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AND METHOD FOR PRI NTING A COLOR FI LTER FI ELD OF
THE | NVENTI ON The invention relates to color filters for liquid
5 crystal display panels, black matrix patterns for such ~col or

filters, and nethods for their production.
BACKGROUND OF THE I NVENTION . . Liquid crystal display panels. (LCDS)
particularly 10 col or 'LCD panels, are used for flat screen televisions,

projection t

Ion systens and cancorder view finders, PCIUSQSHAMGany

nmore applications anticipated in the future. . The fabrication of

an active matrix liquid crystal di splay involves several steps. In one-
step, the front 15 gl ass panel is prepared. This involves deposition of a
color filter elenent onto a suitable substrate, such as gl ass. Col or
filter deposition typically involves depositing a black matrix pattern
ang three primary (typically either red, green and blue or yellow,

magent a 20
spaces outli

and .cyan) col.or dot or color cell patterns within the
ned by the black matrix. The printed |ines whi ch formthe

bl ack matrix typically are about 15-25 m crons wi de and about 0.5 to
2 mcrons thick. The red,
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APPARATUS AND METHOD FOR PRINTING A COLOR FILTER

EIELD OF THE INVENTION
The invention relates to color filters for liquid
crystal display panels, black matrix patterns for such
color filters, and methods for their production.

BACKGRQUND OF THE INVENTION

Liquid crystal display panels (LCDS), particularly
color LCD panels, are used for flat screen televisions,
projection television'systems and camcorder view finders,
with many more applications anticipaﬁed in the future.

The fabrication of an active matrix liquid crystal
display involves several steps. 1In one step, the front
glass panel is prepared. This involves deposition of a
color filter element onto a suitable substrate, such as
glass. Color filter deposition typically involves
depositing a black matrix pattern and three primary
(typically either red, green and blue or yellow, -magenta
and cyan) color dot or color cell patterns within the

'spaces outlined by the black matrix. The printed lines

" which form the black matrix typically are about 15-25

25

microns wide and about 0.5 to 2 microns thick. The red,
green, and blue color cells are typically on the order of
about 70-100 microns in width by 200 to 300 microns in
length. The color cells are typically printed in films
less than about 10 microns thick, and preferably less than



green, and blue color cells are typically on the order of 25 about

70-100 mcrons in width. by 200 to 300 mcrons in | ength. The col or
cells are typically printed in filns | ess than about 10 microns thick,
and preferably |l ess than WO 96/ 36491

PCT/ US95/ 17r1]ﬁ§9 6491 2 PCI/GRON1TI46

t hi ck, and tbe evenly applied and accurately registered within |

the pattern forned by the black matri x.
typically conpleted by

conducting 5
filter el enent.
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patterns, b’écau@@tﬁt@-aﬂl bekween rihe |¢th panelasto btommdlel diquid coystel ng

transistors that nmake up t he «thin film

One of the most critical steps in manufacturing the
color filter is the preparation of the black matrix
pattern The definition or sharpness of edge definition of
the black matrix is éxtremely important. Unlike the
colored ink cells, any variation in the black matrix edge,
due to printing flow ahd so forth, is readily discernable
when inspecting thé final product. The color pixei edge,
on the other hand, is typically hidden by the black matrix
pattern. Consequently, to a certain extent the black
matrix hides variability,in the color pixel edge, while
there is nothing to hide variability. in the black matrix.
| The black matrix pattern moreover has a much more
stringent registration requirement than the color dot
patterns, because the black matrix pattern must be. capable
of being registered with}the transistors that make up the
thin film transistor, which is located on the other glass

panel. On the other hand, the width of the black matrix

pattern provides some leeway in registering the color
pixels, because the transition area between individual

variation in
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panel . On the other hand, the width of the black matrix pattern

provi des sone leeway in registering the color 35 pi xel s, because the
transition area between individual WD 96/ 36491

3 PCT/ US95/ 7146 col or dots which make up the col or

pi xel s is hidden by the grids which nake up the black matrix pattern.
One typical bWOHB6ALri x pattern design cong sts of el POWJESISM718é ack
li.ne grids which criss-cross one another to 5 form rectangul ar spaces
‘Wi thin which t hecdderodots! Whjckatake up thekeohor|pixelsdst ddddeSubi théed

matrices also irg@% Cunich nfkE!dPerd BibckeRbAROL a0 al ong the grid

cel | edges I'ch correspo transi stor (TFT)

| ocati on on t h@ngppRieal Rleck pateixi RAtRerD | dRA G CPRFAFTEI Sl ay.
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matrix is efezf%nn?/forrred o that

t
havi-ng t he % ypi EECLARTR rﬁﬁ?dﬁsxé'lltgm aﬁb?tr‘dt}b c[n'g ,cﬁ/ﬁgn ?ngi ng
down at the col dnkisi Widl, benlgcated. shahpgrmdl:hawaesealségéacéudeseen on
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color filter, squa e seep. Unf ort unat el Ile
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the col or piglexdRherid £ ﬁﬁlﬁrumyheomé@rsqmmts folreadplaekt o
achi eve thinner (and thus mgrh res _)LE%Lack mat ri,x L i nes has

pushed the resoP@trd¥ Papher qvé'§go v"e%'ﬁ%laﬁr FHPT Ryxe
techni ques to theiid paftérn, lvhen looktiagodewneat rgheelopldicf £idber, tonly

mai ntai n the sharp I tion_ usin rLn t.echai S S
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edges becone ir uent mat r | X patterns are

typically edigesar e@ihe stonesso@dd ﬂ-ﬁ&@i‘ﬁﬁﬁéﬁ’ﬂ%%ﬁ&&@i igy8HChhere the

- black matrix patterns should be perpendlcula:, so that,

when looking down at the color filtér, only square edges

20 can be seen. Unfortunately;, while some printing
techniques have successfully been employed to produce the
color ink dots which make up the color pixels, the drive to
achleve thinner (and thus hlgher resolution) black matrix
lines has pushed the resolution oapabllitles of

25  conventional printing techniques to their limit. It
becomes extremely difficult to malntaln the sharp
definition using printing technlques as this resolution
limit is approached. The biggest problems with such ink
printing techniques is that the inks tend to exhibit

30 rounded cross-sectional shapes due to surface tension in
the inks, and the edges become irregular.
- | COnse-quéntly, black matrix patterns are typically
. prepared using-photolithographi'c techniques, even where the
’ . remainder of the color filter pattern is produced using

35 printing techniques. Photolithographic techniques involve



remai nder of the color filter pattern is produced using 35 printing

techni ques. Photolithographic techni ques involve WO 96/ 36491
PCT/ US95/ 17146 . 4 a | arge nunber
of production steg; and -are nmuch nore conpl ex than printing nethods.
I'n addi ti on, ﬁﬁknolithographic t echni ques are typi cal | ycrsbs/rmdee
expensive than ink printing techniques. 5 Anot her critical step in
color filter formation is the forrmati 8n of the red, green and bl ue

color dots (also referred to as._.golor S)..of e [lter.
Such col or a large pPReh I???ﬁBﬁﬁho:ges%%oédsiatn%d aé% Fﬁg%‘%%%/ are as
snoot h and uni f complextthak printingpnethdds. HBmre\adsdidion, nethods used to
print color fil : ' I t& having
st 1 o ent - snEAPEAELLRSARrAS coBRHLERES aye il caluy) pidh G658 TV 10
methods of the prpensive than inkepgintingnteshi®iess which were rounded or
triangul argin £AO8eS 2Glitaka1 CRES A NEd Yor FilltRRFAEDZRABIbRYES tife 15

commonly applied over the color patterns to alleviat [ rfections
‘in coating snooffreaticn qfithe,&ed, areen ning blue coloz FSchggﬁ%?)osition

process. The traasparedttdlanadlsrngells) of s cdlor fdltes.tSuh cdeldr
Tayer . The 20 CBHiRpTSIfFALY shouiB bl Sepdtinad E, A% EReE aFE A4 anc
flat as possibl emooth and unifbonf dni thickrese@sipdssibde.a Pravigianari zi ng
subotanti 301y REEPPEF §40Y b BRink Goflk CELIERS Helthehsd BROE rest e d ¢
Uni f orm t hi ckneéd eoler patiternsshavindeinsubficient smogthpges; ni Melspis mum
hePpat SO0 2 LeE Aises oebtEkonmOE P e o lend pkge
Ttevxgﬁl debe desFFﬁBfﬁeg&:‘brjﬁﬁﬁ G@iﬂﬁgﬂhﬁﬁglvﬁ’?ﬁ, {Wﬁnog%t%a?q‘?ﬁ%é&
bl ack matrix patkessssectsiow) | conseqiently; a planarilztiay dayeysiswhich have
cnel 1y andout acomnoRly apn1ied BYR.FRY, Firof Hasthral 28 a2Fe0RIE 1
woul d : imperfections in coating smoothness or thickness uniformity
due to the deposition process. The transparent planarizing
layer also serves to protect against ion migration to and
from the ITO layer and color pattern layer. The’
20 planarizing layer should be deposited to be as smooth and
flat as possible.
To facilitate deposition of a flat planarizing layer,
it is desiréblé that the color patterns be smooth, flat and
substantially parallel to the undersurface of the glass
.25 substrate. Uniform thickness color patterns are desirable
for obtaining optimumhdisplay contrast .and color
performance, because if the thickness of the patterh
varies, the transmitted light intensity will vary. _
_ It would be desirable to provide high quality, uniform
30 thickness black matrix patterns, as well as ink color
filter arrays, which have improved resolution and
registration, and which can be obtained easily and at a
lower cost than prior art color filter arrays. It would
also be desirable to achieve these qualities using a
35 process which takes less'stéps'than-curnent:processes.
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al so be desirable to achieve these qualities using a 35 process which

takes | ess steps than-current processes. WO 96/ 36491
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SUMVARY OF THE | NVENTI ON The present invention relates to
met hods for fowgi,g,g“gl color filter for liquid crystal display

. “applications. transfer layer is provided on a col | ecRcwUsISIIISE,
'such as, 5 for exanple, a collector rol|l or collector plate. A raised
pattern, which preferably corresponds to th deS| red bl ack mat ri x

;'pattern is then forned on the t individual red,
|- green, and blue color cell s are ' the transfer Iayer
within the recesses The rmxesent 1n1§9nthen rmJ@'despalq gethods for nfermisigoR

[Lye! PRUtETY color tHIESr S akL0 Shyiti %‘3‘13‘9’2%%’5%8?%’?“?‘*%6 ik
pa%/t (rar nis tranH%‘F?%%rtJ(?}fr;%e%uB@Véé%gﬁP th &° teg| device, such @sp
pattern coBt act ot hexahpilss wb&ﬂue&mr 0l torarefldectbr plageer A &“atﬂéea on
battern on the oanrly iy brBeedhy corrdiBodt HECtheMeasnc Biack) o,
cells during amatrix padftiesm,t e phemtfme@mlthentransfer layexRr efTReabl v,
the raised palleids Pddi® 263 §heen] MR ihe coi8rPEEYIHd huddie for m of 2

rai sed black matrix patte rix pattern
serves not onl yieRP&idigsd on thentransfer slewsrat wathén the xegessesniformeds,

but al so 10 by O vadtea Patbestf ity tiothm Bl @6NoPREli XePHdt¥ein, BY |
rai sed i.s-neant that the upper surface of 25

Ek mat ri tern
t he bl ack matrl& %é?‘ﬁ‘al‘%°&b8§eﬂ'l‘%ecq.ﬁ?&elp%GFF&centh? ansfer dayaksfer

| ayer when the tr@é tefitiire @om 8Bsi§é>léscr_tz%s$e&f a8Qer and colcf @iakky, the
bl ack matrix is about nor. e B eferably about 2

to 6 mcrons tH% er&h&sngé’ﬁns&rre%r'a éP&bFVEaEBaFess? titheoRR1PFI ck
alrorgvg t he re?alfiibtreri’:(patteﬁrh tbstictsthe glagsr substrate. Then tﬁaﬁsfler
enbodi menj g of t nyen , [ t col or
: ﬂﬁ{] e}gﬁimlgxéﬁ éé‘g)'t axﬂf a(?:'ts ggl orp’}aﬁgf M[*gn%j?gﬁsf er
Iayer i s cont acnreqi:nglwealayer. The ralsed pattern on the transfer layer

helps mamtain separat:.on of the color cells durmg and

after the printing operatlon. _
_ Preferably, the ra;sed pattern on the transfer'layer
20 is provided in the form of a raisediblack matrix pattern.
Such a razsed black matrix pattern serves not only to help
maintain separatlon of the color rnk cells, but also to
provide a high definition black matrix pattern. By raised
black matrix pattern,.lt is meant that the upper surface of
25 the black matrix pattern ls above the upper surface of the
| transfer layer when ‘the latter is on the collector surface.
Preferably,.tne blaok'matrix is about 1 to'ib'microns
thick, more preferably:about”2 to 6 microns thick; and most
preferably about 3 to 4 mlcrons thlck above the remainder
30 of the transfer layer..

In one embodlment of the present 1nvention, prior to
receiving the color cells whrch make up each pixel of the
color filter, the transfer layer is contacted with a roll
having a recessed pattern thereon which corresponds to the

'35  desired black matrix pattern. This results in the



having a recessed pattern thereon which corresponds to the 35 desired

bl ack matrix pattern. This results in the WO 96/ 36491
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rai sed pattern on the transfer | ayer whi ch corresponds to the desired
bl ack matrix Px%6@edar [f desired, black matrix ink maypd@uagphied to
the top of the rai sed pattern to forma raised black matri x pattern.

5 Alternatively, the black matrix pattern may be applied at -

anot her location within the liquid crystal display panel . For

exanpl e, the blfaciatibdniof atradsedcpatbern on theptrangfen Hﬁéeﬁlwh
substrate whi CI&PQ?EE#SEdQ N lehlen %bi%% black rné{‘t‘-i:‘i%t BEttéhﬁherIfibOVG or .
r

bel ow the thin ransi st or

ef erab such, applic s, the
bl ack matrix psesérad, black magrdgsinkdnay Q%GRH“F PT@‘Fag%‘? a% rﬁ’seuch

embodi ment s, ralse&hﬁaf‘@éﬁ?%p%&ﬁra $&£{ 465 HlddM mialty 1k Opaeparel e the red,
green, and que color” cells and faC|I| ate reg stra l.on o Ior

cells with the. bl aBktesnativedyyr: EPR. b ack, i¥; pa ﬁFEPe’f‘?%ob%rﬁR?g
Torffor mdng ahra%l &ﬁdtﬂéﬁcibdﬁttlbnxwz.thin £i%é tRiquida celysthl natsplay nk patth ern
is formed within_t recesse |0| nface, such as
t hat proﬂaﬂsg by %h ¢ iﬁ ?8 bg{'c %ﬁ %ggﬂge%gsgs%d

pattern thereompphied o.mrthasmira@ts subsheamsdhm lﬂaéfé‘keéothe i 5d1m
pattern. —The glﬁﬁélg@é,f' edtifer SpBUE! SE Wi W thin £11RMtAnd BT,

partially cure riror_to or during deposjition he transfer |ayer,

to preci 31(9 y anp’leﬁea{ablme‘-rswaﬁsa gPplicationgy |%@1P8krﬁéﬁ§%’é(¥%¥€r n.
Ink in intagli q_saagpggg{géu €n top off’ thé m@tmydzy.pl aal bychaanbodiggsitisye

nmeni scus, the surfac g of the ink in, sed |n£ ghé !.F tern
curving bel ow the raf‘ﬁ% Ratkern. éﬁévgﬁr?’é’c%ar Egﬁ?ﬁ S (st er
| ayer ISgﬂhehersﬂaybluandadowheells amdnﬁxnni1¢h¢ebragkstmatxon|q¢k

Crancier | ayr 8 GORRR THY e wich, bip BFack dtey ba¥ebBf; | 1n oI G
and ther dfy remrederred éemtodimemtt for formingFadseds blackiratii® o print
pattern. patterh!Ka BS14H¥ RAtTRLNOAR PdEcHHPiQY ¥drhed WERPR teHhe red,
recesses of an intaglio imaging surface, such as that
provided by an imaging roll or plate having a recessed
pattern thereon which corresponds to the desired black
20 matrix pattern. The black matrix ink is preferably cured,
or at.least partially cured, prior to or during deposition
to the transfer layer, to precisely duplicafe the shape of
the intaglio recessed pattern. Ink in intaglio and gravure
print piates typically has a negative meniscus, the surface
25 of the ink in the recessed intaglio pattern curving below
the print plate surface. _Consequently, the transfer layer
is preferably liquid when it contacts the black matrix ink,
so that it can contact and adhere to the black matrix ink.
The liquid transfer layer is cured while in contact with
30 the black matrix ink and thereby removes the ink from the
recesses of the intaglio print pattern.
Ink printing methods are employed to deposit the red,
green and blue color cells within the recesses formed by
the raised pattern (which preferably is a raised black
35 matrix pattern}, Then, while the ink which makes up the



green and blue color cells within the recesses fornmed by the raised
pattern (which preferably is a raised black 35 matrix pattern). Then,

while the ink which nakes up the = - WD 96/ 36491
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still deforna 9“%%8 resul ting conposite, consisting of the transfer
| ayer, the color Eells, and optionally the bl ack nmoIVUsIsghiker N,
is transferred to the gl ass substrate. In this way, the soft,
def or mabl e col or ink cells are conpré%sed betmeen t he transfer | ayer

and the cause t [ | asticall
def or mabl e durgﬁgﬁﬁeﬁﬁ?ﬁflbﬁ t%ﬂﬁhéggﬁﬁgFgéﬁe Qgﬁ -ting comppgife, angd
bl ue col or ink acordisting ofnthiesarshs fibirr ilager, thedb¢&nrtmnmncbalbheand

substrate, to r lotnalli?r P&é %f{éﬂ %qui"lgﬁttemﬁ £ resa\éqst%%ﬂ%acg i ?nk

cross-sectional ape o
cells having a %lms@t jsubstrate. Tmprthignwaye nthei %«ff@ssi&ﬁmbiﬂncoher nmor e

flat top than jnx celas Beenc iR Hﬁhﬂﬂeﬁrtﬁﬁ E¥én§f%&h9Q§er agbufhethe
transfer layer aides in the deformng of the, col or 1nk transfer

| ayer al so ser #@@5%s a sFah%eutitq@O&Pr cel HBt’e‘CtR]\Péql&?éﬂ-Y thereby

hel ping to ret &ldfo&‘hﬁbﬂlﬁr@unng depdishieioni bl £ | sumpateheeneseede

transfer |ayer covers he .mul t,icol oted ink pattern aft osition
Lo the | CsgiFBeRy; and pipg (S, gakoosli o B RkbeR | hried s,
contrary to theleposdétiantto vﬁhe:tsxﬂbspwatbedtootesu]fu linea flatteaingtycsf onto a

subst ot 9 1" Slpnel BERKGHSP R ARRLK” LD gs  sectd MY shilpd SEOSREUGNL

process step rTnY
transfer, or s@@ﬂlﬁherﬁhﬁ elreSUltS 1nt s%ermbmelyls éiﬁéﬁingt Aesmoathemed i nk

dot shape Thi g unif Qﬁ&e%‘ée af 8's ﬁ@feuﬂatztég L34 ation
cur abl e i nks an curlng e I nk simultaneous wt r essi on
transfer. has beerrhpo3sidisf asingypriasyable ﬂFQﬁh@é’é -usi BBus¢ okhexanpl e,

po: yi rritdes ep%haeeerafs dr @3de¥ AY tﬁ&h&é&r@ﬁxg ofpehréuaswanﬁ?k.
pol yest er.,

r net hacryl at ed ,cS, esters
ur et haneg> epo&f’&eg¥ ﬁ%ﬁ gFPaFQrves as\ﬂué;?néFé 2188 @Rt i onal | y
useful as pIanarbzecglvayhagen,nthereby helping to retain the more

‘uniform ink cell shape, because the transfer layer covers
the multicolored ink pattern after deposition to the
substrate. In this regard, the present invention is
20 contrary to the prior art, which depositéd color filter
arrays onto a subetfate first, followed by a planarizing
layer ih a subsequent process stép. The ink is preferably
" sufficiently hardened during transfer, or soon thereafter,
to permanently retain the flattened'ink'dot shape. This
25  can be achieved, for example, by utilizing radiation
curable inks and curihg the ink simultaneous with the
compression,transfer;
‘The traﬁsfer layer may be formed using, for example,
polyimides, epoxides, acrylics, vinyl ethers,
30 polyurethanes, polyesters, and acrylated or methacrylated
acrylics, esters,_urethanes, epOdeeS and other materials
- which are convent;onally useful as planarizing layers in
conventional color filter devices. A preferred material
for the transfer layer is a radiation curable acrylate
35 material, such as a radiation curable epoxy acrylate.



conventional color filter devices. A preferred materi al for the

transfer layer is a radiation curable acrylate 35 material, such as.a
radi ati on curabl e epoxy acryl ate. - WD 96/ 36491

PCT/ US95/ 17146 8 Preferably, the
transfer | ayeWQ8/36#imed of a radiation curabl e nat eri perasosiagls 1t
may be cured while receiving the ink pattern.which makes up the bl ack
mat ri x pattern. The transfer |ayer i< deposi.ted onto a collector 5
device as a thin film typically |ess than 10 microns. ._.s. The

net hods of the %ﬁ%@lynvﬁh‘?l%’ff@ﬁﬁ L BY§E als”bm?\%r?ofera §PIARTAREages

over prior art é@ﬁéﬂ@smheéri@x nscng;hat it blagckeneureéd whiikeemeseivimgrst, it
I's now possible,to. PES aq:@%] )(1 a%ﬁgrgigc;plmgi@t ri x patterns
wetHe J&s R%& square e

havi ng 10 result, the defi n|t|on of
the biack natripatptemrer nsheftramimeslmer ﬁﬁeﬁﬁpeﬁlt%drﬁm? a collpgbepyed

over the PEior dlitce as o thin HaAddydicaripesayscendi 10 anekonsl ayer acts

as an in- anar|2|ng l"ayef, no subseque t Q eratlon i s
15 needed to forfhe pesheds AHhEheypnesent invention r

formul ating they e IgedabivahPided hﬁrer priorreﬁrtgm@alibdmctdﬁ lfermhgr cell's
to be deformable during the deposj.tion g esubstsratbe&
conpr essi on pr oR}afEH n@?;rix patgerngy ans#"é:rs éf r 1SR P ®n provi ded
by the 20 COpreRicy ek@kbme Ul atcErdtes blalckr metiik pattternsohavinge
uni forms ni f 0 P€ aieS 4P bl £in1¢48h"EE
during thggdepo'gﬁfo#%ﬂsaat f%ﬁg}% é%%‘%a ﬁs & E@E&‘ié‘ t{he de é'nung
conpr essi on fr othe ltelaqkamatmxmmﬂw Of the pragent a#%‘f%?tji%yéﬁ E‘BFK’/es to
protect and nai Sef0 jor WHE.ormi nk dot shape
BRI EF DESCRI PTI g{ﬁic%r__écbrb eDR%V&i‘PI ?urel 1A 11 trates a
cross-section of a bita@gddigion, n@ﬁ?#%epaﬁb(eertﬁaf‘ﬁ fEd ?Pé‘?ﬁgf'q asr ARt thg
met hods of the gjtu fd¥med’ p2&harizing layer, no subsequent operation is
15 needed to form a planarizing layer.
~ In addition, by formulating the ink used to form the
red, green and blue color cells to be deformable during the
deposition to the substrate, the compression provided by
the transfer layer, which is in turn provided by the
20 collector roll, deforms the colored ink cells to a more
uniform shape. This more uniform dot shape is preferably
retained, during the deposition operation, by curing the
ink while under compression from the transfer operation.
The transfer layer serves toc protect and maintain this more
25 uniform ink dot shape.

BRIEF DESCRIPTION OF THE DRAWINGS
. Figure 1A illustrates a cross—section of a black
30 matrix pattern formed using ink printing methods of the-
prior art.
- - Figure 1B illustrates a perspective view of a black
matrix pattern formed on a transfer layer using the method
of the present invention.



Figure 1B illustrates a perspective view of a bl ack matri x pattern

formed on a transfer |ayer using the nethod of the present invention.
WD 96/ 36491 _ 9 Figure 2
illustrates an apparatus for formng a raised black matrix pattern in
accordance wth the present I nventi on. Figure 3

il lustrates anWR9%R64hti ve apparatus for 5 formng a rai s&4; 1&9%46
matrix pattern in accordance with t he present invention.

Figure 4 illustrates the deposition of a cd®or filter pattern, forned
in accordance with the present invention, to a glass substrate. 10

Figure 5 illustrateFiguseceilbashratng r'?@ apparatug for formingppaceisedg

the method of tWlad¥ emtiRix Oelaﬁf'ét&nin accordance with the plebdnkED
DESCRI PTI ON OF ,THE | NVENTI In the present invention, a

transfer |ayer jI'IE"em":"m"‘depos| ted onto a collector device, such as a
col | éctor - rol IF:Lgu"fheBtianiiafaﬁés/eh el tébhrat £ et dtasl g6 an

i sed f h
dosi (e biack. riurmithe 8 rhi 808 Slad e ler sRTpEPCERL B AT dance, w1y, ©
patterns are dd]mmewtthnwnmn-ecesses formed by the raised
pattern on the trangfighrbaye) 1ttt the deﬁ@éi‘l!ﬂﬂ{‘tofc%n gb&eni@éfh

consi sts of the trans?ﬁ | ayer, "~ a raised pattern é
‘not be the bl ad@bHeERx formad mracsardapee U%F’brt%lﬂ%eﬁeéltt AavepEiend in

one step to thegegla glagbasabgtme" at e. - The transfer |ayer
provi des uni que s face on, ormthe  black matri x pattern
and each t he red igrzEen Mus%ﬁ:eg' ﬁepfﬁ%e%?4 aﬁlwggnﬁapaﬁﬁﬁ'?%yan)
col or dot patt«ﬁmspractlc:.fg)rtheﬂg\etﬁhedcolfothé|p1teserxtaumnentmona transfer
| ayer 30 enabl es the entire assenbly, consi sting of the transfer

DETAILED DESCRIPTION OF THE INVENTION
15 In the present'inventioh, a transfer layér is
' deposited onto a collector'device, such as a collector
‘-roll. The transfer layer is then embossed to form an
upraised pattern, on the transfer layer, which corresponds
~ to the desired black matrix pattern. The red, green and

20 . blue color dot patterns are deposited within the recesses
formed by the raised pattern on the transfer layer, and the
resultant composite, which consists of the transfer layer,
a raised pattern (which may or may not be the black matrix
pattern) and color cells is transferred in one step to the

25 glass substrate. | _

The transfer layer provides a unique surface on which
to form the black matrix pattern and each of the red, green
and blue (or yellow, maggnta, and cyan) color dot patterns.
Forming the color filter pattern on a transfer layer

30 enables the entire assembly, consisting of the transfer
layer, black matrix pattern and color dot patterns, to be
" transferred to a substrate so that the color filter is
sandwiched between the transfer layer and the substrate.
. Because the transfer layer acfs as an in-situ formed
35 planarizing layer, no subsequent operation is needed to a



| ayer, black matrix pattern and col or dot patterns, to be transferred

to a substrate so that the color filter is ~ sandw ched between the
transfer layer and the substrate. Because the transfer |ayer acts as
an in-situ fornmed 35 pl anari zing | ayer, no Subsequent operation is
néeded to a WO9%B691 WD 96/ 36491 ' PCT/USO%/17146
PCT/ US95/ 17146 , 10 forma

planari zing layer. Such transfer |ayers adl@ further. di scussed in
United States Patent Application No. 08/ 197, 141 t he speC|f|cat|on of

which is herebyform a HlaBsrhaind ckRYSE + ofSUCBnEEANEERY JaveT snarer FUFEhesH
the 5 tr anséﬁécds%éﬁr inNohiEéd thafees qiactehedaﬁsmaﬂieng NOUP

consi sting of 5, epoxides,_acryl ate | at es, vi nyl
ethers, and uns é%ﬁavggipoggﬁs?gﬁ??ficae&°n oF which %5“3 ﬁ?@?yates a net hod
i n accordance windongeoerated bypreﬁerﬁnoenvemmedarrednmuueniaﬂﬁaﬁstetheayer 14
is appliedgto ' t Is forned
on P ansr ity TaYEE HicTille R bFHcBed G B bEblo

transfer |ayer Qonsisitiggacfapolyimides,cepoxjdes, awrylates, exanple, in Fig.
2, transfer |avglerdbrydata8] gl Bthers, aaataﬁgmmaa%wese&er 18

(with no ink thereo ansfer IS In-a formb
state. Patterned 19- ?n@bﬁ¢$¥¥%§ﬁq(§'mf§hﬁﬁslﬁ.4QRR§Q§HEepH%F€th20
t her eon S dEHOndvegtion ! him dmildhe@rbhasér NEd yerx l}lahbeéﬁplféd ao

result, terned i lio rpller contacts the rnable transf er
over 14 Bt of o TisREen pabhrand Ere30 s Sodped pathera A5 AT
desi red bl ack rﬂuansfepaﬂagen 14. The ralsadspattézqunanlbewﬁbrmédvento be

har dened SUffI(%fﬂHgﬁé Qager 14T&§ tgggggp?s¢f2|ﬁﬂaéhﬁgg obg ned from

roll 18. Thi € acconp she er nopl astic inks

“and cool mgamnis,t AanEigs 3.ay@ransé1ert ayeni H J@r coptagtedwpyh 25

rol:l 18, to setpdti@rinel: mé&:}ﬁd‘%ﬂ@ryma@dwﬁrﬁo ink tBéEESﬁ?bWile
radlatlonkgurable i nks radi ation emtted from

npl o
ul traviol ¢ |i gHiansfRe%; ﬁr’“&ﬁﬁhl‘} dig 'in df€°PBa’EJcﬁ State-t r Batternedyer 14
during the enbagsiaydio rolbeerm iz aBlrackssed rpattiern 20y theeeowe applied

e oo oo SESEBRALRE 4 B RO P B BRI A 11
' result, patterned intaglio roller 18 contacts the
deformable transfer layer 14 and forms raised pattern 22,
20 which corresponds tolthe desired black matrix pattern 10.
Transfer layer 14 will have to be hardened -sufficiently to
retain the emb0351ng pattern obtained from roll 18. This
can be accompllshed by utilizing thermoplastlc inks and
. cooling the transfer 1ayer. at the point of contact with
25 roll 18, to set the ink. Alternatively, and more
. preferably, radiation curable inks could be employed, and
radiation emitted from ultraviolet light 34a through roll
16 to cure the transfer.layer 14 during the embossing
. operation. Black matrix ink may then be applied to raised
30 pattern 22 to form a raiéed black matrix pattern 10. 1In
the embodiment illustrated in Fig. 2, black matrix ink 28
is applied from black matrix ink applicator roll 30 to
upraised pattern 22 to form raised black matrix pattern 10.
Alternatively, the black matrix ink 28 can be applied
35 at a different location in the process of manufacturing the



Is applied fromblack matrix ink applicator roll 30 to upr ai sed

pattern 22 to formraised black matrix pattern 10. Al ternatively,
the black matrix ink 28 can be applied 35 at a different location in the
process of manufacturing the WO 96/ 36491

PCT/ US95/ 17146 : 11 | i quid crystal
di spl ay panel . “f%%"’é‘!?anpr e, the bl ack - matri x i nk can beperrpsdsadiaen
the other (TFT) gl ass ‘substrate. If desired, the black matrix pattern
can be deposited on top of the thin iy mtransistor. For 5

appllcatlonswhnt blak trl attern i osrt d o the TFT
substrate, it i )P‘f haplay, ranehy. ﬁ?& gaamp -‘[p}}ﬁt'%‘ﬁszz on
transfer | ayer mdtris: Ide;l: cran bedqnpl:oed on tl'reepahere('mm) dlays t he var| ous

red, green, | or I e t
then regi sterl ;ge Bterac&t heIEI iifg*rlstxﬁ@pa ate:?nm%gf 1":::Jér{')iivvl §| sed
pattern pegidiedona F@Bk@fddm thin tfé-lﬂle§u¢ltl%tmtdﬂ-qurﬂ§m:r yst al

di splay, the ccaﬁlﬁadlsnw ltheR RS b 14x 10 Srabir ki ﬁaétt@nbllas%epositeﬁ%fg

- pattern. ree ue_colar ink cel
15 t he rerralqb"erﬂa:f SPPétEB & j?’? H%rfegl&[ o seEmatiiap of thed§$é§ﬁtded
wi thin the recmrmzfzoweﬂrhysfa smyertatmetta key, idrdert ransfer |ayer

mmitrix patt ern SAPTEARS ahe FLEE ¥ various®baf “Beat. o BABE 018 hen
transferred, ircell®0withsthelelatspasitbisn pateprnt o By g:lhass regiisteating

19 2 LA0S1T 306 AEPREEELY ShAPNGERG, TG UG rasasdBRRGTRLT X
cured or other ﬁ%emmenedlwkmmwn at theceesebltm tlemlglocrs'atahat t he
shape. of r ecesﬁ%p‘?ﬁs{%etﬁezéolor %él'l% E&&Q' Eﬁ%‘r"?'? é&‘%gl With hﬁhénﬁléékt hen

transferred t ransfer |ayer erre enbo
radi ation - matpigppatterni s enpl oyed for the black matri x pattern and

the ink is hardenedThy s&d) ng.—ééis s WLhE EQUbALinK NSl which mhRe Olip
Si rrultanelcgjs t transfer to t Transgﬁrent transfer

layer 14 15 proviSdESmBnRdet | %&9 FSIIPry%ilée’ié’aottﬁra‘ngfsr &er 14 may be

applled usi ng ideposyiped within the recesses 23. formed by raised pattern
22 on transfer layer 14. The entire composite, con51st1ng
of transfer layer 14, black matrix pattern 10, and the red,
green, and blue color cells is then transferred, in a

20 single deposition step,'to a glass substrate.

Fig. 3 illustrates the preferred'embodiment, in which
black matrix ink is deposited into recessed pattern 20 of
intaglio roller 18, then cured or otherw1se hardened within
recessed pattern 20, so that the shape of recessed pattern

25 20 is retained by the ink. The ink is then transferred to
transfer layer 14. In a preferred embndiment, radiation
curable ink is employed for the black:matrlx pattern, and
the ink is hardened by curing the ink with radiation prior
to or simultaneous to transfer to transfer layer 14.

30 Transparent transfer layer 14 is provided on collector roll
16. Transfer layer 14 may be applied using ink-~type
applicating rollers, as will be further discussed below.
Transfer layer 14 may be partially cured prior to receiving
the black matrix pattern. However, transfer layer 14 is

35 preferably liquid prior to contaCting the black matrix



applicating rollers, as wll be further discussed bel ow Transfer

| ayer 14 may be partially cured prior to receiving the black matri x
pattern. However, transfer layer 14 is 35 preferably liquid prior to
contacting the black matri x WO 96/ 36491

PCT/ US95/ 1714 6N0 96/36491 12 RiriRbdand
cured during the transfer of the black matrix _ patterntotrans% '
|.ayer 14. Such curing may be acconplRshed by ut|I|2|ng uItraV|oIet
radi ati on curable material to formtransfer |ayer and apg i ng
radi ati on, 5 patitierny| endveered quring jthe: tyapsfep qf é’ﬁ’@f bllaFé’ty ii
duri ng 0ROk rhheEdd Wdydiaiyl.x Bacheruriy wayt bansf er | ayer

i gh .
radi ati on' i aﬁe%o%#”‘éﬁeéfpﬁ ST g, ulfraPihfeh i pdlfition pprgle ) o

therefrom It sﬁaudﬂanetoofeﬂmttwansm layer Lagdiand @prdyingycdddesionot
have to be uItraV| oI

other radidtiof+d aaéﬁiﬁ& Vo1 %’g: F?H I’gl m? gfsélbl Sﬂghﬁgrﬁgﬁgr

transfer - depowition of the bmmguatumxrrpabbelrmllmgior mrens:farlrigyee
- much nore 15 ni tter vegbpe
~ produced than v%a‘i; &kp\;‘llg {J%iiﬁ%&[}loeggl 6@&{1#09? 16 Q’?’Il%gt rgate EI gure

1A illustrates of dﬂbs;edsecwoneranﬂmemft materiaghetqygldow ke ﬁﬁﬁéaE}P’a
typi cal bl ack q‘ﬁi iéfgﬁtttsdntﬂgrefrom. dapoghbfla We %cﬂ:'e?ﬁ%h%‘ﬁb%héat e 12

using prior art ods. I'n such prior, ocesses,

rintin p
t he inks 10 lftaéii@éfd-%eﬂéi%if?ﬁ‘ t%aas F{S\FnHéHeoF°tl’|’? d’r?diﬂaé(rlﬁﬁﬁ:méugect i onal
shape due to SQkﬁﬁG?1h%ﬂéh§nb6f¢iﬁiﬁid N infeairBls, ofﬁbther radibgsbhated in

wor sen vi th ©1 AEPAIRInE RE FhAcHadn GRter enpigvad Ton Buar BERGEREEE, .

can further reSlLdyerj n I oss of definition. In sone cases the |ines
can even becone t. gag&f weitiwgy ofs the hn Srgh the
transferring (offset ?gge’hor élg'lsi%ssttfggtg?a 'r'é ﬁ% ’ c | fl on,

because cﬁsstfunqum@ngndnaecneeﬁe;blamwsmeeﬁéXtEﬁtﬂﬁrns #PQPaPSeBt t he
intersections QyrddREd 'Eﬂhﬁ'%agrofjew}id%%?.yothought péyiper, there is a
change in patteifiégg?%tewbgggggg 1A filustrates a cross—-sectional view of
’
the grids that make up a typical black matrix pattern 10
deposited on'aigiass substrate 12 using prior art ink
20 printing methods. In such prior art processes, the inks
tended to deform to a rounded or triangular .cross=sectional
_shape due to surface tension effects in the inks, as
illustrated in Fig. 1A. These rounded or triangular shaped
lines in some cases worsen with time, and fine lines begin
25 to break into droplets which can further result in loss of
definition. In some cases the lines can even become
discontinuous due to dewetting of the inks on the
. transferring (offset) surfece or gless substrate. 1In
addition, because of eurface tension effects, inks tend to
30  migrate at the intersections_of black matrix grid lines or
' wherever there is a changelin'pattern area. Moreover, the
thickness and therefore the optical density of such black
matrices tended to-be- nonwunrform.
Figure 1B illustrates a black matrix pattern 10 formed
35 on a transfer layer 14 using the method illustrated in Fig.



t hi ckness and therefore the optical density of such bl ack matrices

tended to be non unform Figure 1B illustrates a black matrix
pattern 10 fornmed 35 on a transfer |ayer 14 using the nmethod illustrated
in Fig. WD 96/ 36491 .

PCT/ US95/ 17146 13 3. The net hod
of the presentwpmﬁ on allows the bl ack matrix i nk t eOTAmSS/i7Y46
duplicate and retain the shape of recessed pattern 20. Consequently,
as illustrated in Fig. 3, the grids B this black matrix pattern have

I 5 d ent | | t.t
(T shad < 3bl oERERETHR (3R (enbrbpeRh olayartdnn PIVEHE, the IS i n
the directi on matdrtat tak byo divastilyodaplicasiey alyd retadn the shape of || see

only wel | o1 | Deflea QLRSI RO 98 "BbESHELIBR] a5 1118bkHRES HDAugS the

chosen desi gn; cKries Aavi g Gni or m opti
density. As. \M3I I tb@ grids afedhis blaehrmimmmernhbaeemvly rﬁa‘@elel s :

Wi ll be dgposi pagedi t Ittéhsequenthw %ﬁéﬁsé%n]shﬂe&* TedxbYab! @& FBiildned
pattern 10. '~ The apparatus_in Fig is.,simlar to fhat

illustrated blackmatrix pattearps,ef tl??lt%@ﬁ%‘tr &PI"SPt&‘BnI s‘h'cﬁ/v'ué'éd as a
|1:5 gl ﬁCk maL the dﬂi‘e@lﬁidrﬁrllihldﬂ&atewby c'l’h&adt{lﬁmlll artowl By, e oﬁ: shel n

i g. as in ei ving Jec e ch receives
radi ati on cur a'ﬂiig RRr \ﬁi gﬁeg rﬂmety %eﬁﬁggda?ﬁﬁ%’k%}att%e? i nk 28.
In a preferredgei:dtmd:.frﬂ:hat iisk the chowplde:aatgmgandl unrfﬁﬁn dipilgkmess
radi ati onpcur I tar
Excess i 2& agi.fdé) liag"kl'n\??oém'fifom t éti&h{ er. ngt}ttgd ﬁflg?et :f@’sl&“%%e i nk
i S then furtthen belaw,withei ﬁol@%eis@édledd-tst &Mlzbe depasited wathin
exanpl e, Dy expsufdeddued ¢ i agbehel BRBRdORat S Hiktagp 10. 34

thereby formng a matri x pattern 1 at 25 | east.
substantial |y retaiThe RPraFausoint gy ctdfssdmilar toqhal dligstrated

Al ternatively, ik neag Pref etHoRdvephoth#@fliio roller! ['8 ags iow Udedl8si &

mount ed Hher oItk ot 1Ak Patfarming 15p 0l o ThACH RS LeE AR whi | o

it is retai nedidFigni3 hias iskeseeeiyixig aecez8ed pattexnrdhgheresn; t i ng of
the b'acﬁh{Eﬁffé&éfvéscQuhﬁaeléﬁ”éﬁﬂasl%'ythékﬁa£”ﬁ2¥f or solvent
based black matrix ink 28. In a preferred embodiment, ink
_ appllcatlng roller 30 appl1es radlation curable black
20‘ matrix ink 28 into recessed pattern 20. Excess ink is
remoﬁed from the oattern by;coctor bladé'32. The ink is
then cured or set within recessed pattern 20, such as, for
example, by exposure to ultraviolet radiation from UV lamp
34, thereby forming a black matrix pattern 10 which will at
25 least substantlally retain the shape of the recessed
pattern 20. Alternat;vely, in a preferred embodiment,
1ntagllo roll 18 is constructed of radiation transparent
" material, and a UV light 34c is méunted therein to cure or
" partially cure the black matrix ink while it is retained
30 within_receseed pattern'ZO.ﬂ'Such”curing or setting of the
‘black matrix ink could alternatively take place
'simultaneous with contact of the black matrix ink with the
transfer layer. For example, the black matrix ink could be
cured by radiatlon from uv llght 34a. When the curing or
35 hardening of the black matrix ink is accomplished, the



si mul taneous with contact of the black matrix ink with the transfer

| ayer. For exanple, the black matrix ink could be cured by radiation
fromUV |ight 34a. When the curlng or 35 hardeni ng of the black matrix
ink is acconplished, the R WO 96/ 36491 . .

PCT/ US95/ 17146W0 96536491 - 14 . PCPesosATlE | X
Is sufficiently hardened so that the ink at | east substantially
retains, and preferably conpletely redains, the exact shape of

recessed pattern 20. Bl ack rix tterning roller
contacted wi t hblaShspaFriy is ?%Fif&tilg% St°né:|h€§ i;fg oin%t ﬁgrwl se
har dened blackleast snhstantiﬁﬂlyﬂnethﬁnsyoandepxsﬁnxth@atcempléﬁebm

PALLONING  roribler A8 Loadt WAL obayEodfepatldrEoLRl [BLkodS  THI S
results in a bl'ack pattern o trans
resenbl es thatmﬁmrERgPaIEbrningthiisreielaqeth¢% qqntaqﬁaﬁfyﬁﬁblyréﬁﬁﬁﬁh

and pref ergabl y jljQui Q4p£?0£r£&sf&0%\é' ‘Bired or 6&% 1%<é<h€&héhédlﬁtacit s

i nportant that the int ag i magi ng surf e nore rel easing than
the col | ector matrixspaigern 1¢Exom FﬁFﬁﬁ?‘F% RaeL 2% enpPRRECPRIRES

typically rolnwée meneeaﬁta&esfa&nuawﬁ uhshswﬁ:@&oef rbllg L6k i thide 15
recessed |ntagI|o rn CuJ Vi elom/tpg rint pla % uiéace
Consequent | y, Fﬁé e? ?iﬂ&ﬁ ZiX,pa efn A, HERSERE) §3¥8F (L 4nd tacky
to contact andwhdhhreeSembIEs that il ®ig. nhmrl>&heﬂtnmm$feenﬁagethés|nk from
the rece r

enbodi rreﬁ[%l |1 sterfgfgaw s%}é&g’ a%\%nékgkepfﬁff fﬁtﬂﬂ%bpngr %%(Epaﬁ}gq nis
cured while |nthhebiecbsmamrix lnk-paﬁte%ﬁ vrporhianyl ithatokher inbagite

resol ution of 4hggbhgChureace Wbt Paidgiing SriiipendatbLyBesorhe depth

and shape o recessed, pattern 20 and how wel his_shape 1Is |nParted
to 25 the bREEagRe r IRk phht tidyhegigo ang %%ﬂYWFRJRﬁln&uPFﬁQe | B¥Ricall

rfatrl X patter nhh@ewdi hegative :ﬁéﬂ:dsbuEQ_ntﬁé negkrfddediof the inRceAsEdepattern
and corndrs of tehesseB infAduA parrern AEFVRAT Beld B BELLERIFHETC 0%
present 30 snréateon Comseudntlyy; r thel transdfermigyear mostrbended
corners and edgggsifi &Re Y Cad P a0 tQ'_EkfofweéHx{&&'_ an@Xadhere to the
black matrix ink and_rembve the ink from the recesses of
the intaglio print pattern. '
20 Using the emhodiment i;lustrated in Fig. 3, wherein
| the black matrix pattern is.curéd while in the recessed
pattern of intaglio roller 18, the resolution of the black
matrix pattern is dependant upon the depth and shape of
recessed'pattern 20 and how well this shape is imparted to
25 the black matrix patternnlb. By setting or curing black
matrix pattern 10 while it is still contained within
recessed pattern 20, the black matrix pattern will
.. necessarily acquire the square edges and corners of the
recessed pattern. Thus, the processes of the present
30 invention avoid the irreguiar, triangular or rounded
corners and edges which are typical of conventional ink
printing techniques. -
It should be noted that the process illustrated in
Fig.'3 can be in place of or in addition to the transfer
35 layer shaping process_illustrated in Fig. 2. Thus, if



printing techniques. It should be noted that the process

illustrated in Fig. 3 can be in place of or in addition to the
transfer 35 | ayer shaping process illustrated in Fig. 2. Thus, if

WD 96/ 36491 '

PCT/ US95/ 17146yg o6 6491 15 _ desired, a
first roll 18 can used to forma raised pattern on PCXMSHIL7I46ayer
14, after which a second roll 18 " can_pe used to deposit a cured,

rai sed black matrix pattern on top of>t he raised pattern 22. 5
Compl etion of t or _f oI e 0 | or

pi xels. Each éé%o%%dl’xel E%LE&E \iy \c:éor‘]s:saL&’g%%g& &I form a %Qﬁrségn and

bl ue subpi xel (patttpirnebs h:enefe;b Jeareai A4, aftercybichem tSGC&QchbbB- &l |s).

In all of the %‘&%VBed%E&'@@Cheposit %”Eﬁ%&ﬁnirﬁls@é tﬂaéﬂlﬁat%hﬁeﬁa’e@éiﬁr“
10 (or raised black 10 matr | x pattern 10) has been applied to transfer

| ayer 14, on; kepy gf the et PetEeTRoESr cells of the color filter
pattern arse appl i edCbmpléetied e3f |ta1)eGE:oléerihtd§lrt:hﬁvolves foenagien df
formed by rais Pr t he reen,

color cells ar ?‘82%8&8% 2%%’\??]{% n%f& o¥gr Pixe} r#%?%%ﬂllé’g ﬁ°§Eﬁlﬁ€? n%% a

typographi ¢ i nkedsi green, and bllueclsnbndmel (gdbpixelepagiet adsooherainr ed,
green and bl ue ﬁferreﬁo &'as '1%%1%%' j I “I ff%ﬂoacgﬁe%ﬂoirg deg'@rﬁ?@l re

conposite, which consis rans a er ral se
and red, greeneahédbme%t%oliﬁtefelth@ 8815¢§ g@tterr; rfh SPEr Féélsﬁé blaghss

substrat@ol2. matrix pattdid. 104 hhlsus&éstsapir@: Q@Qsahseeroiafeplf&k
mat ri x gbtern 10ré:olor b&ter ttern 360(4‘8‘ trachLe 3’
to a glass subthpafedas greem, and, hlye; caloy | crlS, ¢ EP
consists of bl paktephrire pajgldied 16, trdnsfemakayerr Tedw2Shin thé ng the
e ot ! Bhedapds P asinedl py Fht 8o Fhtiarn, 0., | BrRECERBLY SIS |
whi ch corrprl serbldp geden and blgeeeolandcé)llm ard «ﬂemeb.tedlwlth:eri &lddky in a
0™ 088 ene SR AR TG Sl e pahge 0k ool Ts are
techm.ques. After deposit:.on of the red, green and blue
‘color ink cells wrthi_n_raised pattern 10, the entire
composite, which consists of transfer layer 14, raised
_ pattern 10, and red, green and blue color cells 36, is
20 transferred to a glass substrate 12.
| FJ.g. 4 illustrates the depos:.t:.on of a black matrix
pattern 10, colox filter pattern 36, ‘and transfer layer 14
to a glass substrate 12. The composite illustrated in Fig.
4 cons:Lsts of black matnx pattern 10, which was formed
25 usmg the method 1llustrated in Flg. 3, as well as color
filter pattern 36. During depositlon of the composite to
the substrate, 'the ink cells 36 which comprise the red,
green and blue color cells is preferably in a liquid or
otherwise deformable state. cOnsequently, the ink cells are
30 squeezed, during the deposition, between transfer layer 14
and glass substrate 12, and thereby deformed_to a smoother,
more uniform ink dot shape and thickness. This more
uniform shape and thickness is retained, preferably by
cur:.ng slmultaneous to the transfer operation. Such curing
35 can be accompllshed via UV l:Lght 34d, which is positioned



and gl ass substrate 12, and'thereby'deforned to a snoot her, nor e

uni formink dot shape and thickness. This nore uni f orm shape and

t hi ckness is retained, preferably by curing simultaneous to the
transfer operation. Such curing 35 can be acconplished via UV |ight 34d,
whi ch is posi W@sg91 WD 96/ 36491 PCT/US95/17146

PCT/ US95/ 17146 _ 16 to emt

radi ati on through the glass substrate. Prd®ferably, - during the

deposi tion operation, the ink cells deform and onpl et iLL.the
spaces formed byotemitymagdagiopnEhppuglk the griaﬁﬁt F‘I"S%S'gﬁﬁr?%'r n.eﬂrly?rg%gkly'

dff OL ml ng, g heha@i(izﬁlefe mf&goss_tionoopezrdlmm,hehm sok omlls xigfarmeandl0 ]
slightly. uc verf.low_is normal ly. ent.apl e. e
illustrates a p?%ﬁﬁﬁ?ﬁgiyéﬁﬁ ?a?hg FR7ces éér%%&rg igkg grids of Y eeE%gF od
descri bed abovemsttix rpattech.t oIfi so @efoimdngd therigk eellm®axt us i ncl udes

transfer |gyer é&é’%ffo% Phe' ntlLCk mat:t'fr%;%aftter 901 60 gPPly &S guchel atively

uni form t hi ckneSs™transpare er layer 147to collector roll 16
prior to recei voverflow ist nermsllynag¢eertdibd€ad i nk pattern.

After the formation piqireaBsheiukey¥Pfes b preferred apparatlsaidormatrix
pattern is deposited from bl ack matrix i nmagi ng roll 18 onto transfer

| ayer 14. Bl ack®eX¥¥138 i magi ng rol | 18 ‘has a recessed pattern 20
t her eon cor r espegeli i methbd d@scrilbedistesrebwith respeat pat tRigy. 3.Refbhesed

tt 20 ' bl ack L x ink f i % 4 3K |
50, Brceatd ““HGT5 iapnasAbaat ey b L ena i s eE SR 5R e
32, to pré&®i de a uni formthickness of ink w-thin recessed

patteln 20, Theablaf el sl PE1LEISERY i1 ofRSthicknesd Aiddridpatefit ed Of

set while still _ recessed_pattern 20 o ack matrix
i magi ng rol | 1stramsfier layermd¢ be crbAghorskedlny®RFith 19 F&ceAdirsx
pattern 10 th&i ther prior to or sinultaneous to transfer to transfer

| ayer 14. For exanpl e, in one. enbodi nent, black matrix 30 i magi ng rol

18" i s forked frioptiqodred dRkiPabtsR ent

After the formation of transfer layer 14, a raised
black matrix patternﬂissdeposited from black matrix imaging
roll 18 onto transfer layer 14. Black matrix imaging roll
18 has a recessed pattern 20 thereon corresponding to the

20  desired biack matrix pattern. Recessed pattern 20 receives
black matrix ink from black matrix inking roll 30. Excess
ink is removed from réceSSed pattern 20 by doctor blade 32,
to provide a uniform thickness of ink within recessed
pattern 20. The blaék'matrix ink is then at least

25 partially cured or set while still contained within
recessed pattern 20 of black matrix imaging roll 18. This
may be accompiished by curing black matrix pattern 10
either prior to or simultaneous to transfer to transfer

_ layer 14. For example, in one embodiment, black matrix

30 imaging roll 18 is formed from a radiation transparent
matefial, and an ultra-violet light source 34c is provided
within black matrix imaging roll 18 to emit ultra-violet
radiation and thereby cure the black matrix pattern.
Alternatively, as illustrated in Fig. 5, ultra-violet light

35 @ source 49'may be positioned to emit ultra-violet radiation



material, and an ultra-violet |light source 34c is provided w thin

bl ack matrix imaging roll 18 to emt ultra-violet radi ati on and

t hereby cure the black matrix .pattern. Alternatively, as illustrated
in Fig. 5 wultra-violet light 35 source 49 may be positioned to emt -
uktra-violet ab%l on : WO 96/ 36471 _ .
PCT/ US95/ 17148 | | 17 PCINSDs/iHigs DI ack
matrix pattern roll 18. After excess bl ack' matrix ink has been -
removed by doctor blade 32, ultral¥iol et Ii ght source 49 emts

di ati t i.nk and _, h b t k 10
Wile it o <yq the Black narrle Hethers k8T e s AR (abdetal BLack
mat ri x nadtnticr riinkg has| been 18emoviid byndocter yhlade Ik nmay set by -
appropriate QPfﬂfallgn%fle% i‘ﬂ&ﬁf@és U\Y%B&Cf«:@r %k@é'%iﬂ%dﬂ"gm(ﬁthe jnk gngol vent.

based ink, or conbi nation”o urin The
cured bl ack rﬁ%@q%pré:Wéﬁnbl@dF A brdx tlplinﬁﬁﬁ’??»’éﬂ 10 whiliey 3 BBastibtri x

i magi ng gol | z@:él(héd witheh tx@é/efecJe%sed pattdhe df BIAA mladyek 14 .is
preferably | t he osition of the black matrlx pattern

[ |or t
Pher con ty i Rahtering rpflencle. o AHAERORITPLY e AR aY: ARE
part |k ally pr eppkopriater edo{.j:hﬁg tofares ftherha) ewasxs Fmﬁ:dllmtdbnu abi:ynb@ dfﬂicky or
sticky enoug a t t tern from
intaglio rol {éer%%&%p’%\hs%sgani%%g%\gta %S{nﬁiﬁééi&? d# >gt15ll 'acﬁuﬁgﬁgi'i pattern
10, the trangfes:halna)‘ms 14 is preferably cured or otherw se hardened

so thatygt is 20 mneSubbbaiSTUdY nbtrid *sﬁg (RnUIlhin' Bkghfeddephape.

and also so that 1t renoves matrix pattern 1
the rol | 18. f&eBhbdacknpakpix mnﬁﬂ%k@j 18 tFansferndaver 1dcol | ector

roll 16 to bener #papatent 1ank ay tis Bsefét@hxﬂty N quid pribentsl fgavi ol et
| ight 34a located within_collector roll The radiation emtted

fromUV |i gh@eﬁﬂé:‘-@&?@s°fr%fk@ra"k matrpémttf;n tRPF@Pnt ke HprsiEe matrix -
pattern has HeefimheenBéntact with thanpséCésdaty dnkl4, Ithpatedal By ge~and bl ue -

pat ter 12ar e GuFeS Ebn ErendthR dever ohbuld SretRelli pe achy 2 Py 5
description stikéw eheugkedo groadactaand btemoveoltive black matrix ..
pattern from intaglio roller 18. While in contact with the
black matrix pattern 10, the transfer layer 14 is
preferably cured or otherwise hdrdened_so that it is _
. 20 sufficiently solid to'subStantially retain its shape, and "
also so that it removes the.black matrix pattern 10 from
the roll 18. Such curing'may be aCcomplished by designing
collector roll 16 to be transparent and emitting radiation
from ultraviolet light 34a_located within collector roll ' -
25 18. The radiation emitted from UV light 34a cures transfer
layer 14. After the black matrix pattern has been formed
on transfer layer ;4,_the red, greén énd blue color cell
" patterns which make up the remainder of the color filter
pattern are depdsited'on transfer ldyer 14. Tbe following _
30 is a description of how the red, green, and blue color _
cells are deposited within the recesses 11 formed by black =
matrix pattern 10 on transfer layer 14, all of whlch is
supported by collector roll 16._ o
In the apparatus of Fig. 5, a Single'imaging pattern
35  roll 50, having multiple printing patterns thereon, is



cells are deposited within the recesses 11 formed by bl ack matri x

pattern 10 on transfer layer 14, all of which -is supported by
collector roll 16. In the apparatus of Fig. 5, a single inmaging
pattern 35 roll 50, having nultiple printing patterns thereon,-is

- WD 96/ 36491 WO 96/36491 PCT/ US95/ peaffs9s/17146
18 utilized to apply the red, green and blue col or dot
patterns. Pattern roll 50 rray be V|rtuaIIy1§ny formof rol | capable

of producing an ink pattern or dj I|t raphi c,
t ypogr aphi c, waPktidced tp apply; HBgrE&ﬁ‘ﬂ cgreﬁ?d agg #’gg? h° ‘Bg St abl y,
pattern rol I 50pa8terns. a’aftltexngrabhlsn ma}obleelvirypelby anyp dipraphifc

rinting roll. | l:Qh t ed froma
progr aghl C pri ’ﬁ %\L %erié?éaucfﬂf ﬁ) 1k Ba&é& 6@%564 5, pattern

roll 50 is a typmghaqbing: mrrxbgrephmhanmrtaméé:typbgrmﬁc patterned i nk
receiving gegi ogfthograrplﬁ%a gar eda%gﬁé?c ptﬂa%ealawh'ﬁéltfﬁ%lquv Bb is

formthe een an patterns respect.i vel
Inking rolls 54aa§b¢=§othe@r pecether dne |°Pfk typegraphic P mtﬁé‘f!eFPP@, rolls

56 to each of tﬂrtéi’daeﬁvélly,reﬁeldbm Jnan bel eganBSebred fr¥m and 52 of
pattern roll The m)vagjbe to and from a

contacting posi FYB?]‘JWHIH'C prgntpg}atée fﬁ%qr gants thabt e each col ored ink
to be applied I Bid. 0 5t hpaapeu:mpro]al &0 ds aetypegraphisyirodl

Col | ect or 4ol | r 8 n h of
whi ch col F‘(Ea)ct S é Y%ﬁ '}hcﬁegr %&gf’g C%Jéaa?%' %Peé Ink g?g%vjhwﬁs% lgn three
pi xel col ors on52&e %2kansngr 529yethere°n whtich sepaivecirlyitsyr dormnkhpatt erns
devel oped on inkyue, grdedC@hY! PGdré‘&idl“slrﬁzi’atﬁanéﬁdrégﬁeéﬁlvﬁi ter nroll

50 are printed onto recelving surfaces 58a and ‘?eP of _col tor 25
rol | 16 in regi 53eking FPllsTRAsapphythe, QOrTRch SepaFeq elnk fr°mc6P red ink

pattern from r egéoérindp rolile 880tS2sadl ioH thet Shree ink asguediviing i nk
o i h o obfor {1 EgAaRe 928 and FF o Dagrern BBEL OFS) e 8, 4RRLED or oy
i nk patterns, eaghl8(b4 arienkovabbe tmiargl dFepmsat ednmtttnng ipositéepeeitve
conpartment - pattern roll 50, to enable each colored ink to be applled
only to the appropriate ink receiving region.
Collector roll 16 has two receiving surfaces: 58a and
20 58b, each of which collects a full color filter pattern of
‘black matrix and three pixel colors on the’ transfer layer.
The separate colored ink patterns developed on ink
receiving regiehs 52a, 52b and 52c of pattern roll 50 are
printed onto receiving surfaces 58a and 58b of collector
25 . roll 16 in registration. This means that each separate
colored ink pattern from region S52a, 52b and 52c prints its
respective.ink pattern on each of receiving surfaces 58a
and 58b of collector roll 16 in a specific geometric
_ relation with each of the other colored ink patterns, each
30 ink color being dep051ted w1th1n its respective compartment
within the black matrix pattern.
' In Fig. 5, transfer layer applicator roll 42 is
depositing a transfer layer 14 to receiving surface 58b of
_collector roll 16 and black matrix applicator roll 18 is
35 depositing a cured raised black matrix pattern 10 on



within the black matrix pattern. : In Fig. 5, transfer |ayer

applicator roll 42 is depositing a transfer layer 14 to receiving
surface 58b of collector roll 16 and black matrix applicator roll 18
is 35 depositing a cured raised black matrix pattern 10 on
WO 96/36491  _ PCT/ US95/ 7146 - :
19 tranQWpP649%yver 14. Next, red ink pattern region 52ecHisokn7ises

+ deposit the red color dot pattern onto receiving surface 58b of

. .collector roll 16, and green ink patte'rn rd8i on 52b will deposit the
green col or dot, pattern _onto receiving surface 58a., On the next

rotation of col }era%%ex Jiayerpld. NQXtiﬂqﬁgllﬁk Patteym Fegidh SPoawiil
deposit the bl utepsdit thet red colmtddtr rpmh&nr 6AEH Viege Brid@ ehry8be and

red ink atter are attern.ont
recei vi ng r\Saslﬁr aceﬁg'gggo%ﬁg?% ]hséx OF%Fegn 'glf pl&f %re&iggnggﬁk 10
pattern reglcn1ﬂiﬂi\daposdﬁpbbetgnaqpenniogoﬂot gattemxn tanto receivdango
receiving surfags-agh s33d boyeridhdaat tr%'i:%tﬁ.@ﬂ'&f‘ &%Iéiectog rdhl 1 gf’ﬁf't a

bl ue 4col or dot pattern onto recerving this a
conpl ete col or t?ltqq dmk pagtern regign I529ew|§ﬂ-és€ﬁ¥°sw tweeéﬂ-hleopoﬂ-ﬁé det or ed

i nks deposited pkﬁ;tem%hh.bnréds@nhaigs%r&héeksss; rand Radd G."rik pakkeph Which
are on tran fer In turn

; Iay su by receiving
| surface 58b of X&AYRO4F ?"b#‘ ‘!L%msﬁ%eacﬁﬁgr "'f“‘l?%?téj‘%aé’é‘%° ‘%ceﬁ'gli‘%spect ed
at inspection statfame 66a. whn cthermextnpbtgtion of fodrl eéanpireenaink mage

anal ysis £ | 236eseanglltol o W11 deBSREETL P\ Bir Lot Breer

mul ticol ored pdattern d I nsSpeciion 'S rej
cl eaned of f of onto recemﬁamqrnnnfaagbssp.candhbkgprxnh patgern régi¢m352a

mul ticolored 171 H@EBE{EE ag%i%%s doﬁ%EeﬁB{éoé:?tﬁéﬁ?%n%‘ébi*laf:gg@i&& ""h' ch is

supported on vacuum c IS contacte ol I'ect or 16 and
the resultant SHFESSEt 88awhiAth thdssPeistefa completesssler Eijber 1maqﬂ ack

matrix patter nw.l(izl 880ptéferdtedwith eacHréfnth@%lWr@ﬁ Qﬁk@rdéﬁtﬁéis?ed S
transferred to t ti.col ored

ink pattérh pr é’fié'fSéBl iy'hgorafseé\%é@cﬁ' %Er%ﬁ?%tt(eﬁé" ﬁlll e8| Yﬂ‘iﬁh iR EN s

still _ transfer layer 14, which in turn is supported by receiving
surface 58b of collector.roll 16. The color filter image
is inspected at inspection sfation 60, which may employ,
for example, an image analysis or laser 3canning type
20 inspection system. If thé_ﬁuiticolored pattern does not
pass inspection, it is rejected and cleaned off of
Compartment'58b by-Cleaning roller 64. If the multicolored
pattern passes inspection, glass substrate 12, which is
supported on vacuum chuck 62,'is contacted with collector
25 . roll 16 and the resultant_composite,_which consists of
transfer layer 14, black matrix pattern 10, and the red,
green, and blue color cells, is transferred to the
' substrate.
Transfer of the multlcolored ink pattern preferably
30 = takes place while the multicolored image is still
deformable. In this way, the 1nks are compressed, during
the transfer, between tiénsfer layer 14fand'the substrate
- 12, as illuétrated in Fig. 4. In a preferred embodiment,
the ink employed for the'color ink cells is radiation
35 curable, vacuum chuck 62 is made of a transparent material,



deformable. In this way, the inks are conpressed, during - the

transfer, between transfer layer 14 and the substrate 12, as
illustrated in Fig. 4. 1In a preferred enbodi nent, t he i nk enpl oyed
for the color ink cells is radiation 35 . curable, vacuum chuck 62 is nade
of a transpar ENPXRHY i al , WO 96/ 36491 | PCT/US9S/17146

PCT/ US95/ 17146 20 and an
ultraviolet light 63 is provided within vé@ﬁun1chuck ' 62 to emt
radiation throy &SUb LERL :Lo112e E'l hltnlﬁ3' s prov:.&ég ‘%H.tmhl @aﬂﬂgxﬁ'rc uck
conpr essi on fr8 rans tion, causjng the Ink

cells to retai $2t fro emit réidlamnf (Sh#pgﬂépéwfé%ﬁféj 1@ur| Thet ekt iansf er

operation. cyred whREgi idedt 'd&&prrégshaﬁn?f&& Y triafdird rcagsésd t s pl ay
color arrays is typically on the order m crons,

with future reQREFaEAARs ARG Fheo 1Bk EﬁgLE Eﬂtﬁ?tg}n t%Sr fPhEs 5

mcrons. BecauuliFbrinhehp&xdreitRldy dieingdting tifhnsfexgioperation.
requirements, a prlgtln chine 1i

utilizes a single p F?égﬁr qnlﬁfqugeﬁeg S 20T 4 4?1 eﬁéglga?h%fv%ﬁg%

col or patternscbdoz srngys is typicalllycoorthel|dérdey; ofs plusyonseimis 39 rst,

because there gr ' ; t{ar I
transferring 1guér0{1 c%ﬁ“ecﬁ&me ?Fﬁ%kwﬁgt}%%axrﬂg #egsle%e%ﬁaﬁ?@g‘lf plgfr;t s to
al i gn. or mipyssh rmicrons.s BegruRerof dehese sxddepelycdeparding

| ocati ng jighe 'E@b‘ibgﬁé{n&@tf&fiﬁ%eﬁ%ﬁts52§’ pf\mtﬁ?gc ndi¢hine lirattwgey roll 50
so that, when col'l ector

al i gned, each SBEVBr M FiGneti MRACH Ut t ilz?%gﬁ s‘?’é’rgslq P@égfrﬁhﬁaﬁdg{ﬁ)ﬁ"tl ng
its respecti vefbmiﬁ and depuéitcnthe variousecélor rpatteths toua, simgle is only

aﬂsch usedpﬁhfgﬁ t%ft%ﬁﬁirﬁgn éas oggoiggf%# ?%%%% %%8%E§€0%§E¥?ﬂ? Fehave
been dep05|tedonhyttuustqﬁlsaﬂpmolyed,theeentpat;ern roﬁﬁlﬁpcbtamsibnnng@e is

transferned from aghlEEtF %#yﬂ 1}6 tflere areURsy %%%h&ﬁlbgl SHY &

transfer as illustrated 1n tion e enbodi nent
il lustrated inagign.s enploys an | mage transfer ratio, frompattern

roll 50 to 30 col Regis¥rdtildn 18 r@ttBe fadilnefted bgt heéchbatdmsy rati o of
| locating the individual patterns 52a, 52b, and 52c on
pattern roll 50 so that, when collector roll 16 and pattern
20 roll 50 are accurately aligned, each pattern automatically
' registers itself when depositing its respective ink
pétterns'to collector roll 16. Thus, there is only one
pattern roll to align, as opposed to prior art methods,
which used multiple pattern rolls. Once all of the colored
'25 inks have been deposited on transfer layer 14, the entire
multicolored image is transferred from collector -roll 16 to
substrate 12 in a single transfer as illustrated in Fig. 4.
In addition, the embodiment illustrated in Fig. 5
employs an image transfer ratio, from pattern roll 50 to
30  collector roll 16, of 3:2. Transfer ratio is the ratio of
' the number of multicolored patterns on pattern roll 50 to
. the number of receiving surfaces on collector roll 16. The
3:2 image pattern transfer ratio from pattefn roll 50 to
collector roll 16 is advantageous in that such a ratio
35 results_iﬂ the seriatim transfer of multiple images from



the nunber of nulticolored patterns on pattern roll 50 to t he nunber

of receiving surfaces on collector roll 16. The 3:2 image pattern
transfer ratio frompattern roll 50 to collector roll 16 is

advant ageous in that such a ratio 35 results in the seriatimtransfer of
mul tiple inmge o WD 96/ 36491 : :
b/ UBoe/ 17146 WO SésBer 21 PCUmSINTII46 t O
anot her so that each ink region 52 visits a di fferent receiving
segnent 58 on the collector roll wth 21every rotation of collector
roll 16. This'result ~sel f-i.ndexin rocess nce into a
runni ng product B = 11 tﬁrSﬁ%%%Frzﬁﬁj%?ﬁ&rgéFéeg?EQF?ﬁﬁ%ﬁ #gnvﬁ§i§§h?eved

bet ween al | - dififferielnd peceiving cegmenénts, opathercollsidtorOradd with ect or

roll 10are Ml UAAedotALif Se 'EANRLC-BS! 1600k %esPeaF;uretghed

surface speed no operat1on aids in
mai nt ai ni ng aCClﬁed{fe'lF‘éQF‘éﬂ‘iaElFQﬁﬁSS}Ol e., onceninkpiia |Wﬂnlﬂﬁepmﬁ1ﬂ¢'@€9mred

ink patterrgis procesTsr agafies r;ﬁ%él%é%%%ﬁrsdanlib ehdm@%e bedheéerant ep.
istration, between the

In o this mgﬁ%tgﬁere is.,only one re
col l ector roll pBELAELNg enge, dBﬁSE???cﬁP%ﬁ ﬁphénd Gollector
mul ti col ored |nknaatusrarenﬁaintsﬂnemaunlxhebrtfuspadrﬁveapeslﬁﬁons i is

battern ot ho BAERed Subbheq dpls Bout S P0Eudason, hEs gephy 11 e!
t herefore requi iadexing fepturs eids in me@nturainmm;mnet hegtsm:mtria:(m
In a prefaryed appar %Uédéﬁustr tfl‘x'enﬂu?’t']gcéf@ré@t f}ﬂgi,a%ﬁem p5 the present

i nvention, the apparatus | nmounted on its side

(i.e., by vert|65PP§fﬁ§Eﬂ@| supstrate 15r4%t4r§}ﬂ§ﬂq fransfgraten callny
mounting the pricRignday, thefénlilssonn ebﬂnémb’e&’&ﬁﬁﬂ%ﬁq Bét&ééz@'éﬁé (in an
axi al direction, relative to the roll) fromthe printing 2

apparatus, as ofPbdeates TVhk ARG SHRStRRFe, AMRedsd, forsgeresition °fr dbeer s,
whi ch nust be raaD¥edoberéd AMkaba¥tern and blaclAmagigr t@ftlQE sfbstrataes

ok ror ¢ °1' B e yrsip el Nl SR EFSRA R
rolls the color filter pattern to the substrate 1n three
. different depositions, and therefore requlre three ‘separate
registrations with the substrate.
In a preferred apparatus for carrylng out the methods
20 of the present invention, the apparatus 111ustrated in Figq.
5 is mounted on its side (i. e.,_by vertlcally mountlng the
printing rolls). By vertically mounting the printing
rolls, they may be removed vertically (in an axial
direction, relative to the roll) from the printing
25 apparatus, as opposed to conventional horizontally disposed
rollers, which must be.remqéed horizontally.
A number,of'disadvantages.inherent in prior art
printing device are overcome by supperting the print rolls
- of Fig. 5 on the end. First, if desired the printing rolls
30 can be supported by a single bearing system located beneath
each print roll, rather_than two (one at each end).
Because this leaqes the oppesite end (i.e., the upper end)
of_each_print roll free, these print rolls can be removed
and replaced by moving the'rells in a vertical direction.
35 Consequently, changing print rolls'is'greatly facilitated.



30 can be supported by a single bearing systeml ocated beneath

each print roll, rather than two (one at each .end). Because this

| eaves the opposite end (i.e., the upper end) of each print roll
free, these print rolls can be renoved and replaced by noving the
rolls in a veMWQ ¥4 i rection. 35 Consequent |y, changi ng peirotesi9less 1 S
greatly facilitated. WO 96/ 36491 - '

PCT/ US95/ 17146 22 . 22 For
embodi nents in which an |nk (bI ack matrjx and color,ink), js cured,

the ink is preferafSr repdineatsip pihich an r"&&fl éP?‘Bﬁkdﬂﬁ‘ta’Bil’% ansy °%ur abl e,
it is meant thesléheidkk is cured;oswelimksis pByfeadbayi formuliatc to bei s

h h k xRosed d
This is regardradiation aindie: o) GRldliil, HR TR pb RaprEEAP R R B PN
properties in ¢chesamiinksd (Bycradiatiotkexlirable, ittiseomeant dwtpdhetes a
sol vent. ?nlt hen e RGBT ks whexa'éﬁ#féé:ﬁtt%dabﬁrgbglaée VYRS IgHuck 62 is

capable o transmtting iation which™I's suitable for curing the
particul ar i nkTleh] jcﬁ/eﬁfgaFé#eéﬁa%l@eﬁ%uGﬁec%EkaB@ has hatyfedthave an

ul traviol et . (16Rerrd¥ Bt ier pybﬁef)tﬁes( 430the uncuf@@[@lﬁﬂ&ﬁs§-ﬂ.dlrﬂ:feu¢n sour ce

th dth by b |_et bl
i ot on ASAT AR GO EPREEtes 3, SqINERE BB EpERPTSe radi ati on

by ot her net hoiﬂs],ustratedstinhl?ag by, araduus Zhogki 62i Dsl capakde af the nip

by radi atfon cCHFPIRRUSing’ EoRbaRI ML Lo, PHuhSR [ for, gurihd Bhe 0 70N

al ternativel y pattismrlaroihit emplowsti. gFodteeéxbmp28, vacunum ahsickt 62cur e
(crosslink) ”‘ﬁ;dﬂi( h%-lief afi! ﬁﬂi-é{viﬁlé% (160 -%?@ﬁ)f&f HIEHY (ypoke cured

in the defor @gfi/. ector roll duri ng ep05|t|ontothe
substrate, the’00um) ragiphien seures thexredisnt and Eh%’%ﬁlbéthﬁeé’ﬁpﬁhéecéfl ect or

roll andert it i U1t 2001 L6t diedﬁriMeeaaaﬂauém.r ama;re&h@lahaéiy, 25
oo SHE LT 9B S oot saad dee B By P ST oSl el 10,
contact area, sumi e byeali ﬁmq a daliation bpprcelay wHwwipa £brined2bynm wi de
cont act area.cghély%ll and ghgs§hbstrate While such curing may be done
by radiation curing using conventional radiation emitting
lamps, alternatively a laser could be used, guided by
20  mirrors, to cure (crosslink) the ink sufficiently. In
order for the dot to be cured in the deformed state by
collector roll 16 during deposition to the substrate, the
surface area of the contact area between the collector roll
and the substrate'must be large enough, for a particularly
25  roll rotation speed, to allow for an appropriate amount of
curing while the dot is still belng compressed in a
flattened state. This contact area, called the "foot", is
.typically about a S to 25 mm wide contact area on the
. glass. _
30 ~ Color filters typically require approximately 15-25
micron width black matrix lines, and small color cells
which are typically on the order of about 70-100 microns in
width by 160 to 300_mi¢rohs in length. The color cells are
typically printed in films less than about 10 microns
35 thick, and preferably less than 5 microns thick. These
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PCT/ US95/ 17146 23 thin col or
cell s nust. be evenly applied and accurately23 regi stered within the

bl ack matrix pa In ca in t the present invention,
conventional radi (S:r? 1og, 58 Lg/ mirbt be W?"iﬁ’eaﬁgﬁg?‘gﬂ GeePEAEEd Yoy er
t her mopl ast i c | megisteredpat thin tt&reatlﬂecﬂchm;tran bat e .ed Ial ckewping

viscosities ECBrQQJ-fuPé ix{%re%é:.'& l,e%oﬁ%ilti%‘x‘xé;t frgalréi%ft f%}%f\{n

nmor e, dlffICtI to conirol rn'regrs
t'her mopl asti c |HP§S asetaeqexai%ﬁ|e;a§srredepyer|gh@rmqn&aamlc inks,

Lolerances g o cgaykaly Bakhgsd clelPRahoBa: piineed! it Fowel vischBdtaLion

curable inks-are_ easily, cured during conpression. transter operatlons
i n accordance w¥bchhBeipg et RFiNting sucheEhip| Gatit i ASOdoifial® Bere cast

one advant age, idafEhatult to cddt&blC%nebﬁaf:ﬁéﬂwﬁé@Ihﬂﬁt&%h o haﬁ&deﬁé ely

d t t t f I
Lonperature. T oEhErPRBLaRti daks, Ng; Bhel] PRgnits, SicrehBlyf gt Wicaial
ot her such def etpdewhncées can dwtcratlspdtb#rn dimensuanmquaﬁa addition of
Lransfer ¢ facesqiabPonadtale inks ared0BblEy ALRILULRInGYBSI edior ©
S tion

one that displa er nopl as I C an
properties. Suchransfer opexgtioasoia iﬁc@hdﬂéﬂ¢€wiﬁh &bedinvenbion.

thernopl astic U@héhnoplastﬂf 'i?xtk%ddoohéi?é §t'bféé§ﬂ %nearadW'QhEQ%QO'fH tHatCN

be cured by exposure to appropriate radiation cur-e I S neant
that the ink istheysesg QSG@9¥FUéﬁ§§§ te nkell, uryiggedi ﬁﬁRlMguPon of the ink

increases its daéﬁbsitio’n A o Q8bSEAREE 69 Lfanstdd FBEL wamjaé Wkier whi ch
is preferggle dggmég uggng gﬁg@gs thelﬁﬁk@t %i éer W |
exposed t Eﬂgggﬁuéﬁ? 588 neRsy the bl ack
matri x ink, anouhbformrﬁiaswandtpphenfsuch defects which can be caused by
' 1nadequate wetting of transfer surfaces. Consequently,
another preferred type of ink is one that displays both
_ thermoplastic and radiation curable properties. Such an
20  ink is one which is formulated to be 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. Cross-linking
of the ink increases its durability and resistance to
25 higher temperatures, which.is'préferable'due to the
temperatures the color filter Wlll be exposed to in
subsequent processing steps.
For the black matrix ink, another preferred type.of
ink is a solvent based formulation in which a volatile
30 - solvent is 1ncorporated into the ink to lower the viscosity
during inking and doctoring, the solvent being chosen 80
that it is compatible with the ink and readily evaporated
from the thin (preferably 2 to ‘5 micron) black matrix
pattern in the 1ntaglio plate before contact with the
35 -  transfer layer. The ink may then undergo crosslinking
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I ncorporated into the ink to | ower the viscosity during inking and
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24 duri. S I,at e ﬂ@%m The inks
may. undergo -fi-na riﬂg SHH§£%PJ&¥1f3d1%Q 85 bbet J£p05|t|on to the

substrate, by expos@he %@kelmmmnderqo ﬁaﬂﬁﬁt‘F‘éﬁ’#nthé’ﬁW&PS ABi aftes or

other type of eu_bbaltién to HC @ebstiratasbeVvéxpodiaied tol agknkree, durable
state. Al { outhéhe i nvention has been escr ed in detail

for the purposeaSFaFF?ﬁst mats PPistuphqer 2 t Uring  getajl is -
sol ely fois t haprpeepssetarathizvieata hasdpanable—free, d‘mdbléhst&te. by those

skilled in the art artln 0 nd,sco of the

i nvention which is %%%ﬂﬂgﬂ‘qﬁp lnB? ﬁgnf%? Qé%ﬁJ&%%&g&§ 4 fn"astary For N
exanple, in t hfoenbbei purnase [dfudlinstdabiori nit is underahebérthayesudi is
applied to a Cau;sems ré&leléﬁ for t 81:"%]3 52 ddie v%&%ﬁﬁ?&nk”?!&ﬁ‘tﬂ:é’” I's not

limted to coIIector er types o ector

devi ces, such Bade er?)’rfhtlﬁfs th@é&l ékaﬂ-%ﬁdb’e“ J&he |aEédW1EhREW depagiine the

enmbodi menos il Eushraﬁeolsﬁew And! bbb%é Oft 168 Nidvaintebs which id|ddefpld ern
pl ates coul d a Ege g | oy.ed. Flrans | ayer 14 may be applied using
Pr

any techni que, applied using ink applicating
techniques. In addF¢rcnxamp1e, in thétembmdimenﬂso1uhasﬁr@c@dshéféiﬁﬁl’ated

in Fig. 5ist ' S of col,qr rectly on the
collegtor r0||9£g?55$fﬁ%$ﬂ$}§- %d%ﬁ?ﬁﬁ% tieﬁ%#afgﬁg %%fi ﬁg or from
flat imaging pHavegerArthﬂwpxeabnermaventnqns1s nogniligitedi tm, cdliswatamul d
be no pagkern £giis>ting thus other! Bypédlids Wp1ll t@i‘s&ed‘{cége Sigpdigrent s

il lustrated, the Dblack natrlx attern I's deposit on the color

filter shhatesu §°‘H(§N§\}'§P bgsukibizethed Likevisei tvhiksgde to
Fig. 2, the bl esbodhidrits AlugtPated Cérdin d8A13zeCEatten rollers,

flat pattern plates could also be employed. Transfer layer
14 may be applied using any technique, and preferably is
- 20 applied using ink applicating techniques. 1In addition, an
alternative to the process illustrated in Fig. 5 is to
print the three sets of color cells directly on the
collector roll 16, either from individual pattern rolls 54
or from flat imaging plates. In this alternative
25 configuration, there would be no pattern roll 50.
In addition, in most of the embodiments illustrated,
the black matrix pattern is deposited on the color filter
_substrate. However, as explained above with respect to
- Fig. 2, the black matrix pattern 10 can be deposited at a
30 = different location in the liquid crystal display panel.
For example, the black matrix pattern may be depesited on -
the glass substrate that carries the thin film transistor.
Thus, in the embodiment illustrated in Fig. 5, the
collector roll 16 may be utilized to receive black matrix
35 ink directly from black matrix ink intaglio roller 18.
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enbodi nent illustrated in Fig. 5, the collector roll 16 may be
utilized to reﬁ,sfégﬂm ack matrix 35 ink directly fromblack matrix ink
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PCT/ US95/ 17146 ' 25 This ink 1is then
transferred and deposited directly onto 25 the TFT gl ass substrate

Preferably, thig substrate Ny F glass
usi ng convent i oir??a s Thi 1tsegﬁgﬁ Eiéasnsg%‘dﬁ Ny ’ﬁ-&hgeg{’%%gﬁa‘#ﬁee%t& t P
deposited 5 1&%@%@}35? Subﬁtraﬂ?he tﬁr&fnrnhﬁm xthigx substrate bes

al i gned appr oprify &lne Wrirh el i Eﬂ%ﬁe& it %epaiasé n&sm onventiBhs

dep05|ted on the qther glass substrate, prefefrably a .o ex Ialneé above
with'respect tFeshpiques, so that the)\blackspagrix pattern is deposited

PCT/ US95/ 15146 over the TFT film. The black matrix inkKGan then DWHAT IS
CLAI WED | S:

provi di ng é traﬂ?sifgéﬁe%ll- gégroprfateloy wrﬁli'f &gﬁaﬁcfégigéé%emgf 5 Si? &’n and

a recessed ares@ebasetpdtMzrthe)rots}mrdgﬂ.aaaséebstmztm preferably as
depositing a pléy la'ﬁ%dogb&?% %&P@@r‘:t EENFLQN said transfer
in sai o : L

| ayer, said ink patterns w cessed



10 surface pattern, to forma color filter pattern/transfer | ayer
conposite; and transferring said conposite to a
substrate so that the i nk patterns contact the substrate. 15 2.
The net hod of ﬁ’ ggké? wherein said form ng step conprises contacting
said transfer é’? th an enbossi ng means, thereby fOPCR/USISHTU4E

rai sed surface pattern and said recessed surface pattern on said
transfer layer. 20 3. The met hod of<ﬁaﬂrn2, wherein said enbossi ng
means conprises a pattern roll or a pattern plate. 4. The

met hod of claim 3, further conprising curing said 25 transfer |ayer
during said conWHBT| E§ GRAIMED IS: 5. The method of claim3, further
conprising, prior to sai d depositing step, applying a black matrix
ink to said rai sed surface pattern, there formng a rai sed black 30
matrix pattern on S%J@F{hQﬂuﬂqgrmP yRg a color fﬁiéefhec ot claim 1,

wherei n saisd rai sed protiatihg a trapsféerlayey;r esponds to a desired bl ack
matri x pattern. 35 i 649 -

PCT/ US95/ 17146 forming a raisedyghé¥¥é%‘%&£tern aaq a recesseﬁ The
met hod of cl ai neurfaeepattera onf sahd ntransfer laver;conpri ses:

providing a recessedugiiiditifg a plurality dPRAILLAOIhRIDI AL saEaSsed
pattern; and 5 = transtferring Sald InK fromsaid recessed pattern to said
transfer layer, said ink patterns within said recessed
10 . surface pattern, to form a color filter pattern/transfer
layer composite;
and '
transferring said composite to a substrate so that the
ink patterns contact the substrate. |
15 |
2. The method of claim 1,'wherein said forming step
comprises contacting said transfer layer with an embossing
means, thereby forming said raised surface pattern and said
recessed surface pattern on said transfer layer.
20 :
3. The method of claim 2, wherein said'embossing means
comprises a pattern roll or a pattern plate.

4. The method of claim 3, further comprising cufing said
25 transfer layer during said contacting step.

5. The method of claim 3, further comprising, prior to
said depositing step; applying a black matrix ink to said
" raised surface pattern, thereby forming a raised black'
30 matrix pattern on said transfer layer.

6. The method of claim 1, wherein said raised surface .
pattern corresponds to a desired black matrix pattern.

35

A |



transfer layer to forma raised black matri x pattern on said transfer

| ayer. 8. The nethod of claim7, conprising at |east partially 10
hardening said ink prior to said transferring said ink step, so that
said ink substantially retains the shape of the recessed pattern
after said tr ééﬁﬁa ng said ink step. 9. The nethod of claim 8,
wherein said ha ﬂg step 15 conprises curing said i nk PgTAS9sA3146e t O
ul travi ol et radi ati on. 10. The method of claim9, wherein
said transfer |layer is cured duringzgaid transferring said ink step.

20 11. The thod f cI I n _prior said

transferring sg‘i d pek ?0&*%? %ﬁéfgp Pglétfq%g steP partially
cured. 25 cqmpriﬁhs.nethod of claim1l, wherein said transfer |ayer,
after being partia ﬁéﬁ&&ﬁ&' |§e§égd;éac?glgttg¥ntacky to remove said

bl ack matrix ink frfom sail recesse 13. The net hod of
claim1, wherein ddePREising Bk .m'qq sadfereragsed patiteraungddi te, said

col ored igk p3da@ic#erring s & 98 @ﬁ@bhaadaﬂécééééh rﬁﬂm& ot ?Sﬁ.d

ormfilm

conpé i ses: efornming said ink patterns to nore un

Lhi ckness t hatSRESEEFCLRNEE 19 GOt 2 ZPAsPARLACK matrix pattern opp
96/ 36491 - said transfer layer. PCT/ US95/ 17146

28 . 14. The method of claim 13, wherein, during said

transferrlng of said conposite, said individual.colored ink
8. The method of claim 7, comprising at least partlally

10 hardening said ink prior to said transferring said ink
step, so that said ink substantially retains the shape of
the recessed pattern after said transferring said ink step.

9. The method of claim 8, wherein said hardenlng step
15 comprises curing said ink by’ exposure to ultraviolet
radiation.

10. The method of claim 9, wherein said transfer layer is
cured during said transferring said ink stép.

20
11. The method of claim 8, wherein prior to said
transferring said pattern, said transfer layer is at least
partially cured.

25 12. The method ¢f claim Ii. wherein said transfer layer, .

after being partially cured, is sufficiently tacky to
remove said black matrix ink from said recessed pattern.

- 13. The method of claim 1, wherein during said
30 transferring of.said composite, said colored ink patterns
are deformable; and said method further comprises:
deforming said ink patterns to a more uniform film
thickness than was present prior to said transfer.

QT



patterns are cured. 5 15. The nethod of claim1, wherein said
transfer. layer is selected fromthe group consisting of polyimdes,
epoxi des, acrylics, vinyl ethers, polyurethanes, polyesters, and
acrylated or nethacrylated acrylics, esters; urethanes, or epoxi des.
10 16. WRIR6Mod of claim 15 wherein said transfer | pgpussiTige a
radi ation curable nmaterial, and said transfer Iayer is at | east
partially cured by exposure to radiation. 28 15 The net hod of claim

6, further co risi | a natrl attern t anot her

| ocation withi 4t henl?? d{)ﬁptd%dn%f clpdmi Ly I C’é"pﬁ é Q 18‘il The net hod

of claim 17, wheapsferming afoshdd bompasxteénhald undmnxdm@lo¢oknrddT@mkayer.

19. An apparat ?téé?né”éfg'dwg aolor filters, conprising: a
collector roll“for recelving a transfer Iayer/color filter pattern
conposite and transferring said conposite to 25 a substrate; ‘
a transfes |l aygs, appld Galtdod' 8F apRia 19 wifdxd iy sa&&efransferllaaw g said

col | ector; a bllack matrix patterning qgrlslng a recessed _
pattern corresﬁ%&ﬁﬁ?ﬁ?t§¥9¥ GP&cHrﬂﬂPr¢9P§kﬁ§¥99h°ffBP eoRRide§ s said ¥

transfer Iayeraeﬂyrinsi wqhbecbahefalIporyuiethanes, polﬁés&éﬁgu ame col or
inking roll for sai d %ransfertgggw to form

said color fi I?%%zefaé/e&%ﬁaf"?g#ﬁfﬂ’%ﬁg?%ra‘frég}é’rcséoﬁﬁ 8fte ure es, or VO
96/ 36491 epoxides. _
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16. The method of claim 15, wherein said transfer’layef is
a radiation curable material, and said transfer layer is at
least partially cured by exposure to radiation:

15 17. The method of claim 6, further comprising applying a
black matrix pattern at another location within the liquid
crystal display.

18. The method of claim 17, wherein said another location
20 is on top of an ITO layer. '

19. An apparatus for printing color filters, comprising:
a collector roll for receiving a transfer layer/color
filter pattern composite and transferring said composite to
25 a substrate; .
a transfer layer applicator for applying said transfer
layer to said collector; |
_ a black matrix patterning roll, comprising a recessed
_ pattern.co;responding to a black matrix pattern, for -
30 contacting said transfer layer on said collector roll; and
' at least one color inking roll for applying colored ' -~
ink to said transfer layer to form said color filter
pattern/transfer layer composite.

-
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20. The apparatus of claim 19, further conprising a black matrix ink
applicating device for applying ink to said recessed pattern, and
means for hardening said black matrix ink within said recessed
pattern. 5 21. The apparatus of claim 19, wherein said nmeans for

har deni ng conprises said black matrix ink applicating roll, - sai d

bl ack matrix iWQ’E(ﬁ‘?N cating roll conprising a radi at i peThiso R’ ent
surface and a radiation source 10 di sposed therein for curing said black
matrix ink. 22. The apparatus of c2%im 20, wherein said collector

roll conpri ses, a radi ation transparent surface and a tadiati.on
source di sposedOrheFBf 2PRATALNS R §§PgmtfégnﬁaﬁthﬁgygpmﬁglsanMR}hﬁ?Ck
transfer of samdtkiacknkedppldicatingr deviee forappdgdng ink patdsd to said
col | ector rOIIrecessed pattern, and means fq;_hardening said black matrix

ink within said recessed pattern.

5
' 21. The apparatus of claim 19; wherein said means for
hardening comprises said black matrix ink applicating roll,
said black matrix ink applicating roll comprising a
radiation transparent surface and a radiation source
10 disposed therein for curing sgid black matrix ink.

22. The apparatus of claim 20, wherein said collector roll
comprises a radiatiop transparent surface and a radiation
source disposed therein for curing said transfer layer

15 during transfer of said black matrix ink from said recessed
pattern to said collector roll. '
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