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!'he invention relates to a color tilter for a liquid 
crystal display panel, particularly an active matrix 

display panel, and methods for producing such a color 

10 filter. 

Liquid crystal displays .(LCDs) of-relatively small 
15 size have been commercially av.ailable for over two 

decades. Recent improvements have permitted development 
of la~e size, high resolution displays which are useful 
in notebook and desktop computers. Such LCD panels, 
particularly color LCD panels, are used for flat screen 

20 televisions, pr0jection television systems and camcorder 
view finders, with many more applications anticipated in 
the :tuture. 

such display panels may take two forms: passive 
matrix and active matrix liquid crystal displays (AMLCDs). 

25 Passive matrix displays employ transparent electrodes 
patterned_in perpendicular striped arrays on facing qlass 
plates. Red, green and blue color filters on the inner 
surface of one of the q~ss plates provide the full color 
display. !'he passive :matrix display is thought to be 

30 easier to fabricate than AMLCD•s, but much more limited in 
performance capabilities. 
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The fabrication of an active matrix liquid crystal 
display involves several steps. In one step, the front 
g-lass panel is prepared, which involves deposition of a 
color filter element onto a suitable substrate, such as 

5 glass. color filter deposition typically involves 
depositing a black aatrix pattern and three primary (red, 
green and blue) color patterns within the spaces outlined 
by the bla.cJc: matrix. The color elements are each 

typically about 70 to 100 microns in width by 200 to 300 
10 microns in length for notebook computer applications, for 

example. The front glass substrate is completed by 

deposition of a transparent conc1ucting layer over the 

color filter element. In a s~nd step, a separate (rear) 
qlass panel is used for the formation of thin f il.Dl . . 

15 transistors or diodes, as well as metal interconnect 

20 

lines. Eaeh transistor acts as an on-off switch for an 
individual color pixel in the display panel. The third 

and final step is the assembly of the two panels, 
including injection of a liquid crystal material between 
the two panels to fora the liq\J.id crystal cell. 

Xdeally, in LCD displays, the transparent conducting 
layer, typically indium tin oxide crro>, should be as 
smooth as possible to ensure electrical continuity. :In 
addition, any thickness variations in the glass substrates 

25 or coatings can result in visible detects in the final 
display. Consequently, it is also important that the 

liquid crystal layer tllat fills the qap between the front 
and back panels be as Ullif orm as possible across the 
entire display. Because the qlass substrate which forms 

30 the front panel is itself a relatively flat article havinq 
parallel sides, any variations in thickness usually occur 
as a result of the process used to deposit the color 

filter array. Xt is therefore desirable to deposit color 
filter patterns whidb. have a smooth ~per surface and as 

35 uniform a thickness as is possible, because once a uniform 
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thiclcness color filter/substrate composite has .been 
obtained, it is a relatively straight forward. process to 
deposit a smooth rro layer and obtain a uniform cell qap 
when the front panel is combined with the rear panel. For 

5 this reason, photolithographic techniques are now 
pref erred over printing techniques for forming color 
filters, because photolitheqraphy is capable of forming 
uniform. color arrays. Nonetheless, all the deposition 
aethods used thus far, including photolithography, by 

10 thaselves have not been capable of depositing 
sufficiently smooth color patterns. consequently, a 
planarizlnq layer is coDonly applied over the color 
patterns to alleviate any imperfections in coating 
thickness uniformity.due to the deposition process. The 

15 

20 

transparentplanarizinq layer also serves to protect 
against ion migration to or from the rro layer and color 
pattern layer. The planarizing layer should also be as 
smooth and flat as possible. 

~o facilitate deposition-of a flat planarizinq layer, 
it is desirable that the color patterns be as SJllOoth, flat 
and substantially parallel to the undersurface of the 
glass substrate. Also, color patterns of uniform cross­
section are desirable for obtaining optimwn display 
contrast and color performance, because if the thickness 

25 of the pattern varies, the transmitted light intensity 
will vary. 

one method heretofore used to form color filters is 
photolithography, in ~hich each color pattern in the color 
filter must be deposited in a separate step. As mentioned 

30 above, photolithography has, in the past, been a preferred 
method of depositing color filters, ~specially when 
compared -to ink printing methods such as waterless 
lithography, gravure and typography, because 
photolithography Can deposit image dots having a lllOJ!'e 

35 flattened, rectangular cross-section, which is preferred. 

0 
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The printed ink dot, on the other hand, typically has a 
more round-topped or trianqular cross-section due to 

surface tension effects. In addition, in typical ~rinting 

processes, because the ink tends to wet both surfaces 

5 durin9 a transfer from roll to roll or from roll to 
. . 

substrate, the inks tend to split cohesively to some 
extent durin9 such transfers. This may further contribute 

to non-uniformity of the ink dot thicknes1:1 1 particularly 

for high viscosity inks. This results in an ink dot 

10 which, when deposited onto a substrate and cured, has a 
non-uniform cross-sectional shape, and this in turn 

results in an uneven surfac• which is more difficult to 

alleviate usinq a planarizing layer. In addition, 
photolithoqraphic printing' methods are inherently JD.Ore 

15 

20 

accurately registered because the alignm8nt between 

different color patterns is accomplished by optical rath~ 

than •echanical •ethods, and optical methods are 
intrinsically JD.Ore precise. For all of these reasons, 
various prior workers in the ~lat panel display art have 

concluded that printinCJ aethods are substantially interior 

for maltinq color filters for LCD panels. 
For exampl.e, the autbors of "Color Filter for Liquid 

crysta1 Display", by Ueyua et al., SEMI-SDICON/West 92, 

:International Flat Panel Display Conference, section B, 

25 Paqes 41-59, explain that, while-printing methods-are less 

expensive, the a~ of ink printing methods is not 

sufficiently reliable to make high qu~ity color filter 

components. The article points out, as also mentioned 
hereinabove, that printing methods are thoug'ht to be quite 

30 inferior in quality compared to photolithography, 
primarily because of the rounded cross-sectional shape of 
printed dots. 

IC. Mizuno and s. Olcazaki, in The Japanese Journal Of 

Applied Physics, Vol. -30; Ito. 118, November, 1991, pp. 
35 3313-3317, proposed prodUcinq a color filter by a process 
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Wherein ink patterns are successively prepared on a 
transfer (offset) roll and cured by exposure to 
ultraviolet light (UV) prior to.transfer to the substrate. 
Bach cured ink color pattern is individually transferred 

s to a glass substrate coated with an adhesive layer. Other 
printing methods are shown by u.s. Patents 4,445,432 a:nd 
4,549,928. 

Unfortunately, all of the techniques described above 
result in the ink dots havinq the conventional rounded or 

10 triangular cross section. It would. be desirable to 
develop a m8t:h04 which results in SllOother, more uniform 
ink dot shapes which are more suitable for color filter 
array applications. 

In addition, color filter arrays typically underqo 
15 rather severe heating- and treatment steps during 

manu.facture of the LCD display. For example, the 
transparent conducting" layer, typically indium tin oxide 
(ITO), is usually vacuma sputtered over the color filter 
array panel. !'his commonly takes place at temperatures 

20 elevated as hi9h as 2so•c, for.times which may be as lonq 
as one hour or more. Also, the liquid crystal is 
assembled by lmainatinq the front and rear qlass panels 
under pressure with thermally curable adhesives, which 
typically require temperatures in excess of 2oo•c. Not 

25 al1 Jllaterials can withstand such high temperatures. 
The printing tecrhniques disclosed in the 4,445,432 

and 4,549.928 U.S. patents employ pressure-sensitive hot­
melt inks, which are printed from heated gravure rolls. 
~e inks cool sufficiently on the offset surfaces to 

30 develop tbe cohesive strength necessary to achieve 1oot 
ink transfer between the off set surfaces and the collector 
roll, and between: the collector roll and. the substrate. 
rn some respects, hot-melt inks are iess desirable than 
radiation curable inks. For example, sliqht temperature 

35 variations in the imaqinq or print transfer surf aces can 
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result in registration variability. In addition, exposure 
to the 200-2scr>c temperatures inherent in the sputterinq 
operations used to deposit the transparent electrode can 
cause-conventional hot melt inks to underqo shape 

5 deformation, oxictative d~adation, or volatilization. 
It would be desirable to provide hiqh quality, 

uniform thickness ink color tilter arl:'.ays, having good 

resolution and re4Jistration, which can be obtained easily 
and at a lower cost than prior art color filter arrays. 

10 xt would also be desirable to provide color filter array 
elements which· can withstand the heatinq and treatment 
steps employed in aaking a liquid crystal display device. 

15. 

20 

SDMQRI OP.THE INUNTION 

The present invention relates to color filters for 
liquid crystal displays,· and methods and.apparatus which 
are useful in manUfacturinCJ such color filters. 

Xn one aspect of the present invention, inks are used 
to form the color filter and, While still in a plastically 
deformable state, the inks are compressed to increase the 
thickness uniformity of the printed ink dot. consequently, 
the ink dot will achieve a smoother, more flat-topped, 
uniform thiclcness and cross-sectional shape. This 

25 smoother, more uniform thiclcness can be retained usinq a 
variety of techn1ques, such as curinq the ink during the 
compression operation, utilizinq a protective transfer 
1ayer, or both, as wi11 be explained below. 

Xn one aspect of the invention, the cmnpression 
30 deformation taites place during transfer of a multicolored 

color filter image to the substrate. Preferably, the ink 
is cured simultaneous with the compressio~ transfer to the 
substrate. Such simultaneous curi.Dg can be achieved, for 
example, by utiliZinCJ radiation curable inks and eilittinq 

35 radiation throuqh a transparent process roll (or the 
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transparent substrate), or by emitting- the radiation at· 
the point of transfer, such as at the nip formed by a 
transfer roll and the subStrate. 

The present invention also relates to a method for 
s aakinq a color tilter OOJ11prisinq: providinq a transparent 

transfer layer; depositing a plurality of colored ink 
patterns onto the transfer l.ayer to form a color 
pattern/transfer layer composite, the ink patterns beinq 
of a sufficient viscosity to deform; and transferring the 

10 C01Dposite to a substrate such that the color ink patterns 
contact the substrate, and during the transferring step, 
the ink patterns are defaraed to a smoother, more uniform 
film thickness than was present prior to the transfer. In 
this way, the ink is deposited so that it contacts the 

15 substrate directly. consequently, the colored ink surface 
which contacts the substrate will conform to the substrate 
surf ace. Xf the substrate is tlat, the surface of the ink 
Which contacts the substrate will also be flat. The 

20 

def arming step preferably takes place during and 
simultaneous with the transferrinq step. Retention of the 

flattened or smoothed. sUt'face is preferably facilitated by 

curing the ink sim.ultaneous to the compression 
transferring step. 

Another aspect of the present invention relates to a 
25 method of making a color filter for liquid crystal 

displays, comprising depositinq a au1ticolored 
thermoplastic ink pattern to a transparent substrate in a 
single deposition step, said lllUl.ticolored ink pattern 
beinq permanently deformable during said deposition; and 

30 increasing the viscosity or cohesiveness of said ink 
pattern. The viscosity or cohesiveness can be increased 
by cooling prior to and/or durin9 deposition, such that 
the ink pattern transfers as an integral fillll. Cohesive 
splitting between the substrate and transfer surface can 

·35 thereby be avoided. The thermoplastic ink is preferably 
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deformed to a smoother, more uniform thickness coating 
than was present prior to deposition to the substrate. 
This deformation preferably takes place via compression 
transfer to the substrate. The flattened shape is 

5 preferably retained by further cooling during or after 
deposition to the substrate. More preferably, 
thermoplastic inks which are reactive are employed, and 
curing the inks during or after deposition to the 
substrate. 

10 The invention also relates to a method of making a 
color filter for liquid crystal displays, oomprisinq: 
depositinq a multicolored radiation curable ink: pattern to 
a transparent substrate in one deposition step; and 
increasinq the viscosity, or cohesiveness, of the ink 

15 pattern. 'l'he viscosity, or coh•iveness, can be increased 
via radiation curing' exposure prior to and/or during 
deposition such that the ink pattern transfers as an 
integral film. Cohesive splitting between the substrate 
and transfer surface can thereby be avoided. Pinal curinq 

20 preferably takes place during·the deposition to the 
substrate. 

Another aspect of the present invention relates to a 
method for making a color filter comprising roll~ a 
collector roll over a plurality of pattern producing 

25 surfaces or plates seriatim, at J.east SOJlle of-the pattern 
producing surfaces or plates having different·colored inks 
thereon, thereby forming a multicolored ink pattern on the 
collector roll; and transferring the multicolored pattern 
to a substrate. The pattern plates may be of the raised 

30 surface type (such as typographic), recessed surface type 
(such as gravure or waterless lithographi°:), essentially 
flat (such as typical lithographic processes), or any 
other imaging plate or combination thereof used for 
printing, so long as they are capable of forminq ink 

35 patterns for transfer to the collector roll. The 

SUBSmUTE SHEET (RULE 26} 
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collector roll can be cylindrical, in which case the 
pattern plates may be located in-line on a table, or on 
the periphery of a rotating table, the plates being 
indexed to the cylinder seriatim. The collector roll can 

5 also be conically shaped, and the pattern plates disposed. 

around a.table, the table or the collector roll being 
moved in relation to one another to roll the collector 
roll over the plates seriatim. 

Another aspect of t:he invention relates to a method 
10 for forming color filters comprising: providing a pattern 

roll capable of forming ink patterns1 inking the pattern 
roll with a plurality of colored inks1 and transferring 
the colored inks from the pattern roll to a substrate. 

Another aspect of the invention relates to a method 
15 for forming color.filters comprising: providing a pattern 

roll capable of forming ink patterns; inkin9 the pattern. 
roll with a plurality of colored inks1 transferring the 
colored inks from the pattern roll to a collector roll to 
form at least one multicolored ink pattern; and 

20 transferring said at least one·multicolorec:i ink pattern 
from the collector roll to a substrate. Preferably, a 
transfer layer is applied to the collector roll prior to 
receivinq the colored ink patterns, and the transfer layer 
and colored ink patterns are both transferred to the 

25 substrate so that the ink patterns contact the substrate. 
The invention also relates to a printing apparatus 

for making color filters, comprising a pattern roll 
capable of producing a plurality of ink patterns. ttbe 
pattern roll may have, for example, raised patterns (as. in 

30 the case of typographic Pz-ocesses) or recessed patterns 
(as in gravure or waterless lithographic processes), or 
the pattern.roll may be flat and tailored to receive ink 
in selected areas (as in the case of planographic 
lithography). Each of the patterns on the pattern roll 

35 corresponds to a different color for the color filter 

SU8ST11UTE SHEET (RULE 26) 
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array. A pl~ality of inking applicators are disposed 
around the pattern roll for applying ink to the pattern 
roll, and a collector roll is located adjacent the pattern 
roll for receiving different col.ored inks from the pattern 

5 roll to form at least one multicolored ink pattern. 
l:n a preferred embcxUllent for making color filters 

for liquid crystal displays,·each of the separate patterns 
on the pattern roll receives a separate colored ink from 
respective inkinCJ rolls having different colored inks. 

10 The different colored patterns are then applied seriatim 
to the collector roll to form multicolored ink patterns. 

15 

A transparent transfer layer can be applied to the 
collector roll prior to receiving the colored inks, to aid 
in deformation of the ink dots during transfer to the 
substrate. such transparent transfer layers are 
preferably chosen from materials which demonstrate 9ood 
wetability from. the inks beinq utilized. Preferably, 

the transfer layer is applied to the collector roll in a 
uniform thickness coating and_imlediately cured to retain 

20 the uniform thickness. In a preferred embodiment, for 
producing color filter arrays for liquid crystal 
applications, the collector roll is capable of receivin9 
:multiple JllUl.ticolored patterns. 

Another aspect of the present invention relates to 
25 col.or filters made using the methods and apparatus 

described above. By flattening out the ink dot pattern 
durinq transfer to the substrate, the color filter layer 
will have a substantially uniform thickness, more uniform 

• ~ was. previously thought possible for ink printing 
30 deposition. As a cons~ce, the distance from the top 

of the planarizing layer to the bottom of the sUbstrate 
will also be substantially uniform. across the entire color 
fil.ter. 

!rile present invention also relates to a color tilter 
35 comprisinq a transparent conducting layer, such as :ITO, 

SUBSJ1TUTE SHEET (RULE 26). 
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deposited directly onto the color filter layer. Because 
the methods of the present invention are capable of 
depositinq very uniform film thickness color filter 
arrays, the transparent conducting layer may be deposited 

5 directly onto the color filter array. 
Another aspect of the present invention relates to a 

coi:or filter layer component consistin9 essentially of: a 
cured color filter layer having a substantially uniform 
layer of color patterns. ~s may be an infinite roll of 

10 :material. Alternatively, the color filter layer coaponent 
aay consist essentially of a transparent support material 
having a cured color filter layer thereon, said color 
filter layer haVillCJ a.substantially uniform layer of color 
patterns. ·such componem:s·may be manufactured in one 

15 manufacturing operation, and attached to a suitable 
substrate using a suitable adhesive at a later tble. 

20 

The methods and appara~s encompassed by tbe above­
describecl aspects of the present invention have numerous 
advantaqes over prior art systems for maldnq color 
filters. !'or example, registration of multicolored ink 
patterns onto a substrate is facilitated by depositinq 
such multicolored ink patterns in a single deposition · 
step. 

By utiliziDCJ printing techniques and def orm.inq the 
25 ink dot to a more uniform. thickness, suCh as can be 

achieved by compressing the ink simultaneous with transfer 
to the substrate, pt"inting methods can be utilized to 
deposit uniform thictness color dot patterns. Maintaininq 
the uniform tiu.ctmaaa achieved by the deformation can be 

30 facilitated by curing the ink simultaneous with, or soon 
after (as in tbe case Of reactive hot melt thermoplastic 
inks) transfer of t:be ink to the substrate. Maintaininq 
the uniform thickness can also be :facilitated. by 

depositing the lllUlt:icolored ink pattern onto a transfer 
35 layer to form a transfer layer/ink pattern composite, and 



W09S/tl494 PCl'/US94/ll679 

-12-

transferrinq the composite to the· substrate such that the 
ink pattern contacts the substrate. consequently, the ink 
is sandWiched between the trarisf er layer and substrate and 
will achieve a more f la't-topped, uniform thickness cross-

5 sectional shape. 'l'he transfer layer is also advantaqeous 
in that it acts as a planarizinq layer. However, unlike 
typical processes, wherein the planarizinq process is 
applied durinq a subsequent deposition step, in the 
present invention, no subsequent step is needed. 

10 Usinq the lllUl.ti-pattern print roll apparatus 

15 

20 

describecl hereinabove, increased accuracy in-registration 
is achieved. The printing process may be further 
facilitated by mounting the particular printing apparatus 
vertically, that is, with the axis of the print rolls 
supported on end. 

In view of all of the above, ink printing techniques 
can now be used to deposit color filter patterns which 
compete with the quality and accuracy of photolithographic 
techniques. Other advantaqes_will become clear to those 
skilled in the art from the detailed description below. 

BRIEF DBSCRIP'f IOH OF THE DRAWINGS 

FIGORES lA-lC are schematic views illustrating 
printed ink dot cross-sections ot the prior art and the 

25 present invention.· 
FIGURE 2 is ~ schematic view of an apparatus for 

applyinq multicolored ink patterns to a substrate in 
accordance with the present invention. 

"FIGURE 2A is an enlarged view of the contact area 
30 ·between the collector roll and substrate in FIGURE 2. 

nGURE 3 is a schaatic view of an alternative 
apparatus for applying 11Ulticolored ink patterns in 
accordance with the present invention. 
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FIGURE 4 is a schematic view of a·vertically mounted 
printing apparatus for applyinq multicolored ink patterns 
in accordance with the present invention. 

FIGURE 5 is a schematic view of a printing apparatus 
5 for applyinq multicolored ink patterns in accordance with 

the present invention, in which a cylindrical collector 
roll is moved over pattern plates. 

FIGURE 6 is a schematic view of a printinq apparatus 
for applying llUlticolored ink patterns in accordance with 

10 the present invention, in which a cylindrical collector · 
roll is moved over pattern plates arranqed in a circular 
path on a table. 

FXGORE 7 is a schematic view of a printinq apparatus 
for applying multicolored ink patterns in accordance with 

15 the present invention, in which a conical collector roll 
is moved over pattern plates arranqed in a circular path 
on a table. 

FXGORE 8 is an alternative printing apparatus in 
accordance with the present invention. 

20 PIGORE 9 is a partial side view of the printing 
apparatus in FIGURE a. 

FIGURE 10 is an alternative printin9 apparatus in 
accordance with the present invention. 

FIGURE 11 is a partial side view of the printin9 
25 apparatus in FIGURE 10. 

P:tTAILJD DBSCRIPf IQH OF THB INDN"l,'IQH 

The present invention relates to a variety of m~thods 
and apparatus for producing and printiJtg ink patterns of 

30 improved quality·for color fiiters for liquid crystal 
display systems. The printed inks are deformed, or 
flattened, to a SJlloother, more uniform. thickness cross 
section than has been possible usinq prior art methods. 

Xnk printing processes typically utilize relatively 
35 smooth surfaced offset transfer rolls (i.e. not capable of 

Tl . 
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producinq ink patterns) which receive an ink pattern from 
a pattern roll. The pattern roll may be, for example, a 
gravur~, typoqraphic, rotary screen, lithographic, 
waterless lithographic, or flexograpbic roll. When the 

5 ink is initially deposited onto a transfer roll 6 frOll a 
pattern roll, each ink dot will have a rounded or 
triangular cross-section, as ill.ustrated by ink dot 7a in 
Fiqs. 1B and 1c. conventional printing operations result 
in a dot shape on the substrate havinq a cross-sectional 

10 shape siailar to that iliustrated by ink dot 7b in Fig. 
u. :In the present invention, the ink is compressed, 
while it is still plastically deformable, to result in a 
flattening of the triangular cross-sectional shape, i.e., 
a dot havinq a more uniform. thickness and a flat top, as 

15 illustrated by ink dots 7c in Figures 1b and le. Usinq 
this technique, the thickness uniformity of the ink color 
dots which make the color filter array can be greatly 
improved. • 

In addition to being def~rm.ed, the ink should be 

20 sUfficiently hardened during transfer, or soon thereafter, 
to permanently retain tbe flattened ink dot shape. This 
can be achieved, for exampie, by utilizinq radiation 
curable inks and curing the ink simultaneous with the 
cOllpression transfer at curing station s. Radiation 

25 curable-"inks are typically curable by UV (typically about 
200 - 400 ma), or visible light (about 400 - 100 ma). 

Xn another embodiment, illustrated in Fig. lC, the 
ink dot flattening process is ai~ed by first forming a 
transparent transfer layer 9 on a suitable surface, which 

30 in Fig. 1C is a collector roll; after which the 
multicolored ink color filter pattern is deposited onto 
the transparent transfer layer 9. In a preferred · 
embodilllent, transparent transfer layer 9 is composed of 
radiation curable material, and is cured on the collector 

35 roll prior to receiving the inks which make up the 
---·---·------·· --·- ---
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m.ul ticolored pattern. The multicolor array is then 
deformed by sandwichinq the ink between transfer layer 9 
and the substrate. 'l'hus, the transfer layer is applied, 
alonq with the multicolored ink pattern, to the substrate 

s 22, such that the multicolored ink directly contacts the 
substrate surface. Xn this way, the soft, deformable ink 
dots are squeezed between two smooth, hard surfaces. The 
transfer layer greatly facilitates retaininq the flattened 
ink dot shape caused by the compression transfer, because 

10 the transfer layer covers the multicolored ink pattern 
after deposition to the substrate. Also, because the 
transfer layer covers the ink dots, it also serves as a 
planarizinq or protective layer. In this regard, the 
present invention is contrary to the prior art, which 

15 deposited color filter arrays onto a substrate first, 
followed by a planarizing layer in a subsequent process 
step. Preferably, the ink dots 7 are cured simultaneous 
with the compression transfer at curing station 8. 

The transfer layer is deposited onto a transfer roll 
20 or transfer. pad as a thin film, typically less than 10 

microns. Materials useful for the transfer layer include 
those conventionally used for planarizinq layers, but 
also include polymers such as aliphatic 
polyurethanes, metha.crylates, acrylates, epoxies, 

25 polyesters and so forth. A preferred material for the 
transfer layer is a radiation curable acrylate 11aterial, 
such as a racliation curable epoxy acrylate. 
Alternatively, the transfer layer may be in the form of 
relatively hard surfaced substrate, such as, for example, 

30 a therJlloset or thermoplastic polymer layer of even a 
glass. Of course, if print rolls are to be used to 
deposit the m.U1t1colored film., such hard surf aced 
substrates should be re1at1vely flexible. one such 
material is qlass microsheet, which can typically" be from 

35 about o.o3 to about 0.14 mm thick. Thus, for example, 
--------

iiiinr 
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each of the d:i.f f erent colored ink patterns may be applied 

to one sheet of qlass to form a multicolored imaqe, and 

this imaqe may then be contacted with another sheet of 

qlass, to form a color array·sandwiched between two glass 

s sheets, one sheet actinq as a sUbstrate, the other sheet 

actinq as a protective or planarizinq layer. 

FIGURE 2 of the drawinqs is a schematic illustration 

of an ink printinq apparatus 10 for printing color filter 

arrays for liquid crystal display devices in accordance 

10 with one aspect of the present invention. As illustrated, 

apparatus 10 has four ink application stations 11. Three . 

of the stations (11b, 11c, and 11d) provide the basic red, 

green and blue color dots, and one station (lla) provides 

the black matrix which surrounds the color dots. 

15 Ink applicatinq stations lla-lld each include a 

supply of ink 12; a heated grawre roll 14 with a 

patterned surface; a offset transfer roll 18; and a 

doctor _,lade 16. Alternatively, instead of gravure rolls 

14 and offset transfer rolls ~a, t.ypoqraphic or 

20 flexoqraphic pattern rolls, together with their 

appropriate ink applicator rolls aay be employed, as well 

as more or less ink applicatinq stations, as desired. 

Each gravure pattm:n roll 14 has a particular pattern 

enqraved thereon. The pattern on each gravure roll is 

25 designed to resu1t in the desired pattern for the 

particu1ar color dot in the color filter .. 

At each ink applicatinq station 11, ink is applied to 

the qravure roll 14 and doctored by blade 16. Each color 

pattern is then carried into intimate contact with its 

· 30 corresponding transfer roll 18, thereby transferrinq a 

colored ink pattern to transfer roll 18. The color 

pattern on each transfer roll 18 is then brought into 

contact with collector roll 20.. There, the ink patterns 

are transferred from each transfer roll 18 to collector 

3 s 20. Preferably, when gravure-type rolls are employed, as 
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illustrated in Fiq. 2, inks bavinq hot melt pressure­

sensitive adhesive char•cteristics are employed, so that, 

for example, when ink station lla deposits the black 

matrix on collector roll 20, the black matrix pattern is 

5 hard enouqh that it is not transferred back to sUbsequent 

transfer rolls 1a. Of course, radiation curable inks 

could be employed, in Which case such inks would have to 

be partially cured to prevent transfer back to subsequent 

transfer rolls. 
10 Ink applicat1ng stations 11a, llb, 11c, and 11d 

deposit their respective black matrix and ink color 

patterns onto collector roll 20 seriatilll, thereby forainq 

a 11Ulticolored ink pattern on collector roll 20. 

SUbstrate 22 is then brouqht into contact with collector 

15 roll 20 and the multicolored ink pattern is transferred to 

substrate 22 in a sittqle transfer step. In this way,. 

there is only one reqistration, between the substrate and 

collector roll, needed for deposition of the multicolored 

ink pattern and black aatrix. to the substrate. This is 

20 unlike prior art methods which typica_lly deposit the color 

tilter pattern to the substrate in four different 

depositions, and therefore require four separate 

reqistrations with the substrate. 

~e are several adVantaqes to transferring a 

25 complete multicolored pattern in one step. First, l>ecause 

only one reqistration is needed to deposit the 

multicolored ink pattern from the collector roll to the 

substrate, accurate reqistration of the color filter with 

the substrate is facilitated.. In addition, the entire 

30 11Ulticolored illlaqe can be inspected for defects prior to 

the transfer. 
Xn the embodiment illustrated in FIGURE 2, for 

example, the 11Ulticolored illlaqe is inspected at inspection 

station 27, which may employ, for example, an ima9e 

35 analysis or laser scanninq type inspection system. I:f, 
···------··---
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upon inspection, the multicolored imaqe passes the 
criteria for a suitable color filter, the substrate is" 
moved into contact with the collector roll and the 
multicolored image is deposited onto the s~strate. If 

5 the multicolored pattern does not pass inspection, it is 
not contacted with a substrate, and the ink pattern is 
cleaned from. the rolls at a suitable cleaning station, 
such as cleaning roll 31. Because substrate materials 
utilized for liquid crystal displays are quite.expensive, 

10 the capability to inspect the JllUl.ticolored pattern, prior 
to transfer to the substrate, has the potential to 
generate a substantial cost savings. 

15 

20 

Preferably, the deposition of the multicolor array 
occurs under a compression transfer from the collector 
roll 20 to the substrate 22. As mentioned above, the more 
uniform. dot shape created by the compression transfer is 
preferably retained by curing the ink simultaneous with 
the compression transfer. Thus, for such embodiments, the 
ink is formulated to be radia~ion curable, regardless of 
whether the ink also has hot melt thermoplastic properties 
in the uncured (uncross-linked) state. :In the embodiment 
illustrated in Fig. 2, curing station 23 is a transparent 
roll 23 capable of transmitting radiation which is 
suitable for curi~q the particular ink employed. For 

25 example, curing roll 23 could have an ultraviol.et {200-

400µm) or visible (400-700J.UD) radiation source~therein, 
and thereby be capable of emitting ultraviolet or visible 
radiation. Thus, the roll at curing station 23, or 
alternatively collector roll 20·, uy be constructed with a 

30 transparent qlass or plastic outer shell, and covered with 
a layer of clear silicone •. This allows the curing 
radiation to reach the ink. Alternatively, the ink can be 
exposed to the radiation by emitting- the radiation from 
outside the rolls, such as ailllinq the radiation at the nip 

35 formed by the roll and the substrate. While such curing 
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may be done by radiation curing usinq conventional 
radiation emitting lamps, alternatively a laser could be 

used, guided by mirrors, to harden or crosslink the ink 

sufficiently. In order for the dot to be cured in the 

5 deformed state by curinq roll 23 durinq deposition to the 

substrate, the surface area of the contact area between 

the collector roll and the substrate must be large enouqh, 

for a particularly rotated speed, to allow for an 

appropriate amount of curinq while the dot is still 

10 compressed in a flattened state, as illustrated by t:be 
flattened section in Fig. 2A (shown exaggerated for 
purposes of illustration). '!'his contact area, called the 

•foot•, is typically about a 5 to 25 mm lonq contact area 
on the qlass. 

15 As mentioned above, to further facilitate retaininq 

20 

the flattened shape of the ink dot, a transfer layer may 

be employed. For example, in Fiq. 2, a transfer layer 
applicator roll 25 applies a relatively uniform thickness 

transparent transfer layer to.collector roll 20 prior to 
receiving the multicolored ink· pattern. The transparent 

transfer lay~ is cured at curing station 26 directly 
a~ application to the collector roll. As illustrated 

in Fiq. 2, curing station 26 is in the form of a curing 

roll 26, similar to curinq roll 23. In addition to 
25 curing, roll 26 can be utilized to smooth and flatten the 

transfer layer to a uniform thickness, if needed. curing 
stati0n 26 may employ u1traviolet, infrared, or other 
radiation, depending on the :material emp1oyed for the 

transfer lay~. If the transfer layer is sufficiently 

30 smooth, as deposited onto the collector roll, curing 
station 26 can sbaply be a conventiona1 radiation emitting 

lamp. After curing, the_ multicolored ink pattern is 
applied to the transfer :layer. The transfer layer is then 

app1ied, along with the alticolored ink pattern, to 
35 substrate 22, as best illustrated in Fiq. 1c. While the 
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transfer layer in Fiq. lC is deposited on collector roll 
20, as mentioned above, it may alternatively be formed. on 
another suitable transfer surface, such as a transfer pad, 
or alternatively the transfer layer may be in the fora of 

5 a substrate havinq a hard surface, such as, for example, a 
plastic or glass sheet. 

Preferably, the multicolored ink pattern is cured 
simultaneous with a compression transfer to the substrate. 
Alternatively, by utilizing the transfer l.ayer described 

10 above to deposit t:he inks to a substrate, final hardening 
or curinq of the inks may take place after the transfer of 
the multicolored pattern to the substrate. Bot melt 
thermoplastic or radiation curable inks may be employed, 
so long as they aay withstand the effects of subsequent 

15 treatment steps, such as high temperature sputtering and 
so forth. If thermoplastic inks are employed, they should 
preferably have a 1ow enough viscosity to suitably deform 
during transfer, and yet be sUfficiently viscous to retain 
the flattened shape after tr~sfer. Thus, for example, 

20 the hot melt ink may l>e chosen· so that it is sUfficiently 
fluid to be deformed during the compression transfer, but 
also sufficiently viscous that the deformation can be 

permanently retained by removin9 an amount of heat 
sufficient to solidify the ink soon after deposition. The 

2!5 riqid transfer layer would maintain the shape of the ink 
dot until solidification took place. In order to 
withstand the e:f:fects of subsequent treatment steps, such 
as high teaperature sputtering and so forth, it is 
preferable that the inks employed should preferably be 

30 cross-linkable via curing, such as in the case of 
radiation curable inks or reactive hot melt inks. Bot­
melt inks are typically printed from heated gravure rolls, 
and sufficiently cooled on the offset transfer surface to 
develop sufficient cohesive strength to achieve 1oot ink 
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transfer both between offset surfaces, and between the 
collector roll and the substrate. 

Color filters typically require approximately 15-25 
micron width bl.ack matrix lines which are less than 2 

5 microns thick (in some cases less than o.s microns thick), 
and sma11 color dots which are typically on the order of 
about 70-100 microns in width by 200 to300 microns in 
length. The color dots are typically printed in fillls 

less than about 10 microns thick, and preferably less than 
10 5 microns thick. These.thin color dots must be evenly 

applied and accurately registered within the black matrix 
patterns. :tn carrying out the present invention, 
radiation-curable inks are generally pref erred over 
thermoplastic inks, partly because they can be printed at 

15 lower viscosities, which helps in printing such thin dots. 
Also, it is more difficult to control the pattern 
registration of hot melt thermoplastic inks, as they 
require extremely tight thermal tolerances to control 
pattern dimensions. In additton, radiation curable inks 

20 are easily cared durinq compression transfer operations in 
acc;x>rdance with the invention. Thermoplastic inks do have 
at least one advantage, in that ·they can be formulated to 
set up immediately upon deposition to a substrate. or 
transfer roll having a lower temperature, resultinq in 

25 less pinholes, fillll non-uniformities and other such 

defects caused by inadequate wetting of transfer surfaces. 
Consequently, one preferred type of ink is an ink that 

displays both thermoplasti~ and radiation curable 
properties. such an ink is one which is formulated to be 

30 thermoplastic until printed to the substrate, at which 
point it can be cured by exposure to appropriate 
radiation. By cured, it is meant that the ink is to some 
extent cross-linked. croas-linkinq of the ink increases 
its durability ~d resistance to higher temperatures, 

35 which is preferable due to the temperatures the color 
----·· ------___ .----
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filter will be exposed to in subsequent processing steps. 

The inks may undergo final curinq, durinq or after 

deposition to the substrate, by exposure to.either 

5 radiation thermal, ·moisture or some other type of post­

cure, to achieve a hard, tack-free, durable state. There 

are at least two different approaches to f ormulatinq 

radiation-curable inks for C01D.patibility with the 

collector process. · 
10 Xn one approach, ultra-high viscosity, radiation-

curable oliqo:mers are combined with sufficient monomer to 

render the material.into a tacky paste with qood 

cohesiveness. These inks can be printed from. heated 

qravure rolls muCh like hot-melt ~. The cohesiveness 

15 needed for transfer between·silicones, and to the glass 

pane1, is developed by cooling on the silicone surface. · 

Typically, viscosity increases, on averaqe, about lot for 

each •c that the ink cools. cohesiveness may also be 

20 

enhanced in the fonntlations ~Y adding compatible, · 

relatively high viscosity, thermoplastic polymers. An 

example is cellulose acetate butyrate in an amount up to 

about 20% by weight. Such inks may be cured during or 

after transfer to the glass panel by exposure to 

radiation. UV-light, an electron beam, or high intensity 

25 visible light, may be used, dependinCJ upon the 

photoinitiator employed. 
Any chemical type of radiation-curable ink may be 

used to meet these criteria. CUring takes place during or 

after transfer of an ink pattern to the glass panel, 

30 although an intermectiate partial cure, such as by radiant 

35 

·energy on the roll could be used to enhance the cohesion. 

consequently, a reactive hot melt can be a free-radical 

type ink, a cationic type, or a hybrid of the two. It can 

also be a hy~id between a radiation-curable ink component. 

and a thermal-curing ink component. -· -------
... -------
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'l'hese inks Jilay readily be formulated to develop 
sufficient cohesiveness on cooling to achieve 100• 
transfer. They can then continue to be cured to a 
durable, tack-free state upon the glass panel, such as by 

5 radiation exposure or thermal post-cure. With inks that 
are formulated to print in the manner of hot-melt inks, 
there is typically no curinq until during or after 
transfer of the 1nJt to the qlass panel. 

In a second approach, radiation-curable inks are 
10 printed from gravure rolls onto the transfer rolls, which 

are typically silicone.. The ink on the transfer rolls is 
then exposed to radiation to achieve a tacky, partially 
cured state. The partial curing increases the 

· cohesiveness to such an extent that the inks can be 

15 subsequently lOOt transfer between release surfaces, as 
well as to the glass panel. Final curing can be 

accomplished by further radiation or thermal post-cure. 
Inks dependent on the free-radical mechanism for 

curing are quite satisfactory and have the advantage of a 
20 :taster printing rate. However, for curing on the first 

transfer roll·durincJ offset printing, cationic or hybrid 
inks have the ad.vantaqe of a potentially broader tillle 

exposure windows for curinq. cationic or hybrid inks cure 
enouqh initially to increase cohesiveness but retain 

25 sufficient tack for su.bsequent transfer to the collector 
roll to the substrate. 

. Exuples of radiation-curable inks which are usefUl 
in the present invention include tbe f ollowinq four 
general cateqories: Free-radical, cationic, a hybrid of. 

30 the free-radical and cationic and a hybrid based on 
combined radiation and thermal curinq mechanisms. 

Free-radical inks are characterized by a free-radical 
photoinitiator. Under influence of radiation, ·resins 
bavinq acrylate and methacrylate functional groups, as 
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well as the vinyl group in unsatlirated polyester resins, 

can be cured usinq such a pbotoinitiator. 

cationic inks utilize different resins, primarily 

epoxy fUnctional resins or vinyl ether functional resins. 

s 'l'he epoxy formulations consist principally of epoxide, a 

polyol and a cationic photoinitiator, primarily triaryl 

sulfoniwn salts. '1'he photoinitiator develops a positive 

charge when activated by radiation to promote curing. 

curinq is based on ring opening in the epoxide.through 

10 action of the Bronstad acid that is produced by photolysis 

of a cationic photoinitiator. 
Radiation-curable hybrid inks are mixtures of the 

cationic and free-radical foraulations just discussed. 

'l'hese inks partially cure rapidly under li'1ht exposure via 

15 a free-radical mechanism. This is followed by a slower 

continuing cure via the cationic mechanism. unlike the 

free-radical curing mechanism, the cationic curing 

mechanism does not cease curing after removal from the 

20 

radiation exposure. Hybrid ti:ee-radical/cationic inks, in 

fact, are ideal for printing a·color filter using offset 

qravure type machines, such as is illustrated in Fiq. 2. 

The free-radical portion will cure rapidly upon radiation 

exposure, whereas the cationic portion will cure much more 

slowly. This allows the ink to remain tacky for. a. 

2s sufficient tillle to coaplete operation of the printing' 

process. such inks can be fC>rJIUl.ated to be curable with 

uv, electron beam., or high intensity visible light. 

However, either UV or visible light is preferred due to 

the ease of incorporation into the printinq apparatus. 

30 The following TABLE sets forth, in parts by weiqht, a 

typical formulation for each.type of radiation-curable 

ink. In ·the TABLE, the initial colwm identifies the 

several ink components by their generic names. The second 

column sets forth the trade name for the particular 

35 material employed in a formulation. The further columns 

ili1iii1i irf 
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set forth the formulation for each ink. 
In addition, a formulation will contain a suitable 

color pigment. Use of a dye is not precluded. However, 
we pref er to avoid use of dyes because of their 

5 temperature and light instability. Also, they can 
interfere with the curing chemistry of the radiation­
curable inks, particularly for cationic inks. 

The tora.ulations in the TABLE represent inks that are 
believed to be suitable for employment in the present 

10 invention. 

15 

20 

25 

30 

35 

Ink Components 

Epoxidiaed Hovolac Quatrex 2010 

Partially acrylated Ebecryl 3605 
epoxide 

Acrylate moDOJ1er Sartomer 351 
(TMPTA) 

Free-radical Darocur 4265 
Photoinitiator 

cationic UVZ-6974 
Photoinitiator 

Silane coupling Z6040 
agent 

Pluorosurf actant PC-430 

Cycloalipbatic UVR"6105 
epoxide 

Acrylated epoxi- Ebecryl 3603 
40 dized novolac with 

2ot acrylatecl monomer 

45 

Silane couplillg 
agent 

A-174 

Free­
Radical / 

Free- cationic 
Radical Cationic HYbrid 

30 

3 

-
.25 

70 

1.75 

10 

1.5 

1.75 

.25 

30 

50 

35 

15 

.s . 

1.s 

1.75 

.25 

curing synerqist Quantacure ITX 1 
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Hybrid inks that combine radiation and thermal. curing 
mechanisms can also be formulated for grawre type 
processes such as that illustrated in Fiq·. 2. With such 
ink only the radiation-curable portion is cured upon 

s radiation exposure during the printing process as herein 
described.. The ink is fully cured thereafter by 
appropriate thermal treatment to cure the thermally­
curable portion of the ink. 

In the past, rolls containing silicone materials have 
10 been widely utilized to deposit printed ink patterns. One 

potential inherent disadvantage to using silicone 
containing rolls occurs because of the nature of such 
silicone containing materials to exude silicone oil. This 
can be a problem in color filter applications, this can be 

15 a problem While such rolls were acceptable for a great 
deal of technologies, 

Using offset gravure type printing processes, some 
low viscosity, liqht-curable inks were found to bead 
readily upon silicone release ~urf aces unless f or:mulated 

20 to exhibit plastic flow rheology; that is, a yield point 
followed by shear rate dependent viscosity. To minimize 
this problem, it is desirable to partially cure the inks 
on the transfer rolls soon after their deposition thereon. 
It is also desirable to select materials for the rolls 

25 that have less releasing characteristics than would be 
employed for thermoplastic inks. Luckily, radiation­
curable inks have hiqher cohesive strengths after partial 
curing, enabling satisfactory use of tighter (less 
releasing) or higher durometer silicone materials. 

30 :It is desirable to utilize higher durOllleter materials 
for the offset rollers, particularly for the collector 
roll, to minimize distortion during transfer. At the same 
time, they must still provide for satisfactory ink pick-up 
and release. 

SUBSmUlE SHEET (RULE 26) 
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0ne problem in the past with printil19' methods is 

that significant rejection problems have been reported in 

the literature when the normally employed silicone release 

surfaces were utilized to produce color filters via 

5 conventional printing techniques. Typically, such 

sil~cone ~sf er rolls exudes a trace amount of silicone 

oil which in turn deposits on top of the color filter. To 

prevent adhesion problems, this silicone oil must be 

cleaned off prior to deposition tbe planarizinq layer or 

10 transparent conductive layer. 
In the present invention, this problem may be solved 

by utilizing radiation curable inks, as the cohesive 

strength in radiation-curable inks is normally much hiqher 

than with thermoplastic inks. consequently, use of 

15 radiation curable inks enable the transfer and collector 

rolls to employ less releasing surfaces, and perhaps more 

tmportantly, non-silieone .surfaces. One preferred. 

material for use as the collector roll material which is 

less releasing is a fluoroc~bon polymer. 

20 one reason fluorocat'bon polymers are preferred is 

that no silicone will be present to deposit onto the top 

of the printed color filter pattern. In addition, inks 
commonly employ low viscosity, low molecular weiCJ.ht 

materials which may be absorbed into conventional transfer 

25 surfaces, such as silicones. This absorption is commonly 

referred to as swellin9. In contrast, fluorocarbon 

materials were found to be much more resistant to 

swellinq, and yet. capable o.f providinq l~Ot release, 

particularly when using radiation-curable inks. The 

30 reason for the superior fUnctionin9 of the radiation­

curable inks is their higher cohesiveness after a partial 

cure. To attain 1oot release, ink cohesion must ~ 

greater than adhesion of the ink to its releasinq surface. 

:rn addition to the nature Of the collector surface, 

35 the actual structure of the collector should be such that 

This Sheet Has Been Replaced 

:11~111111 



(' .,: 

W09S/12494 pCT/US94/ll679 

-28-

surface distortion is minimal or non-existent. This will 

result if the collector.exhibits a relatively riqid 

surface, such as a fluorocarbon fillll hacked by an 

elastomer layer to allow compensation for substrate 
5 warpaqe •. ~is is expected to become more critical as the 

qlass panel size increases. 
XD the device illustrated in Fig. 2, the separate 

patterns developed by the separate ~avure surf aces are 

printed on coll~or roll 20 in reqistration. Thus, each 

10 separate ink pattern is printed on collector roll 20 in a 

specific qeometric relation with each of the other ink 

patterns. Registration is accomplished by alignment of 

the various transfer rolls 18 to collector roll 20. When 

all of the color inks and black matrix inks are printed on 

15 the collector in the proper relation, the multicolored 
array which makes up the color :tilter is established. 

once established, the multicolored array is transferred 

completely in one step from collector roll 20 to the 

substrate. 
20 Figure 3 illustrates an alternative apparatus in 

accordance with the present invention, especially useful 

for depositinq an accurately registered, multicolored:.ink 

color filter pattern onto a substrate. As illustrated in 

Fiq. 3, an imaqe pattern roll 19, bavinq multiple printinq 

25 patterns thereon, is utilized in place of tbe-aore 

conventional multiple pattern and transfer roll design 

illustrated in Fig. 2. Pattern roll 19 may be virtually 

any form of roll cap_able of producinq an ink pattern· or 
imaqe, ·including typographic, waterless lithoqraphic, and 

30 so forth. Preferably, pattern roll 19 is a flexoqraphic 
or other type of typographic printing roll. 

In the embOdhnent illustrated in Fiq. 3, pattern roll 

19 is a typoqraphic roll bavinq four inkinq regions lla, 

11b, 11c, and 11d thereon for inkinq the black matrix and 
35 the red, qreen, and blue colors onto their respective 

,.---·----· ----
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typographic patterns. In Fiq. J, the raised patterns for 
the black matrix, and red, qreen and blue color~ ink 
patterns are ·1ocated. at quadrants 28A, 288, 2ac, and 28D, 

respectively. The inkinq stations 11 have inkinq rolls 33 

s WhiCh apply the correct colored ink from ink meterinq 
rolls 21 to each of tbe four quadrants of pattern roll 19. 

QUadrant 28A is patterned to receive black ink and apply 
the black matrix, while 28b, 28c, and 284 are patterned to 
apply the red, green, and blue color patterns, 

10 respectively, of the color filter array. The collector 
roll 20 has three receiving surfaces: 29A, 29B, and 29C. 

Thus, the embodiment illustrated in Fig. 3 aploys an 
i.Jllaqe transfer ratio, from pattern roll 19 to collector 
roll 20, of 4: 3. Transfer ratio is the ratio of the 

15 number of multicolored patterns on pattern roll 19 to the 
number of receiving surfaces on collector roll 20. 

20 

'the separate ink patterns developed on pattern roll 
19 are printed onto each of the receiving surfaces of 
collector roll 20 in reqistra~ion. This means that each 
separate ink pattern from quadrants 28A, 28B, 28C, and 28D 

is printed on the collector in a specific qeometric 
relation with each of the other ink patterns. Compared to 
the apparatus described in Fiq. 2, reqistration is 
considerably easier usinq the apparatus of Fiq. 3, for 

25 several reasons. First, because these are only two rol.l.s 
involved, i.e., pattern ~11 19 transferrinq to collector 
roll 20, there are less mechanical parts to align. 
~eqistration is further facilitated by a~ately locatinq 
the i~iviclual patterns on pattern roll 19 se that each 

30 pattern automatically registers itself to the collector 
roll 20, when the collector roll 20 and pattern rol.l 19 

are accurately aligned. Thus, there is only one pattern 
roll to align, as opposed to multiple pattern rolls, as in 
Fig~ 2. When all of the colored inks are printed onto 

35 collector ro11 20 in pr0per relation, the multicolored 
--------
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im.aqe which makes up the color filter is established. 
once established, the multicolored imaqe is completely 
transferred to the panel by the collector to the substrate 

in a sin9le transfer. 
5 Reqistration requirements for liquid crystal display 

color arrays is typically on the order of plus or minus s 
microns. Because of these extremely demandin9 
registration requirements, a printing machine like Fi9. 3, 

Which utilizes a single pattern roll to form and deposit 

10 the various color patterns to a single collector rell, is 
useful. for :making accurately registered color filters for 

liquid crystal displays. 
one advantaqe to the 4:3 imaqe patten transfer ratio 

~ pattern roll 19 to collector roll 20 is that such a 
15 ratio results ~n·the seriatim transfer of multiple images 

from one roll to another in which each pattern roll 
quadrant visits a different receiving segment on the 

collector roll with every rotation of the pattern roll. 

'.rhis results in a se1f-1ndexinq process, i.e., once into a 

20 running production process, and a precise re9istration is 
achieved between all of the printing components, pattern 

roll 19 and collector roll 20 can be maintained in their 
respective positions in a matched surface speed mode of 

operation. This self-indexing feature further helps to 
25 maintain accurate registration. 

Preferably, prior to receiving any ot the black 
:matrix or the color patterns, a transparent transfer layer 

is applied by applieation roll 25 to each of compartments 

29A, 29B, and 29C. The transfer layer is preferably cured 

30 under compression by radiation emitted through smoothing 

roller 26. 
In the embodiment· illustrated in l'iq. 3, pattern roll 

19 has just deposited a black matrix pattern onto 
oompartment 29A of collector roll 20. Next, quadrant 288 

35 will deposit the red color dot pattern onto compartment 

1iii1irlf 
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298 of collector roll 20, and quadrant 28c will deposit 
the green color dot pattern onto compartment 29C. On the 
next rotation of roll 20, quadrant 28D will deposit the 
blue color dot pattern onto compartment 29A, quadrant 28A 

5 will deposit a black matrix pattern onto compartment 29B, 
and quadrant 28B will deposit a·red color dot pattern onto 
compartment 29C. on the next rotation of roll 20, 
quadrant 28C will deposit a green color dot pattern onto 
oompartment 29A, quadrant 28D will deposit a blue color 

10 pattern onto compartment 29B, and quadrant 28A will 
deposit a black :matrix pattern onto compartment 29C. 

At this point, a completed multicolored imaqe would 
be present on compartment 29A of collector roll 20. This 
image would then be inspected at inspection station 27. · 

15 If the multicolored pattern does not pass inspection, it 
is rejected and cleaned off of compart;ment 29A by cleaninq 
roller 31. If the multicolored pattern does pass 
inspection, the glass substrate, which is supported on 

20 

vaCUUJll chuck 24, is contact~ with collector roll 20 to 
transfer the transfer layer and multicolor imaqe to the 
substrate. 

In the operational sequence outl.ined above, the first 
pattern deposited on com.part.Jllents 29B and 29C of roll 20 
were the red and green color dot· patterns. In some cases, 

25 however, it may be desirable to deposit the black matrix . 
patterns first. In such cases, various color patterns may 
be cleaned off at cleaning roller 31 as required until the 
black :matrix pattern is the first deposited pattern on 
each of the compartments 29A, 298 and 29C of collector 

30 roll 20. 
Alternatively, the pattern roll could be selectively 

inked for the initial rotations of the process. For 
example, in a first rotation of pattern roll 19, only the 
black matrix pattern 28A would be inked. on the second 

35 rotation of pattern roll 19, the blue ink pattern and the 

1iiniUf 
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black matrix pattern would be inked. On the third 
rotation of patterns roll 19, the green, blue and black 
matrix ink patterns of pattern roll 19 would be inked, and 
on the fourth rc;>tation of pattern 19, all of the pattern 

s on pattern roll 19 would be inked. In this way, all of 
the compartments 29A,. 298 and 29C would receive a black 
:matrix pattern prior to receiving any of the colored ink 
patterns. once the above four initial rotations were 
completed, all quadrants of pattern roll 19 would be inked 

10 every rotation, resulting in a continuous process in Which 
the black matrix patterns would be depos!:ted onto 
compartments 29A, 29B and 29C prior to any of the color 
patterns. 

As explained above, transfer of 'the multicolored ink 
15 pattern preferably takes place while the multicolored 

image is still deformable. Consequently, the deformable 
inks can be compress~, during the transfer, between the 
transfer layer and the substrate 22, as illustrated in 
Fig. 1c. :In a preferred embodiment, the ink empl0yed is 

20 radiation curable ink, and vacUu. chuck 24 is capable of 
emitting radiation, such as from an internally _located 
radiation emitting source, to cure the ink while it is 
compressed and thereby retain the resultant more uniform 
shape of the ink dots. 

25 The contacting surfaces of pattern roll 19-and 
collector roll 20 are preferably 111.ovinq at the smae speed 
during deposition of the various co1or patterns to 
collector roll 20 to 111.iniaize the occurrence of "skidding• 
detects which can result from non-uniform speeds between 

30 ·contacting surfaces of the rolls. However, there are 
tilles when it may be desirable to run the pattern roll 19 

. and collector roll 20 in non-contacting positions at 
different speeds. For exaaple, because the rheologic 
behaviors of llBDY inks change with shear rate and/or tiJD.e, 

35 they may transfer best from the inking stations 11 to 
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pattern roll 19 at one speed, while the transfer from 

pattern roll 19 to collector roll 20 may best occur at 

another speed. such a multiple speed process is easily 

achieved in the apparatus illustrated in Fiq. 3, by 

5 desiqninq pattern roll 19 and collector roll 20 so that 

they are movable towards and away from one another. 

Consequently, pattern roll 19 can be run at one speed (or 

aultiple ~peeds for different colors) to deposit each of 

the individual color inks on pattern roll 19, and then 

10 brought into contact with collector roll 20 at another 

speed to dePosit the multicolored imaqe onto collector 

roll 20. 

The three imaqe collector 20 illustrated is also 

advantageous in the sense that, while· it is receivinq an 

15 inked imaqe from pattern roll 19, it can also be 

depositinq a multicolored illlaqe onto substrate 22. Of 

course, instead of the 4:3 transfer ratio, other 

variations of pattern roll 19 and collector roll 20 may be 

employed~ Thus, :for example, _collector roll 20 ay be 

20 desiqned to receive a sinqle complete multicolored imaqe 

thereon, or some other number of multicolored images. 

FIG. 4 illustrates a preferred apparatus in 

accordance with the present invention, in which the 

printinq apparatus is turned on its side, i.e., vertically 

25 mounted. By vertieally mounting the printinq rolls, they 

may be removed vertieally (in an axial direction, relative 

to the roll) from the printing apparatus, as opposed to 

conventional horizontally disposed rollers, which lllUSt be 

removec1 horizontally. The apparatus of Fiq. · .4 is similar 

30 in desiqn and operation tO that illustrated in Fiq. 3, the 

major difference beinCJ each of the printinq rolls are· 

supported on end. 
The idea of vertically mounting the printing rolls is 

not limited to apparatus such as those illustrated in 

35 Fiqs. 3 and 4. Hence, vertical mountinCJ may ~ employed 

--- ---
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for virtually any conventional horizontally mounted 

printinq configuration. A number of disadvantaqes 

inherent in pi-ior art printing devices are overcome by 

supporting the print rolls on end, as.illustrated in Fig. 

5 4, rather than horizontally, as is done in Fig. 3 and 

other conventional printing apparatus. 

First, vertically mounted printing apparatus are more 

simple in construction, in the sense that the printing 

rolls can be supported by a single bearing system located 

10 beneath each print roll, rather than two (one at each 

end). Because this leaves the opposite end (i.e., the 

15 

. 
upper end) of each print roll free, these print rolls can 

be removed and replaced by m.ovinq the rolls in a vertical 

direction, rather than a horizontal direction, as was the 

case in conventional apparatus such as those illustrated 

in Fiqs. 2 and 3. Consequently, changinq print rolls is 

greatly facilitated. For example, transfer roll 18 in 

Fig. 4 can be replaced by lifting and removing existing 

transfer roll .18 and lowerinq a new transfer roll onto the 

20 exposed roller bearing. A top bearing m.ay be attached to 

the upper end of the rolls, in which case the bearinq must 

be removed prior to removing the roll. .. 

The vertically mounted designs also allow for 

maximizing the usable space in the printing apparatus. 

25 For example, since pattern roll 19 in Fig. 3 must be 

removed horizontally (movement of the roll in a-radial 

direction), the printing stations 11 are all mounted in a 

confined area on one side ot pattern roll 19, so that the 

opposite side Of pattern roll 18 can be accessed by 

30 rem.oval tools. On the other hand, in Fig. 4, beca~se 

rolls can be replaced by vertical liftinq (movement of the 

rolls in an axial direction), more efficient use of space 

can be made. 
Another advantage of vertically mounted printing 

35 apparatus such as that illustrated in Fig. 4 is that there 
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is less deflection of rolls, due to gravity, when the 
print _rolls are mounted. vertically, compared.to 
horizontally. This can be a larqe advantaqe in precision 
printing applications such as making color filters. 

s In one respect, it is surprising that the vertically 
mounted printinq concept works well, as conventional 
wisdom w~ld sugqest that the ink would drip in an axial . 
direction down the rolls, impairinq the ink deposition 
thickness uniformity. However, in actUality, this is not 

10 the case. Because color dot ink patterns in color filter 
arrays are typically no more than 10 microns thick, 
pnferably no 1llOre than s·~icrons thick, the surface 
tension and rheology ot these relatively thin ink coatincps 
is sufficient to retain the ink on the roll in its desired 

15 location throughout the process. In addition, in 
horizontal print roll devices, any dripping that occurred 
from the inking rolls would land on the rolls below. 
Because the rolls in verti~l mounted apparatus are 
mounted vertically, any drippinq that occurs merely drips 

20 out of the process. 
Piqure 5 is an alternative printinq apparatus in 

which a collector roll 20 is contacted with a plurality of 
separate inkinq pattern plates 30A, 30B, and 30C for 
producinq the desired red, green, and blue color patterns 

25 of t:he color filter. The inking pattern plates 30 impart 
a JDUlticolored imaqe onto collector roll 20, which is. then 
transferred to substrate 22. 

In a preferred embocU.m.ent, a planarizing layer is 
:first applied via planarizinq applicator 32 to collector 

30 roll 20 and cured thereon. The planarizing layer is then 
contacted with plate 30a, which deposits a black matrix 
layer onto-the planarizing layer, then over plates 30b, 
30c, and 30d, which deposit the red, green, and blue· 
colored ink patterns. 

iiii.iif 
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While the colored ink patterns are still deformable, 

they are transferred under a def ~rminq compression force 

from collector roll 20 to substrate 22. Preferably, 

radiation curable ink is employed, and the deformed shape 

5 of the ink dots is maintained by curing' the ink during 

transfer to the substrate. 
Figure 6 is an alternative embodiment similar to 

Figure 5, the main difference being that, instead of beinq 

arranqed in-line, the inking pattern plates 30 are 

10 disposed in a circular path around a table 38. 

15 

20 

~able 38 and collector roll 20 a~ moved relative to 

one another to expose the pattern plates 30 seriatim to 

the collector roll 20. For example, the table can be 

rotated to index the various pattern plates to collector 

roll 20, and collector roll 20 can then be rolled 

appropriately over the pattern plates (with respect to 

table 38, in a radial direction). 
Xn a pref erred embodiment, a planarizing layer is 

first applied via planarizinq applicator 3~ to collector 

roll 20 and cured thereon. Tl).e planarizinq layer is then 

contacted with plate 30a, which deposits a black matrix 

layer ~ the planarizinq layer, then over plates 30~, 

30c, and 30d, Which deposit the red, green, and ~lue 

c0lored ink patterns. 
25 While the colored ink patterns are still deformable, 

they are transferred under a deforming compression force 

from collector roll 20 to substrate 22. Preferably, 

radiation curable ink is employed, and the deformed shape 

of the .ink dots is mai~tained by curing the ink during 

30 transfer to the substrate. 
·Figure 7 illustrates another alternative appar.atus. 

Figure 7 is similar to Figure 6, the main difference beinq 

that, instead of utilizing a cylindrical collector roll 

20, the collector roll 20 is conical in shape.· The 

35 conical collector roll 20 is contacted with the various 

----··-···-·· - ·---··-
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pattern plates 30 seriatim.. 
In a pref erred embodiment, a planarizinq layer is 

first applied via planarizinq applicator 32 to collector 
roll 20 and cured thereon. The planarizinq layer is then 

5 contacted with plate 30a, which deposits a black matrix 

layer onto the planarizing layer, then over plates 301>, 
30c, and ·304, which deposit the red, green, and blue 
colored ink patterns. 

While the colored ink patterns are still deformable, 
10 they are transferred under a deforming compression force 

~om collector roll 20 to sUbstrate 22. Preferably, 
radiation curable ink is employed, and_the deformed shape 
of the ink dots is maintained by curing the ink during 
transfer to the substrate. 

15 FIG. 8 is a perspective view of an apparatus so, 

20 

which is designed.to apply a four-color filter on a glass 
substrate. 

Apparatus 50 embodies four rolls 52, 54, 56, ·and 58. 

Rolls 52-58 are shown as beinq suitably suspended, gravure 
type rolls. Each roll is associated with an ink source 60 
and a doctor blade 62. · Ink source 60 may be supplied with 
an appropriate colored ink in known manner.· 

Apparatus so further embodies an assembly that 
includes a transfer roll 64, a collector roll 66, and a 

25 cleaning roll 68. Associated with roll 64 is a source of 
radiation 70, for example, a UV lamP'· The assembly is 

adapted to sjncbronized movement in conjunction with a 
support slide 72 which carries a flat glass substrate 74. 
Slide 72 has a recessed area in its upper surface in which 

30 substrate 74 is securely held in a fixed position, for 
example, by a vacuum hold. Support slide 72 is carried 
by, and moves on, a main slide 78 mounted on a base 80. 

:en operation, the assembly moves slide 78 and 
substrate 74 so that transfer roll 64 visits roll 52 and 

35 receives a single color pattern therefrom. This pattern 

----
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may be cured to a tacky state on transfer roll 64 and 

transferred to collector roll 66. In like manner, 

transfer roll 64 sequentially visits each of rolls 54, 56 

and 58 to receive the unique color pattern of each roll. 

s Each pattern is transferred to collector roll 66 to 

assemble a coaplete four-color (black matrix and red, 

green and blue colors) pattern for a color filter on roll 

66. This pattern aay then be inspected at an inspection 

unit 82. If rejected, the pattern may be remoyed by . 

10 cleaning roll 68. If accepted, the complete c.olor filter 

pattern is transferred from collector roll 66 to substrate 

74. 
FIGURE 9 is a partial side view of the apparatus in 

P'IGtJRE a, showing the arrangement as transfer roll 64 

15 visits roll 52 to receive the initial ink pattern for 

transfer to collector roll 66. It will be appreciated 

that this operation is repeated serially as the assembly 

moves along main slide 78. This permits transfer roll 64 

to visit each of rolls 54, 56, and 58 and pick up an ink 

20 pattern therefrom. 
While FIGURE 8 shows rolls 52-58 as gravure rolls, it 

lrtill be appreciated that other printing techniques, such 

as typographic or flexographic, aay be substituted. l:n 

such cases, a different ink source might be provided, and 

25 doctor blade 62 omitted, in customary manner. Use of a 

gravure roll or a screening mechanism requires.-offset rol.l 

64 as well as collector roll 66. otherwise, in producing 

a col~ filter pattern, a previous color will tend to 

transfer back to the gravure r~ll or screen. A 

30 typographic roll, such as a letterpress or flexographic 

roll, does not require an offset roll since there is no 

contact, except in the print areas on the roll. Likewise, 

a lithographic roll does not require an off set roll since 

the non-print areas do not accept ink. 
·------·· ·---·-· --- --·----
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Also, a combination of different type rolls is 
contemplated. For example, in printinq a color tilter 
pattern, which involv~s red, green, and blue color dots 
within a black matrix, the black matrix miqht be printed 

5 initially. In that case, roll 52 might be a gravure roll. 
Rolls 54, 56, and 58, which would provide the three color 
dot patterns, might be· typographic or lithographic rolls. 

It is also ~ntemplated that the initial ink patterns 
uy be formed. on traditional gravure or etch plates. 

10 While these may be heated., it is a feature of the present 
process, and m.ore particularly the inks employed, that a 
pattern may be transferred at ambient temperature, to 
avoid possible registration problems due to thermal 
variation. 

15 FIGURE 10 is a perspective view of an apparatus 
generally designated 90, which is similar to the apparatus 
in Fiq. 6 in that it. uses in-line qravure plates. These 
plates may be, for exuple, ot the intaqlio type the 

lithographic: type. Apparatus 90 embodies four gravure 
20 plates 92, 94, 96, and 98. Each plate is provided with a 

doctor blade 100 and a source (not shown) of the 
particular colored 1nk required for its pattern. In 
operation, a supply of an appropriate ink will ~ applied 
to each plate. The ink pattern is formed by moving doctor 

25 blade 100 across the plate • 
.Apparatus.90 further embodies an assembly 102, which 

includes a transfer roll 104 and a collector roll 106. 
Col1ector roll 106 is positioned aboVe transfer roll 104, 
and main slide 108 is positioned aboVe support slide 110. 

30 !'he qlass substrate 112 is held in a recess 114 on the 
underside of slide 110 by a vacuum. chuck. 

As best illustrated in Piq. 11, apparatus 90 further 
embodies a radiation source 116, a cleaner roll 118 and an 
inspection unit 120. As explained. earlier, the ability to 

35 inspect the color filter prior to printing, and the 

ii1iifilT 
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provision of a simple means of-cleaning a defective 
pattern from a roll without printinq, are important 

advantaqes of the invention. 
The operation of apparatus 90, and particularly 

s assembly 102, is essentially similar to that of apparatus 
so. However, the arranqeaent of components is reversed. 

Thus, assembly 102 moves in conjunction with main slide 

108 and qlass substrate 112 to visit each of plates 92-98 

.and receive a pattern therefrom. Each ink pattern is 
10 cured to a tacky state and transferred to collector roll 

106 betore transfer roll 84 proceeds to the next plate. 
After each individual pattern is collected on collector 

roll 106, the complete color filter pattern is then 
inspected by unit 120. It is then either transferred in 

15 total to qlass substrate 112 or removed by cleaner roll 

118. 
FIGURE 11 is a partial side view of assembly 102 of 

FIGURE 10. Doctor blade 100 is removed to better 
illustrate the operation. FIGURE 11 shows the arranqeaent 

20 of assembly 102 as "transfer roll 104 visits plate 112 to 

receive an ink pattern for transfer to collector roll 106. 
The operation is repeated as assembly 102 moves frail plate 
to plate. This permits transfer roll 104 to pick up the 
ink pattern from each plate and transfer it to collector 

25 roll 106. 

30 

:rt will be observed that operation of apparatus 90, 
. as depicted in FIGURES 10 and 11, embodies a single 
forward motion of roll pair 104 and 106 to accomplish all 

of the required functions. 
Although tbe invention has been described in detail 

for the purpose of illustration, it is understood that 

such detail is aolely for that purpose and variations can 
be made therein l'>y those skilled in the art without · 
departing from the spirit and scope of the invention which 

35 is defined by the following claims. 



'" 

W095112494 PCT/US94/12679 

-41-

For example, the black matrix pattern is especially 
adaptable to being produced usinq different deposition 
techniques. Thus, the black matrix layer may be 

deposited on the subs:trate in a separate deposition 
s operation, after which the remainder of the color filter 

component (the red, qreen and blue color dots) can be 

applied using printing techniques. For example, the black 
matrix layer may be deposited usinq vapor deposition and 
photolithographic techniques, followed by deposition of 

10 the color dots using the printinq techniques described 
herein. Alternatively, the black matrix pattern :may be 
deposited. onto a transfer layer using a different 
technique. For example, the black matrix applicati119 
station may be disposed around the collector roll 20 in a 

15 manner similar to the tranaf er layer applicating station. 

20 

The black matrix applicator may be ·an entirely different 
deposition technique, such as, for example, sublimation 
transfer, :magnetography, laser :marking, or 
electrophotographic techniques. It is preferable to cure 
the black matrix pattern prior.to receiving the color 
patterns, in which case a curing roll may be appropriately 
located and utilized as desired. 

-----------
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* c l ft s * WHAT XS CLAIMED IS: 

1. A method for makinq a color (ilter array comprising: 
depositing a deformable ink pattern onto a substrate; 

5 deforming the ink pattern, while said ink is still . 

10 

15 

20 

deformable, to a more uniform thickness than was present 
prior to said def<>rming; and 

increasing the viscosity or solidifying said ink by 

radiation curing simultaneously with said deforming. 

2. The method of claim 1, wherein said ink pattern is 
deposited from a roll, and said deforming comprises 
compressing the ink between the roll and substrate. 

3. The method of claim 1 or 2, comprising, prior to said 
depositing step: 

providinq a transparent transfer layer; 
forming a plurality of colored ink patterns on said 

transfer layer to form a colored ink pattern/transfer 
layer composite, said ink patterns beinq of a sufficient 
viscosity to deform;· 

transf errinq said composite to a substrate such that 
said color ink patterns contact the substrate; and 

deforming said ink patterns to a more uniform film 
25 thickness than was present prior to said transfer. 

4. A method for making a color filter according to claim 
3 wherein said depositing step further comprises: 

transferring said composite to a substrate such that 
30 said color ink patterns contact the substrate. 

35 

5 •. The method of claims 1-4, wherein said de£orm.inq 
occurs simultaneous with said depositinq step or said 
transferring step, respectively. 
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6. The method of claim 4 or 5, wherein said substrate is 
qlass, and during said transferring step, said color ink 
pattern directly contacts the qlass and/or during said 
transferring step the surf ace of the ink which contacts 

s the substrate is flattened. 

7. The method of claim 4, 5 or 6, wherein said transfer 

layer is provided on a transfer or collector roll, or pad. 

10 8. The method of claim 3 or 4, wherein said transfer 
layer is selected from the group consistinq of glass, 
polyimide, epoxide, acrylate, aethacrylate, polyurethane 
and polyester. 

15 9. The method of claim 3 or 4, wherein said colored ink 
patterns are depoaited by depositing individual colored 
ink patterns seriatim onto said transfer layer. 

10. The method of claim 7," ~herein said composite is 
20 transferred directly from said roll to said substrate. 

25 

11. The method of claim 9, wherein, during said 
transferring step, said individual colored ink patterns 
are cured. 

12. The method of any one of claims 1-11, further 
colliprising depositing a black matrix layer, optionally 
deposited on said substrate prior to receivinq said 
transferred composite, or mi the transfer layer prior to 

30 receiving the colcn:ed ink patterns, r~spectively. 

35 

13. The method of clai111 3 or 4, wherein, prior to said 
transferring, said multicolored image is inspected,· 
optionally as i111aqe analysis or by laser_scanninq. 
pad. 
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14. Method accordinq to any of the preceding claims, 
comprising.the steps of: 

contacting a collector roll with a plurality of at 
least sUbstantially flat pattern plates seriatim, at least 

s some of said pattern plates having different ~olored inks 
thereon, to deposit a multicolored ink pattern on said 
collector roll; and 

10 

transferring said multicolored pattern onto a 
substrate. 

15. The method of claim 14, wherein said the collector 
roll is cylindrical and/or the axis of said collector roll 
is at least substantially vertical. 

15 16. '!he aethod of claim 15, further compri~ing~ 

20 

providing a table having said pattern plates arranged 
thereon optionally in substantially a straight line, and 

rotating said table and JllOVing said pattern plates to 
said collector roll seriatim and JllOVing said collector 
roll in a radial direction relative to the table and over 
said pattern plates. 

17. The aethod of claim 14, wherein said collector roll 
is a conical collector roll, and further comprising: 

25 moving ~d collector roll in a circular path over a 
plurality of pattern plates seriatim. 

18. Use of the method according to any one of the 
preceding clahas to make liquid crystal displays or 

30 display devices. 

19. A method for for:minq a color filter comprising: 
providing· a pattern roll capable of forming at least 

one ink pattern; ---------·--- ---· 
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inkinq said pattern roll with a plurality of colored 
inks; and 

transferring said colored inks from said pattern roll 
to a first substrate. 

20. The method of claim 19, wherein said pattern roll is 

capable of forming' at least two ink patterns, and/or said 
colored inks are permanently transferred to said first 
sW>strate. 

21. The method of claim 19 or 20, wherein said first 

substrate comprises a transfer layer deposited on a 
collector surface, said colored inks are transferred to 
said transfer layer to form at least one JllUlticolored ink 

15 pattern thereon, and said transfer layer and multicolored 
ink pattern are transferred to a second.· substrate, or 
Wherein said first substrate comprises a collector 

20 

surf ace, said colored inks are transferred to said 
collector surface to form at least one multicolored ink 

. . 

pattern thereon, and said multicolored ink pattern is 
transferred to a second substrate. 

22. The method of claim. 21, wherein said multicolored ink 
pattern directly contacts said second substrate, and/or 

25 wherein said collector surface is on a collector roll, and 

wherein said multi colored pattern is cured under 
compression during said transferrinq of said multi-color 
pattern to the substrate. 

30 23. t.rhe method of claim 22, wherein said pattern roll has 
a plurality of areas capable of forming ink patterns, and 
different colored inks are applied to different areas 
during said inkinq step. 

--··-·-- --------
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24. Apparatus for carrying out the method of any one of 
claims 1-11 or 19-23, .comprising; 

a 'pattern source capable of receivinq ink and 
prod.ucinq a plurality of ink patterns thereon, each of 

5 said patterns correspondinq to a different color for the 
color filter; 

a plurality of inkinq applicators adjacent said 
pattern source for applying ink to said transfer roll; and 

a collector roll adjacent said pattern source for 
10 receivinq different colored inks from said transfer roll 

to form at least one multicolored ink pattern. 

25. A method for making a color filter for an LCD di~play 
comprising: depositing a black matrix· by photolithoqraphy; 

15 and thereafter depositinq a multicolored ink pattern 
thereon in a single deposition step. 

26. A color filter layer component suitable for 
lamination to a substrate, the component consistinq 

20 essentially of a cured color filter layer having a 
substantially uniform layer of color patterns, optionally 
on a transparent support material. 

25 
------·-·-·--------··--·----


