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Description
BACKGROUND OF THE INVENTION
1. Technical Field

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

2. Related Art

[0002] Recently, an electro-optical device in which a
functional layer made of a functional material is disposed
between a pair of electrodes has been developed. In this
case, in order to pattern the functional material, a liquid
droplet discharge method in which the functional mate-
rial, such as an organic fluorescent material, is made as
ink and the resultant ink (composition) is discharged onto
a base substrate is adopted. In particular, an organic
electroluminescent (EL) device in which an organic light
emitting material is used as the functional material has
been developed.

[0003] As the method of patterning the above-de-
scribed functional material, a method is adopted in which
a partition wall is formed around a pixel electrode, made
of ITO, formed on the base substrate, the pixel electrode
and a part of the partition wall adjacent to the pixel elec-
trode are subjected to a lyophilic treatment, the remain-
der of the partition wall is subjected to a liquid repellency
treatment, and the ink containing the material for the func-
tional layer is discharged and dried to form the functional
layer on the pixel electrode. Specifically, there is known
a method in which a liquid droplet discharge head having
anozzle array in which a plurality of nozzles are arranged
in a subscanning direction is used. According to this
method, when the liquid droplet discharge head is
scanned in a main scanning direction with respect to a
substrate, the ink is discharged from the nozzles, such
that the functional layer is formed on the pixel electrode.
In this method, the liquid droplets in micro order can be
arranged on pixel regions. In view of utilization efficiency
of the material, the liquid droplet discharge method is
effective as compared to a spin coating method or the
like.

[0004] However, in a peripheral portion from a display
region having the pixel regions, the partial pressure of
solvent molecules evaporated from a base substrate
tends to be smaller than that in a central portion of the
display region. If such a phenomenon occurs, the evap-
oration speed of the solvent in the peripheral portion is
much faster. As a result, irregularity in film thickness of
the functional layer may occur in the electro-optical de-
vice. Inthe electro-optical device having such irregularity
in film thickness, electro-optical characteristics are de-
graded. Further, when the electro-optical device is used
in a display device or the like, display irregularity may
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occur. Therefore, in order to solve this problem, for ex-
ample, a technique is disclosed, as described in Japa-
nese Unexamined Patent Application No. 2002-252083.
[0005] In the technique disclosed in Japanese Unex-
amined Patent Application No. 2002-252083, a dummy
region, which is not for display, is formed outside the
peripheral portion and the same ink as that of the func-
tional layer is coated on the dummy region. Accordingly,
irregularity in film thickness of the central portion and the
peripheral portion of the display region is prevented or
suppressed from being caused. However, even when the
dummy region is formed and, like the display region, the
ink is coated on the dummy region, irregularity in film
thickness may not be dissolved sufficiently. Thatis, even
when the ink is coated on the dummy region, in the pe-
ripheral portion of the display region, the solvent may be
dried faster than in the central portion. Accordingly, ir-
regularity in film thickness may not be prevented from
occurring Japanese unexamined Patent Application No.
2002-252083 is a family member of EP 1 209744 A2.
[0006] InWO 01/47044 A a method forformingan elec-
tronic device is demonstrated, comprising: forming a first
conductive or semiconductive layer; forming a sequence
of at least one insulating layer and at least one semicon-
ducting layer over the first conductive or semiconductive
layer; locally depositing solvents at a localised region of
the insulating layer so as to dissolve the sequence of
insulating and semiconducting layers in the region to
leave a void extending through the sequence of layers;
and depositing conductive or semiconductive material in
the void.

[0007] In GB 2 360 489 A a method of depositing a
soluble material on a substrate is demonstrated, com-
prising the steps of: loading the soluble material into an
ink-jet print head; providing a flow of gas between the
ink-jet print head and the substrate or adjacent thereto;
and ejecting the material from the print head so as to
deposit it on the substrate.

[0008] In WO 01/17040 a process for forming a rela-
tively high quality, lower cost organic semiconductor film
is provided.

[0009] WO 2004/070810 A discloses a technique to
manufacture a display device, applying a means to form
a pattern such as a contact hole formed in a semicon-
ductor film, awiring or an insulating film, ora mask pattern
to form such a pattern by drawing directly, a means to
remove a film, such as etching and ashing, and a film
forming means to selectively form an insulating film, a
semiconductor film and a metal film on a predetermined
region.

SUMMARY

[0010] An advantage of the invention is that it provides
a method of manufacturing a color filter substrate which
is capable of forming coloring patterns having a uniform
film thickness on the surface thereof and a method of
manufacturing an electro-optical device which is capable
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of forming pixel patterns having a uniform film thickness.
Further, another advantage of the invention is that it pro-
vides an electro-optical device which is manufactured by
such a manufacturing method and an electronic appara-
tus having the electro-optical device.

[0011] Accordingtoafirstaspectofthe invention, there
is provided a method of manufacturing an electro-optical
device according to claim 1.

[0012] In accordance with the first aspect of the inven-
tion, the amount of the solvent discharged onto the non-
functional region per unit area is larger than the amount
of the solvent discharged onto the functional region per
unit area. Thus, when the solvent is dried after being
discharged, the partial pressure of solvent particles to be
evaporated in the functional region is not extremely larger
than the partial pressure of the solvent particles to be
evaporated in the non-functional region. For this reason,
the evaporation speed of the solventin the non-functional
region can approximate to the evaporation speed of the
solvent in the functional region. Therefore, the evapora-
tion speed of the solvent in the peripheral portion of the
functional region can approximate to the evaporation
speed of the solvent in the central portion. As a result,
layers constituting an electro-optical element (electro-op-
tical device element layers) having the same thickness
can be formed further uniformly in the peripheral portion
and the central portion. Then, in this case, it is possible
to provide an electro-optical device having small irregu-
larity in element characteristic and excellent reliability in
the entire functional region, in particular, irregardless of
the central portion or the peripheral portion.

[0013] The method of manufacturing an electro-optical
device may further include, before the discharging of the
liquid material, forming liquid holding regions in which
the liquid material and/or the solvent are discharged in
the same pattern (that is, in the respective regions, the
patterns having the same shape and the same area are
formed at regularintervals) onto the functional region and
the non-functional region on the substrate, respectively.
In this case, in the discharging of the liquid material, the
amount of the solvent discharged onto the liquid holding
region of the non-functional region may be larger than
the amount of the solvent discharged onto the liquid hold-
ing region of the functional region. In such a manner, the
amount of the solvent discharged onto the non-functional
region per unit area can be larger than the amount of the
solvent discharged onto the functional region per unit ar-
ea. As a result, the advantages of the invention can be
properly realized.

[0014] The method of manufacturing an electro-optical
device further includes, before the discharging of the lig-
uid material, forming liquid holding regions in which the
liquid material and/or the solvent are discharged onto the
functional region and the non-functional region on the
substrate, respectively. In this case, in the forming of the
liquid holding regions, an area of the liquid holding region
in the functional region can be formed larger than an area
of the liquid holding region in the non-functional region.
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As such, the area of the liquid holding region in the non-
functional region is enlarged and thus the amount of the
solvent discharged onto the non-functional region per
unit area can be properly larger than that in the functional
region.

[0015] The method of manufacturing an electro-optical
device further includes, before the discharging of the lig-
uid material, forming liquid holding regions in which the
liquid material and/or the solvent are discharged onto the
functional region and the non-functional region on the
substrate. The functional region is rectangular in plan
view and a density of the liquid holding region in the non-
functional region may be different in the longitudinal and
traverse directions of the functional region. The amount
of the solvent discharged onto the liquid holding region
having a large density in the non-functional region per
unit area is larger than the amount of the solvent dis-
charged onto the liquid holding region having a small
density in the non-functional region per unit area. If the
density of the liquid holding region is large, adjacent liquid
holding regions s likely to interfere with each other. Thus,
it is preferable that the amount of the solvent discharged
onto the liquid holding region having the large density
becomes large.

[0016] Further, when the functional region is rectangu-
lar in plan view, with respect to a first non-functional re-
gionformed in a traverse direction of the functional region
and a second non-functional region formed in a longitu-
dinal direction of the functional region, in the discharging
of the liquid material, the amount of the solvent dis-
charged onto the first non-functional region per unit area
may be larger than the amount of the solvent discharged
onto the second non-functional region per unit area. That
is, from the first non-functional region and the second
non-functional region, the amount of the solvent in the
first non-functional region which is spaced away from the
central portion of the functional region becomes relatively
large. Then, the evaporation speed of the solvent in the
central portion of the functional region can approximate
to the evaporation speed of the solvent in the non-func-
tional region. As a result, in the functional region which
is formed to be rectangularin plan view, the film thickness
of the electro-optical element layer can be made uniform.
[0017] Further, the method of manufacturing an elec-
tro-optical device may further include, before the dis-
charging of the liquid material, forming liquid holding re-
gions in which the liquid material and/or the solvent are
discharged onto the functional region and the non-func-
tional region on the substrate. In this case, in the forming
of the liquid holding regions, the liquid holding region of
the non-functional region may be formed in a strip shape
along the functional region. In such a manner, when the
liquid holding region of the non-functional region is
formed in the strip shape along the functional region and
the solvent is discharged onto the liquid holding region,
the amount of the solvent (the amount of the solvent per
unit area) in the non-functional region can be increased
with high efficiency.
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[0018] Next, according to a third aspect of the inven-
tion, there is provided an electro-optical device which is
manufactured by using the above-described method of
manufacturing an electro-optical device. In such an elec-
tro-optical device, the film thickness of the electro-optical
elementlayer is formed with a uniform pixel pattern, such
that an electro-optical device having high reliability can
be obtained. In particular, when the electro-optical device
is used in a display device, a display device having small
display irregularity and excellent visibility can be ob-
tained. Further, according to a fourth aspect of the inven-
tion, there is provided an electronic apparatus which in-
cludes the above-described electro-optical device as a
display unit. In this case, the electronic apparatus in-
cludes a display unit having high reliability and excellent
visibility.

[0019] Moreover, as an electro-optical device accord-
ing to the second aspect of the invention, an organic elec-
troluminescentdevice (hereinafter, electroluminescentis
referred to as EL) can be exemplified. In such an organic
EL device, aregion for display can be set to the functional
region and a region other than the region for display can
be set to the non-functional region. Then, a method of
manufacturing an organic EL device may include, for ex-
ample, forming a partition wall to form the liquid holding
regions in the functional region and the non-functional
region on the substrate, and discharging the liquid ma-
terial made of a composition for an organic EL element
(an electro-optical element) onto the liquid holding region
surrounded by the partition wall.

[0020] Moreover, as the composition for the organic
EL element, for example, a material for a light emitting
layer or a hole injecting/transporting layer, specifically, a
material in which an organic material for the functional
layer is dispersed or dissolved into a predetermined sol-
vent, may be used. Further, the discharging of the liquid
material can be performed, for example, by a liquid drop-
let discharge device having a liquid droplet discharge
head.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention will be described with reference
to the accompanying drawings, wherein like numbers ref-
erence like elements, and wherein:

Fig. 1 is a plan view schematically showing a wiring
structure of a display device according to a first em-
bodiment of the invention;

Fig. 2Ais a plan view schematically showing the dis-
play device of Fig. 1;

Fig. 2Bis a cross-sectional view schematically show-
ing the display device of Fig. 1;

Fig. 3 is a cross-sectional view schematically essen-
tial parts of the display device of Fig. 1;

Fig. 4 is a process view illustrating a manufacturing
method of the display device of Fig. 1;

Fig. 5is a process view illustrating the manufacturing
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method of the display device of Fig. 1, which is sub-
sequent to Fig. 4;

Fig. 6 is a plan view schematically showing an ex-
ample of a plasma treatment apparatus;

Fig. 7 is a diagram schematically showing an internal
structure of a first plasma treatment chamber of the
plasma treatment apparatus;

Fig. 8 is a process view illustrating the manufacturing
method, which is subsequent to Fig. 5;

Fig. 9is a process view illustrating the manufacturing
method, which is subsequent to Fig. 8;

Fig. 10 is a plan view schematically showing another
example of a plasma treatment apparatus;

Fig. 11is a plan view showing an example of a liquid
droplet discharge head;

Fig. 12is a plan view showing an example of a liquid
droplet discharge device;

Fig. 13 is a perspective view showing an example of
a liquid droplet discharge head;

Fig. 14A is a perspective view showing an internal
structure of the liquid droplet discharge head shown
in Fig. 13;

Fig. 14B is a cross-sectional view showing an inter-
nal structure of the liquid droplet discharge head
shown in Fig. 13;

Fig. 15 is a plan view showing an arrangement state
of a liquid droplet discharge head with respect to a
base substrate;

Fig. 16 is an expanded view showing essential parts
of Fig. 15;

Fig. 17A is a process view showing a process when
a hole injecting/transporting layer is formed by scan-
ning a liquid droplet discharge head one time;

Fig. 17B is a process view showing a process when
a hole injecting/transporting layer is formed by scan-
ning a liquid droplet discharge head one time;

Fig. 17C is a process view showing a process when
a hole injecting/transporting layer is formed by scan-
ning a liquid droplet discharge head one time;

Fig. 18 is a process view illustrating the manufactur-
ing method, which is subsequent to Fig. 9;

Fig. 19 is a process view illustrating the manufactur-
ing method, which is subsequent to Fig. 18;

Fig. 20 is a process view illustrating the manufactur-
ing method, which is subsequent to Fig. 19;

Fig. 21 is a process view illustrating the manufactur-
ing method, which is subsequent to Fig. 20;

Fig. 22 is a process view illustrating the manufactur-
ing method, which is subsequent to Fig. 21;

Fig. 23 is a process view illustrating the manufactur-
ing method, which is subsequent to Fig. 22;

Fig. 24 is a process view illustrating the manufactur-
ing method, which is subsequent to Fig. 23;

Fig. 25A is a plan view showing an aspect in which
liquid droplets are discharged;

Fig.25Bis a cross-sectional view showing the aspect
in which liquid droplets are discharged;

Fig. 25C is a graph showing a value of a vapor pres-
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sure;
Fig. 26A is a plan view showing a modification in
which liquid droplets are discharged;

Fig. 26B is a cross-sectional view showing the mod-
ification in which liquid droplets are discharged;
Fig. 26C is a graph showing a value of a vapor pres-
sure;

Fig. 27Ais a plan view showing another modification
in which liquid droplets are discharged;

Fig. 27B is a cross-sectional view showing another
modification in which liquid droplets are discharged;
Fig. 27C is a graph showing a value of a vapor pres-
sure;

Fig. 28A is a plan view showing still another modifi-
cation in which liquid droplets are discharged;

Fig. 28B is a cross-sectional view showing still an-
other modification in which liquid droplets are dis-
charged;

Fig. 28C is a graph showing a value of a vapor pres-
sure;

Fig. 29 is a plan view showing a further modification
in which liquid droplets are discharged;

Fig. 30 is a perspective view showing an electronic
apparatus according to a second embodiment of the
invention;

Fig. 31A is a plan view showing a still further modi-
fication in which liquid droplets are discharged;

Fig. 31B is a cross-sectional view showing a still fur-
ther modification in which liquid droplets are dis-
charged;

Fig. 31C is a graph showing a value of a vapor pres-
sure;

Fig. 32Ais a plan view showing another modification
in which liquid droplets are discharged;

Fig. 32B is a cross-sectional view showing another
modification in which liquid droplets are discharged;
Fig. 32C is a graph showing a value of a vapor pres-
sure;

Fig. 33A is a plan view showing still another modifi-
cation in which liquid droplets are discharged;

Fig. 33B is a cross-sectional view showing still an-
other modification in which liquid droplets are dis-
charged;

Fig. 33C is a graph showing a value of a vapor pres-
sure;

DESCRIPTION OF THE EMBODIMENTS
First Embodiment

[0022] Hereinafter, an organic EL display device ac-
cording to a firstembodiment of the invention and a meth-
od of manufacturing an organic EL display device will be
described.

[0023] Fig. 1 is an explanatory view showing a wiring
structure of an organic EL display device of the present
embodiment. Fig. 2A is a plan view schematically show-
ing the organic EL display device of the present embod-
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imentand Fig. 2B is a cross-sectional view schematically
showing the organic EL display device.

[0024] As shown in Fig. 1, the organic EL display de-
vice 1 of the present embodiment has a plurality of scan-
ning lines 101, a plurality of signal lines 102 which extend
in a direction to cross the scanning lines 101, and a plu-
rality of power lines 103 which extend parallel to the signal
lines 103. At intersections of the scanning lines 101 and
the signal lines 102, pixel regions A are provided.
[0025] The signal lines 102 are connected to a data-
side driving circuit 104 provided with a shift resister, a
level shifter, a video line, and an analog switch. Further,
the scanning lines 101 are connected to a scanning-side
driving circuit 105 provided with a shift resisterand a level
shifter.

[0026] Each pixel region is provided with a switching
thin film transistor 112 a gate electrode of which is sup-
plied with a scanning signal via the scanning line 101, a
storage capacitor cap which stores a pixel signal supplied
from the signal line 102 via the switching thin film tran-
sistor 112, a driving thin film transistor 123 a gate elec-
trode of which is supplied with the pixel signal stored in
the storage capacitor cap, a pixel electrode 111 in which
a driving current flows from the power line 103 when be-
ing electrically connected to the power line 103 via the
driving thin film transistor 113, and a functional layer 110
which is disposed between the pixel electrode 111 and
a cathode (counter electrode (electrode)) 12. Moreover,
the pixel electrode 111, the counter electrode 12, and
the functional layer 110 constitute a light emitting ele-
ment.

[0027] According to such a configuration, when the
scanning line 101 is driven and the switching thin film
transistor 112 is turned on, the potential of the signal line
102 at that time is stored in the storage capacitor cap,
and, according to the state of the storage capacitor cap,
the driving thinfilm transistor 113 is turned on or off. Then,
a current flows in the pixel electrode 111 from the power
line 103 via a channel of the driving thin film transistor
113 and the current further flows in the cathode 12 via
the functional layer 110. The functional layer 110 emits
light according to the amount of current flowing therein.
[0028] Next, as shown Figs. 2A and 2B, the display
device 1 of the present embodiment has a transparent
base substrate 2 made of glass or the like, light emitting
elements arranged in a matrix shape, and a sealing sub-
strate 604. The light emitting element formed on the base
substrate 2 is formed with the pixel electrode 111, the
functional layer 110, and the cathode 12.

[0029] The base substrate 2is atransparentsubstrate,
such as glass or the like. The base substrate 2 is divided
into a display region 2a disposed at a center of the base
substrate 2 and a non-display region 2b disposed on a
circumference of the base substrate 2 and arranged out-
side the display region 2a.

[0030] Thedisplayregion?2aisaregionwhichisformed
by the light emitting elements arranged in the matrix
shape and is referred to as an effective display region or
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a functional region. Further, the non-display region 2b is
formed adjacentto the display region 2a. The non-display
region 2b is constructed by a dummy region (non-func-
tional region) which is not for display.

[0031] Further, as shown in Fig. 2B, in a thicknesswise
direction of the base substrate 2, a circuit element portion
14 is provided between the base substrate 2 and a light
emitting element portion 11 having the light emitting el-
ement and a partition wall. The circuit element portion 14
includes the above-described scanning line, the signal
line, the storage capacitor, the switching thin film tran-
sistor, and the driving thin film transistor 113.

[0032] Further, one end of the cathode 12is connected
to a cathode wiring (not shown) formed on the base sub-
strate 2. One end 12a of the wiring is connected to a
wiring 5a on a flexible substrate 5. Further, the wiring 5a
is connected to a driving IC 6 (driving circuit) provided
on the flexible substrate 5.

[0033] Further, as shown in Figs. 2A and 2B, on the
non-display region 2b of the circuit element portion 14,
the above-described power lines 103 (103R, 103G, and
103B) are wired.

[0034] Further, on both transverse sides of the display
region 2a shown in Fig. 2A, the above-described scan-
ning-side driving circuits 105 and 105 are arranged. The
scanning-side driving circuits 105 and 105 are provided
in the circuit element portion 14 under the dummy region
2b. In addition, in the circuit element portion 14, driving
circuit control signal wiring lines 105a and driving circuit
power wiring lines 105b connected to the scanning-side
driving circuits 105 and 105 are provided.

[0035] In addition, a test circuit 106 is arranged on an
upper side of the display region 2a shown in Fig. 2A. With
the test circuit 106, quality and the presence of defects
of the display device during manufacture and shipping
can be tested.

[0036] Further, as shown in Fig. 2B, a sealing portion
3 is provided on the light emitting element portion 11.
The sealing portion 3 has a sealing resin 603 coated on
the base substrate 2 and the sealing substrate 604. The
sealing resin 603 is made of thermosetting resin, ultravi-
olet curable resin, or the like. In particular, itis preferable
that the sealing resin 603 be made of epoxy resin, which
is one type of thermosetting resin.

[0037] The sealing resin 603 is coated in a ring shape
around the base substrate 2 with a microdispenser or the
like. The sealing resin 603 is intended to bond the base
substrate 2 to the sealing substrate 604. Therefore, pen-
etration of water or oxygen into the sealing substrate 604
between the substrate 2 and the sealing substrate 604
is prevented. Consequently, oxidation of the cathode 12
or the light emitting layer provided in the light emitting
element portion 11 is prevented.

[0038] The sealing substrate 604 made of glass or a
metal is bonded to the base substrate 2 with the sealing
resin 603. The sealing substrate 604 is provided with a
concave portion 604a to receive a display element 10
therein. Further, a getter agent 605 which absorbs water
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or oxygen is adhered to the concave portion 604a, there-
by absorbing water or oxygen penetrated into the sealing
substrate 604. Moreover, the getter agent 605 may be
omitted.

[0039] Next, Fig. 3 shows anexpanded cross-sectional
structure of the display region in the display device. The
display device 1 has a configuration in which the circuit
element portion 14 provided with circuits of TFTs and the
like, and the light emitting element portion 11 provided
with the functional layer 110 are sequentially laminated
on the base substrate 2.

[0040] In the display device 1, light emitted from the
functional layer 110 toward the base substrate 2 passes
through the circuit element portion 14 and the base sub-
strate 2 and is emitted below the base substrate 2 (ob-
server side). Further, light emitted from the functional lay-
er 110 toward an opposite side to the base substrate 2
is reflected by the cathode 12, passes through the circuit
element portion 14 and the base substrate 2, and is emit-
ted below the base substrate 2 (observer side).

[0041] Moreover, by forming the cathode 12 with a
transparent material, light emitted from the cathode is
allowed to be emitted. As the transparent material, ITO,
platinum (Pt), iridium (Ir), nickel (Ni), or palladium (Pd)
can be used. As regards the film thickness, itis preferable
to have a film thickness of about 75 nm. More specifically,
it is more preferable to have a smaller film thickness.
[0042] In the circuit element portion 14, a base protec-
tive film 2c made of a silicon oxide film is provided on the
base substrate 2, and an island-shaped semiconductor
film 141 made of polycrystalline silicon is provided on the
base protective film 2c. Moreover, the semiconductor film
141 is provided with a source region 141a and a drain
region 141b by high-concentration phosphorus (P) ion
implantation. A portion in which no P is introduced serves
as a channel region 141c. In addition, a transparent gate
insulating film 142 covering the base protective film 2c
and the semiconductor film 141 is provided in the circuit
element portion 14. A gate electrode 143 (scanning line
101) made of aluminum (Al), molybdenum (Mo), tantalum
(Ta), titanium (Ti), tungsten (W), or the like is provided
on the gate insulating film 142. A transparent first inter-
layer insulating film 144a and a second interlayer insu-
lating film 144b are provided on the gate electrode 143
and the gate insulating film 142. The gate electrode 143
is provided at a location corresponding to the channel
region 141c of the semiconductor film 141.

[0043] Contactholes 145 and 146 which penetrate the
first and second interlayer insulating films 144a and 144b
and which are connected to the source region 141a and
the drain region 141b, respectively, are provided. Then,
on the second interlayer insulating film 144b, the trans-
parent pixel electrode 111 made of ITO or the like is pat-
terned in a predetermined shape. The contact hole 145
is connected to the pixel electrode 111. Further, the con-
tact hole 146 is connected to the power line 103. In such
a manner, in the circuit element portion 14, the driving
thin film transistor 113 connected to each pixel electrode
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111 is formed. Moreover, though not shown in Fig. 3, in
the circuit element portion 14, the storage capacitor cap
and the switching thin film transistor 112 are formed.
[0044] Next, as shown in Fig. 3, the light emitting ele-
ment portion 11 primarily has the functional layer 110
laminated on each of the plurality of pixel electrodes 111,
and a partition wall 122 provided between the pixel , elec-
trode 111 and the functional layer 110 to partition the
functional layer 110, and the cathode 12 formed on the
functional layer 110. The pixel electrode (first electrode)
111, thefunctionallayer 110, and the cathode 12 (counter
electrode (electrode)) constitute the light emitting ele-
ment. Here, the pixel electrode 111 is made of, for ex-
ample, ITO and is patterned in a substantially square
shape in plan view. Preferably, the thickness of the pixel
electrode 111 is in a range of from 50 to 200 nm. More
preferably, the thickness of the pixel electrode 111 is
about 150 nm.

[0045] As shown in Fig. 3, the partition wall 122 has a
configuration in which an inorganic partition wall layer
(first partition wall layer) 112a disposed at the base sub-
strate 2 side and an organic partition wall layer (second
partition wall layer) 112b spaced away from the base
substrate 2 are laminated.

[0046] The inorganic partition wall layer 112a and the
organic partition wall layer 112b are provided in such a
manner that they are mounted on the circumference of
the pixel electrode 111. The circumference of the pixel
electrode 111 overlaps the inorganic partition wall layer
112ain plan view. Further, the organic partition wall layer
112b is disposed to overlap a portion of the pixel elec-
trode 111 in plan view. In addition, the inorganic partition
wall layer 112a is formed at the center of the pixel elec-
trode 111, as compared to the organic partition wall layer
112b. In such a manner, when a first lamination portion
112e of the inorganic partition wall layer 112a is formed
inaninner side of the pixel electrode 111, alower opening
112c corresponding to a formation position of the pixel
electrode 111 is provided.

[0047] Further, an upperopening 112d is formed in the
organic partition wall layer 112b. The upperopening 112d
is provided to correspond to the formation position of the
pixel electrode 111 and the lower opening 112c. The up-
per opening 112d is formed to be wider than the lower
opening 112c and to be narrower than the pixel electrode
111, as shown in Fig. 3. Further, an upper portion of the
upper opening 112d may have the substantially same
position as an end portion of the pixel electrode 111. In
this case, the upper opening 112d of the organic partition
walllayer 112b has aninclined section, as shownin Fig. 3.
[0048] Then, the partition wall 122 is provided with an
opening 112g passing through the inorganic partition wall
layer 112a and the organic partition wall layer 112b when
the lower opening 112cis connected to the upper opening
112d.

[0049] Further, the inorganic wall 112a is preferably
made of an inorganic material such as SiO,, TiO,, or the
like. A film thickness of the inorganic partition wall layer
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112a is preferably in a range of from 50 to 200 nm, more
preferably, about 150 nm. If the film thickness is less than
50 nm, the flatness of a hole injecting/transporting layer,
which will be described later, may be not secured since
the inorganic partition wall layer 112a may be thinner
than the hole injecting/transporting layer. Further, if the
film thickness exceeds 200 nm, the flatness of a light
emitting layer, which will be described later, to be lami-
nated on the hole injecting/transporting layer may be not
secured due to a large step of the lower opening 112c.
[0050] Moreover, the organic partition wall layer 112b
is made of a material having heat resistance and solvent
resistance, such as acrylic resin, polyimide resin, or the
like. The thickness of the organic partition wall layer 112b
is preferably in a range of from 0.1 to 3.5 wm, and more
preferably, 2 um. If the thickness is less than 0.1 um, the
light emitting layer may overflow the upper opening 112d
since the organic partition wall layer 112b becomes thin-
ner than the total thickness of the hole injecting/trans-
porting layer and the light emitting layer, which will be
described later. Further, if the thickness exceeds 3.5 um,
a step coverage of the cathode 12 formed on the organic
partition wall layer 112b may not be secured since the
step of the upper opening 112d becomes large. Further,
if the thickness of the organic partition wall layer 112b
exceeds 2 pm, electrical isolation from the driving thin
film transistor 113 can be enhanced.

[0051] Further, the partition wall 122 is provided with
a lyophilic region and a liquid repellency region. The
lyophilic region includes a first lamination portion 112e
of the inorganic partition wall layer 112a and an electrode
surface 111a of the pixel electrode 111, which are sub-
jected to a lyophilic surface treatment by a plasma treat-
ment using oxygen as a treatment gas. Further, the liquid
repellency region includes a wall surface of the upper
opening 112d and an upper surface 112f of the organic
partition wall layer 112b, which are subjected to a fluor-
ination (liquid repellency) surface treatment by a plasma
treatment using tetrafluoromethane, methane tetrafluo-
ride or carbon tetrafluoride as a treatmentgas. Moreover,
the organic partition wall layer may be formed with a ma-
terial containing fluorine-based polymer.

[0052] Next, as shown in Fig. 3, the functional layer
110 includes the hole injecting/transporting layer 110a
laminated on the pixel electrode 111, and the light emit-
ting layer 110b formed adjacent to the hole inject-
ing/transporting 110a. Further, an additional functional
layer having a function of an electron injecting/transport-
ing layer or the like may be formed adjacent to the light
emitting layer 110b. The hole injecting/transporting layer
110a serves to inject holes into the light emitting layer
110b and transport the holes into the hole injecting/trans-
porting layer 110a. By forming the hole injecting/trans-
porting layer 110a between the pixel electrode 111 and
the lightemittinglayer 110b, element characteristics such
as light emission efficiency and life span of the light emit-
ting layer 110b can be improved. In addition, the light
emitting layer 110b can emit light when holes injected
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from the hole injecting/transporting 110a and electrons
injected from the cathode 12 are recombined therein.
[0053] The hole injecting/transporting layer 110a in-
cludes a flat portion 110a1 disposed within the lower
opening 112c and formed on the pixel electrode surface
111a, and a peripheral portion 110a2 disposed within the
upper opening 112d and formed on the first lamination
portion 112e of the inorganic partition wall layer. In ad-
dition, the hole injecting/transporting layer 110a may be
formed on the pixel electrode 111 and between the pixel
electrode 111 and the inorganic partition wall layer 110a
(the lower opening 110c) according to structures (or may
be formed on the above-described flat portion). The flat
portion 110a1 has a uniform thickness in a range of from
50 to 70 nm, for example.

[0054] The peripheral portion 110a2 is formed to be
disposed on the first lamination portion 112e and to be
closely adhered to the wall surface of the upper opening
1124, that is, the organic partition wall layer 112b. Fur-
ther, the thickness of the peripheral portion 110a2 is thin
at a side close to the electrode surface 111a and is the
thickest near the wall surface of the lower opening 112d
while increasing in a direction apart away from the elec-
trode surface 111a. The reason why the peripheral por-
tion 110a2 has such a shape is that the hole inject-
ing/transporting layer 110a is formed by discharging a
first composition containing a hole injecting/transporting
formation material and a polar solvent into the opening
112 and then removing the polar solvent. Further, since
the polar solvent is mainly volatilized on the first lamina-
tion portion 112e of the inorganic partition wall layer, the
hole injecting/transporting layer formation material is in-
tensely concentrated and educed on the first lamination
portion 112e.

[0055] In addition, the light emitting layer 110b is
formed across the flat portion 110a1 and the peripheral
portion 110a2 of the hole injecting/transporting layer
110a and has the thickness ranging from 50 to 80 nm on
the flat portion 110a1. The light emitting layer 110b has
three kinds of light emitting layers, that s, a red color light
emitting layer 110b1 emitting red color (R) light, a green
colorlight emitting layer 110b2 emitting red color (G) light,
and a blue color light emitting layer 110b3 emitting blue
color (B) light, which are disposed in respective stripe
shapes.

[0056] In such a manner, since the peripheral portion
110a2 of the hole injecting/transporting layer 110a is ad-
hered to the wall surface (the organic partition wall layer
112b) of the upper opening 112d, the light emitting layer
110b does not directly contact the organic partition wall
layer 112b. Accordingly, the peripheral portion 110a2 can
prevent water contained as an impurity in the organic
partition layer 112b from moving into the light emitting
layer 110b and prevent the light emitting layer 110b from
being oxidized by water. Further, since the peripheral
portion 110a2 is formed at a nonuniform thickness on the
firstlamination portion 112e of the inorganic partition wall
layer, the peripheral portion 110a2 is electrically isolated
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from the pixel electrode 111 by the firstlamination portion
112e. Then, holes are not injected from the peripheral
portion 110a2 into the light emitting layer 110b. Accord-
ingly, a current from the pixel electrode 111 flows into
only the flat portion 112a1, and thus the holes can be
uniformly transported from the flat portion 112a1 to the
lightemitting layer 110b. As aresult, 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 par-
tition wall layer 112a extends toward the center of the
pixel electrode 111 from the organic partition wall layer
112b, a shape of a junction portion between the pixel
electrode 111 and the flat portion 110a1 is trimmed by
the inorganic partition wall layer 112a. Thus, unevenness
in light emission strength among the light emitting layers
110b can be suppressed.

[0057] In addition, since the electrode surface 111a of
the pixel electrode 111 and the first lamination portion
112e of the inorganic partition wall layer have lyophilic
property, the functional layer 110 is uniformly attached
to the pixel electrode 111 and the inorganic partition wall
layer 112a. Accordingly, the functional layer 110 is not
excessively thinned on the inorganic partition wall layer
112a, and thus an electrical short between the pixel elec-
trode 111 and the cathode 12 can be prevented. In ad-
dition, since the top surface 112f of the organic partition
wall layer 112b and the wall surface of the upper opening
112d have liquid repellency property, the functional layer
110 is not attached to the organic partition wall layer 112b
so well and thus the functional layer 110 does not over-
flow the opening 112g.

[0058] Further, as the hole injecting/transporting layer
formation material, for example, polythiophene deriva-
tives, such as polyethylenedeoxythiophene (PEDOT) or
the like, and mixtures, such as polystylenesulfonic acid
(PSS) or the like, can be used. Further, as a formation
material of the light emitting layer 110b, polyfluorene de-
rivatives, polyphenylene derivatives, polyvinylcarbazole,
polythiophene derivatives can be used. In addition, the
high molecular materials doped with phenylene-based
pigments, coumarin-based pigments, rhodamine-based
pigments, rubrene, perylene, 9,10-diphenylanthracene,
tetraphenylbutadiene, Nile Red, coumarin 6, quinacri-
done, or the like can be used.

[0059] The cathode 12 is formed on the entire surface
of the light emitting element portion 11 and serves to flow
a current into the functional layer 110, together with the
pixel electrode 111. The cathode 12 is formed, for exam-
ple, by laminating a calcium layer and an aluminum layer.
At this time, the cathode provided near the light emitting
layer is preferably formed to have low work function. In
particular, with this configuration, the cathode having low
work function comes in direct contact with the light emit-
ting layer 110b and serves to inject electrons into the light
emitting layer 110b. In addition, lithium fluoride (LiF) may
be formed between the light emitting layer 110b and the
cathode 12 so as to increase the light emission efficiency



15 EP 1 598 880 B1 16

according to the material for the light emitting layer. In
addition, the red and green color light emitting layers
110b1 and 110b2 may use other materials without being
limited to lithium fluoride. Accordingly, in this case, alayer
formed with lithium fluoride is laminated on only the blue
color (B) light emitting layer 110b3 and materials other
than lithium fluoride may be laminated on the red and
green color light emitting layers 110b1 and 110b2. Alter-
nately, only calcium may be laminated on the red and
green light emitting layers 110b1 and 11b2 without lam-
inating lithium fluoride thereon.

[0060] In addition, the thickness of lithium fluoride is
preferably in a range of from 2 to 5 nm, and more pref-
erably, 2 nm. The thickness of calcium is preferably in a
range of from 2 to 50 nm, and more preferably, 20 nm.
Further, the aluminum layer forming the cathode 12
serves to reflect light emitted from the light emitting layer
110b to the base substrate 2. Alternately, a silver (Ag)
layer or a laminated layer of aluminum (Al) and silver (Ag)
may be used, instead of the aluminum layer. The thick-
ness thereof is preferably in a range of from 100 to 1000
nm, and more preferably, 200 nm. In addition, an anti-
oxidation protective layer formed of SiO, SiO,, SiN, or
the like may be formed on the aluminum layer. Further,
a sealing can 604 is arranged on the resultant light emit-
ting element in such a manner. As shown in Fig. 2B, the
display device 1 is formed by bonding the sealing can
604 by means of the sealing resin 603.

[0061] Next,a manufacturing method of the display de-
vice according to the present embodiment will be de-
scribed with reference to the accompanying drawings.
[0062] The manufacturing method of the display de-
vice according to the present embodiment includes a par-
tition wall formation step of forming the partition wall on
the substrate, a plasma treatment step of treating the
surface of the partition wall, a functional layer formation
step of forming the functional layer at an inner side of the
partition wall, a counter electrode formation step, and a
sealing step. Moreover, the manufacturing method of the
invention is not limited to this configuration. If necessary,
some of the steps may be omitted or other steps may be
added.

(1) Partition Wall Formation Step

[0063] The partition wall formation step is a step of
forming the partition wall 112 on the base substrate 2.
The partition wall 112 has the inorganic partition wall layer
112a as afirst partition wall layer and the organic partition
wall layer 112b as a second partition wall layer. Herein-
after, a method of forming the respective layers will be
described.

(1)-1 Formation of Inorganic Partition Wall Layer
[0064] As shown in Fig. 4, first, the inorganic partition

wall layer 112a having a predetermined pattern is formed
at a predetermined position on the base substrate 2, on
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which interlayer insulating layers 144a and 144b and the
like are formed. The inorganic partition wall layer 112a
is formed on the second interlayer insulating layer 144b
and the pixel electrode (here, the pixel electrode) 111.
Here, although the thin film transistor 113 is formed on
the display region 2a, the thin film transistor 113 is not
necessarily formed on the dummy region 2b.

[0065] The inorganic partition wall layer 112a may be
made of, for example, inorganic materials such as SiO,,
TiO,, or the like. These materials are formed by, for ex-
ample, a CVD method, a coating method, a sputtering
method, a deposition method, or the like.

[0066] In addition, the film thickness of the inorganic
partition wall layer 112a is preferably in a range of from
50 to 200 nm, and more preferably, 150 nm.

[0067] Theinorganic partition walllayer 112ais formed
to have an opening by forming an inorganic film on the
entire surface of the interlayer insulating layer 144 and
the pixel electrode 111 and by patterning the inorganic
film using a photolithography method or 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.
[0068] Atthis time, the organic partition wall layer 112a
is formed so as to partially overlap the peripheral portion
(a portion) of the pixel electrode 111. As shown in Fig.
4, by forming the inorganic partition wall layer 112a to
overlap a portion of the pixel electrode 111, a light emit-
ting region of the light emitting layer 110 can be control-
led.

(1)-2 Formation of Organic Partition Wall Layer 112b

[0069] Next, the organic partition wall layer 112b is
formed as the second partition wall layer.

[0070] As shown in Fig. 5, the organic partition wall
layer 112b is formed on the inorganic partition wall layer
112a on which the display region 2a and the dummy re-
gion 2b are formed. The organic partition wall layer 112b
is made of a heat-resistant and solvent-resistant material
such as acryl resin, polyimide resin, or the like. The or-
ganic partition wall layer 112b is formed by patterning
the material using a photolithography method or the like.
In addition, at the time of patterning, the upper opening
112d is formed in the organic partition wall layer 112b.
The upper opening 112d is provided at a position corre-
sponding to the electrode surface 111a and the lower
opening 112c.

[0071] As shown in Fig. 5, the upper opening 112d is
preferably formed to be wider than the lower opening
112c formed in the inorganic partition wall layer 112a.
Moreover, the organic partition wall layer 112b preferably
has a tapered shape. The organic partition wall layer
112b is preferably formed such that the opening of the
organic partition wall layer 112b is narrower than the
width of the pixel electrode 111 and the uppermost of the
organic partition wall layer 112b has the substantially
same width as the pixel electrode 111. Accordingly, the
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first lamination portion 112e surrounding the lower open-
ing 112c of the inorganic partition wall layer 112a projects
toward the center of the pixel electrode 111, as compared
to the organic partition wall layer 112b.

[0072] In such a manner, by connecting the upper
opening 112d formed in the organic partition wall layer
112b to the lower opening 112¢ formed in the inorganic
partition wall layer 112a, the opening 112g passing
through the inorganic partition wall layer 112a and the
organic partition wall layer 112b is formed and the parti-
tion wall 122 is formed in the display region 2a and the
dummy region 2b.

[0073] In addition, the thickness of the organic partition
wall layer 112b is preferably in a range of from 0.1 to 3.5
pm, and more preferably, 2 um. The reason for such a
range is as follows.

[0074] If the thickness is less than 0.1 wm, the thick-
ness of the organic partition wall layer 112b is thinner
than the total thickness of the hole injecting/transporting
layer and the light emitting layer which will be described
later. In this case, the light emitting layer 110b may over-
flow the upper opening 112d. If the thickness exceeds
3.5 um, the step caused by the upper opening 112d be-
comes large. In this case, the step coverage of the cath-
ode 12 for the upper opening 112d cannot be secured.
In addition, if the thickness of the organic partition wall
layer 112b is more than 2 wm, high electrical isolation of
the cathode 12 from the driving thin film transistor 113
can be achieved.

(2) Plasma Treatment Step

[0075] Next, in the plasma treatment step, the surface
of the pixel electrode 111 is activated and the surface of
the partition wall 122 is treated. In particular, the activa-
tion step is performed for the purpose of cleaning the
pixel electrode 111 (ITO) and adjusting work function. In
addition, a lyophilic treatment of the surface of the pixel
electrode 111 (lyophilic step) and a liquid repellency
treatment of the surface of the partition wall 122 (liquid
repellency step) are performed.

[0076] The plasma treatment step is broadly divided
into, for example, (2)-1 a preheating step, (2)-2 an acti-
vation treatment step (lyophilic step), (2)-3 a liquid repel-
lency treatment step (liquid repellency step), and (2)-4 a
cooling step. However, the invention is not limited to the
above-described steps, but; if necessary, some of the
steps may be omitted or other steps may be added.
[0077] First, Fig. 6 shows a plasma treatment appara-
tus used in the plasma treatment step.

[0078] The plasma treatment apparatus 50 shown in
Fig. 6 includes a preheating treatment chamber 51, afirst
plasma treatment chamber 52, a second plasma treat-
ment chamber 53, a cooling treatment chamber 54, and
a transport device 55 to transport the base substrate 2
into each of the treatment chambers 51 to 54. The treat-
ment chambers 51 to 54 are disposed in a radial pattern
around the transport device 55.
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[0079] First, the steps in which these devices are used
will be roughly described. The preheating step is per-
formed in the preheating treatment chamber 51 shown
in Fig. 6. Then, the base substrate 2 transported from
the partition wall formation step is heated to a predeter-
mined temperature in the preheating treatment chamber
51. After the preheating step, the lyophilic step and the
liquid repellency step are performed. That is, the base
substrate 2 is sequentially transported to the first and
second plasma treatment chambers 52 and 53 and the
partition wall 122 is subjected to a lyophilic plasma treat-
ment in the chambers 52 and 53, respectively. After the
lyophilic plasma treatment, the liquid repellency treat-
ment is performed. After the liquid repellency treatment,
the base substrate is transported into the cooling treat-
ment chamber where the base substrate is cooled to a
room temperature. After the cooling step, the base sub-
strate is transported by the transport device to be sub-
jected to the subsequent hole injecting/transporting for-
mation step.

[0080] Hereinafter, each of the above-described steps
will be described in detail.

(2)-1 Preheating Step

[0081] The preheating step is performed by the pre-
heating treatment chamber 51. In this treatment chamber
51, the base substrate 2 including the partition wall 122
is heated to the predetermined temperature.

[0082] A method of heating the base substrate 2
adopts a method in which a heater is attached to a stage
to transport the base substrate 2 and the base substrate
2 is heated by the heater for each stage in the treatment
chamber 51. However, it is needless to say that other
methods may be adopted.

[0083] In the preheating treatment chamber 51, the
base substrate 2 is heated to, for example, from 70°C to
80°C. Thistemperature is the temperature needed during
the plasma treatment step in the following step. It is an
object of the preheating to eliminate variations in tem-
perature of the base substrate 2 by heating the base sub-
strate 2 in advance in consideration with the following
step.

[0084] Here,ifthe preheating step is not applied, since
the base substrate 2 is heated from the room temperature
tothe above-described temperature, the treatmentis per-
formed atan ever-varying temperature during the plasma
treatment step from the start of the step to the end of the
step. When the plasma treatment is performed while the
temperature of the base substrate is varying, uneven-
ness may occur in characteristics of the organic EL ele-
ment may occur. Accordingly, preheating is performed
to keep the treatment condition constant and to attain
uniform characteristics.

[0085] In the plasma treatment step, when the base
substrate 2 on sample stages in the firstand second plas-
ma treatment chambers 52 and 53 is subjected to the
lyophilic step or the liquid repellency step, itis preferable
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that the preheating temperature is made to substantially
be the same as the temperature of the sample stage 56
to continuously perform the lyophilic step or the liquid
repellency step. For example, even when a plurality of
base substrates are continuously subjected to the plas-
ma treatment, by preheating a substrate material in ad-
vance to the temperature of the sample stages, to which
they are raised in the first and second plasma treatment
chambers 52 and 53, for example, a temperature range
of from 70°C to 80°C, the plasma treatment conditions
immediately after the start of the treatment and immedi-
ately before the end of the treatment can be kept sub-
stantially constant. In this manner, the surface treatment
conditions of the base substrates 2 are equalized, the
wettability of the partition wall 122 with respect to the
composition is made uniform, and a display device hav-
ing consistent quality can be prepared. Further, by pre-
heating the base substrate 2 in advance, the time re-
quired for the following plasma treatment can be reduced.

(2)-2 Activation Treatment (Lyophilic Step)

[0086] Next, the activation treatment is performed in
the first plasma treatment chamber 52. The activation
treatmentincludes the adjustment and control of the work
function of the pixel electrode 111, the cleaning of the
surface of the pixel electrode, and the lyophilic step of
the surface of the pixel electrode.

[0087] Forthe lyophilic step, the plasma treatment (O,
plasma treatment), with oxygen serving as a treatment
gas, is performed in an atmosphere of air. Fig. 7 is a
diagram schematically showing the first plasma treat-
ment. As shown in Fig. 7, the base substrate 2 including
the partition wall 122 is loaded on the sample stage 56
with a built-in heater and a plasma discharge electrode
57 facing the base substrate 2 is disposed above the
base substrate 2 with a gap of 0.5 mm to 2 mm. While
the base substrate 2 is heated by the sample stage 56,
the sample stage 56 is transported, at a predetermined
transport speed, in an arrow direction shown in Fig. 7. At
this time, oxygen in a plasma state is applied to the base
substrate 2.

[0088] The O, plasma treatment conditions include a
plasma power of 100 kW to 800 kW, an oxygen gas flow
of 50 ml/min to 100 ml/min, a substrate transport speed
of 0.5 mm/sec to 10 mm/sec, and a gas temperature of
70°C to 90°C, for example. Further, the heat by the sam-
ple stage 56 is mainly performed for thermal preservation
of the preheated base substrate 2.

[0089] AsshowninFig.8, by the O, plasma treatment,
the electrode surface 111a of the pixel electrode 111, the
firstlamination portion 112e of the inorganic partition wall
layer 112a, and the wall and surface 112f of the upper
opening 112d of the organic partition wall layer 112b are
subjected to a lyophilic treatment. With the lyophilic treat-
ment, hydroxyl groups are introduced into each of these
surfaces and, thereby, the lyophilic property is imparted.
A portion subjected to the lyophilic treatment is shown
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by a one-dot-chain line in Fig. 8. Further, by the O, plas-
ma treatment, in addition that the lyophilic property is
granted, the cleaning of ITO, which is the pixel electrode,
as described above, and the adjustment of the work func-
tion can be achieved.

(2)-3 Liquid Repellency Treatment Step (Liquid Repel-
lency Step)

[0090] Next, in the second plasma treatment chamber
53, as the liquid repellency step, the plasma treatment
using tetrafluoromethane as a treatment gas (CF, plas-
ma treatment) is performed in an atmosphere of air. The
second plasma treatment chamber 53 has the same in-
ternal structure as the first plasma treatment chamber 52
shown in Fig. 7. That is, when the base substrate 2 is
transported at a predetermined speed for each sample
stage while being heated by the sample stage, tetrafluor-
omethane (CF,) in a plasma state is applied to the base
substrate 2.

[0091] The CF, plasma treatment conditions include a
plasma power of 100 kW to 800 kW, a tetrafluoromethane
gas flow of 50 ml/min to 100 ml/min, a substrate transport
speed of 0.5 mm/sec to 1020 mm/sec, and a substrate
temperature of 70°C to 90°C, for example. Further, the
heat by the heat stage is mainly performed for thermal
preservation of the preheated base substrate 2, like the
first plasma treatment chamber 52. Further, as the treat-
ment gas, different fluorocarbon gases may be used with-
out being limited to tetrafluoromethane (CF,).

[0092] As shown in Fig. 9, by the CF, plasma treat-
ment, the wall of the upper opening 112d and the upper
surface 112f of the organic partition wall layer are sub-
jected to the liquid repellency treatment. Fluorine groups
are introduced into each of these surfaces by this liquid
repellency treatment and thereby, the liquid repellency
is imparted. Regions exhibiting the liquid repellency are
shown by a two-dot-chainline in Fig. 9. Organic materials,
such as an acryl resin, a polyimide resin, or the like, con-
stituting the organic partition wall layer 112b can be easily
made in the liquid repellency by applying fluorocarbon in
the plasma state. Further, ones preheating by the O,
plasma are apt to be fluorinated. This is particularly ef-
fective for the present embodiment. Moreover, although
the electrode surface 111a of the pixel electrode 111 and
the first lamination portion 112e of the inorganic partition
wall layer 112a are somewhat affected by the CF 4 plasma
treatment, this CF, plasma treatment has little effect on
the wetness of the electrode surface 111a and the first
lamination portion 112e. In Fig. 9, a region showing the
lyophilic property is denoted by a dashed dot line.

(2)-4 Cooling Step

[0093] Next, in the cooling step, the base substrate 2
heated for the plasma treatment is cooled to a manage-
ment temperature in the cooling treatment chamber 54.
The cooling step is a step to cool the base substrate 2
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to a control temperature of the following liquid droplet
discharge step (functional layer formation step).

[0094] The cooling treatment chamber 54 has a plate
to arrange the base substrate 2 and the plate has a struc-
ture in which a water cooling device to cool the base
substrate 2 is built in.

[0095] Further, by cooling the plasma-treated base
substrate 2 to a room temperature or a predetermined
temperature (for example, a management temperature
at which the liquid droplet discharge step is performed),
the temperature of the base substrate material is kept
constant so that the subsequent functional layer forma-
tion step can be performed at a regular temperature with
no temperature variation of the base substrate 2. Accord-
ingly, such a cooling step ensures regularity of a material
discharged by a discharging method such as a liquid
droplet discharge method. For example, when the first
composition containing a material for forming the hole
injecting/transporting layer as the functional layer is dis-
charged, the first composition can be successively dis-
charged by a regular volume, which results in uniform
formation of the hole injecting/transporting layer.
[0096] In the above-described plasma treatment step,
by performing the O, plasma treatment and the CF, plas-
ma treatment in turn for the organic partition wall layer
112b and the inorganic partition wall layer 112a, which
are different in their material, the lyophilic region and the
liquid repellent region can be easily formed in the partition
wall 122.

[0097] In addition, the plasma treatment apparatus
used in the plasma treatment step is not limited to one
shown in Fig. 6. For example, a plasma treatment appa-
ratus 60 shown in Fig. 10 may be used.

[0098] The plasma treatment apparatus 60 shown in
Fig. 10 includes a preheating treatment chamber 61, a
first plasma treatment chamber 62, a second plasma
treatment chamber 63, a cooling treatment chamber 64,
and a transport device 65 to transport the base substrate
2 into each of the treatment chambers 61 to 64. The treat-
ment chambers 61 to 64 are arranged at both sides in a
transport direction of the transport device 65 (both sides
an arrow direction in Fig. 10) .

[0099] In the plasma treatment apparatus 60, like the
plasma treatment apparatus shown in Fig. 6, the base
substrate 2 transported from the partition wall formation
step is transported into the preheating treatment cham-
ber 61, the first and second plasma treatment chambers
62 and 63, and the cooling treatment chamber 64 in turn,
the above-described treatments are performed in the
treatment chambers, and then, the treated base sub-
strate 2 is transported in the subsequent hole inject-
ing/transporting layer formation step (functional layer for-
mation step).

[0100] Further, the plasma treatment apparatus may
be used under a vacuum, instead of the atmosphere.
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(3) Hole Injecting/Transporting Layer Formation Step
(Functional Layer Formation Step)

[0101] Inthe holeinjecting/transporting layer formation
step, the first composition (liquid material) containing a
the hole injecting/transporting layer formation material is
discharged onto the electrode surface 111a by an inkjet
method (liquid droplet discharge method) using an inkjet
device (liquid droplet discharge device), and then, the
hole injecting/transporting layer 110a is formed on the
pixel electrode 111 and the inorganic partition wall layer
112a by performing a dry treatment and a heat treatment.
The inorganic partition wall layer 112a on which the hole
injecting/transporting layer 110a is formed is here re-
ferred to as the firstlamination portion 112e. Subsequent
steps including the hole injecting/transporting layer for-
mation step are preferably performed in an atmosphere
having no water and oxygen. For example, these steps
are preferably performed in an inert gas atmosphere such
as a nitrogen atmosphere, an argon atmosphere, or the
like. Moreover, the hole injecting/transporting layer 110a
may not be formed on the first lamination portion 112e.
That is, the hole injecting/transporting layer may be
formed on only the pixel electrode 111. A manufacturing
method according to the liquid droplet discharge method
is as follows.

[0102] A head H shown in Fig. 11 can be exemplified
as a liquid droplet discharge head adaptable to the man-
ufacturing method of the display device of the present
embodiment. As shown in Fig. 11, the head H includes
a plurality of liquid droplet discharge heads H1 and a
support substrate H7 for supporting the plurality of liquid
droplet discharge heads H1. Moreover, the base sub-
strate and the head H are preferably arranged as shown
in Fig. 12. In the liquid droplet discharge device shown
in Fig. 12, reference numeral 1115 denotes a stage for
loading the base substrate 2 and reference numeral 1116
denotes a guide rail for guiding the stage 1115 in an X
direction in Fig. 12 (main scanning direction). Further,
the head H can be moved in a Y direction in Fig. 12 (sub-
scanning direction) by a guide rail 1113 through a support
member 1111. Further, the head H can be rotated in a
6-axis direction in Fig. 12 and the liquid droplet discharge
head H1 may be inclined at a predetermined angle with
respect to the main scanning direction.

[0103] The base substrate 2 shown in Fig. 12 has a
configuration in which a plurality of tips is arranged on a
mother board. That is, one tip region corresponds to one
display device. Three display regions (pixel formation re-
gions for display) 2a are exemplified in Fig. 12. This con-
figuration is not intended to limit the invention. For exam-
ple, when a composition is intended to be coated on a
left display region 2a on the substrate 2, the coating is
performed while scanning the base substrate 2 when the
head H is moved in the left side of Fig. 12 through the
guide rail 1113, and simultaneously, the base substrate
2 is moved in the top side of Fig. 12 through the guide
rail 1116. Next, after the head H is moved to the right
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side of Fig. 12, the composition is coated on a central
display region 2a on the base substrate. This is true of a
right display region 2a on the base substrate. Moreover,
the head H shown in Fig. 11 and the liquid droplet dis-
charge device shown in Fig. 12 may be used in the light
emitting step as well as the hole injecting/transporting
layer formation.

[0104] Fig. 13 is a perspective view of the liquid droplet
discharge head H1 when viewed from an ink discharge
surface. As shown in Fig. 13, in the ink discharge surface
(a surface opposite to the base substrate 2) of the liquid
droplet discharge head H1, a plurality of nozzles n is pro-
vided in two columns along a longitudinal direction of the
head with a gap in a width direction of the head. In such
a manner, two nozzle columns N and N are provided by
arranging the plurality of nozzles n in the two columns.
The number of nozzles included in one nozzle column N
is, for example, 180, and 360 nozzles n are provided in
one liquid droplet discharge head H1. Further, a hole
diameter of a nozzle niis, for example, 28 um, and a pitch
between one nozzle and anotheris, forexample, 141 pm.
[0105] The liquid droplet discharge head H1 has, for
example, an internal structure shown in Figs. 14A and
14B. Specifically, the liquid droplet discharge head H1
has a stainless nozzle plate 229, a diaphragm 231 facing
the nozzle plate 229, and a partition member 232 for
bonding the nozzle plate 229 to the diaphragm 231. Be-
tween the nozzle plate 229 and the diaphragm 231, a
plurality of composition chambers 233 and a liquid gath-
ering chamber 234 are defined by the partition member
232. The plurality of composition chambers 233 commu-
nicate with the liquid gathering chamber 234 through a
passage 238.

[0106] A composition supply hole 236 is provided at a
suitable position of the diaphragm 231 and a composition
supply device 237 is connected to the composition supply
hole 236. The composition supply device 237 supplies
the first composition (liquid material) containing the hole
injecting/transporting layer formation material to the com-
position supply hole 236. The supplied first composition
fills the liquid gathering chamber 234, and then, through
the passage 238, fills the composition chamber 233.
[0107] A nozzle n for jetting the first composition from
the composition chamber 233 is provided in the nozzle
plate 229. On the back of a surface forming the compo-
sition chamber 233 of the diaphragm 231, a composition
pressurizing member 239 is provided corresponding to
the composition chamber 233. The composition pressu-
rizing member 239 has a piezoelectric element 241 and
a pair of electrodes 242a and 242b between which the
piezoelectric element 241 is interposed, as shown in Fig.
14B. The piezoelectric element 241 is bent by a current
flow between the pair of electrode 242a and 242b so as
to project externally, as indicated by an arrow C. This
increases a volume of the composition chamber 233.
Then, the first composition corresponding to the in-
creased volume is introduced from the liquid gathering
chamber 234 into the composition chamber 233 through
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the passage 238.

[0108] Next, when the current flowing through the pi-
ezoelectric element 241 is disconnected, the piezoelec-
tric element 241 and the diaphragm 231 return to their
original shape. Accordingly, since the composition cham-
ber 233 also returns to its original volume, pressure of
the first composition contained in the composition cham-
ber 233 is increased, and accordingly, the first composi-
tion is jetted as liquid droplets 110c from the nozzle n to
the base substrate 2.

[0109] Fig. 15 shows a scanning state of the liquid
droplet discharge head H1 with respect to the base sub-
strate 2. As shown in Fig. 15, the liquid droplet discharge
head H1 discharges the first composition (liquid material)
while relatively moving in the X direction shown in Fig.
15. At this time, an arrangement direction Z of the nozzle
column N is inclined with respect to the main scanning
direction (X direction).

[0110] Fig. 16 is an expanded view showing essential
parts of Fig. 15 when viewed from the liquid droplet dis-
charge head H1. Fig. 16 shows three pixel regions A1 to
A3 arranged in the Y direction (subscanning direction)
shown in Fig. 16. Also, 6 nozzles, which are denoted by
reference numerals na1 to n3b, respectively, are provid-
ed in a part of the liquid droplet discharge head H1. Of
the 6 nozzles, three nozzles nla, n2a and n3a are ar-
ranged on the pixel regions A1 to A3, respectively, when
the liquid droplet discharge head H1 moves in the X di-
rection, and three remaining nozzles n1b, n2b and n3b
are arranged between adjacent pixel regions A1 to A3
when the liquid droplet discharge head H1 moves in the
X direction of Fig. 16. Moreover, the 6 nozzles na1 to n3b
is included in the nozzle column N. The liquid droplet
discharge head H1 can be shifted in directions opposite
to the X and Y directions by a driving unit (not shown).
In such a manner, by inclining the nozzle column N of
the liquid droplet discharge head H1 with respect to the
main scanning direction, a nozzle pitch can correspond
to a pitch of the pixel region A. Further, by adjusting a
gradient angle, the nozzle pitch can correspond to any
pitch of the pixel region A.

[0111] Next, a step of forming the hole injecting/trans-
porting layer 110a on a predetermined region through
scanning of the liquid droplet discharge head H1 will be
described. This step may adopt one of (1) a method of
performing one scan of the liquid droplet discharge head
H1, (2) a method of performing a plurality of scans of the
liquid droplet discharge head H1 and using a plurality of
nozzles in the scans, and (3) a method of performing a
plurality of scans of the liquid droplet discharge head H1
and using a separate nozzle for each scan. The present
embodiment adopts the method (1).

[0112] Figs. 17A to 17C are process views showing a
process when the hole injecting/transporting layer 110a
is formed on the pixel regions A1 to A3 by one scan of
the liquid droplet discharge head H1. Fig. 17A shows a
state after the liquid droplet discharge head H1 is
scanned in the X direction from the position in Fig. 16,
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Fig. 17B shows a state in which the liquid droplet dis-
charge head H1 is scanned somewhat in the X direction
from the state shown in Fig. 17A and is shifted in a di-
rection opposite to the Y direction, and Fig. 17C shows
a state in which the liquid droplet discharge head H1 is
scanned somewhat in the X direction from the state
shown in Fig. 17B andis shiftedinthe Y direction. Further,
Fig. 18 shows a sectional configuration of a discharged
region surrounded by the partition wall 122.

[0113] In Fig. 17A, of the nozzles formed in the liquid
droplet discharge head H1, the first composition (liquid
material) containing the hole injecting/transporting layer
formation material is discharged onto the pixel regions
A1 to A3 from the three nozzles n1a to n3a. Moreover,
although the first composition is discharged through the
scan of the liquid droplet discharge head H1 in the
present embodiment, this can be achieved by scanning
the base substrate 2. Further, even when the liquid drop-
let discharge head H1 and the base substrate 2 are rel-
atively moved, the first composition can be discharged.
Moreover, the above-described step is performed in the
same manner as those in the following steps to be per-
formed using the liquid droplet discharge head.

[0114] The discharge by the liquid droplet discharge
head H1 is as follows. As shown in Figs. 17Ato 17C and
18, the nozzles n1a to n3a formed on the liquid droplet
discharge head H1 are arranged opposite to the elec-
trode surface 111a and first liquid droplets 110c1 of the
first composition are discharged from the nozzle n1a to
n3a. The pixel regions A1 to A3 are defined by the pixel
electrode 111 and the partition wall 122 partitioning the
circumference of the pixel electrode 111 and the first lig-
uid droplets 110c1 of the first composition having a con-
trolled liquid amount per one droplet are discharged for
the pixel regions A1 to A3 from the nozzles n1a to n3a.
[0115] Next, as shown in Fig. 17B, by scanning the
liquid droplet discharge head H1 somewhat in the X di-
rection and shifting it in the direction opposite to the Y
direction, the nozzles n1b to n3b are disposed on the
pixel regions A1 to A3, respectively. Then, second liquid
droplets 110c2 of the first composition are discharged
for the pixel regions A1 to A3 from the nozzles n1b to n3b.
[0116] In addition, as shown in Fig. 17C, by scanning
the liquid droplet discharge head H1 somewhat in the X
direction and shifting it in the Y direction, the nozzles n1a
to n3a are again disposed on the pixel regions A1 to A3,
respectively. Then, third liquid droplets 110c3 of the first
composition are discharged for the pixel regions A1 to
A3 from the nozzles n1a to n3a.

[0117] In such a manner, by somewhat shifting the lig-
uid droplet discharge head H1 in the Y direction while
scanning the liquid droplet discharge head H1 in the X
direction, the liquid droplets of the first composition are
sequentially discharged for one pixel region A1 and the
like from two nozzles. The number of liquid droplets dis-
charged for one pixel region A1 may be in a range of from
6 to 20, for example. However, this range may be varied
depending on an area of pixel. That is, the number of
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liquid droplets may be above or below this range. The
total amount of the first composition discharged onto
each pixel region (electrode surface 111a) depends on
size of the lower and upper openings 112c and 112d,
thickness of the hole injecting/transporting layer to be
formed, concentration of the hole injecting/transporting
layer formation material of the first composition, or the
like.

[0118] Insuchamanner, if the hole injecting/transport-
ing layer is formed by one scan, the nozzle is switched
over for each discharge of the first composition and the
first composition is discharged for each pixel region A1
to A3 from two nozzles. Accordingly, since irregularity of
the amount of discharge between nozzles is alleviated
as compared to when the composition is discharged for
one pixel region A1 and the like from one nozzle, the
irregularity of the amount of discharge of the first com-
position in each pixel electrode 111 becomes small,
which results in formation of the hole injecting/transport-
ing layer having a regular thickness. Accordingly, the
amount of light emission for each pixel can be kept con-
stant, which results in manufacturing the display device
having excellent quality.

[0119] Next, an actual discharge sequence will be de-
scribed. In the present embodiment, first, the liquid drop-
lets 110c of the first, composition are discharged onto
only the dummy region 2b, as shown in Fig. 18, and then,
the liquid droplet 110c of the first composition are dis-
charged for the display region 2a, as shown in Fig. 19.
[0120] In the present embodiment, discharge condi-
tions are particularly set such that a value resulting from
a division of the total volume of the first composition dis-
charged onto the dummy region 2b by an area of the
dummy region 2b becomes larger than a value resulting
from a division of the total volume of the first composition
discharged onto the display region 2a by an area of the
display region 2a. Here, the area of the dummy region
2b and the area of the display region 2a are referred to
as the total area of a region surrounded by the partition
wall 122 belonging to each region. By adopting such dis-
charge conditions, when a dry treatment is performed
after the discharge is performed, a partial pressure of
evaporating solvent molecules in the display region 2a
does not become excessively large as compared to a
partial pressure of evaporating solvent molecules in the
dummy region 2b, and an evaporation speed of the sol-
ventin the dummy region 2b can approximate to an evap-
oration speed of the solvent in the display region 2a.
[0121] Asthe first composition used here, forexample,
a composition made by dissolving a mixture of polythi-
ophene derivatives, such as polyethylenedeoxythi-
ophene (PEDOT), and polystylenesulfonic acid (PSS),
or the like in a polar solvent may be used.

[0122] The polarsolventincludes, for example, isopro-
pyl alcohol (IPA), normal butanol, y-butylolactone, N-me-
thyl pyrrolidone (NMP), 1,3-dimethyl-2-imidazolelidinone
(DMI), derivatives thereof, glycol ether such as carbitol
acetate or butyl carbitol acetate.
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[0123] Further, the hole injecting/transporting layer
material may adopt the same material for the red (R),
green (G) and blue (B) light emitting layers 110b1 to
110b3, or may adopt different materials for different light
emitting layers.

[0124] Next, a dry treatment is performed. By perform-
ing the dry treatment, the polar solvent contained in the
first composition is evaporated to thereby form the hole
injecting/transporting layer 110a, as shown in Fig. 20.
When the dry treatment is performed, the evaporation of
the polar solvent contained in the liquid droplets 110c of
the first composition occurs mainly near the inorganic
partition wall 112a and the organic partition wall 112b,
and the hole injecting/transporting layer formation mate-
rial is concentrated and educed while the evaporation of
the polar solvent occurs. Accordingly, as shown in Fig.
20, the peripheral portion 110a2 made of the hole inject-
ing/transporting layer formation material is formed on the
first laminating portion 112e. The peripheral portion
110a2 is stuck fast to the wall (organic partition wall 112b)
ofthe upperopening 112d. Further, the peripheral portion
110a2 is thin at a side close to the electrode surface 111a
and is thick at a side far from the electrode surface 111a,
that is, a side close to the organic partition wall 112b.
[0125] Further, the evaporation of the polar solvent oc-
curs on the electrode surface 111a by the dry treatment,
and accordingly, the flat portion 110a1 made of the hole
injecting/transporting layer formation material is formed
on the electrode surface 111a. Since the evaporation
speed of the polar solvent on the electrode surface 111a
is approximately uniform, the hole injecting/transporting
layer formation material is uniformly concentrated on the
electrode surface 111a, and accordingly, the flat portion
110a1 having a uniform thickness is formed. In such a
manner, the hole injecting/transporting layer 110a com-
posed of the peripheral portion 110a2 and the flat portion
110a1 is formed. Moreover, the hole injecting/transport-
ing layer 110a may be formed on only the electrode sur-
face 111a, without forming on the peripheral portion
110a2. Further, although the hole injecting/transporting
layer 110a is also formed on the dummy region 2b in Fig.
20, it is not actually driven, that is, does not realize a
function of injecting/transporting holes.

[0126] In the present embodiment, the amount of dis-
charged solvent per unit area in the dummy region 2b is
different from that in the display region 2a, as described
above. Accordingly, in the dry treatment, the partial pres-
sure of evaporating solvent molecules in the display re-
gion 2a does not become excessively large as compared
to the partial pressure of evaporating solvent molecules
in the dummy region 2b, and the evaporation speed of
the solvent in the dummy region 2b can approximate to
the evaporation speed of the solvent in the display region
2a. Then, by introduction of such a discharge condition,
the evaporation speed of the solvent in the peripheral
portion of the display region 2a approximates to that in
the central portion of the display region 2a. Accordingly,
the hole injecting/transporting layer 110a having a uni-
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form thickness can be formed in the peripheral and cen-
tral portions.

[0127] Moreover, the dry treatment is performed at a
room temperature and a pressure of, for example, 133.3
Pato 13.3 Pa (1 Torr to 0.1 Torr) under, for example, a
nitrogen atmosphere. Here, if the pressure is suddenly
lowered, itis not preferable since the liquid droplets 110c
of the first composition are suddenly boiled. Further, if
the temperature is high, a flat film cannot be formed since
the evaporation speed of the polar solvent is increased.
Accordingly, a temperature range of from 30°C to 80°C
is preferable.

[0128] Afterthedrytreatment,itis preferabletoremove
the polar solvent or water remaining in the hole inject-
ing/transporting layer 110a by performing a heat treat-
ment at a temperature of 200°C for 10 minutes under a
nitrogen atmosphere, preferably, a vacuum atmosphere.

(4) Light Emitting Layer Formation Step

[0129] Next, the light emitting layer formation step is
composed of a surface modification step, a light emitting
layer formation material discharge step, and a dry step.
[0130] First, the surface modification step is performed
in order to modify the surface of the hole injecting/trans-
porting layer 110a. Next, like the above-described hole
injecting/transporting layer formation step, a second
composition containing the light emitting layer formation
material is discharged onto the hole injecting/transport-
ing layer 110a by the liquid droplet discharge method
(light emitting formation material discharge step). There-
after, the discharged second composition is subject to a
dry treatment (and a heat treatment) to form the light
emitting layer 110b on the hole injecting/transporting lay-
er 110a (dry step). Moreover, in the light emitting forma-
tion material discharge step, just as the first composition
is discharged, the amount (per unit area) of discharged
solvent is relatively larger in the dummy region 2b than
the display region 2a.

[0131] When the second composition containing the
light emitting layer formation material is discharged, in a
state where a discharge nozzle H6 faces the hole inject-
ing/transporting layer 110a disposed within the lower and
upper openings 112c and 112d, the second composition
110e is discharged while a liquid droplet discharge head
H5 moves with respect to the base substrate 2. In this
case, like the hole injecting/transporting layer formation
step, the second composition 110e is discharged for one
pixel region by a plurality of nozzles.

[0132] As aformation material of the light emitting layer
110b, for example, polyfluorene derivatives, polyphe-
nylene derivatives, polyvinylcarzole, polythiophene de-
rivatives can be used, and moreover, these high molec-
ular material doped with phenylene pigment, coumarin
pigment, or rhodamine pigment, for example, rubrene,
perylene, 9,10-dephenylanthracene, tetraphenylbutadi-
ene, nylonred, coumarin 6, quinacridone, or the like can
be used.
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[0133] Further, the solventdissolving or dispersing the
light emitting layer formation material does not preferably
dissolve the hole injecting/transporting layer 110a. As
such a solvent, for example, cyclohexyl benzene, dehy-
drobenzofuran, trimethylbenzene, tetramethylbenzene,
or the like may be used. The use of such a solvent (non-
polar solvent) allows the second composition to be dis-
charged without re-dissolving the hole injecting/trans-
porting layer 110a.

[0134] The discharged second composition 110e is
spread over the hole injecting/transporting layer 110a,
filling the lower and upper openings 112c and 112d. On
the other hand, even when the liquid droplets are dis-
charged onto a surface 112f subject to the liquid repel-
lency treatment, deviated from a predetermined dis-
charge position, the surface 112f is not wetted by the
liquid droplets, and the liquid droplets are rolled into the
lower and upper openings 112c and 112d.

[0135] Next, after the second composition is all dis-
charged ata predetermined position, alight emitting layer
110b3 is formed by drying the discharged second com-
position 110e. That is, the nonpolar solvent contained in
the second composition is evaporated by the dry treat-
ment to form a blue (B) light emitting layer 110b3, as
shown in Fig. 22. Although only one blue light emitting
layer is shown in Fig. 22, as apparent from Fig. 1 and
other drawings, the light emitting elements are originally
configured in the form of the matrix and a plurality of light
emitting layers (corresponding to a blur color) is formed
in pixel regions, which are not shown in Fig. 22.

[0136] In addition, even in the light emitting layer for-
mation step, the amount of discharged solvent per unit
area in the dummy region 2b is different from that in the
display region 2a, as described above. Accordingly, in
the dry step, the partial pressure of evaporating solvent
molecules in the display region 2a does not become ex-
cessively large as compared to the partial pressure of
evaporating solvent molecules in the dummy region 2b,
and the evaporation speed of the solvent in the dummy
region 2b can approximate to the evaporation speed of
the solventin the display region 2a. Then, by introduction
of such a discharge condition, the evaporation speed of
the solvent in the peripheral portion of the display region
2a approximates to that in the central portion of the dis-
play region 2a. Accordingly, the light emitting layer 110b3
having a uniform thickness can be formed in the periph-
eral and central portions.

[0137] Subsequently, as shown in Fig. 23, a red (R)
light emitting layer 110b1 is formed by the same step as
in the above-described blue (B) light emitting layer
110b3, and, lastly, a green (G) light emitting layer 110b2
is formed by the same step. Moreover, a formation se-
quence of the light emitting layer 110b is not limited to
the above-mentioned sequence, and may be optional.
For example, the formation sequence may depend on a
light emitting layer formation material.

[0138] Moreover, as dry conditions of the second com-
position of the light emitting layer, for example, the blue
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light emitting layer 110b3 is performed at a room tem-
perature and a pressure of, forexample, 133.3 Pato 13.3
Pa (1 Torr to 0.1 Torr) for five to ten minutes under, for
example, a nitrogen atmosphere. Here, if the pressure
is excessively lowered, it is not preferable since the sec-
ond composition is suddenly boiled. Further, if the tem-
perature is high, the light emitting layer formation material
may be much adhered to the wall of the upper opening
112d since the evaporation speed of the nonpolar solvent
is increased. A temperature range of from 30°C to 80°C
is preferable.

[0139] Further, the green and red light emitting layers .
110b2 and 110b1 are preferable to be dried fast since
they have many components of the light emitting layer
formation material. For example, the layers 110b2 and
110b1 are preferably dried at a temperature of 40°C for
5 to 10 minutes using a nitrogen jet. As other dry means,
a far infrared ray irradiation method, a high temperature
gas jet method, or the like may be exemplified. In such
a manner, the hole injecting/transporting layer 110a and
the light emitting layer 110b are formed on the pixel elec-
trode 111.

(5) Counter Electrode (Cathode) Formation Step

[0140] Next, in the counter electrode formation step,
as shown in Fig. 24, the cathode (counter electrode) 12
is formed on the entire surface of the light emitting 110b
and the organic partition wall 112b. The cathode 12 may
be formed by laminating a plurality of materials. For ex-
ample, a material having a small work function, such as
Ca, Ba, or the like, is preferably formed at a side close
to the light emitting layer. Further, depending on the ma-
terial, a thin lithium fluoride may be formed on a lower
layer. Further, a material having work function larger than
that of the lower layer such as aluminum may be used
for an upper layer (sealing side).

[0141] The cathode 12 is preferably formed by, for ex-
ample, a deposition method, a sputtering method, a CVD
method, or the like. Particularly, it is more preferable to
form the cathode 12 using the deposition method since
this method can prevent the light emitting layer 110b from
being damaged due to heat. Further, the lithium fluoride
may be formed on only the light emitting layer 110b and
may be formed corresponding to a predetermined color.
For example, the lithium fluoride may be formed on only
the blue (B) light emitting layer 110b3. In this case, an
upper cathode layer made of calcium contacts the re-
maining red (R) and green (G) light emitting layers 110b1
and 110b2.

[0142] An Al layer, an Ag layer, or the like formed by
a deposition method, a sputtering method, a CVD meth-
od, or the like is preferably used on an upper side of the
cathode 12. Further, its thickness is preferably in arange
of from 100 nm to 1000 nm, more preferably, 200 nm to
500 nm. Further, a protective Layer, such as SiO,, SiN,
or the like, for anti-oxidation may be provided on the cath-
ode 12.
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(6) Sealing Step

[0143] Finally, the sealing step is a step to seal the
base substrate 2 on which the light emitting element con-
taining the functional layer 110 is formed and the sealing
substrate (Fig. 2) by means of the sealing resin 603. For
example, the entire surface of the base substrate 2 is
coated with the sealing resin 603 such as a thermosetting
resin or an ultraviolet curing resin, and then, the sealing
substrate is laminated on the sealing resin. By the sealing
step, the sealing portion 3 is formed on the base substrate
2.

[0144] Itis preferable to perform the sealing step in an
inert gas atmosphere such as nitrogen gas, argon gas,
or helium gas. Air is not preferable since the cathode 12
may be oxidized as water or oxygen penetrates into the
negative electrode 12 through defects such as pin holes,
which may occur in the cathode 12.

[0145] Further, by connecting the cathode 12 to a wir-
ing 5a of the substrate 5 and connecting wiring lines of
the circuit element portion 14 to the driving IC 6, the dis-
play device 1 of the presentembodiment can be attained.
[0146] As apparent from the above description, ac-
cording to the manufacturing method of the display de-
vice 1 of the present embodiment, the liquid droplet dis-
charge method is adopted in the step of forming the func-
tional layer 110 of the light emitting element, and, for the
volume (per unit area) of the discharged solvent, the
amount of discharged solvent is relatively larger in the
dummy region 2b than the display region 2a. Specifically,
as shown in Figs. 25A to 25C, the amount of first com-
position (second composition) 9b dropped into the dum-
my region 2b per unit area is larger than the amount of
first composition (second composition) 9a dropped into
the display region 2a per unitarea. As aresult, the amount
of the solvent is relatively large in the dummy region 2b
(Figs. 25A and 25B).

[0147] Accordingly, as shown in Fig. 25C, the vapor
pressure of evaporating solvent molecules in the dummy
region 2b becomes larger than the vapor pressure of
evaporating solvent molecules in the display region 2a,
and further, the evaporation speed of the solvent in the
peripheral portion of the display region 2a can approxi-
mate to the evaporation speed of the solventin the central
portion of display region 2a. As a result, the hole inject-
ing/transporting layer 110b or the light emitting layer 110c
(functional layer 110) having a uniform and equal film
thickness can be formed in the peripheral and central
portions of the display region 2a. Then, in this case, ir-
respective of the central and peripheral portions, the or-
ganic EL device 1 having small irregularity of element
characteristics (display characteristics) and excellent re-
liability can be provided.

[0148] Hereinafter, a modification of the discharge as-
pect of the liquid droplets when the hole injecting/trans-
porting layer 110b or the light emitting layer 110c (func-
tional layer 110) is formed will be described. In the fol-
lowing description, the amount of discharge is referred
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to as the amount of discharge per unit area.

[0149] First, as shown in Figs. 26A to 26C, by making
the area of the discharge region (that is, the area of the
opening surrounded by the partition wall 122) in the dum-
my region 2b larger than the area of the discharge region
in the display region 2a, the amount of discharge can
become relatively large in the dummy region 2b. Partic-
ularly, it is preferable to make the amount of discharge
largerin a dummy region 2c at an edge of the rectangular
display region 2a than the other dummy region 2b.
[0150] Further, as shown in Figs. 27A to 27C, the first
composition (second composition) 9b and 9¢c may be dis-
charged over the substantially entire range of the dummy
region 2b. In this case, the amount of discharge in the
dummy region 2b can be surely larger than the amount
of discharge in the display region 2a. Particularly, in the
case where the display region 2a is rectangular, it is pref-
erable to make the amount of discharge larger in a dum-
my region A in the short side direction than a dummy
region B in the long side direction. Accordingly, the vapor
pressure of the evaporating solvent molecules can be
even uniform in the base substrate. Moreover, although
the liquid droplets are not discharged over the entire
range of the dummy region 2b, as shown in Figs. 28A to
28C, even when the liquid droplets are discharged onto
only a region surrounded by a partition wall (not shown),
in the case where the display region 2a is rectangular, it
is preferable to make the amount of discharge larger in
the dummy region A in the short side direction than the
dummy region B in the long side direction.

[0151] Further, as shown in Fig. 29, when the display
region 2a is rectangular and the light emitting layers 110c
having the same color (for example, R (red), G (green),
or B (blue)) are arranged in the long side direction, it is
preferable to make the amount of discharge larger in the
dummy region A in the short side direction than the dum-
my region B in the long side direction. Accordingly, for
example, when the solvent is dried for each color, the
vapor pressure of the evaporating solvent molecules can
be even uniform in the base substrate.

[0152] Further, as shownin Figs. 31A to 31C, the area
of the discharge region (that is, the area of the opening
surrounded by the partition wall 122) in the dummy region
2b can be made larger than the area of the discharge
region in the display region 2a. In this case, by making
the amount of discharge larger in the dummy region 2b
larger than the amount of discharge in the display region
2a, the vapor pressure of the evaporating solvent mole-
cules in the dummy region 2b can be increased, and fur-
ther, the vapor pressure of the evaporating solvent mol-
ecules in the display region 2a can be uniform in the base
substrate.

[0153] Further, as shown in Figs. 32A to 32C, the area
of the discharge region (that is, the area of the opening
surrounded by the partition wall 122) in the dummy region
2b can be made smaller than the area of the discharge
region in the display region 2a such that discharge re-
gions of the dummy region 2b are compactly arranged.
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In this case, by making the amount of discharge larger
in the dummy region 2b larger than the amount of dis-
charge in the display region 2a, the vapor pressure of
the evaporating solvent molecules in the dummy region
2b can be increased, and further, the vapor pressure of
the evaporating solvent molecules in the display region
2a can be uniform in the base substrate.

[0154] Further, as shown in Figs. 33A to 33C, when
the area of the discharge region (that is, the area of the
opening surrounded by the partition wall 122) in the dum-
my region 2b can be made smaller than the area of the
discharge region in the display region 2a such that dis-
charge regions of the dummy region 2b are compactly
arranged, the discharge region of the dummy region 2b
can be formed in the same column and/or row as the
discharge region of the display region 2a. In this case,
by making the amount of discharge larger in the dummy
region 2b larger than the amount of discharge in the dis-
play region 2a, the vapor pressure of the evaporating
solvent molecules in the dummy region 2b can be in-
creased, and further, the vapor pressure of the evapo-
rating solvent molecules in the display region 2a can be
uniform in the base substrate. Also, in this case, since
the discharge is performed for the same column and/or
row, the discharge step is very convenient as compared
to the example of Figs. 32A to 32C.

[0155] As apparent from the above description, al-
though the method according to the present invention is
adopted when the functional layer 110 is formed in the
present embodiment, the present invention may be
adopted for the color filter substrate used in a liquid crys-
tal device and the like. Specifically, in a manufacturing
process of a color filter substrate having a functional re-
gion (corresponding to the display region 2a in the
present embodiment) functioning as a color filer and se-
lectively transmitting predetermined colorlightand a non-
functional region (corresponding to the dummy region 2b
in the present embodiment) other than the functional re-
gion, the composition (liquid material) in which coloring
materials constituting colored layers are dissolved or dis-
persed in the solvent is discharged onto the substrate by
the liquid droplet discharge method. Further, in the dis-
charge step, like the above-described formation step of
the functional layer 110, when the amount of solvent dis-
charged onto the non-functional region per unit area is
larger than the amount of solvent discharged onto the
functional region per unit area, the same effect as the
above embodiment can be achieved, and, as a result, a
color filter substrate having a uniform film thickness in
the functional region can be manufactured.

Second Embodiment

[0156] Next, an example of an electronic apparatus
having the display device according to the first embodi-
ment will be described. Fig. 30 is a perspective view
showing an example of a cellular phone. In Fig. 30, ref-
erence numeral 600 denotes a cellular phone main body
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and reference numeral 601 denotes a display unit using
the display device 1. Since such an electronic apparatus
has the display unit using the display device 1 according
to the first embodiment and characteristics of the display
device 1, small irregularity of display and excellent dis-
play quality can be achieved.

Claims

1. A method of manufacturing an electro-optical device
(1) which has a functional region (2a) in which elec-
tro-optical elements of pixels function and a non-
functional region (2b) which is formed around the
functional region (2a), the method comprising:

discharging, onto a substrate (2), a liquid mate-
rial, inwhich functional materials constituting the
electro-optical elements are dissolved or dis-
persed into a solvent, with a liquid droplet dis-
charge method, before the discharging of the
liquid material, forming liquid holding regions in
which the liquid material and/or the solvent are
discharged onto the functional region (2a) and
the non-functional region (2b) on the substrate
(2) respectively,

wherein, in the forming of the liquid holding re-
gions, an area of the liquid holding region in the
functional region (2a) is formed larger than an
area of the liquid holding region in the non-func-
tional (2b),

wherein the functional region (2a) is rectangular
in plan and view and a density of the liquid hold-
ing region in the non-functional region (2b) is
differentin the longitudinal and transverse direc-
tions of the functional region (2a), and

the amount of the solvent discharged onto the
liquid holding region having a large density in
the non-functional region (2b) per unit area is
larger than the amount of the solvent discharged
onto the liquid holding region having a small den-
sity in the non-functional region (2b) per unit ar-
ea,

wherein, in the discharging of the liquid material,
the liquid material is discharged onto the func-
tional region (2a) and the liquid material or the
solventis discharged onto the non-functional re-
gion (2b), and

the amount of the solvent discharged onto the
non-functional region (2b) per unit area is larger
than the amount of the solvent discharged onto
the functional region (2a) per unit area.

2. The method of manufacturing an electro-optical de-
vice (1) according to Claim 1, further comprising:

before the discharging of the liquid material,
forming liquid holding regions in which the liquid
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material and/or the solvent are discharged in the
same pattern onto the functional region (2a) and
the non-functional region (2b) on the substrate
(2), respectively,

wherein, in the discharging of the liquid material,
the amount of the solvent discharged onto the
liquid holding region of the non-functional region
(2b) is larger than the amount of the solvent dis-
charged onto the liquid holding region of the
functional region (2a).

The method of manufacturing an electro-optical de-
vice (1) according to Claim 1,

wherein, the functional region (2a) is rectangular in
plan view, with respect to a first non-functional region
formed in a transverse direction of the functional re-
gion (2a) and a second non-functional region formed
in a longitudinal direction of the functional region
(2a), in the discharging of the liquid material, the
amount of the solvent discharged onto the first non-
functional region per unit area is larger than the
amount of the solvent discharged onto the second
non-functional region per unit area.

The method of manufacturing an electro-optical de-
vice (1) according to Claim 1,

wherein, in the forming of the liquid holding regions,
the liquid holding region of the non-functional region
(2b) is formed in a strip shape along the functional
region (2a).

Patentanspriiche

1.

Verfahren zur Herstellung einer elektro-optischen
Vorrichtung (1), die einen Funktionsbereich (2a) auf-
weist, in dem elektro-optische Pixelelemente be-
treibbar sind, und einen Nichtfunktionsbereich (2b),
der um den Funktionsbereich (2a) ausgebildet ist,
wobei das Verfahren Folgendes umfasst:

die Abgabe eines flissigen Materials, in dem
Funktionsmaterialien, aus denen die elektro-op-
tischen Elemente bestehen, in einem Losungs-
mittel gelést oder dispergiert sind, auf ein Sub-
strat (2) mithilfe eines Flissigtropfen-Abgabe-
verfahrens, und vor der Abgabe des flissigen
Materials das Ausbilden von Flissigkeitsauf-
nahmebereichen, indenen das fliissige Material
und/oder das L6ésungsmittel auf den Funktions-
bereich (2a) bzw. den Nichtfunktionsbereich
(2b) auf das Substrat (2) abgegeben werden,
wobei beim Ausbilden der Flissigkeitsaufnah-
mebereiche eine Flache des Flissigkeitsauf-
nahmebereichs im Funktionsbereich (2a) gro-
Rer ausgebildet ist als eine Flache des Flussig-
keitsaufnahmebereichs im Nichtfunktionsbe-
reich (2b) und
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wobei der Funktionsbereich (2a) einen rechte-
ckigen Grundriss aufweist und sich eine Dichte
des Flussigkeitsaufnahmebereichs im Nicht-
funktionsbereich (2b) in Langs- und Querrich-
tung des Funktionsbereichs (2a) unterscheidet
und

die Menge des Losungsmittels, die aufden Flis-
sigkeitsaufnahmebereich mit groRer Dichte im
Nichtfunktionsbereich (2b) pro Einheitsflache
abgegeben wird, groRer ist als die Menge des
Lésungsmittels, die auf den Flissigkeitsaufnah-
mebereich mit kleiner Dichte im Nichtfunktions-
bereich (2b) pro Einheitsflache abgegeben wird,
wobei bei der Abgabe des fliissigen Materials
das flissige Material auf den Funktionsbereich
(2a) abgegeben wird und das flissige Material
oder das Lésungsmittel auf den Nichtfunktions-
bereich (2b) abgegeben wird, und

die Menge des Lésungsmittels, das pro Ein-
heitsflache auf den Nichtfunktionsbereich (2b)
abgegeben wird, gréRer als die Menge des L6-
sungsmittels ist, die pro Einheitsflache auf den
Funktionsbereich (2a) abgegeben wird.

2. Verfahren zur Herstellung einer elektro-optischen

Vorrichtung (1) nach Anspruch 1, das ferner Folgen-
des umfasst:

das Ausbilden von Flissigkeitsaufnahmeberei-
chen, in denen das flissige Material und/oder
das Lésungsmittel im gleichen Muster auf den
Funktionsbereich (2a) bzw. den Nichtfunktions-
bereich (2b) auf dem Substrat (2) abgegeben
werden, vor der Abgabe des fliissigen Materials,
wobei bei der Abgabe des fliissigen Materials
die Menge des Lésungsmittels, die aufden Flis-
sigkeitsaufnahmebereich des Nichtfunktions-
bereichs (2b) abgegeben wird, gréRer als die
Menge des Lésungsmittels ist, die auf den Flus-
sigkeitsaufnahmebereich des Funktionsbe-
reichs (2a) abgegeben wird.

Verfahren zur Herstellung einer elektro-optischen
Vorrichtung (1) nach Anspruch 1, wobei der Funkti-
onsbereich (2a) einen rechteckigen Grundriss auf-
weist, wobei bei der Abgabe des fliissigen Materials
in Bezug auf einen ersten Nichtfunktionsbereich, der
in Querrichtung des Funktionsbereichs (2a) ausge-
bildet ist, und einen zweiten Nichtfunktionsbereich,
der in Langsrichtung des Funktionsbereichs (2a)
ausgebildet ist, die Menge des Losungsmittels, die
pro Einheitsflache auf den ersten Nichtfunktionsbe-
reich abgegeben wird, gréRer ist als die Menge des
Lésungsmittels, die pro Einheitsflache auf den zwei-
ten Nichtfunktionsbereich abgegeben wird.

Verfahren zur Herstellung einer elektro-optischen
Vorrichtung (1) nach Anspruch 1, wobei der Flissig-
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keitsaufnahmebereich des Nichtfunktionsbereichs
(2b) bei der Ausbildung der Flissigkeitsaufnahme-
bereiche in Streifenform entlang des Funktionsbe-
reichs (2a) ausgebildet wird.

Revendications

Procédé de fabrication d’'un dispositif électro-optique
(1) qui comporte une région fonctionnelle (2a) dans
laquelle des éléments électro-optiques de pixels
fonctionnent et une région non fonctionnelle (2b) for-
mée autour de la région fonctionnelle (2a), le procé-
dé comprenant les étapes consistant a :

décharger, sur un substrat (2a), un matériau li-
quide dans lequel des matériaux fonctionnels
constituant les éléments électro-optiques sont
dissous ou dispersés dans un solvant, a l'aide
d'un procédé de décharge de gouttelettes de
liquide, avant le déchargement du matériau li-
quide, former des régions de confinement de
liquide dans lesquelles le matériau liquide et/ou
le solvant sont déchargés respectivement sur la
région fonctionnelle (2a) et la région non fonc-
tionnelle (2b) sur le substrat (2),

dans lequel, dans la formation des régions de
confinement de liquide, une zone de la région
de confinement de liquide dans la région fonc-
tionnelle (2a) est formée plus grande qu’une zo-
ne de la région de confinement de liquide dans
la région non fonctionnelle (2b),

dans lequel la région fonctionnelle (2a) est rec-
tangulaire en vue de dessus et une densité de
la région de confinement de liquide dans la ré-
gion non fonctionnelle (2b) est différente dans
les directions longitudinale et transversale de la
région fonctionnelle (2a), et

la quantité du solvant déchargée sur la région
de confinement de liquide ayant une grande
densité dans larégion non fonctionnelle (2b) par
surface unitaire est supérieure a la quantité du
solvant déchargée sur la région de confinement
deliquide ayantune faible densité dans larégion
non fonctionnelle (2b) par surface unitaire,
dans lequel, lors de la décharge du matériau
liquide, le matériau liquide est déchargé sur la
région fonctionnelle (2a) et le matériau liquide
oule solvantestdéchargé surlarégion nonfonc-
tionnelle (2b), et

la quantité de solvant déchargée sur la région
non fonctionnelle (2b) par surface unitaire est
supérieure a la quantité du solvant déchargée
sur la région fonctionnelle (2a) par surface uni-
taire.

2. Procédé de fabrication d’'un dispositif électro-optique

(1) selon la revendication 1, comprenant en outre :
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3.

avant le déchargement du matériau liquide, la
formation de régions de confinement de liquide
dans lesquelles le matériau liquide et/ou le sol-
vant sont déchargés selon le méme motif sur la
région fonctionnelle (2a) et la région non fonc-
tionnelle (2b) surle substrat (2), respectivement,
dans lequel, lors du déchargement du matériau
liquide, la quantité du solvant déchargée sur la
région de confinement de liquide de la région
non fonctionnelle (2b) est supérieure ala quan-
tité du solvant déchargée sur la région de con-
finement de liquide de la région fonctionnelle
(2a).

Procédé de fabrication d’un dispositif électro-optique
(1) selon la revendication 1,

dans lequel la région fonctionnelle (2a) est rectan-
gulaire en vue de dessus, par rapport a une premiére
région non fonctionnelle (2a) formée dans une direc-
tion transversale de la région fonctionnelle (2a) et a
une seconde région non fonctionnelle formée dans
une direction longitudinale de la région fonctionnelle
(2a) lors de la décharge du matériau liquide, la quan-
tité du solvant déchargée sur la premiere région non
fonctionnelle par surface unitaire est supérieure a la
quantité du solvant déchargée sur la seconde région
non fonctionnelle par surface unitaire.

Procédé de fabrication d’un dispositif électro-optique
(1) selon la revendication 1,

dans lequel, lors la formation des régions de confi-
nement de liquide, la région de confinement de liqui-
de de la région non fonctionnelle (2b) est formée en
forme de bande le long de la région fonctionnelle
(2a).
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