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~ Field-of the Invention The presént i.hvention relates to a.method and
- apparatus for manufacturing a color filter by form ng and arr@?@Vﬁﬁ a large
nunber of colored filter elements 10 on a transparent substr t he .col.or
filter, a liquid crystal display apparatus, and an apparatus having the
liquid crystal display apparatug, 2. -Descript.i f the Related Art Wth
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5 D OF TH TION
1. Field of the InVéntion
The present invention relates to a method and
apparatus for manufacturing a color filter by forming
and arranging a large number of colbred filterlelements

10 on a transparent substrate, the color filter, a liquid
crystal display apparatus, and an apparatus having the
liquid crystal display apparatus.

2. Description of the Related Art
With recent advances in personal computers,

15 especially portable personal computers, the demand tends
to arise for liquid crystal displays, especially color
liquid crystal displays. However, in order to further
popularize the use of liquid crystal displays, a
reduction in cost must be achieved. Especially, it is

20 required to reduce the cost of a color filter which
occupies a large proportion of the total cost. Various
methods have been tried to satisfy the required
characteristics of color filters while meeting the above
requirements. However, any method cabable of satisfying

25 all the requirements has not been established. The

respective methods will be described below. The first



20 required to reduce the cost of a color filter which occupies a |large
proportion of the total cost. Various methgds have been tried to satisfy
the required characteristics of color filters while neeting the above
requi renents. However, any nethod capable of satisfying 25 all the

requi renents has not been established. The respective methods will be
descri bed bel ow. The first. met hod is a dyeing nethod, which is the nost
popul ar method. In the dyeing nethod, a water-soluble polynmer material as

a dyeabl e naterpatnba £9a% %% ﬁiﬁgéﬁs l%& Hate tﬁ dthe égg%igﬁeis

patterned into a desired 5 ape by a |t ograp proces

obt ai ned pattermetHodi Pped tHe adflé/ g)qﬁéh{da ot %Eeil gPll%gg?gi fEP- Thi s
process is repeated three tinmes to formR and I'ter”l-ayers.
The second net hmdtegial pég@rkhyéhlsmrrﬁd@’fﬁ&t I3.(édcoated on a glass
| substrate, and the coating is patterned into a desired
5 shape by a photolithography process. The obtained
pattern is dipped in a dye bath to obtain a colored
pattern. This process is repeated three times to form
R, G, and B color filter layers.
The second method is a pigment dispersion method,
10 which is cgrrently repiacing the dyeing method. 1In this
method, a pigment-dispersed photosensitive resin layer
is formed on a substrate and patterned into a single-
color pattern. This process is repeated three times to
obtain R, G, and B color filter layers.
15 The third method is an electrodeposition method. In
this method, a transparent electrode is patterned on a
substrate, and the resultant structure is dipped in an
electrodeposition coating fluid containing a pigment, a
resin, an electrolyte, and the like to be colored in the
20 first color by electrodeposition. This process is
repeated three times to form R, G, and B color filter
layers. Finally, these layers are calcined.
The fourth method is a method of dispersing a
pigment in a thermosetting resin, performing a print
25 operation three times to form R, G, and B coatings

separately, and thermosetting the resins, thereby



10 which is currently replacing the dyeing nethod. In this nethod, a

pi gnent - di spersed photosensitive resin laygr _is forned on a substrate and
patterned into a single- color pattern. Thi's process is repeated three
times to obtain R G and B color filter layers. 15 .- The third nethod
s an el ectrodeposition nethod. In this nmethod, a transparent electrode is-
patterned on a substrate, and the resultant structure is drpped |n an

el ect rodeposition coating fluid contalnlng a plgnent a resin,

| ectrol yt | d st | b' "
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met hod i s a netho |sper5| nent rnosetting resin,

perfornrng a prillyeds. operatlon three tines to forntR G and B coati ngs
separately, and thernDsettlng t he resins, thereby

The point common to these methods is that the same:

- 5 process must be repeated three times to obtain layers
colored in three colors, i.e., R, G, and B. This causes
an increase in cost. fn addition, as the number of
processes increases, the yield decreases. 1In the
electrodeposition method, limitations are imposed on

10 pattern shapes which can be formed. For this reason,
with the existing techniques, this method cannot be
applied to TFTs. 1In the print method, a pattern with a
fine pitch cannot be formed because of poor resolution
and poor evenness.

15 In order to eliminate these drawbacks, methods of
manufacturing color filters by an ink-jet system are
disclosed in Japanese Patent Laid-Open Nos. 59-75205,
63-235901, and 1-217320.

In the above conventional manufacturing method

20 Dbased on the ink-jet system, since a colored ink dot is
formed on a color filter substrate by spraying an ink
droplet once, the density of the ink droplet tends to
decrease, or color irregularity tends to occur. Even if
the amount of ink sprayed is increased, one spraying

25 operation-results in blurring and spreading of an ink

dot. Therefore, the problem of density irregularity



-3- formng colored layers. In eith
| ayer is generally fornmed on the col
met hods is that the same 5 process:
| ayers colored in three colors, i
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.e.y

er of the above nethods, a protective
ored;lgygrs, The point comobn to these

nmust- be repeated three tifmes to obtain-
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. ned because of poor reso?utlon and
poor evenness. &Annot be f@rxﬁ@djedwi.trfq(%d-@h@ats?rbaassfdéﬁ“@ﬁﬁk&etnm hods of
manuf acturing color filters by an

ur -jet systemare disclosed in Japanese
Patent Lai d-Open NosIn58rd&206¢ solve this problem, an attempt has been

made to make the dot denmsity uniform by repeatedly
spraying an ink with the same dot.diameter instead of
spraying an ink only once, as disclosed in, e.qg.,
‘Japanese Patent Laid-Open No. 4-261503.

However, a

portion on which an ink has been sprayed once is

wettable with respect to an ink. For this reason, if an

10 ink with the same dot diameter is sprayed again, the

second ink dot'tends-to blur. Since the ink dot spreads

in this case as well, a high-definition filter pattern

cannot be formed either. An ink having a high viscosity

may be used to suppress ink blurring. If, however, an

15 ink having a high viscosity is used in the ink-jet
system, the stability in discharging the ink
deteriorates.

In addition, as disclosed in Japanese Patent Laid-

Open No. 5-60916, a method of achieving a uniform

20 density by performing a double print operation using the

print method is also known. In the print method, as

described above, a pattern with a fine pitch cannot be
formed because of poor resolution and poor evenness.
E

NTION

25 The present invention has been made in

consideration of the above situation, and has as its



63- 235901, and 1-217320. In the above conventional manufacturing nmethod 20
based on the ink-jet system since a colored_ink dot is formed on a color
filter. substrate by spraying an ink droplef once, the density of the ink .
dropl et ‘tends to decrease, or color irregularity tends to occur:. Even if
the amount of ink sprayed is incréased, one spraying 25 operation results
in blurring and spreading of an ink dot. Therefore, the problemof density
irregularity -4 cannot be solved, and a high-definition filter pattern

cannot be formeg; ewngplact e, SP &?gdﬂi?%%kﬁ%gghg‘ﬁ?%%ﬁt %}ﬁglb;e t hi S

probl em an attenpt has been nade y “un

repeatedl y 5 Sprayhed ahai Skpatdtud hh SR 0 HTe L8k LRSEeaE gf spraying
e.g., _

an ink only once, as disclosed in,
color filter.

It is the second 6bject of the present inventioh to
5 provide a cblor filter manufacturing methbd and |
“apparatus which can make the color density of a filter
uniform.

It is the third object of the present invention.to
provide a color filter manufacturing method and

10 apparatus which can manufacture a high-definition color
filter.

It is the fourth object of the present invéntion to
provide a high-~definition, low-cost color filter having
a uniform density, a liquid crystal display apparatus

15 using the color filter, and an apparatus having the
liquid érystal display apparatus.

In order to solve the above problems and achieve
the above objects, a color filter manufacturing method
of the present invention is characterized by the

20 following process according to its first aspect.

There is provided a manufacturing method for a
color filter manufactured by forming and arranging a
large number.of cblored filter elements on a transparent
substrate, comprising the first discharge step of

25 discharging a colored droplet of a first volﬁme onto

each filter element formation region on the substrate so



Japanese Patent Laid-Open No. 4-261503. However, a portion on which an ink
has been sprayed once is wettable with resg;ct to an ink. -For this reason,
~if an 10 ink with the sane dot dianmeter is sprayed again, the second ink.
dot tends to blur. Since the ink dot spreads .in this case as well, a

hi gh-definition filter pattern cannot be forned ei t her. An i nk haV|ng a

hi gh viscosity may be used to suppress ink blurring. If, however, an 15

i nk having a high viscosity is used in the ink j et systen1 the stability in

di schargi ng the d | e i sclosed.in_Japanese
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known. In the print nethod, as described above, a pattern mnth a fine piteh
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THE | NVENTION 25 The present inventi-en has been made in _

the substrate where the droplet of the\flrst volume has
5 Dbeen discharged. | T
A color filter. manufacturlng method of the present
invention is characterlzed by the following process
according to its second.aspectr |
There is provided"a manufacturing method for a
10 | color filter manufactured by formlng and arranging a
large number of colored. fllter elements on a transparent
substrate, comprising themflrst discharge step of
discharging a first colored droplet onto each of filter.

element formation reglons on the substrate so as to form

15 each of the filter elements, and the second discharge

step of discharging a second droplet containing a

s

coloring materlal_whose comp051tion is different from
that of a coloring materlal in the first droplet onto a
position on the substrate Qﬂ;re the first droplet has
20 Dbeen discharged. |

A color filter manufacturing apparatus of the
present invention is characterized by the following
arrangement according to lts first aspect.

There is provided a color filter manufacturing

25 apparatus for manufacturing a color filter by forming

and arranging a large number of colored filter elements



~consideration of the above situation, and has as its first object to
provide a color filter manufacturing method and apparatus which can reduce
the cost of a color filter. It is the secorld object of the present
.invention to 5 provide a color filter manufacturing nethod and apparatus
‘whi ch can nmake the color density of a filter uniform It is the third

obj ect of the present invention to provide a color filter manufacturing
nmet hod and 10 apparatus whi ch can manufacture a hi gh-definition color

fil | biect of th i d |
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moving means for moving relative positions of the
discharge means'andlthe sﬁbstrate, and control means for

5 causing the moving means to establish a predetermined
positional relationship between.the discharge means and
the substrate, and then controlling the discharge means
- and_ the control means to discharge a droplet of a first
volume onto the substraté and discharge a droplet of a

10 second volume smaller than the first volume onto a
position where the droplet of the first volume has been
discharged.

A color filter manufacturing apparatus of the
present invention is characterized by the following

15 arrangement according to its second aspect.

There is provided a color filter manufacturing
apparatus for manufacturing a color filter by forming
and arranging a large number of colored filter elements
on a transparent substrate, comprising discharge means

20 for discharging a colored droplet onto the substrate,
moving means for moving relative positions of the
discharge means and the substrate, and control means for
causing the moving means to establish a predetermined
positional relationship between the discharge means and

25 the substrate, and then controlling the discharge means

and the control means to discharge a first droplet onto



lTiquid crystal display apparatus. In order to solve the above problens and
achi eve the above objects, a color filter_ ggnufacturing nmet hod of the
present invention is characterized by the fol l owi ng process accordi ng
‘'toits first aspect. There is provided a manufacturing method for a col or
filter manufactured by form ng.and arranging a | arge nunber of col ored
filter elements on a transparent substrate, conprising the first discharge
step of 25 discharging a colored droplet of a first volume onto each

filter elenent ftq{é@db%rragg' %Hdoaiggﬁm?# rsaetcgong e ro&l%&l S%Har gf Oram each

of the filter elenents e séecon P

?L0p|et of a seGPbI i geméﬂﬁkhﬁi &ﬂ@Q?téﬁhﬁég 1&“”f§“@1%&%9eﬁtp9§b ion on
e substrate where the droplet of the first
that of a coloring material in the flrst droplet onto a
position where the first droplet has been discharged.

5 A color filter of the present invention is
characterized by the following arrangement éccordiné to
its first aspect. |

There is provided a color filter manufactured by
forming and arranging a large number of colored filter

10 elements on a transparent substrate, wherein a colored
droplet of a first volume is discharged onto each of
filter element formation regions on the substrate to
form each of the filter elements, and a droplet of a
second volume smaller than the first wvolume is then

15 discharged onto the droplet of the first volume.

A color filter of the present invention is
characterized by the following arrangement according to
its second aspect.

There is provided a color filter manufactufed by

20 forming and arranging a large number of colored filter
elements on a transparent substrate, wherein a first
colored droplet is discharged onto each of filter
element formation regions on the substrate to form each
of the filter elements, and a second droplet containing

25 a coloring material whose composition is different from



5 been discharged. A color filtex.manufacturing nethod -of the present
invention is characterized by the following process aeccording.to its second
aspect.. There is provided-a manufacturing nethod for a 10 color filter
manuf actured by form ng and arranging a |large nunber of colored filter
el.ements on a transparent substrate, conprising the first discharge step of
di scharging a first colored droplet onto each of filter elenent formation.
regi ons on the substrate so as to form 15 each of the filter el enents, and

the second di schigdosLRdloiar Bk 5CERRCCILOP! 81 00821 e g

coloring material whose conposition is fferen romt a“co

material in theqfidrdrebdPRiflo Q@{eoffirmsh%?@een the substrate where the
first droplet has 20-.been discharged. A cofor filter manufacturing

apparatus of the preseniquiweidystal Y9igpaIChLpphzaduly othenboplauing
ar r angenent accprdlng.to Jts first aspect.
invention is characterized by the following arrangement
5 accordiné'to its first aspect. |

There is provided a liquid crystal display
apparatus using a color filter manufactured by fdrming
and arranging a large number of coldred filter elementé
on a transparent substrate, comprising a color filter

10 ménufactured'by discharging a colored droplet of a first
volume onto each of filter element formation regions on
the substrate to form each of the filter elements, and
discharging a droplet of a second volume smaller than
the first volume onto the droplet of the first volume,

15 and a substrate opposing the color filter, wherein a
liquid crystal compound is sealed between the
substrates.

A liquid crystal display apparatus of thé‘present
invention is characterized by the following arrangement

20 according to its second aspect.

There is provided a liquid crystal display
apparatus using a color filter manufactured by forming
and arranging a large number of colored filter elements
on a transparent substrate, comprising a color filter

25 manufactured by discharging a first colored droplet onto

each of filter element formation regions on the



There is provided a color filter manufacturing 25 apparatus for

manuf acturing a color filter by forning.gngbalranging'a | ar ge nunber of
colored filter elenments -7- on a transparent substrate, conprising

di schar.ge neans for discharging a colored droplet onto the substrate, _
nmovi ng neans for noving relative positions of the discharge neans and the
substrate, -and control neans for 5 causing the noving neans to establish a
predet erm ned positional rel ationship between the discharge neans ‘and the

o di schar ge a drorarcer 22 Fofm O8ef | SENG TR slBhehiE . SRR PasRarge &
\% oplet of a 10a3eenadq¥a uaeséeaﬁae&ri;t@&bt&ﬁxéﬁﬁ val 56%9%8 a position
ere the droplet of the first volume has been di scharged. )
material whose composition is different from that of a -
coloring material in the first droplet onto the first
5 droplet, and a substrate opposing the color filter,
wherein a liquid crystal compound is sealed between the
substrates.

An apparatus having a liquid crystal display device
of the present invention ié characterized by the

10 following arrangement according to its first aspect.

| There is provided an apparatus comprising the
liquid crystal display apparatus defined in claim 37,
and image signal output means for outputting an image
signal to the 'liquid crystal display apparatus.

15 An apparatus having a liquid crystal display device
of the present invention is characterized by the
following arrangement according to its second aspect.

There is provided an apparatus comprising the
liquid crystal display apparatus defined in claim 38,

20 and image signal output means for outputting an image
signal to the liquid crystal display apparatus.

Other objects and advantages besides those
discussed above shall be apparent to those skilled in
the art from the description of a preferred embodiment

25 of the invention which follows. In the description,

reference is made to accompanying drawings, which form a



A color filter manufacturing apparatus of the present i-nvention is.

. characteri.zed by the foll ow ng 15 arrangqung according to its second
aspect. There is provided a color filter manufacturing apparatus for

manuf acturing a color -filter by formng and arranging a | arge nunber of

colored filter elements on a transparent substrate, conprising discharge

means 20 for discharging a colored droplet onto the substrate, noving neans

for noving relative positions of the discharge nmeans and the substrate, and

control. neans f | h vhng,me abl i edeterm ned
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positional rel ween charge nmeans an he substr at e,
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gScharge
a first droplet onto -8- t rate and di scharge a .second dropl et

contai ni ng the various embodiments of the invention, and therefore
reference is made to the claims which follow the

5 description for determining the scope of the invention.

I WIN

Figs. 1A and 1B-are_partial enlarged views showing
color filters manufactured by a manufactu;ing method and
apparatus according té the present invention;

10 Fig. 2 is a side sectional view showing the color
filter in Fig. 1A or 1B; |

Fig. 3 is a view showing the structure of an ink-
jet head IJH for spraying an ink on a layer to be dyed;

Fig. 4 is a timing chart for expléining a method of

15 controlling the amount of ink discharged by changing
power supplied to a heater;

Fig. 5 is a perspective view showing the
arrangement of an apparatus for manufacturing the color
filter shown in Figs. 1A or 1B and 2;

20 Fig. 6 is a block diagram showing the arrangement
of the color filter manufacturing apparatus;

Figs. 7A to 7C are views showing how an ink spreads
in the second coloring operation;

Figs. 8A to 8C are views showing how an ink spreads

25 in the second coloring operation;



a coloring material whose conposition is. different fromthat of a coloring
material in the first droplet onto a pomijéNIMMere'the first droplet has
been di scharged. 5 A col or filtef'&f the present invention is
characterized by the follow ng arrangenent according to its first ‘aspect.
There is provided a color filter manufactured by form ng and arranging a

| arge nunber of colored filter 10 elenents on a transparent substrate,
wherein a colored droplet of a first volume is discharged onto each of

filter el ement fornati regi ons,Qn the substrate .to form each of the
filter el ements, and%éggfogﬁegoo?eaég%d% \ﬂﬂ%}n¥¥5ﬁﬂ PEPVERENNPHe2Ri r st

volunme is then ;5kdg§gggagegnogﬁé)§ Aywygr%&ig% %ggfﬁggék.volune; A col or

filter of the present invention Is characterize of | owi ng

ar r angenent accordingigg,ilggsggonﬁj&gﬂgqgeggu§ﬂaﬁi§gphg%i%Edigkcoldr

filter manufactured by 20 form ng and arranging a | arge nunber of col ored

filter spread in the second coloring operation;

5 Fig. il is a view showing a case wherein the center
of each of the second ink dots is shifted from the
center of a correspohding one of the first ink dots;

Fig. 12 is a view showing how a filter is colored
by a multi-nozzle type ink-jet head;
10 Fig. 13 is a view showing how"a filter is colored
by the multi-nozzle type ink-jet head;
Fig. 14 is a side sectional view showing the
structure of a color liquid crystal panel;
Fig. 15 is a side sectional view showing the
15 structure of a color liquid crystal panel;

Fig. 16 is a block diagram showing an information
processing apparatus using a liquid crystal panel;
Fig. 17 is a perspective view showing an

information processing apparatus using a liquid crystal
20 panel; and
Fig. 18 is a perspective view showing an

information processing apparatus using a liquid crystal

panel.
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el ements on a transparent substrate, wherein a first colored droplet is
di-scharged onto each of filter el enent fgrfgriqn regions on the substrate
to formeach of the-filter elements, and a Second droplet contaihing 25 a . -

coloring material whose conposition is different from that of a.coloring

material in the first droplet is then discharged onto the first droplet. A
liquid crystal. display apparatus of the present invention:is characterized
by the followi ng arrangenment 5 according to its first aspect. There is

et uret ' focr B RELes SHEBIEMTA NS SRl ot
elements on a {RANIPBECHbssLbBLaALE o oI 3t Yerllreh®l t rhe
manuf act ured by di scharging a col ore roplet of a tirst volunme onto each
of filter el enealcchapaBliag a£gkoR§s ON -

(First Embodiment)

5 Figs. 1A and 1B ére partial enlarged views of color
filters manufactured by a manufacturing method and
apparatus according to the present invention.

Each color filter 10 is mounted on the front
surface of a color liquid crystal display or the like
10 used for a portable personal computer or the like. As
shown in Fig. 1A, filter elements 10a colored in R
(red), G (green}, and B (blue) are two-dimensionally
arranged in a matrix form. In the color filter shown in
Fig. 1A, the filter elements 1l0a are arranged in a
15 simple matrix form. In the color filter shown in Fig.
1B, the filter elements 10a are arranged in a staggered
form. A black light-shielding grating 10b is formed
between the respective filter elements 10a to make the
boundaries between the filter elements 10a clear so as
' 20 to provide a clear screen.
Fig. 2 is a side sectional view of the color filter
10 in Fig. 1A or 1B. The light-shielding grating 10b is
formed on a glass substrate 12 constituting the main
body of the color filter 10. The filter elements 10a of
25 the respective colors are formed on the light-shielding

grating 10b.



the substrate to formeach of the filter elenments, and discharging a

dropl et of a second volunme smaller than_t
of the first volune, 15 and a substrate opp05|ng the color filter,

a liquid crystal compound is seal ed between the substrates. A I|qU|d

crystal display apparatus of the present
follow ng arrangenent 20 -according to its second aspect.

a liquid crystal display apparatus -usi hg a color filter nanufactured by

form ng and arrangi ng, g,d.a[ ALAe g ¢ f %gflgfr rlfliéél-eioel ?ﬁ?ﬁ@u N

transpar ent substrate conprising
di schar gi ng a faésds fUPH td{eora;ll%tssoatass%seeoizfbi,tggsu@&@frﬁs@ f&samtlon

regi ons on the

10

15

20

25

manur act ur e

the resultant £film is formed 1nto a matrix pattern by
photolithography. This pattern is the light-shielding
grating 10b. A layer 14 to be dyed is formed on the |
light-shielding grating 10b. The layer 14 consists of a
cellulose, an acrylic resin, gelatin, or the like and
absorbs a fluid. Droplets (to be referred to as an ihk
hereinafter) containing a coloring material (dye) are
sprayed on the filter e;ement formation regions of the
layer 14 by a recording head of the ink-jet system. With
this process, the layer 14 is colored to form the color
filter elements 10a. Note that a pigment or
ultraviolet-curing ink may be used instead of a dye.
When a pigment or ultraviolet-curing ink is to be used,
the layer 14 may not be required.

A protective layer is formed, as needed. As the
protective layer, for example, a layer consisting of a
resin material of a photo-setting, thermosetting, or
photo¥setting/thermosetting type, or an inorganic film
formed by vapor deposition, sputtering, or the like can
be used. Such a layer can be used as long as it
exhibits transparency upon formation of a color filter
and can withstand the subsequent processes, e.g., an ITO
(Indium Tin Oxide) formation process and an aligning

film formation process.

first volume onto the droplet "
‘wher ei n

I nvention is characterized by t he
There is provi-ded



substrate to formeach of the filter elenents, and then discharging a
second dropl et containing a coloring naterigl whose conposition is o
different fromthat of a coloring material-Tn the first droplet onto the.
first 5 droplet, and a substrate opposing the color filter, wherein a
liquid crystal conpound is seal ed between the substrates. An-apparatus
having a liquid crystal display device of the present invention is

. Characterized by the 10 follow ng arrangenent according toits first-

aspect. There is prowmd%@nggagppgr éggr %ﬁﬁiéiéﬁkgt éﬂ@l l%rnégﬁédfor

di spl ay apparatus definéd in clarm out put

outputting an i BBJg0ingAg! the &Bﬁoflfﬁﬂéhf”éﬁﬂéﬂrd@ SﬁbaXOaQPEBQBHér 15
An apparatus having a liquid crystal display device of the present

i nvention is chaubsteatéed4banahgeiliﬂéwur114Hﬂdﬂa$9%Qau 2empbdhAgsbo its
second aspect. There is provided an apparatus conprising the liquid crystal
di spl ay appar at tbettebehwdenn cTETsn 8Bin Film Transistor) (not shown)

5 and transpérent pixel electrodes 53 are formed on the
inner surface of ohé substrate 54 of the liquid crystal
panel in a mafrix form. The color filter 10 is placed
on the ihner surface of the other substrate 12 such that
the R, G, and B coloring ﬁaterials are positioned to

10 oppose the pixel electrodes. A ttansparent counter
electrode (common electrode) 50 is formed on the entire
surface of the color filter 10. The light-shielding
grating 10b is generally formed on the color filter
substrate 12 side (see Fig. 14). However, in a BM

15 (Black Matrix) con-array type liquid crystal panel, such
a grating is formed on the TFT substrate side opposing
the color filter substrate (see Fig. 15). Aligning
films 51 are formed within the planes of the two
supstrates. By performing a rubbing process for the

20 aligning films 51, the liquid crystal molecules can be
aligned in a predetermined direction. Polarizing plates
55 are bonded to the outer surface of the respective
glass substrates. The liquid crystal compoﬁnd 52 is
filled in the gap (about 2 to 5 um) between these glass

25 substrates. As a blacklight, a combination of a

fluorescent lamp (not shown) and a scattering plate (not



20 and-inmage signal output neans for outputting an image signal to the
liquid crystal display apparatus. G her objects and advant ages’ besi des

t hose di scussed above shall be apparent to those skilled in the art from
the description of a preferred enbodi nent 25 of - the invention which
follows. 'In the description, reference is nade to acconpanyi ng draw ngs,
which forma part ‘thereof, and which illustrates an exanpl-e of "the

i nvention. Such exanple, however, i's not exhaustive of the various

enbodi nent's of ghgwhpyggpééﬁbrégg&téﬁgigg?ﬁfﬁgﬁﬁﬁgﬂgggkétg?ﬂfﬁgo the clains

whi ch follow the 5 description for . _ e invention.
BRI EF DESCRI PT| pbir €6t BRAMNIhFitde 1Ak a&.e,%@-eehbbahdeﬁbarged

views showi ng color filters manufactured by a manufacturing method.and
appar at us accor denget ast & peseal sHutd¥yd @r changing the
transmittance for light ehitted from the backlight.

5 A case wherein thé above.liquid crystal panel is
applied to an information processing apparatus will be
described below with reference to Figs. 16 to 18.

Fig. 16 is a block diagram showing the schematic
arrangement of an information processing apparatus
10 serving as a wordprocessor, a personal computer, a
facsimile apparatus, and a copying machine, to which the
above liquid crystal panel is applied.
Referring to Fig. 16, reference numeral 1801
denotes a control unit for controlling the overall
15 apparatus. The control unit 1801 includes a CPU such as
a microprocessor and various I/O ports, and performs
control by outputting/inputting control signals, data
signals, and the like to/from the respective units.
Reference numeral 1802 denotes a display unit for
20 displaying various menus, document information, and
image data read by an image reader 1807, and the like on
the display screen; 1803, a transparent, pressure-
éensitive touch panel mounted on the display unit 1802.
By pressing the surface of the touch panel 1803 with a

25 finger of the user or the like, an item input operation,



10 - Fig. 2 is a side sectional view showing the color filter in Fig.
1A or 1B; Fig. 3 is a view showing the structure of -an ink- jet head IJH -
for spraying an ink on a layer to be dyed; Fig. 4 is atimng chart.for
~explaining a nethod of 15 controlling the anmount of ink di-scharged by
changi ng power supplied to a heater; Fig. 5 is a perspective view show ng
the arrangenent of an apparatus for manufacturing the color filter shown in
Figs. A or 1B and 2; 20 Fig. 6 is a block diagram show ng the

arrangenent of ghgoggagﬁaéélﬁgglgﬁﬂpﬁﬁghﬂggggﬁ% Eatg§ MR kZAc5§|7C are

vi ews showi ng how an ink spreads iIn ofi ng opera Ion .8A
to 8C are vi ewsbehpekpgriod an +H& Sidds wdt qgobhe second colorlng

operati on;

Reference numeral 1804 denotes an FM (Frequency

Modulation) sound source uﬁit for storing music

5 information, created by a music editor or the like, in a
Memory unit 1810 or an external memory unit 1812 as
digital data, and reading out the infdrmation from such
a memory, thereby performing FM modulation of the
information. An electrical signal from the FM sound

10 source unit 1804 is converted intd an audible sound by a
speaker unit 1805. A printer unit 1806 is used as an
output terminal for the wordprocessor, the personal
computer, the facsimile apparatus, and the copying
machine.

15 Reference numeral 1807 denotes an image reader unit
for photoelectrically reading original data. The image
reader unit 1807 is arranged midway along the original
convey passage and designed to read originals for
facsimile and copy operations and other various

20 originals.

Reference numeral 1808 denotes a
transmission/receﬁtion unit for the facsimile (FAX)
apparatus. The transmission/reception unit 1808
transmits original data read by the image reader unit

25 1807 by facsimile, and receives and decodes a sent

facsimile signal. The transmission/reception unit 1808



- 12 - Figs. 9A to 9C are sectional views show ng how an ink spreads-in the
second coloring operation; Figs. 10A'to-1G@ are vi ews showi ng how an ink
spread in the second col oring operation; 5 . Fig. 11 is a view show ng
‘a case wherein the center of :each of the second ink dots is shifted from
the center of a corresponding one of the first ink-dots; Fig. 12 i's a view
showi ng-how a filter is colored by a nulti-nozzle type ink-jet head; .10
Fig. 13 is a view show ng howa filter is colored by the nulti-nozzle type
ink-jet head;, Fhgs dd istersdsle BSaRitidRalroy et 8bAWE NGnihe. Ske tEtd & Of a
color liquid crystal panel; Fig. 15 is a side sectional view show ng the 15
structure of a swheralilfld densiedd apardlephbng. udbti Batihd ogkgsheagaipm
showi ng an informati on processing apparatus using a liquid crystal panel; .
Fig. 17 is a petreperhone funetigitowndg vawious telephone functions such

as an answering functioh.

5 _ Reference numeral 1810 denotéé a memory unit
including a ROM for stéring system programs, manager
programs, application programs, fonts, and dictionaries,
a RAM for storing an application program loaded from the
external memory unit 1812 and documént information, a

10 | video RAM, and the like.

Reference numeral 1811 denotes a keyboard unit for
inputting document information and various commands.

Reference numeral 1812 denotes an external memory
unit using a floppy disk, a hard disk, and the like. The

15 external memory unit 1812 serves to store document
information, music and speech information, application
programs of the user, and the like.

Fig. 17 is a perspective view of the information
processing apparatus iﬁ fig. 16.

20 Referring to Fig. 17, reference numeral 1901
denotes a flat panel display using the above liquid
crystal panel, which displays various menus, graphic
pattern information, document information, and the like.
A coordinate input or item designation input operation

25 can be performed-on the flat panel display 1901 by

pressing the surface of the touch panel 1803 with a



i nformati on processing apparatus using a liquid crystal 20 panel; and Fig.
18 is a perspective view. showi ng an infar i_on processi ng apparatus using
a liquid crystal panel. DETAI LED DESCRI PTI OF THE PREFERRED EMBODI MENTS

- 13 - The preferred enbodi nents of: t he present invention will be descri bed
~in detail belowwith reference to the acconpanying drawi ngs. (First -

Enmbodi nent) 5 Figs. 1A and 1B are partial enlarged views of color
filters manufactured by a manufacturing nmethod and apparatus according to

the present invenhgeR. ofaoke G dJd Il ﬂﬁle' S m%@&@ﬁcgnnhﬂgr%o%oiu”ace

of a color liquid crystal display or the lik
denotes a handset used when the apparatus is used as a

telephone set. A keybdard 1303 is detachably connected
to the maih body via a aqrd and is used tqaperfOrm

5 wvarious gbcument functions and input various data. This
keyboard 1903 has various function keys 1904. Reference
numeral 1905 denotes an insertion port through which. a
floppy disk is inserted into the external memory unit
1812,

10 Reference numeral 1906 denotes an original table on
which an original to be read by the image reader unit
1807 is placed. The read original is discharged from
the rear portion of the apparatus. In a facsimile
receiving operation, received data is printed out by an

15 ink-jet printer 1907.

When the above information processing apparatus is
to serve as a personai computer or a wordprocessor,
various kinds of information input through the keyboard
unit 1811 are procassed by the control unit 1801 in

20 accordance with a predetermined program, and the
resultant information is output, as an image, to the
printer unit 1806,

When the information processing apparatus is to
serve as the receiver of the facsimile apparatus,

25 facsimile information input through the

transmission/reception unit 1808 via a communication



10 used for a portable personal conputer or the like. As shown in Fig.
1A, filter elements 10a colored in R (red)ag G (green), and B (blue) are
two-di nensionallly arranged in a matrix form In the color filter shown in
Fig. 1A the filter elenents 10a are arranged in a 15 sinple matrix form
In the color filter showm in Fig. 1B, the filter elenments 10a are -arranged
Iln a staggered form A black light-shielding grating I10b is formed between
the respective filter elements 10a to nake the boundaries between the

Lot ST LS, oS 48 tygurey g et Bl
l'i ght - shi el di ngugiat18el | Ob dccdidmed witd @ predsubshiab8 pRogeRa}i tuting
the main body of the color filter 10. The filter elenents | Ca of 25 the
respective col oandatke foeswitant tivefdringittionhiiel dungug; aasng k@Beived '
“image,-to'the printer unit 1806.
5 When thé information processing apparatus is to
serve as the copying machine, an originai is read by the
image reader unit 1807, and the read original data is
output, as an image to be copied, to the printer unit
1806 via the control unit 1801. Note that when the
10 information processing apparatus is.to serve as the
receiver of the facsimile apparatus, original data read
by the image reader unit 1807 is subjected to
transmission processing in the control unit 1801 in
accordance with a predetermined program, and the
15 resultant data is transmitted to a communication line
via the transmission/reception unit 1808.
Note that the above information processing
apparatus may be designed as an integrated apparatus
incorporating an ink-jet printer in the main body, as
20 shown in Fig. 18. 1In this case, the portability of the
apparatus can be improved. The same reference numerals
in Fig. 18 denote parts having the same functions as
those in Fig. 17.
Fig. 3 shows the structure of an ink-jet head IJH

25 for spraying ink on the layer 14 in the color filter

described above.



- 14 - In manufacturing the color filter 10, chromumis. deposited on the
gl ass substrate 12 by sputtering, and the ]gsultant filmis fornmed into a
matri x pattern by photolithography. Thi's pattern is the |ight-shielding 5
grating 10b.- A layer 14 to be dyed is fornmed on the |ight- shJeIdlng :
.grating 10b. The layer 14 consists of a cellulose, an acrylic resin,
gelatin, or the like and absorbs a fluid. -Droplets (to be referred to as an
ink hereinafter) containing a coloring naterlal (dye) are 10 sprayed on

the filter element fQLEBLLORSTEYI 4 ahgeqrding head of
the ink-jet system Wth thl% g?d% Ojthe ayer f} P%xgo 8§e T?ormthe

color filter el esmptssdfaa MNodted Nfdary RicAMRAL a%ohl'rhr Y %?%hcy“ ng ink
may be used instead of a dye. 15 Wen a pignent or ultraviolet-curing ink

is to be used, pheradyey df Westd¥d 102 'RFUKeaEind BROLARIL¥E ES¥REJ) S
formed, as needed. As the
and a ceiling plate 106 mounted on the heater board 104.
5 A plurality of.discharging openings 108 are formed in
the ceiling plate 106. Tunnel—like fluid bassages 110
communicating with the discharging openings 108 are
formed therebehind. The respective fluid passages 110
are isolated from the adjacent fluid passages via
10 partition walls 112. The respective fluid passages 110
are commonly connected to one ink chamber 114 at the
rear side of the fluid passages. An ink is supplied to
the ink chamber 114 via an ink inlet 116. This ink is
supplied from the ink chamber 114 to each fluid passage
15 110.

The heater board 104 and the ceiling plate 106 are
positioned such that the position of each heater 10
coincides with that of a corresponding fluid passage
110, and are-aséembled into the state shown in Fig. 3.

20 Although Fig. 3 shows only two heaters 102, the heater
102 is arranged in correspondence with each fluid
passage 110. When a predetermined driving signal is
supplied to the heater 102 in the assembled state shown
in Fig. 3, an ink above the heater 102 is boiled to

25 produce a bubble, and the ink is pushed and discharged

from the discharging opening 108 upon volume expansion



protective |ayer, for exanple, a layer consisting of a resin material of a
phot o-setting, thernosetting, or 20 - phot orsetting/thernosetting type, or
an inorganic filmformed by vapor deposition, sputtering, or the |like can

" be used. Such a | ayer can be used as long as it exhibits transparency upon
formation of a color filter and can wi thstand the subsequent processes,
e.g., an ITO25 (IndiumTin Oxide) formation process and an aligning film
formati on process. - 15 - In general, a color liquid crystal panel is

formed by joinigg the £RkOr fildidfo b gxreafsqz@otfoaabseggérg&?wétfate o4

and sealing a liquid crystal conpound_ t her ebet ween. hin Film
Transi stor) (noad3hsved By aesht FISRA MR8k sbqggr99§§lié§ 86 e or med on

the inner surface of one substrate 54 of the liquid crysta
heater 102, e.q., controlling the magnitude of power.
That is; the volume of the ink discharged from each
5 ' 'discharging opening can be arbitrarily controlled.

Fig. 4 is a timin§ chart for explaining a method of
controlling the amount of ink discharged by changing
power eupplied to each heater in this manner.

In this embodiment, two types of constant-voltage

10 pulses are applied to each heater 102 to adjust the
amount of ink discharged. The two pulses are a preheat
pulse and a main heat pulse (to be simply referred to as
a heat pulse hereinafter). The preheat pulse is a pulse
for heating an ink to a predetermined temperature before

15 the ink is actually discharged. The pulse width of this
pulse is set to be smaller than a minimum pulse width t5
required to discharge the ink. Therefore, the ink is
not discharged by this preheat pulSe. The preheat pulse
is applied to each heater 102 to increase the initial

20 temperature of the ink to a predetermined temperature in
advance so as to always make the amount of ink
discharged constant when a constant heat pulse is
applied to the heater 102 afterward. In contrast to
this, the temperature of the ink may be adjusted in

25 advance by adjusting the width of a preheat pulse. 1In

this case, for the-same heat pulse, the amount of ink



panel in a matrix form The color filter 10 is placed on the inner surface
of the other substrate 12 such that the;F% G. and B coloring materials are
positioned to 10 oppose the pixel electrodes. A transparent counter

el ectrode (common el ectrode) 50 i-s forned on the entire surface. of the
color filter 10. The light-shielding grating I10b is generally formed on the
.color filter substrate 12 side (see Fig. 14). However, in a BM 15 (Bl ack
Matrix) con-array type liquid crystal panel, such a grating is forned on

e m S uDStr Y6 cHallgeiRag| BE EREnGEACT Th! IG5 SHIS! I Sdamd i 13) -

Aligning films 51 are“fornmed w | anes 0o

performng a r ya¥cie RERAeestieh bRea2Read! bENdY fhd B bdy ¢ |iquid
crystal nolecules can be aligned in a predeterm ned direction. Polarizing

plates 55 are heradded tbhdigthakgsuthacen®f upb® ASSPEEit Msh BB Ihe
substrates. The liquid crystal compound 52 is filled in the gap (about 2 to
5 um between theede pyilaes cab bsubhorteérsd tdsimphdexkihght, a conbi nation
of a S responsibility.

The heat pulse is a pulse for actually discharging
the ink. The pulse width of the heat pulse is set to be
larger than the minimum pulse width t5 required to
discharge the ink. Energy gengrated.by each heater 102

10 is proportional to the width (application time) of a
heat pulse. Therefore, variations in the
characteristics of the heaters 102 can be adjusted by
adjusting the width of each heat pulse.

Note that the amount of ink discharged can also be

15 adjusted by adjusting the interval between a preheat
pulse and a heat pulse to control the dispersed state of
heat upon application of the preheat pulse.

As is apparent from the above description, the
amount of ink discharged can be cont;olled both by

20 adjusting the application time of a preheat pulse and by
adjusting the interval between application of a preheat
pulse and that of a heat pulse. Therefore, by adjusting
the application time of a prehgat pulse or the interval

between application of a preheat pulse and that of a

25 heat pulse as needed, the amount of ink discharged or



fluorescent |anp (not shown) and a scattering plate (not. - - 16 - shown).
is generally used. A display operation Lspgecformed by causing the liquid

crystal conpound to serve as an optical shutter for changlng the -
transmttance for light emtted fromthe backlight. ~ A case wherein
the above liquid crystal panel is applied to an infornation processi ng
be described below w'th reference to Figs. 16 to 18. Fig. 16
is a block diagram showi ng the schematic arrangenent of an i nf or mati on

apparatus will

processi ng appam UsesbnsiBiYiiRG 8% 8iMORAPEOSESSO ond A SARY computer,

facsim | e apparatus, and a copying machine, "to which the above liquid

crystal panel

| et eb anehppniied p@1Ee Jcad foe rﬁmmﬁmmﬁlstwl

denotes a control unit for controlling. the overal

10

15

20

25

Such adjustment of the amount of 1nk dlscharged
will be described in detail next.

‘Assume that an ink is discharged in different
amounts from discharging openings {nozzles) 108a, 108b,
and 108c upon appliéation of the same voltage pulse, as
shown in Fig. 4. More spécifically, assume that when a
voltage having a predetermined pulse width is applied at
a predetermined temperature, the amount of ink
discharged from the nozzle 108a is 36 pl (pico-liters);
the amount of ink discharged from the nozzle 108b, 40
pl; and the amount of ink discharged from the nozzle
108c, 40 pl, and the resistance of heaters 102a and 102b
corresponding to the nozzles 108a and 108b is-200 Q, and
the resistance of a heater 102c corresponding to the
nozzle 108c is 210 Q. Assume that the amounts of ink
discharged from the nozzles 108a, 108b, and 108c are to
be adjusted to 40 pl.

The widths of a pfeheat pulse and a heat pulse may
be adjusted to adjust the amounts of ink discharged from
the nozzles 108a, 108b, and 108c to the same amount.
Various'combinations_of the widths of preheat pulses and
heat pulses are conceivable. 1In this case, the amounts

of energy generated by heat pulses are made equal for

a



15 apparatus. The control unjt 1801 includes a CPU such as a

m croprocessor and various |/ O ports, andpgecrforns control by :
outputting/inputting control signals, data signals, and the |ike to/from
the respective units. Reference nuneral 1802 denotes a display unit for 20
- di spl ayi ng various nenus, document information, and i mage data read by an
- image reader 1807,. and the like on the display screen; 1803, a transparent
" pressure- sensitive touch panel mounted on the dlsplay uni.t 1802. -By

pressing the sughacenpbe tAGz4UEN RNehel8RBunttNod 2Rk &isaRirfdq thes user
~or the like, an iteminput operatlon -17 - a coordi nate position Input

" operation, or tagjhskedasn haejyiifmy vae andthe despraNesti pulsd, Ref erence
numeral 1804 denotes an FM (Frequency Mdul ation) sound source unit for
storing nusic Since the heaters 102a and 102b for the nozzles
108a and 108b have the same resistance, i.e., 200 Q, the
5 amounts of energy generated by-heat pulses cah be made
equal by applying voltage pulées having the same width
to the heaters.loza and ldzb. In this case, the width
of each voltage pulse is set to be t3 which is larger
than the width t5. An ink is discharged in different
10 amounts, i.e., 36 pl and 40 pl, from the nozzles 108a
and 108b upon application of identical heat pulses. 1In
order to increase the amount of ink discharged from the
nozzle 108a, a preheat pulse having a width t2 larger
than a width tl of a preheat pulse applied to the heater
15 102b is applied to the heater 102a. With this
operation, the amounts of ink discharged from the
heaters 108a and 108b can be adjusted to 40 pl.
The heater 102c for the nozzle 108c has a
resistance of 210 , which is higher than the resistance
20 of the two remaining heaters 102a and 102b. For this
reason, in order to cause the heater 102c¢ to generate
the same amount of energy as that generated by the two
remaining heaters, the width of a heat pulse must be set
to be larger than that of the above heat pulse. 1In this

25 case, therefore, the width of the heat pulse is set to

be t4 which is larger than the width t3. Since the



5 information, created by a nusic editor or the like, in a nmenory unit
1810 or. an external- menory unit 1812 as _di,gital data, and readi ng out the

i nformati on fromsuch a nmenory, thereby pérform ng FM nodul ation of the

i nformation. An electrical signal fromthe FM sound 10 source unit 1804 is
converted into an audi bl e sound by a speaker unit 1805. A printer unit 1806
I's used as an output term nal for the wordprocessor, the personal conputer,
the facsimle apparatus, and the copying nmachine. 15 “Ref-erence '

nuneral 1807 deﬁiﬁ&@ﬁtggof "Be d1del Ml b hR" (ROOKOEL £EL {jimg@i ;afv%&ngﬁfe}fgg

origi nal data. e | nmage reader “uni I'S arranged i

original convey,p&ss ?&E’cﬂﬁ'ﬁicﬁin%dpE%dE%éQm?éE&%?iéefé’fe faes| dlde, and

copy operations and other various 20" origina erence nuneral 1808

denotes a transghée sy s esen igrenddit! phaket Reqghaesim & e G RRHEAL US.
The transm ssion/reception unit 1808

of a preheat pulse appliéd to the heater 102b. That is,
5 a preheat pulse having the width tl is appliea to tﬁe
heater 102c. |

In the above manner, the_éame amount of ink can be
discharged from the noziles 108a, 108b, and 108c which
discharge an ink in different amounts upon'application

10 of a predetermined pulse. In addition, the amounts of
ink discharged may be intentionally made to differ from
each other. Note that preheat pulses are used to reduce
variations in the discharging operation of each nozzle.

Fig. 5 shows the arrangement of an apparatus for

15 manufacturing-the color filter shown in Figs. 1A or 1B
and 2,

Referring to Fig. 5, a manufacturing apparatus 20
comprises an X-Y table 22 mounted on a base (not shown)
and capable of moving in the X and Y directions in Fig.

20 5, and an ink-jet head IJH fixed on a base via a support
member (not shown) above the X-Y table 22. A glass
substrate 12 on which a light-shielding grating 10b and
a layer 14 to be dyed (see Fig. 2) are formed by the
above method is placed on the X-Y table 22. The ink-jet

25 head IJH includes a red head 120a for discharging a red

ink, a green head 120b for discharging a green ink, and



transmts original data read by the inmage reader unit 25 1807 by
facsimle, and receives and decodes a sgn57f§csinile signal. The -

transm ssion/reception unit 1808 ° - 18 - "has an interface function for
external units. Reference nuneral 1809 denotes a tel ephone unit having a
-general tel ephone function and various tel ephone functions such as an
answering function. 5 : Ref erence. nuneral 1810 denotes a nenory unit

i ncluding a ROM for storing system progranms, nmanager prograns, application

prograns. font s, ek didld 933 98 A3 BANLEOEA5" 071 0 AfgpPlieadd on pr ogr am

Ipaded fromthe external menmory uni docunent™ i nf ormat on, a_lO
video RAM and Hduud 'I‘QQ)a,quZQH?nﬁﬁdnh!ﬁ”gﬁalaréséésg&aﬁ‘@&eéo da KsHPORggl unit for

i nputting docunent information and various comands.
. ‘'inks independently. ' '
In the manufacturing apparatus 20. having the above
5 arrangement, an.R ({red), G (green), or B (blue) ink is
discharged info a desired frqme of the light—shiélding
grating 10b while the X-Y table 22 moves with'respect to
the ink-jet head IJH in the X and Y directions. In this
manner, each frame of the light-shielding grating 10b is
10 colored to complete a color filter.
Fig. 6 is a block diagram showing the arrangement
of the manufacturing apparatus 20.
Referring to Fig. 6, X- and ¥Y-direction driving
motors 36 and 38 for driving the X-Y table 22 in the X
15 and Y directions are connected to a CPU 30 for
controlling the overall operation of the manufacturing
apparatus 20 via X and Y motor driving circuits 32 and
34. The ink-jet head IJH is also connected to the CPU
30 via a head driving circuit 40. Furthermore, X and Y
20 encoders 42 and 44 for detecting the position of the X-Y
table 22 is connected to the CPU 30. With this
arrangement, position information on the X-Y table 22 is
input to the CPU 30. In additioh, a control program in
a program memory 46 is input to the CPU 30. The CPU 30"
25 moves the X-Y table 22 in accordance with this control

program and position information from the X and Y



Ref erence numeral 1812 denotes an external memory unit using a floppy disk,
a hard disk, and the |ike. The 15 exteLn@I nenory unit 1812 serves to
store docunent information, nusic and speech informati on, application
prograns. of the user, and the like. Fig. 17 i's a perspective view of the
i nformati on processing apparatus in Fig. 16. 20 ' ‘Referring to Fig. .-
17, reference nuneral 1901 denotes a flat panel display using the above
liquid crystal panel, which displays vari ous nenus, graphic pattern

i nfor mati on, dogyEBAk:d N1 Gl gl kg -4:809r i naley jagut or item
OI' 8 on the :

desi gnation input operation: can e per |'at  panel dlsplay
1901 by pressi ngr&ben§ Ut fake &{ dre gtl%lé%h sRBBekal8032W4 & hb?ought 49 a

finger of the user or the like. Reference nuneral 1902
p081t10n below the ink-jet head IJH, and an ink having a
desired color is discharged into the f;ame to color it.
5 A coior filter is manufactured by performing this
operation for each f;ame of the light-shielding grating
10b. |
Characteristic features of the present invention in
coloring a glass substrate will be described next.

10 In this embodiment, in spraying an ink to color a
frame 10c of the light-shielding grating 10b, a
plurality of ink dots 40a to 40d are sprayed to cover
the entire frame 10c, as shown in Figs. 7A and 9A. 1In
this case, the volume of each droplet sprayed is set to

15 the first volume which makes the diameter of each of the
ink dots 40a to 40d much larger than a width W of the
frame 10c. The volume of this droplet is adjusted by
controlling a driving pulse applied to each heater 102
in the manner described above. By covering the entire

20 frame 10c with the ink by one spraying operation in this
manner, white omissions, which are most unpleasaﬁt to
look at on a color liquid crystal display, can be
prevented.

Subsequently, as shown in Fig. 7B, droplets, each

25 having the second volume smaller than the first wvolume,

are sprayed on the ink dots 40a to 40d. Ink dots 42a to



derotes a handset used when the apparatus is used as a tel ephone set. A
keyboard 1903 is detachably connected to_thg rain body via a cord and is

used to perform5 various docunment functions and input various data. This -

keyboard 1903 has various function keys 1904. Reference numeral 1905
denotes an insertion port through which a floppy disk is inserted into the
external nmenory unit 1812. 10 Ref erence nuneral 1906 denotes an

ori gi nal tabl e on which an original to be read by the inmage reader unit

1807 is pl aced. 4Bae ak@adner bebBabpt 21 6ds SNAGRI ol WhdieR geportlon of

the apparatus. In a facsimle receliving operation, recelved data is prlnted

out by an 15 i @topdletRl bt ehel§8londeE1UME ARG Y MRiThEN 18L,_¢E§31 NY

appar atus is to serve as a personal COFTpUt er or a WOr dpr ocessor, varil ous
ki nds of i nfornmen ahei pleasst Bubyghatéel XaydmrsabdiNiin h&mll&lyetbr apgsggd by

the control unit 1801 in 20 accordance with a predeterm ned program and
t he an ink after one ink spraying operation. For this
5 reason, if ink droplets to be sprayed for the second.
time have the same volume as that of the ink droplets
sprayed for the first time, the second droplets spread
and blur more than the ﬁirst ink dots 40a to 40c. Figs.
10A to 10C are plan views showing this state. If a
10 droplet having the same Qolume as that of the first ink
droplet 40a in Fig. 10A is sprayed thereon, as shown in
Fig. 10B, the second ink dot spreads more than the first
ink dot 40a, as indicated by the ink dot 42a in Fig.
10C. 1If an ink dot spreads in this manner and enters an
15 adjacent frame of the light-shielding grating 10b,
interference with the color of the adjacent frame
occurs. As a result, a high-definition color filter
cannot be formed. For this reason, in this embodiment,
the volume of an ink droplet to be sprayed for the
20 second time is set to be smaller than that of and ink
droplet to be sprayed for the first time. The second
droplets gradually spread from the state shown in Figs.
7B and SB which show the state of the droplets at the
moment when it is sprayed. Eventually, the second
25 droplets spread up to almost the same size as that of

the first ink dots 40a to 40c, as indicated by the ink



resultant information is output, as an inmage, to the printer unit 1806.
‘VWen the information processing apparatus jgs to serve as the receiver of
the facsim|le apparatus, 25 facsinmile infornation input through the
transm ssion/reception unit 1808 via a comrunication - 20 - lineis-
subj ected to reception processing in the.control unit 1801 in accordance

with.a predeterm ned program. and the resultant information is output, as a -

received image, to the printer unit 1806. 5 When the information

Processing appauatysabs 8 884 Ven 381 dd1C ROBKUNGCIACALNEy Bl OF I ginal i
read by the inmage reader unit 1807, "and the read original data is output,

as an inmage to bmabéaphest, tGhéFErd¥d N sWiiting80feViakt HELERNT FOF LM t
1801. Note that when the _ _ .
: second spraying operation to be smaller than that for
‘the first spraying operation; blurring.of'thé ink caﬁ be
5 minimized to allow the formation of a high-definition |
color filter. 1In addition, by spraying the ink twice,
color irregularity in a filter can be prevented.

Fig. 9C shows a state wherein the first ink is
sprayed and dried first, and the second ink is then

10 sprayed on the first ink. In this case, the second ink
does not spread in the direction of thickness of the
layer 14, but spreads in the planar direction.
Therefore, in this case as well, if the volume of the
second ink is set to be equal to that of the first ink,

15 the second ink spreads and blurs.

According to the above description, the volume of
the ink sprayed for the seéond time is set to be smaller
than that of the ink sprayed for the first ﬁime.
Alternatively, the concentration of a coloring material

20 in an ink sprayed for the second time may be changed.
The color characteristics of a colored pixel portion can
be easily adjusted by changing the concentration of the
coloring material in the second ink. Furthermore, the
volume of the second ink may be reduced, while the

25 concentration of the coloring material is changed. In

this case as well, blurring of an ink can be prevented.



10 information processing apparatus is to serve as the receiver of the
facsim | e apparatus, original data read by.the imge reader unit 1807 is
~subj ected to transm ssion processing in the control unit 1801 in accordance
with a predeternmined program and the 15 resultant data is transnmitted to a
comuni cation line via the transm ssion/reception unit 1808. Note that the
above information processing apparatus nay be desi gned as .an i nt egr at ed
apparatus incorporating an ink-jet prlnter in the naln body, as 20 shown in

Fig. 18. In this casggt %wplo Bapujl agl %1 sg&p aV| n bl%e:,,gamré{oved

The sane reference nunera In Fg
functions as thosgn &h%tgthé7ceﬁt9r ?fsiﬁﬂwéé c?tGHP t€ 4 f A% rkRl-J et

head IJH 25 for spraying ink on the layer 14 in the color I'ter escrlbed
above. from that of the first ink dot. 1In this case as well,
the same effect as described above can be. obtained.
5 Examples in which cblor filters aie'manufactured by
the above method will be described next .
(Example 1)
Formation of light-shielding grating
A thin chromium (Cr) film 200 by 200 mm square was
10 formed, by sputtering, on a surface-polished glass
substrate consisting of non-alkali glass to have a
thickness of about 2000 angstrom. The film was then
patterned into a shape like the one shown in Fig. 1A by
photolithography. 1In this case, the dimensions of the
15 matrix pattern were: W = 60 um; L = 140 um; dl1 = 20 um;
and d2 = 100 um in Fig. 1A.
Formation of layer to be dyed
A resin composition consisting of hydroxypropyl
cellulose (HPC-H available from Nihon Soda) was spin-
20 coated on the glass substrate on which the light-
shielding grating was formed. The resultant structure
was dried at 90°C for 10 minutes to form a 2-um thick
layer to be dyed.
First coloring operation
25 The above layer was colored by the ink-jet head

described above.



- 21 - Referring to Fig.- 3, the ink-jet head IJH mainly conprises a heater
board 104 as a board on which a pIuraIth_gE Qearers 102 f-or heating.an ink
are fornmed, and a.ceiling plate 106 nmounted“on the heater. board 104. 5 A
plurality of discharging openings 108.are fornmed-in the ceiling plate 106.
. Tunnel -1i ke fluid passages 110 conmuni cating with the dischargi ng openi ngs
108 are forned therebehind. The respective fluid passages 110 .are isol ated
fromthe adjacent fluid passages via 10 partition walls 112. The _
respective fluid passgges.,110 are n connected to pone ink chanmber 114
at the rear side of t-?\ﬁg str}kui]hc?vplé?s;g‘gg?o; OFART SOBRDPHTERP t8 T A Sk -

T14 to each 11uid paccabidle S36°Mhe et Board 104 and the ceiling
plate 106 are positi ofgshiN thalonbie Posq tjwn of each heater 10
. dye: | _ 3 wt$
5 water: | 52 wt%
The following dyes were used:
Rl(red) dye:  color mixture of
Acid Red CI 35/Acid Yellow CI 23
G (green) dye: color mixture of
10 Acid Blue CI 9/Acid Yellow CI 23
B (blue) dye: color mixture of
Acid Blue CI 9/Acid Red CI 35
The measured surface tension of the above ink was
48 dyne/cm. The viscosity of the ink was 1.8 cps. The
15 initial contact angle of the ink was 30°. The first ink
discharging operation wﬁs performed by the ink-jet head
using such an ink. The volume of an ink droplet was 45
Pl, and the average diameter of ink dots formed on the
layer was 82 um.
20 Second coloring operation
Droplets of an ink having the same composition as
that of the ink sprayed for the first time were sprayed
on the ink dots, which were formed by the first droplet
discharging operation, by using the same ink-jet head.
25 In this case, the volume of an ink droplet was 35 pl.

The average diameter of ink dots formed on the layer



‘coincides with that of a corresponding fluid passage 110, and are assenbl ed
into the state shown in Fig. 3. 20 Althp%%h_Fig. 3 shows only two heaters"
102, the heater 102 is arranged in correspondence with each fluid passage
110. Wen a predet erni ned driving signal is supplied to.the heater 102 in
the assenbled state shown in Fig. 3, an ink above the heater 102 i s boil ed
to 25 produce a bubble, and the ink is pushed and di scharged fromthe

di schargi ng openi ng 108 upon vol unme expansion . = - 22 - of the |nk

Ther ef th st Crol
Ul se appl i ed 15 ERE wad ey S AT EEe R BROME 0t e B e
That is, the VOL,HQEtefJth@olﬂH% di, eg%qatn'égg}eilﬁh %,gg@aé&]j[&gup eni ng

can be arbltrarlly controlled. Fig. IS a timng c art al ni
met hod of - operation. As a result, a proper coloring operation was

performed without causing any color mixing between
5 adjacent opening portions of the light-shiélding grating
and any white omission.
Coatiné of protective layer
A thermoset resin (Hicoat LC2001 available.from
SANYO CHEMICAL INDUSTRIES, LTD.) was coated, as a
10 transparent protective film, on the layer, on which R,
G, and B patterns were formed in the above manner, by a
spinner so as to have a thickness of 0.5 um after it was
dried. The resultant structure was pre-baked at 120°C
for 30 minutes first, and then baked at 200°C for 30
15 minutes, thereby forming a protective layer. With this
rrocess, a color filter was completed.
Formation of liquid crystal panel
A series of operations, e.g., formation of ITO and
aligning films and sealing of a liquid crystal material,
20 was performed by using the color filter obtained in the
above manner, thereby forming a color liquid crystal
display apparatus. |
In Example 1, as described above, an excellent
color liquid crystal display apparatus was obtained
25 without causing any color mixing among the pixels of a

color filter and any white omission.



controlling the amount of ink discharged by changi ng power. supplied to each
heater in this manner. In this enbodi.nent , jwo types of constant-voltage 10
pul ses are applied to each heater 102 to adjust t he amount of ink :

di scharged. The two pul ses are a preheat pul se and a main heat pul se (to be
sinply referred to as a heat pul se hereinafter). The preheat pulse s a .
pul se for heating an ink to a predeterm ned tenperature before 15 thé ink’
is'actually discharged The pulse width of this pulse is set to be smal Ier

than a ﬁlﬂlﬁUﬁ]R% §§8@%gkbﬁtgxéggg d to di scharge the ink. Therefore, the-

ink is not dischar IS pr pulse The preheat pulse is applied
to each heater 102 tQ'hbn‘%&ﬁ'@Eeth]SriH{;t61§éra?tplor¥ FREALW ROk J B apﬁdtol a

predeterm ned tenperature in advance So as to al ways naké the anoun _
di schar ged conswast pe€BrRe@0Rs1 2o Ahd W@ iprorpRlired,t @nbhaakeat er 102

afterward. In contrast to this, the tenperature of the i nk may be adj usted
in 25 advance~matadﬁasstngnuhehaﬁsﬁﬁecﬁonﬂﬂrﬂﬂm&abspuh&@e ihNExample
5 1._ The volume of an ink d;oplet in the second coloring
operation was set to be 45 pl, which was equal to the
volume of an ink droplet in the first coloring
operation.
The average diameter of ink dots forﬁed on the

10 layer by the second coloring operation became 90 pum. As
a result, blurring of the ink occurred. For this
reason, color mixing occurred between adjacent opening
portions at a portion of a color filter.  That is, an
excellent color filter could not be manufactured.

15 According to the above description, the
concentration of ink in the second éoloring operation
may be increased to prevent blurring of the ink. 1In
contrast to this, an example in which the concentration
of ink.in the second cdloring operation is decreased to

20 adjust the color density of a color filter will be
described below. 1In this case, since the ink
concentration in the second color operation is low, the
ink blurs more easily. In order to cope with such a
phenomenon, the volume of an .ink sprayed in the second

25 color operation is decreased és in Example 1.

(Example 2)



thi's case, for the same heat pul se, the anmount of ink - .23 - di scharged-
can be changed. In addition, by heating_ink before application of .a heat
pul se, the start tine reqU|red to di scharge the ink upon application of the
heat pul se can be shortened to inprove the 5 responsibility. The heat pul se
is a pulse for actually discharging the ink. The pul se width of the heat
pul se is set to be larger than the minimumpulse width t5 required to

di scharge the ink. Energy generated by each heater 102 10 "is proportlonal

to the width (appl|C@$éC@h£$ﬁmgofgr?ﬁg 1%% ghgrgggr a5¥a£ gg?s in

the characteristics of the heaters e adjuste

ﬂﬂdth of each hgag §b&§6&m@ﬁ“fbﬂﬂ8ﬂldbh%h@”@ﬁﬁ% BEoba&ugé§Ch@ﬁQe§aﬁ@n al so
e

material, and the same COHdlthnS as those in Example 1.
The composition of the ink sprayed in the second color

5 operation was set as follows:

ethylene glycol: 20 wt%
isopropyl alcohol: 5 wt%
dye: 1.5 wt%
water: 72 wt%

10 The following dyes were used:
R (red) dye: color mixture of
Acid Red CI 35/Acid Yellow CI 23
G (green) dye: color mixture of
Acid Blue CI 9/Acid Yellow CI 23
15 B (blue) dye: coior mixture of
Acid Blue CI 9/Acid Red CI 35
The measured surface tension of the above ink was
49 dyne/cm. The viscosity of the ink was 1.7 cps. The
initial contact angle of the ink was 30'.

20 The second ink discharging operation was performed
by the ink-jet head using such an ink. The volume of an
ink droplet was 35 pl, thch was equal to that in
Example 1. The average diameter of ink dots formed on
the layer by the first and second ink discharging

25 operations was 82 um, which was equal to that in Example

1.



15 adjusted by adjusting the interval between a preheat pulse and a heat
pul se to control the dispersed state of hegé upon application of the
preheat pulse. As is apparent fromthe aboveé description, the amount of ink
di scharged can be.controlled both by 20 adjusting the application time of
-a preheat pul se and. by adjusting the interval between application of a
preheat pul se and that of a heat pulse. Therefore, by adjusting the
application tine of a preheat pulse or the interval -between application of

 hnns o™ ML idtar BeghRY) 5505 AoRS LI A ol o
[REPSebun o TRBRGEYER CatebeplLt Ao AR SUThAY Ui e o
ink dq;s. According to Example 2, a color filter having
a color density lower than that in Example 1 was
5 mahufactured.

The color density of a filter can be finely
adjusted by changing the densities of inks in the first
and second coloring operations.

As described above, according to the above

10 embodiment, in coloring a color filter by spraying ink
using the ink-jet head, the amount of ink discharged in
. the second coloring operation is set to be smaller than
that of ink discharged in the first coloring operation,
thereby manufacturing a high-definition color filter
15 while preventing ink blurring.

In addition, by setting different ink
concentrations in the first and second coloring
opefations, the color density of a color filter can be
finely adjusted.

20 (Second Embodiment)

In the first embodiment, ink droplets are
discharged twice. 1In the second embodiment, ink
droplets are discharged three times or more.

In performing the third discharging operation, the

’25 volume of an ink droplet discharged was set to be

slightly smaller than that in the second discharging



5 Assunme that an ink is discharged in different anpunts from: _

_di schargi ng openings (nozzles) 108a, 108D, 3and 108c upon application of the
sanme voltage pulse, as shown in Fig. 4. Mre specifically, assunme that when
a voltage having a predetermined pulse width is applied at 10 a
predeterm-ned tenperature, .the amount of ink discharged fromthe nozzle
108a is 36 pl (pico-liters); the amount of ink discharged fromthe nozzle
108b, 40 pl; and the anmpunt of ink discharged fromthe nozzl-e 108c, 40 pl,

and the resistargrrakibgaat efse1028; @ cﬁg_e%%r%g§gggggngftgntggﬁc

nozzl es 108a and 108b is 200 [err] and the resistance af a heater

-correspondi ng t doth€otmeal 6n188taysr 218 deldded Aeidie bHakit b8 @gQHnE§ of -
i nk di scharged fromthe nozzles 108a, 108b, and 108c are to be adjusted to
40 pl. 20 - anTRekwddthfophed pn eddddngill s@yad sehBegingULAR BRYebE

adj usted to adjust the amounts of ink discharged fromthe nozzles 108a,
108b, and 108c ttdmefe samelamvfibitemaawirgy contiighatt endoef deheiviydiiis of

preheat pul ses and -
5 manufactured.

In this embodiment, the volume of an ink droplet
discharged for the third time was smaller than that for
the second time. However, an excellent result was
obtained with the same volume of an ink droplet as that

10 in the second discharging operation.

(Third Embodiment)

In this embodiment, an ink-jet head of a so-called
multi-nozzle type having a plurality of discharging
openings is used to shorten the manufacturing time.' In

15 order to reduce variatioms in the volume of an ink
discharged from the plurality of discharging openings,
the ink is discharged from different discharging
openings onto the same element in the first and second
discharging operations, as shown in Fig. 12.

20 For the sake of descriptive convenience, Fig. 12
shows as if the recording head scanned. Referring to
Fig. 12, by performing a scanning operation in the
direction of width by a width correspondinglto half of
the number of discharging openings, an ink is sprayed on

25 the same element by using the lower half of discharging

open}ngs and the upper half of discharging openings.



-heat pul ses are conceivable. In this case, the amounts 25 of energy"
generated by heat pulses are made equal’ jdﬁ _ - 25 - the three nozzles,
and the anounts of ink discharged are adjus%ed by adjusting the w dths of
preheat pul ses. Since the heaters 102a and 102b for the nozzles 108a and
108b have the sane resistance, i.e., 200 [err], the 5 anmounts of energy-
generated by heat pul ses can be made equal by applying voltage pul ses. '
havi ng the sane width to the heaters 102a and 102b. In this case, the width

of 23N VOl {206 Sl S5akBaBet k0o Ponkh o i Gy MRl ks,
o Inerease t he BoUnr o Tar of sobernair i MRS AR SBhs tac PhRear
pul se having a wipHler hdlfabgetdischarging openings in scan .
‘With the above process, the different volumes of
5 ink droplets discharged from the respective discharging

openings were averaged} a color filter having less

density irregularity was formed. Fig. 13 shows a case

wherein an ink is sprayed on the same element three

times.

10 Various changes and modifications of the above
embodiments can be made without departing the scope and
spirit of the invention.

For example, in the above embodiments, the ink-jet
head is fixed, ahd the X-Y stage is moved. However, the

15 ink-jet head may be moved while the stage is fixed.

As the ink-jet head, a so-called piezoelectric type
head using mechanical energy converters such as
piezoelectric elements may be used. In this case, the
volume of the ink discharged can be easily adjusted by

20 adjusting the applied voltage of a driving pulse. When
a bipolar driving operation is to be performed,'the ink
volume can be adjusted by adjusting both or either of
bipolar driving pulses.

The present invention can be applied to a single-

25 color filter and a filter of a type having a plurality



than a wdth tl of a preheat pulse applied to the heater 15 102b is appl i ed
to the heater 102a. Wth this operation,_t ‘amounts of ink discharged from
the heaters 108a and 108b can be adjusted 10 40 pl. The heater 102c for the
nozzl e 108c has a resistance of 210 [err], which is higher than the

resi stance 20 of the two remmining heaters 102a and 102b. For' this reason,
in order to cause the heater  102c to generate the sane anobunt of - energy as
that generated by the two renmining heaters, the mﬁdth of a heat pul se nust

be set to be Iaggegﬁhgﬁgfhgﬁéga%li@ r@bqy%hnﬁﬁi org gEagk a gase,

t herefore, the w dt Se 1's se mhlc a?ﬂer than
the width t3. SeRef bR8er. - 26 - anmounts of ink dlscharged fromthe
nozzl es 108b and 108c upon application of a predeterm ned pulse are the

sane, : In the above embodiments, each droplet is sprayed
on the same spot twige. However, each droplet may be
5 sprayed on the saﬁe spot three times or more.

According to the above description, the volume of a
droplet discharged is controlled by changing a driving
pulse applied to a heat enerqgy converter. However, a
plurality of ink-jet heads may be used in such a manner

10 that a large pulse is applied to one head, while a small
pulse is applied to the other head.

According to the above description, the present
invention is applied to the print apparétus of the
system, among various ink-jet recording systems, which

15 has a means (e.g., an electricity-to-heat converter or
laser light) for generating heat energy as energy used
to discharge an ink, and changes the state of an ink by
using the heat energy. According to this system, a
high-density, high—definition recording operation can be

20 realized.

As for the typical structure and principle, it is
preferable that the basic structure disclosed in, for
example, U.S. Patent No. 4,723,129 or 4,740,796 is
employed. The aforesaid method can be adapted to both a

25 so-called on-demand type apparatus and a continuous type

apparatus. In particular, a satisfactory effect can be



the width of a preheat pulse required is equal to that of a. preheat pulse .
applied to the heater 102b. That is, -5 a_pggheat pulse having the-width tl -
is applied to the heater 102c. In the above manner, the sane anount -of ink
can be discharged fromthe nozzles 108a, 108b, and 108c whi ch di scharge an
ink in different anounts upon application 10 of a predetermined pulse. In
addi tion, the ampunts of ink discharged may be intentionally made to differ
fromeach other. Note that preheat pulses are used to reduce variations in

the di schargi ng RasALOWhEh EREN-ROGZhEn ‘¥§§ﬁi%éﬁ}ﬁﬁ%d%hQSaE&§g§$e nt of

an apparatus for 15 nmanufacturing the color own'in A or 1B

and 2. ReferringecaubegorStha HRpuEACHS!Nd Mith ARRANRY W20 :CRGRRESEERER X- Y
tabl e 22 mounted on a base. (not shown) and capable of noving in the X and Y

directions in Ficpe 2@ mbreaddi@e sidnard, hasitH Hdpfiidugd raisa bage via a
support nmenber (not shown) above the X-Y table 22. A gl ass '
temperature of an electricity-to-heat converter disposed
5 to face a $heet Sr_a fluid passag? which ﬁolds the fluid

(ink) to a level higher than levels at which film
boiling takes place are applied to the electricity-to-
heat converter in accordance with recording information
SO as to generate heat energy in the electricity-to-heat

10 converter and to cause the heat effecting surface of the
recording head to take place film boiling so that
bubbles can be formed in the fluid (ink) to correspond
to the one or more drive signals. The
enlargement/contraction of the bubble will cause the

15 fluid (ink) to be discharged through a discharging
opening so that one or more droplets are formed. If a
pulse shape drive signal is employed, the bubble can be
enlarged/contracted immediately and properly, causing a
further preferred effect to be obtained because.the

20  fluid (ink) can be discharged while revealing excellent
responsibility.

It is preferable that a pulse drive signal

disclosed in U.S. Patent No. 4,463,359 or 4,345,262 is
employed. If conditions disclosed in U.S. Patent No.

25 4,313,124 which is an invention relating to the

temperature rising ratio at the heat effecting surface



substrate 12 on which a Ilght shielding grating | Ob and -a Iayer 14 to be.
dyed (see Fig. .2). are forned by the above gfthod Is pllaced on the X-Y table
22. The ink-jet 25 head |JH includes a Tet head 120a for .discharging a red
ink, a green head 120b for discharging a green ink, and -27- a blue head
120c for di schargi ng a blue ink. These heads 120a, 120b, and 120c are
designed to discharge inks independently. In the nanufacturlng appar at us
20. havi ng the above 5 arrangenent, an R (red), G (green), or B (blue) ink

i s discharged i d frane, of the t-shieldin rating 10b while
the X-Y table ZgEgngg ?mfFﬁ_r%s%%%fs{?F§9ﬁ¥lé%gﬂ§§1QQé§ES%§% Fﬁnt%S X and Y
di rections. HFaner each franme of the light-shielding grating |Ob
_|s 10 colored to conp ete a color filter.

As an alternative to the structure (linear fluid
paésage or perpendicular fluid passage) of the recording
5 head disclosed.in each of the aforesaid inventions and
'hav1ng an arrangement that dlscharge ports, fluid
passages and electr1c1ty—to—heat converters are
combined, a structure having an arrangement that the
heat effecting surface is disposed in a bent region and

10 disclosed in U.S. Patent No. 4,558,333 or 4,459,600 may
be employed. 1In addition, the following structures may
be employed: a structure having an arrangement that a
common slit i§ formed to serve as a discharge section of
a plurality of electricity-to-heat converters and

15 disclosed in Japanese Patent Laid-Open No. 59-123670;
and a structure disclosed in~Japanese Patent Laid-Open
No. 59-138461 in which an opening for absorbing pressure
waves of heat energy is disposed to correspond to the
diséharge section.

20 Furthermore, as a recording head of the full line
type having a length corresponding to the maximum width
of a recording medium which can be recorded by the
recording apparatus, either the construction which
satisfies its length by a combination of a plurality of

25 recording heads as disclosed in the above specifications



"Fig. 6 is a block diagram showi ng the arrangenent of the manufacturing -
apparatus 20. Referring-to:Fig. 6, X- and,¥-direction driving notors- 36 and
38 for driving the X-Y table 22 in the X f and Y-directions are connected
to a CPU 30 for .controlling the overall operation of the manufacturing
~apparatus 20 via X and Y notor driving circuits 32 and 34. The ink-jet head
IJH is al so connected to the CPU 30 via a head driving circuit 40.
Furthernore, X and Y 20 encoders 42 and 44 for detecting the position of

(e, X v ol e 22 ons egd it enl s P VEA D1 o A B098  ang
addition, a comiésd QK ald Nk RrRINFHEBAPEY MOl San n&%?ué@d.the CPU 30
The CPU 30 25 noves the X-Y table ™22 in accordance wth this control
program and positionih Nd@diBtdON thie0MnfRat XoaNdsYeffective for a
recording head of the freeiy exchangeable chip type
5 which enables electrical connection to the recording
apparatus main body or supply of ink from the main
device by being mounted onto the apparatus main body, or
for the case by use of a recording head of the cartridge
type provided integrally on the recording head itself.
10 It is preferred to additionally employ the
recording head restoring means and the auxiliary means
provided as the component of the present invention
because the effect of the present invention can be
further stabled. Specifically, it is preferable to
15 emﬁloy a recording head capping means, a cleaning means,
a pressurizing or suction means, an electricity-to-heat
converter, an another heating element or a sub-heating
means constituted by combining them and a sub-emitting
mode in which an emitting is performed indépendently
20 from the recording emitting in order to stably perform
the recording operation.

Although a fluid ink is employed in the aforesaid
embodiment of the present invention, an ink which is
solidified at the room temperature or lower and as well

25 as softened at the room temperature, an ink in the form

of a fluid at the room temperature, or an ink which is



- 28 - encoders 42 and 44. Wth this operation, a desired grating frame on
the glass substrate 12 is brought to a pgs%$ipn bel ow the ink-jet head |JH,
-and an ink having a desired color is discharged into the frame to color it.
5 Acolor filter is manufactured by perforning this operation for each
frame of the light-shielding grating |0b. Characteristic features of the
present .invention.in coloring a glass substrate will be described next. -10
In this enbodiment, in spraying an ink to color a frame | Cc of the

| i ght - shi el d b t k dats 40a tq 40d d
AR S EE R L U %%°rd?‘Rgaﬁd%§ﬂ 'R this case,

to cover the entire

the vol une of eaghAnQRl & yoPéaﬁﬁglﬁeée‘%eéajb%eS +HN fo'rlé h %ﬁOEHﬁ@ ¥_\€| ch

makes the dianmeter of eac to 4 arger an a

wi dth Wof the E@%ﬁ%d'gﬁ oIH%nXPiyﬁfhfgaﬁ&E&;fH(gyéH é ﬁaQQEgskﬁgtbﬂhe
controlling a driving pul se applied to each heater
temperature of ink is controlled in a range from 30°C or
5 higher to 70°C or lower sb as to make the viscosity-of |
‘the ink to be included in a stable discharge range.
Furthermore, an ink which is solidified when it is
caused to stand, and liquified when heat energy is
supplied in accordance with a recording signal can be
10 adapted to the present inventién to positively prevent a
temperature rise caused by heat energy by utilizing the
temperature rise as'energy of state transition from the
solid state to the liquid state or to prevent ink
evaporation. In any case, an ink which is liquified
15 when heat energy is supplied in accordance with a
recording signal so as to be discharged in the form of
fluid ink, or an ink which is liquified only after heat
energy is supplied, e.g., an ink which starts to
solidify when it reaches a recording medium, can be
20 adapted to the present invention. 1In the aforesaid
case, the ink may be of a type which is held as fluid or
solid material in a recess of a porous sheet or a
through hole at a position to face the electricity-to-
heat converter as disclosed in Japanese Patent Laid-Open

25 No. 54-56847 or Japanese Patent Laid-Open No. 60-71260.



~in the manner described above. By covering the entire 20 frame |0c with

the ink by one spraying operation in this yjanner, white oni ssions, which .
are nost unpleasant to ook at ona color Tiquid crystal display, can be

--prevented. Subsequently, as shown in Fig. 7B, droplets, each 25 having the
second volunme smaller than the first volune, are sprayed on the ink dots
40a to 40d. Ink dots 42a to .- 29 - 42d are the ones obtained at the _
monent when the droplets of the second vol une are sprayed. The | ayer 14 on. -

the gl ass subst&gtgslghgeﬁgg@sg§efékfggIétgqﬁ?‘jro k t5 3 s%%ﬁyg nfoink

spraying operation. For this 5 reason to

the second tinecBayget heosas®iy Ok LR w5t Lihad n%ftntdae 'nk droplets sprayed
for the first tine, the second droplets spread

As has been described, according to the present
invention, in coléiing a color filter, color
5 irregularity in the color filter can be prevented by
spraying a droplet on the same spot on a substrate a
plurality of number of times.
In addition, the volume of a droplet discharged for
the first time is set to be different from that of a
10 droplet discharged for the second time. With this
operation, the volumes of droplets can be set in
consideration of blurring of the droplets in such a
manner that the size of a dot formed by the first
droplet becomes almost equal to that of a dot formed by
15 the second droplet. Therefore, the spread of each
droplet can be prevented, and a high-definition color
filter can be manufactured.
Furthermore, since an ink-jet head is used to spray
droplets, a fil;er can be colored in R, G, and B in the
20 process of scanning the ink—jet head. Therefore, unlike
the prior arts, the same process need not be repeated
for each color of R, G, and B, and the manufacturing
cost of a color filter can be reduced.
Moreover, the composition of a coloring material in
25 droplets discharged for the first time is made different

from that of a color material in droplets discharged for



-and blur nore than the first ink dots 40a to 40c. Figs. 10Ato | CC are plan
views showing this state. If a 10 droplgt4 aving the sane vol une as that '
of the first ink droplet 40a in Fig. 10A i'§ sprayed thereon, as shown in -
Fig. 10B, the secondink dot spreads nore than the first i nk dot 40a, as
indicated by the ink dot 42a in Fig. 10C. If an ink dot spreads in this _
manner and.enters an 15 adj acent frame of the | i ght - shi elding gratlng 10b, -
interference with the col or of the. adjacent frame occurs. As a result, a.

hi gh-definition | 4t ann o or t hi.s ea in thIS
) Yedonld Einls? rbp? % %QE r%ﬁﬂﬁ%% % 58384%¢efond

enbodi nent, the vol une of "an |nk 1)

time is set to %1%@&&%&@%%@&% aifﬁggTﬁ@i%&{&qﬁ 1%n'%ea§8r ayed for

the first time. The second droplets gradually spread fromthe state shown

in Figs. 7B and siFayeicchtaleowikbe aeasecpliot e i &ligtal- thAg gament when
it is sprayed. Eventually, the second 25 droplets spread up to al nost the
same size as thadijfstede fThet degkedods ¥DartinglQr ads inkdicaat adsBypkhe ink

5 adjusted by using different solvents and changing the
wettability.

The present invention is not iimited to the above
embodiments and various changes and modifications can be
made within the spirit and 5cope of the present

10 invention. Therefore, to apprise the public of the
scope of the'present invention the following claims are

made.



- 30 - dots 42a to 42d in Firgs. 7C and 8C. As_in t he enbodinent

t herefore,

by setting the ink vol une for t@ scond spraxpng
.be smaller than that for the first spraying. pHFéh:en g
can be 5 mnimzed to allow the formation of hi -Fdefrnptlo

filter. In addition, by spraying the ink tw ce, co

filter can be prevented Fig. 9C shows a state mhereln the flrst |nk |s
sprayed and dried first, and the second ink is then 10 sprayed on the

first ink.

I n whﬂﬂ?qﬁseLAhn@Dsggond i nk does not spread in the direction

of thickness of the |ayer 14, but spreads in the planar direction.

Ther ef or e,
be equa

inthis ca:smaammtbnhi; heenyel 808 Hfcdher ssaerd: ink is set to

to that of the first ink, 15 the second ink spreads and bl urs.

10

15

20

25

manufactured by forming and arranging a colored filter
elements on a transparent substrate, comprising:

the first discharge step of discharging a colored
droplet of a first volume onto each filter element
formation region on said substrate so as to form each of
said filter elements; and

the second discharge step of discharging a droplet
of a second volume smaller than the first volume onto a
position on said substrate where the droplet of the
first volume has been discharged.
2. The method according to claim 1, further comprising
the fo;mation step of forming a light-shielding portion
on said substrate to partition the filter element
formation regions before the first discharge step.
3. The method according to claim 2, wherein a first
colored dot formed on said substrate by the droplet of
the first volume is substantially equal in size to a
second colored dof formed on the first colored dot by
the droplet of the second volume.
4, The method according to claim 1, wherein the
colored droplets of the first and second volumes are
discharged by using an ink-jet head for performing an

operation by discharging droplets.

(UL

i
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According to the above description, the volume of the ink sprayed for the
second tinme is set to be smaller than thaty-of. the ink spraye mhimma&heBémR
time. Alternatively, the concentration of a col offfng. Qgpefha

sprayed for the second tinme may be changed. The df*f charact ! ul
col ored pixel portion can be easily adjusted by qgggggﬂgﬂthe concentration
of the coloring material in the second ink. Furthernore;, -the volune of the
second ink may be reduced, while the 25 concentration of the coloring

material is chaaged The InQ’cﬁo&aéé? @édwllu o Rl 19 %ei‘&h”gaﬁ?&”d?ﬁ-

prevent ed. As shown in |g he second 1 nk may be sprayed

such that the cgatene@a { Hea el e d ke idRhalrg 151 Bt @dopLem bpaksDigthe |
first ink dot. In this casée as well, the sane effect as described above can
be obt ai ned. heat energy, said head having a heat energy converter

for generating heat enefgy applied to a droplet.

5 6. The method accérdiné to claim 5, wherein a volume
of the discharged droplet is controlled by changing a
driving pulse applied to said heat energy converter.
.7. The method accordihg to claim 6, wherein a volume
of the discharged droplet is controlled by selectively

10 using a plurality of heads designed to apply different
driving pulses to said heat energy converter.

8. The method according to claim 1, wherein said
filter eléments are colored in different colors.
9. The method according to claim 1, wherein the

15 droplets of the first and second volumes are discharged
from a head having a plurality of discharging openings,
the droplets of the first and second volumes being
discharged from different discharging openings,
respectively.

20 10. A manufacturing method for a color filter
manufactured by forming and arranging a colored filter
elements on a transparent substrate, comprising:

the first discharge step of discharging a first
colored droplet onto eaéh of filter element formation

25_ regions on said substrate so as to form each of said

filter elements; and

* c L M S *



5 Exanpl es in which color filters are manufactured--by t he above
method w Il be described next. (Exanple_lé For mat|i onisaf-t4tght -This| a3 Been Replaced
grating A thin chromum (Cr) film 200 by 80 mm gjquar efsiEs»I10 mll I

sputtering, on a surface-polished glass substrate SH§EFAG- of

gl ass to have a thickness of about 2000 angstrom - The filmwas then
patterned into a shape |like the one shown in Fig. 1A by photolithography.
In this case, the dinensions of the 15 matrix pattern were: W= 60 um L =
140 um dl = 20 um = ' [ I | fol ~to be
dyed A resin conposi ?iﬂgng%%%%?lggi%éo%{fgregxégr gg%ﬁéﬁﬁ?’& oéseéé((cl'eilél?néH

avai | abl e from &kbeletSasint 3485 P idcodBrifgahngte £0a i Neh&d & SSomphisild e on
which the light- shielding grating was forned. The resultant Structure was

dried at 90[erri& Abffdifend Mot thatl @fMmaacdivmihdi ektény£Y i diee dyed.

first droplet onto a position on said substrate where
5 the fi;st droplet has been discharged.

11. The method according to claim 10, wherein the first
and second droplets contain coloring materials at
different concentrations. |
12. The method according to claim 11, wherein the

10 concentration of the coloring material in the second
droplet is higher than that of the coloring material in
the first droplet.
13. The method according to claim 12, wherein a first
colored dot formed on said substrate by the first

15 droplet is substantially equal in size to a second
colored dot formed on the first colored dot by the
second droplet.
14. The method according to claim 10, wherein the first
and second colored droplets are discharged by using an

20 ink-jet head for pefforming an operation by discharging
droplets.
15.  The method according to claim 14, wherein said ink-
jet head is a head for discharging a droplet by using
heat energy, said head having a heat energy converter

25 for generating heat energy applied to a droplet.

* c L L] s *
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First coloring oper-étion 25 The above | ays ¥ d’é’-lf(bred by the '.
I nk-j et head described above. -32- An |Qg havtﬁ@ﬂth ¥ t Has Been Replaced
conp05|t|on was used: ethyl ene glycol: ﬁ

R, ad- ; z@6|so‘£gﬂyl JM ENHHNHN II
foll ow ng dyes were used: R (red) -dye: color mxture of Aci

w % dye: 3 w%5 water
35/ Acid Yellow Cl -23 G (green) dye: color mixture of 10 .
Acid Blue Cl 9/Acid Yellow Cl 23 B (blue) dye: color mxture of Acid Blue

Cl 9/Acid Red Cl1835 The method according to clalm 10, further
- .comprising the formation step of forming a light-
shielding portion on said sﬁbstrate'to partition the
filter element formatioh régions before the first
5 discharge step. -
17. The method according to claim 10, wherein~said
filter elements are colored in different colors.
18. The method according to claim 10, wherein the
droplets of the first and second volumes are discharged
10 from alhead having a plurality of discharging openings,
the dropléts of the first and second volumes being
discharged from different discharging openings,
respectively.
19. A color filter manufacturing apparatus for
15 manufacturing a color filter by forming and arranging a
colored filter elements on a transparent substrate,
comprising:
discharge means for discharging a colored droplet
onto said substrate;
20 moving means for moving relative positions of said
discharge means and said substrate; and
control means for causing said moving means to
establish a predetermined positional relationship
between said discharge means and said substrate, and.
25 then controlling said discharge means and said control

means to discharge a droplet of a first volume onto said

_—

RO O



The measured surface tension of the above ink was_ 48 gl_yne/_cm The vi scosity

of the ink was 1.8 cps. The 15 initial cophact gan".__I“e ofthe il ﬁﬁmﬁl 25 Boen Re laced
30[err]. The first ink discharging operation was perf a’b: I& “
head using such an ink. The volume of an ink dr¢ i 45 ]

average di ameter of ink dots formed on the |layer was 82 um 20 Second

col oring operation Droplets of an ink having the sane conposition-as that

of the.ink sprayed for the first tinme were sprayed on the ink dots, which

were forred by befiiatle drOPbstolhsG0o] GO ARETS | Okodih 491G qahe sare

I nk-j et head. 25 In this cas e’vo et Was <35 pl .

The average di amxaaned thak €8kS fﬁ.?éﬂe%%é r&xﬂd&)ée osulo%?’ whedb! ghet he
second ink spraying operation was 82 um whic - '

droplet of the first volume has been discharged.

20. The apparatué according to claim 19, whereiﬁ é
5 first colored dot formed.on said substrate by the
droplet of the first volume is substantially equal in
size to a second colored dot formed on the first colored
dot by the droplet of the second volume;
21. The apparatus according to claim 19, wherein said
10 discharge means is an ink-jet head for performing an.
operation by discharging droplets.
22. The apparatus according to claim 21, wherein said
ink-jet head is a head for discharging a droplet by
using heat energy, said head having a heat energy
15 converter for generating heat energy applied to a
droplet.
23. The apparatus according to claim 22, wherein a
volume of a droplet discharged from said ink-jet head is
controlled by changing a driving pulse applied to said
20 heat energy converter.
24. The apparatus according to claim 23, wherein a
volume of the discharged droplet is controlled by
selectively using a plurality of heads designed to apply
different driving pulses to said heat energy converter.
25 25. The apparatus according to claim 19, wherein said

filter elements are colored in different colors.

* [ L L H *



was equal to the average dianeter in the first co_I_g__r_,_i__Q__g;._ope.r ation. As a.

result, a proper coloring operation was pefor rrecﬂ"'@;fgho caUldjsPheehias Bea Replaced
m xi ng between 5 adjacent opening portions of thelighshiel d[ l m'E”i',
se
t

and any white om ssion. Coating of protective la
(Hicoat LC2001 avail abl e from SANYO CHEM CAL | NDUSTRI ES, LTD.) was coa
as a 10 transparent protective film on the layer, on which RL G and B
patterns were fornmed in the above manner, by a spinner so as to have a

t hi ckness of 0.5 um er L. Y dried, .. r esyl_t.ant, ,st I;

pre-baked at 1ngérr?@ef (%P.béﬁ m%u%‘lé%gﬁql}l&e,toar? 'ﬁl%let%gba&é_%&gflgz_ggﬁerr]c
for 30 15 m nubesp1bher SEYLAOT # A %Y Yehd! G ANES: arll hRsERLSqRHOCESS,
‘a color filter was conpleted. Formation of I!qU|8_crystaI panel A Series of
operations, e.JgfromOANBEA@MM&Yidd Q iR 1iGR RF ﬁ'i's&&a%@@!n?eabéﬂﬂngﬁ ,a
liquid crystal material, 20 was performed by using the color filter
obtained in thethe droplets of the first and second volumes being

5 discharged from different discharging openings,
respectively.
27. A color filter manufacturing apparatus for
manufacturing a color filter by forming and arranging a
colored filter elements on a transparent substrate,

10 comprising:

discharge means for discharging a colored droplet
onto said substrate;
moving means for moving relative positions of said

discharge meaﬁs and said substrate; and

15 control means for causing said moving means to
establish a predetermined positional relationship
between said discharge means and said substrate, and
then controlling said discharge means and said control
means to discharge a first droplet onto said substrate

20 and discharge a second droplet containing a coloring
material whose composition is different from that of a
coloring material in the first droplet onto a position
where the first droplet has been discharged.
28. The apparatus according to claim 27, wherein the

25 first and second droplets contain coloring materials at

different concentrations.

* c L L] S *



above manner, thereby forming a color liquid crystal display apparatus. In.

‘Wﬁxcel | end, color - liquid crystal display -

Exanpl e 1, as descHijsheet 1R
appar at us was obtai+ & jﬂ causi ng any ¢gtet-H-xi-ng..anmng the-
pi xels of a color fi ite om ssion.l TH: ' i

4.
Exanpl e 1) The first coloring operation for a

TRA
was

, er  nebeadugd
performed follow ng the sanme procedures, the sa i ;
conditions as those in Exanple 5 1. The volunme of an ink droplet in the

second col or i ngaoper ahEORpBESaces dQhRH Rlo MUIGH S LRQYEknl prbhe

volume of an ink droplet ih the first coloring operation. e average
di anmeter of inkcéftént afeén 0¥ e coloring material in the second

drbplet is higher thah that of the coloring material in
the first droplet.

5 30. Thé appératus according to claim 29, wherein a
first colored dot formed on said substrate by the first
droplet is éubstanﬁially equal in size to a sécond
colored dot formed on the first colored dot by the
second droplet.

10 31. The appafatus according to claim 27, wherein said
discharge means is an ink-jet head for performing an
operation by discharging droplets.

32. The apparatus according to claim 31, wherein said
ink-jet head is a head for discharging a droplet by

15 using heat energy, said head having a heat energy
converter for generating heat energy applied to a
droplet.

33. The apparatus according'to claim 27, wherein said
filter elements are colored in different colors.

20 34. The apparatus acéording to claim 27, wherein the
droplets of the first and second volumes are discharged
from a head having a plurality of discharging openings,
the droplets of the first and second volumes being
discharged from different discharging openings,

25 respectively.

* [+ L M S *



10 layer by the second coloring operation becane 90 um As a result,
blurring of the ink occurred. For this reaggn. color mxing occurred

bet ween adj.acent opening portions at a portion of a color filter. That is,
an excellent color filter could not be manufactured. 15 According to
t he above description, the concentration of ink in the second coloring
operation nmay be increased to prevent blurring of the i-nk. 'In contrast. to
this, an exanple i'n which the concentration of ink in the second col oring

operation i s deggasaetl di o0 £1adetShahligaEohPla UePStd ity Bdepl OF Fil ter

wi Il be described below. In this case, since the 1nk concentration in the
second col or opeiriandinics al @¥lokBa EDNkt&) U Be@XiEs &51Sid Yrandpdider to cope

w th such a phenonenon, the volume of an ink sprayed in the second 25
col or operation susteateased as in Exanple 1. (Exanple 2)
wherein a colored droplet of a first voluﬁe is
5 discharged onto each of filter element formation regions
on said substrate to form each of the filter elements,
and a droplet of a second volume smaller than the first
“volume is then diécharged onto the droplet of the first
volume. |

10 36. A color filter manuféctured by forming and
arranging a colored filter elements on a transparent
substrate,

wherein a first colored droplet is discharged onto
each of filter element formation regions on said

15 substrate to form each of the filter elements, and a
second droplet containing a coloring material whose
composition is different from that of a coloring
material in the first droplet is then discharged onto
the first droplet.

20 37. A liquid crystal display apparatus using a color
filter manufactured by forming and arranging a colored
filter elements on a transparent substrate, comprising:

a color filter manufactured by discharging a
colored droplet of a first volume onto each of filter

25 element formation regions on said substrate to form each

of the filter elements, and discharging a droplet of a

R



- 35 - The first coloring operation of a layer. to be dyed was pefforned
following the sane procedures, the sane e ‘ﬁrlal and -t he sane conditions
-as those in Exanple 1. The conposition of the ink sprayed in the second

color 5 operation was set as follows: ethylene glycol: -~ -~ 20 wt%
i sopropyl alcohol: - 5 wt% dye: . 1.5 wt % wat er
72 W% 10 The followi ng dyes were used: R (red) dye: col or m xture of

Acid Red Cl 35/ Acid Yellow Cl 23 G (green) dye: color mixture of Acid Blue
Cl 9/Acid YelloweEbnd3vdPume s al%Fr t%ﬁ?_ﬁ$e £irsP Qghgﬁé Y€o £n&O! Or

m xture of Acid Blue C 9/ Aci e nmeasured surface téension of
the above ink wagoplet of the first volume; and
. a substrate opposing said color filter,
wherein a liquid crystal compound is sealed between
5 said substrates.,
38. A liquid crystal display apparaﬁus using a color
filter manufactured by forming. and arranging a colored
filter eiements on a transparent substrate, comprising:
| a color filter manufactured by discharging a first
10 colored droplet onto each of filter element formation
regions on said substrate to form each of the filter
elements, and then discharging a second droplet
containing a coloring material whose composition is
different from that of a coloring material in the first
15 droplet onto the first droplet; and
a substrate opposing said color filter,
wherein a liquid crystal compound is sealed between
said substrates.
39. An apparatus comprising said liquid crystal display
20 apparatus defined in claim 37, and image signal output
means for outputting an image signal to said liquid
crystal display apparatus.
40. An apparatus comprising said liquid crystal display
apparatus defined in claim 38, and image signal output
25 means for outputting an image signal to said liquid

crystal dispiay apparatus.

* [ L L] S *



.49 dyne/cm The viscosity of the ink was 1.7 cps. The initial contact angle
of the ink was 30[err]. 20 " The secaqpd J nk di schargi ng oper ati on was
perfornmed by the ink-jet head usi.ng such an ink. The volunme of an ink
dropl et 'was 35 pl, which was equal -to that in Exanple 1. The average

di aneter of ink dots formed on the |ayer by the first and second ink

di scharging 25 operations was 82 um which was equal to that in Exanple

- 36. - The object of Exanple 2 is to adjust the color density of a color

filter wthout ﬁi“s'ﬂgcQFUEVEPEtéi é#@Réygﬁﬁ%a f@rgg Eglgé?ng&gmgntg

color filter having a color densit
manuf actured. Thg gotggngga§éﬁy'§Hb§tgddéew can be flnely adjusted by

changlng the densities of inks in the first
whereln said fllter elements have first colored
dots and second colored dots, each of which is at least
5 partially stacked on a cérresponding one of the first
colored dots, and an average diameter of the first -
colored dots is substantially equal to that of the
second colored dots.
42. A liquid crystal display apparatus comprising said
10 color filter defined in.claim 41, and substrates
opposing said color filter, wherein a liquid crystal
compound is arranged between said two substrates.
43. An apparatus comprising said liquid crystal display
apparatus defined in claim 42, and image signal output
15 means for outputting an image signal to said liquid
crystal display apparatus.
44. A color filter comprising a colored filter elements
on a transparent substrate,
wherein said filter elements have first colored
20 dots and second colored dots, each of which is at least
partially stacked on a corresponding one of the first
colored dots, and a composition of a coloring material
of the first colored dot is different from that of the
second colored dot.
25 45. A liquid crystal display apparatus comprising said

color filter defined in claim 44, and substrates

* [ L M s *



and .second col oring operations. As described above, according to the above
10 enbodinment, in coloring a color filter. by spraying ink using the -

i nk-j et head, the amunt of ink: dlschargeé n the second col oring operation
is set to be smaller than that of ink discharged in the first caoloring:
operation, thereby manufacturing a high-definition color filter 15 while
preventing ink blurring. In addition, by setting different ink - -
concentrations in'the first and second col ori ng operations, the color
density of a col adj sted. 20 odi nent)

er_can . (Second
In the first en% |nen% ST dﬁfé%g‘ﬁ?é ?Eﬁ&?g?dlﬁﬁ%&g CEHS E%E second
enbodi nent, ink S:ar i n performng
the third dlschaggﬁﬁgﬁ%péga f%ﬁlé%§?6€§$ %%ﬁhb %ngPHEQESBSFet di schar ged
was set to be shight by apphtgtud h@&nﬁﬁfglddﬂ dh& sacnd drsshandiigplay
apparatus defined in claim 45, and image signal output

5 means for outputting an image signal to said liquid

crystal display apparatus.

‘A O D I



- 37 - operation. Wth this operation, the dianet Tﬁ

a layer to be dyed became equal tothat _ofgsan inkj/do ‘T%Wneﬂwpgsa ce. By
.discharging ink three tinmes, a color fllter havi ng= Nﬁﬁbkﬁmp@or“@e sity
was 5 manufactured. In.this enbodi nent, the volume of an THR=gk t

- discharged for the third time was smaller than that for the second tine.
However, an excellent result was obtained with the same volunme of an ink
droplet as that 10 in the second di'schargi ng operation. (Third Enbodi nent)

In this enbodi nent, an ink- JetAﬁEiﬁhdf_dtjﬁgﬂgﬁkbgﬂgﬂﬂhﬁi'”022|e t ype having
a plurality. of- dlscharglng openings IS use 0 shorten the nanufacturing
time. In 15 order terredugh Y44l ITHe gridgene! Yi%et 180 t8Kprovide

a color filter manufacturlng method Wthh can make. the

color densxty of a fllter unlform . In order to achleve

S . the object, according to the present 1nvent;on,:there is
provided a color filter manufacturing metﬁod for a color
filter maﬁufactured by forming ahd arranging é.larée
number of coloréd filter elements on a transparent
substrate, including the first discharge step of

10 discharging a colored droplet of a first volume onto
each filter element formation region on the substrate so
as to form each of the filter elements, and the second
discharge step of discharging a droplet of a second
volume smaller than the first volume onto a position on

15 the substrate where the droplet of the first volume has

been discharged.

Sheet Has Been Reﬂlaced

i



di scharged fromthe plurality of discharging openings, the ink is .

di scharged from different dischargi ng openings onto the sane el ement in the
first and second discharging operati ons, as shown in Fig. 12. 20 - - For
the sake of descriptive convenience, Fig! 16 shows as if the recordi ng head
scanned. Referring to Fig. 12, by perf or m ng a-‘scanni ng operation in the
direction of width by a width corresponding to half of the nunber of

di schargi ng openings, an ink is prayed on 25 the sane Far by- u ng
the | ower half of discharging iand t he upper hal sch

openi ngs. - 38 - For exanmple, anjelgnent. in a regio is for rred by
using the | ower half of dischparging|opgnings in scan ; the upper hal f of
di schargi ng openings in scar}/ ' ' e different vol umes
of

i0b




5 ink droplets discharged fromthe respective dischargi ng openings were
averaged, a color filter having less density irregularity was formed. Fig.
13 shows-a case wherein an ink iS-sprayeg n the sane el enent three tines. -
10 Various changes and nodifi cat.i A of the above embodi nents can be
made without departing the scope and spirit of the invention. For exanple, .
in the above enbodinents, the ink-jet head is fixed, and the X-Y stage i§ "
noved. However, the 15 ink-jet head nay be noved while the stage is fixed.
As the ink-jet head, a so-called piezoelectric type he si,ug nmechani cal |
energy converters such as piezoelectric elenents nmay bf=u dgg_ln. I s case,
the volune of the ink discharged can be easily adjusted by adjusting
the applied voltage of a driving pujge. Wen a bipolar driving operation.
is to be performed, the ink volune %?n be adjusted by adjusting both or

10a

ei ther of bipolar driynpg pdOges. : o
C I
AN N2 “
' — — 1Ob
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The present invention can be applied to a single- 25 <color filter and a
filter of a type having a-plurality - 39 - of single-color filters of
different colors stacked on each other. In the above enbodi nents, each
droplet is sprayed on the sanme spot. tw @d.J6However, each droplet may be 5
.sprayed on the sane spot ‘three times or nore. According to the above
description, the volume of -a droplet discharged is controlled by changlng a

driving putse applied to-a h t energy converter. However, a plurality of
10 that a Iarge pul se is

i nk-j et heads may be usedg uch a manner
applied to one head, whif&; se is agglled to the other head.

rsnall (
According-to the Ebove deg&l tion, ée peseng@invention is appli ed to the
print apparatus of the F. éi
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system anong various ink-jet recording systens, which 15 has a nmeans
(e.g., an electricity-to-heat converter or laser light) for generating heat
energy as energy. used to discharge an ink, and changes the state of an ink
by using the heat energy. According to tHi/d6system a high-density,

hi gh-definition recording operation can-be 20 realized. As for. the typlcal
structure and principle, it is preferable that the basic structure

di sclosed in, for exanple, U S. Patent No. 4,723,129 or 4,740,796 .is

enpl oyed. The aforesaid nethod can be adapted to both a 25 so-called
on-demand type apparatus and a continuous type apparatus. In particular, a
satisfactory effect can be - 40 - obtained when the on-demand type
apparatus is enployed because of the structure arranged in such a manner

t hat
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FIG.




one or nore drive signals, which rapidly raise the tenperature-of an
electricity-to-heat converter disposed 5 to face a sheet. or a fluid passage
which holds the fluid (ink) to a | evel h%g@fr than levels at which film :
boiling takes place are applied to the e ricity-to- heat converter in
accordance with recording informati on so as to gerierate heat energy in the
electricity-to-heat 10 converter and to cause the heat effecting surface
of the recording head to take place filmboiling so that bubbles can be
formed in the fluid (ink) to correspond to the one or nore drive signals.
The enl argenent/contraction of the bubble will cause the 15 fluid (ink) to
be di scharged through a di schargi ng opening so that one or nore droplets
are formed. If a pul se shape drive signal is enployed, the bubble can be
enl arged/ contracted i nmedi ately ‘and properly, causing a further preferred

effect to be obtained because the 20 (i nk)—can he discharged while
reveal i ng excellent responsibility. % : <Z> : :
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It is preferable that a pul se drive signal disclosed in U S. Patent No.
4,463, 359 or 4,345,262 is enployed. If conditions disclosed in U S. Patent
No. 25 4,313,124 which is an invention relating to the tenperature rising
ratio at the heat effecting surface - 8416 are enpl oyed, a satisfactory
recording result can be-obtained. As an alternative to the structure
(I'inear fluid passage or perpendicular fluid passage). of the recording 5
head di scl osed in each of the aforesaid inventi-ons and having an -
arrangenent that discharge ports, fluid passages and el ectricity-to-heat
converters are conbined, a structure having an arrangenent that the heat
effecting surface is disposed in a bent region and 10 . disclosed in U S.

Patent No. 4,558, 333 or. 4, 459, 600 may
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be enployed. In addition, the followi ng structures may be enpl oyed: a
structure having an arrangenent that a common slit is fornmed to serve as a
di scharge section of a plurality of electricity-to-heat converters . and 15
di scl osed in Japanese Patent Lai d-Open N3/1&9-123670; and a structure

di scl osed in Japanese Patent Laid-Open No. 59-138461 in which an opening
for absorbing pressure waves of heat energy is di.sposed to correspond to
the discharge section. 20 - Furthernore, as a recording head of the.
full line type having a l'ength corresponding to tHe nmaxi numw dth of a
recordi ng nmedi um which can be recorded by the recording apparatus, either
the construction which satisfies its | ength by a conbination of a plurality
of 25 recording heads as disclosed in the above specifications -42-
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or the construction as a single full line type recording head whi ch has _
“integrally been formed can be used.- In addition, the invention is effective
for a recording head of the freely exchangeable chip type 5 which enables
el ectrical connection to the recording a g atus main body or supply of ink
fromthe main device by being nmounted onto the apparatus. main body, or for
the case by use of a recording head of the cartridge type provided
integrally on the recording head itself. 10 It is preferred to
additionally enploy the recording head restoring nmeans and the auxiliary
means provi ded as the conponent of the present invention because the effect
of the present invention can be further stabled. Specifically, it is
preferable to 15 enploy a recordi ng head cappi ng neans, a cl eaning neans, a
pressurizing or suction means, an electricity-to-heat converter, an another
heati ng el enent or, a c;b-ﬂgz&ing means constituted by conbining themand a
sub-emtting nDdeFF wWhi ch@&h emtting is perfornmed i ndependently
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20 fromthe recording emitting.in order to stably performthe recording
operation. Although a fluid inkis enployed in the aforesaid enbodi nent of
the present invention, an ink which is solidified at the roomtenperature
or lower and as well 25 as softened at -t 9d 16oom tenperature, an ink in the
formof a fluid at" the roomtenperature, or an ink whichis .= -43- forned
into.a fluid-when the recording signal is supplied may be: enpl oyed because"
the aforesaid ink-jet nethod is ordinarily arranged in such a manner that:
the tenperature of ink is controlled in a range from30[err]C or 5 higher
to 70 .C or lower so as to make the viscosity of the ink to be included.in a
stabl e di scharge range. Furthernore, an ink which is solidified when it is
caused to stand, and liquified when heat energy is '

10C
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~supplied in accordance with a recording signal can be 10 adapted to the
present invention to positively prevent a tenperature rise caused by heat .
ener gy by ut|I|2|ng the tenperature rise as energy of -state transition from
the solid state to the liquid state or ttbhiBevent ink evaporation. In any
case, an ink which is liquified 15 -when heat energy is. supplied in
accordance with a recording signal so as to be discharged in the form of
fluid ink, or an ink which is liquified only after heat energy is supplied,
e.g., an ink which starts to solidify when it reaches a recording nmedi um
can be 20 adapted to the present invention. In the aforesaid case, the
ink may be of a type which is held as fluid or solid material in a recess
of a porous sheet or a through hole at a position to face the
electricity-to- heat converter as disclosed in Japanese Patent Laid-Open 25
No. 54-56847 or Japanese Patent Lai d-Qpen No. 60-71260.
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It is the nmost preferred way for the ink to be adapted to the aforesaid
fil mboiling nethod. As has been described, according to the present
invention, in coloring a color filter, color 5.irregularity in the col or
filter can be prevented by spraying a dribplbet on the same spot on.a
substrate a plturality of nunber of tines. In addition, the volune of a

dropl et discharged for the first tine is set to-be different fromthat of a -

10 droplet discharged for the second tine.- Wth this operation, the _
vol umes of droplets can be set in consideration of blurring of the droplets
in such a manner that .the size of a dot fornmed by the-first droplet becones
al nost equal to that of a dot formed by 15 the seco drﬁiﬁgﬂ.'1 erefore,
t he -spread of each droplet can be prevented, and a high-derinition color
filter can be manufactured. Furthernore, since an ink-jet head is used to

spray
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droplets, a filter can be colored in R G and B in the 20 process  of
scanning the ink-jet head. Therefore, unli-ke the prior arts, the sane
process need not be repeated for each cgbg' of ‘R, G and B, ‘and the

manuf acturing cost- of a color filter ca reduced. Moreover, the
conposition of a coloring material in 25 droplets dlscharged for the first.
time is made different fromthat of a color material in droplets di schar ged .
for - 45 - "the second tine: If, for exanple, droplets containing a
coloring material at different concentrations are sprayed; the pixel
density-of a'color filter can be adjusted. The degree of blurring of an ink
can also be 5 adjusted by using different solvents and changEﬁ thé
wettability. Tgé_present invention is not limted to the abovgsf‘
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enbodi nents and vari ous changes and nodificati ons can be nade within the
spirit and scope of the present 10 inventionh. Therefore, to apprise the
public of the scope of the present invention the follow ng clains are made.

46 What is claimed is: 1. - AlHdBuf act uring nethod for a col or
filter manufactured by form ng and arrang| ng . colored filter elenents.
on a transparent substrate, conprising: a first discharge step of L
di scharging a col ored ' ink of a first volune onto each of a
plurality of filter elenent formation: regions on the substrate
so as to formeach of : the filter elenents; and a se%rﬁ di scharge
step of discharging : o_,
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colored ink of a second volume smaller than the first volune onto a
position on " the substrate where the- ~ ink of the first
- vol une has been di scharged. wherein the colored inks of the first and
second vol umes are - di scharged by using-d#/#hk-jet head for performng an

operation by discharging ink. 2. -~ The nethod according to claim |
1, further conprising - a formation step of formng a light- shielding -
portion on the substrate to partition.the filter elenent formation

regi ons before the first discharge step. The method according to claim 2,
wherein the dianeter of an ink dot formed by said first discharge step and
the dianmeter of an ink dot formed after said second discharge step are

substantially equal. 47 ©
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4. . The met hod according to claim1, wherein the ink-jet
head is a head for discharging ink by using heat energy, t he head
havi ng a heat energy converter for gener ffgg heat energy applied to the
i nk. 5. ~ The net hod accordjngiﬂ claim4, wherein a vol une of
“the discharge. ink is controlled by changing a driving pul se
applied to - the heat -energy converter. 6. - .~ The net hod- _
according to claim5, wherein a volune of the discharged _ o ink is
controlled by selectively using a plurality of heads designed to apply
different driving pulses to t he heat energy converter. 7. -
t he met hod according to claim1, wherein the filter elenents are
colored in different colors. 8 . The nmet hod according to claim
1, wherein the N ' i nks of the first and second vol unes
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are discharged froma head having a plurality of discharging openings, the
I nks of the first and second. vol unes being discharged fromdifferent

di schar gi ng openi'ngs, respectively. . ﬁgqg. o ‘A color filter
manuf act uri ng apparatus for manufacturing 'd color filter by form ng and
~arranging a plurality of colored filter elements on a transparent
substrate, conprising: -di'scharge nmeans for discharging a colored ink onto
the substrate; noving-nmeans for noving relative positions of said discharge

means and the substrate; and control neans for causing said noving
means to establish a predeterm ned positional relationship between said
di scharge means and" -~ ' the substrate, and then -
o0
- F




controlling said dlscharge means and said control neans tof discharge

ink of a first volung onto t he substrate and dlscharge ..“ﬂ

ink of a second volume 'smaller than the first volume onto ; p05|t|on mhe&gs

“the ink of the first volune has been discharge. wherein saj ﬁ@schar Gl
means is an ink-let head for perform ng an operation by di Ty TRk

10. The apparatus according to claim9, wherein the dianeter

of an ink dot formed by the ink of the first volunme and the dianeter of an

ink dot formed after dlscharglng of the ink of the second volune are
substantial ly equal . ) {§; sai d

~ink-jet head is i i i 53 i head
havi ng a heat FILTER LIQUID CRYSTAL DISPLAY DEVICE AND APPARATUS

HAVING LIQUID CRYSTAL DISPLAY APPARATUS
ABSTRACT OF THE DISCLOSURE

It is an object of the present invention to providé
a color filter manufacttring method which can maké the
color density of a filter uniform. In order to achieve
the object, according to the present invention, there is
provided a color filter manufacturing method for a color
filter manufactured by formihg and arranging a large
number of colored filter elements on a transparent
substrate, including the first discharge step of
discharging a colored droplet of a first volume onto
each filter element formation region on the sﬁbstrate so
as to form each of the filter elements, and the second
discharge step of discharging a droplet of a second
Qolume smaller than the first volume onto a position on
the substrate where the droplet of the-first volume has

been discharged.



energy 00§¥erter for eneratlng heat energy.. apphpeﬁlto the ink. 12.

The appar dcla|n1mhere|n a--wolumat 6?\. T |nk !
dlscharged Jet head MS Controlheduby chﬁnglng a drivi £ﬂ$fgéaﬁ
applied to gy convertier _The- rU§“éccoHdkpg to\ZQE 1279
wherein a volune of the discharged , ink is contrﬂ51ﬁﬁ”h """""""""""" ]
sel ecti ality of heags-desi ned to apply different drivin

pul ses ﬁ%&?gh@fs@kgfgy converter. 14. ) PP ¥he appar at us )
accor di nghatoislcdatmed isherein said filter elenments are colored in different
colors. The apparatus according to claim9, wherein the I nks of
the first and secoad vol unes are dizsarandedturdna tethbdafong acploral ity

of di schargi ng openings, the i nks of the first and second-

vol umes bl bgrdmanh&agtried hydifdmyiag adids araagigicndpeni reelo¥edpecti vel y.

filter elements on a transparent substrate, comprising:

a first discharge étep of discharging a

colored ink of a first volume onto each of a
plurality of filter element formation régions on
the substrate so as to form each of the filter

elements; and
a second discharge step of discharging
colored ink of a second- volume smaller than the
firét volume onto a position on the substrate where
the ink of the first volume has been discharged,
wherein the colored inks of the first and second volumes are
discharged by using an ink-jet head for performing an

operation by discharging ink.

2. The method according to claim 1,
further comprising a formation step of forming a light-
shielding portion on the substrate to partition the

filter element formation regions'before the first discharge

-step.

3. The method according to claim 2,
wherein a first colored dot formed on - the substrate by
the . ink of the first volume is substantially equal

in size to a second colored dot formed on the first colored

dot by the ink of the second volume.
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color fllter manuf-act ured by'forn1ng and=arr angi-ng:a-

50

pl ural i ty ofhi e el ement 5 ‘on- a trangdpar et SUbBEfate.: \AhékéJlri* an'
col ored I flrst voliume i f_J§Chathd b* an ink9eg 81DeA0 |
onto each of f ormati o regi ons of tﬁeesuﬁstrate t.0..

formeach of the filter elenents, andgy ink o cond—vor
smal ler than the first volune is then=th scharged by the ink jet head onto
t he ~ink of the first volune. 17. Aliquid crysta

di spl ay apparatus using a color filter manufactured by form ng and-
SUbst rat e, compr isHiy: & col or {11 RS t%[‘%%%%%f EREAM by an
i nk-j et isa@h%r%g!ored the ini-#eefhgaé' §t VR eddf for discharging
ink by using heat energy, | the head having
é heat energy converter for generating heat energy applied Ed

the ink.

5. The method according to claim‘4;
wherein a volume of the discharge ink is controlled
by changing a driving pulse applied to the heat enerqgy

converter.

6. The method according to claim S,
wherein a volume of the discharged ink is

controlled by selectively using a plurality of heads designed

. to apply different driving pulses to the heat energy
converter.

7. the methoed according to claim 1,
wherein " the filter elements are colored in different
colors.

g . The method according to claim 1,
wherein the inks of the first and second volumes

are discharged from a head having a plurality of discharging
openings, the inks of the first and second volumes
being discharged from different discharging openings,

respectively.

| DR R



ont 6 each of filter elenent fornatlon r egi ons:-on:: ?fisubstrate to ;““
Uik of at e

f orm each ofhi frent s, anﬁ?ﬁTscharglng w -
second volu ]‘ ﬁt' m the first ‘voI ume:: onth"'-;-f { e Qnthzgi %ﬁ
first volune V? -

liquid crystal conmpound is seal ed betmeen t he transparent
substrate and said second substrate.48 51 18. A liquid crystal display
apparatus using a color filter manufactured by formng and arranging a
colored filter elements on a transparent substrate, conprising: a color
filter manufactured B. di scharging a? f¢akar dolldrex mﬂmmaatwm each of

filter elenment formation regions on said substrate to formeach of the
filter apparatus for manufacturing a color filter by forming and

arranging a plurality of colored filter elements on a
transparent substrate, comprising:

discharge means for discharging a colored

ink onto the substrate;

moving means for moving relative positions of
said discharge means and the substrate; and

control means for causing said moving means to
establish a predetermined positional relationship between
said discharge means and - ;ﬁg'substrate, and then
controlling said discharge means and said control means to
discharge | ink of a first volume onto the
substrate and discharge | ink of a second volume

smaller than the first wvolume onto a position where the

ink of the first volume has been discharge, wherein

said discharge means is an ink-jet head for performing an
operation by discharging ink.

10. The apparatus according to claim 9, wherein a’
first colored dot formed on said substrate by the
droplet of the first volume is substantially equai in
size to a second colored dot formed on the first colored

dot by the droplet of the second volume.
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el enent's, and then di dlscha ing a secon mﬁEﬁJHMWTT TR i el e e—
ronlthat of “a- do%@?tng hnlerlal__ L

mat éri al mh@S is different _
the first e first drople d:@zsthLLQLQ opposi ng sai d
col or f||te iquid crystal conpound S seéTed Peteveen.. S&Ldm
substr at es. An appar at us conprlshﬂp said liquid crysthzﬁFéﬁFay°
appar at us deflned in claim1l1l7, and i-mé&ge signal output neans for outputtlng
an i mge signal to said quuid crystal display apparatus. Caim 20 The
color filter according to claim 16, wherein the diameter of an ink dot

f.ormed by the ink of the first volume and the dianmeter of an ink dot forned

af ter discharging of ” the ink of the ﬁ?&%&i‘ﬁéﬁ? a}_t‘&l%i% Yy 1 d py equal .

9, wherein said ink-jet head is a head for discharging

ink by ﬁsing heat energy, said head having a heat

energy converter for generating heat energy applied to

the ink.
12. " The apparatus according to claim
I , wherein a volume of _ ink discharged from said

ink-jet head is controlled by changing a driving pulse

applied to said heat energy converter.

I13. : The apparatus according to claim

|2, wherein a volume of the discharged ink is

controlled by selectively using a plurality of heads designed
to apply different driving pulses to said heat energy

converter.

14. The apparatus according to claim 9, wherein

said filter elements are colored in different colors.

5. . The apparatus according to claim
9, wherein the inks of the first and second

volumes are discharged from a head Having a plurality of

discharging openings, the inks of the first and

second volumes being discharged from different discharging

openings, respectively.
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52-21. ,The apparatus according to ¢ T W ! g J__“er of = an-rﬁﬁg
dot forneql Mm&ﬁﬁsB&KR ackhe first voldfe 'A\ angtero Zﬁ AR R )
f or med aft of the ink jof thewsecond_ﬁﬁduﬁebage S bSﬁantﬁEﬁld_
equal . m according to clraim19, wherei rh;__jﬁl_ingﬁ :0f: ]
i nk dot for of the first volune and the dianeter © T -
dot formed after discharging of thesgnk of the second vol une are
substantially equal. 23. The nethod according to claim1, wherein a color
of the ink discharged at said first discharge step is the sane as that of
the ink discharged at said second di scharge step. 24. The apparatus
according to claim9, wherein a color of.said ink of first volune is the
sane as that of sagd ink of seconQAgaﬂugaffi%enga@@fgétﬁfgaebyaccord|ng
to claim 16, wherein a color of said ink of first volunme is the sane as
t hat of fespnilngnknaf ageamgd ngolalPlurl.i thhe AsT cted ALLeed BJemenddsal M 17,
wherein a color of said

on a transparent substrate,

wherein a colored ink of a first
volume is discharged by an ink-jet head onto each of filter
element form;tion regions of | the substrate to form
each of the_filter elements, and - ink of a second

volume smaller than the first volume is then discharged by

the ink jet head onto the _ ink of the first volume.
17. A liquid crystal display apparatus

using a color filter manufactured by forming and arranging a
plurality of colored filter elements on a transparent

substrate, comprising:

a color filter manufactured by discharging by

an ink-jet head a colored ink of a first volume
onto each of filter element formation regions on the

substrate to form each of the filter elements, and

discharging " ink of a second volume smaller than
the first volume onto the ink of the first volume;
and

a second substrate opposing said color filter,
wherein a liquid crystal compound is sealed

between ' the transparent substrate and said

second substrate.
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i nk” df first volume is the sane as tharjﬁffsaL,J of s
The apparg Sie:dREBdARAcE0 Cl ai m 18, where] A, 7, ¢4 Foof st ;
dropl et i hat of said second.dLbd]e.wmlllbllll 112@1AUG mgﬁ ﬁ
111111111 35. A color filter manufactured py*orm-ng. and f
arrangi ng e iTter elenents gp a transparent subStrate, —w e
colored droplet of a first volune i di scharged onto each of fllter
el enent formation regions on said substrate to formeach of the filter
el enents, and a droplet of a second volunme smaller than the first volune is
t hen di scharged onto the droplet of the first volune. 10 36. A color
filter manufactured by form ng and
(8. A liquid crystal display apparatus using a color
filter manufactured by forming and arranging a colored
filter elements on a transparent substrate, comprisingﬁ
a color filter manufactured by discharging a first
colored droplet onto each of filter element formation
regions on said substrate to form each of the filter
elements, and then discharging a second droplet
containing a coloring material whose composition is
different from that of a coloring material in the first
droplet onto the first droplet; and
a substrate opposing said color filter,
wherein a liquid crystal compound is sealed between
said substrateé.
{9. An apparatus comprising said liquid crystal display
apparatus defined'in claim 17, and image signal output
means for outbut;ing an image signal to said liquid

crystal display apparatus.
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arranging a colored filter el ements on a transparent subsvrate mhereln a ﬁ
first colored droplet is discharged onto each of filter ehenent f éﬁgi h
Teglons on said 15 substrate to formeach of the filter quant --------
second dropl et containing a coloring material whose conpos&Lteﬂ:rs~
different fromthat of a coloring material in the first droplet is then
di scharged onto the first droplet. # 37. A liquid crystal display
appar at us using a color filter manufactured by form ng and arranging a

col ored f te tﬁgﬁﬁﬁgg §-on a transparent substrate, conprising: a color
filter n% a%ture y discharging a colored droplet of a first volume onto

each of fllter 25 jel enment formatign é%§% éH? m each
of the filter elen%nts and dlscha?bﬁgggi éghiﬁiég (§1§§&I‘1§3§§ 11111
11111111&iitgr manufactured by forming and arranging colored

filter elements on a transparent substrate, comprising:

a first discharge step of discharging a

colored ink of a first volume onto each of a
plurality of filter element formation redqions on
the substrate so as to form each of the filter

elements; and
a second discharge step of discharging

colored ink of a second volume smaller than the

first volume onto a position on the substrate where
the ' ink of the first volume has been discharged,

wherein the colored ihks of the first and second volumes are
discharged by using an ink-jet head for performing an
operation by discharging ink. |

2. The method according to claim 1,
further comprising : a formation step of forming a light-
shielding portion on the substrate to partition the

filter element formation regions before the first discharge

step.

3. . The method according to claim 2, wherein

the diameter of an ink dot formed by said first

discharge step and the diameter of an ink dot formed after

said second discharge step are substantially equal.

R

|



- 54 - second volume smaller than the first volume onto t he dropl et of 'the -
first, volune; and a substrate opposing said color filter, :whérein a liquid .
crystal conpound is seal ed between 5 said substrates. 38-§AWLEQWQQSQ%¥§Q§W- y
di spl ay apparatus using a color filter manufactured by fopni'ig; 7and™ ~~ -
arranging a colored filter elenents on a transparent substrate, conprising: =
a color filter manufactured by dischgsging a first. 10 colored droplet onto
each of filter element formation regions on said substrate to formeach of
the filter elements, and then discharging a second droplet containing a
coloring material whose conposition is different fromthat of a coloring
material in the first 15 droplet onto the first droplet; and a substrate

opposi ng said coldr filter, whereithe BeERPY _EGFIRNGokPo TR I seal ed
bet ween

1, wherein the ink-jet head is a head for discharging
ink by using heat energy, the head having

a heat energy converter for generéting heat energy applied to

the ink.

5. The method according to claim 4,
wherein a volume of the discharge ink is controlled
by changing a driving pulse applied to the heat energy

converter.

6. The method according to clainm S,
wherein a volume of the discharged ink is

controlled by selectively using a plurality of heads designed

. to apply different driving pulses to : the heat energy
converter.

7 ' the methoed according to claim 1,
wherein " the filter elements are colored in different
colors.

8. The method according to claim 1,
wherein the inks of the first and second volumes

are discharged from a head having a plurality of discharging
openings, the ' inks of the first and second volumes

being discharged from different discharging openings,

respectively.
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said sybstrates. 39. An apparatus conprising said liquid ctystal display 20-..,
apparatus defined in claim37, and inmage signal output neaps‘for-outputfing .
an image signal to said liquid crystal display apparatus. 40, An %& tus i
comprising said liquid crystal display apparatus defined i@;_*%%qiggy @%de'”
i mage signal output 25 means for outputting an inmage signal to sald Trourg=
crystal display apparatus. 41. A color filter conprising a colored

filter elenents on a transparent sub®rate, wherein said filter elenments
have first colored dots and second col ored dots, each of which is at |east
5 partially stacked gn a correspondi ng one of, the first col ored dots, and

an average dianeter of* the first colbrRtPoilditer BANSAGEHT NG qual to

that of tg.%paratus for manufacturing a color filter by forming and

......

arranging a plurality of colored filter elements on a
transparent substrate, comprising:

discharge means for discharging a colored

ink onto the substrate;

moving means for moving relative positions of
said discharge means and the substrate; and

control means for causing said moving means to
establish a predetermined positional relationship between
said discharge means and the substrate, and then
controlling said discharge means and said control means to
discharge - ink of a first volume onto the
substrate and discharge . ink of a second volume -

smaller than the first volume onto a position where the

ink of the first volume has been discharge, wherein

said discharge means is an ink-jet head for performing an
operation by discharging ink.

10. The apparatus according to claim 9, wherein

thé diameter of an ink dot formed by the

ink of the first volume and the diameter of an ink dot formed

after discharging of the ink of the second volume are _ )

substantially equal.
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second col ored dots. 42. A liquid crystal display apparat us conpri sing. sai-d
10 color filter defined in claim4l, and substrates opposing-said color. ’
firlter, wherein a liquid crystal conpound is arranged bet ween 3 q \th7 i
substrates. 43. An apparatus conprising said liquid cryst§L 3. i
apparatus defined in claim42, and i nmage signal output 15«-ﬁeaﬂs f-or: -
outputting an imge signal to said | gguid crystal display apparatus. 44. A
color filter conprising a colored filter elenents on a transparent
substrate, wherein said filter elenents have first colored 20 dots and
second col ored dots, each of which is at |east partially stacked on a
correspondi ng one of the first colored dots, and a conposition of a
coloring materi al oﬁ the first col onpd ¢ batgtdgfgeeg@alhgo&bt@maﬁﬁ t he
second col ored dot . 55 45. A liquid crystal di spl ay apparatus conpri sing

said color filter ¢abiredh isaid dnk-4ét teddsdssar heasd for discharging
ink by using heat energy, said head having a heat

energy converter for generating heat energy applied to

the ink.
2. : The apparatus according to claim
I{ , wherein a volume of _ ink discharged from said

ink~jet head is controlled by changing a driving pulse

applied to said heat energy converter.

3. : The apparatus according to claim
|2, wherein a volume of the discharged ink is .

controlled by selectively using a plurality of heads designed
to apply different driving pulses to said heat energy

converter.

14, . The apparatus according to claim 9, wherein

said filter elements are colored in different colors.

5. . The apparatus according to claim

9, wherein the inks of the first and second

volumes are discharged from a head Having a plurality of’

discharging openings, the inks of the first and

second volumes being discharged from different discharging

openings, respectively.
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- 56 - opposing said color filter, Wwherein a liquid crystal . -conpound is. ..
arranged bet ween said two substrates 46. An appar at us conprrsrng sai-d H
liquid crystal display apparatus defined in claim45, and i nage $5gnpR 99]\‘
output 5 neans for outputting an inmage signal to said Ilqun@ crysta

di spl ay appar at us. R

e nempepmoneit
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i6. ; A colof filter manufactured by
forming and arranging a plurality of colored filter elements
on a transparent substrate,
wherein a colored ink of a first
volunme is discharged by an ink=-jet head onto each of filter
element formation regions of | the substrate to form

each of the filter elements, and o ink of a second

volume smaller than the first volune is then discharged by

the ink -jet head onto the 'ing of the first volune.
17. A liquid crystal display apparatus

using a color filter manufactured by forming and arranging a
plurality of colored filter elements on a transparent

substrate, comprising:

a color filter manufactured by discharging by

an _ink-jet head a colored ink of a first volume
onto each of filter element formation regions on the

substrate to form each of the filter elements, and

discharging " ink of a second volume smaller than
the first volume onto the ink of the first wvolume;
and

a second substrate opposing said color filter,

wherein a liquid crystal compound is sealed

between ' the transparent substrate and said

second substrate. ' —_—
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18. A liquid crystal display apparatus using a color
filter manufactured by forming and arranging a colored
filter elements on a transparent substrate, comprising:

a2 color filter manufactured by discharging a first
colored droplet onto each of filter element forﬁation
. regions on said substrate to form each of the filter
elements, and then discharging a second droplet
containing a coloring material whose composition is
different from that of a coloring material in the first
droplet onto the first droplet; and

a substrate opposing said color filter,

wherein a liquid crystal compound is sealed between
said substrates.
19. An apparatus comprising said liquid crystal display
apparatus defined in claim |7, and image signal output
- means for outbut;ing an image signal to said liquid

.crystal display apparatus.

Claim 20

The color filter according to claim 16, wherein the

diameter of an ink dot formed by the ink of the first wvolume

and the diameter of an ink dot formed after discharging of

the ink of the second volume are substantially equal.
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Claim 21

The apparatus according to claim 17, wherein the

diameter of an ink dot formed by the ink of the first volume

and the diameter of an ink dot formed after discharging of

the ink of the second volume are substantially eqdal.

Claim 22

The apparatus according to claim 19, wherein the

diameter of an ink dot formed by the ink of the first volume |

'a'nd the diametex of an ink dot formed after discharging of

the ink of the second volume are substantially equal.
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21. The apparatus according to claim 17, wherein the diameter
of an ink dot formed by the ink of the first wvolume and the
diameter of an ink dot formed after discharging of the ink of the
second volume are substantially equal.

22. The apparatus according to claim 19, wherein the diameter
of an ink dot formed by the ink of the first volume and the
diameter of an ink dot formed after discharging of the ink of the
second volume are substantially equal.

23. The method according to claim 1, wherein a color of the ink
discharged at said first discharge step is the same as that of
the ink discharged at said second discharge step.

24. The apparatus accbrding;to claim 9, wherein a color of said
ink of first volume is the same as that of said ink of second

volume.

25. The color filter according to claim 16, wherein a coloxr of
said ink of first volume is the same as that of said ink of

second volume.

26. The apparatus according to claim 17, wherein a color of said
ink of first volume is the same as that of said ink of second

volume.

27. The apparatus according to claim 18, wherein a color of said
a first droplet is the same as that of said second droplet.
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