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(57) Abréegée/Abstract:

The present invention relates to coating methods and coating apparatus suitable for the stable production of coatings on the flat
surface of sheet substrates, and methods for manufacturing coated sheet products such as color filters. An embodiment of the

coating method according to the present invention Is a coating method wherein a coating liquid feeder supplies coating liquid to

d

coating liquid applicator having a coating liguid discharge slot, with at least either the coating liquid applicator or a substrate to be
coated being moved relatively one to the other to form a coating with a predetermined thickness on the substrate, comprising the
steps of. keeping at rest the substrate at a position where the start-of-coating line of the substrate is In register with the coating
iqguid discharge slot of the coating liquid applicator; commencing discharge of the coating liquid through the coating liquid
discharge slot; forming a coating liquid bead which Is Iin contact with both an exit aperture portion of the coating liquid discharge

slot and the start-of-coating line of the substrate; and subsequently commencing movement of at least either the coating liqul
feeder or the substrate relatively one to the other. A coating method of this embodiment makes it possible to accurately determin

the start-of-coating line and form a high accuracy coating, because by this method, after discharge of the coating liquid starts whi

d
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the substrate to be coated Is still at rest in register with the coating liguid discharge slot and the formation of the coating liguid beaad

IS assured, the substrate Is moved relatively to the coating liguid discharge slot while rendering the coating liquid bead stable.
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Abstract

The present 1nvention relates to coating methods and

coatlng apparatus sultable for the stable production of

coatings on the flat surface of sheet substrates, and methods

for manufacturing coated sheet products such as color filters.

An embodiment of the coating method according to the

present invention is a coating method wherein a coating ligquid

féeder supplies coating liquid to a coating liquid applicator
having a coating liquid discharge slot, with at least either
the coating ligquid applicatof Or a substrate to be coated
belng moved relatively one to the other to form a coating with
a predetermined thickness on the substrate, comprising the

=

steps of: keeplng at rest the substrate at a position where

the start—of—coating.line of the substrate 1s 1n register with
the coating liquid discharge slot of the coating liquid
applicator; commencing discharge of the coating liguid through
the coating liquid discharge slot; forming a coating ligquid

bead which is 1n contact with both an exit aperture portion of

the coating liquid discharge slot and the start-of-coating

)

line of the substrate; and subsequently commencing movement of
at least either the coating liquid feeder or the substrate
relatively one to the other.

A coating method of this embodiment makes it possible to
accurately determine the start-of-coating line and form a high

accuracy coating, because by this method, after discharge of

98
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the coating liquid starts while the substrate to be coated 1s
still at rest in register with the coating liquid discharge
slot and the formation of thé coating liquid bead 1s assured,
the substrate is moved relatively to the coating liquid

discharge slot while rendering the coating liquid bead stable.

99
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LE,PEHN THIS AMENDEL
TCHT TRANSLATION

Specifilication
Coating Method and Coating Apparatus

Technical field

The present invention relates to a coating method and

> coating apparatus for the application of coating liquids,

partlicularly to a coating method and coating apparatus to

produce stably a coating on a flat surface of a sheet
substrate, which are suitable for application 1in electronic
lndustrial areas such as semiconductor production. The

10 1nvention also relates to a color filter manufacturing method

based on said coating method, color filters thus manufactured,

and a method for manufacturing coated sheet products such as

color filters for liquid crystal displays and solid-state
camera tubes, optical filters, printed circuit boards,

15 1integrated circuits and other semiconductor devices.

Background Art

In recent years, the production of coatings through thin
and uniform application of various coating liquids has been
strongly demanded to form coatings over plastics substrates

20 for optical filters, glass substrates for liquid crystal
displays, and glass substrates for color filters, etc. and to
form photoresists or protective lavers on printed circuit
boards or wafers, etc. in an integrated circuit or
semiconductor manufacturing process. This requires the

25 1ndustrial-scale production of coatings on small-size
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substrates, 1n many cases less than 1 meter long in the
coating direction, and necessitates the adoption of a sheet
coating method which involves the feeding of substrates to the
coater, one by one, application of coating liquids, and
transfer of the coated substrates to the next probess such as
drying.

The methods which have been used conventionally and
widely for such coating include the use of a spin coater, bar
coater and roll coater.

Of these, the spin coater method which 1s widely used to

form photoresist over a semiconductor wafer can apply coatings

on a splnning substrate to be coated by dropplng a droplet of
coating liquid at the center of the substrate and spreading it
over the surface by means of a centrifugal force. This method
can produce unliform coatings over the entire surface of a

substrate to be coated with a high thickness accuracy by

 choosing coating liquids suitable for this method. With the

method, however, only several to ten percent of the coating

liquid dropped on the surface of the substrate can be utilized

for the actual formation of a coating, and the remainder, more

than 90%, of that i1s removed from the surface and.thrown away.
Thus, a very large amount of coating liquid is required to
obtain a film with a predetermined thickness, making the
method uneconomlcal. In some cases, moreover, the coating

liquid 1s deposited on an edge or the bottom surface of the
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substrate, or waste coating liguid scattered within the
equlipment gels or solidifies, which reduces stability and

cleanliness, leading to degradation in the quality of the

coated product.

=

The roll coater method involves the transfer of a coating

liquid onto the surface of a substrate to be coated via a
rubber roll, and 1s capable of applying a coating on a long
material or on a continuous material wound onto a reel.
However, since the coating liquid is supplied from a pan to an
application roll and then to thé substrate, exposure to the
alr becomes prolonged, which gives rise to vulnerability to

degradation due to moisture absorption and oxidation, as well

as the i1ntrusion of foreign matter. As a result, degradation
1n the quality of the coated product tends to occur.

The bar coater method involves the application of a
coating liquid onto a substrate to be coated using a bar made
of a rod on which thin wire 1is wound. The problem with this
method is_that line marks are easily formed on the coating due
Lo the contact between the wire wound on the rod and the
coated substrate.

The die coater method, on the other hand, has been used
conventlonally and widely in areas where the production of
thick coatings or continuous application of high-viscosity
coating liquids 1is required. In case that a coating is formed

on a substrate to be coated by using a die coater, the coating
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liquid 1s supplied through a slot of the die of the die coater
Co produce a pool of the coating liquid, called a coating
liquid bead, between the die and the substfate which 1s moving
relatively to the die running while maintaining a conétant gap
> between them, and the coating ligquid is pulled out as the
substrate runs to form a coating, as has been disclosed, for
example, 1n U.S. Patent No. 3,526,535. Continuous production

Joren
—

of a coating 1s possible by supplying the same amount of

coating liquid as that consumed in the coating formation.

10 Thus, a coating produced with a die coater can achieve a
unlform thickness with a considerable degree of accuracy.
There 1s hardly any waste of coating liguid, and as the
coating liquid supply path to the slot outlets is enélosed,
Che degradation of the coating liquid and intrusion of foreign

15 matter can be prevented, thus enabling the method to enhance

r—

the quality of the resultant coating. This method also makes

1t possible to provide a rectangular-shaped coating at any

desired position of a substrate to be coated.

In light of these problems associated with the spin

20 coater, bar coater or roll coater method, a proposal to use

the die coater method for the manufacture of color filters has
been made recently in Japanese Patent Publication Laid-Open

(Kokai) Nos.5-11105(1993) and 5-142407(1993).

However, these die coaters lack a substantial history in

25 thelr application to sheet substrates and are not sufficiently
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high 1n the levels of coating position accuracy, film
thlickness accuracy, reproducibility, stability, etc., which
are essential for the continuous mass production of high
quallty coated products.

There seem to be four major technical reasons for this.

Firstly, adequate consideration has not been given to the

formation and disappearance of a coating liquid bead, despite
thelr importance for stable coating operations.

Namely, when a die coater 1s used to form a coating on

substrate fed 1n a sheet-form, the application of the coating

B

liquid 1nevitably becomes intermittent, so that disturbance of
a coating liquid bead or disappearance of a coating liquid

bead occurs at the start-of-coating line and/or the end-of-

coating line on the substrate, regardless of whether the
coating liquid is discharged continuously or intermittently.
This makes it difficult to maintain a stable and suitable
coating liquid bead over the entire coating area, and a
uniform coating cannot be achieved until the bead reaches a
stable state. If the stabilization of the bead requlres a long

time, 1t will lead to an increase in the area where the

coating thickness 1s uneven, and the portion of the substrate
which can be used effectively becomes extremely small.
Regarding the formation and disappearance of a coating liqguid
bead, a method of producing a connecting bead, i.e. coating

liquid bead, by generating pulses in supplying coating liquid




10

15

20

29

2183163

has been disclosed in U.S. Patent No. 4,938,994. However, by
this method, the start-of-coating line cannot be accurately

fixed since the substrate is moving while a coating liquid

bead 1s formed and stabilized, and the length of the coated

portion of the substrate before a coating liquid bead has been

stably formed 1ncreases, thereby decreasing the portion of the

substrate over which the required film thickness is obtained

uniformly.

Secondly, no consideration i1s given to the relative
positions of the substrate and the slot of the die. Where
shifts occur to their relative positions or their
reproducibllity is poor, the position of the coated area may
also shift, possibly with large fluctuations well beyond the
allowable range. This i1s particularly crucial when a
rectangular coating 1s to be formed on an ihside portion of
the surface of the substrate.

Thirdly, adequate consideration is not given to achieving
a unilform clearance, 1.e. the distance between the substrate

’ and

and the exit face of the slot of the die, which has a major

impact on the maintenance of a coating liquid bead.

Namely, when producing a ceoating with a uniform thickness

on a substrate Lo be coated by using a die coater, the

r—

clearance must be kept constant over the entire width of the

die of the die coater. The conventional way of keeping the

distance from the substrate constant over the entire width of



10

15

20

22

2185163

the die of the dilie coater 1is to measure the parallelism
between the die and the substrate with a gauge etc. while the
die 1s mounted on its support, and, if the parallelism between
them 1s not satisfactory, manual adjustments to the condition

of the die mounted on the support are made. Dies need to be

washed regularly, since thelir continuous use gradually renders.
thelr interior dirty. However, if the adjustment work
necessary after the mounting of the washed die onto the die
coater 1s undertaken manually, it becomes cumbersome and
requires a conslderable amount of time to complete, which

reduces the productivity. With manual adjustment, the accuracy

of clearance depends on the workmanship of individual workers,
making 1t 1mpossible to always achieve a required accuracy

with high reproducibility. In particular, when a thin coating

1s to be formed, a minute deviation in parallelism created
through the adjustment process results in a large fluctuation
1n the thickness of the coating produced, greatly reducing the

quality of the coating.

Moreover, the substrate i1tself fluctuates in thickness,
and 1n addition, the vertical movement of the table carrvying
the substrate causes fluctuations in the clearance as the
substrate travels. Depending on the severity, this can
constitute an obstruction to improving the accuracy of coating

thickness.

Usually, the linear slider which guides the table 1is
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provided by a linear motion guide. A linear motion guide here

refers to a mechanism in which numerous balls are provided in
such a way that not only can each of them rotate on its axis
but they can also circulate along a predetermined path
(hereilnafter referred to as a revolution), so that the table
can be moved smoothly as a result of the rotation and
revolution of these balls.

However, when a table with a linear slider composed of a
linear motion gulide is used, the vertical movement of the
Cable cannot be reduced to a low level because it undergoes
considerable pitching and vawing. As a result, fluctuations in
Che clearance become large, making it impossible to control
the coating thickness with high accuracy, i.e. to apply a
uniform coating over the entire surface of the substrate.

A likely solution to this is the use of roller bearings
in place of a linear motion guide to improve the traveling
accuracy of the table, 1.e. to reduce its vertical movement.
However, as the travellng speed of the table increases up to a
certain high-speed region, slipping starts to occur between
Che table support and roller bearings, which causes eventually
the table supports to run off from the rollers, and a problem

in that 1t 1is incapable of prolonged use under high-speed

conditions.
Fourthly, there have been problems associated with the

drying and heat curing of the coating liquid in the
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manufacturing of coated sheet products such as color filters,

as described below.
Conventional methbds of manufacturing coated sheet
products such as color filters usually include drying and heat
> curing, by the oven method in which a coating liquid is
applied over a glass substrate using a spin coater and then
heated with the coated glass substrate held 1n a heated
atmosphere, and by the hot plate method in which the coated

glass substrate 1s placed on a hot plate. Coating by means of

10 a splin coater takes some 60 seconds, and in addition, a
conslderable amount of the solvent in the coating liquid
evaporates to accelerate the drying while the excess coating

liquid 1s dissipated. This increases the concentration and

viscoslty of the coating liquid, resulting in‘a low fluidity

15 at the end of the coating process. Therefore, the use of the
oven or not plate method to dry and heat-cure coatings rarely
results 1in the spoiling of the coated surface due to external
disturbances such as changes in the evaporation pattern,
uneven temperature distribution and convection.

g

20 However, 1f a die coater and a spin coater are used to

apply the same coating liquid on a glass substrate, the die
coater 1s much shorter in the coating time compared with the
spin coater, and in the absence of any particular factors

which contribute to accelerated evaporation, the solvent does

25 not evaporate much before the end of the coating process, soO



10

15

20

25

21851635

that the concentration, viscosity and liquidity of the coating

liquid remain almost unchanged. Therefore, the use of the same

drying and heat-curing method as in the case of a spin coater
has so far resulted i1n coating defects. Namely, when the
coating liquid 1s heat-cured using the hot plate method, marks
of several pins used to support the glass substrate, marks of
the arm used to convey the substrate and marks of the hot
plate notches provided for the convevance tend to be left
undeslrably on the coating. This problem occurs as the pins,
arm and notches come into contact with the glass substrate,

and this causes an uneven temperature distribution due to

localized lncreases or decreases in the temperature of the
affected parts of the glass substrate, resulting in a
varlation in the evaporation speed of the coating liquid

solvent over the substrate surface. With the oven method, too,

surface turbulence marks and other defects due to convection

p—

sometimes occur, 1if the heating temperature is raised too high

1n an attempt to increase the drying speed. Also, both methods

may cause surface defects such as glossy spots, as the history

pl—

of the evaporation process of the solvent remains on the

surface of the coating.

Moreover, there 1s no known method suitable for

manufacturing a coated product which comprises a rectangular

coating formed on an inner portion of a surface of a sheet

substrate. The simple utilization of a conventional method is

10
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fraught with problems such as surface imperfections, and in
severe cases, the edge of such a rectangular coating on a
substrate cannot be kept straight as a result of the coating
liquid flowing out from a part of the edge of the

rectangular region.
Disclosure of the invention

The present invention was made in light of the
above problems, and 1ts main object 1s to provide a coating
method and coating apparatus which are capable of producing
stably a uniform coating over a supplied substrate with good
reproducibility and without compromising the advantages of a
die coater, such as economy, high precision thin-film
coating, and containing the coating liquid all the way. In
particular, the invention is i1ntended to provide a coating
method and coating apparatus which can be favorably applied
to sheet substrates, and to provide a method for
manufacturing coated sheet products. The sheet substrates

are in general rectangular and have a predetermined length.

In more specific terms, the objects of the

invention are as listed below:

First, a coating liguid bead necessary for a
stable coating operation 1s to be formed at an early stage

at the beginning of the coating process.

Second, accuracy 1n the relative positions of the

die slot and the substrate is to be improved.

Third, the accuracy of the clearance in the width
direction 1is to be improved to achieve a dramatic reduction
of fluctuation i1n coating thickness in the direction of the

width of the coating liquid discharger.

11
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Fourth, fluctuation of the clearance 1n the
traveling direction is to be reduced by introducing a linear
slider provided with roller bearings which permit stable and
smooth bi-directional traveling over a prolonged period
without too much sacrifice of traveling speed and which can
dramatically reduce vertical movements compared with the use

of a linear motion guide.

Fifth, a method and apparatus for manufacturing
coated sheet products such as color filters are to be
provided by which high quality coated products, especially
those high quality coated products with a rectangular-shaped
coating portion formed on the inside surface of the
substrate, can be produced without generating defects during

the curing of the coating liquid applied over the substrate.

The present invention provides a method of coating
a coating liquid on a top surface of a rectangular sheet
substrate having a predetermined length to form a coating
layer on the top surface of the substrate, in which method a
coating liquid feeder supplies the coating liquid to a
coating liquid applicator having a coating liquid discharge
slot having an exit aperture in a widthwise direction of the
slot for discharging the coating liquid, under a relative
movement between the coating liquid applicator and the

substrate, the method comprising the steps of:

(A) commencing the relative movement to move the

substrate to a position where a start-of-coating line of the

substrate 1s below the slot;

(B) stopping the relative movement and keeping at
rest the substrate in register with the position at which a

clearance 1s made between the top surface of the substrate

and the exit aperture;

12
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(C) commencing a discharge of the coating liqgquid

from the exit aperture;

(D) forming a coating liquid bead which is in
contact with both the exit aperture and the start-of-coating

line of the substrate; and

(E) subsequently commencing again the relative
movement to move the substrate in a horizontal plane while
maintaining the clearance between the top surface of the

substrate and the exit aperture.

The present invention also provides the coating

apparatus, which comprises:

a feeding means to feed a coating liquid;

a coating ligquid applicator having a coating
liquid discharge slot having an exit aperture in a widthwise
direction of the slot to discharge the coating liquid fed by

the feeding means;

a table having a top surface on which a
rectangular sheet substrate having a predetermined length is

to be mounted;

a driving means to perform a relative movement

between the coating liquid applicator and the table;

a first control means by which a start-of-coating
line of the substrate to be mounted on the table is kept at
a position below and in register with the slot and arranged
with a clearance between the top surface of the substrate

and the exit aperture; and

a second control means by which the relative

movement 1s commenced to move either the coating liguid

12a
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applicator or the table in a horizontal plane after forming
a coating liquid bead which 1s in contact with both the exit
aperture and the start-of-coating line of the substrate to
be mounted on the table while maintaining the clearance
between the top surface of the substrate and the exit

aperture.

An embodiment of the coating method according to
the present invention is a coating method, wherein a coating
liquid feeder supplies a coating liquid to a coating liquid
applicator having a coating liquid discharge slot, with
either the coating liquid applicator or a substrate to be
coated being moved relatively one to the other to form a
coating with a predetermined thickness on the substrate,

comprising the steps of: keeping at rest the substrate at a

12b
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position where a start-of-coating line of the substrate is in

reglster with the coating liquid discharge slot of the coating

e

liquid applicator; commencing the discharge of the coating

liquid through the coating liquid discharge slot; forming a
coating liquid bead which is in contact with both an exit
aperture of the coating ligquid discharge slot and the start-

v

of-coating line of the substrate; and subsequently commencng

movement of at least either the coating liquid applicator or

the substrate relatively one to the other.

A coating method of this embodiment makes it possible to
accurately determine the start—Qf—coating line and produce a
high accuracy coating, because by this method, after discharge
of the coating liquid starts while the substrate to be coated
1s still at rest in register with the coating liquid discharge
slot and the formation of the coating ligquid bead is assured,
the substrate is moved relatively to the coating ligquid
descharge slot while rendering the coating liquid bead stable.

Another embodiment of the coating method according to the
present 1lnvention 1s a coating method wherein a coating liquid
Leeder supplilies a coating liquid to a coating liquid
applicator having a coating liquid discharge slot while a
substrate to be coated is held and conveyed by a carrier to
form a coating on the substrate, comprising the steps of:
conveying the substrate by driving the carrier; stopping the

.

substrate so that a start-of-coating line of the substrate

13
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lies below the cocating liquid applicator; activating the
coating liquid feeder to commence dischafge of the coating
liquid from the coating liquid discharge slot; forming a

coating liquid bead over at an exit aperture of the coating

liquid applicator throughout the slot in a widthwise

direction; and subsequently commencing movement of the
substrate using the carrier.

A coating method of this embodiment makes it possible to
produce a highly accurate coating from the start-of-coating
line, compared with other methods wherein the substrate starts
moving before the completion of the formation of a coating
liquid bead, because by this method dischare of the coating
liguid thfough Che coating liquid discharge slot is started by
activating the coating liquid feeder after stopping the
substrate so that the start-of-coating line of the substrate

lies below the coating liquid applicator such as a die, and

also because the conveying of the substrate using the carrier

such as a table or a stage is started after forming a coating
liquid bead over at the exit aperture of the coating liquid
applicator throughout the slot in a widthwise direction. This

o

makes 1t possible to increase the ratio of the length of the

area over which the coating thickness is almost uniform to
that of the overall coated area.
In an embodiment of the color filter manufacturing method

according to the present invention, golor filters are

14
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manufactured using a coating method as represented by one of

the above embodiments.

A color filter manufacturing method of this embodiment
makes 1t possible to supply extremely high quality color
filters with high efficiency, as high accuraéy coated products
can be obtalned without wasting the coating liquid.

In another embodiment of the color filter manufacturing
method according to the present invention, color filters are
produced by using a coating method as represented in one of
Che above embodiments to apply at least one of the following
layers: protective layer, pigmented layer, photo-shielding
resin layer and photoresist layer.

A color filter manufacturing method'of-this embodiment
makes 1t possible to supply extremely high quality color
filters having at least one of the following: protective layer
wlith a low in-plane thickness fluctuation, pligmented layer or
phto-shielding resin layer with a low in-plane fluctuation in
spectral characterisfics, and photoresist layer with a uniform
coating thickness and a low dimensional fluctuation which
permlits high accuracy processing of pixels.

Yet another embodiment of the color filter according to
Che present invention is a color filter which is obtained by
using elther of the preceding color filter manufacturing

methods.

A color filter of this embodiment can be an extremely

15
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high quality color filtér which can have a pigmented laver
and/or photo-shielding resin layer with a low in-plane
fluctuation in chromaticity, a protective layer with a low in-
plane thickness fluctuation, etc.

An embodiment of the coated sheet product manufacturing
method according to the present invention is a coated sheet
product manufacturing method comprising: (A) a step wherein at
least elther a coating liquid applicator having a coating
liquid discharge slot or a sheet substrate to be coated is
moved relatlvely one to the other, followed by keeping at rest
the sheet substrate so that a start-of-coating line of the
sheet substrate is maintained in register with the coating
liquid discharge slot; (B) a step wherein a coating ligquid is
suppllied from a coating liquid feeder to the slot of the
coating liquid applicator, followed by commencing discharge of
the coating liquid through the discharge slot; (C) a step
wherelin a coating liquid bead which is in contact with both

the exit aperture of the slot of the coating liquid applicator

———

and the start-of-coating line of the sheet substrate is

formed, followed by commencing movement of at least either the
coating liquid applicator or the sheet substrate relatively

one to the other so that a coating with a predetermined

thickness 1s formed on the sheet substrate; (D) a step wherein

Che coated sheet substrate with the coating is carried into a

vacuum dryer; and (E) a step wherein the coated sheet

16
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substrate 1s dried under a pressure of 20 Torr or less and at

a temperature 1n a range of 30°C-180°C.

pr—
p—

By a coated sheet product manufacturing method of this

embodiment, a sheet substrate on which has a relatively large
amount of solvent after the coating operation by a coating

liquid discharger such as a die coater is dried under vacuum

and at a relatively low temperature, and therefore the
decrease in the viscosity of the coating liquid at the early

stage of the drylng process is minimized, which permits the

prevention of the migration of the coating liquid due to

external disturbances and warping of the coated substrate due
Lo thermal strain, making it possible to cure the coating

wlthout sacrificing the high coating accuracy and smooth

coating surface achieved during the coating process.

An embodiment of the coating apparatus according to the
present 1nvention is a coating apparatus which comprises a
feeding means to feed a coating liquid, a coating liquid
applicator having a slot extending in one direction to
discharge the coating liquid fed by the feeding means, and a
conveylng means to move at least either the coating liquid
applicator or a substrate to be coated relatively one to the
other, comprising: a first control means by which a start-of-
coating line of the substrate is kept at a position in
register with the coating liquid applicator slot; and a second

control means by which movement of at least either the coating

17
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liquid applicator or the substrate to be coated is commenced
Lo move one relatively to the other after forming a coating
liquid bead which is in contact with both the exit aperture of
the slot of the coating liquid applicator and the start-of-
coating line of the substrate.

By a coating apparatus of this embodiment, the substraté
Lo be coated can be kept at rest at the predetermined position
and the coating operation can be started after the formation
of a coating liquid bead, making it possible to accurately fix
the position of the start-of-coating line, produce a coating
with high thickness accuracy, and achieve a constant thickness

immediately after the start of the coating operation so that

Che useful coated area of the substrate can be increased.
Another embodiment of the coating apparatus according to
the present invention is a coating apparatus which comprises a
feeding means to feed a coating liquid, a coating liquid
applicator having a slot extending in one direction to

discharge the coating liquid fed by the feeding means, and a

conveyling means to move at least either the coating liquid
appllcator or a substrate to be coated relatively one to the
other, comprising: a positioning means which determines a
position of the substrate, before bringing the coating liquid

applicator and the substrate close to each other.

By a coating apparatus of this embodiment, the substrate

Lo be coated can be positioned on the carrier within a
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predetermined accuracy limit, and this eliminates misalignment
in the width direction between the coating liquid discharger,
such as a die, and the coated area on the substrate and also
eliminates shift 1in the start-of-coating line, allowing a
coating to be produced accurately within a predetermined

coating area. A significant shift in the position of the

coating area could lead to a great fluctuation in the coating

thickness at the beginning and/or the end of the coating area,

grim—y

but this does not happen with this embodiment of the coating

apparatus since positioning is carried out accurately, and a

uniform coating thickness can be achieved throughout the

coating area with little fluctuation and great reproducibility

after repeated coating operations.

A still another embodiment of the coating apparatus

according to the present invention is a coating apparatus

whlch comprises a feeding means to feed a coating liquid, a

“coating liquid applicator having a slot extending in one

direction to discharge the coating liquid fed by the feeding
means, and a conveylng means to move at least either the
coating ligquid applicator or a substrate to be coated

relatively one to the other, comprising: a gap measurement

means by which gaps between the bottom surface of the

discharge outlet of the coating liquid applicator and the top

surface of the carrier for conveying the substrate are

measured at two predetermined positions spaced from each other
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prior to the commencement of the coating operation for the
substrate, and a coating liquid applicator driving means which
rotates the coating liquid applicator so that the two gaps
become equal to each other.

By a coating apparatus of this embodiment, the thickness
of the coating produced on the surface of the substrate to be
coated can be made uniform over the entire width, because the
parallelism between the bottom surface of the coating liquid
discharger, such as a die, and the top surface of the carrier,
such as a table, is first adjusted by rotating the coating

liquid discharger to make the two gaps equal to each other

prior to the beginning of the coating operation for the
substrate, with a coating being produced subsequently on the
surface of the substrate by allowing the carrier to move the

substrate while discharging the coating liquid from the

coating liquid discharger. The adjustment of the two gap
readings between the coating ligquid discharger and the
carrier, 1l.e. the adjustment of their parallelism, can be
carried out with high reproducibility and high accuracy, since
1t does not rely on human skills. The adjustment of
parallelism can be carried out using a method other than the
rotation of the coating liquid discharger, as long as it is
capable of moving each end of the coating liquid discharger
individually.

Another embodiment of the coating apparatus according to

20
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the present i1nvention 1s a coating apparatus which produces a
coating on a surface of a substrate by discharging a coating
ligquid from a coating liquid applicator while moving the
substrate by means of a table which carries the substrate,

O comprilsing: the table supported by roller bearings on a base
sO as to travel back and forth freely along a predetermined
direction while a driving force 1is transmitted via a ball
SCrew mechanism, and a stopper to block forcibly the movement
of the roller bearings, which 1s provided at a predetermined

10 location near the limit of the roller bearings movement caused

by a bi-directional travel of the table.

By a coating apparatus of this embodiment, 1f the table

carrying the substrate to be coated reaches a high traveling

speed which leads to cause slip between the table and the

15> roller bearing, the possibility of the roller bearing moving
to 1ts movement limit in either direction due to a difference
between the table's forward and backward traveling speeds can
e elimlinated, because a roller bearing stopper to block the
movement of the roller bearing is provided at a predetermined

20 location near the limit of the roller bearing movement which
accompanies the bi-directional travel of the table. This makes
it possible to maintain a high traveling speed for the table,
and allows long term stable and smooth bi-directional
movement. As a result, 1t becomes possible to introduce a

25 roller bearing which allows the clearance between the bottom
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surface of the coating liquid discharger and the top surface
of the substrate to be maintained with high accuracy as the
substrate travels along. It is preferable that the roller
bearing stopper has a shock absorbing substrate to block the
> movement of the roller bearing softly, which serves to extend
the life of the roller bearing by mitigating damage.
Aﬁother embodiment of the coating apparatus according to

the present invention is a coating apparatus which produces a

coating on a surface of a substrate by discharging a coating

10 1liguid :fom a coating liquid applicator while moving the
substrate by means of a table which carries the substrate,
comprlsing: the table supported by roller bearings on a base
sO as Lo travel back and forth freely along a predetermined
direction while a driving force is transmitted via a ball

15 screw mechanism, a table lifter provided so as to lift up the
Cable when the table has repeated its back-and-forth movement
a predetermlned number of times, and a roller bearing backward
mover provided so as to move the roller bearings backwards

followling a lift of the table by the table lifter.

20

| — a3

By a coating apparatus of this embodiment, the
possibillity that an excessively increased speed of the table
carrying the substrate to be coated may cause slip between the
table support and the roller bearing to allow the table to
reach 1ts movement limit to hamper the function of the roller

25 DPpearing can be eliminated by moving the roller bearing

20



backwards before the roller bearing reaches its movement
limit. Thils also makes it possible to introduce a roller

pearing whilch contributes to the improvement of the accuracy

of the clearance.

]

5 Brief description of the drawings

Figure 1 shows a schematic diagram of a die coater including
the coating liquid supply system.

Figure 2 shows an isometric projection of a die coater

embodiment.

10 Figure 3 shows a sectional view of a die used in a die coater

embodiment.

Figure 4 shows a time chart of the operation of each device

used 1n a die coater embodiment.

Figure S5a shows a schematic diagram of a wiping equipment.

15> Figure 5Sb shows an enlarged X-X sectional view of the wiping

equlipment shown in Figure 5a.

Figure © shows an isometric projection of another die coater

embodiment.

Figure 7 shows a plan view of a positioning device embodiment.

20 Filgure 8 shows a plan view of another positioning device

empbodliment.

—

Figure 9 shows an isometric projection of a still another

positioning device embodiment.

Figure 10 shows a thickness profile of a coating in the

25 traveling direction in a case where the positioning has been
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performed.

Figure 11 shows a thickness profile of a coating in the
travellng directlion in a case where the positioning has not
been performed.

5 Flgure 12 shows a thickness profile of a coating in the width

direction in a case where the positioning has been performed.
Figure 13 shows a thickness profile of a coating in the width
direction 1n a case where the positioning has not been
performed.

10 Figure 14 shows a flowchart of the parallelism adjustment
process.
Figure 15 shows a detailed enlarged sectional view of the

linear slider.

r—

Figure 16 shows a diagram of the configuration of the portion

15 for blocking the movement of the roller bearing.
Figure 17 shows a diagram of the configuration of the portion
for 1lifting the table.
Figure 18 shows a diagram of the configuration of the portion
for moving the roller bearing backwards.

20 Filgure 19 shows a flowchart of the roller bearing's backward
movement process carrled out by the devices given in Figures

17 and 18.

Figure 20 shows a diagram of an embodiment of the coated sheet

product manufacturing method.

25 Figure 21 shows a typical thickness profile of a coating
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obtalned 1n Example 1.

Figure 22 shows a simplified plan view of the appearance of a

typical coating obtained in Example 1.
Figure 23 shows a typical thickness profile of a coating

5> obtained 1n Comparative Example 1.
Figure 24 shows a simplified plan view of the appearance of a
typlical coating obtained in Comparative Example 1.
Figure 25 shows a schematic diagram of the operation of each
device 1n Comparative Example 2.

pe=m

10 Figure 26 shows a typical thickness profile of a coating

obtalned 1n Comparative Example 2.

I

Figure 27 shows a simplified plan view of the appearance of a

typilical coating obtained in Comparative Example 2.
Sympbols shown on the drawings stand for the following:

15 A:Substrate, C: Coating liquid bead, D: Coating,

LC: Clearance, LP: Slot gap,

2: Bench, 4: Guide groove and rail, 6: Table, 6m: Distance
sensor, 1l2: Casing, 1l4: Feed screw, 18: AC Servomotor,
22: Thickness sensor, 30: AC servomotor,

20 38a, 38b: Adjustment actuator, 40: Die,

44: Syringe pump, 46: Electromagnetic changeover valve,
50: Coating liquid tank, 54: Computer, 56: Sequencer,
S57: Position sensor, 58: Front lip, 60: Rear lip,

62: Manifold, 64: Slot, 66: Discharge outlet,

25 70: Bottom surface, 74: Bottom surface,

2
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100: Wiping equlipment, 102: Wiper, 104: Tray,
108: Waste liqﬁid tank, 110: Pump, 114: Ball screw,
120: Coating liquid, 200: Widthwise positioner,
202: Positioning pusher, 206: Stopper, 210: Adjuster piece,
o 218: Positioning device, 220: Traveling direction positioner,
222:. Positionling pusher, 226: Stopper,
240: Rectangular groove, 246: Bottom surface,
300: Coating unit, 302: Substrate transfer unit,
304: Vacuum pad, 306: Arm, 330: Vacuum.drying unit,
10 334: Vacuum pump, 335: Proximity pin, 380: Substrate,
400: Linear slider, 402: V-shaped groove,
404: Roller bearings,
400: Retainer, 408: Roller, 412: Ball screw nut,
414: Coupler, 416: Ball screw, 430: Roller bearing stopper,
15 434: Cylinder, 438; Cylinder
Best mode for carrying out the invention
The best mode for carrying out the invention is described
below with reference to the drawings.
Figure 1 shows an overall configuration of an apparatus
20 for performing a coating method according to the present
inventilon.
Thls coating apparatus for a sheet substrate has a
coating liquid tank 50; a syringe pump 44; a die 40 which is
Che coating liquid discharger provided with a coating liquid

25 discharge slot 64; a table 6 which is moved in back-and-forth
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directlons by a driving mechanism comprising a feed screw 14
and a threaded nut-like connector 16; a position sensor 57
comprising an optical senscor which detects the position of a
glass substrate A, 1.e. the substrate to be coated, placed on
the table 6; a sequencer 56 which controls the output signal
from the position sensor 57‘;{]2{3 servomotor 18 which powers the
feed screw 14 ; and a computer 54 which
controls the sequencer 56t and the syringe pump 44.

A coating liquid delivery hose 42 stretches from the die
40, and the end of the delivery hose 42 1s connected to the

i

delivery port of an electromagnetic changeover valve 46 for

the syringe pump 44. A suction hose 48 runs from the suction
port of the electromagnetic changeover valve 46, and the end

of this suction hose 48 1s connected to a coating liquid feed

tank 50.

The pump proper 52 of the syringe pump 44 1s selectively
connectable to either the delivery hose 42 or suction hose 48
via the changeover action of the electromagnetic changeover

valve 46. The electromagnetic changeover valve 46 and the pump

proper 52 are electrically connected to the computer 54, and
their operation 1is controlled by control signals from the
computer 54. The lifting actuator 21 and thickness sensor 22
are also electrically connected to the computer 54. The
syringe pump used here 1s a pilston-type constant volume

dischargeable pump, but a positive displacement pump such as a

2/
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gear pump or a diaphragm pump may also be used as a constant
volume dischargeable pump for this invention. The syringe pump
comprises of a piston and a cylinder, and thé preferred
substrates for them include stainless steel and other metals,
5 glass (like 1n a syringe), and cerémics, while plastics and
polymer resins such as Teflon may also be used depending on
the type of the coating liquid. It 1s also possible to limit
the use of plastics and polymer resins such as Teflon to parts
"0of the piston which come into contact with the coatiﬂg liquid.
10 To control the operation of the syringe pump 44, a
sequencer 56 1s also connected to the computer 54. The
sequencer 56 performs the sequential control of the AC
servomotor 18 for the feed screw 14 on the side of the table 6
and the AC servomotor 30 (not shown on the drawing) for the
15 1lifting mechanism 26. For this sequential control, the
sequencer 56 receives signal inputs such as those indicating
the operational status of the AC\servOmotors 18 and 30, those
from the position sensor 57 which detects the position of the

table 6, and those from a sensor (not shown on the drawing)

20 which detects the operational status of the die 40. From the

sequencer 56, signals i1ndicating their sequential operation

are then sent to the computer 54.

Instead of using a position'sénsor 57, 1t 1s also

possible to incorporate an encoder 1nto the AC servomotor 18

25 and allow the sequencer 56 to detect the position of the table

*Trade-mark
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6 based on the pulse signal outputted by the encoder.
Although not shown on the drawing, the die coater is
equipped with a loader to load the table 6 with a glass sheet
A for a color filter as sheet substrate to be coated and an
5 unloader to remove the glass sheet A from the table 6, and the
loader and unloader may have an industrial cylindrical

coordlnates robot etc. as their major component.

Figure 2 1s an overall oblique view showing the

n

relationship between the die 40 and the table 6. A pair of
10 groove and rail guides 4 are provided on the bench 2, and a

table © 1s mounted on the groove and rail guides 4, with the

Cop surface of the table 6 being a suction surface. The table

 —
p—

6 can move freely on a horizontal plane along the pair of

groove and rall guides 4, 1.e. a linear slider, in two
15 opposite directions.
The palr of groove and rail guides are housed inside a
casing 12, along with an advancing mechanism. The casing 12
stretches along the groove and rail guides 4. The advancing
mechanism has a feed screw 14 comprising a ball screw as shown
20 1n Figure 1. The feed screw 14 is located underneath the table
6, 1ls screwed and extends through a nut—like connector 16
which 1s joined onto the stem 8. The two ends of the feed
screw 14 are allowed to rotate freely, supported by bearings
which are not shown, and an AC servomotor 18 is connected to

25 one end. The smallest possible openings are provided on the
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top surface of the casing 12 to allow the movement of the
stems 8.

The casiﬁg 12, with 1ts very small openings, completely
covers the groove and rail guides 4, feed screw 14, etc. thus
dramatically reducing the escaping and scattering of the dust
generated by the feed screw 14 etc. and preventing coating
liquid dripping from a height above the table 6 from
undesirably reaching the feed screw 14 and groove ‘and rail

guldes 4. Furthermore, by drawing out the air inside the

caslng 12 and thus bringing the air pressure there down to a

B

negative value, 1t is possible to increase the cleanliness of
the atmosphere during the application of coating liguid and

dramatically reduce the occurrence of defects, as this, along
with the small size of the openings, will tend to prevent the

dust generated inside the casing 12 from escaping, while

sucking in the dust floating outside.

A sensor support 20 1s placed on the top surface of the
bench 2. The sensor support 20 has an inverted L-shape, and
1ts end extends to a point right above one of the groove and
rail guides-4. An electric—motor—driven lifting actuator 21 1is
mounted at the end of the Sensor support 20, and a thickness
sensor 22 1s secured onto the lifting actuator 21 facing down.
The thickness sensor 22 may be a laser displacement gauge,

electronic micro-displacement gauge, ultrasonic thickness

gauge or the like.
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Also, an inverted L-shaped die support 24 is placed on

the top surface of the bench 2, at a location closer to the

center of the bench 2 than the sensor support 20. A lifting

mechanism 26 1s mounted at the end of the sensor support 24,
> and, although not shown in detail in Figure 2, the lifting
mechanism 26 is equipped with a lifting bracket which is

engaged with a pair of guide rods in such a way that it can

move up and down freely. A feed screw comprising a ball-screw

1s provided between the guide rods, and the feed screw is

10 screwed through the lifting bracket. The upper end of the feed

screw 1s secured onto a casing 28 which accommodates the gulde

rods and feed screw, via a bearing in such a way that 1t can

rotate freely, and its top portion is connected to the AC

servomotor 30.

15 An U-shaped die holder 32 is mounted on the lifting

bracket 1n such a manner that it can freely rotate in the
vertical plane, and the die holder 32 stretches horizontally
straddling the pair of groove and rail guides 4. A little
above the die holder 32, a horizontal bar 36 is secured onto
20 the lifting bracket, with the horizontal bar 36 stretching
alongside the die holder 32. Adjustment actuators 38a and 38b

which are driven by air pressure are mounted at either end of

the horizontal bar 36. Each of the adjustment actuators, 38a

and 38b, has an extendible rod which protrudes from the bottom

p——

25 surface of the horizontal bar 36, and the two rods extend to
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touch the die holder 32 near its ends.

Inside the die holder 32, a die 40 is mounted as a means
of discharging the coating liquid.

As 1s clear from Figure 2, the die 40 lies over the palr
Of groove and rail guides 4, stretching horizontally in the
wldth direction, i.e. perpendicular to the Craveling path of
the table 6. The horizontal level adjustment of the die 40 can
pe carrled out by extending or retracting the extensible rods
of adjustment actuators 38a and 38b which are mounted at both
ends of the horizontal bar 36, and rotating the die holder 32
around 1ts rotational axis, thus maintaining the bottom

surface of the die 40 and the top surface of the table 6

parallel to each other.

A distance sensor 6ém comprising an electromagnetic
induction type sensor, electronic micro-displacement gauge,
etc., for measuring the distance between the bottom surface of
Che die 40 and the top surface of the table 6, is mounted on

Che table 6 at each of its upstream side corners with respect

Lo the coating direction. Other possible choices for the
distance sensor 6m include a photoelectric sensor, ultrasonic
sensor and differential transformer type contact sensor. The

die 1s mounted in such a way that it can freely rotate around

an axls which is parallel to the longitudinal axis of the die,

and conslderation has been given to facilitate the discharge

OL alr trapped inside the die by discharging the coating
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liquid from the discharge outlet 66 facing upwards.

The details of the die 40 are given in Figure 3, in which
the rotational axis of the die holder 32 and that of the die
40 are shown with a chain line. The die 40 has a front lip 58
and a rear lip 60 which are slender blocks extending in the
width direction of the die. The lips 58 and 60 are put firmly
together i1n the traveling direction of the table 6 with the

front lip in front. In the middle of the die 40, a manifold 62

has been formed, and the manifold 62 stretches in the length

p——

direction of the die 40. The manifold 62 is permanently

connected to the coating liquid supply hose 42 via an internal
passage. The cross-sectional shape of the manifold may be a
clrcle such as the one shown in Figure 3, semi-circle,
inverted triangle, or any other shape which is wider than the
gap LP of the slot 64 and capable of holding a liquid.
Concerning the lengthwise changes in cross-section of the
manifold, the cross-section may be the same throughout its

length, 1i.e. so-celled T-shape manifold, or may gradually

increase towards the middle in the length direction of the die

to ensure a smooth flow, 1.e. so-called coat-hanger type or
fish-tail type.

The slot 64 extends vertically downwards from the

manifold 62, and opens through the bottom surface of the die

40. The bottom opening of the slot 64, i.e. the discharge

outlet 66, extends in the length direction of the die 40, in
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Lhe same manner as the manifold 62. More specifically, a shim
(not shown on the drawing) 1is placed between the front lip 58
and rear lip 00, and the thickness of the shim is used to
adjust the gap LP of the slot 64, i.e. the length of the

O discharge outlet 66 in the traveling direction of the table 6

to, for example, 0.1 mm.

When looking in the forward traveling direction of the
table o (the one marked "B" in Figure 3), i.e. the direction
in which the table 6 at its initial position as shown in

10 Figure 1 moves towards the die 40, the lower part of the front

face of the front lip 58 which is situated at the front is

shaped 1nto a downward slope 68 inclined towards the discharge

outlet 06, and the bottom surface 70 of the front lip 58 is

defined by the surface which lies between the lowest edge of
15 the slope 68 and the discharge outlet 66. Similarly, the lower

part of the rear face of the rear lip 60 is shaped into a

downward.slope 12 inclined towards the discharge outlet 66,

and the bottom surface 74 of the rear lip 60 is defined by the

surtface which lies between the lowest edge of the slope 72 and

20 the discharge outlet 66.

As 1s clear in Figure 3, the length LR of the pottom
surface /4 assoclated with the rear lip 60 in the traveling

direction of the table 6 is greater than the length LF of the

pottom surface 70 associated with the front lip 58, and these

25 Dbottom surfaces 70 and 74 lie in the same horizontal plane.
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For example, the length LF of the bottom surface 70 is
set to 0.01 - 0.5 mm, and the length LR of the bottom surface
74 1s set to 1 mm or more and 4 mm or less.

Moreover, the angle OF made by the sloped surface 68
assoclated with the front lip 58 and a horizontal plane which
lntersects with it is set between 30° or more and 60° and
less. On the other hand, there is no particular constraint on
the angle OR between the sloped surface 72 associated with the
rear lip 60 and the horizontal plane, although it should

preferably be set in a similar range to OF.

To ensure fast response of coating liquid discharge from
a coating liquid discharger in the above configuration, it is
necessary to secure firm sealing throughout the coating liquid
delivery piliping system. Although there is no particular limit
on the thickness of the coating D which can be produced, the

applicator can be used most favorably for the production of

thin-film coatings within the range of 1 - 500 um in thickness

after application and before dryving. When the thickness of the

coating D 1s less than 1 wum, it is difficult to obtain high

uniformity due to restrictions in machining accuracy for the

die 40 and thickness accuracy of the substrate A. Although it

1s of course applicable to cases where the coating thickness

exceeds 500 wum, such an application will not markedly reflect

Che meritorious effects of the present invention.
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The uniformity of the coating D is controlled by

adjusting the slot gap LP of the die 40 or the clearance LC,

1.e. the length of the gap between the die 40 and the

substrate A, as shown in Figure 3. In the present invention,

there are no particular restrictions as to the slot gap LP and

clearance LC, but the slot gap LP is preferably set in the

range of 10 - 500 um. Otherwise, the adverse effects of

variance -in gap lengths and undulations will be extremely
great, as 1t 1s difficult to produce a die 40 to maintain a
slot gap of less than 10 um with high accuracy. Further, the

clearance LC 1is preferably set in the range of 10 um - 1 mm,

since maintaining a clearance LC of less than 10 um with high

accuracy 1s difficult due to constraints in the machining

p—

accuracy of equilpment and substrates A. The clearance LC is

also preferably 1 mm or less in view of maintaining the

stability of the coating liquid bead C. Also, to obtain a

highly uniform coating D by producing a stable coating liquid

pead C, the clearance LC is preferably maintained precisely

o

within an overall range of 1.2 to a few tens of times the

coating thickness. A pressure chamber may be provided at the
rear lip 060 side to adjust the positive or negative pressure

on the upstream side surface of the coating liquid bead C as a

means of facillitating the formation of a stable coating ligquid

bead C.
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The slot gap variation in the width direction of the die.

can be freely adjusted using adjustment bolts, not shown in

the drawilng.

The coating method will now be explained with reference.

> to typical time charts shown in Figure 4, where Chart a

represents the time chart of table travel, with the top half

of the chart indicating forward movement and the bottom half

of that indicating backward movement. Charts b and ¢ show
changes 1n the operation of adhering the substrate to be

10 coated by suction and the operation of the lift pins for the
table 6 (not‘shown in the drawing) with time, respectively,

whlle Chart d indicates pressure reduction action in a case

where a pressure reduction chamber is provided at the rear lip
side of the die 40. Charts e and f illustrate the wiping
15 action for the die 40 and the vertical movement of the die 40,

respectively, while Chart-g shows the operation of the

electromagnetic changeover valve 46, with the top half of the

chart i1ndicating changeover to the coating die side and the

pottom half of that to the coating ligquid tank side. Chart h

20 1llustrates the operation of the syringe pump 44, with the top

half of the chart indicating discharge and the bottom half of

that 1ndicating suction. Chart i explains an overall sequence

of operations.
Although not shown in the drawing, there is a sensor

25 which detects the position of the table 6 or that of the
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