arranged. The inorganic bank layer 112a is formed
of, for example, an inorganic material such as SiO2 or
TiO2. These materials are formed by, for example, a
CVD method, a coating method, a sputtering method, a
deposition method, etc. In addition, the film thickness of
the inorganic bank layer 112a is preferably within a
range of 50 nm to 200 nm, particularly, 150 nm.
[0047] The inorganic bank layer 112a is formed to
have an opening by forming an inorganic film on the en-
tire surfaces of the interlayer insulating layer 144 and
the pixel electrode 111 and then patterning the inorganic
film using a photolithography method and the like. This
opening corresponds to a formation position of the elec-
trode surface 111a of the pixel electrode 111 and is pro-
vided as the lower opening 112c, as shown in Fig. 4. In
addition, the inorganic bank layer 112a is formed such
that it partially overlaps with the peripheral portion of the
pixel electrode 111. By this configuration, a planar light
emitting region of the light emitting layer 110 is control-
led.

(1)-2 Formation of Organic Bank Layer 112b

[0048] Next, the organic bank layer 112b is formed as
the second bank layer.

More specifically, as shown in Fig. 4, the organic
bank layer 112b is formed on the inorganic bank layer
112a. The organic bank layer 112b is made of a heat-
resistant and solvent-resistant material such as an acryl
resin or a polyimide resin. The organic bank layer 112b
is formed by patterning this material using a photolithog-
raphy method. In addition, when patterning, the upper
opening 112d is formed in the organic bank layer 112b.
The upper opening 112d is provided at a position corre-
sponding to the electrode surface 111a and the lower
opening 112c.
[0049] As shown in Fig. 4, the upper opening 112d is
preferably formed to be wider than the lower opening
112c formed in the inorganic bank layer 112a. Moreover,
the organic bank layer 112b preferably has a tapered
section, and the lowermost of the organic bank layer
112b is preferably narrower than the width of the pixel
electrode 111 and the uppermost of the organic bank
layer 112b preferably has the about same width as the
pixel electrode 111.

Accordingly, the first stack portion 112e surround-
ing the lower opening 112c of the inorganic bank layer
112a projects toward the center of the pixel electrode
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111 more than the organic bank layer 112b. In this way,
by communicating the upper opening 112d formed in the
organic bank layer 112b with the lower opening 112c
formed in the inorganic bank layer 112a, the opening
112g passing through the inorganic bank layer 112a and
the organic bank layer 112b. In addition, in this embod-
iment, the amount of projection toward the center of the
pixel electrode 111 with respect to the inorganic bank
layer 112a is different for each pixel, more specifically,
for each of the light emitting layers 110b1, 110b2 and
110b3.
[0050] In addition, the thickness of the organic bank
layer 112b is preferably within a range of 0.1 µm to 3.5
µm, particularly, 2 µm. The reason for such a range is
as follows.

In the case of the thickness of less than 0.1 µm,
the thickness of the organic bank layer 112b is thinner
than the total thickness of the hole injection/transport
layer and the light emitting layer. This is not preferable
since the light emitting layer 110b may overflow the up-
per opening 112d. In the case of the thickness of more
than 3.5 µm, a step by the upper opening 112d becomes
large. This is not preferable since a step coverage of the
negative electrode 12 for the upper opening 112d can
not be secured. In addition, when the thickness of the
organic bank layer 112b is more than 2 µm, it is prefer-
able since high isolation of the negative electrode 12
from the thin film transistor 123 can be achieved.
[0051] In addition, a proper surface process using a
plasma process is preferably performed for the surfaces
of the bank portion 112 and the pixel electrode 111. More
specifically, a lyophobic process is performed for the
surface of the bank portion 112 and a lyophilic process
is performed for the surface of the pixel electrode 111.

To begin with, the surface process of the pixel
electrode 111 may be performed by an O2 plasma proc-
ess using an oxygen gas. For example, a region includ-
ing the surface of the pixel electrode 111 can be lyophilic
by processing the surface of the pixel electrode 111 un-
der conditions of plasma power of 100 kW to 800 kW,
oxygen gas flow of 50 ml/min to 100 ml/min, substrate
carrying speed of 0.5 mm/sec to 10 mm/sec, and sub-
strate temperature of 70°C to 90°C. In addition, simul-
taneously, cleaning of the surface of the pixel electrode
111 by the O2 plasma process and adjustment of the
work function are performed.

Next, the surface process of the bank portion 112
can be performed by a CF4 plasma process using
tetrafluoromethane. For example, the upper opening
112d and the top surface 112f of the bank portion 112
can be lyophobic by processing the upper opening 112d
and the top surface 112f of the bank portion 112 under
conditions of plasma power of 100 kW to 800 kW,
tetrafluoromethane gas flow of 50 ml/min to 100 ml/min,
substrate carrying speed of 0.5 mm/sec to 10 mm/sec,
and substrate temperature of 70°C to 90°C.

(2) Hole Injection/Transport Layer Formation Process

[0052] Next, in the light emitting element formation
process, first, the hole injection/transport layer is formed
on the pixel electrode 111.

In the hole injection/transport layer formation
process, the liquid composition including a hole injec-
tion/transport layer formation material is ejected on the
electrode surface 111a using, for example, an inkjet ap-
paratus as the liquid droplet ejecting apparatus. There-
after, by performing a drying process and a thermal
process for the liquid composition, the hole injection/
transport layer 110a is formed on the pixel electrode 111
and the inorganic bank layer 112a. In addition, the hole
injection/transport layer 110a may not be formed on the
first stack portion 112e, that is, may be formed on only
the pixel electrode 111.
[0053] The manufacturing method using the inkjet
method is as follow. As shown in Fig. 5, the liquid com-
position including the hole injection/transport layer for-
mation material is ejected from a plurality of nozzles
formed in an inkjet head H1. Although each pixel is filled
with the liquid composition by scanning the inkjet head
in this embodiment, it can be also achieved by scanning
the substrate 2. In addition, each pixel can be filled with
the liquid composition by moving the inkjet head and the
substrate 2 in relation to each other. Such filling of the
liquid composition is also true of processes performed
using the inkjet head in the following description.
[0054] The ejection of the liquid composition using the
inkjet head is as follows. The liquid composition is eject-
ed from an ejecting nozzle H2 arranged, opposite to the
electrode surface 111a, in the inkjet head H1. The bank
112 for partitioning the lower openings 112c is formed
around the pixel electrode 111, and, while moving the
inkjet head H1 in relation to the substrate 2, with the
inkjet head H1 opposite to the pixel electrode surface
111a located within the lower opening 112c, droplets
110c of the liquid composition, with liquid measure per
one drop controlled, are ejected on the electrode sur-
face 111a from the ejecting nozzle H2.
[0055] The liquid composition used in this process in-
cludes, for example, a composition made by dissolving
a mixture of polythiophene derivatives, such as polyeth-
ylenedioxithiophene (PEDOT), and polystylenesulfonic
acid (PSS) and so on in a polar solvent. The polar sol-
vent includes, for example, isopropyl alcohol (IPA), nor-
mal butanol, γ-butyrolactone, N-methyl pyrolidone
(NMP), 1,3-dimethyl-2-imidazolidinone (DMI), deriva-
tives thereof, glycol ethers such as carbitol acetate or
butyl carbitol acetate.
[0056] As details of liquid composition, a composition
of a PEDOT/PSS mixture (PEDOT/PSS = 1 : 20) :
12.52% in weight, IPA : 10% in weight, NMP : 27.48%
in weight, DMI : 50% in weight may be exemplified. In
addition, viscosity of the liquid composition is preferably
within a range of 1 mPa·s to 20 mPa·s, particularly, 4
mPa·s to 15 mPa·s.
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[0057] By using the above-mentioned liquid composi-
tion, the liquid composition can be ejected without the
ejecting nozzle H2 blocked. In addition, the hole injec-
tion/transport layer formation material may include the
same material for the red color (R), green color (G) and
blue color (B) light emitting layers 110b1 to 110b3, or
different material for each color light emitting layer. In
this embodiment, different hole injection/transport layer
formation materials are used for each red color (R),
green color (G) and blue color (B) light emitting layer
110b1 to 110b3, and the viscosity of the ejected liquid
composition is different for each color light emitting layer
110b1 to 110b3.
[0058] However, when liquid compositions having dif-
ferent viscosities are ejected, the film thickness of the
hole injection/transport layer may become ununiform
due to the viscosity difference. More specifically, if the
viscosity of the liquid composition is low (for example, 1
mPa·s), the film thickness of a formed layer 201 tends
to be large at a peripheral portion (here, a side near the
inorganic bank portion 112a) of the layer 201, as shown
in Fig. 12. On the other hand, if the viscosity of the liquid
composition is high (for example, 20 mPa·s), the film
thickness of a formed layer 202 tends to be large at a
central portion of the layer 202, as shown in Fig. 13.
[0059] On the other hand, apart from the viscosity, the
film thickness of the formed hole injection/transport lay-
er may become ununiform by the surface area of a por-
tion (the first stack portion) 112e of the inorganic bank
layer 112a projecting from the inner surface of the open-
ing of the organic bank layer 112b. Specifically, if the
surface area of the projecting portion 112e of the inor-
ganic bank layer 112a is large, the film thickness of a
formed layer tends to be large at a peripheral portion (a
side near the partition portion) of the layer. On the other
hand, if the surface area of the projecting portion 112e
of the inorganic bank layer 112a is small, the film thick-
ness of a formed layer tends to be large at a central por-
tion of the layer. More specifically, when the projection
width (width L1 shown in Fig. 11) of the projecting portion
112e of the inorganic bank layer 112a is an order of 5
µm, the film thickness of the formed layer tends to be
large at the peripheral portion (the side near the partition
portion) of the layer (see Fig. 12). On the other hand,
when the projection width (the width L1 shown in Fig.
11) of the projecting portion 112e of the inorganic bank
layer 112a is an order of 1 µm, the film thickness of the
formed layer tends to be large at the central portion of
the layer (see Fig. 13).
[0060] Accordingly, in this embodiment, since the vis-
cosity of the liquid composition ejected for each color
light emitting layer 110b1 to 110b3 is different, by making
the surface area of the projecting portion 112e of the
inorganic bank layer 112a different in advance for each
light emitting layer 110b1 to 110b3 (i.e., for different
color pixels), the hole injection/transport layer is pre-
vented or suppressed from having ununiform film thick-
ness. More specifically, for a pixel ejecting the liquid

composition having relatively high viscosity, the amount
of projection of the projecting portion 112e becomes
large to increase the surface area of the projecting por-
tion 112e. On the other hand, for a pixel ejecting the liq-
uid composition having relatively low viscosity, the
amount of projection of the projecting portion 112e be-
comes small to decrease the surface area of the pro-
jecting portion 112e.
[0061] Returning to Fig. 5, the liquid droplets 110c of
the ejected liquid composition are spread over the
lyophilic-processed electrode surface 111a and the first
stack portion 112e and are filled in the lower and upper
openings 112c and 112d. Even if a first liquid composi-
tion droplet 110c is deviated from a predetermined ejec-
tion position and is ejected on the top surface 112f, the
first liquid composition droplet 110c rolls into the lower
and upper openings 112c and 112d without the top sur-
face 112f wet by the first liquid composition droplet 110c.
[0062] The amount of liquid composition ejected on
the electrode surface 111a depends on the size of the
lower and upper openings 112c and 112d, the thickness
of the hole injection/transport layer to be formed, the
concentration of the hole injection/transport layer forma-
tion material in the liquid composition, etc. In addition,
the liquid droplets 110c of the liquid composition may be
ejected on the electrode surface 111a not only one time
but also multiple times. In this case, the amount of the
liquid composition for each time may be equal or differ-
ent. In addition, the liquid composition may be ejected
on not only the same location of the electrode surface
111a but also different locations of the electrode surface
111a for each time.
[0063] In connection with a structure of the inkjet
head, a head H shown in Fig. 14 may be used. In addi-
tion, the substrate and the inkjet head are preferably ar-
ranged as shown in Fig, 15.

In Fig. 14, reference numeral H7 denotes a sup-
port substrate for supporting a plurality of inkjet heads
H1 mounted thereon.

On an ink ejection surface (a surface opposite to
the substrate) of the inkjet head H1 are provided a plu-
rality of ejecting nozzles (for example, 180 nozzles in
one column, the total of 360 nozzles) in two columns in
the form of a column along the longitudinal direction of
the head, with an interval in the width direction of the
head. In addition, while the ejecting nozzles direct to-
ward the substrate, a plurality of inkjet heads H1 (6 in
one column, the total of 12 in Fig. 14) are positioned and
supported on a roughly rectangular supporting plate 20,
when viewed from top, arranged in two columns in the
form of a column approximately along an X axis direction
at an inclined angle with respect to the X axis (or Y axis),
with an interval in a Y axis direction.
[0064] In the inkjet apparatus shown in Fig. 15, refer-
ence numeral 1115 denotes a stage for loading the sub-
strate 2 and reference numeral 1116 denotes a guide
rail for guiding the stage 1115 in the X axis direction (a
main scan direction) in the figure. In addition, the head

17 18



EP 1 601 032 A2

11

5

10

15

20

25

30

35

40

45

50

55

H is movable in the Y axis direction (a sub scan direc-
tion) in Fig. 15 by a guide rail 1113 via a supporting mem-
ber 1111 and is rotable in a θ axis direction in the figure
to incline the inkjet head H1 at a predetermined angle
with respect to the main scan direction. In this way, by
arranging the inkjet head at an inclined angle with re-
spect to the main scan direction, it is possible to corre-
spond nozzle pitches to pixel pitches. In addition, by ad-
justing the inclined angle, the nozzle pitches can corre-
spond to any pixel pitches.
[0065] The substrate 2 shown in Fig. 15 has a struc-
ture where a plurality of chips is arranged on a mother
substrate. In this structure, one chip region corresponds
to one display device. Here, three display regions 2a are
formed, however, the present invention is not limited to
this. For example, when a left display region 2a on the
substrate 2 is to be coated with the liquid composition,
the head H is moved to the left side in Fig. 15 via the
guide rail 1113 and the substrate 2 is moved to the top
side in Fig. 15 via the guide rail 1116. Then, the left dis-
play region 2a is coated with the liquid composition while
scanning the substrate 2. Next, the head H is moved to
the right side of the figure and then a middle display re-
gion 2a is coated with the liquid composition. This proc-
ess is also true of a right display region 2a. In addition,
the head H shown in Fig. 14 and the inkjet apparatus
shown in Fig. 15 are used not only in the hole injection/
transport layer formation process but also in the light
emitting layer formation process.
[0066] Next, the drying process as shown in Fig. 6 is
performed. The first liquid composition after ejection is
dried to evaporate the solvent included in the first liquid
composition so as to form the hole injection/transport
layer 110a. When the drying process is performed, the
evaporation of the solvent included in the liquid compo-
sition mainly occurs at a location near the inorganic bank
layer 112a and the organic bank layer 112b, and, at the
same time of evaporating the solvent, the hole injection/
transport layer formation material is concentrated and
educed. Accordingly, as shown in Fig. 6, the peripheral
portion 110a2 made of the hole injection/transport layer
formation material is formed on the first stack portion
112e. The peripheral portion 110a2 is adhered closely
to a wall surface (the organic bank layer 112b) of the
upper opening 112d and has the thickness that is thin
at a side near the electrode surface 111a and is thick at
a side distant from the electrode surface 111a, i.e., a
side near the organic bank layer 112b.
[0067] At the same time, the evaporation of the sol-
vent also occurs on the electrode surface 111a by the
drying process, and thus, the flat portion 110a1 made of
the hole injection/transport layer formation material is
formed on the electrode surface 111a. Since an evapo-
ration speed of the solvent on the electrode surface 111a
is nearly uniform, the hole injection/transport layer for-
mation material is uniformly concentrated on the elec-
trode surface 111a, and thus, the flat portion 110a1 hav-
ing a uniform thickness is formed. In this way, the hole

injection/transport layer 110a composed of the periph-
eral portion 110a2 and the flat portion 110a1 is formed.
Alternatively, the hole injection/transport layer may not
be formed on the peripheral portion 110a2, but may be
formed on only the electrode surface 111a.
[0068] The above-described drying process is per-
formed at a room temperature under a pressure of, for
example, 133.3 Pa (1 Torr) in a nitrogen atmosphere. If
the pressure is too low, it is not preferable since the liquid
droplets 110c of the liquid composition are abruptly
boiled. In addition if temperature is high above the room
temperature, a flat film may not be formed since an
evaporation speed of a polar solvent becomes high. Af-
ter the drying process, it is preferable to remove the po-
lar solvent or water remaining in the hole injection/trans-
port layer 110a by performing a thermal process, pref-
erably, at a temperature of 200°C for ten minutes in a
vacuum.
[0069] In the above-described hole injection/transport
layer formation process, while the lower and upper
openings 112c and 112d are filled with the ejected liquid
droplets 110c of the liquid composition, the liquid com-
position bounces back from the lyophobic-processed or-
ganic bank layer 112b and rolls into the lower and upper
openings 112c and 112d. Thus, the lower and upper
openings 112c and 112d can be always filled with the
ejected liquid droplets 110c of the liquid composition to
form the hole injection/transport layer 110a on the elec-
trode surface 111a.

(3) Light Emitting Layer Formation Process

[0070] The light emitting layer formation process in-
cludes a light emitting layer formation material ejecting
process and a drying process.

Like the above-described hole injection/transport
layer formation process, the liquid composition for for-
mation of the light emitting layer is ejected on the hole
injection/transport layer 110a using the inkjet method.
Thereafter, the ejected liquid composition is dried (and
heated) to form the light emitting layer 110b on the hole
injection/transport layer 110a.
[0071] Fig. 7 shows an ejecting process of the liquid
composition including the light emitting layer formation
material using the inkjet method. As shown in the figure,
the inkjet head H5 is moved in relation to the substrate
2, and the liquid composition containing the each color
(here, for example, blue color (B)) light emitting layer
formation material is ejected from the ejecting nozzles
H6 formed in the inkjet head.

In this case, while the ejecting nozzles are oppo-
site to the hole injection/transport layer 110a located
within the lower and upper openings 112c and 112d and
the inkjet head H5 is moved in relation to the substrate
2, the liquid composition is ejected. The amount of the
liquid composition ejected from the ejecting nozzles H6
is controlled in such a manner that liquid measure per
one drop is controlled. The liquid composition (liquid
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composition droplets 110e) having the controlled liquid
measure is ejected on the hole injection/transport layer
110a from the ejecting nozzles.
[0072] In this embodiment, subsequent to the ar-
rangement of the liquid composition droplets 110e, the
liquid compositions for other light emitting layers are
ejected. In other words, as shown in Fig. 8, without dry-
ing the liquid composition droplets 110e dropped on the
substrate 2, an arrangement operation for ejection of liq-
uid composition droplets 110f and 110g is performed. In
this way, when the liquid composition droplets 110e to
110g for formation of the each color light emitting layer
110b1 to 110b3 are dropped, a plurality of ejecting
heads, each of which is filled with the liquid composition
for each color, may be independently scanned to ar-
range the liquid composition droplets 110e to 110g on
the substrate 2, or alternatively, may be collectively
scanned to arrange the liquid composition droplets 110e
to 110f on the substrate 2 almost simultaneously.
[0073] As shown in Fig. 8, the ejected liquid compo-
sitions 110e to 110g are spread over the hole injection/
transport layer 110a and are filled in the lower and upper
openings 112c and 112d. On the other hand, even if the
liquid composition droplet 110e to 110g are deviated
from a predetermined ejection position and are ejected
on the lyophobic-processed top surface 112f, the liquid
composition droplet 110e to 110g roll into the lower and
upper openings 112c and 112d without the top surface
112f wet by the liquid composition droplets 110e to 110g.
[0074] The amount of liquid composition ejected on
the hole injection/transport layer 110a depends on the
size of the lower and upper openings 112c and 112d,
the thickness of the light emitting layer 110b to be
formed, the concentration of the light emitting layer for-
mation material in the liquid composition, etc. In addi-
tion, the liquid compositions 110e to 110g may be eject-
ed on the same hole injection/transport layer 110a not
only one time but also multiple times. In this case, the
amount of the liquid composition for each time may be
equal or different. In addition, the liquid compositions
may be ejected on not only the same location of the hole
injection/transport layer 110a but also different locations
of the hole injection/transport layer 110a for each time.
[0075] As a formation material of the light emitting lay-
er, polyfluorene high molecular derivatives, (poly) para-
phenylenevinylene derivatives, polyphenylene deriva-
tives, polyvinylcarbazole, polythiophene derivatives,
perylene pigment, coumarin pigment, or rhodamine pig-
ment can be used. Moreover, these high molecular ma-
terials doped with organic EL materials, such as ru-
brene, perylene, 9,10-diphenylanthracene, tetraphe-
nylbutadiene, nile red, coumarin 6, or quinacridone can
be used. In addition, the solvent for dissolving or dis-
persing these light emitting layer formation materials us-
es the same kind for each color light emitting layer.
[0076] Here, like the hole injection/transport layer for-
mation process, when the liquid compositions made of
different materials, that is, the liquid compositions hav-

ing different viscosities, are ejected, the film thickness
of the light emitting layer may become ununiform due to
the viscosity difference. Accordingly, in this embodi-
ment, by making the surface area of the projecting por-
tion 112e of the inorganic bank layer 112a different in
advance for each light emitting layers 110b1 to 110b3
(i.e., for different color pixels), the light emitting layer is
prevented or suppressed from having ununiform film
thickness. More specifically, for a pixel ejecting the liquid
composition having relatively high viscosity, the amount
of projection of the projecting portion 112e becomes
large to increase the surface area of the projecting por-
tion 112e. On the other hand, for a pixel ejecting the liq-
uid composition having relatively low viscosity, the
amount of projection of the projecting portion 112e be-
comes small to decrease the surface area of the pro-
jecting portion 112e.
[0077] Next, after arranging the liquid compositions
110e to 110g for each color at predetermined positions,
the light emitting layers 110b1 to 110b3 are formed by
collectively drying the liquid compositions 110e to 110g.
In other words, the solvent included in the liquid compo-
sition droplets 110e to 110g is evaporated by the drying
process to thereby form the red color (R) light emitting
layer 110b1, the green color (G) light emitting layer
110b2, and the blue color (B) light emitting layer 110b3,
as shown in Fig. 9. In addition, although Fig. 9 shows
the red, green and blue color light emitting layers one
by one, since the light emitting elements are originally
formed in the form of the matrix, as can be seen from
Fig. 1 and other figures, a plurality if light emitting layers
(corresponding to each color) (not shown) is formed.
[0078] In addition, the liquid compositions of the light
emitting layers are preferably dried by a vacuum drying
process, more specifically, for example, at a room tem-
perature at a pressure of 133.3 Pa (1 Torr) in a nitrogen
atmosphere. If the pressure is too low, it is not preferable
since the liquid compositions are abruptly boiled. In ad-
dition, if temperature is high above the room tempera-
ture, it is not preferable since an evaporation speed of
the solvent becomes high, and accordingly, the light
emitting layer formation material is much adhered to the
wall surface of the upper opening 112d.
[0079] Next, after the drying process is ended, it is
preferable to perform an annealing process for the light
emitting layer 110b using a heating means such as a hot
plate. The annealing process is performed at a common
temperature for a common time wherein light emission
characteristics of organic EL layers can be obtained at
maximum.

In this way, the hole injection/transport layer 110a
and the light emitting layer 110b are formed on the pixel
electrode 111.
[0080] In addition, prior to the light emitting layer for-
mation material ejecting process, a surface reforming
process for reforming the surface of the hole injection/
transport layer 110a may be performed.

In the light emitting layer formation process, in or-
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der to prevent the hole injection/transport layer 110a
from being redissolved, it is preferable to use an insol-
uble solvent for the hole injection/transport layer 110a
as the solvent of the liquid composition used in the light
emitting layer formation process. However, since the
hole injection/transport layer 110a has low affinity to the
solvent, even when the liquid compositions including the
solvent are ejected on the hole injection/transport layer
110a, the hole injection/transport layer 110a may not be
adhered closely to the light emitting layer 110b or the
light emitting layer 110b may not uniformly coated with
the liquid compositions. Accordingly, in order to increase
the affinity of the surface of the hole injection/transport
layer 110a to the solvent and the light emitting layer for-
mation material, it is preferable to perform the surface
reforming process before the light emitting layer forma-
tion process.
[0081] The surface reforming process may be per-
formed by coating a surface reforming material, which
is equal or similar to the solvent of the liquid composition
used in the light emitting layer formation process, on the
hole injection/transport layer 110a using the inkjet meth-
od (liquid droplet ejecting method), a spin coat method,
or a dip method and drying the coated surface reforming
material. Here, the surface reforming material used in-
cludes, for example, cyclohexyl benzene, isoprophyl bi-
phenyl, trimethylbenzene, etc., which are equal to the
solvent of the liquid composition, and includes, for ex-
ample, tetramethylbenzenetoluene, toluene, xylene,
etc., which are similar to the solvent of the liquid com-
position.

(4) Negative Electrode Formation Process

[0082] Next, as shown in Fig. 10, the negative elec-
trode 12 paired with the pixel electrode (positive elec-
trode) 111 is formed. For example, the negative elec-
trode 12 composed of a calcium layer and an aluminum
layer, which are stacked in order, is formed on the entire
surface of the substrate 2 including the color light emit-
ting layers 110b and the organic bank layer 112b. Thus,
the negative electrode 12 is stacked on the entire region
of the color light emitting layers 110b to form the organic
EL elements corresponding to the red, green and blue
colors.
[0083] The negative electrode 12 is preferably formed
by, for example, a deposition method, a sputtering meth-
od, a CVD method, etc. Particularly, it is preferable to
form the negative electrode 12 using the deposition
method since this method can prevent damage of the
light emitting layers 110b due to heat. In addition, pro-
tective layers, such as SiO2 or SiN, for anti-oxidation
may be provided on the negative electrode 12.

(5) Sealing Process

[0084] Finally, the substrate 2 having the organic EL
elements formed thereon and a separately prepared

sealing substrate are sealed via a sealing resin. For ex-
ample, the peripheral of the substrate 2 is coated with
the sealing resin such as a thermosetting resin or an
ultraviolet curing resin, and then, the sealing substrate
is placed on the sealing resin. It is preferable to perform
the sealing process in an inert gas atmosphere such as
nitrogen gas, argon gas, or helium gas. Air is not pref-
erable since the negative electrode 12 may be oxidized
as water or oxygen penetrates into the negative elec-
trode 12 through defects such as pin holes, which may
occur in the negative electrode 12.
[0085] Thereafter, the organic EL device according to
this embodiment is completed by connecting the nega-
tive electrode 12 to wiring lines of the substrate 2 and
connecting wiring lines of the circuit element portion 14
to a driving IC (driving circuit), which is formed on the
substrate 2 or provided in the outside.
[0086] According to the above described manufactur-
ing method, even when the viscosities of the liquid com-
positions used are different for each color light emitting
layer (i.e., for each pixel), areas of the projecting por-
tions 112e of the inorganic bank layers 112a are adjust-
ed according to the viscosities of the liquid composi-
tions. As a result, flat light emitting layers 110b1 to 110b3
having a uniform film thickness can be manufactured,
thus obtaining an organic EL device having excellent op-
tical properties. In addition, the above-described manu-
facturing method is very simple since only the amount
of projection of the projecting portions 112e of the inor-
ganic bank layers 112a is adjusted.
[0087] Although the organic EL device and the man-
ufacturing method thereof have been described in this
embodiment, the present invention is applicable to a
manufacturing method of a color filter substrate on
which coloring layers having a plurality of colors are ar-
ranged, or a manufacturing method of a device including
a semiconductor device such as an organic TFT. Ac-
cordingly, it should be understood that, by such manu-
facturing methods of the color filter and the device, it is
possible to obtain effects of enhancement of flatness of
the coloring layers or other functional layers.
[0088] Hereinafter, in the above described manufac-
turing method, a relationship between a film shape (par-
ticularly, a surface shape) of each layer formed in the
bank layers 112, the viscosity of the liquid composition
used for layer formation, and the amount of projection
(projecting width) of the projecting portion (the first stack
portion) 112e of the inorganic bank layer 112a will be
described in detail.
[0089] To begin with, Figs. 17(a) to 17(e) are sche-
matic sectional views illustrating a difference between
shapes of a layer 200 obtained when liquid composi-
tions having different viscosities η (mPa·s) are ejected
on substrates having bank layers 112 of the same con-
figuration, that is, substrates having the same projecting
width L1 (here, L1 = 3 µm) of the projecting portion 112e
of the inorganic bank layer 112a. When the liquid com-
positions having the different viscosities are ejected to
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form the layer 200, the surface shape of the formed layer
200 is varied due to a viscosity difference. More specif-
ically, the layer 200 has a U-shaped concave section
when the viscosity is low (Figs. 17(a) and 17(b)), while
the layer 200 has a reversed U-shaped convex section
when the viscosity is high (Figs. 17(e) and 17(d)).
[0090] On the other hand, Figs. 18(a) to 18(e) are
schematic sectional views illustrating a difference be-
tween shapes of a layer 200 obtained when liquid com-
positions having the same viscosity (here, η = 14 mPa·s)
are ejected on substrates having bank layers 112 of dif-
ferent shapes, that is, substrates having different pro-
jecting widths L1 of the projecting portion 112e of the
inorganic bank layer 112a. When the liquid composi-
tions having the same viscosity are ejected on the sub-
strates having the different projecting widths L1 of the
projecting portion 112e to form the layer 200, the surface
shape of the formed layer 200 is varied due to a project-
ing width L1 difference. More specifically, the layer 200
has a U-shaped concave section when the projecting
width L1 is large (Fig. 18(a)), while the layer 200 has a
reversed U-shaped convex section when the projecting
width L1 is small (Fig. 18(e)).
[0091] It can be seen from Figs. 17 and 18 that the
shape of the layer 200 can be controlled in various ways
by the viscosity of the liquid compositions and the
amount of projection of the projecting portion 112e (i.e.,
the area of the projecting portion 112e). In examples
shown in Figs. 17 and 18, when the liquid composition
having the viscosity η of 14 mPa·s is used and the pro-
jecting width L1 of the projecting portion 112e is 3 µm,
the layer 200 having the flat surface shape can be
formed. For example, as shown in Fig. 19, when the liq-
uid composition having relatively low viscosity (η = 4
mPa·s) is used, the layer 200 having the flat surface
shape can be formed by making the projecting width L1
relatively small (L1 = 1 µm). On the other hand, for ex-
ample, as shown in Fig. 20, when the liquid composition
having relatively high viscosity (η = 24 mPa·s) is used,
the layer 200 having the flat surface shape can be
formed by making the projecting width L1 relatively large
(L1 = 5 µm).
[0092] On the other hand, when the bank composed
of two layers as in this embodiment is formed on the
substrate, a lower layer of the bank has a projecting
shape, and a single functional layer is formed in the bank
using the liquid droplet ejecting method, flatness of the
surface shape of the functional layer can be achieved
as follows. As shown in Fig. 21, if a color filter is formed
as the functional layer, when the viscosity of the liquid
composition ejected using the liquid droplet ejecting
method is common for the colors R, G and B in a process
for forming a red color layer 200R, a green color layer
200G and a blue color layer 200B, a flat color filter can
be obtained by making bank shapes for the colors R, G
and B equal. In other words, when the projecting widths
of the projecting portions 112e of the lower layer (inor-
ganic bank layer) 112a of the banks for forming the color

layers 200R, 200G and 200B are set to 3 µm, that is, L2
= L3 = L4 = 3 µm, and the viscosities of the liquid com-
positions for forming the color layers 200R, 200G and
200B are set to 14 mPa·s, that is, ηR = ηG = ηB = 14
mPa·s, the surface shape of each color layer 200R,
200G and 200B can become flat.
[0093] In addition, in respect that the color layers
200R, 200G and 200B are formed of different materials,
it is possible to unify the viscosities of the liquid compo-
sitions for the colors by using different kinds of solvents
for each color, using solvents having different concen-
trations, or, if necessary, making the molecular weights
of the materials of the color layers different for each
color.
[0094] On the other hand, as shown in Fig. 21(b),
when the viscosities of the liquid compositions for the
color layers are different, for example, ηR = 4 mPa·s,
ηG = 14 mPa·s, and ηB = 24 mPa·s, and the projecting
widths of the projecting portions 112e of the lower layer
(inorganic bank layer) 112a in the bank are set to 3 µm,
that is, L2 = L3 = L4 = 3 µm, the red color layer 200R
made of the liquid composition having low viscosity has
a concave surface shape, while the blue color layer
200B made of the liquid composition having high viscos-
ity has a convex surface shape.
[0095] Accordingly, when the viscosities of the liquid
compositions for the color layers are different, the color
layers 200R, 200G and 200B having the flat surface
shape can be formed by setting the projecting widths of
the projecting portions 112e of the lower layer (inorganic
bank layer) 112a in the bank different for each color lay-
er, as shown in Fig. 21(c). More specifically, an optimi-
zation can be achieved by setting the projecting width
L2 of the bank to 1 µm in the red color layer 200R using
the liquid composition having ηR = 4 mPa·s, setting the
projecting width L3 of the bank to 3 µm in the green color
layer 200G using the liquid composition having ηG = 14
mPa·s, and setting the projecting width L4 of the bank
to 5 µm in the blue color layer 200B using the liquid com-
position having ηR = 24 mPa·s. In addition, since the
viscosity of the liquid composition depends on ejectabil-
ity, solubility, components, etc. of the liquid composition,
it is common that the viscosity of the liquid composition
is different for different kinds of functional layers to be
formed. In this case, as described above, by setting the
projecting width of the lower layer (inorganic bank layer)
of the bank composed of two layers to be different for
each kind of functional layer, the functional layer having
a flat surface shape and a uniform film thickness can be
formed.
[0096] On the other hand, in the organic EL device
according to this embodiment, since the formation ma-
terials of the color light emitting layers 110b1, 110b2 and
110b3 are different, the liquid compositions for forming
the light emitting layers have different viscosities for
each color layer under normal conditions (same solvent,
same concentration). Meanwhile, since componential
materials of the color layers are equal, the liquid com-
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positions for forming the hole injection/transport layer
110a formed under the corresponding light emitting lay-
er 110 has the same viscosity for each color layer under
normal conditions (same solvent, same concentration) .
[0097] Accordingly, as shown in Fig. 22(a), in order to
obtain flat hole injection/transport layers 110aR, 110aG
and 110aB, when the viscosities of the liquid composi-
tions of the layers 110aR, 110aG and 110aB are equal,
for example, ηaR = ηaG = ηaB = 14 mPa·s, and the
projecting widths of the inorganic bank layers 112a are
set to 3 µm, that is, L2 = L3 = L4 = 3 µm, the light emitting
layers 110b1, 110b2 and 110b3 having the flat surface
shape can be formed by setting the viscosities of the
liquid compositions equal for each color, as shown in
Fig. 22(b). Here, in order to set the viscosities of the liq-
uid compositions for forming the color light emitting lay-
ers 110b1, 110b2 and 110b3 to be equal, that is, ηbR =
ηbG = ηbB = 14 mPa·s , different kinds of solvents are
used for each color liquid composition.
[0098] As described above, when the projecting
widths L2, L3 and L4 of the inorganic bank layers 112a
are set to be equal for each color, both the hole injection/
transport layer 110a and the light emitting layer 110b can
obtain a flat film shape by setting the viscosities of the
liquid compositions to be equal.
[0099] On the other hand, when the light emitting lay-
ers 110b1, 110b2 and 110b3 are formed, if the liquid
composition for each color includes the solvent of the
same kind and the same concentration, the liquid com-
positions for formation of the light emitting layers have
different viscosities for each color. More specifically, as
shown in Fig. 23, the liquid composition for the red color
light emitting layer 110bR has the viscosity of ηbR = 4
mPa·s, the liquid composition for the green color light
emitting layer 110bG has the viscosity of ηbG = 14
mPa·s, and the liquid composition for the blue color light
emitting layer 110bB has the viscosity of ηbB = 24
mPa·s. In this case, as shown in Fig. 23, when the pro-
jecting widths of the inorganic bank layers 112a are set
to 3 µm, that is, L2 = L3 = L4 = 3 µm, the red color layer
110b1 having low viscosity (ηbR = 4 mPa·s) has a con-
cave surface shape, while the blue color layer 110b3
having high viscosity (ηbB = 24 mPa·s) has a convex
surface shape.
[0100] Accordingly, when the viscosities of the liquid
compositions for formation of the light emitting layers
are different for each color, the light emitting layers hav-
ing the flat surface shape can be formed by setting the
projecting widths of the inorganic bank layers 112a to
be different for each color, as shown in Fig. 24. More
specifically, the projecting width L2 of the bank forming
the red color light emitting layer is set to 1 µm, the pro-
jecting width L3 of the bank forming the green color light
emitting layer is set to 3 µm, and the projecting width L4
of the bank forming the blue color light emitting layer is
set to 5 µm.
[0101] In addition, when the projecting widths of the
banks are set to be different for each color, in order to

form the hole injection/transport layer 110a in a flat
shape, which is a lower layer of the light emitting layer
110b, there is a need to set the viscosities of the liquid
compositions of the layer 110a to be different for each
color. Here, as shown in Fig. 24(a), the liquid composi-
tion for the red color hole injection/transport layer 110aR
has the viscosity of ηar = 4 mPa·s, the liquid composition
for the green color hole injection/transport layer 110aG
has the viscosity of ηaG = 14 mPa·s, and the liquid com-
position for the blue color hole injection/transport layer
110aB has the viscosity of ηaB = 24 mPa·s. Accordingly,
the hole injection/transport layer 110a having the flat
surface shape can be obtained. In addition, the light
emitting layers 110b1, 110b2 and 110b3 can be formed
by ejecting the liquid compositions having the above-
mentioned viscosities on the hole injection/transport lay-
er 110a. Accordingly, the light emitting layer 110b having
the flat surface shape can be obtained.

(Electronic Apparatus)

[0102] Fig. 16 shows an embodiment of an electronic
apparatus related to the present invention. The electron-
ic apparatus according to this embodiment includes the
above-described organic EL device as a display means.
In the figure, an example of a portable telephone is
shown through a perspective view, where reference nu-
meral 1000 denotes a portable telephone body and ref-
erence numeral 1001 denotes a display unit employing
the organic EL device 1. The electronic apparatus in-
cluding the organic EL device related to this embodi-
ment as the display means can exhibit good light emis-
sion characteristics.

[Reference Numerals]

[0103]

2: SUBSTRATE
110: ORGANIC EL LAYER (ELECTRO-OPTICAL

LAYER)
110a: HOLE INJECTION/TRANSPORT LAYER
110b: LIGHT EMITTING LAYER
111: PIXEL ELECTRODE
112: BANK PORTION (PARTITION WALL POR-

TION)
112a: INORGANIC BANK LAYER (FIRST PARTI-

TION WALL PORTION)
112b: ORGANIC BANK LAYER (SECOND PARTI-

TION WALL PORTION)
112e: FIRST STACK PORTION (PROJECTING

PORTION)

Claims

1. A method of manufacturing a color filter substrate
including a plurality of coloring layers having a plu-
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rality of colors in a predetermined pattern, the meth-
od comprising:

a partition wall portion formation step of form-
ing, on a substrate, a first partition wall portion
having a first opening defining a region in which
the coloring layers are formed and a second
partition wall portion located on the first parti-
tion wall portion and having a second opening
defining the region in which the coloring layers
are formed; and
an ejection step of ejecting liquid substances
for the openings of the partition wall portions by
using a liquid droplet ejecting method, the liquid
substances being made by dissolving or dis-
persing coloring materials composing the re-
spective coloring layers in solvents,

wherein the ejected liquid substances have
different viscosities for each coloring layer, and

wherein, in the partition wall portion formation
step, the first partition wall portion projects from an
inner surface of the second opening of the second
partition wall portion, a surface area of a portion of
the first partition wall portion projecting from the
second partition wall portion becomes relatively
small in an opening through which the liquid sub-
stance having relatively low viscosity is ejected, and
the surface area of the portion of the first partition
wall portion projecting from the second partition wall
portion becomes relatively large in an opening
through which the liquid substance having relatively
high viscosity is ejected.

2. A method of manufacturing an electro-optical de-
vice including different types of electro-optical lay-
ers in a predetermined pattern, the method com-
prising:

a partition wall portion formation step of forming
on a substrate a first partition wall portion hav-
ing a first opening defining a region in which the
electro-optical layers are formed and a second
partition wall portion located on the first parti-
tion wall portion and having a second opening
defining the region in which the electro-optical
layers are formed; and
an ejection step of ejecting liquid substances
for the openings of the partition wall portions by
using a liquid droplet ejecting method, the liquid
substances being made by dissolving or dis-
persing functional materials composing the re-
spective electro-optical layers in solvents,

wherein the ejected liquid substances have
different viscosities for each electro-optical layer,
and

wherein, in the partition wall portion formation

step, the first partition wall portion projects from an
inner surface of the second opening of the second
partition wall portion, a surface area of a portion of
the first partition wall portion projecting from the
second partition wall portion becomes relatively
small in an opening through which the liquid sub-
stance having relatively low viscosity is ejected, and
the surface area of the portion of the first partition
wall portion projecting from the second partition wall
portion becomes relatively large in an opening
through which the liquid substance having relatively
high viscosity is ejected.

3. The method of manufacturing an electro-optical de-
vice according to Claim 2,

wherein, in the partition wall portion formation
step, the projecting length of the first partition wall
portion projecting from the inner surface of the sec-
ond opening of the second partition wall portion be-
comes relatively small in an opening through which
the liquid substance having relatively low viscosity
is ejected, and the projecting length of the first par-
tition wall portion projecting from the second parti-
tion wall portion becomes relatively large in an
opening through which the liquid substance having
relatively high viscosity is ejected.

4. The method of manufacturing an electro-optical de-
vice according to Claim 2 or 3,

wherein, the solvent included in the liquid sub-
stance is of the same kind for the same type of elec-
tro-optical layers.

5. The method of manufacturing an electro-optical de-
vice according to any one of Claims 2 to 4, further
comprising:

after the ejection step, a drying step of drying
the ejected liquid substances simultaneously
for the same type of electro-optical layers.

6. An electro-optical device manufactured by the man-
ufacturing method according to any one of Claims
2 to 5.

7. An electronic apparatus comprising the electro-op-
tical device according to Claim 6.
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