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1 TITLE OF THE I NVENTION CO.OR F MANUFACTURI NG
METHOD AND APPARATUS, COLOR  FILTER, LIQU D CK%% AY DEVI CE, AND
APPARATUS HAVI NG LI QUI D CRYSTAL DI SPL RATUS

BACKGROUND OF THE INVENTION 1. Field of the Invezé%$n) ,Lhe present

I nvention relates to a nethod and apparatus for uf t&ﬁv a color
filter by formng and arranging a |arge_nunber of colored fi¥ter el enents
on a transparent substrate, the col or flﬂter a liquid crystal display
apparatus, and an apparatus having the I|qU|d crystal display apparatus.
2. Description of the Related Arf{{ITLE OF\IHE INUENTRIONJvances i n personal

conputers, especially portable personal conmputers, the demand tends to
arise for liquid G@%@%eﬁIﬁﬂE§bW@@§FA§§HBé¥@JM%W&QQ(ﬁND mP@@B&TESysFQLOR

di spl ays. However,_in order_to further ulari ze the use of ui d
crystal displays, BrUFeRu&IQSHD; ﬁ%é?@“n‘ggg PR REW&Fad ANESB‘@B?\%%WS it is

HAVING LIQUID CRYSTAL DISPLAY APPARATUS
T N N

1. Field of the Invention

The present invention relates to a method and
apparatus for manufacturing a color filter by forming
and arranging a large number of colored filter elements
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 récent advances in personal computers,
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
required to reduce the cost of a colorfilter which
occupies a large proportion ofsthe total cost. Various
methods have been tried to satisfy the required
characteristics of color filters while meeting the above
requirements. However, an§ method capable of satisfying
all the requirements has not been established. The

respective methods will be described below. The first



required to reduce the cost of a colornfilter which occupies a |arge
proportion of the total cost. Various nethods have been tried to satisfy
the required characteristics of color filters while neeting the above
requi renents. However, any nethod capabl e of satisfying all the

requi renents has not been established. The respective nethods wll be
described below. The first ggthod Is a dyeing nethod, which is
t he nost popular nmethod. In the dyeing t hod, a water-sol ubl e pol yner

material as a dyeagge material is coated on a glass substrate, and the
coating is pattelRsd°fntd %1{kﬁﬁqﬁé@etgﬁgpewhyc%.kﬁuﬁhﬂiWﬂﬁ&gP&BH}aﬁrocess.

The oorarned Dabkhools $hA° dihaBolHEr BBy Sl b Bngd) 8o E et o
oY Ponity rept aeRREFRRY AL b ORER, LRSI IR S0se et Seo
photosensitive rggh8ti&Y&€ and the coating is patterned into a desired

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,
which is currently replacing the dyeing method. In 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.

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
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
operation three times to form R, G, and B coatings

separately, and thermosetting the resins, thereby



Is formed on a substrate and patterned into a single- <color pattern. This
process is repeated three tines to obtain R G and B color filter |ayers.
The third nethod is an el ectrodeposition nethod. In this nmethod, a
transparent electrode is patterned on a substrate, and the resultant
structure is dipped in an electrodeposition coating fluid containing a
pignent, a resin, an electrolyte, and the like to be colored in the first
col or by el ectrodeposition. This process3s repeated three times to form
R, G and B color filter layers. Finally, these |layers are cal cined.

The fourth nethodfpsméngretdionresf ldivepersi Iy &itHergrENthenabotbendtisedsd; ng
resin, performng a print operation three tines to formR G and B
coatings separ at 8 Protget ivreriaysat tsngertrallasiftgmetheneblie colored

3 formng colored |ayers. In either of the above nethods, a protective
layer is general | y3¥8F%red on the colored |ayers.

The point common to these methods is that the same
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. In addition, as the number of
processes increases, the yield decreases. In the
electrodeposition method, limitations are imposed on
pattern shapes which can be formed. For this reason,
with the existing techniques, this method cannot be
applied to TFTs. In the print method, a pattern with a
fine pitch cannot be formed because of poor resolution
and poor evenness.

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
based 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
operation results in blurring and spreading of an ink

dot. Therefore, the problem of density irregularity



The point common to these nethods is that the sane process nust be
repeated three tinmes to obtain layers colored in three colors, i.e., R G
and B. This causes an increase in cost. In addition, as the nunber of
processes increases, the yield decreases. In the electrodeposition mnethod,
limtations are inposed on pattern shapes which can be fornmed. For this
reason, Wwth the existing techniques, this nmethod cannot be applied to
TFTs. In the print nethod, a pattern with a fine pitch cannot be forned
because of poor resolution and poor evenness. In order to elimnate

t hese drawbacks, CARRRbdRe otolvpghuPREt ar PP o iftiore £d 1p§ T aR2FHRET et
systemare disclosed i.n Japanese Patent Laid-Qpen Ngs. 59-75205,

63- 235901, and 15319350 éngeq FYEhRE 580%%9(§é%%§ﬁiqgnép ﬁﬁ%u%gituring

met hod based on the ink-j]et ste sipnce a_colored in [ formed on
a color filter subst r%fleo &;/e%;er/oayslongea %ﬁkpr%?%?ﬁ"etanoﬁléég%%ﬁeiagngle?rﬁ of

the Ini dropl et heRds.d npflehRathe. BenOLOTd [FAAHIY bheheRdzy 0 oooUr.

Even if the anmount o : Increased, one“spraying %peration
results in blurripga@nsly s eafi NGBl ¢RE Lie &N -qibhRRREFOERstERE HEObI em of

density irregularity
' spraying an ink only once, as disclosed in, e.g.,

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
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
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. 5-60816, a method of achieving a uniform
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.

SUMMARY OF THE INVENTION
The present invention has been made in

consideration of the above situation, and has as its



cannot be solved, and a high-definition filter pattern cannot be forned
ow ng to the spread of an ink dot. In order to solve this problem an
attenpt has been nmde to make the dot density uniformby repeatedly
spraying an ink with the sane dot dianeter instead of spraying an ink only
once, as disclosed in, e.g., Japanese Patent Laid-QOpen 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 a® ink with the same dot dianeter
is sprayed again, the second ink dot tends to blur. Since the ink dot
spreads in thi s Ti&8E 8§JﬁﬁFlt°ep¢ﬁKﬂﬁﬂdéfPﬁﬁproﬁll¢¢remaqnﬁQQ§u¥ln®annot be
formed either. An |g§ haV|n a high viscosity may be used to suppress ink

blurring. If, hofi&r WW%@’“&% ﬁﬁnvF§€‘6§?t’§/h¢ Cte®si # the

I nk-j et systen1 %g % gkl'ty in discharging the ink deteriorates.
In addition, as §i°s&Fo5d4°Fh- Japanese Patent Laid- Open No. 5-60916, a

met hod of achleV|ng aIEnE£0£HL second obiject of the present invention to
provide a color filter manufacturing method 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
apparatus which can manufacture a high-definition color
filter.

It is the fourth object of the present invention to
provide a high-definition, low-cost color filter having
a uniform density, a liquid crystal display apparatus
using the color filter, and an apparatus having the
liquid crystal 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
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 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 the substrate so



density by perform ng a double print operation using the print nmethod is
al so known. In the print nethod, as described above, a pattern with a fine
pitch cannot be forned because of poor resolution and poor evenness.
SUMVARY OF THE | NVENTI ON The present invention has been made in

consi deration 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. 6 It is the second object of
the present invention to provide a color filter manufacturing nethod and
appar at us whi ch @&ntRaferRheaed|of thendiilgenf elenrentsr andither second |t
Is the third objegt gf the present invention to provide a color filter

manuf act uri ng mefiSEPaRge sheRreh sisaacringna ndFRR IR e 3 S8CGRIdef i ni ti on

color filter. volume smaller than the first volume onto a position on
the substrate where the droplet of the first volume has
been discharged.

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

There is provided a manufacturing method for a
color filter manufactured by forming and arranging a
large number of colored filter elements on a transparent
substrate, comprising the first discharge step of
discharging a first colored droplet onto each of filter
element formation regions on the substrate so as to form
each of the filter elements, and the second discharge
step of discharging a second droplet containing a
coloring material whose composition is different from
that of a coloring material in the first droplet onto a
position on the substrate where the first droplet has
been discharged.

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



It is the fourth object of the present invention to provide a

hi gh-definition, |owcost color filter having a uniformdensity, a liquid
crystal display apparatus using the color filter, and an apparatus having
the liquid crystal display apparatus. In order to solve the above
probl ens and achi eve the above objects, a color filter manufacturing
method of the present invention is characterized by the follow ng process
according to its first aspect. There is provided a manufacturing

met hod for a color filter manufactured by form ng and arranging a |arge
nunber of col or ednfal teansparet substaate ansaapeiding distchatrge meapsi Si ng
the first discharge step of discharging a colored droplet of a first

vol une onto eackori fiiechataimmia fcolpaedodroplenom® tthe substrate, so

6 as to formeach of the filter elenents, and the second discharge step
of discharging amarspeeredts £oredONdngy 5e Lzl serrdssit iomgn ofh&hei r st vol ume

onto a position ggscharge means and the substrate, and control means for
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 substrate and discharge a droplet of a
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
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
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
the substrate, and then controlling the discharge means

and the control means to discharge a first droplet onto



t he substrate where the droplet of the first volunme has been di scharged.
A color filter manufacturing nethod of the present invention is
characterized by the followi ng process according to its second aspect.
There is provided a manufacturing nethod for a color filter manufactured
by formng and arranging a |arge nunber of colored filter elenents on a
transparent substrate, conprising the first discharge step of discharging
a first colored droplet onto each of fil8er elenent formation regions on
the substrate so as to form each of the filter elenments, and the second
di scharge step shedFuksrafic@rd sdschdrde opl secauvhidxiopilry gontainingg
materi al whose conposition is different from that of a coloring material
in the first drofl EPLBRIRT Matssdiadi yhosn eomresifsiaatis @Réferent fromt
dropl et has beeg di scharged. . A color.filter.nanufacturing appar at us
of the present FRENPT o T VHAGBREPFIRY Y 1R HAStodFRELCEr PRFYeRent
according to its_fiktst aspect. . TPere i rovi?@d a color filter
manuf act uri ng aBBg%g%%% cﬁrﬁnﬁﬁffgéfﬁ iﬂﬁo%f%§IQﬁs FFPePlﬁﬁg?B?ﬁ?hg and
arranging a large nu”BeEofgr(¥¥fyé¥jd%'kkgrpgéggﬁ%nfhvention is

characterized by the following arrangement according to

its first aspect.

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

a coloring material whose composition is different from



on a transparent substrate, conprising discharge neans for discharging a
col ored droplet onto the substrate, noving neans for noving relative
positions of the discharge nmeans and the substrate, and control neans for
causing the noving neans to establish a predeterm ned positional

rel ati onshi p between the discharge neans and the substrate, and then
controlling the discharge neans and the control neans to discharge a
droplet of a first volune onto the subsg;ate and di scharge a droplet of a
second volune smaller than the first volune onto a position where the
dropl et of the fthat ¢blanmmlasingeeatedisthangete first dkoggdledr ifsi khen
manuf acturing apparatus of the present invention is characterized by the
foll owi ng arrangéfehirged ordiondheo fiirstsdceptetaspect . There is
provided a color filter_ manufacturing apparatus for manufacturing a col or
filter by formng anBt aF¥aHgi ¢y staladdePhanbaPPaFatedt Rled-hs IR%@Sedtenent s

on a transparent ,substrate, c ri sing discharge ans
P lnvention is clggactergzed by tﬁ% égalowing arrangement

according to its first 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
manufactured 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,
and a substrate opposing the color filter, wherein a
liquid crystal compound is sealed between the
substrates.

A liquid crystal display apparatus of the present
invention is characterized by the following arrangement
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
manufactured by discharging a first colored droplet onto

each of filter element formation regions on the



for discharging a colored droplet onto the substrate, noving neans for
novi ng rel ative positions of the discharge neans and the substrate, and
control neans for causing the noving neans to establish a predeterm ned
positional relationship between the di scharge nmeans and the substrate, and
then controlling the discharge neans and the control neans to discharge a
first droplet onto . 8 the substrate and
di scharge a second dropl et containing %pcoloring mat eri al whose
conposition is different from that of a coloring material in the first
droplet onto a pPEEPFEBREWRRrEPTheaah f §hepf blEem e lnmentdi s @Rsr fhan

A color filter of.thgagresent I nvention i.s  characterized hy the foll ow ng

arr angement accofdSh gHn9t3 §95¥ £roR £t containipg @ &919%dw8ded a col or
1] or menut act urgd . SRALOS. GA0 RLANL00, e Lar g eL gl cRlgred
a first volune i$.9b3¢H8" 920 XY 0 8ROk irst droplet onto the first
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 is characterized by the
following arrangement according tc 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 tq the liquid crystal display apparatus.

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,
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

of the invention which follows. In the description,

reference is made to accompanying drawings, which form a



filter elenment formation regions on the substrate to formeach of the
filter elenments, and a droplet of a second volune snmaller than the first

volune is then discharged onto the droplet of the first vol une. A
color filter of the present invention is characterized by the follow ng
arrangenment according to its second aspect. There is provided a

color filter manufactured by form ng and arranging a |arge nunber of
colored filter elements on a transparédit substrate, wherein a first
colored droplet is discharged onto each of filter elenent formation

regi ons on the suHastr hereoff oand edrich dfl luserates ean ed:eamgrites ofantlea second
droplet containing a coloring material whose conposition is different from
9 that of a col orﬁ’&’(&nﬁﬁf’é‘m aﬁth %*R!“Hllensthoﬂﬁb’sret 1$ snethegrhadissdlver géd ont o

the first dropl et rcll}tél crystal display apparatus of the present
i nvention i s charét éﬁalrigﬂsb? PRinetioREnGher AaKgREEPR, and therefore

reference is made to the claims which follow the
description for determining the scope of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are partial enlarged views showing
color filters manufactured by a manufacturing method and
apparatus according to the present invention;

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 explaining a method of
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;

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

in the second coloring operation;



according to its first aspect. There is provided a liquid crystal
di splay apparatus using a color filter manufactured by formng and
arranging a | arge nunber of colored filter elements on a transparent
substrate, conprising a color filter manufactured by discharging a col ored
droplet of a first volunme onto each of filter elenent formation regions on
the substrate to formeach of the filter elenents, and discharging a
dropl et of a second vol une small er thahZ the first volume onto the dr opl et
of the first volume, and a substrate opposing the color filter, wherein a
liquid crystal conpouFfidgss $aaleddeairecsrcthenasubbéwatsdrmwing howAahi qui d
crystal display apparatus of the present invention is characterized by the
fol | ow ng arrangeREnsPreRedrit rdiet secosdsecboding pastration; There is
provided a liquid crystal display apparatus using a color filter
manuf act ured by form AgISantf r‘i’%r?@"ﬁ@ré Vapye PReHEFT drowcainolal filter
el enments on a transparent,substrate, conprising a color filter

E8LEF L

manuf act ured by BPEERAr T ng% F55°8F B9 PRPTH2Bito  each of filter

el ement formation reg%?&? ek EJK% view showing 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 is a view showing how a filter is colored
by a multi-nozzle type ink-jet head;

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
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
panel; and

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

RIP FERRED DIMENT



10 substrate to formeach of the filter elenents, and then discharging a
second droplet containing a coloring material whose conposition is
different fromthat of a coloring material in the first droplet onto the
first droplet, and a substrate opposing the color filter, wherein a
liquid crystal conmpound is seal ed between the substrates. An
apparatus having a liquid crystal display device of the present invention
is characterized by the follow ng arréﬁéenent according to its first
aspect. There is provided an apparatus conprising the Iliquid crystal
di spl ay appar atus def Fhedefeferrgdnedpodiandt s nafjetlss grralsenyt puvenedons f or
outputting an inage. signal to the liquid crystal display apparatus.

An appar at us havFhglaP®iRieridedsdal darapl Bekrwiviah seferengresenthe
invention is characterized by the follow ng arrangenent according to its
second aspect. 3CCOPRHRYHP] ArAWIPESed an apparatus conprising the |iquid

crystal display t defin in claim38, and imge signal output
means for output??%%égﬂﬂﬁﬁﬁggen%q

Figs. 1A and 1B are 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
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. 1In the color filter shown in
Fig. 1A, the filter elements l1l0a are arranged in a
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
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
the respective colors are formed on the light-shielding

grating 10b.



signal to the liquid crystal display apparatus. O her objects and
advant ages besi des those discussed above shall be apparent to those

skilled in the art fromthe description of a preferred enbodi nent

i nvention which follows. In the description, reference is nade to

acconpanyi ng draw ngs, which forma part thereof, and which

illustrates an exanple of the inventipn. Such exanple, however, is not

exhausti ve of

t he vari ous ‘enbodi nents of the invention, and therefore

reference is made to the clains which follow the descrlptlon for

determining the scopel@fmanniaqﬁnnmpgohhe color filter BREFhEPSERMPFSON OF

THE DRAW NGS

Figs. 1A and 1B are partial enlarged views show ng

color filters naﬂﬁ?%%’tttﬁ%d“b)?h& ﬂ&ﬁﬁﬁaﬁ‘ﬂﬁ"'r’f?gterrétzh@é{ SRYTT&EpEPat 8R4

according to the gresent i nve
show ng the col of

LI
f{?ﬁ%ﬁtqq§ &m iﬁ g?rm%ngkto a ma%rlx patt

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 ink
hereinafter) containing a coloring material {dye) are
sprayed on the filter element 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.

of the

si de %ectlonal Vi ew



Fig. 3 is a view showng the structure of an ink- jet head IJH for

spraying an ink on a layer to be dyed,; Fig. 4is atimng chart for
explaining a nmethod of controlling the amount of ink di scharged by
changi ng power supplied to a heater; Fig. 5is a perspective view
showi ng the arrangenment of an apparatus for manufacturing the col or
filter showmn in Figs. 1A or 1B and 2; Fig. 6 is a block diagram

showi ng the arrangement of the color ¥3lter nmanufacturing apparatus:

Figs. 7TAto 7C are views show ng how an ink spreads in the second coloring
oper ati on; Fi gs.Inggenera8l at ecadamd ighddi sgyhbad apanek ispricaded in
the second col oring ,operation; ) 12

Figs. 9A to 9C aP¥ J8CPLBRaFPGi RECTHAESE FuRSERELE k2 iRt dadeuUn§ethe

second col o119 EIELER 54, ane bt ah o) Seatl Ui 1 PO e
therebetween. TFTs (Thin Film Transistor) (not shown)
and transparent pixel electrodes 53 are formed on the
inner surface of one substrate 54 of the liquid crystal
panel in a matrix form. The color filter 10 is placed
on the inner surface of the other substrate 12 such that
the R, G, and B coloring materials are positioned to
oppose the pixel electrodes. A transparent 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
(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
substrates. By performing a rubbing process for the
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
substrates. As a blacklight, a combination of a

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



Fig. 11 is a view showing a case wherein the center of each of the second
ink dots is shifted fromthe center of a corresponding one of the first

i nk dots; Fig. 12 is a view showing howa filter is colored by a

mul ti-nozzle type ink-jet head; Fig. 13 is a view showi ng how a
filter is colored by the nulti-nozzle type ink-jet head, Fig. 14 is
a side sectional view showing the structure of a color liquid crysta

panel ; Fig. 15 is a side secti onal! i ew showing the structure of a
color liquid crystal panel; Fig. 16 is a block diagram show ng an

i nformation prm)ngsaﬁsaﬁéﬁhhy quﬂeﬁ’g a¥ ddgpdagrorewAt ihels Fig.
17 is a perspective view showi ng,an _information processing par at us usi ng
a liquid crystalPe5Fataed decausz.ng Mg iguid &rﬁéFébeﬁ?TWWffé\ﬁ showi ng an

bE;X{EEE'%Esgﬁféﬁﬁﬁ%P%ﬁagﬁErg%%%tﬁs ﬁ a li Uld crgstal ganel
transmittance for light emitted from the backlight.

A case wherein the 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
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
apparatus. The control unit 1801 includes a CPU such as
a microprocessor and various I/0O 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
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-
sensitive touch panel mounted on the display unit 1802.
By pressing the surface of the touch panel 1803 with a

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



13 The preferred enbodi nents of the present invention wll be
described in detail belowwth reference to the acconpanying draw ngs.

(First Enbodi nment) Figs. 1A and I B are partial enlarged views of
color filters manufactured by a manufacturing nethod and apparatus
according to the present invention. Each color filter 10 is nounted

on the front surface of a color liquidyjcrystal display or the Iike used
for a portable personal conputer or the like. As shown in Fig. 1A filter
el ements 10a colored in R (red), G (green), and B (blue) are

t wo- di mensi onal | § CePFRHFEE iwﬁtmprg&pm@rwenaﬂ\:m ol spef Likercahown in
Fig. 1A the filter elenments 10a are arranged in a sinple matrix form In
the color filterPErRRRteTed on thg difelay [yt di84f%ents 10a are arranged in

a staggered form A black light-shield, rating 10h _js fornmed between
the respective fil terg%g%?%?% %lgrﬁg ﬂéﬁg ‘g?féot lfﬁ’d%ﬁ SETEEPGBEY t he
filter elenents S vide a.clear screen.. Fig. 21is
a side sectional &gﬁ%ga&i)h%o& dorggFTQ{:(tg’)e"rmﬁldolrn |°d:.m o7 EB. The
light-shielding ghgbimg P iGeated 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 information from such
a memory, thereby performing FM modulation of the
info;mation. An electrical signal from the FM sound
source unit 1804 is converted into 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.

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
originals.

Reference numeral 1808 denotes a
transmission/reception unit for the facsimile (FAX)
apparatus. The transmission/reception unit 1808
transmits original data read by the image reader unit
1807 by facsimile, and receives and decodes a sent

facsimile signal. The transmission/reception unit 1808



formed on a glass substrate 12 constituting the main body of the color
filter 10. The filter elenments 10a of the respective colors are forned on
the light-shielding grating 10b. 14

In manufacturing the color filter 10, chromumis deposited on the glass
substrate 12 by sputtering, and the resultant filmis fornmed into a matrix
pattern by photolithography. This pattiggn is the light-shielding grating
10b. A layer 14 to be dyed is forned on the Iight shielding grating 10b.

The | ayer 14 conﬁl t of a_cellyl ose, an_acrylic r Q redl t he
li ke and absorbs % ?? T§ §cffﬁptm9?e’§FF§8 8“&% ?h? ence
hereinafter) confgh0ing fsd’é"&% o@% éi%héndé’ i)j) 4’ SaviRt axgge&@ e

filter elenent formation regions o a re Head of

the ink-jet systemeMidde ﬁdﬂd%l%ﬁoﬁﬁasvaLI@hAQ%ﬁ.p%%nbsfﬁﬁkeiggst§héﬁrn1the
color filter elements 10a. Note that a pignent or ultraviolet-curing ink
may be used instgada®faswbi@ng function.

Reference numeral 1810 denotes a memory unit
including a ROM for storing system programs, manager
programs, application programs, fonts, and dictionaries,
a RAM for storing an application program loaded from the
external memory unit 1812 and document information, a
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
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 in Fig. 16.

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
can be performed on the flat panel display 1901 by

pressing the surface of the touch panel 1803 with a



When a pignent or ultraviolet-curing ink is to be used, the |ayer 14 may
not be required. A protective layer is fornmed, as needed. As the
protective layer, for exanple, a layer consisting of a resin naterial of a
phot o-setting, thernosetting, or photo-setting/thernosetting type, or an
inorganic film fornmed 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 wilbstand the subsequent processes,

e.g., an ITO (IndiumTin Oxide) formation process and an alignin film
formation procesg;nger of the user or the like. Referenge numergl %%%ral, a

color liquid crxftal anel is forned joining the color filter substrate
12 1o a count or ST & So5AsaRdused el £1% FPGTErye 3¢ LSRPothe 52
er st veen, Tl BRI TRARRUBLEN] AP St eptlt, CATSBRLER' |
the liquid CryStég the main body via a cord and is used to perform

various document 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,

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
ink-Jjet printer 1907.

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

transmission/reception unit 1808 via a communication



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

el ectrode (common el ectrode) 50 is forned on the entire surface of the
color filter 10. The light-shielding grating 10b is generally fornmed on
the color filter substrate 12 side (see_Fig. 14). However, in a BM (Bl ack
Matri x) con-array type liquid crystal paﬁ@l, such a grating is formed on
the TFT substratg. si de oe#)qsi ngp the color, filter substrate ésee Fig. 15).
Aligning filnms 5F%re REFLRAL h? TS PP AN SLOSESEABIt B TRELSPREERS. By
perform ng a rubbij cess _for the aljgning films 51, the liquid crystal
nol ecul es can be"mlgﬁqilglo(eid n agcﬁféﬁré?%r%%é(f %lrteéilc?tt%'ﬁ‘."hsgl Bf?ggﬁ@' pl at es
55 are bonded t I C . [ espect glas trates. The
liquid crystal g%ﬁrf&;gtur%gt[%fuﬁg%?i ??g%rwﬁine%%ag’h(&éggm ag §o§§9§é‘r’%m

bet ween these gl fgsye,s4sthat $§én€érauxj?i@%dé1ht1 a conbi nation of a
and a

fluorescent |anmp (not shown) scattering plate (not
When the information processing apparatus is to

serve as the copying machine, an original 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
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
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
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
for spraying ink on the layer 14 in the color filter

described above.



16 shown) is generally used. A display operation is perfornmed by causing
the liquid crystal conmpound to serve as an optical shutter for changing
the transmttance for light emitted fromthe backlight. A case
wherein the above liquid crystal panel is applied to an information
processing apparatus will be described below wth reference to Figs. 16 to
18. Fig. 16 is a block diagram showi ng the schematic arrangenent of
an information processing apparatus servilng as a wordprocessor, a personal
conmputer, a facsimle apparatus, and a copyi ng nmachi ne, to which the

above |iquid crystal B&ABFTiBIappIfiat. 3, the Rekeiet mepad WHymaigly
reference nuneral 1801 denotes a control unit for controlling the overal

apparatus. The cSﬁf“PBF‘sﬁ"ﬂl‘? heres Roagded 04 TPR RRAIFHL #NC8r 8processor

and vari ous I/O rts rforns ntr ol put putting/inputtin
control signals, 5?31 g §%§ 9@2 FPEeh?%#¥??nﬁQ|ﬁ§ €§ﬁééPFW€gunits.

ST o IR A ot

and the like on at Bngéf‘?Péﬁyo?Cch%ar%%gé ofeh {08 PAIE Wre l%ro%%%'ér in
the ceiling plate 106. Tunnel-like fluid passages 110
communicating with the discharging openings 108 are
formed therebehind. The respective fluid passages 110
are isolated from the adjacent fluid passages via
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
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 assembled into the state shown in Fig. 3.
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 heaﬁer 102 in the assembled state shown
in Fig. 3, an ink above the heater 102 is boiled to
produce a bubble, and the ink is pushed and discharged

from the discharging opening 108 upon volume expansion



sensitive touch panel nmounted on the display unit 1802. By pressing the
surface of the touch panel 1803 with a finger of the user or the like, an

iteminput operation, 17 a coordinate
position input operation, or the like can be perfornmed on the display unit
1802. Ref erence nuneral 1804 denotes an FM (Frequency Mbdul ation)

sound source unit for storing nusic information, created by a nusic editor
or the like, ina nenory unit 1810 or &2 external nenory unit 1812 as
digital data, and reading out the information fromsuch a nenory, thereby
perforning FM no8fil B¢ ool (Hhereifarer nbre ohizeArfeleebbibbéal cangeal fromthe
FM sound source ‘Fmé‘iﬁlf?qﬁ IS (t::pn\}{e[ted into an audi ble sound by a speaker
unit 1805. A priftey PN FEFEESLLsRE AsdHirouPFdeet 8PRIHaE F@rthee
ror b ocessor . ReaPEL YR g SOTPUEL 1 De 3o Il opar shus, and the

That is, the volume of the ink discharged from each

discharging opening can be arbitrarily controlled.

Fig. 4 is a timing chart for explaining a method of
controlling the amount of ink discharged by changing
power supplied to each heater in this manner.
In this embodiment, two types of constant-voltage

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

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

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

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

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



for photoelectrically reading original data. The inage reader unit 1807 is
arranged m dway al ong the original convey passage and designed to read
originals for facsimle and copy operations and other various originals.
Ref erence nuneral 1808 denotes a transm ssion/reception unit for the
facsimle (FAX) apparatus. The transm ssion/reception unit 1808 transmts
original data read by the ipage reader %it 1807 by facsimle, and

recei ves and decodes a sent facsimle Si"gnal. The transm ssion/reception
unit 1808 . 18 has an interface function
for external unifsSchatesdesé@ brurbraged80drianstiddon,t blveprahangnitkhavi ng
a general telelggg}gunctLon and various tel ephone functions such as an

answering functi a?pH%§F§F8ﬁ08fnﬁh%ﬁ%ﬂ DPRS dERSt ES2XTnEABRY unit
Lpgggggg P oL S 9 SUSHETLRT AL AT JBYIU2E15R0R96R S BRR! T CAtT O
heat pulse can be shortened to improve the
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 generated by each heater 102
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
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 controlled both by
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 preheat pulse or the interval
between application of a preheat pulse and that of a

heat pulse as needed, the amount of ink discharged or



a RAM for storing an application program|oaded fromthe external nenory

unit 1812 and docunent information, a video RAM and the |iKke.

Ref erence nuneral 1811 denotes a keyboard unit for inputting docunent

i nformati on and various conmands. Ref erence nuneral 1812 denotes an

external nmenory unit using a floppy disk, a hard disk, and the like. The

external menory unit 1812 serves to store docunent information, nusic and
speech infornation, application progragg of the user, and the |ike.

Fig. 17 is a perspective Vi the informatjon rocessi ng, apparatus in
Fig. 16. g%r? (a%%jtyl? ?%ﬁ%ﬁ%ﬁﬂﬂ?91&ﬁgﬁéﬁ EQBIWIHgnotes a flat

enus, d'gfﬁ'pﬁ.yc“*@%%%ﬁ ab?%?m'g 154 abtRedn B GepatForibrativiiedie. | A
oo B | o, RSO AT
1803 with a will be described in detail next.

Assume that an ink is discharged in different
amounts from discharging openings (nozzles) 108a, 108b,
and 108c upon application of the same voltage pulse, as
shown in Fig. 4. More specifically, 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
108¢c, 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. In this case, the amounts

of energy generated by heat pulses are made equal for



19 finger of the user or the |like. Reference nuneral 1902 denotes a
handset used when the apparatus is used as a tel ephone set. A keyboard
1903 is detachably connected to the nmain body via a cord and is used to
perform various docunent functions and input various data. This keyboard
1903 has various function keys 1904. Reference nuneral 1905 denotes an

I nsertion port through which a floppy disk is inserted into the external
menory unit 1812. Ref er ence nune 1906 denotes an original table
on which an ori%%%al to be read e reader unit , 1807 is placed.

by t [ )
The read ori gi nal* s "BFSEnAPEE 7?%ﬂVpgﬁ%F%gSPnbﬁr?¥cﬁP&ﬁd% 3X965r &F6s. In
£ acen | s . Ved. . AR
TkC et printer - pouySeedBY iR (R IR ARRS o8 PhiA aldsety apparat us
s 1o serve as a persaigk FAEPHLELeO! AAMOLURr 9685SPL: CAALIOUS i nds of

information input through the keyboard unit ~are processe y the
control unit 1801088 aa@CR08BNELyMd: &aecdel EMiNEd, PF QOr amyoaiy

resultant information is output, as an inmage,.to the printer unit’ %@%6.
amounts of energy generated by heat pulses can be made
equal by applying voltage pulses having the same width
to the heaters 102a and 102b. 1In 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
amounts, i.e., 36 pl and 40 pl, from the nozzles 108a
and 108b upon application of identical heat pulses. In
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
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
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. In this
case, therefore, the width of the heat pulse is set to

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



When the information processing apparatus is to serve as the receiver
the facsimle apparatus, facsimle information input through the
transm ssion/reception unit 1808 via a conmunicati on

of

20 line is subjected to reception processing in the control wunit 1801 in
accordance with a predeterm ned program and the resultant information is
output, as a received inmage, to the prhgter unit 1806. When t he
information processing apparatus is to serve as the copying nachine, an
original is read by the |na e reader unit 1807, and the read original data
is output, as af™ Hﬁ§§ ?b (ﬂﬁﬁqgérgﬁé fRempEhtnazakas 108B08Nd A0BRe
control unit 1801. Not # I nformation roceSS|n apparatus is
to serve as the uP88eF9% l%ﬁt%?ﬂaQ@aésPﬁFF%t%imkﬁ%ﬂlé; P&engpedéﬁﬁeread

by the image rea 07 18 ected to m Ssi on.proce S|ng in
the control unitg§§0§9a£h acé%#ﬁéif@kaP | ﬁ?%ﬁkﬁﬁgnﬁﬁu§$u690§Pa 38nd the

of a preheat pulse applied to the heater 102b. That is,
a preheat pulse having the width tl is applied to the
heater 102c.

In the above manner, the same amount of ink can be
discharged from the nozzles 108a, 108b, and 108c which
discharge an ink in different amounts upon application
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
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.
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
head IJH includes a red head 120a for discharging a red

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



resul tant data

transm ssion/re
processi ng app
i ncorporating a
this case, the

ref erence nuner
those in Fig. 1
for spraying in

21 Ref er ridgeiuse fiegd 320chéor ndischarmiay 2 Hlwgi Aby. cBhpseses a
heater board 104 as a board i

whi ch
R at SR T 1§5&lalag‘éi}?% e desigeefoint 8d4SER2ESR heat er

heating an ink
board 104. A p
ceiling plate 1

is transmtted to a conmmunication line via the

ception unit 1808. Note that the above information

aratus may be designed as an integrated apparatus

nink-jet printer in the main body, as shown in Fig. 18.

portability of the - apparatus can be inproved. The sane

als in Fig. 18 denote parts having the sanme functions as
7. Fig. 3 shows t e/ structure of an i nk-j et head I JH

k on the layer 14 in the color filter described above.
a plurality of heaters 102 for

lurality, of discharging openings 108 are forned in the
(é%ksr Pﬂ“%ﬁétﬁyuid passages 110

In the manufacturing apparatus 20 having the above
arrangement, an R {red), G (green), or B (blue) ink is
discharged into a desired frame of the light-shielding
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
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
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
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. 1In addition, a control program in
a program memory 46 is input to the CPU 30. The CPU 30
moves the X-Y table 22 in accordance with this control

program and position information from the X and Y

In



comuni cating with the di schargi ng openings 108 are forned therebehind.
The respective fluid passages 110 are isolated fromthe adjacent fluid
passages via partition walls 112. The respective fluid passages 110 are
commonly connected to one ink chanber 114 at the rear side of the fluid
passages. An ink is supplied to the ink chanber 114 via an ink inlet 116.
This ink is supplied fromthe ink chanz r 114 to each fluid passage 110.
The heater board 104 and the ceiling pl4fe 106 are positioned such that
the position of each heater 10 coincides with that of a corresponding
fluid passage 1e0codatsate ambdfbl editht bhipeoperatdothowndesired. 3.

Al though Fig. 3 shows only two heaters 102, the heater A 102 is_arranged in
correspondence WIFRtEBEhEFAME PP FREs J4aS$10UPHHERr % Y7 d@ePEPHPREIEr R Vi ng
signal is supplied.,to the heater 102 i.n the assenbl ed state showm in Fig.
3, an ink above PRE*HLBEePeiPY? ‘i’ei‘:,e BO*raatt Bea‘grﬂ%cé“ﬁ’ BEoBPE, p‘ﬁﬁiﬂ“?h% i nk

s pushed and di 4g03r080%o1 4.0 i 4802091 A R A R BT YL
A color filter is manufactured by performing this
operation for each frame of the light-shielding grating
10b.

Characteristic features of the present invention in
coloring a glass substrate will be described next.

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

Subsequently, as shown in Fig. 7B, droplets, each
having the second volume smaller than the first volume,

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



22 of the ink. Therefore, the size of a bubble can be adjusted by
controlling a driving pulse applied to the heater 102, e.g., controlling

t he magni tude of power. That is, the volunme of the ink discharged from
each dischargi ng opening can be arbitrarily controlled. Fig. 4is a
timng chart for explaining a nethod of controlling the amount of ink

di scharged by changing power supplied 29 each heater in this manner.

In this enbodi ment, two types of constant-voltage pulses are applied to
each heater 102 to adjust the anpunt of ink discharged. The two pul ses are

a preheat pul se?ZhPEE F&en oRest OBEftReq t3F FesMRPL)E BRER I to as a heat
ul se hereinafter). .,The preheat pulse is a pulse for heatjn nink to a
Br edet er m ned te‘ﬁ%%‘?]eﬁr{lfr g’fbéfl& égcf’ﬂ‘g Y?I)K‘H?GE axét ﬁBFFVegi‘scmgggacKerT 4 pul se
i dt h of thi ' t to.h I th I, N I i, dth.t5
\rMequi rgd toI Zi s%ﬁ%ﬁ%eé f%:a%isnlfgb‘?ﬁggggo# ,rdet%rge%is%ﬁqusql g}ég}?%jl’( :tg%\é%rbgsé’cfboy

this preheal pulge iaihGMeehdgl BikoSprdsifPRigetdeigneachoheaar 102 Lo

increase the ini tenper at ure of 0 a predeternined tenperature
in advance so ageddbril Way3nkBkeohNer 8"Pse YpraR€d 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 first ink dots 40a to 40c. Figs.
10A to 10C are plan views showing this state. If a
droplet having the same volume 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
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
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 8B which show the state of the droplets at the
moment when it is sprayed. Eventually, the second
droplets spread up to almost the same size as that of

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

ant when a constant heat pulse is applied to the heater

n contrast to this, the tenperature of the ink nay be

ance by adjusting the width of a preheat pulse. In this
case, for the sane heat pulse, the anount of ink

an be changed. In addition, by heating ink before

application of a heat pulse, the start tine required to discharge the

upon application
responsibility.
t he i nk. The pul
m ni mum pul se W
each heater 102
pul se. Therefore
be adj usted by

of the heat pulse can3®e shortened to inprove the
The heat pulse is a pul se for actua

i nk
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eac
the first spraying operation, blurring of the ink can be

minimized to allow the formation of a high-definition
color filter. 1In addition, by spraying the ink twice,
color irregqularity 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
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,
the second ink spreads and blurs.

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

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



Note that the amount of ink discharged can al so be adjusted by adjusting
the interval between a preheat pulse and a heat pulse to control the

di spersed state of heat upon application of the preheat pulse. As is
apparent fromthe above description, the anount of ink discharged can be
controlled both by adjusting the application tinme of a preheat pul se and
by adjusting the interval between applﬁfation of a preheat pulse and that
of a heat pulse. Therefore, by adjusting  the application tine of a preheat
pul se or the interval between application of a preheat pulse and that of a
heat pul se as needed, Ashshawnuin Rifg.i 1k ,dtbehaegenkd acink may be sprayed

24 the responsibility of discharging of the ink wwth respect to an applied
pul se can be ar bBPFRr Fhyt seheisganter of theusecent] ustnsiot é6 shéftedunt of

i nk discharged w | be described in detail next. . Assune that an ink
i s di scharged i n*gdPPf BRRRtOL drisurfiestr dRk ddREharkp ridisp&aisegas( ekl es)

108a, 108b, and, 108c_upon |icatjion of the sane voltage pul se, as
t%e sam efégg% as descrgbed above can be %btgined.

Examples in which color filters are 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
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
matrix pattern were: W = 60 fm; L = 140 pm; dl = 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-
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

The above layer was colored by the ink-jet head

described above.



shown in Fig. 4.

anmount of ink di

More specifically, assune that when a voltage having a
predeterm ned pulse width is applied at a predeterm ned tenperature,
anount of ink discharged fromthe nozzle 108a is 36 pl (pico-liters);

scharged fromthe nozzle 108b, 40 pl; and the anount

t he
t he
of

i nk discharged fromthe nozzle 108c, 40 pl, and the resistance of heaters
102a and 102b corresponding to the nozzles 108a and 108b is 200 [err], and

the resistance of a heater 102c correspddding to the
[err]. Assune that the anounts of

nozzl e 108c is 210
ink discharged fromthe nozzles 108a,

108b, and 108c are toAnbénadhasieg g 4dlpowing compdeimictt hasofisadpr eheat
pul se and a heat pulse may be adjusted to adjust the anounts of ink

di scharged from

t he eahyllesel9Brcoll08b, 20dwt1®8c to t he sane anobunt.

Vari ous conbi nati ons of the wi dths of preheat pul ses and heat pul ses

concei vable. In

dye: 3 wt%
water: 72 wth
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 Q/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
initial contact angle of the ink was 30°. The first ink
discharging operation was 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.
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.
In this case, the volume of an ink droplet was 35 pl.

The average diameter of ink dots formed on the layer

are

this despropWe akeehnls ofSewe¥ gy generated by heat pul ses
are nmade equal for 25



the three nozzles, and the anounts of ink discharged are adjusted by

adj usting the wi 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 anpbunts of energy generated by heat pul ses can be nade equal
by appl ying vol tage pul ses having the sane width to the heaters 102a and
102b. In this case, the wdth of each voltage pulse is set to be t3 which
is larger than the width t5. An ink is38ischarged in different amunts,
i.e., 36 pl and 40 pl, fromthe nozzles 108a and 108b upon application of
i dentical heat pufees.then segpddr ink sprayiame opegashonnyadf 82 ik divdhdiedr ged
fromthe nozzle 108a, a preheat pulse having a wwdth t2 larger than a
width tl of a prédeRIGH &€ 5pBl rEErage tHianfsgredn thepf s iadd % t he
heater 102a. Wth this, operation, the amunts of ink, discharged fromthe

heaters 108a and®RYBH-1ofr béSafj GSERLEt & RFGRer cOloring R oM 3¢ f or

t he nozzl e 108c héals oarmer %«ii hgn e of 210 errJo, whi ch.Iils h(ietqvpeénthan t he
resi stance of tRe ?wo ‘eaincng RgaTe?s 2a éﬁ& Tbﬁb.gﬁ%r TR reason,

i order to causg, i e 102Gk SRR S LlIGnPalR: IR flardley OV a5

t hat generated by I'ng heaters, thewd eat pu
nust be set to bgyl A P&hithaBniidioRf the above heat pulse. In this

Coating of protective layer
A thermoset resin (Hicoat LC2001 available from
SANYO CHEMICAL INDUSTRIES, LTD.) was ceoated, as a
transparent protective f£ilm, 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
minutes, thereby forming a protective layer. With this
process, a color filter was completed.
Formation of liquid crystal panei
A series of operations, e.g., formation of ITO and
aligning films and sealing of a liquid crystal material,
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
without causing any color mixing among the pixels of a

color filter and any white omission.



case, therefore, the width of the heat pulse is set to be t4 which is

| arger than the width t3. Since the 26
anounts of ink discharged fromthe nozzles 108b and 108c wupon application
of a predeterm ned pulse are the sane, the width of a preheat pul se
required is equal to that of a preheat pulse applied to the heater 102b.
That is, a preheat pulse having the width tl is applied to the heater
102c. In the above manner, the same34nount of ink can be di schar ged
fromthe nozzles 108a, 108b, and 108c which discharge an ink in different
amounts upon appl(lcéa\Pﬁéﬁthﬁ Bxamreldetlér mi ned pul se. In addition, the

amounts of ink discharged, é be intentionally made to differ from each
other. Note that prehéi€ piFs sc%l‘%“tf'éﬂed’pFGaFéBﬁcE“v%\r}raoﬁ?‘?)r?sc’ Ps oxed

di schargi ng operatlon of eac(itf ) ws th arrangerrent of
an"apparat s 1 or aRGPERENTS eI IR0 SPer PRPS PRI T FCBe. *ERSor 18
and 2. materials, and the same conditions as those in Example
1. The volume of an ink droplet 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 formed on the
layer by the second coloring operation became 90 Um. 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.

According to the above description, the
concentration of ink in the second coloring 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 coloring operation is decreased to
adjust the color density of a color filter will be
described below. In 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
color operation is decreased as in Example 1.

{Example 2)



Referring to Fig. 5 a manufacturing apparatus 20 conprises an X-Y table
22 mounted on a base (not shown) and capable of noving in the X and Y
directions in Fig. 5, and an ink-jet head IJH fixed on a base via a
support menber (not shown) above the X-Y table 22. A glass substrate 12
on which a light-shielding grating 10b and a |ayer 14 to be dyed (see Fig.
2) are forned by the above nethod is placed on the X-Y table 22. The
ink-jet head IJH includes a red head 1¢9a for discharging ared ink, a
green head 120b for discharging a green ink, and

27 a blue head 120c T §h§§§h&PQPﬁgn%.?R%ﬁ?§%ﬂP ofhésdaYREaHS ??0%Ye§20b

and 120c are desi ned cg i |nk i nde endentﬂé h
manuf act uri ng ap 9558 P 3°Y+R$ea éa PIRGEARRES” ah ?QT?QQD G

, bl h
f?gﬁf?éhig[dlné %ﬁgﬁ:ahg f@ gh?f§§% 4% e%§2£§§§é; HE%%iméspect to
the ink-jet head&ﬂé”édﬂﬁ&Q%%lénagg éhg'{ﬁ¥néﬁy§§ed Ent@hé second color

operation was set as follows:

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

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
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°.

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, which was equal to that in
Example 1. The average diameter of ink dots formed on
the layer by the first and second ink discharging
operations was 82 um, which was equal to that in Example

1.



manner, each frame of the light-shielding grating 10b is colored to
conplete a color filter. Fig. 6 is a block diagram show ng the
arrangenent of the manufacturing apparatus 20. Referring to Fig. 6,
X- and Y-direction driving notors 36 and 38 for driving the X-Y table 22
in the X and Y directions are connected to a CPU 30 for controlling the
overal | operation of the manufacturing apparatus 20 via X and Y .notor
driving circuits 32 and 34. The ink-jeﬂ”ﬁead I JH is al so connected to the
CPU 30 via a head driving circuit 40. Furthernore, X and Y encoders 42
and 44 for detecting tHe gdgectonfobxamele-2y is &lol @ddrststonerlired to the
CPU 30. Wth this arrangenment, position information on the X-Y table 22 is
i nput to the CPUdRSiLy &fdiat cOhOr af EHiRY olitfosgr 8NP RAI L BrogmEmfenory 46
is input to the CPYU 30. The_ CPU 30 noves the X-Y table 22 jn accordance
with this controli™ERFSam 2RGOFBLRY i th BAF B Pali of FPLNT t FlSemh@veng

28 a color density lower than that in Example 1 was

manufactured.

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, acéording to the above
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
while preventing ink blurring.

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

(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
volume of an ink droplet discharged was set to be

slightly smaller than that in the second discharging



encoders 42 and 44. Wth this operation, a desired grating frame on the
gl ass substrate 12 is brought to a position below the ink-jet head I|JH,
and an ink having a desired color is discharged into the frane to col or
it. Acolor filter is manufactured by performng this operation for each

frame of the light-shielding grating 10b. Characteristic features of
the present invention in coloring a glass substrate will be described
next . In this enbodiment, in sprayding an ink to color a frane 10c of

the light-shielding grating 10b, a plurality of ink dots 40a to 40d are
sprayed to cover OPERBtefR; r MNithakhis0opesnst sommthian dRiageterAofinadn 9ink | n
this case, the volugEPof each droplet sprayed is set to the first vol une

whi ch rmakes the @PhnEPEPedfoRAHageTt ke PendvediRecame Lguaddtauthat efer

than a wdth Wof the, fra 10c, ,The volune of this droplet is adjusted by
controlling a dri A<piPse"Rd & AGVBAER- Y 1 SEREIAY: hRX nElRFR?

descri bed above. over | i frape 10c with the ink by one
sprayi ng operatigﬁﬁfﬁ't i%gﬂﬁéﬁﬁé%,EW%?Fénénggéﬁ%hﬁf qﬁif&hsﬁpalﬁ%sYas
unpl easant to | ggkudhcPirégcolor liquid crystal display, can be

prevent ed. Subsequently, as shown in Fig. 7B, droplets, each
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
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
order to reduce variations 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.

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 corresponding to half of
the number of discharging openings, an ink is sprayed on
the same element by using the lower half of discharging

openings and the upper half of discharging openings.



havi ng the second volune smaller than the first volume, are sprayed on the
I nk dots 40a to 40d. Ink dots 42a to 29
42d are the ones obtained at the nonent when the droplets of the second
vol une are sprayed. The layer 14 on the glass substrate 12 decreases in
ability to absorb an ink after one ink spraying operation. For this
reason, if ink droplets to be sprayed for the second tinme have the sane
vol une as that of the ink droplets sprd§ed for the first tine, the second
droplets spread and blur nore than the first ink dots 40a to 40c. Figs.
10A to 10C are plFar examplehoan regiemeins shateregiom A disofloameldabiynysihe sane
volume as that of the first ink droplet 40a in Fig. 10A is sprayed

t hereon, as showthienloreg. habB of i schasadng nRPEOINFHridadSaor 828hkRet he
first 1ink dot 40a, as_indicated by the ink dot 42a in Fig. 10C |If an ink
dot spreads in tHiPPeRaRALf ShParging cREpIRSHtLT (G of the

l1'ght - shi el di ng gratl%&t%oghe above process, the different volumes of

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.

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, and the X-Y stage is moved. However, the
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
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-

color filter and a filter of a type having a plurality



interference with the color of the adjacent frame occurs. As a result, a
hi gh-definition color filter cannot be fornmed. For this reason, in this
enbodi ment, the volune of an ink droplet to be sprayed for the 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 fromthe state shown
in Figs. 7B and 8B which show the state the droplets at the nonent
when it is sprayed. Eventually, the second droplets spread up to al nost
the sane size as that of the first ink dots 40a to 4Qc, as indicated by

t he i nk of single-color filters of dﬁfﬁeﬁﬁﬂﬁsqfégrﬁosﬁiﬂ gﬁ ??gs 7C
and 8C. As in the di ment, therefore, by setting the ink volunme for the
second spraying & gPa?q%%rto be smaller than that for the first spraying

operati on, qurrlng oﬁorp$||£g 6@”%&%%8am?ﬂ %%Eﬁ‘hfﬂ f@g E@e %gég?alon of

a high-definition y sprayl
color irregulariby tRedsdhd ts’{o&%ﬁ%.“ﬁ&?@&@ﬁ, each droplet may be

sprayed on the same 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 energy converter. However, a
plurality of ink-jet heads may be used in such a manner
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 appafﬁtus of the
system, among various ink-jet recording systems, which
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
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
so-called on-demand type apparatus and a continuous type

apparatus. In particular, a satisfactory effect can be



Fig. 9C shows a state wherein the first ink is sprayed and dried first,
and the second ink is then sprayed on the first ink. In this case, the
second ink does not spread in the direction of thickness of the Ilayer 14,

but spreads in the planar direction. Therefore, in this case as well, if
the volune of the second ink is set to be equal to that of the first ink,
the second i nk spreads and bl urs. According to the above description,

the volume of the ink sprayed for the 4B8cond time is set to be smaller
than that of the ink sprayed for the first tine. Aternatively, the
concentration of °RE&6N8H| FReMeths ia-demandnt yPk agRasatest ¢5 emelegednd time
may be changed. _The col oy characteristics of a_col ored pixel portion can

be easily adjust BEBYSEhANdFHY IHIETTRCAFFARIFH UT W& L 8RBRERgtRater| al

in the second ink, Furthernore, the vqlume of the second.ink y be
8% gbnt Fﬁréﬁﬁ%ﬁ1%ﬁgnﬁﬁg'chb??rﬁf ri%ﬂlsﬁstg%anged. I'n

reduced, while t ReT 2bnc

this case as “e'kemBLP££&RQ S §H1éf¥§t%§gip§-£gfﬁggg(%%nverter disposed

to face a sheet or a fluid passage which holds 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
80 as to generate heat energy in the electricity-to-heat
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
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
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.

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

temperature rising ratio at the heat effecting surface



31 As shown in Fig. 11, the second ink may be sprayed such that the
center of the second ink dot is shifted fromthat of the first ink dot. In

this case as well, the sane effect as descri bed above can be obtai ned.
Exanples in which color filters are manufactured by the above nmethod wl|
be described next. (Exanple 1) Formation of |ight-shielding grating

A thin chromum (Cr) film 200 by 200 mm,gquar e was formed, by sputtering,
on a surface-polished glass substrate consisting of non-alkali glass to
have a thickness of about 2000 angstrom The filmwas then patterned into
a shape |ike the25Re®BREWLEN FisgtisAabporphoeedrdimmyrzgsinit oant bes case,
the dinmensions of the mpatrix pattern were: W= 60 [err]m L = 140 [err]m
dl =20 [err]m ©BR&8%%= 100 [err]min Fig. 1A Formation of |ayer to

be dyed A resin_conposjtion consisti of hydroxypropyl cellul ose
(HPC-H avai | abl e fronf‘ﬁli %néjs%‘atﬁf)a%é@ &Bi ﬁgg EB‘E\’?%H“’E)‘?\ {)]Hé"peérasfsluéﬁbst rate
vas dried at oof BFTeSF ot MetheiEeutls Far R P oage 8 e 2SaFEE Ao be
dyed. head disclosed in each of the aforesaid inventions and
having an arrangement that discharge ports, fluid
passages and electricity-to-heat converters are
combined, a structure having an arrangement that the
heat effecting surface is disposed in a bent region and
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 is formed to serve as a discharge section of
a plurality of electricity-to-heat converters and
disclosed in Japanese Patent Laid-Open No. 59-123670;
and a structure disclosed ithapanese Patent Laid-Open
No. 55-138461 in which an opening for absorbing pressure
waves of heat energy is disposed to correspond to the
discharge section.
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

recording heads as disclosed in the above specifications



First col oring operation

The above | ayer was colored by the ink-jet

head described above. 32 An i nk
having the foll owi ng conposition was used: et hyl ene gl ycol : 20 wt %
i sopropyl al cohol: 5 wm % dye: 3 Wm% wat er :

72 wt% The foll ow ng dyes were used:
col or m xture of
G (green) dye:

Yel |l ow Cl 23
Acid Blue C
above i nk was

R (red) dye:
ACMQ Red CI 35/ Acid Yellow Cl 23

color mixture of Acid Blue C 9/ Acid

B (blue) dye: color mxture of

48 dyne/cm_ The viscosity of the ink was_ 1.8 cps The

initial contactPeRGI AL S ilAkedsal By beemLommes; cpRkbe used

In addition, the invention is effective for a
recording head of the freely exchangeable chip type
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.

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
employ a recording head capping means, a cleaning means,
& 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 independently
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
as softened at the room temperature, an ink in the form

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

9/ REi thRePrgt 3tion as Tyes HSurfad IsdingceYPenEEePrding he



di schargi ng operation was perforned by the ink-jet head wusing such an ink.
The volune of an ink droplet was 45 pl, and the average dianeter of ink
dots fornmed on the Ilayer was 82 [err]m Second col oring operation
Droplets of an ink having the same conposition as that of the ink sprayed
for the first time were sprayed on the ink dots, which were fornmed by the

first droplet discharging operation, by using the sane ink-jet head. In
this case, the volume of an ink droplet as 35 pl. The average di aneter of
ink dots fornmed on the | ayer 33 after

the second ink spajefgisperatfbnidahes2 ther rpaprdincsigned dgual to the
aver age di aneter igméhe first coloring operation. As_a result, a proper

col oring oper at i GPPRASSIpBRY PHERIRFMTSULSEABER NP AR TG dnitvkndebet ween

adj acent openi ng ti.ons of .the ljght-shieldi,ng gratin and _any white
oni ssi on. Cbaf%%%ogflﬁr%f%%ﬁ?ﬁ&;ﬁiﬁﬂﬁanged in’sieR a mhoner thal the

temperature of ink is controlled in a range from 30°C or
higher to 70°C or lower so 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
adapted to the present invention 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
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
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

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



A thernoset resin (H coat LC2001 avail able from SANYO CHEM CAL | NDUSTRI ES,
LTD.) was coated, as a transparent protective film on the |ayer, on which
R, G and B patterns were fornmed in the above manner, by a spinner so as
to have a thickness of 0.5 [err]mafter it was dried. The resultant
structure was pre-baked at 120[err]C for 30 mnutes first, and then baked
at 200[err]C for 30 mnutes, thereby,formng a protective layer. Wth this
process, a color filter mas conpleted Formation of |iquid crystal panel
A series of operations ., formation of 1 TO and aligning filnms and
sealing of a |idii c‘rscrtf)gt 'ﬂPsFral?’é?*Tedired WaY pert bheretrbytasthPdartesol or
filter obtained |n %& above, mapner, thereb forn1ng a color liquid

crystal displ ayap rﬁfBEesald fl%@1qgﬁ%ﬂ89e Sg descrlbed above, an

excellent color Iiqyid,c taI pparat alned i t hout
causi ng any col or m )L%L‘l ng ﬁﬁnt %s%%§ Sfccgr éSFo °f|$?e?r%%%n ny white
om ssi on.

1nvention, in coloring a color filter, color
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
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
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 filter can be colored in R, G, and B in the
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
droplets discharged for the first time is made different

from that of a color material in droplets discharged for



34 (Conparative Exanple 1) The first coloring operation for a |ayer
to be dyed was perforned follow ng the sanme procedures, the sane
materials, and the same conditions as those in Exanple 1. The volune of an
ink droplet in the second coloring operation was set to be 45 pl, which
was equal to the volunme of an ink droplet in the first coloring

oper ati on. The average dianeter of ink dots fornmed on the |ayer by

t he second col ori ng operation becane 90ﬂ:rr]n1 As a result, blurring of
the ink occurred. For this reason, color mxing occurred betmeen adj acent
openi ng portionst%ﬁ SEG0C: FoReof BEcoiR SHAMPAE, FRAPLEES Gaptadndaid ent
color filter coul ot. be nuf act ur e Accordln%$10 t he above

description, the % QEEG FaFeshabi 2t rfglﬁ?rteﬁ’é §EEERBEEDY LY@ Sper at i on
b eresed 4 Ce%xe%ebgt&&“&fémémﬁafn%ﬁgiggcghgéez%fcaﬁ% e en

exanpl e i n which t oficentr &t on § operation

i s decreased to éHHd§¥édtheTﬁgl8é qré: ?%e I%qungoggr % cggl%ﬁig ®&cond

descri bed below. I this case, ncen i'on
col or operation igjddWed B¢ using different solvents and changing the

wettability.

The present invention is not limited to the above
embodiments and various changes and modifications can be
made within the spirit and scope of the present
invention. Therefore, to apprise the public of the
scope of the present invention the following claims are

made .



ink blurs nore easily. In order to cope with such a phenonenon, the vol une
of an ink sprayed in the second color operation S decreased as in Exanple

1. (Exanple 2) The first
coloring qperation of a |layer to he d ned followi ng the same
pr ocedur eLRATe O AMENDED, CLAIMS, FPR &@Q@I{gﬁ&oﬁh&népﬂlf:ﬁ&g& n Exanpl e
1. The conposi sprayed (GFMPe “decond col or  operation was
set as foll ovvs m‘mnmnmmmllalmlllgl ycoI 20 wt % i sopropyl al cohol:

5 wt % wat er : 72 W %
The follomnng dyes wer e used R (red) dye: col or

m xt ure of Acid Red CI 35/Acid Yellow Cl 23

G (green) dye: color mxture of . Acid Blue C 9/Acid
Yel |l ow Cl 23 1.. (Amended) A manufacturing nmethod for a color

filter manufactured by forming and arranging a plurality of
colored filter elements on a transparent substrate, said
method comprising:

~f&hel—a first discharge step of discharging a
first colored-+é;ep;s:}-ig& into each of a plurality of
filter element formation regions on —{saidl}-the substrate so
as to form each of -{saidj—the filter elements; and

~t&he}-a second discharge step of discharging a
second -fdxeplet}- ink containing a coloring material whose
composition is different from that of a coloring material in
the first féxeplet} ink onto a position on -fsaidi-the
substrate where the'first-fésep;at}-;gg has been discharged,
ﬁherein the first and second colored inks are discharged by
using an ink-jet head for performing an operation by
discharging ink.. '

2 - (Amended) The method according to claim 1,

wherein the first and second -fdrepletsi—inks contain coloring

materials at different concentrations.

3. (Amended) The method according to claim 2

14
wherein the concentration of the coloring material in the

second érepret}-ink is higher than that of the coloring
material in the first <fdeopletl- ink.



ge((:lblcreédee: C‘CI)'lhgrrnren;a)s(LlrJ(raS gerace tension of the aﬁgi/d lﬂ“ﬁmfllmnmml,

dyne/cm The viscosity of the ink was 1.7 cps. The initial contact anglse

of the ink was 30[err]. The second ink discharging operation was

performed by the ink-jet head using suh an ink. The volune of an ink

droplet was 35 pl, which was equal to that in Exanple 1. The average

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

dlscharglng operations was 82 [err]m which was equal to that in Exanple
36 The object of Exanple 2 is

to adj ust the col org deng¢hAmgndéda cTherméthodraecohdihgchaschgifl drri ng of

ink dots. According to Exanple 2, a color filter having a color density

| oner thawheheinia f£kospl eolowed dptnfbuwedr el —fsaid}-The substrdtasbyy of

a filter can be finely

the first fdreplet}- ink is substantlally equal in size to a

second colored dot formed on the flrst colored dot by the

second -Féxeplet] ink.

5-. (Amended) The method according to claim 343~
1 _, wherein -fsaid3} the ink-jet head is a head for discharging
—fa—dxoplet} ink by using heat energy, fsaidl-the head having

a heat energy converter for generating heat energy applied to

~fa—éropleti—the ink.

6 . (Amended) The method according to clam 1,
further comprising fehe} a formation step of forming a light-
shielding portion on-fsaidj}- the substrate to partition the
filter element formation regions before-fthe+-§gig first

discharge step.

7 - (Amended) The method according to claim 1,
wherein—fsaid}. the filter elements are colored in different

colors.



adj usted by changing the densities of inks in the first —and second

col oring operations. As descri bed above, according ﬂmﬂlﬁmﬂ'ﬂn

enbodi ment, in coloring a color filter by spraying ink udi | ﬁﬂluﬂﬂ-
head, the anount of ink discharged in the second col oring ‘opératioh is get
to be smaller than that of ink dischaﬁ&ed in the first coloring operation,

t hereby manufacturing a high-definition color filter while preventing ink
bl urring. In addition, by setting different ink concentrations in

the first and second_col of oper al.i ons,. .the color_gdensity of,k a color
filter can be finel§ adj {Afgnac X Zt‘b%c}“fr%% iHETPHAIng tojGlaim 4y st
embodi rrentwhéfg(irgrﬂpée e AL £ 4 i argeg twice. . ln the, second enmbodi ment,
ink droplets are di _ N JET T

AR

third di scdid HdoPe{atd ety LB i ropl et di schar ged was

set to be sSITgntly snﬁT#er ?haf%?%é% |r1{g$§?§§é§%a d@g% 2ot ) drafiey
of discharging openings, the {dreplets of the first and
Second—xolunes}-first and second inks being discharged from

different discharging openings, respectively.

9. (Amended) A color filter manufacturing
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
~fdroplet]l—ink onto fsaidl.the substrate;
moving means for moving relative positions of
said discharge means and fsaid}-the substrate; and
control means for causing said moving means to
establish a predetermined positional relationship between
said discharge means and-fsaid}-the substrate, and then
controlling said discharged means and said control means to
discharge a first fdzeplet} ink onto {said3-the substrate and
discharge a second _fdroplet]l. ink containing a coloring
material whose composition is different from that of a
ééloring material in the first fdropleti-ink onto a position
where the first-{dxreplet}- ink has been discharged, wherein
said discharge means is an ink-jet head for performing an
operation by discharging ink.



37 operation™ Wth this operation, the dianeter of an ink dot forned on a
| ayer to be dyeﬂmmmﬂﬂﬂmm" that of an ink dot formed in advance. By
di schargi ng i nk I nsk & color filter having a higher color density
was nmanufactured. © * " nSthFs enbodi ment, the volune of an ink droplet

di scharged for the third tinme was smaller than that for the second tine,
However, an excellent result was obtained wth the sane volunme of an ink
droplet as that in the second dischargi4®y operation. (Third Enbodi nent)
In this enbodi ment, an ink-jet head of a so-called nulti-nozzle type

having a plurality of discharging openings is used to shorten the
manuf acturing tinme. In order to reduce variations in the volune of an ink

di scharged fromthe ur al i f odi s rqi I ngs the ink is,

di schar ged fron1diffgbént(g%égﬁgggingngogéﬁgﬁggs n?gcpﬁglggnéoeFéﬁéﬁt in
the first and gRePBYn €hec kNG QP | Q§4¥§§¥§9%§p" Fig, 12,

For the sakeqof desc?ip??vgag%ﬁvgﬂge%%QFEQi . S m%hgg anFﬁénrecording
head scannedloRehg’ hh88rifls at different concentrations.

11. (Amended) The apparatus according to claim
10 , wherein the concentration of the coloring material in the
second-{dxopletl-ink is higher than that of the coloring
material in the first -fdreplet} ink.

12, (Amended) The apparatus according to claim
11 , wherein a first colored dot formed on -fsaidl- the
substrate by the first-fdropletl-ink is substantially equal
in size to a second colored dot formed on the first colored

dot by the second -fdxoplet) ink.

13. (Amended) The apparatus according to clain
—f3+}_3 wherein said ink-jet head is a head for discharging
—fta—drepleti- ink by using heat energy, said head having a heat
energy converter for generating heat energy applied to fa-

—-droplety the ink.

{4. The apparatus accbrding to claim 9, wherein said

filter elements are colored in different colors.



Fig. 12, by performng a scanning operation in the directio

wi dth corresponding to half of the nunber of discharging opgfmmmlﬁ]m"m‘l(m"l
is sprayed on the sane elenent by using the |lower half of digchargtngs
openi ngs and the upper half of discharging openings.

38 For exanple, an elenent in a regi8R Ais fornmed by using the |ower
hal f of discharging openings in scan and the upper half of discharging
openings in scan . 15. WAheh88aRbOoYRe pipsLEStud hecdbid Bignto Vel afms of
I nk droplets di scharged fromthe respectlve dlscharglng openlngs wer e
aver aged, a9cplwhefeinethéapdngpl tlse g&-ognd-aEsdyndas

13 shows a case wherein an ink is sprayed on the sane elenent three
times. fivatiand seéoondsinkdg avei dischapped of romea dbvead hawbngi aent s
can be made-w t hout departing the scope and spirit of the invention.

For exanpl eplunality abbvéischadgingt spehirgs pkthet{droplet—of tho-first-
-and-cecond—wolunes] first and second inks being discharged

form different discharging openings, respectively.

16 - (Amended) A color filter manufactured by
forming and arranging a plurality of colored filter elements
on a transparent substrate,

wherein a first colored fdreplet}- ink is
discharged by an ink-jet head onto each of filter element
formation regions on —fsaid}- the substrate to form each of the
filter elements, and a seéond—{d;op;at+<igg containing a
coloring a material whose composition is different from that
of a coloring material in the first fdropletl ink is then
discharged by the ink-jet onto the first fdreplet}-ink.

17 - (Amended) 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 first colored -fdrepletd- ink onto each of
filter element formation regions on -fsaid} the substrate to

form each of the filter elements, and then discharging by the

ink-jet head a second fdreplet} ink containing a coloring



head is fixed, ard—+he—XY-—stage 75 noved. However, the ink-jet head may

be noved while the ' [ tgula As the ink-jet head, a so-called
pi ezoel ectric type ﬁﬂﬂﬂﬁlml“m&m l ni cal energy converters such as

pi ezoel ectric elenemts thay bt used. In this case, the volune of the ink

di scharged can be easily adjusted by adjusting the applied voltage of a
driving pul se. When a bipolar driving operation is to be perforned, the
ink volune can be adjusted by adjusting both or either of bipolar driving
pul ses. The present invention cgn be applied to a single- color
filter and a filter of a type having 1pIuraIity

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 ce.
However, each droplet nay be sprayed on the sane spot three tinmes or nore.
Accor di ng hatéhiahbitveseesonppsiviont e dbfferent from that of a

coloring material in the first fdrepletd ink onto the first
drdpfet; and
a second substrate 6pposing said color filter,
wherein a liquid crystal compound is sealed

between -fsaid—substrates} the transparent substrate and said

second substrate.

|§. An apparatus comprising said liquid crystal display -
apparatus defined in claim I7, and image signal output
means for outputting an image signal to said liquid

crystal display apparatus.

[q. (Amended) A color filter comprising a
plurality of colored filter elements on a transparent

substrate,

wherein said filter elements have first
colored dots and second colored dots discharged onto the
substrate by an ipk-jet head, each of fwhieh—is} the second
colored dots being at least partially stacked on a
corresponding one of the first colored dotes, and a
composition of a coloring material of the first colored dot

4463 being different from that of the second colored dot.



dropl et discharged is controlled by changing a driving p I e

heat energy converter. However, a plurality of ink-jet heaﬁ ﬂﬁﬂﬂﬂﬂﬂw

in such a manner that a large pulse is applied to one head§ I""

pul se is applied to the other head. According to the above

description, the present invention issapplied to the print apparatus of

the system anong various ink-jet recording systens which has a neans

(e.g., an electricitysto-hgat.cqQnyerter aser g en

heat ener gy as ener g)?éSedei%f“S"gFéiha’r glg'%ﬂ'dt kY s’é?r%ﬂ %%%\‘hiﬁ‘% Tch%a % of

an ink by ergy. According to thls systenj a

hi gh- densrty éﬁk% 35?%%&?§§ﬁ recordi ng operation can be realized.

As for the typlcal struct Uge caRerPEi NEdPliResitheiSinheebanablp that the

basic structure dlsclosed I'n, for exanple uU. S Patent No. 4,723,129 or
q , ﬂ' . Sy

so caIIed on- denand typehapparatus and a contrnuous type apparatus I n
Spaye; : e, can be

] filter elements have first

colored dots second colored dots discharge the

su st. by a nk-jet head, e of the seco colored dots
eing at least parti .st cked on a correspondi one o

the ored dotes, and a composition colorin

mate of the first colored dot bei ifferent from that

of the second colored dot, and
—fsubstrates}-a_second substrate opposing said

color filter, wherein a liquid crystal compound is arranged

between ~fseid—two—substrates] the transpar substrate and
said second substrate.

&1." An apparatus comprising said liquid crystal display
apparatus defined in claim Q©, and image signal output
means for outputting an image signal to said liquid

crystal display apparatus.



40 obtai ned when the on-demand type apparatus is enployed because of the
structure arranged in such a manner that one or nore drive signals, which
rapidly raise the tenperature of an elsggtricity-to-heat converter disposed

th_o Lace ﬁ shleet COLOR F1LUTER nefeags WF%MG MRt h{ﬂ})f lappdrATUBK) do2.0R | ﬁV9|

i gher than |ev [ il t ce.are [ to the
eIectricity-to-fiﬁggé’ggh@égéeéﬁq%#gixgﬁgi&ﬁﬁg%%W&ﬁ%heégbd#ﬁggkﬁfﬁﬁnation

So as to generate heBAVENG@rLGIQUID tCRYSIAECDTISELAY- A@PARATUSCONVerter and to
cause the heat effecting surface of the recording head to take place film
boiling so that bubbles can Bé=LBRAaRdi IC) =nk) to correspond to
the one or nore drive signals. The enlargenent/caontraction of the bubble
will cause the flui¥ (inidn ©biBetdescike REEIFNodgNeREAPECRArRFNGE9%peni ng
so that one or nore droplets are formed. If a_ pul hape drijve signal is
enpl oyed, the puIOTEiEer BARRERRH TR meched Vﬁﬁﬁgi ﬁglél'?a’éﬁotbﬁr operly,
causing a further preferred effecf{.to be,%ptaineg becguse thelliluid (i nk)
can be di schar gRR-SHidR Ve 8Ei Agt e IWHE s pdRs PhPFF §° 3°RL€Ve ¢ s

preferabl e PhaltﬁéF%ﬂf%%é?“&%%o%h?ﬂ&'to the present invention, there is

a l;n-’

provided a color filter manufacturing method for a color
filter manufactured by forming and arranging a large
number of coloréd filter elements on a transparent
substrate, including the first discharge step of
discharging a colored droplet of a first wvolume 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
the substrate where the droplet of the first volume has

been discharged.



disclosed in U S. Patent No. 4,463,359 or 4,345,262 is enployed. If
conditions disclosed in U S. Patent No. 4,313,124 which is an invention
relating to the tenperature rising ratio at the heat effecting surface

41 are enployed, a satisfactory recording result can be obtained.

As an alternative to the structure (linear fluid passage or perpendicul ar
fluid passage) of the recording headldilécl osed in each of the aforesaid
inventions and having an arrangenent that discharge pou:sd id 1 ssages
and el ectricity-to-heat converteps amdg , combined, a strdctdr Vi 2&an
arrangenent that the heat effféctin rface is disposed in a bent region
and disclosed in U S. Patent jNo. 4,558, 333 or 4,459,6 may be enpl oyed.
In addition, the follow ng S%LMQLQLE a structure having
an arrangenent that a coRFRA-psdt—sS fmunxiio serke a di scharge
section of a plurality off el gctriciljty-fto-he cpnvertlls and

L

de

iOb




di scl osed in Japanese Patent Laid-Open No. 59-123670; and a structure

di scl osed in Japanese Patent Laid-Qpen No. 59-138461 in which an opening
for absorbing pressure waves of heat energy is disposed to correspond to
the discharge section. Furthernore, as a recording head of the ful
line type having a length corresponding to the maxinumw dth of a
recordi ng medi um whi ch can be recorded _by the recording apparatus, either
the construction which satisfies it@fﬂéngth by a conbination of a
plurality of recording heads as disclosed in the aboy pegi fications

42 or the construction as a single full line type re*grii , hegd which
has integrally been fornmed can be used. In addition, the invention is
effective for a recording head of the freely exchangeable chip type which
enabl es el ectrical connection toiﬂﬂsrecording apparatus main body or

supply of ink fromthe main,.devicelib ei ng nou onto the apparatus
na?g %ody, or ink  10a '*38 y ﬂkﬁ? INK PP

\Q%Jk ;EK\M *
L—.' — — ,J::on

12

FIG. 3




for the case by use of a recording head of the cartridge type provided
integrally on the recording head itself. It is preferred to
additionally enploy the recording head restoring nmeans and the auxiliary
means provided as the conponent of the present invention because the
effect of the present invention can be further stabled. Specifically, it
is preferable to enploy a recording q%ﬁt cappi ng neans, a cl eani ng neans,
a pressurizing or suction neaps, an el @lClty to-heat converter, an
anot her heating el ement or a b- heating neans constituted by conblnlng
them and a sub-emtting n® ;:n whi eh an emtting is perforned

i ndependently fromthe ré§m£ ng e tin |n‘%§der to stably perform the
recordi ng operati & oughnggflu§§ is enployed in the

aforesaid enbodi nent of ﬂheu esent ¥ nve |on an ink which is solidified
at the roomtenperature on=lggWer and as well as softened at the room
tenperature, an iQE)in th%ﬁ Eh1 of a fluid at the roomtenperature, or an
ink which is EOE
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43 formed into a fluid when the recording signal is supplied may be

enpl oyed because the aforesaid ink-jet mnmethod is ordinarily arranged in
such a manner that the tenperature of ink is controlled in a range from
30[err]C or higher to 70[err]C or lower so as to nmake the viscosity of

the ink to be included in a stable discharge range. Furthernore, an
ink which is solidified when it is caused to stand, and |iquified when
heat energy is supplied in accordanc&/Wbth a recording signal can be
adapted to the present invention to positively prevent a tenperature rise
caused by heat energy by utilizing the tenperature rise as energy of state
transition fromthe solid state to the liquid state or to prevent ink
evaporation. In any case, an ink which is liquified when heat energy is
supplied in accordance with a recording signal so as to be discharged in
the formof fluid ink, or an ink which is liquified only after heat

energy is supplhg?i e.g., an ink which starts to solidify when it reaches
a recordi ng nedi can be adapted to the present invention. In the
aforesaid case, the ink nay be of a type which is held as fluid or solid
material in a regdss of a porous sheet or a through hole at a position to
face the electri y-to-

LL




heat converter as disclosed in Japanese Patent Laid-Open No. 54-56847 or

Japanese Patent Laid-Open No. 60-71260. 44
It is the nost preferred way for the ink to be adapted to the aforesaid
filmboiling nethod. As has been described, according to the present

invention, in coloring a color filter, color irregularity in the color
filter can be prevented by _spraying a droplet on the sane spot on a
substrate a plurality of nunmber of tbhk6. I n addition, the vol ume of
a droplet discharged for the first time is set to be different fromthat
of a droplet discharged for the second time. Wth this operation, the

vol unmes 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
dropl et becones al nost equal to that of a dot forned by the second
droplet. Therefore, the spread of each droplet can be prevented, and a

hi gh-definition col or
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filter can be manufactured. Furthernore, since an ink-jet head is
used to spray droplets, a filter can be colored in R G and Bin the
process of scanning the ink-jet head. Therefore, unlike the prior arts,

t he sane process need not be repeated for each color of R G and B, and
the manufacturing cost of a color filter can be reduced. Mor eover ,
the conposition of a coloring material in droplets discharged for the
first tine is nmade different fron1tQ9q6pf a color material in droplets
di scharged 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
adj usted. The degree of blurring of an ink can also be adjusted by using
different solvents and changing the wettability. The present

invention is not limted to the above enbodinents and various changes and
nodi fi cati ons can be
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made within the spirit and scope of the present invention. Therefore, to
apprise the public of the scope of the present invention the foll ow ng

clains are nade. 46 DRAFT OF AMENDED
CLAI M5 FOR FI RST DI VI SI ONAL APPLI CATI ON (group
2) 1., (Amended) A manufacturing nethod for a color filter

manuf actured by form ng and_arrangi ng a M;yfgity of colored filter

el enents on a transparent substrate, said 'nethod conprising:

a first discharge step of discharging a first colored ink into each of a
plurality of filter elenment formation regions on the substrate so as to
formeach of the filter elenents; and a second di scharge
step of discharging a second ink containing a coloring material whose
conposition is different fromthat of a coloring material in the first
ink onto a position on the substrate where the first ink has been

di schar ged.
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wherein the first and second colored inks are discharged by using an

i nk-j et head for perform ng an operation by discharging ink.

2. (Amended) The nmethod according to claiml. wherein the first and
second inks contain coloring materials at different concentrations.

3. (Anended) The nethod according to claim2 wherein the concentration
of the coloring material in the second ink is higher than that of the
coloring material in the first ink. /16

4 . (Arended) The nethod accordingi%o claim3 wherein a first colored
dot formed on the substrate by the first ink is substantially equal in
size to a second colored dot fornmed on the first colored dot by the
second i nk.
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5 . (Amended) The nethod according to claim 1, wherein the ink-jet head
is a head for discharging ink by using heat energy,the head having a heat
energy converter for generating heat energy applied to the ink.

6. (Anmended) The nethod according to clam 1, further conprising a
formation step of formng a light- shielding portion on the substrate to
partition the filter element fornatiﬁglregions before said first

di scharge step. 7 . (Amende The net hod according to claiml,
wherein the filter elenments are colored in different colors.

48 8 . (Amended) The method according to claim1, wherein the
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and second inks are discharged froma head having a plurality of

di schargi ng openings, the first and second inks being discharged from

di fferent dischargi ng openi ngs, respectively. 9. (Anmended) A
color filter manufacturing apparatus for manufacturing a color filter by
formng and arranging a plurality of colored filter elenents on a
transparent substrate, conprising: di scharge neans for

di scharging a colored ink onto the substrate; novi ng neans
for nmoving relative positions of saldﬂdlécharge means and the substrate;
and control neans for causing said noving neans to establish
a predeterm ned positional relationship between said discharge neans and
the substrate, and then controlling said discharged neans and said control
means to discharge a first ink onto the substrate and discharge a second
ink containing a coloring nmaterial whose conposition is different from
that of a coloring nmaterial in the first ink ont jtion ere the
first ink has been discharged, wherein said disca;?d ans 1'{2n i nk-j et
head for perform ng an
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operation by discharging ink. 49

10. (Anended) The apparatus according to claim 9 , wherein the first and
second inks contain coloring materials at different concentrations.

11. (Amended) The apparatus according to claim 10, wherein the
concentration of the coloring material in the second ink is higher than
that of the coloring material in thf1}£$5t I nk. 12. (Anended)
The apparatus according to claim 117 erein a first colored dot forned
on the substrate by the first ink is substantially equal 1in size to a
second col ored dot forned on the first colored dot_by, t secqgng i nk.

13. (Anended) The apparatus according to claim F l (E %é
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9 wherein said ink-jet head is a head for discharging ink by using heat
energy, said head having a heat energy converter for generating heat

energy applied to the ink. 14. The apparatus according to
claim9, wherein said filter elenments are colored in different
col ors. 50 15. (Anended) The

apparatus according to claim 9 , wherein the first and second inks are
di scharged froma head having a pl urghi/?g of di schargi ng openings, the
first and second inks being discharge ormdifferent discharging

openi ngs, respectively. 16 . (Anended) A color filter
manuf actured by formng and arranging a plurality of col oreddfedter
el enents on a transparent substrate, wherein agﬁ_i:rst col ored
ink is e
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di scharged by an ink-let head onto each of filter element formation
regions on the substrate to formeach of the filter elenents, and a second
ink containing a coloring a material whose conposition is different from
that of a coloring material in the first ink is then discharged by the
ink-jet onto the first ink. 17 (Amended) A liquid crystal

di spl ay apparatus wusing a color filter manufactured by form ng and
arranging a Plurality of colored filﬁgrlﬁlenents on a transparent
substrate, conpri sing: a éo or filter manufactured by

di scharging by an ink-let head a first colored ink onto eaghgof filter

el ement formation regions on the substrate to formeach of Qb filter

el ements, and then discharging by the inkzget head a seconggﬁﬁk cont ai ni ng
a coloring 2 51 <
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mat eri al whose conposition is different fromthat of a coloring materi al

in the first ink onto the first droplet; and a second
substrate opposing said color filter, wherein a liquid
crystal conpound is sealed between the transparent substrate and said
second substrate. An apparatus conprising said liquid
crystal display apparatus defined in claim17, and inmage signal

out put means for outputting ad4/dge signal to said liquid

crystal display apparatus. 19. (Amended) A color filter
conprising a plurality of colored filter elenents on a transparent
substrate, wherein said filter el enents have first colored

dots and second col ored dots di scharged onto the substrate by an ink-jet
head, each of the secomgl coloredwdots bei ng. at | east artial |l ynstacked on
a corresponding one of@the first@col ored doges, and conmposi @i on of a
coloring nateri@®d! of tH%rflrst coT?red dot ~ M
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being different fromthat of the second col ored dot.

52 20. (Amended) A liquid crystal display apparatus conprising :
a color filter conprising a plurality of colored filter elenents on a
transparent substrate. wherein said filter el enents have

first colored dots and second col ored dots discharged onto the substrate
by an ink-jet head, each of the second colored dots being at |east
partially stacked on a corresponding one of the first colored dotes, and a
conposition of a coloring material ofi5¢hké first col ored dot being
different fromthat of the second colored dot, and a second
substrate opposing said color filter, wherein a |iquid crystal conmpound is
arranged between the transparent substrate and said second substrate.

An apparatus conprising said liquid crystal display

N~
~—

FIG.

~
O
0]



neans for

crystal display apparatus.

apparatus defined in claim20, and i nmage signal output

outputting an imge signal to said liquid

16/16




