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57 ABSTRACT

In the discharge apparatus, a stage on which a substrate
having target discharge areas is placed moves relative to a
discharge head unit. When at least one of a plurality of first
discharge nozzles of the discharge head unit reaches one of
the target discharge areas, the first nozzle discharges a first
droplet of fluid material to the target discharge area. When
one of a plurality of second nozzles of the discharge head
unit reaches the target discharge area to which the first
droplet has been discharged, the second nozzle discharges a
second droplet of the fluid material to the target discharge
area. A first nozzle row of the first nozzles and a second
nozzle row of the second nozzles are separated by a prede-
termined distance in a direction of the relative movement of

(22) Filed: Jan. 14, 2005 the stage and the discharge head unit.
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DISCHARGE APPARATUS, MATERIAL
APPLICATION METHOD, MANUFACTURING
METHOD FOR COLOR FILTER SUBSTRATE,

MANUFACTURING METHOD FOR
ELECTROLUMINESCENCE DISPLAY
APPARATUS, MANUFACTURING METHOD FOR
PLASMA DISPLAY APPARATUS, AND WIRING
MANUFACTURING METHOD

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a discharge appa-
ratus for applying fluid material to a workpiece (substrate)
and a method of applying material. More particularly, the
present invention relates to a discharge apparatus and a
material application method suitable for production of color
filter substrates and the like.

[0003] 2. Background Information

[0004] There have been known inkjet apparatuses that are
used in producing color filters, electroluminescent display
apparatuses, and the like. For example, Japanese Laid-Open
Patent Application No. 2002-221616 discloses such inkjet
apparatus.

[0005] Material having fluidity or material in the form of
a liquid contains a solvent for imparting fluidity to material
that is to be applied. For this reason, there are situations in
which the volume of the liquid material required to deposit
the target material (solute in the solution or the substance
dispersed in the solvent) to the target discharge area up to a
desired thickness exceeds the capacity that the target dis-
charge area can receive. In such a case, the inkjet apparatus
reduces the volume of the droplets of the liquid material
discharged to the target discharge area during a single main
scan and increases the number of main scans to be per-
formed so that the liquid material does not flow out of the
target discharge area. This is due to the fact that, by reducing
the volume of the droplet of the liquid material during a
single main scan, an increase in the volume of the liquid
material per unit of time due to the discharge of the liquid
material becomes less than a decrease in the volume of the
liquid material per unit of time due to vaporization of the
solvent.

[0006] Inthe above-described method, however, the appli-
cation step requires a longer period of time to carry out the
deposit operation, since a plurality of main scans need to be
performed on a single target discharge area.

[0007] In view of the above, it will be apparent to those
skilled in the art from this disclosure that there exists a need
for an improved discharge apparatuses, material application
methods, manufacturing methods for color filter substrate,
manufacturing methods for electroluminescence display
apparatus, manufacturing methods for plasma display appa-
ratus, and wiring manufacturing methods that overcome the
above described problems of the conventional art. This
invention addresses this need in the art as well as other
needs, which will become apparent to those skilled in the art
from this disclosure.

SUMMARY OF THE INVENTION

[0008] The present invention was contrived in view of the
above-described issue, and an object thereof is to reduce the
time required in application step.

Jul. 21, 2005

[0009] The discharge apparatus of the present invention is
for discharging droplets of fluid material on a substrate that
has target discharge areas. The discharge apparatus includes
a stage on which the substrate is adapted to be placed such
that the target discharge area is positioned to extend in a
X-axis direction; a discharge head unit having a first nozzle
row having a plurality of first discharge nozzles and a second
nozzle row having a plurality of second discharge nozzles,
the second discharge nozzles being separated from the first
discharge head unit in a Y-axis direction by a first distance,
the Y-axis direction intersecting with the X-axis direction;
and a scanning unit for moving at least one of the stage and
the discharge head unit in the Y-axis direction with respect
to the other. When any one of the plurality of first discharge
nozzles is at an area above any one of the target discharge
areas due to the relative movement between the stage and the
discharge head unit, the first nozzle is configured to dis-
charge a first droplet of the fluid material to the target
discharge area. When any one of the plurality of second
discharge nozzles is, due to the relative movement in the
Y-axis direction, at the area above the target discharge area
to which the first droplet has been discharged, the second
nozzle is configured to discharge a second droplet of the
fluid material to the target discharge area.

[0010] These and other objects, features, aspects and
advantages of the present invention will become apparent to
those skilled in the art from the following detailed descrip-
tion, which, taken in conjunction with the annexed draw-
ings, discloses a preferred embodiment of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Referring now to the attached drawings which form
a part of this original disclosure:

[0012] FIG. 1(a) is a schematic diagram showing the
discharge apparatus in accordance with the first embodiment
of the present invention;

[0013] FIG. 1(b) is a schematic diagram showing the
position control apparatus of the discharge apparatus in
accordance with the first embodiment of the present inven-
tion;

[0014] FIG. 2 is a schematic diagram showing the bottom
surface of a head in the discharge apparatuses of in accor-
dance with the first through seventh embodiments of the
present invention;

[0015] FIGS. 3(a) and (b) are schematic diagrams of the
structure of the heads in the discharge apparatuses in accor-
dance with the first through seventh embodiments of the
present invention;

[0016] FIG. 4 is a functional block diagram of the control
unit in the discharge apparatuses of the in accordance with
the first through seventh embodiments of the present inven-
tion;

[0017] FIGS. 5(a) and (b) are schematic diagrams of the
head drive unit in the discharge apparatuses of in accordance

with the first through seventh embodiments of the present
invention;

[0018] FIG. 6 is a schematic diagram of the two discharge
head units in accordance with the first embodiment of the
present invention;
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[0019] FIG. 7 is a schematic diagram showing the appli-
cation step in accordance with the first embodiment of the
present invention;

[0020] FIG. 8 is a schematic diagram showing the appli-
cation step in accordance with the first embodiment of the
present invention;

[0021] FIG. 9 is a schematic diagram of the two discharge
head units in accordance with the second embodiment of the
present invention;

[0022] FIG. 10 is a schematic diagram showing the head
groups in accordance with the second embodiment of the
present invention;

[0023] FIG. 11 is a schematic diagram showing one of the
two discharge head units in accordance with the third
embodiment of the present invention;

[0024] FIG. 12 is a schematic diagram showing the head
groups in accordance with the third embodiment of the
present invention;

[0025] FIG. 13(a) is a schematic diagram showing a cross
section of the substrate of in accordance with the fourth
embodiment of the present invention;

[0026] FIG. 13(b) is a schematic diagram showing the
upper surface of the substrate in accordance with the fourth
embodiment of the present invention;

[0027] FIG. 14 is a schematic diagram showing the color
filter manufacturing apparatus in accordance with the fourth
embodiment of the present invention;

[0028] FIG. 15 is a schematic diagram showing the dis-
charge apparatus in accordance with the fourth embodiment
of the present invention;

[0029] FIG. 16 is a schematic diagram showing the appli-
cation step in accordance with the fourth embodiment of the
present invention;

[0030] FIG. 17 is a schematic diagram showing the pro-
duction method for the color filter substrate in accordance
with the fourth embodiment of the present invention;

[0031] FIG. 18(a) is a schematic diagram showing a cross
section of the substrate in accordance with the fifth embodi-
ment of the present invention;

[0032] FIG. 18(b) is a schematic diagram showing the
plane of the substrate in accordance with the fifth embodi-
ment of the present;

[0033] FIG. 19 is a schematic diagram showing the elec-
troluminescent display apparatus in accordance with the fifth
embodiment of the present invention;

[0034] FIG. 20 is a schematic diagram showing the dis-
charge apparatus in accordance with the fifth embodiment of
the present invention;

[0035] FIGS. 21(a) to (d) are schematic diagrams showing
the production method of the electroluminescent display
apparatus in accordance with the fifth embodiment of the
present invention;

[0036] FIG. 22(a) is a schematic diagram showing a cross
section of the substrate in accordance with the sixth embodi-
ment of the present invention;
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[0037] FIG. 22(b) is a schematic diagram showing the
plane of the substrate in accordance with the sixth embodi-
ment of the present invention;

[0038] FIG. 23 is a schematic diagram showing a portion
of the plasma display apparatus in accordance with the sixth
embodiment of the present invention;

[0039] FIG. 24 is a schematic diagram showing the dis-
charge apparatus in accordance with the sixth embodiment
of the present invention;

[0040] FIGS. 25(a) to (c) are schematic diagrams showing
a portion of the production method for the plasma display
apparatus in accordance with the sixth embodiment of the
present invention;

[0041] FIG. 26 is a schematic diagram showing a cross
section of the plasma display apparatus produced by the
production method in accordance with the sixth embodiment
of the present invention;

[0042] FIG. 27(a) is a schematic diagram showing a cross
section of the substrate in accordance with the seventh
embodiment of the present invention;

[0043] FIG. 27(b) is a schematic diagram showing the
plane of the substrate in accordance with the seventh
embodiment of the present invention;

[0044] FIG. 28 is a schematic diagram showing the manu-
facturing apparatus of the image display device in accor-
dance with the seventh embodiment of the present invention;

[0045] FIG. 29 is a schematic diagram showing the dis-
charge apparatus in accordance with the seventh embodi-
ment of the present invention;

[0046] FIG. 30 is a schematic diagram showing the pro-
duction method of the image display device in accordance
with the seventh embodiment of the present invention;

[0047] FIG. 31 is a schematic diagram showing the pro-
duction method of the image display device in accordance
with the seventh embodiment of the present invention;

[0048] FIG. 32 is a schematic diagram showing the pro-
duction method of the image display device in accordance
with the seventh embodiment of the present invention; and

[0049] FIG. 33 is a schematic diagram showing the rela-
tionship between the target discharge area and the scanning
range on the substrate.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0050] The discharge apparatus of the present invention is
for discharging droplets of fluid material on a substrate that
has at least one target discharge area. The discharge appa-
ratus includes a stage on which the substrate is adapted to be
placed such that the target discharge area is positioned to
extend in a X-axis direction; a discharge head unit having a
first nozzle row having a plurality of first discharge nozzles
and a second nozzle row having a plurality of second
discharge nozzles, the second discharge nozzles being sepa-
rated from the first discharge head unit in a Y-axis direction
by a first distance, the Y-axis direction intersecting with the
X-axis direction; and a scanning unit for moving at least one
of the stage and the discharge head unit in the Y-axis
direction with respect to the other. When any one of the
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plurality of first discharge nozzles is at an area above the
target discharge area due to the relative movement between
the stage and the discharge head unit, the first nozzle is
configured to discharge a first droplet of the fluid material to
the target discharge area. When any one of the plurality of
second discharge nozzles is, due to the relative movement in
the Y-axis direction, at the area above the target discharge
area, the second nozzle is configured to discharge a second
droplet of the fluid material to the target discharge area to
which the first droplet has been discharged.

[0051] With the above-described configuration, the target
material (solute or dispersed substance) with the required
volume can be applied without the liquid material flowing
from the target discharge area during a single scanning
period (single relative movement in the Y-axis direction of
the stage, for example). For this reason, it is possible to
shorten the time required to apply the material in the target
discharge area.

[0052] Preferably, the substrate has a plurality of the target
discharge areas. When any one of the plurality of first
discharge nozzles is at an area above any one of the target
discharge areas due to the relative movement between the
stage and the discharge head unit, the first nozzle is config-
ured to discharge a first droplet of the fluid material to the
target discharge area. When any one of the plurality of
second discharge nozzles is at an area above the target
discharge area due to the relative movement in the Y-axis
direction, the second nozzle is configured to discharge a
second droplet of the fluid material to the target discharge
area to which the first droplet has been discharged.

[0053] With the above configuration, fluid material can be
applied to each of a plurality of target discharge areas on a
single substrate (a substrate designed as a color filter sub-
strate, for example) up to a desired volume during a single
scan period (single relative movement in the Y-axis direction
of the stage 106, for example).

[0054] Preferably, the scanning unit moves the stage in a
direction along the Y-axis direction.

[0055] With the above configuration, the discharge of
liquid material from the first nozzles and the second nozzles
of the discharge head unit is stable. Since the discharge head
unit does not move within the discharge apparatus, vibration
that affects the discharge of droplets of liquid material can
be suppressed.

[0056] The scanning unit preferably moves the stage at a
substantially constant velocity.

[0057] With the above configuration, the discharge timing
of the fluid material is easily controlled.

[0058] Preferably, the plurality of first nozzles are posi-
tioned such that all of the plurality of target discharge areas
receive a first droplet during one relative movement between
the stage and the discharge head unit, and the plurality of
second nozzles are positioned such that all of the plurality of
target discharge areas receive a second droplet during one
relative movement between the stage and the discharge head
unit.

[0059] With the above configuration, a plurality of dis-
charge apparatuses can be arranged in a linear fashion.

[0060] Preferably, all of the first nozzles are arranged on
different X-axis direction positions, all of the second nozzles
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are arranged on different X-axis direction positions, and
every one of the second nozzles has a first nozzle that is
positioned on the same X-axis direction.

[0061] The material application method of the present
invention is a method by which a discharge apparatus
discharges droplets of fluid material on a substrate that has
target discharge areas. The discharge apparatus includes a
stage, a discharge head unit having a first nozzle row of first
nozzles and a second nozzle row of second nozzles, and a
scanning unit for moving at least one of the stage and the
discharge head unit with respect to the other. The material
application method includes a step of mounting on the stage
of the discharge apparatus the substrate such that the target
discharge areas are positioned to extend along a X-axis
direction; a step of moving one of the stage and the drive
head unit relative to the other in a Y-axis direction, the Y-axis
direction intersecting with the X-axis direction; a step of
discharging a first droplet of the fluid material from one of
the first nozzles to one of the target discharge areas when the
first nozzle is positioned in an area above the target dis-
charge area; and a step of discharging a second droplet of the
fluid material from one of the second nozzles to the target
discharge area to which the first droplet has been discharged
when the second nozzle is positioned in the area above the
target discharge area after a predetermined period of time
passed since the discharge of the first droplet to the target
discharge area.

[0062] With the above configuration, the target material
with the required volume (solute or the substance dispersed
in the solvent) can be applied without the fluid material
flowing out from the target discharge areas during a single
scan period (single relative movement in the Y-axis direction
of the stage, for example).

[0063] Selected embodiments of the present invention will
now be explained with reference to the drawings. More
specifically, the present invention may be implemented in a
variety of aspects, and may be implemented in a production
method for a color filter substrate, a production method for
an electroluminescent display apparatus, a production
method for a plasma display apparatus, or a wiring produc-
tion method, for example. It will be apparent to those skilled
in the art from this disclosure that the following descriptions
of the embodiments of the present invention are provided for
illustration only and not for the purpose of limiting the
invention as defined by the appended claims and their
equivalents.

First Embodiment

[0064] A discharge apparatus in accordance with the first
embodiment of the present invention is described below in
the following order.

[0065] A. Overall configuration of the discharge

apparatus
[0066] B. Head
[0067] C. Control unit

[0068]
[0069]

D. Discharge head unit
E. Application step
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[0070] A. Overall Configuration of the Discharge Appa-
ratus

[0071] The discharge apparatus 100 shown in FIG. 1 has
two tanks 101A and 101B, a tube 110A, a tube 110B, and a
discharge scanning unit 102. Both of the tanks 101A and
101B store a liquid material 111. The tubes 110A and 110B
each feed liquid material 111 from the tanks 101A and 101B
to the discharge scanning unit 102. The discharge scanning
unit 102 has a stage 106, a first discharge head unit 103A,
a second discharge head unit 103B, a scanning unit 113, a
ground stage GS, and a control unit 112.

[0072] Both the first discharge head unit 103A and the
second discharge head unit 103B are formed so as to
discharge droplets of the liquid material 111 toward the stage
106. The first discharge head unit 103A and the second
discharge head unit 103B are separated from one another by
a predetermined distance YK in the Y-axis direction. Also,
the position of the second discharge head unit 103B is fixed
with respect to the first discharge head unit 103A. The
scanning unit moves at least one of the stage and the
combination of the first discharge head unit 103A and the
second discharge head unit 103B in the Y-axis direction with
respect to the other.

[0073] Here, the Y-axis direction in the present embodi-
ment matches the direction in which one of the stage 106 and
the combination of the set of the first discharge head unit
103A and the second discharge head unit 103B moves with
respect to the other. Also in the present embodiment, a
Z-axis direction is the direction in which the first discharge
head unit 103A and the second discharge head unit 103B
discharge droplets of liquid material 111, and this dropping
direction of the present embodiment matches the direction of
gravitational acceleration of the earth. The X-axis is the
direction that is perpendicular to both the Y- and Z-axis
directions thus described. The origin of the XYZ coordinate
system that defines the X-, Y-, and Z-axis directions is
fixedly assumed as the reference portion of the discharge
apparatus 100.

[0074] Furthermore, in the present specification, the X
coordinate, Y coordinate, and Z coordinate are coordinates
in the XYZ coordinate system thus described. The origin
may not only be a reference position, but may also be fixedly
assumed on the stage 106, and may also be assumed on the
first discharge head unit 103A or the second discharge head
unit 103B.

[0075] The scanning unit 113 in the present embodiment
has a position control apparatus 108, a first support structure
14A, and a second support structure 14B.

[0076] The position control apparatus 108 moves the stage
106. The position control apparatus 108 in the present
invention moves the stage 106 along the Y-axis direction in
accordance with a signal from the control unit 112. Further-
more, the position control apparatus 108 has a function of
rotating the stage 106 about an axis parallel to the Z-axis.

[0077] More specifically, the position control apparatus
108 has a pair of linear motors 108a extending in the Y-axis
direction, a pair of Y-axis guide rails 1086 extending in the
Y-axis direction, a Y-axis air slider 108c, and a 0 table 108d.
The pair of linear motors 108a and the pair of Y-axis guide
rails 108b are positioned on the ground stage GS. The Y-axis
slider 108c is movably supported by the pair of Y-axis guide
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rails 108b. The Y-axis slider 108c is moved in the Y-axis
direction along the pair of Y-axis guide rails 1085 by the
action of the pair of linear motors 108a. Since the Y-axis air
slider 108c is linked to the reverse surface of the stage 106
via the 6 table 1084, the stage 106 moves together with the
Y-axis air slider 108c in the Y-axis direction. The 0 table
1084 has a motor, and causes the stage 106 to rotate about
the axis parallel to the Z-axis.

[0078] The first support structure 14A supports the first
discharge head unit 103A. More specifically, the first sup-
port structure 14A holds the first discharge head unit 103A
so that the first discharge head unit 103A is separated from
the ground stage GS by a predetermined distance in the
Z-axis direction. The second support structure 14B supports
the second discharge head unit 103B. More specifically, the
second support structure 14B holds the second discharge
head unit 103B so that the second discharge head unit 103B
is separated from the ground stage GS by a predetermined
distance in the Z-axis direction.

[0079] The first support structure 14A and the second
support structure 14B each have two supports 14Aa (14Ba)
and a fixed portion 14Ab (14Bb) supported by the two
supports 14Aa (14Ba). The two supports 14Aa (14Ba) are
positioned so as to sandwich the stage 106 on the ground
stage GS, and each support 14Aa (14Ba) extends in the
Z-axis direction. The fixed portion 14Ab (14Bb) is linked to
the two supports 14Aa (14Ba) so as to be positioned at a
distance from the ground stage GS in the Z-axis direction.
The fixed portion 14Ab (14Bb) holds the first discharge head
unit 103A or the second discharge head unit 103B so that the
discharge nozzles 118T (FIG. 2) in the first discharge head
unit 103A or the second discharge head unit 103B face the
ground stage GS side.

[0080] The fixed portion of the first support structure 14A
is capable of rotating the first discharge head unit 103A
about the axis parallel to the Z-axis. This rotation is used
when making slight adjustments to the first discharge head
unit 103A. However, the fixed portion fixedly holds the first
discharge head unit 103A so that the first discharge head unit
103A does not rotate while the discharge step described
below is carried out. The fixed portion of the second support
structure 14B also fixedly holds the second discharge head
unit 103B in the same manner as the first support structure
14A.

[0081] Inthe present embodiment, the positions of the first
support structure 14A and the second support structure 14B
are fixed with respect to the ground stage GS (or the
discharge apparatus 100). For this reason, the position of the
first discharge head unit 103A and the position of the second
discharge head unit 103B are fixed with respect to the
ground stage GS. Accordingly, the first discharge head unit
103A and the second discharge head unit 103B are fixedly
positioned relative to each other. Therefore, the position of
the second discharge head unit 103B is fixed with respect to
the first discharge head unit 103A.

[0082] Furthermore, in the present embodiment, the first
discharge head unit 103A and the second discharge head unit
103B are fixed within the discharge apparatus. On the other
hand, the stage 106 moves in the Y-axis direction. The
relative positions of the first discharge head unit 103A and
the second discharge head unit 103B change with respect to
the stage 106 because of the movement of the stage 106.
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With this configuration, the first discharge head unit 103A
and the second discharge head unit 103B may remain
stationary, so the head 114 described below can stably
discharge the liquid material 111. This is due to the fact that
the head 114 does not move, so vibration that would be
caused by movement of the head 114 does not occur. As a
result, unnecessary vibration is not transmitted to the liquid
material 111 in the head 114.

[0083] B. Head

[0084] The head 114 shown in FIG. 2 is one of heads 114
in the first discharge head unit 103A and second discharge
head unit 103B. FIG. 2 shows a bottom surface of the head
114. The head 114 has a plurality of nozzles 118 aligned in
the X-axis direction. This plurality of nozzles 118 is dis-
posed so that the nozzle pitch HXP in the X-axis direction
of the head 114 is about 70 um. Here, “the nozzle pitch HXP
in the X-axis direction of the head 114" corresponds to the
pitch between a plurality of nozzle images that is obtained
by projecting all of the nozzles 118 in the head 114 onto the
X-axis from the direction orthogonal to the X-axis direction.

[0085] In the present embodiment, the plurality of nozzles
118 in the head 114 form a nozzle row 116A and a nozzle
row 116B, both of which extend in the X-axis direction. The
nozzle row 116A and nozzle row 116B are positioned next
to each other in the Y-axis direction. In each of the nozzle
row 116A and nozzle row 116B, 90 nozzles 118 are aligned
in a single row in the X-axis direction with a predetermined
spacing therebetween. In the present invention, the spacing
or the nozzle pitch LNP is about 140 um. In other words, the
nozzle pitch LNP of the nozzle row 116A and the nozzle
pitch LNP of the nozzle row 116B are both about 140 um.

[0086] The position of the nozzle row 116B is offset in the
positive direction (rightward direction of FIG. 2) of the
X-axis direction by a length (about 70 um) about half the
nozzle pitch LNP with respect to the position of the nozzle
row 116A. For this reason, the nozzle pitch HXP in the
X-axis direction of the entire head 114 is half the length of
the nozzle pitch LNP of the nozzle row 116 A (or the nozzle
row 116B).

[0087] Therefore, the linear density of the nozzles in the
X-axis direction of the entire head 114 is double the linear
density of the nozzles of one nozzle row 116A (or nozzle
row 116B). It should be noted that “linear density of the
nozzles in the X-axis direction” corresponds to the number
of nozzles 118 per unit length of a plurality as viewed by
projecting a plurality of nozzles onto the X-axis from the
direction orthogonal to the X-axis direction.

[0088] Although there are two nozzle rows 116 in the head
114 shown in FIG. 2, the number of nozzle rows in the head
114 is not limited to two. The head 114 may have any
number (M) of nozzle rows, as long as the number M is a
natural number that is 1 or greater. When the number of
nozzle rows 116 on the head 114 is M, a plurality of nozzles
118 in each of the M nozzle rows 116 are aligned such that
the pitch length LNP between the nozzles 118 of one nozzle
row 116 is M times the nozzle pitch HXP, which in FIG. 2
is the pitch length between the nozzles 118 of the all M
nozzle rows 116. In other words, when there are M nozzle
rows (M is a natural number that is 2 or greater), M-1 nozzle
rows are offset in the X-axis direction with respect to any
one of the M nozzle rows so as not to overlap. Thus, all M
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nozzles rows are offset from one another, the distance
between offset nozzle rows are i times HXP, where i is any
natural number between 1 and M-1.

[0089] The nozzle row 116A and nozzle row 116B are
each composed of 90 nozzles 118, so a single head 114 has
180 nozzles 118. However, five nozzles on each end of the
nozzle row 116A are set as “inactive nozzles.” Five nozzles
at each end of the nozzle row 116B are also similarly set as
“inactive nozzles.” In other words. liquid material 111 is not
discharged from these 20 “inactive nozzles.” For this reason,
only 160 nozzles 118 of the 180 nozzles 118 in the head 114
function as nozzles 118 for the purpose of discharging liquid
material 111. In the present embodiment, these 160 nozzles
118 are referred to as “discharge nozzles 118T.”

[0090] Although the head 114 of the present invention has
180 nozzles 118. The number of nozzles 118 in a single head
114 is not limited to 180, and 360 nozzles may be provided
to a single head 114. In this case, the nozzle row 116A and
nozzle row 116B may each have 180 nozzles 118. Also, the
number of discharge nozzles 118T in the present invention
is not limited to 160, and a single head 114 may have any
number (any natural number between 2 and the total number
of the nozzles in the head) of discharge nozzles.

[0091] For the purpose of describing the relative positional
relationship between the heads 114 in the present embodi-
ment, the discharge nozzle 118T at a position of the smallest
value in the X coordinate among the 160 discharge nozzles
118T in each of the heads 114 will be referred to as a “first
reference nozzle 118R1.” The discharge nozzle 118T at a
position of the highest value in the X coordinate among the
160 discharge nozzles 118T will be referred to as the
“second reference nozzle 118R2.” In the case of FIG. 2, the
sixth nozzle 118 from the left of the nozzle row 116A is the
discharge nozzle 118T with the smallest X coordinate value
so this nozzle is the first reference nozzle 118R1. Similarly,
the sixth nozzle 118 from the right of the nozzle row 116B
is the discharge nozzle 118T with the greatest X coordinate
value, so this nozzle is the second reference nozzle 118R2.
The “first reference nozzle 118R1” and the “second refer-
ence nozzle 118R2” in other heads 114 do not have to be
same nozzles as those described above and shown in FIG.
2, as long as the manner in which the “first reference nozzle
118R1” and “second reference nozzle 118R2” are identified
is the same for all the heads 114.

[0092] Each of the heads 114 is an inkjet head, as shown
in FIG. 3(a). More specifically, each of the heads 114 has a
vibration plate 126 and a nozzle plate 128. A liquid reservoir
129 that is filled with liquid material 111 fed from the tank
101A or the tank 101B (FIG. 1) via a hole 131 is positioned
between the vibration plate 126 and the nozzle plate 128.

[0093] A plurality of partition walls 122 are also posi-
tioned between the vibration plate 126 and the nozzle plate
128. The portion surrounded by the vibration plate 126, the
nozzle plate 128, and a pair of partition walls 122 is a cavity
120. The cavity 120 is disposed in correspondence with the
nozzle 118, so the number of cavities 120 and the number of
nozzles 118 are the same. Liquid material 111 is fed from the
liquid reservoir 129 to the cavity 120 via a supply port 130
positioned between the pair of partition walls 122.

[0094] Vibrators 124 are positioned on the vibration plate
126 in correspondence with the cavities 120. Each vibrator
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124 has a piezo element 124C, and a pair of electrodes 124A
and 124B that sandwiches the piezo element 124C. By
imparting a drive voltage between the pair of electrodes
124A and 124B, liquid material 111 is discharged from the
corresponding nozzles 118. The shape of the nozzle 118 is
adjusted so that liquid material 111 is discharged from the
nozzle 118 in the Z-axis direction, which is the downward
direction as shown in FIG. 3(b).

[0095] Here, “liquid material 1117 in the present specifi-
cation refers to material having a viscosity that allows
discharge from a nozzle. In this case, the material may be
water-based or oil-based. The material need only be pro-
vided with sufficient fluidity (viscosity) to allow discharge
from the nozzle 118, and the material should be a fluid as a
whole even if a solid substance is blended therein.

[0096] The control unit 112 (FIG. 1) may be configured so
as to impart a signal to each of the plurality of vibrators 124
in a mutually independent fashion. In other words, the
volume of the liquid material 111 to be discharged from the
nozzles 118 can be controlled for each nozzle 118 in
accordance with a signal from the control unit 112. For
instance, the volume of the liquid material 111 to be dis-
charged from each of the nozzles 118 may be varied between
0 pL and 42 pL (picoliters). Also, the control unit 112 can set
the nozzles 118 that perform discharge action and the
nozzles 118 that do not perform discharge action during
application scans.

[0097] In the present specification, a portion containing a
single nozzle 118, a cavity 120 corresponding to the nozzle
118, and a vibrator 124 corresponding to the cavity 120 are
referred to as a “discharge unit 127.” In accordance with this
description, a single head 114 has the equal number of
discharge units 127 and the nozzles 118. Also, the discharge
unit 127 can have an electrothermal converter instead of a
piezoelement. In other words, the discharge unit 127 may be
configured to make use of the thermal expansion of the
material caused by the electrothermal converter to discharge
the material.

[0098] C. Control Unit

[0099] Next, the configuration of the control unit is
described referring to FIG. 4. The control unit 112 has an
input buffer memory 200, a storage device 202, a processor
204, a scan drive unit 206, and a head drive unit 208, as
shown in FIG. 4. The buffer memory 200 and processor 204
are mutually communicably connected. The processor 204
and the storage device 202 are mutually communicably
connected. The processor 204 and scan drive unit 206 are
mutually communicably connected. The processor 204 and
the head drive unit 208 are mutually communicably con-
nected. The scan drive unit 206 and the position control
apparatus 108 are mutually communicably connected. In a
similar fashion, the head drive unit 208 is mutually com-
municably connected with each of the plurality of heads 114.
Furthermore, the processor 204 is configured to be able to
selectively control any of the storage device 202, the scan
drive unit 206, and the head drive unit 208.

[0100] The input buffer memory 200 receives discharge
data from an external information processing apparatus, and
the data is used to discharge droplets of liquid material 111.
The discharge data contains data expressing the relative
position of all target discharge areas on a substrate, data
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showing the number of discharges required to apply liquid
material 111 to all target discharge areas and achieve a
desired thickness, data for identifying inactive nozzles, data
for identifying nozzles that actually perform discharges
among the discharge nozzles 118T, and data for identifying
nozzles that do not perform discharges among the discharge
nozzles 118T. The input buffer memory 200 feeds such
discharge data to the processor 204, and the processor 204
stores the discharge data in the storage device 202. In the
example shown in FIG. 4, the storage device 202 is a RAM.

[0101] The processor 204 presents the scan drive unit 206
with data showing the relative positions of the nozzles 118
with respect to the target discharge areas based on the
discharge data in the storage device 202. The scan drive unit
206 presents the position control apparatus 108 with drive
signals correlated with this relative positions data and with
the discharge cycle EP (FIG. 5) described below. As a result,
the head 114 performs relative scanning on the target dis-
charge area. The processor 204, on the other hand, presents
the head drive unit 208 with selection signals SC for
specifying the ON/OFF state of the nozzles 118 at each
discharge timing based on the discharge cycle EP and the
discharge data stored in the storage device 202. The head
drive unit 208 presents the head 114, on the basis of the
selection signals SC, with ejection signals ES that require
the liquid material 111 to be discharged. As a result, the
liquid material 111 is discharged as droplets from the cor-
responding nozzles 118 on the head 114.

[0102] The control unit 112 can be a separate computer
that includes a CPU, a ROM, a RAM, and a bus. In this case,
the above-described functions of the control unit 112 are
carried out by a software program that is executed by the
computer. The control unit 112 can also be implemented as
a dedicated circuitry (hardware).

[0103] Next, the configuration and function of the head
drive unit 208 in the control unit 112 are described.

[0104] The head drive unit 208 has a single drive signal
generator 203 and a plurality of analog switches AS, as
shown in FIG. 5(a). The drive signal generator 203 gener-
ates a drive signal DS, as shown in FIG. 5(b). The electric
potential of the drive signal DS varies with time in relation
to a reference electric potential L. Specifically, the drive
signal DS contains a plurality of discharge waveforms P that
are repeated in the discharge cycle EP. Here, the discharge
waveform P corresponds to the drive voltage waveform that
is to be applied between the pairs of electrodes of the
corresponding vibrators 124 in order to discharge a single
droplet from the nozzle 118.

[0105] The drive signal DS is fed to the input terminal of
each analog switch AS. In other words, the number of analog
switches AS and the number of discharge units 127 (the
number of nozzles 118, in other words) are the same.

[0106] The processor 204 provides selection signals SC
indicating the ON/OFF state of the nozzles 118 to the analog
switches AS, respectively. Here, the selection signals SC
(SC1 to SC7 in FIG. 5) can assume either a high level or a
low level for each analog switch AS. The analog switches
AS feed ejection signals ES (ES1 and ES7 in FIG. 5) to the
electrodes 124A of the vibrators 124 in accordance with the
drive signal DS and selection signals SC. Specifically, when
the selection signal SC is at a high level, the analog switch
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AS transmits a drive signal DS as an ejection signal ES to
the electrodes 124A. When the selection signal SC is at a
low level, the electric potential of the ejection signal ES
output by the analog switches AS is the reference electric
potential L. When a drive signal DS is provided to the
electrodes 124 A of the vibrator 124, the liquid material 111
is discharged from the nozzle 118 corresponding to the
vibrator 124. It should be noted that the reference potential
L is also provided to each of the electrodes 124B of the
vibrators 124.

[0107] In the example shown in FIG. 5(b), a high level
period and a low level period are set in each of the two
selection signals SC 1 and SC2, so that the discharge
waveform P appears in the cycle of 2EP, which is twice as
long as the discharge cycle EP, in each of the two ejection
signals ES1 and ES2. The liquid material 111 is thereby
discharged in the cycle 2EP from each of the two corre-
sponding nozzles 118. Also, the shared drive signal DS is
provided from the shared drive signal generator 203 to the
corresponding vibrators 124 of these two nozzles 118 in a
parallel manner. For this reason, liquid material 111 is
discharged from these two nozzles 118 at substantially the
same timing.

[0108] On the other hand, since the level of the selection
signal SC3 in FIG. 5(b) is kept at a low level while the
selection signals SC1 and SC2 are at a high level, the
discharge waveform P does not appear in the corresponding
ejection signals ES3. More specifically, the ejection signal
ES3 is kept at the reference level L. For this reason, liquid
material 111 is not discharged from the nozzle 118 that
corresponds to the selection signal SC3 even when the
discharge waveform P appears in the drive signal DS.

[0109] In accordance with the above-described configura-
tion, the discharge apparatus 100 scans and applies the liquid
material 111 in accordance with the discharge data provided
to the control unit 112.

[0110] D. Discharge Head Unit

[0111] The first discharge head unit 103A is separated
from the second discharge head unit 103B by a predeter-
mined distance YK in the Y-axis direction, as shown in FIG.
6. In the case of FIG. 6, the Y coordinate value of the first
discharge head unit 103A is greater than the Y coordinate
value of the of the second discharge head unit 103B. The
predetermined distance YK is also the distance between the
nozzle row having the largest Y coordinate value in the first
discharge head unit 103A and the nozzle row having the
largest Y coordinate value in the second discharge head unit
103B.

[0112] The relative positional relationship of the heads 114
of the first discharge head unit 103A will now be described.

[0113] A plurality of heads 114 are arranged in three head
rows HL, each of which extends in the X-axis direction. The
three head rows HL neighbor each other in the Y-axis
direction. Each of the head rows HL has the same number of
heads 114 that are aligned with a predetermined spacing
between adjacent heads 114.

[0114] For the purpose of facilitating the description, the
plurality of heads 114 contained in the bottom head row HL
of the first discharge head unit 103A shown in FIG. 6 is
designated as head A, head A,,, and head A ; to A, in the
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order from the left hand side to the right hand side in FIG.
6. Also, the heads 114 contained in the middle head row HL
of FIG. 6 are designated as head A,,, head A,,, and head
A to A,y from the left hand side to the right hand side in
FIG. 6. The plurality of heads 114 contained in the top head
row HL as shown in FIG. 6 is designated as head A5, head
A,,, and head A5 to A5y from the left hand side to the right
hand side in FIG. 6. It should be noted that the number N
is a positive integer and indicates the number of heads 114
contained in a head row.

[0115] The position of the first reference nozzle 118R1 of
the head A,; is offset in the positive direction (rightward
direction in FIG. 6) of the X-axis direction by the length of
the nozzle pitch HXP (about 70 um) from the position of the
second reference nozzle 118R2 of the head A, ;. In FIG. 6,
the nozzle pitch HXP is the distance between the first and
second reference nozzles 118R1 and 118R2 of the immedi-
ately adjacent heads 114. The position of the first reference
nozzle 118R1 of the head A,; is offset in the positive
direction of the X-axis direction by the length of the nozzle
pitch HXP (about 70 um) from the position of the second
reference nozzle 118R2 of the head A, ;. The position of the
first reference nozzle 118R1 of the head A, is offset in the
positive direction of the X-axis direction by the length of the
nozzle pitch HXP (about 70 um) from the position of the
second reference nozzle 118R2 of the head A;.

[0116] Furthermore, the relative positional relationships
between other heads in the first discharge head unit 103A is
the same as the relative positional relationships between the
head A,;, head A,;, head A;;, and head A,,.

[0117] Based on the description above, the discharge
nozzles 118T in the first range EXT are distributed so that
the nozzle pitch in the X-axis direction is the nozzle pitch
HXP. Here, the term “first range EXT” in the present
embodiment is a range disposed along the X-axis direction,
and this range is defined to be between the two discharge
nozzles 118T positioned on the outermost sides in the first
discharge head unit 103A. The two discharge nozzles 118T
positioned on the outermost sides are included in the first
range EXT.

[0118] For convenience in description, the heads 114 in
the second discharge head unit 103B are described next as
heads B;; to B,y The arrangement pattern of the heads B,
to B5y in the second discharge head unit 103B is the same
as the arrangement pattern of the heads A, to A, in the first
discharge head unit 103A. In other words, the arrangement
pattern of the discharge nozzles 118T of the second dis-
charge head unit 103B is the same as the arrangement
pattern of the discharge nozzles 118T of the first discharge
head unit 103A.

[0119] Based on the above description, the discharge
nozzles 118T in the first range EXT in the second discharge
head unit 103B are also distributed so that the nozzle pitch
in the X-axis direction is the nozzle pitch HXP. The two
discharge nozzles 118T that have the same X coordinate
value are positioned one each in the first discharge head unit
103A and second discharge head unit 103B.

[0120] E. Application Step
[0121] The step for applying the liquid material 111 to the
striped target discharge area 18L is described as the appli-

cation step of the present embodiment with reference to
FIGS. 7 and 8.



US 2005/0156978 Al

[0122] The stage 106 in the discharge apparatus 100 of the
present embodiment moves once in the Y-axis direction from
a receiving area to a removal area in the step for applying
(application step) the liquid material 111 to a single target
discharge area 181 on the substrate 10L.

[0123] When the stage 106 is positioned in the receiving
area, the substrate 10L to which the liquid material 111 is to
be applied is placed on the stage 106 using a first robot fork.
Here, the substrate 10L is positioned with respect to the
discharge apparatus 100 so that the lengthwise direction of
the stripe-shaped target discharge area 181 matches the
X-axis direction. The substrate 10L is positioned with
respect to the discharge apparatus 100, and the stage 106
then begins to move in the Y-axis direction from the receiv-
ing area toward the removal area.

[0124] The first discharge head unit 103A passes through
the area corresponding to the target discharge area 181.. The
first discharge head unit 103 A discharges first droplets of the
liquid material 111 in the target discharge areca 18L from
each of the discharge nozzles 118T while the first discharge
head unit 103 A passes through the area corresponding to the
target discharge area 18L. As a result, droplets of the liquid
material 111 are deposited in each of a plurality of deposit
positions in alignment with the nozzle pitch HXP in the first
range EXT. Each of the deposited droplets spreads out from
their respective deposited positions.

[0125] When this operation is completed, the liquid mate-
rial 111 fills the target discharge area 18L, as shown in FIG.
7(a). The first discharge head unit 103A passes by the arca
corresponding to the target discharge area 181, and the
solvent contained in the liquid material 111 then evaporates
by the time the second discharge head unit 103B enters the
area corresponding to the target discharge area 18L thereof,
and only the material (solute or dispersed substance) that is
to be applied remains in the target discharge area 18L. The
volume of the liquid material 111 in the target discharge area
18L is reduced as a result, as shown in FIG. 7(b).

[0126] The first discharge head unit 103A passes through
the area corresponding to the target discharge area 181, and
then the second discharge head unit 103B passes through the
area corresponding to the target discharge area 18L. The
second discharge head unit 103B discharges second droplets
of the liquid material 111 in the target discharge area 181
from each of the discharge nozzles 118T while the second
discharge head unit 103B passes through the area corre-
sponding to the target discharge area 18L. As a result,
droplets of the liquid material 111 are deposited in each of
a plurality of deposit positions in alignment with the nozzle
pitch HXP in the first range EXT. The plurality of deposit
positions produced by the second discharge head unit 103B
is substantially the same as the plurality of deposit positions
of the first discharge head unit 103A. Each of the deposited
droplets spreads out from their respective deposited posi-
tions. As a result, the entire target discharge area 18L is
covered with the liquid material 111.

[0127] As a result, the liquid material 111 once again fills
the target discharge area 18L, as shown in FIG. 7(c). The
liquid material 111 discharged to the target discharge area
18L. dries thereafter, and the material with the required
volume is applied to the target discharge area 18L after the
solvent in the liquid material 111 evaporates, as shown in
FIG. 7(d).
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[0128] The second discharge head unit 103B passes
through the area corresponding to the target discharge areas
18L, and the stage 106 then reaches at the removal area and
stops. The substrate 10L that has gone through the applica-
tion step is lifted up from the stage 106 using the two forks
of a second robot.

[0129] Next, the process in FIG. 7 is described in a greater
detail referring to FIG. 8. The stage 106 moves in the Y-axis
direction, as shown in FIG. 8. When this operation is
completed, the nozzle row 116 A of the plurality of heads 114
contained in the first head row HL1 in the first discharge
head unit 103 A reaches the areas corresponding to the target
discharge areas 18L. The nozzle row 116A of these heads
114 discharges first droplets of the liquid material 111
toward the target discharge areas 18L.. The plurality of first
droplets is thereby deposited in a plurality of deposit posi-
tions SBD in alignment with the nozzle pitch LNP (about
140 um) in the target discharge area 181, as shown on the
right side of the label Al of FIG. 8. The deposited droplets
spread out from the deposit positions SBD.

[0130] In FIG. 8, only the deposit positions SBD corre-
sponding to the discharge nozzles 118T at both ends of the
nozzle row 116A are shown as black dots on the right side
of the label Al of FIG. 8, and the deposit positions SBD that
correspond to the discharge nozzles 118T between the ones
on both ends of the nozzle row 116 A have been omitted from
the diagram. In the other labels A2 to A12 as well, only the
deposit positions SBD corresponding to the discharge
nozzles 118T at both ends of the corresponding nozzle row
are represented as deposit positions SBD.

[0131] Next, the plurality of heads 114 of the nozzle row
1168 in the first head row HL1 reaches the area correspond-
ing to the target discharge areas 18L.. The nozzle row 116B
then discharges first droplets of liquid material 111 toward
the target discharge areas 18L. The first droplets are thereby
deposited at each of the plurality of deposit positions SBD
that are in alignment with the nozzle pitch LNP (about 140
um) on the target discharge areas 18L, as shown on the right
side of the label A2 of FIG. 8. As seen in FIG. 8, the deposit
positions SBD deposited from the nozzle row 116A and the
deposit positions SBD deposited from the nozzle row 116B
are offset by about 70 um. In this manner, the nozzle row
116 A and nozzle row 116B deposit the first droplets at each
of the plurality of deposit positions SBD that are in align-
ment with the spacing of the nozzle pitch HXP on the target
discharge areas 18L..

[0132] The first droplets of the liquid material 111 are
discharged in the same manner from the heads 114 in the
second head row HL2 and the heads 114 in the third head
row HL3. More specifically, the nozzle row 116A of the
second head row HIL2 deposits droplets at the deposit
positions SBD of the label A3, and the nozzle row 116B the
label A4. The nozzle row 116A of the third head row HL3
deposits droplets at the deposit positions SBD of the label
AS, and the nozzle row 116B the label A6. The first droplets
of the liquid material 111 are deposited at each of the
plurality of deposit positions SBD in alignment with the
nozzle pitch HXP across the first range in the target dis-
charge areas 18L (labels A3 to A6 in FIG. 8).

[0133] Next, the second discharge head unit 103B reaches
the areas corresponding to the target discharge areas 18L..
The arrangement pattern of the discharge nozzles 118T in
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the second discharge head unit 103B is the same as the
arrangement pattern of the discharge nozzles 118T in the
first discharge head unit 103A. Therefore, second droplets of
the liquid material 111 are deposited at the same deposit
positions LBD as the deposit positions SBD of the first
discharge head unit 103A (labels A7 to Al12 in FIG. 8).

[0134] The application step described above can allow
liquid material 111 with a desired volume to be applied to the
target discharge areas 181 with only a single movement of
the stage 106 in the Y-direction.

[0135] The liquid material 111 contains a solvent so as to
obtain a desired fluidity. For this reason, the volume of the
liquid material 111 corresponding to the volume of the
material (solute or material dispersed by the solvent) that is
to be applied to the target discharge area 181 may be greater
than the volume of the capacity of the target discharge area
18L.. In such cases, the volume of the liquid material 111 that
can be discharged to the target discharge area during a single
scan period is limited. Accordingly, a plurality of scan
periods is therefore necessary, and time is required in the
application step as a result.

[0136] In accordance with the present embodiment, how-
ever, the first discharge head unit 103A and the second
discharge head unit 103B overlap at the same positions on
the target discharge areas 18L with a time interval therebe-
tween during a single scan (for example, a single relative
movement of the stage 106 along the Y-axis direction from
the start point to the end point). Here, the solvent of the
liquid material 111 in the first droplet deposited by the first
discharge head unit 103A evaporates vaporizes by the time
the second discharge head unit 103B reaches the same target
discharge area 18L. Thus, the volume of the liquid material
111 is reduced during the time interval, which begins when
the first discharge head unit 103A discharges the first droplet
to the target discharge area 181 and ends when the second
discharge head unit 103B discharges the second droplet to
the target discharge area 18L.. Accordingly, several droplets
can be discharged to the same target discharge area 181
during a single scan period even if the volume of the droplets
from a single head is small. The required amount of liquid
material 111 can therefore be applied to the target discharge
area 181 during a single scan without the liquid material 111
flowing out from the target discharge area 18L..

[0137] One example of the stripe-shaped target discharge
area 18L is a portion for forming metal wiring in electronic
equipment. Therefore, the discharge apparatus 100 of the
present embodiment can be applied to wiring manufacturing
apparatuses for producing metal wiring in electronic equip-
ment by discharging wiring material in the form of a liquid.
For example, the present invention can be applied to wiring
manufacturing apparatuses for forming address electrodes
54 on a carrier substrate 52 of a plasma display apparatus 50
(FIGS. 25 to 26) described below.

Second Embodiment

[0138] Referring now to FIGS. 9-10 a discharge apparatus
in accordance with a second embodiment will now be
explained. The configuration of the discharge apparatus of
the second embodiment of the present embodiment is the
same as the configuration of the discharge apparatus 100 of
the first embodiment, except that the arrangement pattern of
the discharge nozzles 118T in the first discharge head unit
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103C and the arrangement pattern of the discharge nozzles
118T in the second discharge head unit 103D differ from
those of the first and second discharge head units 103A and
103B in the first embodiment. In view of the similarity
between the first and second embodiments, the parts of the
second embodiment that are identical to the parts of the first
embodiment will be given the same reference numerals as
the parts of the first embodiment.

[0139] The first discharge head unit 103C is separated
from the second discharge head unit 103D by a predeter-
mined distance YK in the Y-axis direction, as shown in
FIGS. 9 and 10. In the case of FIG. 9, the Y coordinate
value of the first discharge head unit 103C is greater than
that of the second discharge head unit 103D. The predeter-
mined distance YK is also same as the distance between the
nozzle row having the greatest Y coordinate value in the first
discharge head unit 103C and the nozzle row having the
greatest Y coordinate value in the second discharge head unit
103D.

[0140] The relative positional relationship of the heads
114 in the first discharge head unit 103C is will now
described.

[0141] The first discharge head unit 103C has a plurality
of head groups 114G, as shown in FIG. 9. Each of the
plurality of head groups 114G has a group of the heads 114
that are arranged in the Y-axis direction. The plurality of
head groups 114G are aligned in the X-axis direction.

[0142] More specifically, each of the head groups 114G
includes four heads 114 that are positioned next to each other
in the Y-axis direction. As seen in FIG. 10, the four heads
114 are disposed in the head groups 114G so that the nozzle
pitch GXP (17.5 um in FIG. 10) in the X-axis direction of
the head groups 114G is % the length of the nozzle pitch
HXP (70.0 ym in FIG. 10) in the X-axis direction of the
heads 114. In this embodiment, the nozzle pitch GXP is the
shortest distance between the first reference nozzles 118R1
of the heads 114 in one head group 114G. The nozzle pitch
HXP in this embodiment is the distance between the first and
second reference nozzles 118R1 and 118R2 of the immedi-
ately adjacent heads 114 in the same head row HL. More
specifically, the first reference nozzles 118R1 of the four
heads 114 are positioned on the X coordinate so as to be
offset from one another in the X-axis direction without
overlapping. The distance in the X-axis direction between
the reference nozzles 118R1 of a single head 114 in the head
groups 114G varies from % to % of the nozzle pitch HXP (or
the nozzle pitch GXP to three times the nozzle pitch GXP).

[0143] In the present embodiment, the nozzle pitch HXP
in the X-axis direction of the heads 114 is about 70 um, so
the nozzle pitch GXP in the X-axis direction of the head
groups 114G is % of the nozzle pitch HXP, which is about
17.5 um. Here, “nozzle pitch GXP in the X-axis direction of
the head groups 114G” corresponds to the pitch between
X-axis positions that are obtained by projecting all of the
nozzles 118 of the head group 114G onto the X-axis from the
direction orthogonal to the X-axis direction.

[0144] Of course, the number of heads 114 contained in
one head group 114G is not limited to just four. The head
group 114G may be composed of any 2 or greater natural
number of heads 114. Where the head group 114G includes
N number of heads 114, the heads 114 should be disposed in
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the head groups 114G so that the nozzle pitch GXP between
immediately adjacent nozzles 118 is 1/N the length of the
nozzle pitch HXP. The distance in the X-axis direction
between the reference nozzles 118R1 of a single head 114 in
the head groups 114G varies from 1/N to (N-1)/N of the
nozzle pitch HXP (or the nozzle pitch GXP to N-1 times the
nozzle pitch GXP).

[0145] The relative positional relationship of the heads
114 of the present embodiment is described in detail below.

[0146] First, the four heads 114 contained in the leftmost
head group 114G of the first discharge head unit 103C in
FIGS. 9 and 10 are designated as head 1141, head 1142,
head 1143, and head 1144, respectively from the top. In the
same manner, the four heads 114 contained in the second
head group 114G from the left in the first discharge head unit
103C of the FIGS. 9 and 10 are designated as head 1145,
head 1146, head 1147, and head 1148, respectively from the
top.

[0147] In FIG. 10, the nozzle rows 116A and 116B in the
head 1141 are designated as nozzle rows 1A and 1B; the
nozzle rows 116A and 116B in the head 1142 are designated
as nozzle rows 2A and 2B; the nozzle rows 116A and 116B
in the head 1143 are designated as nozzle rows 3A and 3B;
and the nozzle rows 116A and 116B in the head 1144 are
designated as nozzle rows 4A and 4B, as shown in FIG. 10.
In the same manner, the nozzle rows 116A and 116B in the
head 1145 are designated as nozzle rows SA and 5B; the
nozzle rows 116A and 116B in the head 1146 are designated
as nozzle rows 6A and 6B; the nozzle rows 116A and 116B
in the head 1147 are designated as nozzle rows 7A and 7B;
and the nozzle rows 116A and 116B in the head 1148 are
designated as nozzle rows 8A and 8B.

[0148] Each of these nozzle rows 1A to 8B includes 90
nozzles 118. These 90 nozzles are aligned in the X-axis
direction in each of the nozzle rows 1A to 8B, as described
above. However, only four discharge nozzles 118T (nozzles
118) out of the 90 nozzles are depicted in each of the nozzle
rows 1A to 8B in FIG. 10 for the sake of simplification. In
the FIGS. 9 and 10, the leftmost nozzle 118 of the nozzle
row 1A is the first reference nozzle 118R1 of the head 1141,
the leftmost nozzle 118 of the nozzle row 2A is the first
reference nozzle 118R1 of the head 1142, the leftmost nozzle
118 of the nozzle row 3A is the first reference nozzle 118R1
of the head 1143, the leftmost nozzle 118 of the nozzle row
4A is the first reference nozzle 118R1 of the head 1144, and
the leftmost nozzle 118 of the nozzle row 5A is the first
reference nozzle 118R1 of the head 1145. It should be noted
that the leftward direction in FIGS. 9 and 10 is the negative
direction of the X-axis direction.

[0149] The absolute value of the difference between the X
coordinate value of the first reference nozzle 118R1 of the
head 1141 and the X coordinate value of the first reference
nozzle 118R1 of the head 1142 is % the length (35 um in
FIG. 10) of the nozzle pitch LNP (140 ym in FIG. 10), that
is to say, % the length of the nozzle pitch HXP (70 um in
FIG. 10). In the example in FIGS. 9 and 10, the position of
the first reference nozzle 118R1 of the head 1141 is offset in
the negative direction (leftward direction in FIGS. 9 and 10)
of the X-axis by % the length of the nozzle pitch LNP with
respect to the position of the first reference nozzle 118R1 of
the head 1142. However, the direction in which the head
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1141 is offset with respect to the head 1142 may be in the
positive direction (rightward direction in FIGS. 9 and 10) of
the X-axis.

[0150] The absolute value of the difference between the X
coordinate value of the first reference nozzle 118R1 of the
head 1143 and the X coordinate value of the first reference
nozzle 118R1 of the head 1144 is % the length of the nozzle
pitch LNP, that is to say, % the length of the nozzle pitch
HXP. In the example in FIGS. 9 and 10, the position of the
first reference nozzle 118R1 of the head 1143 is offset in the
negative direction (leftward direction in FIGS. 9 and 10) of
the X-axis direction by ¥ the length of the nozzle pitch LNP
with respect to the position of the first reference nozzle
118R1 of the head 1144. However, the direction in which the
head 1143 is offset with respect to the head 1144 may be in
the positive direction (rightward direction in FIGS. 9 and
10) of the X-axis.

[0151] The absolute value of the difference between the X
coordinate value of the first reference nozzle 118R1 of the
head 1142 and the X coordinate value of the first reference
nozzle 118R1 of the head 1143 in FIG. 10 is %3 the length
of the nozzle pitch LNP, that is to say, % the length of the
nozzle pitch HXP. In the example in FIGS. 9 and 10, the
position of the first reference nozzle 118R1 of the head 1142
is offset in the positive direction (rightward direction in
FIGS. 9 and 10) of the X-axis direction by s the length of
the nozzle pitch LNP, in other words, 17.5 um with respect
to the position of the first reference nozzle 118R1 of the head
1143. However, the direction in which the head 1142 is offset
with respect to the head 1143 may be the negative direction
(leftward direction in FIGS. 9 and 10) of the X-axis
direction.

[0152] Similarly, the absolute value of the difference
between the X coordinate value of the first reference nozzle
118R1 of the head 1141 and the X coordinate value of the
first reference nozzle 118R1 of the head 1144 in FIG. 10 is
¥ the length of the nozzle pitch LNP, that is to say, % the
length of the nozzle pitch HXP.

[0153] In the present embodiment, the heads 1141, 1142,
1143, and 1144 are arranged in this order toward the
negative direction (downward direction of FIG. 10) of the
Y-axis. However, the order by which these four heads 114
are arranged in the Y-axis direction is not required to be this
order. Specifically, the heads 1141, 1142, 1143, and 1144 can
be arranged in any order in the Y-axis direction as long as the
head 1141 and the head 1142 are positioned immediately
next to each other, and the head 1143 and the head 1144 are
positioned immediately next to each other.

[0154] In accordance with the above-described arrange-
ment, the X coordinate value of the leftmost nozzle 118 of
the nozzle row 2A, the X coordinate value of the leftmost
nozzle 118 of the nozzle row 3A, and the X coordinate value
of the leftmost nozzle 118 of the nozzle row 4A are accom-
modated between the X coordinate values of the leftmost
nozzle 118 of the nozzle row 1A and the leftmost nozzle 118
of the nozzle row 1B. In the same manner, the X coordinate
value of the leftmost nozzle 118 of the nozzle row 2B, the
X coordinate value of the leftmost nozzle 118 of the nozzle
row 3B, and the X coordinate value of the leftmost nozzle
118 of the nozzle row 4B are accommodated between the X
coordinate values of the leftmost nozzle 118 of the nozzle
row 1B and the second nozzle 118 from the left of the nozzle
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row 1A. In a similar fashion, the X coordinate value of the
N-th nozzle 118 from the left of the nozzle row 2A (or 2B),
the X coordinate value of the N-th nozzle 118 from the left
of the nozzle row 3A (or 3B), and the X coordinate value of
N-th nozzle 118 from the left of the nozzle row 4A (or 4B)
are accommodated between the X coordinate values of the
N-th nozzle 118 from the left nozzle 118 of the nozzle row
1A (or 1B) and the X coordinate value of the N-th nozzle 118
from the left of the nozzle row 1B (or the (N+1)-th nozzle
118 from the left of the nozzle row 1A). Here, the number
N is any natural number greater than zero.

[0155] More specifically, in accordance with the above-
described arrangement, the X coordinate value of the left-
most nozzle 118 of the nozzle row 1B substantially matches
the X coordinate center between the leftmost nozzle 118 of
the nozzle row 1A and the second nozzle 118 from the left
of the nozzle row 1A. The X coordinate value of the leftmost
nozzle 118 of the nozzle row 2A substantially matches the X
coordinate center of the leftmost nozzle 118 of the nozzle
row 1A and the leftmost nozzle 118 of the nozzle row 1B.
The X coordinate value of the leftmost nozzle 118 of the
nozzle row 2B substantially matches the X coordinate center
of the second nozzle 118 from the left of the nozzle row 1A
and the leftmost nozzle 118 of the nozzle row 1B. The X
coordinate value of the leftmost nozzle 118 of the nozzle row
3A substantially matches the X coordinate center of the
leftmost nozzle 118 of the nozzle row 1A and the leftmost
nozzle 118 of the nozzle row 2A. The X coordinate value of
the leftmost nozzle 118 of the nozzle row 3B substantially
matches the X coordinate center of the leftmost nozzle 118
of the nozzle row 1B and the second nozzle 118 from the left
of the nozzle row 2B. The X coordinate value of the leftmost
nozzle 118 of the nozzle row 4A substantially matches the X
coordinate center of the leftmost nozzle 118 of the nozzle
row 1B and the leftmost nozzle 118 of the nozzle row 2A.
The X coordinate value of the leftmost nozzle 118 of the
nozzle row 4B substantially matches the X coordinate center
of the second nozzle 118 from the left of the nozzle row 1A
and the leftmost nozzle 118 of the nozzle row 2B.

[0156] The arrangement, or the configuration, of the heads
1145, 1146, 1147, and 1148 in the second head group 114G
from the left as shown in FIGS. 9 and 10 is the same as that
of the heads 1141, 1142, 1143, and 1144.

[0157] Next, the relative relational position between the
two head groups 114G positioned next to each other in the
X-axis direction is described based on the relative position
relationship between the head 1145 and the head 1141.

[0158] The position of the first reference nozzle 118R1 of
the head 1145 is offset from the position of the first reference
nozzle 118R1 of the head 1141 in the positive direction of
the X-axis direction by the length of the product of the
nozzle pitch HXP in the X-axis direction of the head 114
times the number of discharge nozzles 118T in the head 114.
In the present embodiment, the nozzle pitch HXP is about 70
um, and the number of discharge nozzles 118T in a single
head 114 is 160, so the position of the first reference nozzle
118R1 of the head 1145 is offset in the positive direction of
the X-axis by 11.2 mm (70 umx160) from the position of the
first reference nozzle 118R1 of the head 1141. In FIGS. 9
and 10, however, the number of discharge nozzles 118T in
the head 1141 is shown as eight for the sake of simplifica-
tion, so the position of the first reference nozzle 118R1 of the
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head 1145 is depicted as being offset by eight times the
nozzle pitch HXP (560 um=70 umx8) from the position of
the first reference nozzle 118R1 of the head 1141.

[0159] The head 1141 and head 1145 are arranged as
described above, so the rightmost discharge nozzle 118T of
the nozzle row 1A and the leftmost discharge nozzle 118T of
the nozzle row SA are offset by the nozzle pitch LNP in the
X-axis direction. The X-axis direction distance pitch
between discharge nozzles 118T of both of the two head
groups 114G is % the nozzle pitch HXP.

[0160] The relative positional relationship between the
four heads 1145-1148 disposed next to each other in the
Y-axis direction in the first discharge head unit 103C is the
same as the relative positional relationship between the
above-described four heads 1141-1144. The relative posi-
tional relationship between other two head groups 114G that
are disposed next to each other in the X-axis direction is also
the same as that of the above-described two head groups
114G.

[0161] Based on the description above, the discharge
nozzles 118T are distributed in the first range EXT so that
the nozzle pitch between closest discharge nozzles in the
X-axis direction is substantially % the length of the nozzle
pitch HXP, in other words, 17.5 um in this embodiment. In
the present embodiment, the “first range EXT” is the range
shown in FIG. 9 along the X-axis direction, and is the range
that is defined to be between the two discharge nozzles 118T
positioned on the outermost ends in the first discharge head
unit 103C. These two discharge nozzles 118T positioned on
the outermost ends are included in the first range EXT.

[0162] The arrangement pattern of the heads 114 of the
second discharge head unit 103D is the same as that of the
heads 114 (heads 1141 to 1148 in FIG. 10) of the first
discharge head unit 103C, as shown in FIG. 9. In other
words, the arrangement pattern of the discharge nozzles
118T of the second discharge head unit 103D is the same as
that of the discharge nozzles 118T of the first discharge head
unit 103C.

[0163] Based on the description above, the discharge
nozzles 118T are also distributed in the first range EXT in
the second discharge head unit 103D so that the X-axis
direction pitch between the discharge nozzles 118T of the
second discharge head unit 103D is % the nozzle pitch HXP.
There are discharge nozzles 118T on the first discharge head
unit 103C that are positioned on the same X coordinate point
as those on the second discharge head unit 103D.

[0164] Application Step

[0165] The step for applying the liquid material 111 to the
stripe-shaped target discharge area using the discharge appa-
ratus of the second embodiment will now be described. In
view of the similarity between the first and the second
embodiments, parts of the discharge apparatus other than the
discharge head units 103C and 103D will be given the same
reference number as those of the first embodiment.

[0166] The stage 106 in the discharge apparatus 100 of the
second embodiment of the present invention moves once in
the Y-axis direction from a receiving area to a removal area
in the step for applying (application step) the liquid material
111 to a single target discharge area on the substrate 10L.



US 2005/0156978 Al

[0167] When the stage 106 is positioned in the receiving
area, the substrate 10L to which the liquid material is to be
applied is placed on the stage 106 using a first robot fork.
Here, the substrate is positioned with respect to the dis-
charge apparatus 100 so that the lengthwise direction of the
stripe-shaped target discharge area matches the X-axis direc-
tion. The substrate is positioned with respect to the discharge
apparatus 100, and the stage 106 then begins to move in the
Y-axis direction from the receiving area toward the removal
area.

[0168] The first discharge head unit 103C passes through
the target discharge area. The first discharge head unit 103C
discharges first droplets of the liquid material 111 in the
target discharge areas from each of the discharge nozzles
118T while the first discharge head unit 103C passes through
the target discharge areas. As a result, droplets of the liquid
material 111 are deposited in positions that are aligned at a
Y the nozzle pitch HXP in the first range EXT. Each of the
deposited droplets spreads out from their deposited posi-
tions.

[0169] After the first discharge head unit 103C passes
through the target discharge area, the second discharge head
unit 103D passes through the target discharge areas. The
second discharge head unit 103D discharges second droplets
of the liquid material 111 in the target discharge areas from
each of the discharge nozzles 118T while the second dis-
charge head unit 103D passes through the target discharge
areas. As a result, second droplets of the liquid material 111
are deposited in each of a plurality of deposit positions in
alignment with ¥ of the nozzle pitch HXP in the first range
EXT. The plurality of deposit positions to which the second
discharge head unit 103D deposited the second droplets is
substantially the same as the plurality of deposit positions to
which the first discharge head unit 103C deposited the first
droplets. Each of the deposited droplets spreads out from
their respective deposited positions. As a result, the entire
target discharge areas are covered with the liquid material
111.

[0170] After the second discharge head unit 103D passes
through the target discharge areas, the stage 106 reaches the
removal area and stops. The substrate 10L that has passed
through the application step is lifted from the stage 106 with
the two forks of a second robot.

Third Embodiment

[0171] Referring now to FIGS. 11-12, a discharge appa-
ratus in accordance with a second embodiment will now be
explained. The configuration of the discharge apparatus of
the present embodiment is the same as that of the discharge
apparatus of the second embodiment, except that the
arrangement pattern of the discharge nozzles 118T in the
first discharge head unit 103E and the second discharge head
unit 103F differ from that of the first and second discharge
head units 103C and 103D of the second embodiment. In
view of the similarity between the first and second embodi-
ments, the parts of the second embodiment that are identical
to the parts of the first embodiment will be given the same
reference numerals as the parts of the first embodiment.

[0172] In the second embodiment, the plurality of head
groups 114G in the first discharge head unit 103C is
arranged in the X-axis direction as a single row (FIGS. 9
and 10). In the third embodiment, each of the plurality of
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head groups 114G has a plurality of rows GL (three rows in
the present embodiment as an example), each of which
extends in the X-axis direction, as shown in FIGS. 11 and
12. The plurality of rows GL in one head group is arranged
next to each other in the Y-axis direction.

[0173] The relative positional relationship of the four
heads 114 in each of the head groups 114G of the third
embodiment is the same as that described in the second
embodiment. More specifically, the nozzle pitch GXP in the
X-axis direction in each of the head groups 114G is sub-
stantially % the length of the nozzle pitch HXP.

[0174] As shown in FIGS. 11 and 12, the first discharge
head unit 103E has head groups 114G that are described in
the second embodiment above and are arranged in a two-
dimensional array. As a result, the X-axis direction distance
between closest discharge heads through the entire first
discharge head unit 103E is the nozzle pitch GXP, in other
words, substantially ¥ the length of the nozzle pitch HXP.

[0175] The head groups 114G contained in the uppermost
row GL of FIG. 11 will now be referred to as a head group
G,;, a head group G,,, a head group G5, and a head group
G, in the order from the left hand side to the right hand
side of FIG. 11. The head groups 114G contained in the
middle row GL of FIG. 11 will now be referred to as a head
group G,,, a head group G,,, a head group G,5, and a head
group G,; in the order from the left had side to the right hand
side of FIG. 11. The head groups 114G contained in the
lowermost row GL of FIG. 11 will now be referred to as a
head group Gs,, a head group G;,, a head group G55, and a
head group G, in the order from the left hand side to the
right hand side of FIG. 11. It should be noted that L is a
natural number and represents the number of heads 114
contained in the row GL. Also, the left direction of FIGS. 11
and 12 is the negative direction of the X-axis.

[0176] The discharge nozzle 118T having the smallest X
coordinate value in the head group 114G is designated as the
third reference nozzle 118R3, while the discharge nozzle
118T having the greatest X coordinate value in the head
group 114G is designated as the fourth reference nozzles
118R4. Also, the discharge nozzle 118T having the smallest
X coordinate value in the head 114 is designated as the first
reference nozzle 118R1. As scen in FIG. 12, the third
reference nozzle 118R3 of the head group G11 is also the
first reference nozzle of the head 1141.

[0177] The position of the third reference nozzle 118R3 in
the head group G,,, which is at the left end of the middle
row GL, is offset from the fourth reference nozzle 118R4 of
the head group G, ,, which is at the left end of the uppermost
row GL, in the positive direction of the X-axis by the length
(about 17.5 um) of the nozzle pitch GXP, as shown in FIG.
12.

[0178] Similarly, the position of the third reference nozzle
118R3 of the head group Gs,, which is at the left end of the
lowermost row GL, is offset from the fourth reference nozzle
118R4 of the head group G,,, which is at the left end of the
middle row GL, in the positive direction of the X-axis
direction by the length (about 17.5 um) of the nozzle pitch
GXP. Since the positional relationship between the third
reference nozzles 118R3 of the head group G;; and the
fourth reference nozzle 118R4 of the head group G,; is
identical to that of the third reference nozzle 118R3 of the
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head group G,, and the fourth reference nozzle 118R4 of the
head group G,,, illustration thereof is omitted herein.

[0179] The position of the third reference nozzle 118R3 of
the head group G, ,, which is the second head group from the
left on the uppermost row GL, is offset from the fourth
reference nozzle 118R4 of the head group G;,, which at the
left end of the lowermost row GL, in the positive direction
of the X-axis direction by the length (about 17.5 um) of the
nozzle pitch GXP.

[0180] The relative positional relationship between other
head groups in the first discharge head unit 103E is the same
as that of the head groups G, G,;, G, and G,,. Therefore,
the pitch in the X-axis direction between the discharge
nozzles 118T of the entire first discharge head unit 103E is
the nozzle pitch GXP, in other words, substantially % the
length of the nozzle pitch HXP.

[0181] Based on the description above, the discharge
nozzles 118T in the first range EXT are distributed so that
the pitch in the X-axis direction between the discharge
nozzles 118T is the nozzle pitch GXP. Here, the term “first
range EXT” in the present embodiment is a range along the
X-axis direction that is between the two discharge nozzles
118T positioned on the outermost ends in the first discharge
head unit 103E. However, the two discharge nozzles 118T
positioned on the outermost ends are also included in the
first range EXT.

[0182] The second discharge head unit 103F has the same
number of head groups 114G as in the first discharge head
unit 103E. The relative positional relationship between the
plurality of head groups 114G in the second discharge head
unit 103F is the same as that of the head groups 114G in the
first discharge head unit 103E. The arrangement pattern of
the discharge nozzles 118T in the second discharge head unit
103F is the same as that of the discharge nozzles 118T of the
first discharge head unit 103E.

[0183] Based on the description above, there are discharge
nozzles 118T in the first discharge head unit 103E that have
the same X coordinate values as those of the second dis-
charge head unit 103F. Also, the discharge nozzles 118T in
the first range EXT in the second discharge head unit 103F
are also distributed so that the X-axis direction pitch
between the discharge nozzles 118T is the nozzle pitch GXP.

Fourth Embodiment

[0184] Described below is an example in which the dis-
charge apparatus in accordance with the present invention is
applied to a manufacturing apparatus for a color filter
substrate.

[0185] A substrate 10A shown in FIGS. 13(@) and (b) is
processed with a manufacturing apparatus 1 (FIG. 14)
described below, which manufactures a color filter substrate
10. The substrate 10A has a plurality of target discharge
areas 18R, 18G, and 18B arranged in the form of a matrix.

[0186] Specifically, the substrate 10A has an optically
transparent carrier substrate 12, a black matrix 14 formed on
the carrier substrate 12, and a bank 16 formed on the black
matrix 14. The black matrix 14 is formed with light-blocking
material. The black matrix 14 and the bank 16 on the black
matrix 14 are positioned so that a plurality of light trans-
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mitting portions in the form of a matrix, that is, a plurality
of pixel areas in the form of a matrix, is defined on the carrier
substrate 12.

[0187] The concave portions defined by the carrier sub-
strate 12, the black matrix 14, and the bank 16 correspond
to the target discharge areas 18R, target discharge areas 18G,
and target discharge areas 18B in the corresponding pixel
areas. The target discharge areas 18R are areas in which a
filter layer 111 FR is to be formed for exclusive emission of
light in the red wavelength region, the target discharge areas
18G are areas in which a filter layer 111FG is to be formed
for exclusive emission of light in the green wavelength
region, and the target discharge areas 18B are areas in which
a filter layer 111FB is to be formed for exclusive emission
of light in the blue wavelength region.

[0188] The substrate 10A shown in FIG. 13(d) is posi-
tioned on a plane that is parallel both to the X-direction and
to the Y-axis direction. The row and column directions of the
matrix of FIG. 13(b) formed with the plurality of target
discharge areas 18R, 18G, and 18B are each parallel to the
X- and Y-axis directions. The target discharge areas 18R,
target discharge areas 18G, and target discharge areas 18B in
the substrate 10A are periodically aligned in the same order
in the Y-axis direction. The target discharge areas 18R are
aligned in a single row in the X-axis direction with prede-
termined fixed spaces therebetween, the target discharge
areas 18G are aligned in a single row in the X-axis direction
with predetermined fixed spaces therebetween, and the tar-
get discharge arecas 18B are aligned in a single row in the
X-axis direction with predetermined fixed spaces therebe-
tween. The X- and Y-axis directions are mutually orthogo-
nal.

[0189] The range in which the target discharge arcas 18R,
18G, and 18B are distributed in the X-axis direction is
accommodated in the first range EXT (FIG. 9).

[0190] The spacing LRY, or the pitch between the target
discharge areas 18R along the Y-axis direction is about 560
um. This spacing LRY is the same as the spacing LGY,
which is the space between the target discharge areas 18G
along the Y-axis direction, and also the spacing LBY, which
is the space between the target discharge areas 18B along the
Y-axis direction. The planar image of the target discharge
areas 18R is a shape having mutually orthogonal major- and
minor-axis directions. In the present invention, the planar
image of one target discharge area 18R is substantially a
rectangle defined by the long and short sides. Specifically,
the Y-axis direction length of the target discharge area 18R
is about 100 um, and the X-axis direction length is about 300
um. The target discharge area 18G and target discharge area
18B have the same shape and size as those of the target
discharge area 18R. The above-described spacing between
the target discharge areas and the above-described size of the
target discharge areas are applicable to those of the pixel
areas for the same colors in a high definition television with
a screen size of about 40 inches.

[0191] The manufacturing apparatus 1 shown in FIG. 14
is an apparatus for discharging corresponding color filter
material to each of the target discharge areas 18R, 18G, and
18B of the substrate 10A in FIG. 13. Specifically, the
manufacturing apparatus 1 has a discharge apparatus 100R
for applying color filter material 111R to all the target
discharge areas 18R; a drying apparatus 150R for drying the
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color filter material 111R on the target discharge areas 18R;
a discharge apparatus 100G for applying color filter material
111G to all the target discharge areas 18G; a drying appa-
ratus 150G for drying the color filter material 111G on the
target discharge areas 18G; a discharge apparatus 100B for
applying color filter material 111B to all the target discharge
areas 18B; a drying apparatus 150B for drying the color filter
material 111B on the target discharge areas 18B; an oven
160 for reheating (post-baking) the color filter materials
111R, 111G and 111B; a discharge apparatus 100C for
forming a protective film 20 on the layers of post-baked
color filter materials 111R, 111G, and 111B; a drying appa-
ratus 150C for drying the protective film 20; and a curing
apparatus 165 for reheating the dried protective film 20.
Furthermore, the manufacturing apparatus 1 also has a
plurality of conveyance apparatuses 170 for sequentially
conveying the substrate 10A through the discharge apparatus
100R, the drying apparatus 150R, the discharge apparatus
100G, the drying apparatus 150G, the discharge apparatus
100B, the drying apparatus 150B, the discharge apparatus
100C, the drying apparatus 150C, and the curing apparatus
165 in this order. Each of the plurality conveyance appara-
tuses 170 has a fork unit, a drive unit for vertically moving
the fork unit, and a self-propelled unit.

[0192] The configuration of the discharge apparatus 100R
shown in FIG. 15 is essentially the same as the configuration
of the discharge apparatus 100 of the second embodiment.
However, the configuration of the discharge apparatus 100R
is different from the configuration of the discharge apparatus
100 of the second embodiment in that the discharge appa-
ratus 100R is provided with two tanks 101R and two tubes
110R for the liquid color filter material 111R instead of the
tanks 101A and 101B and the tubes 110A and 110B. Other
elements of the discharge apparatus 100R will be referred to
with the same reference symbols as those of the first or the
second embodiment. Furthermore, redundant description
will be omitted.

[0193] The configurations of the discharge apparatus
100G, the discharge apparatus 100B, and the discharge
apparatus 100C are essentially the same as the configuration
of the discharge apparatus 100R. However, the configuration
of the discharge apparatus 100G is different from the con-
figuration of the discharge apparatus 100R in that the
discharge apparatus 100G is provided with a tank and a tube
for the color filter material 111G instead of the tank 101R
and the tube 110R as in the discharge apparatus 100R. In a
similar fashion, the configuration of the discharge apparatus
100B is different from the configuration of the discharge
apparatus 100R in that the discharge apparatus 100B is
provided with a tank and a tube for the color filter material
111B instead of the tank 100R and tube 110R. Furthermore,
the configuration of the discharge apparatus 100C is differ-
ent from the configuration of the discharge apparatus 100R
in that the discharge apparatus 100C is provided with a tank
and a tube for the protective film material instead of the tank
101R and tube 110R. It should be noted that the liquid color
filter materials 111R, 111G, and 111B in the present embodi-
ment are an example of the liquid materials of the present
invention.

[0194] Next, the operation of the discharge apparatus
100R is described. The discharge apparatus 100R discharges
the same material (that is, the color filter material 111R) to
the plurality of target discharge areas 18R arranged in the
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form of a matrix on the substrate 10A. The substrate 10A
may be a substrate for an electroluminescent display appa-
ratus, a reverse side substrate for a plasma display apparatus,
or a substrate for an image display apparatus provided with
an electronic discharge device, as described in the fifth
through seventh embodiments below.

[0195] The substrate 10A of FIG. 16 is installed on the
stage 106 so that the directions of the long and short sides
of the target discharge area 18R match the X- and Y-axis
directions, respectively.

[0196] First, the control unit 112 moves, based on the
discharge data, the first discharge head unit 103C and the
second discharge head unit 103D or the head groups 114G
in a relative fashion in the X-axis direction with respect to
the substrate 10A so that the X coordinate of some of the
nozzles 118 are in a X-coordinate range of the target
discharge area 18R. The X-coordinate range of the target
discharge area 18R is a X coordinate range between both
ends of the target discharge area 18R. In the present embodi-
ment, the length of the long side of the target discharge area
18R is about 300 ym, and the nozzle pitch GXP in the X-axis
direction of the head groups 114G is 17.5 um. For this
reason, 16 or 17 nozzles 118 in the head groups 114G enter
the X coordinate range of a single target discharge area 18R.
No color filter material 111R is discharged from the nozzles
118 outside of the X-coordinate range during the scan
period.

[0197] The scan period in the present embodiment refers
to a period of time in which one side of the first discharge
head unit 103C moves once in a relative fashion with respect
to the stage 106 from one end E1 (or the other end E2) of the
scan range 134 along the Y-axis direction to the other end E2
(or the other end E1), as shown in FIG. 33. Material is
applied to all of the target discharge areas 18R on the
substrate 10A. A “scan range 134” refers to a range in which
the combination of the first discharge head unit 103C and the
second discharge head unit 103D moves relative to the stage
106, such that all of the target discharge arcas 18R are
covered by the scan range 134. In the present embodiment,
the first discharge head unit 103C and second discharge head
unit 103D move through the scan range 134 in a single scan
period.

[0198] In some cases, the term “scan range” may refer to
a range in which a single nozzle 118 (FIG. 2), a range in
which a single nozzle row 116A (116B) (FIG. 2), or a range
in which single head 114 (FIG. 2) moves relative to the stage
106.

[0199] Relative movement of the first discharge head unit
103C, the second discharge head unit 103D, the head groups
114G (FIG. 9), the heads 114 (FIG. 2), or the nozzles 118
(FIG. 2) refers to the situation in which the relative positions
of these components vary with respect to the stage 106, the
substrate 10A, or the target discharge area 18R. The first
discharge head unit 103C, the second discharge head unit
103D, the head groups 114G (FIG. 9), the heads 114, or the
nozzles 118 are therefore stationary with respect to the
discharge apparatus 100R in the present embodiment, and
the first discharge head unit 103C, the second discharge head
unit 103D, the head groups 114G, heads 114, or the nozzles
118 can be referred to as moving relative to the stage 106,
the substrate 10A, or the target discharge area 18R even
when the stage 106 alone moves. Also, a combination of
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relative scanning or relative movement and material dis-
charge is referred to as “application scanning.”

[0200] Droplet Application Step

[0201] The control unit 112 determines the velocity of the
relative movement of the first discharge head unit 103C and
the second discharge head unit 103D with respect to the
stage 106 so that a single nozzle 118 comes in alignment
with a target discharge area 18R, which extends in the Y-axis
direction, at every discharge cycle EP (FIG. 5(b)). The other
nozzles 118 in the nozzle row containing the single nozzle
118 thereby overlap each of the target discharge areas 18R
at every discharge cycle EP. In the present embodiment, the
pitch of the target discharge area 18R in the Y-axis direction
is LRY (FIG. 13())). Therefore, V=LRY/(k-EP), where V is
the velocity of the relative movement of the first discharge
head unit 103C (or the second discharge head unit 103D)
with respect to the stage 106, and k is an integer. It should
be noted that the discharge cycle EP is substantially con-
stant, so the velocity V of relative movement is also sub-
stantially constant.

[0202] When the scan period begins, the stage 106 begins
to move from one end E1 of the scan range 134 in a relative
fashion in the positive direction of the Y-axis direction
(upward direction of the paper surface of FIG. 16). When
this occurs, the nozzle rows 1A, 1B, 2A, 2B, 3A, 3B, 4A,
and 4B, which have been described with reference to FIG.
10, enter into the area corresponding to the target discharge
arca 18R in that order, as shown in FIG. 16. The X
coordinate of the 114G does not vary during the scan period.

[0203] In the example shown in FIG. 16, the color filter
material 111R is discharged through the second nozzle 118
from the left and the third nozzle 118 from the left in the
nozzle row 1A when the nozzle row 1A enters the target
discharge area 18R on the bottom left hand side in FIG. 16.
The color filter material 111R is also discharged through the
leftmost nozzle 118 and the second nozzle 118 from the left
in the nozzle row 1B when the nozzle row 1B enters the
target discharge area 18R on the bottom left hand side in
FIG. 16.

[0204] When the nozzle row 2A thereafter enters the target
discharge area 18R on the bottom left hand side in FIG. 16,
the color filter material 111R is discharged through the
leftmost nozzle 118 and the second nozzle 118 from the left
in the nozzle row 2A. When the nozzle row 2B subsequently
enters the target discharge area 18R on the bottom left hand
side in FIG. 16, the color filter material 111R is discharged
through the leftmost nozzle 118 and the second nozzle 118
from the left in the nozzle row 2B.

[0205] When the nozzle row 3A then enters the area
corresponding to the target discharge area 18R on the bottom
left hand side in FIG. 16, the color filter material 111R is
discharged through the leftmost nozzle 118 and the second
nozzle 118 from the left in the nozzle row 3A. When the
nozzle row 3B subsequently enters the target discharge area
18R on the bottom left hand side in FIG. 16, the color filter
material 111R is discharged through the leftmost nozzle 118
and the second nozzle 118 from the left in the nozzle row 3B.

[0206] When the nozzle row 4A then enters the target
discharge area 18R on the bottom left hand side in FIG. 16,
the color filter material 111R is discharged through the
leftmost nozzle 118 and the second nozzle 118 from the left
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in the nozzle row 4A. When the nozzle row 4B subsequently
enters the target discharge area 18R on the bottom left hand
side in FIG. 16, the color filter material 111R is discharged
through the leftmost nozzle 118 and the second nozzle 118
from the left in the nozzle row 4B.

[0207] In accordance with the present embodiment, the
nozzle pitch GXP in the X-axis direction of the head groups
114G is about % the nozzle pitch HXP in the X-axis
direction of a single head 114, and many more nozzles 118
therefore overlap on a single target discharge area in a single
scan period.

[0208] Among the aligned positions P1, P6, P4, P8, P3,
P7, P5, P9, and P2 in the target discharge area 18R shown
in FIG. 6, the order of the positions in which the color filter
material 111R is deposited in the target discharge area 18R
is: P1 and P2, P3, P4, P5, P6, P7, P8, and P9. It should be
noted that droplets of the color filter material 111R are
substantially simultaneously deposited at P1 and P2.

[0209] In other words, in accordance with the present
embodiment, the droplets of the color filter material 111R
are deposited at a midpoint of two positions that are already
covered with droplets. The droplets thus deposited therefore
make contact with the two previously deposited droplets if
the two previously deposited droplets are close enough to
each other. In this manner, the two previously deposited
droplets and the newly deposited droplet are aligned such
that the two previously deposited droplets are symmetrical
with respect to the newly deposited droplet. Force is exerted
on the newly-deposited droplet in two opposing directions.
As a result, the newly-deposited droplets spread out in a
symmetrical shape from its deposit position. For this reason,
in accordance with the application step of the present
embodiment, non-uniformity in the application of the color
filter material 111R rarely occurs.

[0210] Conversely, the leftmost nozzle 118 in the nozzle
row 1A, the second nozzle 118 from the right in the nozzle
row 2A, the second nozzle 118 from the right in the nozzle
row 3A, and the second nozzle 118 from the right in the
nozzle row 4A do not overlap even once with the target
discharge areas 18R, as shown in FIG. 16. Therefore, the
color filter material 111R is not discharged at all from these
nozzles.

[0211] Color Filter Substrate Manufacturing Steps

[0212] Described above is the step for applying color filter
material 111R to the target discharge area 18R. Described
below is a series of steps that allows a color filter substrate
10 to be obtained with the manufacturing apparatus 1.

[0213] First, the substrate 10A of FIG. 13 is fabricated
following the procedure given below. A metal film is first
formed on the carrier substrate 12 by vapor deposition. A
black matrix 14 in the form of a lattice is then formed from
the metal film by photolithography. Examples of the material
for the black matrix 14 include metal chromium and chro-
mium oxide. The carrier substrate 12 should be an optically
transparent substrate with respect to visible light. Examples
of such substrate include a glass substrate. A resist layer
composed of a negative photosensitive resin composition is
applied over the carrier substrate 12 and the black matrix 14.
The resist layer is then exposed to light while closely
attaching to the resist layer a mask film, which is formed into
a matrix pattern. A bank 16 is obtained by etching away the
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portion of the resist layer unexposed to light. The substrate
10A is obtained in this manner.

[0214] A bank composed of resin black may be used
instead of the bank 16. In this case, a metal film (black
matrix 14) is not required, and the bank layer is composed
of a single layer.

[0215] The substrate 10A is subsequently rendered lyo-
philic by an oxygen plasma treatment under atmospheric
pressure. This treatment provides lyophilicity to the surfaces
of the concave portions (portion of the pixel area) that are
defined by the carrier substrate 12, the black matrix 14, and
the bank 16. In other words, the surfaces of the carrier
substrate 12, the black matrix 14, and the surfaces of the
bank 16 are subjected to the oxygen plasma treatment. The
substrate 10A is thereafter subjected to a plasma treatment
using tetrafluoromethane as treatment gas. The plasma treat-
ment with tetrafluoromethane brings about fluorination
(treatment to achieve fluid repellency) of the surfaces of the
bank 16 in the concave portions, and the surfaces of the bank
16 are thereby rendered repellent to fluids. Due to the plasma
treatment with tetrafluoromethane, the lyophilicity is
slightly lost from the surface of the carrier substrate 12 and
the surface of the black matrix 14, which have been previ-
ously rendered lyophilic. However, these surfaces still
remain overall lyophilic after the plasma treatment. In this
manner, the surfaces of the concave portions are converted
to the target discharge areas 18R, 18G, and 18B by subject-
ing the surfaces of the concave portions defined by the
carrier substrate 12, the black matrix 14, and the bank 16 to
a predetermined surface treatment.

[0216] Depending on the material of the carrier substrate
12, the material of the black matrix 14, and the material of
the bank 16, a surface with a desired lyophilicity and fluid
repellency can be obtained without a surface treatment such
as the one described above. In such cases, the surfaces of the
concave portions defined by the carrier substrate 12, the
black matrix 14, and the bank 16 form the target discharge
arcas 18R, 18G, and 18B without the above-described
surface treatment.

[0217] The substrate 10A on which the target discharge
areas 18R, 18G, and 18B are formed is carried onto the stage
106 of the discharge apparatus 100R using the conveyance
apparatus 170. The discharge apparatus 100R discharges the
color filter material 111R from the heads 114 (FIG. 9) so that
a layer of liquid material 111R is formed over all the target
discharge areas 18R, as shown in FIG. 17(a).

[0218] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area 18R. The discharge apparatus 100R
then discharges the first droplets of the color filter material
111R from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge area 18R.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge area 18R. Second droplets
of the color filter material 111R are then discharged from the
second discharge head unit 103D toward the target discharge
area 18R.

[0219] In the present embodiment, the desired amount of
liquid color filter material 111R is applied to all the target
discharge areas 18R during the interval in which the stage
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106 makes a single movement relative to the first and second
discharge head units 103C and 103D in the Y-axis direction.
This is because all the target discharge arecas 18R are
distributed within the first range EXT.

[0220] Since the discharge nozzles 118T of the first dis-
charge head unit 103C and the discharge nozzles 118T of the
second discharge head unit 103D are positioned at the same
positions within the target discharge area 18R during a
single scan period, the volume of the color filter material
111R to be applied to the target discharge area 18R during
a single scan period can be increased even if the volume of
each droplet of color filter material 111R deposited from a
single discharge nozzle 118T at a time is small.

[0221] When the layers of color filter material 111R are
formed over all the target discharge areas 18R of the
substrate 10A, the conveyance apparatus 170 positions the
substrate 10A in the drying apparatus 150R. The color filter
material 111R on the target discharge area 18R is completely
dried to form filter layers 111 FR on the target discharge
areas 18R.

[0222] Next, the conveyance apparatus 170 positions the
substrate 10A on the stage 106 of the discharge apparatus
100G. The discharge apparatus 100G discharges color filter
material 111G from the heads 114 (FIG. 9) so that a layer of
color filter material 111G is formed over all the target
discharge areas 18G, as shown in FIG. 17(b).

[0223] Specifically, the first discharge head unit 103C of
the discharge apparatus 100G is initially positioned in the
area corresponding to a certain target discharge arca 18G.
The discharge apparatus 100G then discharges the first
droplets of the color filter material 111G from the discharge
nozzles 118T of the first discharge head unit 103C toward
the target discharge areas 18G. Subsequent to the first
discharge head unit 103C, the second discharge head unit
103D is positioned in the area corresponding to the target
discharge area 18G. Second droplets of the color filter
material 111G are then discharged from the second discharge
head unit 103D toward the target discharge area 18G.

[0224] When layer of color filter material 111G are formed
over all the target discharge areas 18G of the substrate 10A,
the conveyance apparatus 170 positions the substrate 10A in
the drying apparatus 150G. The color filter material 111G on
the target discharge area 18G is completely dried to form
filter layers 111FG on the target discharge areas 18G.

[0225] Next, the conveyance apparatus 170 positions the
substrate 10A on the stage 106 of the discharge apparatus
100B. The discharge apparatus 100B discharges color filter
material 111B from the heads 114 (FIG. 9) so that a layer of
color filter material 111B is formed over all the target
discharge areas 18B, as shown in FIG. 17(c).

[0226] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area 18B. The discharge apparatus 100B
then discharges the first droplets of the color filter material
111B from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge area 18B.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge arca 18B. Second droplets
of the color filter material 111B are then discharged from the
second discharge head unit 103D toward the target discharge
area 18B.
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[0227] When layers of color filter material 111B are
formed over all the target discharge arecas 18B of the
substrate 10A, the conveyance apparatus 170 positions the
substrate 10A in the drying apparatus 150B. The color filter
material 111B on the target discharge area 18B is completely
dried to form filter layers 111FB on the target discharge
areas 18B.

[0228] The conveyance apparatus 170 subsequently posi-
tions the substrate 10A inside the oven 160. The oven 160
then reheats (post-baking) the filter layers 111FR, 111FG,
and 111FB.

[0229] Next, the conveyance apparatus 170 positions the
substrate 10A on the stage 106 of the discharge apparatus
100C. The discharge apparatus 100C discharges a liquid
protective film material so that a protective film 20 covers
the bank 16 and the filter layers 111FR, 111FG, and 111FB.
Once the protective film 20 is formed on the bank 16 and the
filter layers 111FR, 111FG, and 111FB, the conveyance
apparatus 170 positions the substrate 10A inside the drying
apparatus 150C. The protective film 20 is completely dried
by the drying apparatus 150C, and the protective film 20 is
thereafter completely cured by the curing apparatus 165.
This way, a color filter substrate 10 is formed from the
substrate 10A.

Modification of the Fourth Embodiment

[0230] The manufacturing apparatus 1 shown in FIG. 14
may additionally have an inspection apparatus and a repair-
ing discharge apparatus. More specifically, the manufactur-
ing apparatus 1 may be configured so that the substrate 10A
is subjected to the steps performed by the inspection appa-
ratus and the repairing discharged apparatus in this order
during the interval between the completion of the step
performed by the drying apparatus 150B and the start of the
step performed by the discharge apparatus 100C, for
example. Here, the inspection apparatus is an apparatus for
inspecting whether the color filter materials 111R, 111G, and
111B have been suitably applied to all of the target discharge
arcas 18R, 18G, and 18B. Also, the repairing discharge
apparatus is an apparatus that once again discharges the
corresponding color filter material to the target discharge
arecas 18R, 18G, and 18B that have not been appropriately
coated with the corresponding color filter material. The yield
of the color filter substrate can be improved when the
manufacturing apparatus 1 has the inspection apparatus and
the repairing discharged apparatus.

[0231] The step performed by the inspection apparatus and
the step performed by the repairing discharge apparatus are
more preferably carried out before the post-baking in the
oven 160. However, it is possible to insert the steps per-
formed by the inspection apparatus and the repairing dis-
charge apparatus anywhere so long as these steps are per-
formed before the protective film 20 is applied by the
discharge apparatus 100C. The steps performed by the
inspection apparatus and the repairing discharge apparatus
may be performed immediately after the step performed by
the discharge apparatus 100R, the step performed by the
discharge apparatus 100G, and also immediately after the
step performed by the discharge apparatus 100B.

Fifth Embodiment

[0232] Described below is an example in which the dis-
charge apparatus of the present invention is applied to a
manufacturing apparatus for a color filter substrate.
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[0233] A substrate 30A shown in FIGS. 18(a) and (b) will
be processed by a manufacturing apparatus 2 (FIG. 9)
described below, which manufactures a substrate for an
electroluminescent display apparatus 30 (organic EL display
apparatus, for example). The substrate 30A has a plurality of
target discharge areas 38R, 38G, and 38B disposed in the
form of a matrix.

[0234] Specifically, the substrate 30A has a carrier sub-
strate 32, a circuit element layer 34 formed on the carrier
substrate 32, a plurality of pixel electrodes 36 formed on the
circuit element layer 34, and a bank 40 formed between the
plurality of pixel electrodes 36. The carrier substrate 32 is a
substrate that is optically transparent with respect to visible
light. Examples of such carrier substrate include a glass
substrate. Each of the plurality of pixel electrodes 36 is an
electrode that is optically transparent with respect to visible
light. Examples of such electrode include an ITO (Indium-
Tin Oxide) electrode. Also, the plurality of pixel electrodes
36 is arranged in the form of a matrix, and each of such pixel
electrodes 36 defines a pixel area. The bank 40 has the form
of a lattice that surrounds each of the plurality of pixel
electrodes 36. Also, the bank 40 is composed of an inorganic
bank 40A formed on the circuit element layer 34 and an
organic bank 40B positioned over the inorganic bank 40A.

[0235] The circuit element layer 34 is a layer having a
plurality of scanning electrodes extending in a predeter-
mined direction on the carrier substrate 32, an insulating film
42 formed so as to cover the plurality of scanning electrodes,
a plurality of signal electrodes positioned on the insulating
film 42 and extending in the direction orthogonal to the
direction in which the plurality of scanning electrodes
extend, a plurality of switching elements 44 positioned near
the intersection of the scanning electrode and the signal
electrodes, and a interlayer insulating film 45 such as
polyimide formed so as to cover the plurality of switching
elements 44. Each of the switching elements 44 has a gate
electrode 44G and a source electrode 44S that are electri-
cally connected to the corresponding scanning electrodes
and signal electrodes. The plurality of pixel electrodes 36 is
positioned over the interlayer insulating film 45. Through
holes 44V are provided in the interlayer insulating film 45 at
positions corresponding to the drain electrodes 44D of the
switching elements 44, such that an electrical connection is
formed between the switching elements 44 and the corre-
sponding pixel electrodes 36 by way of the through holes
44V. Also, each of the switching elements 44 is disposed in
a position corresponding to the bank 40. In other words, each
of the plurality of switching elements 44 is positioned so as
to cover the bank 40, as viewed from the vertical direction
of the paper surface of FIG. 13(b).

[0236] The concave portions (portions of the pixel area)
defined by the bank 40 and the pixel electrodes 36 of the
substrate 30A correspond to the target discharge area 38R,
the target discharge area 38G, and the target discharge area
38B. The target discharge area 38R is an area in which a
luminescent layer 211FR is to be formed for exclusive
emission of light in the red wavelength region, the target
discharge area 38G is an area in which a luminescent layer
211FG is to be formed for exclusive emission of light in the
green wavelength region, and the target discharge arca 38B
is an area in which a luminescent layer 211GB is to be
formed for exclusive emission of light in the blue wave-
length region.
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[0237] The substrate 30A shown in FIG. 18(b) is posi-
tioned on a plane that is parallel both in the X-direction and
in the Y-axis direction. The row and column directions of the
matrix formed by the plurality of target discharge areas 38R,
38G, and 38B are each parallel to the X- and Y-axis
directions. The target discharge area 38R, the target dis-
charge area 38G, and the target discharge area 38B in the
substrate 30A are periodically aligned in the same order in
the Y-axis direction. The target discharge areas 38R are
aligned in a single row in the X-axis direction with prede-
termined fixed spaces therebetween, while the target dis-
charge areas 38G are aligned in a single row in the X-axis
direction with predetermined fixed spaces therebetween, and
the target discharge areas 38B are aligned in a single row in
the X-axis direction with predetermined fixed spaces ther-
ebetween. The X- and Y-axis directions are mutually
orthogonal.

[0238] The range in which the target discharge arcas 38R,
38G, and 38B are distributed in the X-axis direction is
accommodated within the first range EXT (FIG. 9).

[0239] The spacing LRY, or the pitch of the target dis-
charge area 38R, is about 560 um along the Y-axis direction
of the target discharge areas 38R. This spacing is the same
as the spacing LGY along the Y-axis direction of the target
discharge areas 38G, and the spacing LBY along the Y-axis
direction of the target discharge areas 38B. The planar shape
of one target discharge area 38R is a rectangle defined by
long and short sides. Specifically, the Y-axis direction length
of the target discharge area 38R is about 100 um, and the
X-axis direction length is about 300 um. The target dis-
charge area 38G and the target discharge area 38B have the
same shape and size as the target discharge area 38R. The
above-described spacing between the target discharge areas
and the above-described size of the target discharge areas are
applicable to those of the pixel areas of the same colors in
a high definition television with a screen size of about 40
inches.

[0240] The manufacturing apparatus 2 shown in FIG. 19
is an apparatus for discharging corresponding luminescent
materials to the corresponding target discharge areas 38R,
38G, and 38B of the substrate 30A in FIG. 18. The manu-
facturing apparatus 2 has a discharge apparatus 200R for
applying luminescent material 211R to all the target dis-
charge areas 38R, a drying apparatus 250R for drying the
luminescent material 211R on the target discharge areas
38R, a discharge apparatus 200G for applying luminescent
material 211G to all the target discharge areas 38G, a drying
apparatus 250G for drying the luminescent material 211G on
the target discharge areas 38G, a discharge apparatus 200B
for applying luminescent material 211B to all the target
discharge areas 38B, and a drying apparatus 250B for drying
the luminescent material 211B on the target discharge areas
38B. Furthermore, the manufacturing apparatus 2 also has a
plurality of conveyance apparatuses 270 that convey the
substrate 30A through the discharge apparatus 200R, the
drying apparatus 250R, the discharge apparatus 200G, the
drying apparatus 250G, the discharge apparatus 200B, and
the drying apparatus 250B, in this order. Each of the
plurality conveyance apparatuses 270 has a fork unit, a drive
unit for vertically moving the fork unit, and a self-propelled
unit.

[0241] The discharge apparatus 200R shown in FIG. 20
has two tanks 201R for holding liquid luminescent material
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211R, two tubes 210R, and a discharge scanning unit 102 to
which the luminescent material 211R is fed from the two
tanks 201R via the two tubes 210R. The configuration of the
discharge scanning unit 102 is the same as the configuration
of the discharge scanning unit of the second embodiment.
Other elements of the discharge apparatus 200R will be
referred to with the same reference symbols as those of the
first or the second embodiment. Furthermore, redundant
description will be omitted.

[0242] The configurations of the discharge apparatus
200G and discharge apparatus 200B are essentially the same
as the configuration of the discharge apparatus 200R. How-
ever, the configuration of the discharge apparatus 200G is
different from the configuration of the discharge apparatus
200R in that the discharge apparatus 200G is provided with
a tank and a tube for the luminescent material 211G instead
of the tank 201R and tube 210R. In a similar fashion, the
configuration of the discharge apparatus 200B is different
from the configuration of the discharge apparatus 200R in
that the discharge apparatus 200B is provided with a tank
and a tube for the luminescent material 211B instead of the
tank 201R and tube 210R. It should be noted that the liquid
luminescent materials 211R, 211G, and 211B in the present
embodiment are an example of the liquid materials of the
present invention.

[0243] Next, the method of manufacturing an electrolu-
minescent display apparatus 30 with the manufacturing
apparatus 2 will be described. First, the substrate 30A shown
in FIG. 18 is produced using known film manufacturing
technology and patterning technology.

[0244] Next, the substrate 30A is rendered lyophilic by an
oxygen plasma treatment under atmospheric pressure. This
treatment provides lyophilicity to the surfaces of the pixel
electrodes 36 in the concave portions (parts of the pixel
areas) defined by the pixel electrodes 36 and the bank 40, as
well as to the surfaces of the inorganic bank 40A and the
surfaces of the organic bank 40B. The substrate 30A is
thereafter subjected to plasma treatment using tetrafluo-
romethane as treatment gas. The plasma treatment with
tetrafluoromethane brings about fluorination (treatment to
achieve fluid repellency) of the surfaces of the organic bank
40B 1n the concave portions, and the surfaces of the organic
bank 40B are thereby rendered repellent to fluids. Although
the lyophilicity is slightly lost from the surfaces of the pixel
electrodes 36 and the surfaces of the inorganic bank 40A due
to the plasma treatment with tetrafluoromethane, these sur-
faces still remain overall lyophilic after the plasma treat-
ment. The concave portions are thus converted to the target
discharge areas 38R, 38G, and 38B by treating the surfaces
of the concave portions defined by the pixel electrodes 36,
and the bank 40 with a predetermined surface treatment.

[0245] Depending on the material of the pixel electrodes
36, the material of the inorganic bank 40A, and the material
of the organic bank 40B, a surface with a desired lyophilicity
and fluid repellency can be obtained without a surface
treatment such as the one described above. In such cases, the
surfaces of the concave portions defined by the pixel elec-
trodes 36, and the bank 40 form the target discharge areas
38R, 38G, and 38B without the above-described surface
treatment.

[0246] In FIG. 21(a), hole-transport layers 37R, 37G, and
37B are formed at positions that correspond to each of the
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plurality of pixel electrodes 36 whose surfaces have been
treated. The luminous efficiency of the electroluminescent
display apparatus is increased when the hole-transport layers
37R, 37G, and 37B are positioned between the pixel elec-
trodes 36 and the luminescent layers 211RF, 211GF, and
211BF, which will be described below. When the hole-
transport layers 37R, 37G, and 37B are provided to each of
the plurality of pixel electrodes 36, the concave portions
defined by the bank 40 and the hole-transport layers 37R,
37G, and 37B correspond to the target discharge areas 38R,
38G, and 38B, respectively.

[0247] Tt is possible to form the hole-transport layers 37R,
37G, and 37B with an inkjet method. In this case, a solution
that contains material for forming the hole-transport layers
37R, 37G, and 37B is applied up to a predetermined amount
to each pixel area, such that the hole-transport layers 37R,
37G, and 37B can be formed.

[0248] The substrate 30A on which the target discharge
areas 38R, 38G, and 38B are formed is carried to the stage
106 of the discharge apparatus 200R using a conveyance
apparatus 270. The discharge apparatus 200R discharges
luminescent material 211R from the heads 114 (FIG. 9) so
that a layer of luminescent material 211R is formed over all
the target discharge areas 38R, as shown in FIG. 21(q).

[0249] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area 38R. The discharge apparatus 200R
then discharges the first droplets of the luminescent material
211R from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge area 38R.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge arca 38R. Second droplets
of the luminescent material 211R are then discharged from
the second discharge head unit 103D toward the target
discharge area 38R.

[0250] In the present embodiment, the desired amount of
liquid luminescent material 211R is applied to all the target
discharge areas 38R while the stage 106 makes a single
cycle of relative movement in the Y-axis direction. This is
because all the target discharge areas 38R are distributed
within the first range EXT.

[0251] Since the discharge nozzles 118T of the first dis-
charge head unit 103C and the discharge nozzles 118T of the
second discharge head unit 103D are positioned at the same
positions within the target discharge area 38R during a
single scan period, the volume of the luminescent material
211R applied to the target discharge area 38R during a single
scan period can be increased even if the volume of each
droplet of luminescent material 211R discharged from a
single discharge nozzle 118T is small.

[0252] When a layer of luminescent material 211R is
formed over all the target discharge areas 38R of the
substrate 30A, the conveyance apparatus 270 positions the
substrate 30A in the drying apparatus 250R. The lumines-
cent material 211R on the target discharge areas 38R is
completely dried to obtain a luminescent layer 211FR on the
target discharge areas 38R.

[0253] Next, the conveyance apparatus 270 positions the
substrate 30A on the stage 106 of the discharge apparatus
200G. The discharge apparatus 200G discharges lumines-
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cent material 211G from the heads 114 (FIG. 9) so that a
layer of luminescent material 211G is formed over all the
target discharge areas 38G, as shown in FIG. 21(1b).

[0254] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area 38G. The discharge apparatus 200G
then discharges the first droplets of the luminescent material
211G from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge arca 38G.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge area 38G. Second droplets
of the luminescent material 211G are then discharged from
the second discharge head unit 103D toward the target
discharge area 38G.

[0255] When a layer of luminescent material 211G is
formed over all the target discharge areas 38G of the
substrate 30A, the conveyance apparatus 270 positions the
substrate 30A in the drying apparatus 250G. The lumines-
cent material 211G on the target discharge area 38G is
completely dried to obtain a luminescent layer 211FG on the
target discharge areas 38G.

[0256] Next, the conveyance apparatus 270 positions the
substrate 30A on the stage 106 of the discharge apparatus
200B. The discharge apparatus 200B discharges luminescent
material 211B from the heads 114 (FIG. 9) so that a layer of
luminescent material 211B is formed over all the target
discharge areas 38B, as shown in FIG. 21(c).

[0257] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area 38B. The discharge apparatus 200B
then discharges the first droplets of the luminescent material
211B from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge arca 38B.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge arca 38B. Second droplets
of the luminescent material 211B are then discharged from
the second discharge head unit 103D toward the target
discharge area 38B.

[0258] When a layer of luminescent material 211B is
formed over all the target discharge arcas 38B of the
substrate 30A, the conveyance apparatus 270 positions the
substrate 30A in the drying apparatus 250B. The lumines-
cent material 211B on the target discharge area 38B is
completely dried to obtain a luminescent layer 211FB on the
target discharge areas 38B.

[0259] Next, opposing electrodes 46 are disposed so as to
cover the bank 40 and the luminescent layers 211FR, 211FG,
and 211FB. The opposing electrode 46 functions as a
negative electrode. A sealing substrate 48 and the substrate
30A are then mutually bonded to the surrounding area to
obtain the electroluminescent display apparatus 30 shown in
FIG. 21(d). It should be noted that inert gas 49 is sealed
between the sealing substrate 48 and the substrate 30A.

[0260] The light emitted from the luminescent layers
211FR, 211FG, and 211FB in the electroluminescent display
apparatus 30 is emitted via the pixel electrodes 36, the
circuit element layer 34, and the carrier substrate 32 (down-
ward direction in FIGS. 18(a) and 21(d)). An electrolumi-
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nescent display apparatus that emits light via a circuit
element layer 34 in this manner is referred to as a bottom-
emission display apparatus.

Sixth Embodiment

[0261] A manufacturing apparatus of a substrate on the
reverse side of a plasma display apparatus, in which manu-
facturing apparatus the discharge apparatus of the present
invention is applied, will now be described.

[0262] A substrate 50A shown in FIGS. 22(a) and (b) will
be processed by a manufacturing apparatus 3 (FIG. 23)
described below, such that a substrate 50B for the reverse
side of a plasma display apparatus is formed. The substrate
50A has a plurality of target discharge areas S8R, 58G, and
58B disposed in the form of a matrix.

[0263] Specifically, the substrate S0A has a carrier sub-
strate 52, a plurality of address electrodes 54 formed in the
form of stripes on the carrier substrate 52, a dielectric glass
layer 56 formed so as to cover the address electrodes 54, and
partition walls 60 that have the shape of a lattice and define
a plurality of pixel areas. The plurality of pixel areas is
positioned in the form of a matrix, and the rows of the matrix
formed by the plurality of pixel areas correspond to the
plurality of address electrodes 54. Such substrate S0A can be
formed by known screen printing technology.

[0264] The concave portions defined by the dielectric
glass layer 56 and partitions 60 in each pixel areas of the
substrate S0A correspond to the target discharge area S8R,
target discharge arca 58G, and target discharge area S8B.
The target discharge area S8R is an area in which a fluo-
rescent layer 311 FR is to be formed for exclusive emission
of light in the red wavelength region, while the target
discharge area 58G is an area in which a fluorescent layer
311FG is to be formed for exclusive emission of light in the
green wavelength region, and the target discharge area 58B
is an area in which a fluorescent layer 311FB is to be formed
for exclusive emission of light in the blue wavelength
region.

[0265] The substrate 50A shown in FIG. 22(b) is posi-
tioned on a plane that is parallel both to the X-direction and
to the Y-axis direction. The row and column directions of the
matrix formed by the plurality of target discharge areas S8R,
58G, and 58B are each parallel to the X-axis and Y-axis
directions. The target discharge area 58R, target discharge
area 58G, and target discharge area 58B in the substrate S0A
are periodically aligned in the same order in the Y-axis
direction. The target discharge areas S8R are aligned in a
single row in the X-axis direction with predetermined fixed
spaces therebetween, while the target discharge areas 58G
are aligned in a single row in the X-axis direction with
predetermined fixed spaces therebetween, and the target
discharge areas 58B are aligned in a single row in the X-axis
direction with predetermined fixed spaces therebetween.
The X- and Y-axis directions are mutually orthogonal.

[0266] The range in which the target discharge arcas 58R,
58G, and 58B are distributed in the X-axis direction is
accommodated within the first range EXT (FIG. 9).

[0267] The spacing LRY, or the pitch of the target dis-
charge area 35R, is about 560 um along the Y-axis direction
of the target discharge areas S8R. This spacing is the same
as the spacing LGY along the Y-axis direction of the target
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discharge areas 58G, and the spacing LBY along the Y-axis
direction of the target discharge areas 58B. The planar shape
of the target discharge areas S8R is a rectangle defined by
long and short sides. Specifically, the length of the Y-axis
direction of the target discharge area S8R is about 100 um,
and the length of the X-axis direction is about 300 gm. The
target discharge area 58G and target discharge area S8B have
the same shape and size as the target discharge area S8R. The
above-described spacing between the target discharge areas
and the above-described size of the target discharge areas are
applicable to those of the pixel areas for the same colors in
a high definition television with a screen size of about 40
inches.

[0268] The manufacturing apparatus 3 shown in FIG. 23
is an apparatus for discharging corresponding fluorescent
material to each of the target discharge areas S8R, 58G, and
58B of the substrate S0A in FIG. 22. The manufacturing
apparatus 3 has a discharge apparatus 300R for applying
fluorescent material 311R to all the target discharge areas
58R, a drying apparatus 350R for drying the fluorescent
material 311R on the target discharge areas S8R, a discharge
apparatus 300G for applying fluorescent material 311G to all
the target discharge areas 58G, a drying apparatus 350G for
drying the fluorescent material 311G on the target discharge
areas 58G, a discharge apparatus 300B for applying fluo-
rescent material 311B to all the target discharge areas 58B,
and a drying apparatus 350B for drying the fluorescent
material 311B on the target discharge areas S8B. Further-
more, the manufacturing apparatus 3 also has a plurality of
conveyance apparatuses 370 that convey the substrate SOA
through the discharge apparatus 300R, the drying apparatus
350R, the discharge apparatus 300G, the drying apparatus
350G, the discharge apparatus 300B, and the drying appa-
ratus 3508, in this order. Each of the plurality of conveyance
apparatuses 270 has a fork unit, a drive unit for vertically
moving the fork unit, and a self-propelled unit.

[0269] The discharge apparatus 300R shown in FIG. 24
has two tanks 301R for holding liquid fluorescent material
311R, two tubes 310R, and a discharge scanning unit 102 to
which the fluorescent material 311R is fed from the two
tanks 301R via the two tubes 310R. The configuration of the
discharge scanning unit 102 is essentially the same as
configuration of the discharge scanning unit of the second
embodiment. Other elements of the discharge apparatus
300R will be referred to with the same reference symbols as
those of the first or the second embodiment. Furthermore,
redundant description will be omitted.

[0270] The configurations of the discharge apparatus
300G and discharge apparatus 300B are both essentially the
same as the configuration of the discharge apparatus 300R.
However, the configuration of the discharge apparatus 300G
is different from the configuration of the discharge apparatus
300R in that the discharge apparatus 300G is provided with
a tank and a tube for the fluorescent material 311G instead
of the tank 301R and tube 310R. In a similar fashion, the
configuration of the discharge apparatus 300B is different
from the configuration of the discharge apparatus 300R in
that the discharge apparatus 300B is provided with a tank
and a tube for the fluorescent material 311B instead of the
tank 301R and tube 310R. It should be noted that the liquid
fluorescent materials 311R, 311B, and 311G in the present
embodiment are an example of the liquid materials of the
present invention.
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[0271] Next, the method of manufacturing a plasma dis-
play apparatus by using the manufacturing apparatus 3 is
described. First, the substrate 50A shown in FIG. 22 is
manufactured using known screen printing technology
whereby a plurality of address electrodes 54, a dielectric
glass layer 56, and partition walls 60 are formed on the
carrier substrate 52.

[0272] Next, the substrate S0A is rendered lyophilic by an
oxygen plasma treatment under atmospheric pressure. This
treatment provides lyophilicity to the surfaces of the con-
cave portions (parts of the pixel areas) that are defined by the
partition walls 60 and the dielectric glass layer 56. In other
words, the surfaces of the partition walls 50 and the dielec-
tric glass layer 56 are subjected to the oxygen plasma
treatment. Depending on the material, a surface with a
desired lyophilicity can be obtained without a surface treat-
ment such as the one described above. In such cases, the
surfaces of the concave portions defined by the partition
walls 60 and the dielectric glass layer 56 form the target
discharge areas S8R, 58G, and 58B, without the above-
described surface treatment.

[0273] The substrate S0A on which the target discharge
areas 58R, 58G, and 58B are formed is carried onto the stage
106 of the discharge apparatus 300R using a conveyance
apparatus 370. The discharge apparatus 300R discharges
fluorescent material 311R from the heads 114 (FIG. 9) so
that a layer of fluorescent material 311R is formed over all
the target discharge areas 58R, as shown in FIG. 25(a).

[0274] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area S8R. The discharge apparatus 300R
then discharges the first droplets of the fluorescent material
311R from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge area S8R.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge area 58R. Second droplets
of the fluorescent material 311R are then discharged from
the second discharge head unit 103D toward the target
discharge area S8R.

[0275] In the present embodiment, the desired amount of
liquid fluorescent material 311R is applied to all the target
discharge areas S8R while the stage 106 makes a single
cycle of relative movement in the Y-axis direction. This is
because all the target discharge areas S8R are distributed
within the first range EXT.

[0276] Since the discharge nozzles 118T of the first dis-
charge head unit 103C and the discharge nozzles 118T of the
second discharge head unit 103D are positioned at the same
positions within the target discharge area S8R during a
single scan period, the volume of the fluorescent material
311R applied to the target discharge area S8R during a single
scan period can be increased even if the volume of one
droplet of fluorescent material 311R deposited from a single
discharge nozzle 118T at a time is small.

[0277] When a layer of fluorescent material 311R is
formed over all the target discharge areas S8R of the
substrate S0A, the conveyance apparatus 370 positions the
substrate S0A in the drying apparatus 350R. The fluorescent
material 311R on the target discharge areas S8R is com-
pletely dried to obtain a fluorescent layer 311FR on the
target discharge areas S8R.
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[0278] Next, the conveyance apparatus 370 positions the
substrate 50A on the stage 106 of the discharge apparatus
300G. The discharge apparatus 300G discharges fluorescent
material 311G from the heads 114 (FIG. 9) so that a layer
of fluorescent material 311G is formed over all the target
discharge areas 58G, as shown in FIG. 25(b).

[0279] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area 58G. The discharge apparatus 300G
then discharges the first droplets of the fluorescent material
311G from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge arca 58G.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge area 58G. Second droplets
of the fluorescent material 311G are then discharged from
the second discharge head unit 103D toward the target
discharge area 58G.

[0280] When a layer of fluorescent material 311G is
formed over all the target discharge arcas S8B of the
substrate S0A, the conveyance apparatus 370 positions the
substrate S0A in the drying apparatus 350G. The fluorescent
material 311G on the target discharge areas 58G is com-
pletely dried to obtain a fluorescent layer 311FG on the
target discharge areas 58G.

[0281] Next, the conveyance apparatus 370 positions the
substrate 50A on the stage 106 of the discharge apparatus
300B. The discharge apparatus 300B discharges fluorescent
material 311B from the heads 114 (FIG. 9) so that a layer of
fluorescent material 311B is formed over all the target
discharge areas 58B, as shown in FIG. 25(c).

[0282] Specifically, the first discharge head unit 103C is
initially positioned in the area corresponding to a certain
target discharge area 58B. The discharge apparatus 300B
then discharges the first droplets of the fluorescent material
311B from the discharge nozzles 118T of the first discharge
head unit 103C toward the target discharge area 58B.
Subsequent to the first discharge head unit 103C, the second
discharge head unit 103D is positioned in the area corre-
sponding to the target discharge areca 58B. Second droplets
of the fluorescent material 311B are then discharged from
the second discharge head unit 103D toward the target
discharge area S8B.

[0283] When a layer of fluorescent material 311B is
formed over all the target discharge arcas S8B of the
substrate S0A, the conveyance apparatus 370 positions the
substrate S0A in the drying apparatus 350B. The fluorescent
material 311B on the target discharge areas 58B is com-
pletely dried to obtain a fluorescent layer 311FB on the
target discharge areas S58B.

[0284] As a result of the above process, the substrate S0A
becomes a substrate 50B, which will be used on the reverse
side of a plasma display apparatus.

[0285] Next, the reverse side substrate 50B and a front
side substrate 50C are laminated together with a known
method to obtain a plasma display apparatus 50 as shown in
FIG. 26. The front side substrate S0C has a glass substrate
68, display electrodes 66A and display scan electrodes 66B
that are patterned in parallel on the glass substrate 68, a
dielectric glass layer 64 formed so as to cover the display
electrodes 66A and the display scan electrodes 66B, and an
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MgO protective layer 62 formed on the dielectric glass layer
64. The reverse side substrate S0B and the front side
substrate S0C are positioned such that the address electrodes
54 of the reverse side substrate S0B are orthogonal to the
display electrodes 66A and display scan electrodes 66B of
the front side substrate S0C. A discharge gas 69 is sealed at
a predetermined pressure in the cell (pixel area) surrounded
by the partition walls 60.

Seventh Embodiment

[0286] An example in which the present invention is
applied to the apparatus for manufacturing an image display
apparatus having an electron emission device will now be
described.

[0287] A substrate 70A shown in FIGS. 27(a) and (b) will
be processed by a manufacturing apparatus 4 (FIG. 28)
described below, which manufactures a substrate that serves
as an electron source substrate 70B for an image display
apparatus. The substrate 70A has a plurality of target dis-
charge areas 78 disposed in the form of a matrix.

[0288] Specifically, the substrate 70A has a base 72, a
sodium diffusion prevention layer 74 positioned on the base
72, a plurality of element electrodes 76 A and 76B positioned
on the sodium diffusion prevention layer 74, a plurality of
pieces of metal wiring 79A positioned on the plurality of
element electrodes 76A, and a plurality of pieces of metal
wiring 79B positioned on the plurality of element electrodes
76B. Each of the plurality of pieces of metal wiring 79A has
a shape that extends in the Y-axis direction, and each of the
plurality of pieces of metal wiring 79B has a shape that
extends in the X-axis direction (FIG. 27(b)). Since an
insulating film 75 is formed between the metal wiring 79A
and metal wiring 79B, the metal wiring 79A and metal
wiring 79B are electrically insulated.

[0289] The portions where a pair of element electrodes
76A and 76B is positioned correspond to single pixel areas.
The two element electrodes 76A and 76B are separated from
one another by a predetermined spacing and face each other
on the sodium diffusion prevention layer 74. The element
electrode 76A in correspondence with a certain pixel area is
electrically connected to a corresponding metal wiring 79A.
Also, the element electrode 76B in correspondence with the
certain pixel area is electrically connected to a correspond-
ing metal wiring 79B. It should be noted that in the present
specification the portion in which the base 72 and sodium
diffusion prevention layer 74 are brought together is some-
times designated as a carrier substrate.

[0290] In each of the pixel areas of the substrate 70A, a
portion of the element electrode 76A, a portion of the
element electrode 76B, and the sodium diffusion prevention
layer 74 exposed between the element electrode 76A and the
element electrode 76B correspond to a target discharge area
78. More specifically, the target discharge area 78 is an area
in which an electroconductive thin film 411F (FIG. 31) is to
be formed. The electroconductive thin film 411F is formed
S0 as to cover a portion of the element electrode 76A, a
portion of the element electrode 76B, and the gap between
the element electrodes 76 A and 76B. The planar shape of the
target discharge areas 78 in the present embodiment is
circular, as shown by the dotted lines in FIG. 27()). Thus,
the planar shape of the target discharge areas of the present
invention is a circle defined by the X-coordinate range and
the Y-coordinate range.
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[0291] The substrate 70A shown in FIG. 27(b) is posi-
tioned on a plane that is parallel both to the X-direction and
to the Y-axis direction. The row and column directions of the
matrix formed by the plurality of target discharge areas 78
are each parallel to the X- and Y-axis directions. In other
words, the target discharge areas 78 are aligned on the
substrate 70A such that its row and column directions match
with the X-axis and Y-axis directions. It should be noted that
the X- and Y-axis directions are orthogonal to each other.

[0292] The range in which the target discharge areas 78
are distributed in the X-axis direction is accommodated in
the first range EXT (FIG. 9).

[0293] The spacing L, or the pitch between the target
discharge areas 78 is about 190 um along the Y-axis direc-
tion of the target discharge areas 78. The X-axis direction
diameter (length of the X-coordinate range) of the target
discharge area 78R is about 100 ym, and the Y-axis direction
diameter (length of the Y-coordinate range) is about 100 ym.
The above-described spacing between the target discharge
areas 78 and the above-described size of the target discharge
areas are applicable to those of the pixel areas for the same
colors in a high definition television with a screen size of
about 40 inches.

[0294] The manufacturing apparatus 4 shown in FIG. 28
is an apparatus for discharging electroconductive thin film
material 411 to each of the target discharge areas 78 of the
substrate 70A in FIG. 27. The manufacturing apparatus 4
has a discharge apparatus 400 for applying electroconduc-
tive thin film material 411 to all the target discharge areas 78,
and a drying apparatus 450 for drying the electroconductive
thin film material 411 on the target discharge areas 78.
Furthermore, the manufacturing apparatus 4 also has a
conveyance apparatus 470 for conveying the substrate 70A
to the discharge apparatus 400 and the drying apparatus 450
in this order. The conveyance apparatus 470 has a fork unit,
a drive unit for vertically moving the fork unit, and a
self-propelled unit.

[0295] The discharge apparatus 400 shown in FIG. 29 has
two tanks 401 for holding the liquid electroconductive thin
film material 411, two tubes 410, and a discharge scanning
unit 102 to which the electroconductive thin film material
411 is fed from the two tanks 401 via the two tubes 410. The
configuration of the discharge scanning unit 102 is essen-
tially the same as the configuration of the discharge scanning
unit of the second embodiment. Other elements of the
discharge apparatus 400 will be referred to with the same
reference symbols as those of the first or the second embodi-
ment. Furthermore, redundant description will be omitted.

[0296] In the present embodiment, the liquid electrocon-
ductive thin film material 411 is an organic palladium
solution. The electroconductive thin film material 411 in the
present embodiment is an example of the liquid material of
the present invention.

[0297] Next, the method of manufacturing an image dis-
play apparatus using a manufacturing apparatus 4 is
described. First, a sodium diffusion prevention layer 74 that
has SiO, as the main component is formed on a base 72,
which is mainly composed of soda glass or the like. Spe-
cifically, the sodium diffusion prevention layer 74 is
obtained by forming a film of SiO, up to a thickness of 1 um
on the base 72 using the sputtering method. A titanium layer
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is subsequently formed up to a thickness of 5 nm over the
sodium diffusion prevention layer 74 by sputtering or vapor
deposition. Out of the titanium layer, a plurality of pairs of
element electrodes 76A and 76B are formed using photoli-
thography and etching, such that the electrodes 76 A and 76B
in each pair are separated from one another by a predeter-
mined distance.

[0298] Thereafter, a plurality of pieces of metal wiring
79A extending in the Y-axis direction is formed by applying
and baking an Ag paste, using a screen printing technology,
over the sodium diffusion prevention layer 74 and the
plurality of element electrodes 76 A. An insulating film 75 is
subsequently formed by applying and baking a glass paste to
a portion of the metal wirings 79A using the screen printing
technology. A plurality of pieces of metal wiring 79B
extending the X-axis direction is then formed by applying
and baking an Ag paste, using the screen printing technol-
ogy, over the sodium diffusion prevention layer 74 and the
plurality of element electrodes 76B. In fabricating the metal
wiring 79B, the Ag paste is applied such that the insulating
film 75 is interposed at the intersection of the metal wiring
79B and the metal wiring 79A. The substrate 70A shown in
FIG. 27 is obtained by a process such as the one described
above.

[0299] The substrate 70A is subsequently rendered lyo-
philic by an oxygen plasma treatment under atmospheric
pressure. This treatment provides lyophilicity to a portion of
the surface of the element electrode 76A, a portion of the
surface of the element electrode 76B, and the surface of the
carrier substrate (which is a surface of the sodium diffusion
prevention layer 74) exposed between the element electrode
76A and the element electrode 76B. The target discharge
areas 78 are created from these surfaces. Depending on the
material, a surface with a desired lyophilicity can be
obtained without a surface treatment such as the one
described above. In such a case, a portion of the surface of
the element electrode 76 A, a portion of the surface element
electrode 76B, and the surface of the carrier substrate
exposed between the element electrode 76A and element
electrode 76B form the target discharge area 78 without the
above-described surface treatment.

[0300] The substrate 70A on which the target discharge
arecas 78 are formed is carried onto the stage 106 of the
discharge apparatus 400 using the conveyance apparatus
470. The discharge apparatus 400 discharges the electrocon-
ductive thin film material 411 from the heads 114 (FIG. 9)
so that an electroconductive thin film 411F is formed over all
the target discharge areas 78, as shown in FIG. 30.

[0301] Specifically, the first discharge head unit 103C is
initially positioned in an area corresponding to a certain
target discharge area 78. The discharge apparatus 400 then
discharges the first droplets of the electroconductive thin
film material 411 from the discharge nozzles 118T of the first
discharge head unit 103C toward the target discharge area
78. Subsequent to the first discharge head unit 103C, the
second discharge head unit 103D is positioned in the area
corresponding to the target discharge area 78. Second drop-
lets of the electroconductive thin film material 411 are then
discharged from the second discharge head unit 103D
toward the target discharge area 78.

[0302] In the present embodiment, the desired amount of
liquid electroconductive thin film material 411 is applied to
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all the target discharge areas 78 while the stage 106 makes
a single cycle of relative movement in the Y-axis direction.
This is because all the target discharge areas 78 are distrib-
uted within the first range EXT.

[0303] Since the discharge nozzles 118T of the first dis-
charge head unit 103C and the discharge nozzles 118T of the
second discharge head unit 103D are positioned at the same
positions within the target discharge area 78 during a single
scan period, the volume of the electroconductive thin film
material 411 applied to the target discharge area 78 during
a single scan period can be increased even if the volume of
one droplet of the electroconductive thin film material 411
from a single discharge nozzle 118T at a time is small.

[0304] In the present embodiment, the control unit 112
gives a signal to the heads 114 so that the diameter of the
droplets of the electroconductive thin film material 411 that
have been deposited on the target discharge areas 78 is in the
range of 60 um to 80 um. When a layer of electroconductive
thin film material 411 is formed on all the target discharge
areas 78 of the substrate 70A, the conveyance apparatus 470
positions the substrate 70A in the drying apparatus 450. The
electroconductive thin film material 411 on the target dis-
charge areas 78 is completely dried to obtain an electrocon-
ductive thin film 411F, whose main component is palladium
oxide, on the target discharge areas 78. Thus, an electro-
conductive thin film 411F, which covers a portion of the
element electrode 76A, a portion of the element electrode
76B, and the sodium diffusion prevention layer 74 exposed
between the element electrode 76A and the element elec-
trode 76B, is formed in each of the pixel areas.

[0305] Electron emission portions 411D are subsequently
formed on portions of the electroconductive thin film 411F
by applying a predetermined voltage in the form of pulses
between each element electrode 76A and element electrode
76B. The voltage is preferably applied between the element
electrode 76A and the element electrode 76B under an
organic atmosphere and under vacuum conditions. This is
because the electron emission efficiency from the electron
emission portion 411D is increased thereby. Element elec-
trodes 76A, corresponding element electrodes 76B, and
electroconductive thin films 411F on which the electron
emission portion 411D is disposed, are electron emission
elements. Also, these electron emission elements correspond
to the pixel areas.

[0306] In the above process, the substrate 70A is formed
into an electron source substrate 70B, as shown in FIG. 31.

[0307] Next, the electron source substrate 70B and the
front side substrate 70C are laminated together using a
known method to obtain an image display apparatus 70, as
shown in FIG. 32. The front side substrate 70C has a glass
substrate 82, a plurality of fluorescent portions 84 positioned
in the form of a matrix on the glass substrate 82, and a metal
plate 86 for covering the plurality of fluorescent portions 84.
The metal plate 86 functions as an electrode for accelerating
the electron beam from the electron emission substrate
411D. The electron source substrate 70B and the front side
substrate 70C are positioned with respect to each other so
that each of the plurality of electron emission elements faces
each of the plurality of fluorescent portions 84. Also, a
vacuum state is maintained between the electron source
substrate 70B and the front side substrate 70C.

[0308] An image display apparatus 70 provided with the
above-described electron emission device is also referred to
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as a SED (Surface-Conduction Electron-Emitter Display) or
an FED (Field Emission Display). In the present specifica-
tion, an image display apparatus or the like in which a liquid
crystal display apparatus, an electroluminescent display
apparatus, a plasma display apparatus, or an electron emis-
sion device is used may be described as an “electrooptic
apparatus.” As used in the present specification, the term
“electrooptic apparatus” refers to an apparatus in general
that emits, transmits, or reflects light in accordance with the
application of a signal voltage, and is not limited to appa-
ratuses that are operated based on variations in birefrin-
gence, optical rotation, light scattering, and other optical
characteristics (so-called electrooptic effects).

[0309] As used herein, the following directional terms
“forward, rearward, above, downward, vertical, horizontal,
below and transverse” as well as any other similar direc-
tional terms refer to those directions of a device equipped
with the present invention. Accordingly, these terms, as
utilized to describe the present invention should be inter-
preted relative to a device equipped with the present inven-
tion.

[0310] The term “configured” as used herein to describe a
component, section or part of a device includes hardware
and/or software that is constructed and/or programmed to
carry out the desired function.

[0311] Moreover, terms that are expressed as “means-plus
function” in the claims should include any structure that can
be utilized to carry out the function of that part of the present
invention.

[0312] The terms of degree such as “substantially”,
“about” and “approximately” as used herein mean a reason-
able amount of deviation of the modified term such that the
end result is not significantly changed. For example, these
terms can be construed as including a deviation of at least
+5% of the modified term if this deviation would not negate
the meaning of the word it modifies.

[0313] This application claims priority to Japanese Patent
Application No. 2004-010508. The entire disclosure of
Japanese Patent Application No. 2004-010508 is hereby
incorporated herein by reference.

[0314] While only selected embodiments have been cho-
sen to illustrate the present invention, it will be apparent to
those skilled in the art from this disclosure that various
changes and modifications can be made herein without
departing from the scope of the invention as defined in the
appended claims. Furthermore, the foregoing descriptions of
the embodiments according to the present invention are
provided for illustration only, and not for the purpose of
limiting the invention as defined by the appended claims and
their equivalents. Thus, the scope of the invention is not
limited to the disclosed embodiments.

What is claimed is:

1. A discharge apparatus for discharging droplets of fluid
material on a substrate that has at least one target discharge
area, the discharge apparatus comprising:

a stage on which the substrate is adapted to be placed such
that the target discharge area is positioned to extend in
a X-axis direction;

a discharge head unit having a first nozzle row having a
plurality of first discharge nozzles and a second nozzle
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row having a plurality of second discharge nozzles, the
second discharge nozzles being separated from the first
discharge head unit in a Y-axis direction by a first
distance, the Y-axis direction intersecting with the
X-axis direction; and

a scanning unit for moving at least one of the stage and the
discharge head unit in the Y-axis direction with respect
to the other,

when any one of the plurality of first discharge nozzles is
at an area above the target discharge area due to the
relative movement between the stage and the discharge
head unit, the first nozzle being configured to discharge
a first droplet of the fluid material to the target dis-
charge area,

when any one of the plurality of second discharge nozzles
is, due to the relative movement in the Y-axis direction,
at the area above the target discharge area to which the
first droplet has been discharged, the second nozzle
being configured to discharge a second droplet of the
fluid material to the target discharge area.

2. The discharge apparatus according to claim 1, wherein

the substrate has a plurality of the target discharge areas,

when any one of the plurality of first discharge nozzles is
at an area above any one of the target discharge areas
due to the relative movement between the stage and the
discharge head unit, the first nozzle is configured to
discharge a first droplet of the fluid material to the
target discharge area, and

when any one of the plurality of second discharge nozzles
is at an area above the target discharge area due to the
relative movement in the Y-axis direction, the second
nozzle is configured to discharge a second droplet of
the fluid material to the target discharge area to which
the first droplet has been discharged.

3. The discharge apparatus according to claim 1, wherein

the scanning unit moves the stage relative to the discharge
head unit in a direction along the Y-axis direction.
4. The discharge apparatus according to claim 1, wherein

the scanning unit moves the stage at a substantially
constant velocity.
5. The discharge apparatus according to claim 2, wherein

the plurality of first nozzles are positioned such that all of
the plurality of target discharge areas receive a first
droplet during one relative movement between the
stage and the discharge head unit, and

the plurality of second nozzles are positioned such that all
of the plurality of target discharge areas receive a
second droplet during one relative movement between
the stage and the discharge head unit.

6. The discharge apparatus according to claim 1, wherein

all of the first nozzles are arranged on different X-axis
direction positions,

all of the second nozzles are arranged on different X-axis
direction positions, and

every one of the second nozzles has a first nozzle that is
positioned on the same X-axis direction.

7. A material application method by which a discharge

apparatus discharges droplets of fluid material on a substrate
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that has target discharge areas, the discharge apparatus
including a stage, a discharge head unit having a first nozzle
row of first nozzles and a second nozzle row of second
nozzles, and a scanning unit for moving at least one of the
stage and the discharge head unit with respect to the other,
the material application method comprising:

a step of mounting the substrate on the stage of the
discharge apparatus such that the target discharge areas
are positioned to extend along a X-axis direction;

a step of moving one of the stage and the drive head unit
relative to the other in a Y-axis direction, the Y-axis
direction intersecting with the X-axis direction;

a step of discharging a first droplet of the fluid material
from one of the first nozzles to one of the target
discharge areas when the first nozzle is positioned in an
area above the target discharge area; and

a step of discharging a second droplet of the fluid material
from one of the second nozzles to the target discharge
area to which the first droplet has been discharged when
the second nozzle is positioned in the area above the
target discharge area after a predetermined period of
time passed since the discharge of the first droplet to the
target discharge area.

8. A method of manufacturing a color filter substrate,

comprising;

a step of providing a substrate having a carrier substrate
and a bank such that a plurality of target discharge areas
are defined with the bank on the carrier substrate;

a step of providing a discharge apparatus including a
stage, a discharge head unit having a first nozzle row of
first nozzles and a second nozzle row of second
nozzles, and a scanning unit for moving at least one of
the stage and the discharge head unit with respect to the
other;

a step of mounting the substrate on the stage of the
discharge apparatus such that the target discharge areas
are positioned to extend along a X-axis direction;

a step of moving one of the stage and the drive head unit
relative to the other in a Y-axis direction, the Y-axis
direction intersecting with the X-axis direction;

a step of discharging a first droplet of fluid color filter
material from one of the first nozzles to one of the target
discharge areas when the first nozzle is positioned in an
area above the target discharge area; and

a step of discharging a second droplet of the fluid color
filter material from one of the second nozzles to the
target discharge area to which the first droplet has been
discharged when the second nozzle is positioned in the
area above the target discharge area after a predeter-
mined period of time passed since the discharge of the
first droplet to the target discharge area.

9. A method of manufacturing an electroluminescent

display apparatus, comprising;

a step of providing a substrate having a carrier substrate,
a circuit element layer formed on the carrier substrate,
a plurality of pixel electrodes formed on the circuit
element layer, and a bank formed between the plurality
of pixel electrodes, a plurality of target discharge areas
being defined with the bank and the pixel electrodes;
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a step of providing a discharge apparatus including a
stage, a discharge head unit having a first nozzle row of
first nozzles and a second nozzle row of second
nozzles, and a scanning unit for moving at least one of
the stage and the discharge head unit with respect to the
other;

a step of mounting the substrate on the stage of the
discharge apparatus such that the target discharge areas
are positioned to extend along a X-axis direction;

a step of moving one of the stage and the drive head unit
relative to the other in a Y-axis direction, the Y-axis
direction intersecting with the X-axis direction;

a step of discharging a first droplet of the fluid lumines-
cent material from one of the first nozzles to one of the
target discharge areas when the first nozzle is posi-
tioned in an area above the target discharge area;

a step of discharging a second droplet of fluid luminescent
material from one of the second nozzles to the target
discharge area to which the first droplet has been
discharged when the second nozzle is positioned in the
area above the target discharge area after a predeter-
mined period of time passed since the discharge of the
first droplet to the target discharge area; and

a step of disposing a plurality of opposite electrodes so as
to cover the luminescent material and the bank.

10. A method of manufacturing a plasma display appara-

tus, comprising;

a step of providing a substrate having a carrier substrate,
a plurality of address electrodes formed on the carrier
substrate in stripes, a dielectric glass layer formed to
cover the address electrodes, and partition walls, a
plurality of target discharge areas being defined with
the partition walls and the address electrodes;

a step of providing a discharge apparatus including a
stage, a discharge head unit having a first nozzle row of
first nozzles and a second nozzle row of second
nozzles, and a scanning unit for moving at least one of
the stage and the discharge head unit with respect to the
other;

a step of mounting the substrate on the stage of the
discharge apparatus such that the target discharge areas
are positioned to extend along a X-axis direction;

a step of moving one of the stage and the drive head unit
relative to the other in a Y-axis direction, the Y-axis
direction intersecting with the X-axis direction;

a step of discharging a first droplet of fluid fluorescent
material from one of the first nozzles to one of the target
discharge areas when the first nozzle is positioned in an
area above the target discharge area;

a step of discharging a second droplet of the fluid fluo-
rescent material from one of the second nozzles to the
target discharge area to which the first droplet has been
discharged when the second nozzle is positioned in the
area above the target discharge area after a predeter-
mined period of time passed since the discharge of the
first droplet to the target discharge area;
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a step of providing a front side substrate having a glass
substrate, display electrodes, and display scan elec-
trodes; and

a step of laminating the substrate with the front side
substrate, such that the address electrodes are orthogo-
nal to the display electrodes and the display scan
electrodes.

11. A wiring manufacturing method, comprising:

a step of providing a substrate, including
a step of providing a base,

a step of forming a sodium diffusion prevention layer
on the base,

a step of forming a plurality of element electrodes
positioned on the sodium diffusion prevention layer,
a plurality of target discharge areas being defined
with the sodium diffusion prevention layer and the
element electrodes, and

a step of forming a plurality of metal wiring over the
sodium diffusion prevention layer and the plurality
of element electrodes;

a step of providing a discharge apparatus including a
stage, a discharge head unit having a first nozzle row of
first nozzles and a second nozzle row of second
nozzles, and a scanning unit for moving at least one of
the stage and the discharge head unit with respect to the
other;

26
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step of mounting the substrate on the stage of the
discharge apparatus such that the target discharge areas
are positioned to extend along a X-axis direction;

a step of moving one of the stage and the drive head unit

relative to the other in a Y-axis direction, the Y-axis
direction intersecting with the X-axis direction;

step of discharging a first droplet of fluid electrocon-
ductive material from one of the first nozzles to one of
the target discharge areas when the first nozzle is
positioned in an area above the target discharge area;

step of discharging a second droplet of the fluid elec-
troconductive material from one of the second nozzles
to the target discharge area to which the first droplet has
been discharged when the second nozzle is positioned
in the area above the target discharge area after a
predetermined period of time passed since the dis-
charge of the first droplet to the target discharge area;

step of providing a front side substrate having a glass
substrate, a plurality of fluorescent portions positioned
on the glass substrate, and a metal plate for covering the
plurality of fluorescent portions; and

step of laminating the substrate with the front side
substrate, such that the fluorescent portions face the
element electrodes and the electroconductive material.



