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(57)  [Object] A film-coating technique is provided

which can make uniform amounts of inflows through all [Fig.1]

of flow channels communicating with an ejection port,

which can minimize the influence of an application gap, !
and which can coat a film with higher precision than in
the past.

[Solution] A film-coating nozzle includes branching
blocks (3, 4, 5) having a branched channel structure, a
tip member (12) having an ejection port formed to be
wide in a longitudinal direction, and a tube section (13)
including a plurality of tubules (14) having tubule inflow
openings (16) that communicate with the branched chan-
nel structure, and tubule outflow openings (17) that com-
municate with the ejection port of the tip member (12).
The branching blocks (3, 4, 5) include multiple stages of
branching portions (8) each of which provides a chamber
to branch a flow channel communicating with an inflow
opening (16), and the flow channels branched by the
branching portions (8) in the same stage have equal
lengths up to outflow openings (17). The tip member (12)
has a groove (15) that constitutes the ejection port, and
a length (S) of an end surface of the ejection port in a
transverse direction is longer than an internal diameter
(D) of the tubule outflow openings (17), the tubule outflow
openings (17) being disposed at substantially equal in-
tervals in an innermost surface of the groove (15).
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Description
Technical Field

[0001] The present invention relates to a nozzle, a
coating device, and a coating method for coating a liquid
material in the form of a film, having a uniform thickness,
on a surface of a coating target over a wide region.

Background Art

[0002] In a device for coating a liquid material in the
form of a film, having a uniform thickness, on a surface
ofa coating target over a wide region, such as for coating,
e.g., aresist liquid in manufacturing of electric and elec-
tronic products, or for coating, e.g., a phosphor paste in
manufacturing of display devices, there are generally
used, for the purpose of efficiently coating the liquid ma-
terial, a slit nozzle including a single elongate gap formed
therein, and a comb-shaped nozzle including a plurality
of tubules arranged on a straight line at narrow intervals.
Those nozzles are advantageous in finishing the coating
with a smaller number of times of nozzle movements. On
the other hand, those nozzles have drawbacks that pres-
sure in the nozzle is not held uniform and an amount of
the coated material varies due to, e.g., the difference in
distances from an inflow opening to individual outflow
openings of the nozzle or the presence of flow resistance
at each outflow opening. Various techniques have been
proposed up to date with intent to eliminate the variation
in the amount of the coated material and to realize the
coating in a uniform thickness.

[0003] For instance, Patent Document 1 relates to an
extrusion type nozzle used to coat a coating liquid on a
surface of one or more coating targets traveling in a belt-
like discrete or continuous form. More specifically, Patent
Document 1 discloses an extrusion type nozzle including
two stages of manifolds for spreading a coating liquid in
a direction of width, and two stages of slits for rectifying
the coating liquid, wherein one of the two stages of slits,
which is disposed on the inflow side of the coating liquid
is formed of a replaceable member, and the member is
replaced with an optimum member for each coating op-
eration depending on, e.g., viscosity of the coating liquid,
thereby realizing uniform coating.

[0004] Patent Document 2 relates to a device for form-
ing a protective film on a painting surface in an external
appearance of a vehicular body, and it discloses such a
technique that, in the case of forming a smooth protective
film by jetting out a water soluble paint to a target surface
from a nozzle device, which includes many fine holes
arranged on a line, at a short distance under compara-
tively low pressure, while utilizing a flattening property of
the paint on the target surface, tip openings of the fine
holes include portions communicating with each other to
form a paint jetted out from the nozzle device into a thin
film, thereby coating a smooth protective film.

[0005] However, when many nozzles are arranged on
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a line as disclosed in Patent Document 2, there occurs,
due to not only difference in length of branched flow chan-
nels from one inflow opening to individual ejection ports,
butalso a greaterincrease of a pressure loss in the longer
branched flow channel undergoing larger flow resist-
ance, a problem of variation in amounts of the liquid ma-
terial ejected from the nozzles, i.e., a phenomenon that
the amount of the ejected liquid material increases in a
central portion where the branched flow channels have
shorter lengths, and that the ejection amount gradually
decreases toward opposite ends.

[0006] To cope withthe above-mentioned problem, the
applicant has proposed a fluid ejection channel structure
including multiple stages of branching portions to branch
flow channels in a region from one inflow opening to a
plurality of ejection ports, wherein a horizontal width of a
compartment defining the branching portion in an upper
stage is set to be greater than a distance between inlets
of adjacent branching portions in a lower stage, adjacent
compartments in upper and lower stages are communi-
cated with each other through a tubular channel arranged
at a center of the branching portion on the lower stage
side, and the tubular channel is formed in length shorter
than lengths of the branching portions in the upper and
lower stages, thus making total lengths of individual
branched channels substantially equal to one another
and making pressure losses of the fluid passing through
all the branched channels substantially equal to one an-
other such that amounts of the fluid ejected through the
individual ejection ports are held uniform with high accu-
racy (Patent Document 3).

List of Prior-Art Documents
Patent Documents
[0007]

Patent Document 1: Japanese Patent Laid-Open
Publication No. 2002-370057

Patent Document 2: Japanese Patent Laid-Open
Publication No. H8-224503

Patent Document 3: Japanese Patent No. 4037861

Summary of the Invention
Problems to be Solved by the Invention

[0008] Recently, a demand for higher evenness in
thickness of a coated film has increased with increasing
needs for device components and materials having high-
er functions and smaller thicknesses in the field of dis-
plays and so on. With the slit nozzle disclosed in Patent
Document 1, however, if an application gap between a
nozzle tip and the coating target varies due to the influ-
ences of, e.g., flatness of the coating target and parallel-
ism of a moving means, the coating amount also varies
due to those influences, and the thickness of the coated
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film becomes not uniform, whereby the desired shape of
the coated film is not obtained in some cases. Further-
more, because the slit nozzle includes only one elongate
gap, pressure for pushing out the liquid material is not
uniformly exerted on the slit nozzle, thus causing a prob-
lem that the slit nozzle may deform from a weak portion
or may break in the worst case. In particular, when coat-
ing a liquid material having high viscosity, the above-
mentioned problem is more frequently caused because
comparatively high pressure is exerted. If the above-de-
scribed deformation of the slit nozzle occurs, the coating
amount would be changed as a matter of course, and a
coated film having a uniform thickness could not be ob-
tained.

[0009] Aiming to solve the above-mentioned problem
with the slit nozzle, it is conceivable to employ such a
comb-shaped nozzle as disclosed in Patent Document
2. However, the comb-shaped nozzle disclosed in Patent
Document 2 is not satisfactory as a means for obtaining
a painted film having a uniform thickness for the reason
that the paint is jetted out in the form of an irregular thin
film, and that smoothing of the painted film is based on
fluidity of the paint after the coating. Furthermore, Patent
Document 2 includes no suggestions with respect to the
problem of the pressure loss, which may arise with the
provision of the fine holes.

[0010] Additionally, the technique disclosed in Patent
Document 3 is adapted for forming a multiplicity of parallel
lines, for example, by applying the phosphor paste into
a recess of a substrate surface, and it does not include
a nozzle for coating a film.

[0011] In consideration of the above-described situa-
tions in the art, an object of the present invention is to
provide a film-coating technique which can make uniform
amounts of inflows through all of flow channels commu-
nicating with an ejection port, which can minimize the
influence of an application gap, and which can coat a film
with higher precision than in the past.

Means for Solving the Problems

[0012] According to a first aspect of the presentinven-
tion, there is provided a film-coating nozzle comprising
branching blocks having a branched channel structure,
a tip member having an ejection port formed to be wide
in a longitudinal direction, and a tube section including a
plurality of tubules having tubule inflow openings that
communicate with the branched channel structure, and
tubule outflow openings that communicate with the ejec-
tion port of the tip member, wherein the branching blocks
include multiple stages of branching portions each of
which provides a chamber to branch a flow channel com-
municating with an inflow opening, the flow channels
branched by the branching portions in the same stage
having equal lengths up to outflow openings thereof, the
tip member has a groove that constitutes the ejection
port, and a length S of an end surface of the ejection port
in a transverse direction is longer than an internal diam-
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eter D of the tubule outflow openings, the tubule outflow
openings being disposed at substantially equal intervals
in an innermost surface of the groove.

[0013] According to a second aspect of the present
invention, in the first aspect of the present invention, a
length W of the end surface of the ejection port in the
longitudinal direction is longer than a distance between
the tubule outflow openings that are disposed at opposite
ends of the innermost surface of the groove.

[0014] According to athird aspect of the presentinven-
tion, in the first or second aspect of the present invention,
alength of the groove in the transverse direction is grad-
ually increased from the innermost surface of the groove
toward the end surface of the ejection port.

[0015] According to a fourth aspect of the present in-
vention, in the third aspect of the present invention, a
sectional shape of the groove taken in the transverse
direction is trapezoidal, and the tubule outflow openings
are positioned on a vertical center line of the sectional
shape of the groove.

[0016] According to a fifth aspect of the present inven-
tion, in the third aspect of the present invention, a sec-
tional shape of the groove taken in the transverse direc-
tion is semi-circular or semi-elliptic, and the tubule out-
flow openings are positioned on a vertical center line of
the sectional shape of the groove.

[0017] According to a sixth aspect of the present in-
vention, in any one of the first to fifth aspects of the
present invention, the length S of the end surface of the
ejection port in the transverse direction is 1.2 to 2.5 times
the internal diameter D of the tubule outflow openings.
[0018] According to a seventh aspect of the present
invention, in any one of the first to sixth aspects of the
present invention, the branching blocks and/or the tip
member comprises a plurality of modules capable of be-
ing assembled and disassembled, and combination of
the modules is variable.

[0019] According to an eighth aspect of the present
invention, there is provided a coating device comprising
the film-coating nozzle according to any one of the first
to sixth aspects of the presentinvention, a tank for storing
a liquid material, an ejection valve for controlling supply
or stop of the liquid material, which is supplied from the
tank, with respect to the nozzle, a work table on which a
coating target is placed, and a moving mechanism for
moving the nozzle and the coating target placed on the
work table relative to each other.

[0020] According to a ninth aspect of the present in-
vention, in the eighth aspect of the present invention, the
coating device further comprises an adjustment mecha-
nism including a base member to which the nozzle is
fixed, a rotary shaft disposed in a central portion of the
base member, a mounting member for rotatably support-
ing the rotary shaft, and an adjustment screw disposed
on the mounting member.

[0021] According a tenth aspect of the present inven-
tion, there is provided a coating device comprising the
film-coating nozzle according to the seventh aspect of
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the present invention, a tank for storing a liquid material,
an ejection valve for controlling supply or stop of the liquid
material, which is supplied from the tank, with respect to
the nozzle, a work table on which a coating target is
placed, and a moving mechanism for moving the nozzle
and the coating target placed on the work table relative
to each other, the coating device further comprising an
adjustment mechanism that includes a base member for
fixedly holding the branching blocks and/or the tip mem-
berin a coupled state, a rotary shaft disposed in a central
portion of the base member, a mounting member for ro-
tatably supporting the rotary shaft, and an adjustment
screw disposed on the mounting member.

[0022] According to an eleventh aspect of the present
invention, in any one of the eighth to tenth aspects of the
present invention, the tank is provided in plural number,
and the coating device further comprises a selector valve
for selectively switching over communication with one of
the tanks to be used.

[0023] According to a twelfth aspect of the present in-
vention, in any one of the eighth to eleventh aspects of
the presentinvention, the coating device further compris-
es a pump disposed between the ejection valve and the
selector valve.

[0024] According to a thirteenth aspect of the present
invention, in the twelfth aspect of the present invention,
the pump is a positive displacement pump.

[0025] According a fourteenth aspect of the present
invention, there is provided a coating method of coating
a liquid material by employing the film-coating nozzle ac-
cording to any one of the first to seventh aspects of the
present invention, while a coating target and/or the noz-
zle is moved by a moving mechanism.

[0026] According to a fifteenth aspect of the present
invention, in the fourteenth aspect of the present inven-
tion, a highly-viscous liquid material is coated in form of
a film.

Advantageous Effects of the Invention

[0027] Withthe presentinvention, because of including
not only the branched channel structure capable of dis-
tributing the liquid material in uniform amounts, but also
the plural tubules, which are supplied with the liquid ma-
terialin uniform amounts through the branched channels,
and the groove serving to restore pressure, it is possible
to minimize the influence of a variation in the application
gap, and to coat a film in a more uniform thickness than
in the past.

[0028] Furthermore, since a force exerted by supply
pressure can be distributed with the provision of the plural
tubules, higher pressure can be exerted, and film-coating
using a high-viscous liquid material, which has been dif-
ficult to realize with the prior art, can be realized.
[0029] Moreover, when individual sections are consti-
tuted in the form of modules, a nozzle configuration can
be easily changed just by modifying the modules depend-
ing on a size change of the coating target. Washing of
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the individual sections is also facilitated.
Brief Description of the Drawings
[0030]

[Fig. 1] Fig. 1 is a sectional view of an entire structure
of a nozzle according to the present invention; Fig.
1(a) is a front view, and Fig. 1(b) is a sectional view
taken along an arrow-headed line A-A.

[Fig. 2] Fig. 2 is an enlarged partial sectional view of
a tip portion of the nozzle according to the present
invention; Fig. 2(a) is a front view, and Fig. 2(b) is a
sectional view taken along an arrow-headed line B-
B.

[Fig. 3] Fig. 3 is an explanatory view to explain a
state under coating; Fig. 3(a) represents the slit noz-
zle of the prior art, and Fig. 3(b) represents the
present invention.

[Fig. 4] Fig. 4 is a sectional view to explain modifica-
tions of a shape of a flaring portion of the nozzle
according to the present invention; Fig. 4(a) repre-
sent the case where the flaring portion flares in a
linear form, and Fig. 4(b) represent the case where
the flaring portion flares in a curved form.

[Fig. 5] Fig. 5 is an explanatory view to explain an
example of a modular structure of the nozzle accord-
ing to the present invention.

[Fig. 6] Fig. 6 is an explanatory view to explain an-
other example of a modular structure of the nozzle
according to the present invention.

[Fig. 7] Fig. 7 is a partial sectional view of an adjust-
ment mechanism capable of being provided in the
nozzle according to the present invention; Fig. 7(a)
is a front view, and Fig. 7(b) is a partial side sectional
view.

[Fig. 8] Fig. 8 is an explanatory view to explain an
example of configuration of a coating device provid-
ed with the nozzle according to Example 1.

Mode for Carrying out the Invention

[0031] An embodiment of a nozzle according to the
presentinvention will be described below. Itis to be noted
that in the following, for the sake of convenience in ex-
planation, the inflow side of the nozzle is called the "sup-
per" side, the ejection side is called the "lower" side, a
longitudinal direction of branching blocks 3 to 5 and a tip
member 12 is called a "direction of longitudinal width",
and a transverse direction thereof is called a "direction
of depth" in some cases.

[Entire Structure of Nozzle]

[0032] Fig. 1 is a sectional view of an entire structure
of a nozzle according to the present invention. Fig. 1(a)
is a front view, and Fig. 1(b) is a sectional view taken
along aline A-Ain Fig. 1(a), looking in a direction denoted
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by arrow.

[0033] A nozzle 1 of the present invention includes a
branching block 3 in a first stage, a branching block 4 in
a second stage, and a branching block 5 in a third stage.
The nozzle 1 has one nozzle inlet 2 and twelve tubules
14 each having an ejection opening. In an embodiment
illustrated in Fig. 1, the nozzle 1 is structured such that
a liquid material 43 flowing into the nozzle 1 through the
one nozzle inlet 2 is branched in each of the three stages
of branching portions (branching chambers), and are
ejected after flowing into a groove 15 through the total
twelve tubules 14, which are disposed side by side on a
straight line. The number of stages of branching blocks
is just required to be two or more, and it may be four or
five, for example. In each of the branching blocks, the
branching chamber constituting the branching portion is
provided, and the plural tubules 14 are communicated
with the branching chambers. Therefore, the number of
the tubules 14 is set to be at least four, preferably six or
more, and more preferably eight or more.

[0034] Flow of the liquid material having entered the
nozzle 1 is now described. First, the liquid material 43
having entered through the one nozzle inlet 2 is branched
into two even flows 9, having a substantially equal length,
in a branching portion (branching chamber) 6 that is pro-
vided in the branching block 3 in the first stage. Then,
the liquid materials 43 branched in the first stage are
each further branched into two even flows 10, having a
substantially equal length, in each of two branching por-
tions 7 that are provided in the branching block 4 in the
second stage. Then, the liquid materials 43 branched in
the second stage are each further branched into three
even flows 11, having a substantially equal length, in
each of four branching portions 8 that are provided in the
branching block 5 in the third stage. Thereafter, the
branched liquid materials flow into the tubules 14, which
are grouped in units of three and which are communicat-
ed with the four branching portions 8 that are provided
in the branching block 5 in the third stage, and then flow
out to the groove 15, and ejected. Herein, the branched
flows have the same length in all branching portions pro-
vided in the same branching block.

[0035] With such an arrangement, since all the
branched flows in the branching portions provided in the
same branching block undergo equal channel resist-
ance, etc., pressure losses also become equal to one
another. Therefore, amounts of the liquid material ejected
through all the tubules 14 linearly disposed in the direc-
tion of longitudinal width, i.e., amounts of the liquid ma-
terial flowing into the groove 15 from all the tubules 14,
can be made substantially equal to one another. Such a
point is important in coating a film having a uniform thick-
ness.

[Tip Portion]

[0036] Fig. 2 is an enlarged partial sectional view of a
tip portion of the nozzle according to the present inven-
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tion. Specifically, Fig. 2(a) is a front view, and Fig. 2(b)
is a sectional view taken along a line B-B in Fig. 2(a),
looking in a direction denoted by arrow.

[0037] A nozzle tip member 12 in the presentinvention
includes a tube section 13 including the plural tubules
14, and an elongate groove 15 communicating with the
tube section 13 to merge the branched liquid materials
43 together.

[0038] Respective inflow openings 16 of the tubules
14 constituting the tube section 13 communicate with the
branching portions 8 provided in the branching block 5
in the third stage of a branched channel structure, which
is made up of the branching blocks 3 to 5. On the other
hand, respective ends of the tubules 14 at their outflow
openings 17 are fitted to the tip member 12 having the
groove 15, and are fixed to the tip member 12 by em-
ploying, e.g., a brazing alloy, a solder, or an adhesive.
In the case of ejecting the liquid material 43 that is in-
compatible with the adhesive or the like used for fixing,
the tubule ends may be fixed through "chose fitting" with-
out using the adhesive or the like. End surfaces of tubules
14 defining the outflow openings 17 are positioned in
flush with an innermost surface 19 of the groove 15. The
tubules 14 are arranged in plural number at substantially
equal intervals on a straight line in the longitudinal direc-
tion, thereby constituting the tube section 13. The tubules
14 are preferably arranged at predetermined intervals
from the viewpoint of providing a spreading effect in the
direction of longitudinal width. However, if the tubules 14
are too far spaced from each other, a film could not be
formed. Thus, the tubules 14 are arranged such that the
distance between centerlines of the adjacent tubules 14,
each having aninternal diameter D, is about 4 to 12 times
the internal diameter D.

[0039] The internal diameter (internal diameter of the
ejection port) of each tubule 14 in the present invention
is, for example, ¢ 0.3 to 1.0 mm, and the thickness of a
coated film is, for example, 20 to 500 pum.

[0040] As illustrated in Figs. 1 and 2, the groove 15
has a rectangular shape that is elongate in the longitu-
dinal direction, and it defines a rectangular parallelepiped
space that is surrounded by the innermost surface 19
with which the tube section 13 communicates, and by
inner walls 22 and 23. The groove 15 constitutes a
spreading portion that acts to spread a space defined by
the outflow opening of each tubule 14. On the other hand,
outer lateral surfaces of the tip member 12 extending in
the longitudinal direction have inclined surfaces 21, and
the tip member 12 is formed into a tapered shape by the
two inclined surfaces 21 and 21. A tip end surface 18 is
formed as a horizontal surface between each inclined
surface 21 and the groove 15. Furthermore, inner sur-
faces of the tip member 12 extending in the transverse
direction are formed by the inner walls 23, which are rel-
atively thick and which specify a length W of the groove
15 in the direction of longitudinal width. It is, however, to
be noted thatthe length W of the groove 15 in the direction
of longitudinal width is set so as to provide a rather broad
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space occupying most of the tip member 12, and the
walls of the tip member 12 are not so thick as to form a
narrow slit nozzle.

[0041] The length W of the groove 15 in the direction
of longitudinal width (i.e., in the longitudinal direction) is
preferably set to be longer than the distance between the
tubules 14 positioned at both ends in the direction of lon-
gitudinal width. This aims to enable pressure to restore
with the arrangement of providing spreading spaces in
the direction of longitudinal width at both the longitudinal
ends of the groove 15 as well. The inner walls 23 spec-
ifying the length W of the groove 15 in the direction of
longitudinal width may be each formed to have aninclined
surface or a stepwise or curved surface (see later de-
scription related to the inner walls 22 specifying a length
S of the groove 15 in the transverse direction).

[0042] Inthe presentinvention, the groove 15is formed
in a way to provide a spreading space not only in the
direction of longitudinal width, but also in the direction of
depth. More specifically, the groove 15 is formed such
that a length S of the groove in the transverse direction
is greater than the internal diameter D of the tubule (i.e.,
D < S) (see Fig. 2(b)). With such an arrangement, the
liquid material 43 delivered from the branching portion 8
to flow out through the tubule 14 is caused to temporarily
spread in the groove 15 before being ejected toward a
coating target 29, whereby pressure lost in the tubule 14
is restored to some extent. The above-described ar-
rangement eliminates the influence of an application gap
G, i.e., adistance between the tip of the nozzle 1 and the
coating target 29. A sectional shape of the groove 15,
taken in the transverse direction, is preferably line-sym-
metrical with respect to the centerline of the tubule 14
having the internal diameter D such that the liquid mate-
rial spreads uniformly in an entire space of the groove 15.
[0043] Although the length S of the groove 15 in the
transverse direction and the internal diameter D of the
tubule are changed as appropriate depending on physi-
cal property values of the liquid material 43 used, the
desired coating shape, and so on, the length S of the
groove 15 inthe transverse directionis, forexample, pref-
erably about 1.2 to about 2.5 times and more preferably
about 1.5 to about 2.0 times the internal diameter D of
the tubule. When the inflow opening 16 and the outflow
opening 17 of the tubule 14 have different internal diam-
eters from each other, the internal diameter of the outflow
opening 17 is taken as a reference.

[0044] Inthepresentinvention,thetubule 14isthinnest
among all the flow channels including the branching por-
tions (6, 7 and 8), and flow resistance is maximum in the
tubule 14. However, because the plural tubules 14 are
arrayed in the longitudinal direction of the tip member 12,
forces exerted by supply pressure is distributed. Stated
another way, even in the case of a liquid material (e.g.,
a highly-viscous liquid material) requiring exertion of such
high pressure as causing, e.g., deformation of the prior-
art slit nozzle in which the liquid material is ejected
through one slit, the nozzle 1 of the present invention is
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able to eject the liquid material without causing, e.g., de-
formation.

[0045] While the nozzle of the present invention can
be used to coat the liquid material having viscosity of 300
to 500000 mPa-s, for example, itis particularly preferable
to coat the liquid material having high viscosity. Here, the
term "high viscosity" implies a viscosity of 50000 mPa-s
or more and preferably 100000 mPa-s or more.

[0046] Fig. 3 is an explanatory view to explain a state
under coating. In the drawing, reference symbol 24 de-
notes a moving direction of the nozzle 1.

[0047] Fig. 3(a) represents the case of the prior-art slit
nozzle. The liquid material 43 to be ejected is delivered
from a pool 25 to pass through a slit (8), and is directly
ejected to the coating target 29. On the other hand, Fig.
3(b) represents the case of the present invention. The
liquid material 43 to be ejected is delivered from the
branching portion to pass through the tubule 14 (o), and
is ejected to the coating target 29 after having spread in
the groove 15 (y).

[0048] In any case, when the liquid material is applied
for coating, there is a gap G (hereinafter referred to as
an "application gap G") between the tip end of the nozzle
1 and the coating target 29. The application gap G may
vary due to the influences of, e.g., flatness of the coating
target 29 and parallelism of a moving mechanism 31. If
the application gap G increases or decreases, the liquid
material 43 sandwiched between the tip surface of the
nozzle 1 and the surface of the coating target 29 is pulled
or pushed. Correspondingly, pressure in the inside (B, €)
of the liquid material falls or rises.

[0049] In general, when a flow passes through a nar-
row channel, a flow speed increases and pressure re-
duces. Conversely, when a flow passes through a wide
channel, a flow speed reduces and pressure increases.
In the prior-art slit nozzle, because the flow suddenly
comes out from the inside of the narrow slit (3) to the
outside (g), the pressure in the inside (¢) of the liquid
material sandwiched between the nozzle and the coating
target increases. Stated in another way, a pressure dif-
ference between the inside of the slit (5) and the inside
() of the liquid material sandwiched between the nozzle
and the coating target increases, thus resulting in a state
where the liquid materialis harder to flow out. If a pressure
variation in the inside (¢) of the liquid material caused by
the variation of the application gap G additionally occurs
in the above-mentioned state, the coating operation is
affected even by a slight pressure variation because the
pressure in the slit (3) is low. As a result, the coating
amount is not stabilized, and the film thickness becomes
not uniform.

[0050] On the other hand, in the nozzle of the present
invention, before the liquid material flows out from the
inside (o) of the tubule 14 to the outside (B) of the nozzle
1, the flow of the liquid material is caused to slightly
spread in the groove 15 (y), thus allowing the pressure
to restore to some extent. Thereafter, the liquid material
flows out to the outside (). Accordingly, the pressure in
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the inside (B) of the liquid material sandwiched between
the nozzle and the coating target increases, but the in-
crease of the pressure is not so abrupt. Stated in another
way, although a pressure difference between the inside
(o) of the tubule and the inside (B) of the liquid material,
which is sandwiched between the nozzle and the coating
target, increases, a pressure difference between the
groove 15 (y) and the inside (B) of the liquid material re-
duces, thus resulting in a state where the liquid material
is easier to flow out. Even if a pressure variation in the
inside (B) of the liquid material caused by the variation
of the application gap G additionally occurs in the above-
mentioned state, the coating operation is not affected by
a slight pressure variation because the pressure in the
groove 15 (y) is not so low. As aresult, the coating amount
is stabilized, and the film thickness becomes uniform.
[0051] By employing the nozzle of the present inven-
tion in which the groove 15 acts as the spreading portion,
therefore, the coating amount is stabilized and the film
thickness becomes uniform even if the application gap
varies due tothe influences of, e.g., flatness of the coating
target and parallelism of the moving mechanism.

[Modifications of Groove Shape]

[0052] In the embodiment of Fig. 2, the groove 15 is
formed such that the length S of the groove in the trans-
verse direction is greater than the internal diameter D of
the tubule (i.e., D < S). However, the length S of the
groove in the transverse direction may be increased fi-
nally at a most-downstream end surface 20 that defines
an ejection port. Fig. 4 illustrates modifications in that
case.

[0053] Fig. 4(a)illustrates the groove 15 having a trap-
ezoidal shape in section taken in the transverse direction.
Although an angle formed by each of inner walls 22a and
22b having flat surfaces changes depending on the
length S of the groove in the transverse direction and the
internal diameter D of the tubule, it is, for example, pref-
erably 90 degrees or less and more preferably 60 de-
grees or less.

[0054] Fig. 4(b)illustrates the groove15 having a semi-
circular or semi-elliptic shape in section takenin the trans-
verse direction.

[0055] Although the inner walls 22a and 22b are just
needed to have such shapes as gradually increasing the
distance between them in the transverse direction, the
inner walls 22a and 22b are preferably formed as smooth
(flat or curved) surfaces.

[0056] Furthermore, in any case of Figs. 4(a) and 4(b),
the inner walls 22a and 22b are preferably formed in
shapes not causing contraction of area midway a portion
ranging from the outflow opening 17 of the tubule to the
end surface of the groove. This is because such shapes
are easier to obtain with working and do not make flows
in the groove 15 complicated.

[0057] By forming the ejection port in the shape de-
scribed above, in comparison with the shape spreading
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perpendicularly as described above with reference to Fig.
2, the flow of the liquid material is allowed to more gently
spread, whereby the pressure can be restored while the
pressure loss can be held smaller.

[Modular Structure]

[0058] The nozzle 1 of the present invention can be
constituted in a modular structure depending on varieties
of the branching portions (6, 7 and 8). Figs. 5 and 6 are
each an explanatory view to explain an example of the
modular structure of the nozzle according to the present
invention.

[0059] Fig. 5 illustrates an example of the modular
structure in which one or more branching portions (6, 7
and 8) having equal lengths of the branched flows (9, 10
and 11) per stage are formed as one-piece integral
branching blocks (3, 4 and 5), respectively. In other
words, the branching blocks (3, 4 and 5) constitute mod-
ules for each branching stage. The modules (3, 4 and 5)
are coupled to each other using fastening members (not
illustrated). The fastening members are, e.g., screws or
bolts. Instead of directly coupling the modules to each
other, each module may be fixed to, e.g., a plate-like
member serving as a base. On that occasion, positioning
pins (notillustrated) are preferably disposed to avoid the
flow channels from displacing in mutual connection when
the modules are coupled or fixed, thus allowing the mod-
ules to be properly positioned with ease. As a matter of
course, a sealing member (not illustrated) is disposed at
a flow-channel connecting portion of each module in or-
der to prevent leakage of the liquid material.

[0060] Fig.6illustrates another example ofthe modular
structure in which the branching portions (6, 7 and 8) are
each constituted as one integral module. Thus, the mod-
ular structure of Fig. 6 can also be said as a modular
structure per minimum unit. The tip member 12 is divided
into modules corresponding to the divided modules 5 in
the lowermost stage. As in the case of Fig. 5, the modules
are coupled to each other using fastening members (not
illustrated), or are each fixed to a plate-like member serv-
ing as a base. In addition, a positioning pin, a sealing
member, etc. are further disposed in a similar manner to
that in the above example. In the case of Fig. 6, the mod-
ules constituting the opposite ends of the tip member 12
are different in shape of the groove 15 from the other
modules. This is because the inner walls 23 specifying
the longitudinal width of the groove 15 have to be pro-
vided in those modules constituting the opposite ends of
the tip member 12. In Fig. 6, in other modules than those
constituting the tip member 12 (particularly, in the mod-
ules 8 in the third stage), the thicknesses of sidewalls of
the modules constituting opposite ends of the stage are
different from those of sidewalls of the other modules.
Such a difference in the thicknesses of the sidewalls is
intended to make respective widths of the stages equal
to each other when the stages are directly coupled to
each other. When the modules are fixed to a plate-like
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member serving as a base, the modules can be of course
formed in the same shape for each stage (see, e.g., Fig.
7(a)).

[0061] By forming the nozzle in the modular structure
as described above, when the size of the coating target
is changed, itis possible to easily change the nozzle con-
figuration just by changing combination of the modules,
and to facilitate cleaning of the nozzle.

[Adjustment Mechanism]

[0062] Because inclinations of the nozzle aboutan axis
in the up and down direction and about an axis perpen-
dicular to an axis in the direction of longitudinal width
greatly affect evenness of the film thickness, an adjust-
ment mechanism is preferably provided when the nozzle
1 of the present invention is installed in a coating device.
Fig. 7 is a partial sectional view of the adjustment mech-
anism capable of being attached to the nozzle 1 of the
present invention. Specifically, Fig. 7(a) is a front view,
and Fig. 7(b) is a partial side sectional view.

[0063] In the adjustment mechanism 35 according to
the present invention, a rotary shaft 37 is disposed sub-
stantially in a central portion of a nozzle structure 44 in-
cluding the modules (6, 7 and 8) that are fixed to a base
plate 36, and the rotary shaft 37 is inserted into a bearing
38 that is fixed to a mounting plate 39. Here, the base
plate 36 and the mounting plate 39 are not fixed to each
other such that the base plate 36 and the nozzle structure
44, fixed to the base plate 36, are freely rotatable. There-
fore, the nozzle structure 44 is rotatable as a whole about
the axis in the up and down direction and about the axis
perpendicular to the axis in the direction of longitudinal
width (i.e., to an axis perpendicular to the drawing sheet
of Fig. 7(a)) (as denoted by reference symbol 41). Two
adjustment screws 40 are attached to the mounting plate
39 with one screw disposed at each of the right and left
sides. By moving each of the screws forward and back-
ward (as denoted by reference symbol 42), an amount
through which an upper surface of the base plate 36 is
pushed down is adjusted to rotate the nozzle structure
44 through a minute angle, thereby adjusting the inclina-
tion of the nozzle 1. Employing, as the adjustment screw,
one provided with a scale like a micrometer head is ad-
vantageous in enabling an adjustment amount to be con-
firmed and recorded, and in facilitating the adjustment
operation.

[0064] With the provision of the adjustment mecha-
nism described above, itis possible to avoid the film thick-
ness from becoming not uniform due to the inclination of
the nozzle 1, and to form a coating film in a uniform shape
with high precision.

[0065] The above-described nozzle of the present in-
vention can be applied to various types of coating devices
for coating afilm on a workpiece, such as a coating device
including an XYZ driving mechanism to move the nozzle
and the workpiece relative to each other, a gantry type
device in which a frame including the nozzle provided
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thereon is moved relative to a fixed workpiece, and a
coating device for applying a liquid material from the noz-
zle, which is fixedly positioned, to be coated on a contin-
uously conveyed workpiece.

[0066] Details ofthe presentinvention will be described
below in connection with Example, but the presentinven-
tion is in no way restricted by the following Example.

[Example]
[Coating Device]

[0067] A coatingdevice accordingto Exampleis to coat
an adhesive or a filler for use in optical bonding in which
a protective glass and a liquid crystal display are directly
bonded to each other to improve viewability. Fig. 8 is an
explanatory view to explain an example of configuration
of the coating device according to Example.

[0068] The coating device 26 according to Example
includes a tank 27 for storing the liquid material 43, an
ejection valve 28 for controlling whether the liquid mate-
rial 43 supplied from the tank 27 is supplied to the nozzle
1 of the present invention or stopped, the nozzle 1 of the
present invention, a work table 30 on which the coating
target 29 is placed, and a moving mechanism 31 for mov-
ing the nozzle 1 of the present invention and the coating
target 29 placed on the work table 30 relative to each
other.

[0069] The tank 27 is a pressure vessel that supplies
the liquid material 43 upon receiving a compressed gas
supplied thereto. The liquid material 43 stored in this Ex-
ample has viscosity of 1500 to 100000 mPa-s, for exam-
ple. In this Example, plural (two) tanks are prepared to
be alternately used such that the operation may be con-
tinued without stopping the device each time the liquid
material 43 is replenished. While, in this Example, a se-
lectorvalve 33 is provided for selection of one of the tanks
27 to be used, a single tank 27 may be prepared instead.
[0070] Furthermore, in this Example, a pump 34 is dis-
posed between the selector valve 33 and the ejection
valve 28 such that the liquid material 43 is supplied with-
out supplying the compressed gas to the tank 27, or while
supplying the compressed gas thereto. The pump 34
used here is preferably, for example, a positive displace-
ment pump such as a syringe pump, a diaphragm pump,
avane pump, or a gear pump. By employing the positive
displacement pump, the liquid material 43 can be sup-
plied in a fixed amount, and the amount of the ejected
liquid material can be controlled with high precision.
[0071] The ejection valve 28 is to control whether the
liquid material 43 supplied from the tank 27 is supplied
to the nozzle 1 of the present invention or stopped. The
amount of the ejected liquid material is controlled by con-
trolling an open time of the ejection valve 28.

[0072] The nozzle 1 used here is the nozzle that is
described in the above embodimentand thatis illustrated
in Figs. 1 and 2. The number of stages for branching the
flow channels, the number of the branching portions, the
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number of the tubules 14, and the length of the groove
15 in the direction of longitudinal width can be changed
as appropriate depending on the size of the coating target
29 and the desired coating shape. The internal diameter
of the tubule 14 is, for example, ¢ 0.6 mm.

[0073] The work table 30 is used for placing and fixing
the coating target 29 onto it. The coating target 29 is
firmly fixed in place with attraction through vacuuming or
with abutment using a positioning pin such that the coat-
ing target 29 is not displaced when the work table 30 is
relatively moved.

[0074] The moving mechanism 31 is to move the noz-
zle 1 and the coating target 29 placed on the work table
30 relative to each other in any of directions denoted by
reference symbol 32. The moving mechanism 31 may
be any of the type moving only the nozzle 1, the type
moving only the work table 30, and the type moving both
the nozzle 1 and the work table 30 individually. In this
Example, an XYZ robot is employed as the moving mech-
anism 31.

[0075] As a result of conducting a coating test by em-
ploying the above-described coating device of this Ex-
ample and by setting a condition of the film thickness to
be 100 wm or less, precision of = 5 % was obtained with
respect to the desired film thickness. Thus, it was con-
firmed that a film can be coated in a uniform thickness
by employing the coating device 26 of this Example.

Industrial Applicability

[0076] The present invention can be applied to the
technique for uniformly coating the liquid material on the
surface of the coating target over a wide range. More
specifically, the present invention can be applied to, for
example, the cases of coating a resist liquid, etc. in man-
ufacturing of electric and electronic products, coating a
phosphor paste, etc. in manufacturing of display devices,
coating a super view resin (SVR) to bond a protective
cover, etc. used in a flat display panel, coating an encap-
sulation material to encapsulate an entire surface of an
organic EL panel, and coating heat-radiating grease.

List of Reference Symbols

[0077] 1: nozzle 2: nozzle inlet 3: branching block
(module) in first stage 4: branching block (module) in sec-
ond stage 5: branching block (module) in third stage 6:
branching portion (module) in first stage 7: branching por-
tion (module) in second stage 8: branching portion (mod-
ule) in third stage 9: branched flow in first stage 10:
branched flow in second stage 11: branched flow in third
stage 12: tip member 13: tube section 14: tubule 15:
groove 16: inflow opening of tubule 17: outflow opening
of tubule 18: tip end surface 19: innermost surface (sur-
face with which the tube section communicates) 20: end
surface of ejection port 21: inclined surface 22: inner wall
(transverse direction) 23: inner wall (longitudinal direc-
tion) 24: nozzle moving direction 25: pool 26: coating
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device 27: tank 28: ejection valve 29: coating target 30:
work table 31: moving mechanism 32: moving direction
33: selector valve 34: pump 35: adjustment mechanism
36: base plate (base member) 37: rotary shaft 38: bearing
39: mounting plate (mounting member) 40: adjustment
screw 41: rotating direction 42: forward and backward
moving direction 43: liquid material 44: nozzle structure
S: length of groove in transverse direction D: internal di-
ameter of tubule G: application gap a: inside of tubule f:
inside of liquid material sandwiched between nozzle of
present invention and coating target y: inside of groove
8: inside of slit ¢: inside of liquid material sandwiched
between slit nozzle of prior art and coating target

Claims

1. A film-coating nozzle comprising branching blocks
having a branched channel structure, a tip member
having an ejection port formed to be wide in a longi-
tudinal direction, and a tube section including a plu-
rality of tubules having tubule inflow openings that
communicate with the branched channel structure,
and tubule outflow openings that communicate with
the ejection port of the tip member,
wherein the branching blocks include multiple stages
of branching portions each of which provides a
chamber to branch a flow channel communicating
with an inflow opening, the flow channels branched
by the branching portions in the same stage having
equal lengths up to outflow openings thereof, and
the tip member has a groove that constitutes the
ejection port, and a length S of an end surface of the
ejection port in a transverse direction is longer than
an internal diameter D of the tubule outflow open-
ings, the tubule outflow openings being disposed at
substantially equal intervals in an innermost surface
of the groove.

2. Thefilm-coating nozzle accordingtoclaim 1, wherein
a length W of the end surface of the ejection port in
the longitudinal direction is longer than a distance
between the tubule outflow openings that are dis-
posed at opposite ends of the innermost surface of
the groove.

3. The film-coating nozzle according to claim 1 or 2,
wherein a length of the groove in the transverse di-
rection is gradually increased from the innermost
surface of the groove toward the end surface of the
ejection port.

4. Thefilm-coating nozzle accordingto claim 3, wherein
a sectional shape of the groove taken in the trans-
verse direction is trapezoidal, and the tubule outflow
openings are positioned on a vertical center line of
the sectional shape of the groove.
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The film-coating nozzle according to claim 3, wherein
a sectional shape of the groove taken in the trans-
verse direction is semi-circular or semi-elliptic, and
the tubule outflow openings are positioned on a ver-
tical center line of the sectional shape of the groove.

The film-coating nozzle according to any one of
claims 1to 5, wherein the length S of the end surface
of the ejection port in the transverse direction is 1.2
to 2.5 times the internal diameter D of the tubule
outflow openings.

The film-coating nozzle according to any one of
claims 1 to 6, wherein the branching blocks and/or
the tip member comprises a plurality of modules ca-
pable of being assembled and disassembled, and
combination of the modules is variable.

A coating device comprising:

the film-coating nozzle according to any one of
claims 1 to 6;

a tank for storing a liquid material;

an ejection valve for controlling supply or stop
of the liquid material, which is supplied from the
tank, with respect to the nozzle;

awork table on which a coating target is placed,
and

a moving mechanism for moving the nozzle and
the coating target placed on the work table rel-
ative to each other.

9. Thecoating device accordingto claim 8, further com-

prising an adjustment mechanism that includes:

a base member to which the nozzle is fixed;
arotary shaft disposed in a central portion of the
base member;

a mounting member for rotatably supporting the
rotary shaft; and

an adjustment screw disposed on the mounting
member.

10. A coating device comprising:

the film-coating nozzle according to claim 7;

a tank for storing a liquid material;

an ejection valve for controlling supply or stop
of the liquid material, which is supplied from the
tank, with respect to the nozzle;

awork table on which a coating target is placed;
and

a moving mechanism for moving the nozzle and
the coating target placed on the work table rel-
ative to each other,

the coating device further comprising an adjust-
ment mechanism that includes:
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10

1.

12.

13.

14.

15.

a base member for fixedly holding the
branching blocks and/or the tip member in
a coupled state;

a rotary shaft disposed in a central portion
of the base member;

amounting member for rotatably supporting
the rotary shaft; and

an adjustment screw disposed on the
mounting member.

The coating device according to any one of claims
810 10, wherein the tankiis provided in plural number,
and

the coating device further comprises a selector valve
for selectively switching over communication with
one of the tanks to be used.

The coating device according to any one of claims
8to 11, further comprising a pump disposed between
the ejection valve and the selector valve.

The coating device according to claim 12, wherein
the pump is a positive displacement pump.

A coating method of coating a liquid material by em-
ploying the film-coating nozzle according to any one
of claims 1 to 7, while a coating target and/or the
nozzle is moved by a moving mechanism.

The coating method according to claim 14, wherein
a highly-viscous liquid material is coated in form of
a film.
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