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BACKGROUNR @B /03éd67 | NVENTION  a) Field of the Invention ThiP?Ti/ @ﬁmﬁi&?n
relates to lirquid crystal displays conprising cells of well- dertng shape,
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bet ween 2 gyi cr ofg1Ps¥the Inventloans- The cell is hermetically sealed in order
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typi cal |y BRSPS PP LR S Sb e s S RSBt BT i hei e
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pl eochroic or dichrojc dye, is added as a guest to_ the liquid crystal to
produce a 95 WHo 280 Hrictams %/fﬁ‘é"s pupiisypilnhavingg Mﬁiﬂ of beyesn dgBiciams agd a0
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ol coul os Hydis” TRERERIerh QLY SN R R B B el bEHENSIBR, | ¢ e
l'i quid crysftwllich inag chémieslly stacR thetlih@idiytostal] actibragkltSvw bamgeprid t he
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or not deﬁq%)ng on the orientation direction, it is V10 (212/11S(iu7
PCT/ US02/ Ul 12 possible to switch between a colored state ("off state")
and a col or | essA PDHAI@tybically Sérasises'of niiyrodRite/drogle® of alléwraeoledulirigei b0

el ectrodes. The use of dichroic or pleochroic dyes in guest-host PDLC

di spl ays tismatpligyid erysaldispersad in 4 palymer kindgs| Thi nemati¢ droplets songlyA PDLC
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b i 5] in the.t t state. Reflective PDLC di.spl b
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elimnated. Polarizers substantially reduce | !W?fht and decrease brightness
of both dist@etthepadlhys appsersjcéesr pomengpapitainsthe Tstashit eppsarodpaged.ari zers al so

i bet t i_ew The PDLC di spl d by pri t
o ocesees have iRl BRRe e e Rt Bt aRAeRB e deReb e ds 1 qui o
crystal s tagedad 4 yuditiandigRkiehgtadlo p&;ﬁﬂ\)’ce%irlﬁ%gcdléf ddnfa& Bdis, Post ri bution,

which results in significant hysteresis, gher operation vdl tage, poor
cont rast rexpinple, becdusé thaldyemotaiules bavdtaproperty, toamientatevparadiebto thé liquid

“mul tipl exing., ,Ho , .4 hg hyst i PDLC fi l t. be |l ow.tqg _sh
et b SR FRYESGE alERRGERSlRe o e etk BolbRast o
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crystal particles in the mcron size range have been taught in U
5, 835, 174, liqu@ ¢tystakbin chatged by ppilyiag en 4B5tricCidl& emthe, opposing electradesl 6, 037, 058

(Adikeman,,et al.) to.reduce.the hysteresis and operation valtage, and

i mprove t t%ecf"éﬁ?é}’}séﬁye W‘?ﬂp‘f(’é‘?ﬁf% XO?HSP%’E‘H’[&% ¢ Pg??tﬁtl%’f élmﬁf_l@’=dg‘§i ce
prepared fromthe nonodi spersed particles renmains | ow for nost
applications. To inprove the contrast ratio without trade off in the

t hi ckness of the PDLC fil mand operation voltage, guest dyes preferably,

pl eochroic dyes or dichroic dyes are needed. However, the prior art
processes do not allow for the precise enclosure of a high concentration of
guest dyes in the liquid crystal phase during the manufacturing process,
such that only a | ow concentration of dyes may be encapsul ated in the
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| evel of multiplexing, and reduce hysteresis. SUMVARY OF THE | NVENTI ON The
first aspect of the present invention is directed to a liquid crystal (LC
di spl ay c@mhiosd cells of substantially uniform shape, §j pect
ratio. Th§@€2?$gﬁgre filled with LC preferably with guest%giﬁ?gyamﬁiother
aspect of pésamld veritchdatwehat@iorédstée (foffitap? emd ascoldless fige ranuiactiur e of
such a LC display. A further aspect of the invention relates to the

pr epar at i biaplylagRvoltage euths tep eleetradgs.udibe giserpEdisheic aripteochivic dwpétt rati o.

Th N ferably with d f d f
i or ocupsSREon B B e G b R AR B S S BB ¢ e process
, for the prepar AtPONC Hispld)aniy 6 PaResive WAl LR RBIDRS Al tthsaidsherrmnt astic or

t hernoset precursor |layer coated on a conductor filmwth a prepatterned
mal e nol ddisplay hasvauinggmalelleaiiation souecendingoding o veltagdiomi theytvor eladttagies t he

. thernoplastic or ther et ecursor. l.ayer is, hardened. h i-at.i gn

cool 1 g, - Shnysliiees e erehie g o nupictikmubicAt e dengrioote SBLEFLYL  ocups
may be f ofgEshf CQRLILERIENY; & fore RRASHHE POILA ﬁi@pl‘a‘ﬁﬂ?ﬁ&&w cdrtdifb ¢odcatde Wi th a
radi ati on curable layer foll owed by renoving the unexposed areas after the
exposed _ablaalsohaxlereﬂéﬂmwhhhmm.vimmﬂteﬂraﬁaspa&emrsta_te. tReftecovePBBOI cal |y
ot opar ed BT RF DBHRTGRN SR RePRY S AhE RO doTites.o BESBRI kb ups. 1 or
nost di sp ARPPHERL; IhSh bk %ﬁ?b 1 .M CF ONS,  Nnor e
preferabl%ﬁ%?S nﬂ%%gﬁg g S§§%$%?%%§b; e §ﬁ§8§“§g@ﬁﬁe 5%y9§%%%%%&glthough a
shape al | Bularigera sibsgameinlly addate hghe andlecradkebfigitress of wehrlilettopiewl and yst al  and

the cups is preferred. The mcrocups are then filled with LC preferably
wi th guesProgsrépaylisplays dbapksgncevafpolapzernalso giyse abetisr wigking28glent i nvent i on

relates to the j : T i ' rable with
guest dye(s). ggg??rlfg@g c(1:1 la%sglﬁ ﬁ%{mgglﬂé{)/&gse\\eng%?eetﬁigﬁ%%h%vr\tgélgiﬁﬁr ef er\z,imbl Y,
it is accoopdxasipdd tiypslimpedispengdilighid dryseald ypivalls datkadropletstdf@erfyidrdbddng st ep,

a seal ant caonposition containing a thernmoplastic or thernoset precursor.
The seal aRtrtiglsizsslistiibutions whighi regltp fresigpifinant fysteresigughei operaboreci f i c

gravity | ower. t 12 X 7. R 1 02 that .of .t 1L C After
filling, ﬁ@agfhé"?"?r%ﬁltggss? Fai‘%o(r‘ﬂ‘f"%gr%?}%rse‘elg%?@%@o%@ﬁ&%@%3’#‘%&1’2@%d f or ms
a super nataievéraitehyslerdsie FPOL(PfilnishBudt e loW & R tepbdatibleayicareocups i s
then conveniently acconplished by hardening the precursor layer by sol vent

evapor at i erd lowhyadtege epeiitioreand highconwgstyaide obthedevice ismssantial fat moat PIAY

radi ation_is.the preferred .had to seal. the m cr.ocups, _althaou a

Conbi nat 1 gvpispiigrgd MpidicearR AR ohieh Eclet Tl FiBEHRRE A IR be used
t o i ncr eagRghtia U5 899hput(Cukesankt 419 5, Scia@5atikMBAY, ot AlNCarsERbI IG5 ECan be
acconpl i sheé by overcoating the LC with a seal ant conposition containing

t he t her ntiplikesang ell.) tmeadnesstbie hpsieresis st operaiwnsioliogm end seprovaithefeve eal ant

conpositiop isg.¢ri.tical. Preferabl i4,0is immscible wth the LC.and has a
cpeei T c g RN Abechat RB B o ke R BB ediSheEo Cont o
the surfaggtitRESIRANAIRY M HEREAPpYicatfons. NBo HBAI0HE kheCQNRAR rAtlPRithéht @AGYr e a
good coating uniformty. The sealing is then acconplished by hardening the

seal ant coffpo#ie thiskngsg of o RIDLC élrapod apdratinn Yoltage famestalyes mafstabdyy, noi st ur e,
heat, radiation, or a conbination of curing mechanisns. These sealing
processes p%f’%hrgicscg'efjﬂ’i %‘ﬁg;% %S ﬁ?réélef‘)c}e%t ﬁ%"’%rvé’s @?ﬁpq%\?gﬂ?@ﬁses ¢8P°{inot her
aspect of fil\e feM18S BRkisk '&H@l@iﬂr@@fiﬁ?ﬁ%&ﬁzeﬁl@aﬂdﬁ%@@ﬁ@?@s iafthd Rl ¥sk@L esi s of

the LC displays. The LC displays of the present 1nvehtion consist of
subst ant i ahasp duoing thespamdadunmgyroeasp sudh thheahina idw conpentatiomyef dxesmamnd
preferably a guest e, The conposjtion of the rgcrocups,is optim.zed such
that the %1’38?‘%8?)‘?%@68%‘? fhg spgnpgis O&Ym?ri{’@nb‘{i?fs rgoyerﬂ’tegtlﬂé’ s %ﬁgfbr di nary

refract i veuisReer il pari@ed: therdty rasuliYIA an Hididsdin bﬁli&pﬂefﬁﬂhiﬁﬁ% (RRLC

di spl ays, the LC displays of the present invention strongly scatter |ight
_in the absemiy ofthechackgmound)iand hilevet conast tagifof state"). Wien a vol t age
difference is applied between the two el ectrodes, the electric field aligns
the LC and substantially reduce scattering power and allow light to
transmt through the "on state". However, unlike the PDLC displays, the LC
di splays of this invention reach the maximumoptically clear state at a
much | ower vol tage and, when the applied voltage is withdrawn, reverts back
to the original "off" state wi thout undesirable hysteresis. The | ow
operation voltage, fast response tine, and the absence of hysteresis of the
di spl ays of the present invention are critical fox high quality display
applications where | ow power consunption, reproducible gray scal es and
video rate are highly desirable. Yet another aspect of the present
invention relates to the manufacture of a LC display conprising stack of
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~~~0 U 2/ U501197 PCT/ USU2/ UOW2 size, the displays manufactured according
to the present invention exhibit many desirable properties such as | ow

power co ké fast response tine, high |level of nulti " ) i gh
cont r ast n‘r%g{qygl,sg)gzld reproduci bl e gray scal e presentation c'ilglerﬁégﬂ@{("%

absence of undéisis hizhlyeddsirsitle tesieate nifflotspdPESiil thyoh| @bmaiE, RADIEI
Figures 1 % and 1 b show the "off' and " on" states respectivel i/ of a
typi cal PBleviagheisquipsmgnt e5high operptign Heltpge, ablodr kigk eprirast Tagio daphighi ons of

the LC di . ' tion. Figures 2a-2d illustrate a
typi cal n@%uﬁgﬁﬁ%ﬁlf“ﬁ#egg%??‘ﬁ‘g‘%taﬁ%é %%gesﬁbl d for m croenbossing. Figures 3a-3b
show the roll to roll process for the manufacture of a LCD, in particular,

" the creation of mcrocups IURIMARY OB THERNARGtwNeEl m coated with a W
curabl e conposition. Figures 4a-4b show two SEM mi crographs of m crocup

~arrays prepar edhpyirstiagpestoiibe prasgnt imventioels dirgtted 5a2)iqaid trysEH2l.Chcl, and 5c2

show al teni ative pr.ocessihng. s s. for eparing.the m crocups..jnvaol vi ng

i magew Se'&lesﬁ)agscap%ngxpgtcﬁl > %&Hhﬁg?t&llyf“f’ﬁrﬂ?@gﬁi’g%lﬁ 3 aép‘icﬁéartﬁbgl@f” Secur sor
to W radiaedﬁm.wilﬁiggrﬁ@fe@gwi@g@yﬂ | es of different shapes and_
patterns of mcrocup arrays. Figure s a flow chart for manufacturing a

nmonochr omre  LCDAnSthgtaspectay tighiny Bietipnarelates tes soveb praches fontheframiuaciung ofn;] a
full color_dis sing three primary col or guest dyes. Figure 9a shows a
typi cal hﬁ%&’e‘a}géi%ép ¥rve for a traditional PDLC device. Fi gure 9b shows the

absence of t hem&&h&r@&ofﬂﬁﬁn{féhti%ntré’lﬁ’cké:l_%lth@}l%ﬁﬁ%tfj&ll bel%fof_t his invention.
DETAI LED DESCRI PTI ON THE | NVENTI ON Defi1 nitions Unl ess defined otherw se

in this spelstdntielly voformadhbp¢, etderand atpetientie. Bhecdisedclbss BC prefaablydiittg t o
t heir conventi.onal gefi itions as,they are commonly used and understood by
t hose of g}l%sit ﬂ&e&% apgiarg foymed famymjcrocups prepared according to the present invention.

Briefly, the process for the preparation of the microcups involves embossing a
thermoplastic or thermoset precursor layer coated on a conductor film with a pre-
patterned male mold, followed by releasing the mold before, during or after the
thermoplastic or thermoset precursor layer is hardened by radiation, cooling, solvent
evaporation, or other means. Alternatively, the microcups may be formed from
imagewise exposure of the conductor film coated with a radiation curable layer followed
by removing the unexposed areas after the exposed areas have become hardened.

Solvent-resistant, thermomechanically stable microcups having substantially
monodispersed size and shape can be prepared by either one of the aforesaid methods.
The size of microcups for most display applications is in the range of submicrons to 10
niicrons, more preferably 0.5 microns to 5 microns. The shape may be any shape,
although a shape allowing a higher total area of interface between liquid crystal and the
cups is preferred. The microcups are then filled with LC preferably with guest dye(s),
and sealed.

Yet another aspect of the present invention relates to the sealing of the microcups
filled with the LC preferable with guest dye(s). Sealing can be accomplished by a
variety of ways. Preferably, it is accomplished by dispersing into the LC phase before
the filling step, a sealant composition containing a thermoplastic or thermoset precursor.

The sealant composition is immiscible with the LC and has a specific gravity lower than



6 wo 02/n;~om PCT/US02/UOL112 The terns "mcrocup” refers to the cup-1like
I ndentati ons created by m croenbossi ng or i nagew se exposure. The term

"cell", iwolBRs@ent ext of the present invention, is int engﬁg/&&/‘qﬁ@p t he
single trait formed froma sealed mcrocup. The cells are filled wth

liquid cryglalrendirel Rraphiyin th'@ﬂ%ﬁélslagm%%%emm%pfe%ﬁﬁbf' ﬁ[!l‘?Jsés died”, when

describing the mcrocups or cells, i's intended to i1 ndicate that the
m crocup @nddais dmpematdetflaydr hethshepef thsiLfe Thedeadmged the midracuphiscttherar e

pre-deterniined accordi to the specific parapeters of the manufacturing
process. FRBVGIASHH %Wﬁ%hﬁ@%@@nmﬁrﬂgw Fag?rﬁgsp ST EPEEURR or cel I s,
I's intend Lndl G { ' : ' I bution
“of di mensi DSt aRn Tt bOR, EIARNE, OL SR Ry o

" aspect rsadlithe micoqupsaiithougdhya éonbinaticdedt td of Arraduringfmddbhiisls apl ays. In

.this applicatjon, it refers to the depth to wdth or d?&glth to length ratio

of the ni degrEibgd abereaney heaeEimbaicanine thioeghpriel sepmec Adfespitivgly, 5 shown in
Figure 1 ' 2 | east one of which
S transpggaeln% {&b??&é)% 151?41@3%#&@%3%?@?3‘%%@% é%é)lacﬂ%r%férlnﬁgsld?%per sed in an

| SOt r opi ¢ cpMajtimy thedlidringpladticHitRerh@sétlpsusddOWEhd ddvenbnehdth thd eefahon of the
liquid crystal nolecul es when no voltage (13) is inposed on the two

el ectric grapestien i crfipal. PrefejahbypHilnirmisgihle yitlnjheild anilkasasaeeiBeed (15) by

t he rando .lan hon e; i qui d, cr. | .nol eculgs Figure 1b shows that
the i qui ngrl‘e 39‘&%%]}}%? g@ﬂ?fg@e %beq T r%s'é “)éﬁgﬁ%%?té" %OQ%PL&W SH’ifg ectﬁ?sé?fl en

vol tage ( ¥&cobify 61RO SAMNOEHEHRItNG0 Shefé b bodédtifS mﬂfd’tﬁﬁﬁtﬁ MhelsbAfig 1§ 16)
thus is transmtted through (17) because the ordinary refractive index of

t he |i qui dhasraesemplished bhphadering thet sselaitseompopition bgkoluetiovaparatthe of t he

| ix.(,12) .. A no. h l,i qui d | ..di spl f the, t
P ovant: on higtiehkErction, GOBRGueRn i e eebblisrpt Bofhe hehils col | s
(18) encl aggsk &@ﬁﬂ‘@ﬁr@césﬁ& &Y Lgighs %iﬁﬁes(c;th? ﬂ-rllz%ent iRentgl. | s (18) are of

substantially uniform shape and size and are filled with a LC conposition.
The el ectrode O¥fetiahethern aspest bfths iptesentinvanting palatesito thsmabsancd efdbe one of t he
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used (Fi gyiBstantfAlly monodispersed microcups filled with liquid crystals and preferably a guest
dye. The composition of the microcups is optimized such that the isotropic refractive
index of the cups is matched to the ordinary refractive index of the LC. In a manner
similar to conventional PDLC displays, the LC displays of the present invention strongly
scatter light in the absence of an electric field (the “off state”). When a voltage
difference is applied between the two electrodes, the electric field aligns the LC and
substantially reduce scattering power and allow light to transmit through the “on state”.
However, unlike the PDLC displays, the LC displays of this invention reach the
maximum optically clear state at a much lower voltage and, when the applied voltage is
withdrawn, reverts back to the original “off” state without undesirable hysteresis. The
low operation voltage, fast response time, and the absence of hysteresis of the displays
of the present invention are critical for high quality display applications where low
power consumption, reproducible gray scales and video rate are highly desirable.

Yet another aspect of the present invention relates to the manufacture of a LC

display comprising stack of layers of microcups. The processing steps include

preparation of the first layer of microcups on a conductor substrate by anyone of the



WO U2/ G G097 PCT/USU2/ UUCU2 Alternatively, a full color display of the
resent invention may be obtained by filling the well-defined cells (1, 2

p y y g (

and 3) W) k&o- COMposi tion containing R G and B gues ) £f erably

di chroic Sbe@of e's)?oecti vely. For exanple, the cells ( 1) 3?@@??/ﬁ"gézemth LC

vvithare%(gyogﬁ JRAC o & i 1t LedpdMik W thga green

guest dye, an gg%@g?\tﬁ%ﬁf ﬁgl{n(’g])%%?cé cﬁblslé av%th&L%&ﬁ%g%h%’ue guest dye.

The nunbeffinally lamjigatimgdhe tdatedarictosupowithinsectydlcGhdmyorisebstmteepredvatedone

(Figure 1 eé’(ﬂ The process for the preparation of such LC displ ay% i nvol ves

several adpianadhesivelaysa Tdeiaghesyes pmb%%rre%lh%@at(%abhp BIAHEICROKS t he

Mal e Mol d . ﬁ‘i@%{ e Dy I | | | oned by

" either et 8&?%64@%%8@&:% op ‘é%i ng.pgﬁ?cﬁugagrn&e}élee?ltf Q&?%Eﬂgigﬁgﬁ?ﬁ?%ﬁ %&e)llﬂ

prepar at i e gbsehbvemich. MY ichpréveghy eshtrast fatigune® (Rar aid.laydk bhthel ect ropl ati ng

_ (Figure 2a), a glass base (20)T is sputtered with a thin layer (typically
3000 A) ofnigrosuaarramay be psed) The prcassingntensanglydepreparation of DgWSURSHat ed wit h

e SRR S ARl POE SORES Tl o Bl by Blggesh o veen

phot or esi strap @ctRebRddene @f thERBictbray PaEeAk ssm@sitine fdrmely thesaaed by
washing themw th an aﬁpropri ate solvent. The renui ni ng hardened

phot or esi sniciosupipirasowih dnyeiihe medwdagdescribod pisvigusly prefeeapbrbytheseed metal . A
master (Figure.2b) js.then .ready for electrofaqoramng. A typical. materi al
Used for  STLRRITE BriPA e hE Sk Bouss i S8t TR e e o e

can be Na@@eRbatiigldr@hmidtiRg h bal&iiniRHdHpS weIhembingf RKE JTnilFochp Riknimd! ess

ni ckel deposition as described in "Continuous manufacturing of thin cover
sheet opt iconposttoi,ahe figpil¥Elaprinating Vg stacke&3nicpcu 2ayexst® 8 3¢condhenductoor of t he
nmold (Figure Zg% IS H&pig}gll%/ between 1 to 5 mcrons. The master can al so
be made usSFPRFaBIMEsORIN Ty ThEEYs MY echni ques i ncl udi ng e- beam wri ti ng,

dry etching, chefgaherlspdth Bfihe pbR3ES: iMFdntibA FelBbs tASRbcdsBIGthEr ence as
described in "Replication techniques for mcrooptics'', SPIE Proc. Vol.

3099, pp. nrBudRtyrd 607 full eillerarfiediive £0displinebyrading & eonduetonsubstring

phot omachi ni n si.ng..pl ics, .ceramics. ot nmetals. (b) Preparation of the
M croocup?rwgtﬁii%g‘gﬁm&?%fsglobﬁfﬁ 'Hﬁ@feéaﬁ’é‘ba{’]éc%%m' /M %Wg@saggf)and 3b.
The mal e i J QLT (Figure
30y the web S5y Y FAL O PreRadd BY ity BB o doRod Wi s REPY L by
form ng a positingpareeiing photdssisgselbdtivelyf Geningaiceatain niiNBed 21 the a{(i6@cups by

PCT/ LI S02/.00102 gl ass, plate or a_plastic %ubst rate. Al af/er of a.

t her mopl adiRECVHFe e¥pesing dq PosHe phatsresiss Sollowed hpdevsloringdheresish dillighduct or

filmThe tfhe R4 I Fif . : I at a
temper at ur e e R e e HBr L DXL 5o B RRTS RN
t her nopl asfi¢heoiody¢sfithoEtst prlec andealihgterfilled miomcopd gy aelating procéss f orni of

aroller, plate or belt. The thernoplastic or thernoset precursor (32) for
the prepardgtarivad BWVE%IémeTéWf‘cﬁE% npayd)e 1pEALeslo FrRats qeahgﬂmfaﬁawpséfw ate or

nmet hacr yl at; i her ROEXJ il i . I ¢ nd the
ko Vil 11 o th O confaRit Aesfiliee bFfllse 30 R g POV R UL e
A conbi natbackpredindfihy bé wwed té mabvethexoaieasarufioru cblot fatiiiaierdl aci yl ate i s

al so very useful to achieve desirabl e physico-nechani cal properties. A
crossl i nkabl e diteforaiipisgien Propesses as,dissiqspd nay baeprigd oufrreﬁﬁaﬁ@llacrw ate or
pol yest er d e LS S LA i A { j st ance
b T he. onsoniigthtorntsBbibluhst), XrERREul b BE SIS, hich W] gt U
nmonomer anewadstiprodietionr Thek proekdsgoire alsorsdficioitana ikxpeltiveiay esmpdieé t@! ass
transition tenperatures (or Tg) for this class of materials usually range
f i om aboutothey grocesses fy bighredane prodpetianAneratiopsm Bl dispbw prepagadout * 50C.  The

- m croenbossi g .pr i.S: tynical . at te re.higher

than the TocotsioRigRE teichhoiBieR iq dor SR Ao R iy RPN Bl U o
_the nol d pnésegseraate. MhelspthytBaycedrpthid, FRxiHIE ARHRS §§d|yﬂ6—hh@dl§,&in&t ure and
pressure. As shown in Figures 3a and 3b, the nold is released during or

af ter the fpmedtdiexihle.| Sipes the . Chdisniesnprgpared peapeding tihapreagnt dventier ocups (33).
The hardenlngidls d | cconpl i shed | i;ng,
oo kel e BN e B AR RS

t hernoset precursor is acconplished by UV radiation, UV nmay radiate onto
the transparent conductor filmfromtheg bottomor the top of the web {34)
as shown in the two figures. Alternatively, LTV |lanps may be placed inside
the nold. In this case, the nold nust be transparent to allow the LTV light
to radiate through the pre-patterned male nold on to the thernoset
precursor |layer. Figures 4a and 4b show SEM mi crographs of two m crocup

arrays prepared by m croenbossing. 9 WO 02/ 0s@97 PCT/ US02/ (1C112 (c)
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In general, the mcrocups (56) can be of any shape to maxim ze the |ight
scattering effect of the liquid crystal domains. The m crocups are of
subst ant igblogokebf or m si ze and shape in one system Howevgpry Rh&§06HPS
havi ng different shapes and sizes nmay be used for different colors. For
exanpl e, wsizerthedipslayd mbmdaothield abéoriing o the pedent. ineitiofl ¥ehibRyndagve a
different shape or size fromthe green m crocups or the blue 10 WO
02/ US1097 dpsirpblegupnertiqycrahy os lopanaytay sansumptipphdasiasseonse Hns.dugvayelodnsi st of
di fferent lﬂﬁm . F T ' r ; LXgl. may
consi st of & n%&%%?ﬁ%@oglﬁrgﬁﬂgg?’g&%%# é:@gg’t%%r %9%1&%%%&&3]@@%%%&6 ed

M crocups absenck ¢f undedi@bledfystepaisl bl ue microcups. It is not necessary to
have the sane shape and nunber for the three colors. Figures 6a-6f

illustrate six exanples_of mcrocu atterns that nmay be used in the
CRIPTRN

_present invention. The BBEAT RES PECHRR FAWENGSe round, square,
rectangul ar, h I qotdher. shape, The part.ition area en the
openings is prg g%gg?fn?gégﬁ&gﬁ% P)?)f r@grgrgrst%gsrg elckleélyg?ﬁi%’ ca&@ﬁi
saturati odedtgl contrast ratio while naintaining desirabl e nechai ucal
properties. For LC displays of the present invention, the dinension of each
i ndi vi dual m cFBsLes lﬁaﬁdmﬁi laare pebematig derietians ofi thed . © displayapbihe pesentp, ne,
pr ef er abl ¥nvfeﬁt%ﬂ about 0.6 ~n2 to about 36 ~.n2. The depth of the m crocups
is in the range of about 1 to about 10 microns, preferably fromabout 2 to
about 6 micr OanquaQa%eﬂlum&té Stypadal mefbil of pphrihgl tAE maA@81dbr f r om about
0.05 to about 20, preferably fromabout 0.2 to about 10. The di stances of
t he openi ngeroebessing. are in the range of about 0.5 to about 6 microns

bbenings 11 L “erpeban SRERILK t RS o e renactuty SO, o
t hus- f or mBgktidhkAYheQfredtiof 0P EHBR s Hy énﬁtlﬁ)@smgaboﬂdugwr@igﬁrcx%&k&m Agual Iy by a

coating process. Liquid crystals may also contain a dichroic dye to inpart
a nonochr ewsblesbmpositton.he di splay and to increase the contrast. Liquid

crystal materials that be i.n the present invention are well known
inthe art. Exg?%feégabﬁbrgﬁ?éaw&wél?l‘érlc’g??ﬁ}i’g?fr}ﬂcgocflﬁ&Faﬁﬁ?}elﬁe Q¥4 in the
present i Ry&REmBssingCc! ude, but not limted to, E7, TL205, TL213, BLOOG6,
BLO09 and BLO37 fromE. Merck Co. (Germany). Cther liquid crystal materials
are al so |i st e8igures9al, Sa2Pshle b2, 5c83mABE2 siid®) nkenstive moceaking stedhidl est eri ¢
liquid cr sed.in same applications, idcrystals in

ﬁstal.s }/rB.a.I SO be(g Li

t he preseRCPRAREHE MBFHOSHRS 1PV BE AWAEYSTTRPHIR O @@@n@m%im @adt dyes of
t he presegLmi | i I,G: are well known in the art. See U. S.
Pat ent 5, %t&a%%ﬂ%@}gi@?soﬁ{t&?ﬁ?ﬂa&aﬁ?&?ng that arylazo or poly(aryl azo)

di chroi c dyes Higyrds@atffebowickimplesiof differeyisshapesamd pattémass micbdupgraydher

dichroic dyes suitable for the present invention. 11 VI~ O U2/ Ol ~(197
A (*j}i“%elsi g (

PCT/ US02/ ( 1( | Farhior grrnpractyliag 2 gnoghpeipedddd. col or but al so can
substantial ly k{fR\%8-HRL & j i | £t - o

sui tabl e, dyes st have | ug rgr %?&g%rlghn@?éé@s(nﬁgdp@gpdgg}?(l)slpiég’iupﬁt’y in the
host | i quildecprimsirsicolvaigeest dies. H gh order paraneter is pronmoted by dyes with

el ongat ed shape, having a |arge ratio of nolecular_length to wdth, simlar
to the shape o? lgﬂ?eéar%mé’éﬁlt&w%fhyﬂ%ﬁﬁGmé’ny%rtaatFadH&ka RBLErdexice. The LC with

guest dyes) sh i i e\ i St1.CSy C Lgh
dontrast . hi ght B A TR Rl bR Rl R
Exanpl e ofhidinebitionc dyes having a high dichroic ratio used in the present
invention include the Blue AB2, Red ARl and Yell ow AG from Funktionfluid
Grb {Germany) and Sl - (vello SI426 (red MA83 (bl ue), S344 (bl ack),
S$428 (bl ack) and S7 (ﬁ§§3§¥£$%9$$@FP?HQNWéEﬂ%ﬁiDRBENE N azo and
' anthraquiggﬂﬁ- gs are al so useful. Exanples include, but ar a not limted
to: Ol EGN, Sudan Red, Sudan Blue, 0il Blue, Macrolex Blue, Solvent
~Blue 35, Pyl anlJess d¢firBl atierwaadh fhitsdpeSfication, &l echnitslasmBydraimePmesuct s Co. ,
Ari zona, Suda Blaﬁk B fromAldrich, Thennoplastic Blaclc X-70 fi om BASF,
ant hr oqui ATHIEIIRS todheis Aethienenal pianijens asWhoyate cupRARFsPhanbundsrstopd1, 135,
ant hr oqui : : ich. In any case, the dye nust be
chenicalI992?3%P§ﬁgﬁ§ggﬁggpgﬁhg§é a low solubility in the m crocup
material. Liquid crystals or dyes should not at any tinme attack the
m crocups. Il11. Sealin>z of the Mcrocgps The sealing of the m crocups may
be acconplished in a nunber of ways. A preferred approach is to disperse a
W curabl e seal ant conposition into the LC conposition. The WV curable
conposition is irmiscible with and has a specific gravity |ower than that
of the LC. The L'V curable conposition and the LC conposition, are

t horoughly bl ended in an in-line mxer and i nmedi ately coated onto the

o, -




Excess fluid may be scraped away by a wi per blade or a simlar device. The
thus-filled mcrocups are then dried and the UV curable conposition floats

to the toRohukhs; LC. The microcups nmay be seal ed by curi er nat ant
| JV curable layer during or after it floats to the top. V\?grﬁlgﬁﬁ@;d ornms of

radi ation such 1ag tthSHiicfchp Oiters 108 REp-BkeE GideRBti /a7
PCT/ US02/ OO&X2 beam may be IIl)Jsed_ to curgpand segt?u%ﬁé:reﬁ%l@r cups.
Al t er nat | watxpembessingoor impgevise exposuret he conbi nati on may al so be enpl oyed to

cure and seal tlhe m cr ogups, when he or noi sture curabl e seal ant
conposi tions ar®e By ce i teccqRiext ?ﬁfbe BEeSerd djivepion, pgyintrpded emadhiBei on of
t he seal a : ! il I Rey. | e between
the L0 andEa EOBRIE AT RS pialiul Tl RN IR EhHRE"
sur f act anpsefémbinvdM Siemspdyefs). Zonyl fl uorosurfactants fi om DuPont,
. fluoroacryl at g fluoronethacryl ates, fluoro-substituted |ong chain

al cohol s, ~ per f I16ms Rk datinedd When gesasihing the nierrqups or adlisdis inisddedei r
deuvati ves,q; j - ct fiem O . Alternativel he LC and the
seal ant cglrgﬁgdgﬁlﬁod}%%y%gﬁéj %ocaep @?%%ﬁ@%&]’?’ﬁl? ﬁ{l@aﬁpﬁg rﬁﬁ%lwg}& ® Thus,
the seal i pg-@dternfigeddceoRinsns tHBspebific patanepd 5hae nhYuRA¥REEEFddgs. a thin
| ayer of thernioplastic or a thennoset precursor conposition wWuch is
curabl e by radiTA¢ SR “mpwdisperssdt when describing theawiczicupeareellsns intemtledur i ng on
t he surfacge; f 1 Cr Interfachal. polynmeri.zation foll owed by
W curi ng&fe%](ailcgie};}ﬁ téljrlléeh?c?a c%rgg’l;fﬁ%s 4 %{T‘i“ﬁa‘sﬁfbélé‘ﬁgfgl}’mlwm %CHQ‘S bet ween
the LC | agiinewstglichfth, wide, af@heighd be significantly suppressed by the
fornlation of a thin barner |ayer at the interface by interfacial
pol yneri zat i on ThyEms@spechiglip’sistarommeontyp kaown tdup in theast o RPLE gisptayp,

pr ef er abl radiation. . Tg further .reduc e degree of .intermxing, it
i's highl eraQ%sl %ﬁéﬁ)lfagudotnhglr&?ﬁéo g'ﬁedcépﬁ]i 8V8F1 rt‘@pé?fqoll oap ebtei ng i s | owner
than that nérobtjs. LC. Vol atile organic solvents may be used to adjust the
viscosity and the thickness of the coatings. Wen a volatile solvent is

used in the overcoat, it is preferred that it is inmscible with the LC or
the dye a d gravity lower than that of the LC phase. The

t wo-step overc i ss, s particularly useful. when {he used i s at
| east partiall %a‘i%ﬁgg’bfﬁ%f‘?ﬁ‘s?% aﬁ@ﬁ?‘gﬁfn F%'z‘é 12, Gompriges {e e#&‘(ﬁ?&é’%i‘tﬁ% degr ee
of i nter nipg, ng), Aeleit 0fe bIWhisRH RdHspAreX 084 b Bl 1R lind ed
m crocup a-. - r)a ~may be chilled begoreﬁgvgrcoa'ltm?re]g oii?l ?ﬁée‘rygglgﬁéndtulmjl ayer.

Al t er nat i diepgrsedsiaaniispgropic nolandrinhitey. Figwrotagso staystie matom\dadotion dfr ansf er
| am natin n adhesive |ayer froma.rel e substrate onto the filled

m cr ocyps?leg}'qé‘fcg‘f’t_&%?lﬂn?IS‘f'ﬁmlbeW YpiRge ﬁ%ﬁ& ‘E’H’QS%{)‘I‘%’SF feo Flggec iigfesheat |
radi at | on(i011 1Y The b0k 14) Y AROSHLRA (1 W) the Akt PRELNDHPIE L he
rel ease substrate. Chilling of 'the filled mcrocups 1s also beneficial to
t he seal i Hguidgrystahmofesnlesanunati on process. 13 WD (12/0i (, (1) 7

PCT/ 13502/ f1 (1 @ 02 V. P t.i on, of h C di spl Th i
1 ustrated by I 18 S RD i SoRhmpfCHe e Sied undmrs f@bCups are.
filled w & o : | ! - b

illed w alﬁ&ﬁn%ﬁh%n?g&um@ ifAo%Rd of 'tRE n&#&ﬁéén%@feg) mcggﬁé%@?@acan e a

continuous roll-to-roll” process conprising t OW Ng s t a

| ayer of thivemivpismsitaddhough () becmsist theroedinary aefr4chO¢ indpk bOthelliquidv t h a

sol vent onto transparent, conductor. fihll (71). The solvent, if present,

readi |y e%ﬁﬁf‘lﬁpé@&‘eg?o %’%ﬁg@pfcﬁéh?%ﬁ@ﬁﬂﬂxﬁtﬂ?ecp%ﬁlﬁfﬁ’éﬂ%sﬂe%)- precur sor

| ayer at a tenpehsidéhfontt IS cdharyg; S re of the

t her ni oset precursor | aye?ﬁbycg pré%ﬂg%%@ﬁgﬂ%ér@{ﬁye%&g S{’Waﬂcgﬁy%l ease

the nol d showm inffigurt ée naroptiss wiell-defined eellbl (DS )ednclosaLhersedn thayes pref erably
during or after it I rdepe proper nmeans. 4. Fill in the thus-forned

“array of ﬂF@F%@&E&?% 'CFﬂS égﬁé‘e&fﬁg tialy upiform shepe andwizryand arpier moset

precur sor fRWRAE LI MBel g@@% A th the LC and ha | ower

specific éravi ?ﬁthrg%bl? SHIE)?: Bﬁglseggﬂ : e@%%ﬁ%gg‘isg%% %rgpglyn%aéﬁoagm ng the

" t hennoset lepstenaofthe two efeetrades s mattesrady el fullemagiosabiod s oHiAdbdifitpee such as W

(75), or by heat_ or ITDSL@ ure during or after the thennoset precursor

separ at esPTARAYIQIGrdiltsT é)e\ﬁ%aér’i?d Bngw% () epd blue (B ateisph Bigyretlidis

formng closed LC cells containing LC and preferably guest dye(s).
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6. Lam nate the sealed array of LC cells with a second conductor film (76)
precoated with an adhesive layer (77) which may be a pressure sensitive

adhesi ve,wg 3%k9®! t adhesive, a heat, noisture, or radiat} b e
adhesi ve. The TaO?n?nate adhesi ve may be hardened by heat o?b?@éﬁgﬁ?@n such

as LTV (78) thixneetuivblg, 4 APl coltdiplaiorthd predcnt ivenfidt hey bd shidihadhspar ent to
the radiation. The |anm nated product may be cut (79) to appropriate size
for devi cdillingstbeiellripfingh eellsr(é it 3) ovithof LElsemposition opsaidmg®, ihadd Bbove can
be conveniently repl.aced by the alternatjv rocedure of inagew se exposing
the condu@Pty d%?sl’ H“n%g%éﬁei@ é‘%ﬁqlﬁgﬁstr?f@?ﬁ}@b’eﬁ: Og ,eé%raplgotﬁe fells (&@8\?’@3‘/‘3 removi ng
. the unexpqagd @LERS B AP ARk 9 i mi crocups
may al ternati V%F@%be g g‘%}m ?gﬁ_@%érﬁgﬁ%sﬁ(ej %@gﬁlgg-a&??ln]%??#ﬂh[h?%%lf%‘real am nation
pr ocesses dgesod athacknp cetld (B ste\fillell elithdwdrithy Hias gessi dyg. tThe nambdbiest over the
~ surface olfl?é,t he filled m'CJ‘OCgl(J]]gé. 14 WO 02/ O-CU97 PCT/ USU2/ UU(i U2 To
i nprove t HYeEathecalls cgntagun a2y 95 moge fhgh ope grigigd el crocup array can be
used (Figure 1 f i i the: , filled
morosupe. (¢he o B iy or B spbpalteBPLIA rOBTER AR EANEbERRES fon 1 s
coated onto the sealed mcrocup array. The Steps 2-5 can be repeated
several tinmes @ntil Prepapfionpf tletMiconipsast ratio is achi eved. The

mul tilayer mcrocup, stack is then |lam nated with a second conductor | ayer,

and cut to appropri e sitrepargpoypLtheMaleMeldy iy 1t is inportant to note
that at | t i | o , t
| ast “t he condads e B hiPLEARGHEL OF o bhoRelsTpBb R AR il

Preuar at i etehinfy dvlelecireflaling. A Cepdéssplayesednipld for tie0proparkionti 3R myleqhold he
present invention_can be regared by usi color filters and a

n R G B
bl ack mat 5 8VehadigEss Fa-2ée %qtrpahﬁngiﬂ%su(lra@abra@w bapei (R0kimepysieesdi ous

vent 1 on Ao ! e (QplEIPSo0NR) e Bt el (20 Wi techle Mol T Gucet

dyes} of dichfcoatedwithel lay& of bh@uresist @P) addex@dsiditoV .t A RIRAEHSEplad@sCr i bed
in the preparation_of nonochrone di spl&as, addi tional steps are required
for such Bespsthedi¥ gndhe layrs obphniencsiFtdRa). Breegsposadarerd of (hephptongsirit i ng t he

al ready f ] u i positively worKki dry.-fi.l m t oresi st
cons: st i navRit R Fge Ble HhadoRaRRai B ikt BY vila e PR ¢
Sai nt - Gobapprop¥V¥E 6ES&R! ThbFemAniAg hRldaseditotdrbIf iPMMOIRShTerstsdaidS

Mcroposit 51818 fiom Shipley, and an al'kali-devel opabl e” adhesive |ayer
such as awithethindaysr oflseadrmetal. deaBster (Figusah)an dienSeadydhr eladroamboset 515

f BF drich: (2 tivel ]| i t of th i
by rgeviodbisiub il SRR burbE™ ik oSl Bl AlR0GTe Siopors 111 m
and devel apkefcdnte AR dfinickePBRhiekd ShIFmMb tRcRoMEUBl P 8lecRbBEssRRckd] | Ut ed

Mcroposit 351 devel oper from Shipley; (3} filling the opened cups with the
LC wi t h gdenssitigpas fesstibedhin fGansinugisimenufactwingrof thingoyet sheaplicaly t he fill ed

m crocups_as: d ied i r L on, of, no hr ope.. di s ys. These
addi ti onaf“eg{ae@ﬁaﬁ;‘)%é’ Og'et)(ggt ﬁcﬁﬁgf@%a{[‘ge h’?%rrcggﬁ%@oﬁe(ll:f@ﬁg éﬁﬁtl?l LC of the
second angpidaBy bbiwesn DFtb TBii¥rond! PhSmadvll @nIRBYelh&Rlvksiheg Aneyuf ti-col or LC
di splay may be prepared according to the steps as shovﬁ in Figure 8. 1.
Coat a | ayuerogigindeeingéssbnigpesincindiog e{tgan vanting, donetchitg rchémicaletétfagy,. 15
V1~' O 02/ 0S6097.PCT/,UsS02/ 0Q6U2 2. Enmhpss. t.he f.hernoplastic_or .thei npset
pr ecur sor ¢k EHting OrJaser merferenge as ﬂ?sﬁﬂg‘?&tnh%?Pfl?@m@ltg@éuqﬂlfg%f% PHETEn
t enper at upgiday, SPIRPRoPatd!! . ( he nold
fromthe t%eér%no%)l ast idga‘g(;rle{dr?ggpﬁgggﬁzmggar ggt%n?{algge}?’)t%? goé%ﬁ%% udtrei ng or
after it bgpheipaiechiningysingiplastits, esrapms at imetals.cool i ng, or crosslinlcing by
~radiation, heat or noisture. 4. Lam nate the thus fonned array of mcrocups

(82) with a positivg.drysfilm photoresist, which c [ises at |east a

posi tive phot or esi sﬁ’)( 8~fr%a§0q%%§§@cgdc§p§by!hmﬁ%gg sheet (not shown).
. The positive dr¥isfrddsRhobies %%lhé&mmgﬁfég@ﬁh§&3&nTﬁg&%&'ﬁ{&dgﬁﬁ%n#&3) to

i nprove the adhesion between the mcrocups and the resist. 5. ‘I magew se
expose ( Fpigoedecithey ahave (Biguiet3a) er pdiow Griguiiesib) Hye Wb (Biki Dheetrarispdrént or ot her
radi ati on, renove hhne cover sheet,, Idev.el op_and open cups in the exposed
area. The®PPRRCSUgprase fon by fpuning adansnarenf spudugios A3l ocups i n
a predeterm ned area (Figure 8d). 6. Fill in the opened m crocups with a LC
conposi tion containing guest dyes) (85} of the first primary color and a
seal ant conposition (86), which is inconpatible with the LC phase and has a
| ower specific gravity than the LC phase. 7. Seal the m crocups to forni
closed LC cells containing LC with guest dyes) of the first primry color
by haxdeni ng the seal ant | ayer by sol vent evaporation or curing preferably
by radiation such as UV, |less preferably by heat or noisture during or

e o o o o, - o o, oy N o Y .




WO 02/ Ui fi (197 PCT/US02/(1(1602 acconplished by directly coating a | ayer of
the thernoset precursor material over the surface of the liquid phase. The
tl ucl cnesg di spl ay produced by the present process i bed
can be agﬁtoﬁ%/r(l,g(g’?a pi ece of paper. The width of the di spﬁgﬁﬁggﬁ’@w dth
of the coglakiplateed a(plaght sstrite3ONyérvEhaasormoplastid enbpedndgsbt prbqurstirgpd)ay can
be anywhere frominches to thousands of feet depending on the size of the
rol | . E~zZiavperEsatkonthe Fondualgr kanphe theaneplasticen thasmepriprecutsebiaeiski | | ed in

th tt | I \ d,t ot i he. | t o ti .
They " shouf HOgsEd fet el Bisb et Bl BN EebdRBRERE, cnt' on.  bui
. merely asteahbfladtlc! dtShdrabbdt preribor Ir?géﬁﬁﬂﬁé AaleBolihg HiRObrm Y amdllee, plate

Preparation of M crocups by M croenbossi ng The conposition shown in Table 1
was Myradobbglt.#6 coated onto a 2nil PET filin precoated with an I TO

. conductor |ayer,fi.om Shel dahl. (Northfield A repattenl ed ( 4x4x4
m crons) cobal &hﬁh{?@?pqﬁ%‘lcé’l OSGh greqUisgy @% gﬂré@s}geﬁ&@%} %tltgﬁ)o- NC from
Henkel wegfcld B D mi 5 RERPARSIoRE- : ih ' MBS0 trolled
to be aboutCS&rﬁngc(r%nnslw The coat ed fi%%@%&n%ﬁ%gg@?%@efhe Xgﬁncil

usi ng a pasbteireligontsypdymee a@] theHkec dultifugciional haylatdamithedolignmeabout 1
m nute through the lar filmusin re Zone exposure uni, ADAC
Technol ogf‘r&tge Bgth Pﬁg%’ae@m ‘f‘i‘fogbiﬁf'fl RO?N%#F%IOP%FQO%"F ﬁngﬁlql éféqnﬁly of 80

mMVcm ~ a : o RN K eamold to
Tovenl wolTT A B T R MR o P AT s

carri ed ocosslsikalge bhgorBBGnipartingdiearbility, §0h & wkthane YOyRR @G6Blykster
PCT/ 11502/ QUX)2, Tabl fef?{ Uv-gurabl e Acrylate Fornul ation for M crocups
No. Descr i BETYH gtsEtinehicddst fetmipYSedlexyre desisjnee OEfecaghosgdouers-

acr vl at cehn it BbRR el SR o b R A Ry
Cheni cal sbhjdmeatmoiantcisadfifi2es Shhc-glaeraddlfddraiperabaes Wrelg) for this
SR306Sar t orrer 57Monomer Sar t oner SR351Sar t onrer 58Phot oi niti at orrrgacure

500G bal99¢sreeignaenals nspelly range 981 abont O & abonbl HfOsprefasehlxERm aberich100

Examul e 2_ i f hng T as Exanple 1
except theﬂgﬁ%%?ggs%ﬂgmﬁ{clﬁ?l 5%1\{%&4?(&%\%2%§§%% 8ntbaag§sed with a

mal e nol dtepdpefacdeehighiee than she TRDA deded Wdiecnibidira heatey hatgnd-atbetthtat i on for

M crocups No. Descr i ption] | ~gredi ent Suppl i er Part slEpoxy acryl at eEbecryl
600UCB ChagAts Mt W&mréﬁse&may|bamé@§e@99ﬂr018@®m@om@ﬁsmn@m@n@t hane
acryl at eEEl%K%I%LSH e?OOUCB Chem cal s104Si |l i con acryl at eEbecryl 350UCB

Chem cal s noner Pol yet hyl ene gl ycol ) net hacryl at eAl dri ch56Mononer Sart oner

SR238Sar t oner 5 AVRROME InFEiEiRE S amR) 0RaibIANE FISHYBN QiR D retifeP TR réotdoP 1S
artonmer 59Photoi niti atorlrgacure 907C ba0. 510Sol vent MEKAI dri ch300 A Myrad

bar # 12 eer igsaenere revsal amarraypfmmicrokmesyS 3 natheshandeningnel theprecursor

m cr oenbogsi| s_carri.ed out ing a pressure r.qlle GBC Lam nat or)
heated at fa%srnlgay %accgﬂbllﬁrfg%&&ﬁ%%ﬁéﬁ’ ﬁ%@ﬁgy W{lqtﬁ?z{l%(té?ﬁﬁ\oés ®ptlepar ati on
of M crocthesubiiig b the AR08 pR@ursor is accomplished by UV radiation, UV may radiate

onto the transparent conductor film from the bottom or the top of the web (34) as shown

in the two figures. Alternatively, UV lamps may be placed inside the mold. In this case,
the mold must be transparent to allow the UV light to radiate through the pre-patterned
male mold on to the thermoset precursor layer.

Figures 4a and 4b show SEM micrographs of two microcup arrays prepared by

microembossing.



The conposition shown in Table 3 was | am nated using a pressure roller
between a 2 ml PET filmprecoated with an I TO conductor |ayer, and a

pre- patt%6%9/0§@4X4 m crons) cobalt nickel nold. The PET/PF'TF@B&{%%\},ZV\@S

treated a corona di scharge (El ectro-Tecl mc Products, Mde
Chicago, IL) for 5 sec. The cobalt nicfiel nold was pretreated with a nold

rel ease Frekote 750-NC. m%p%l?l?ih]}l%gt iél}agg?géﬁlste:(g{l?e&g%%o@ﬁéosm, t hrough the

PET/ITO film The e ssi‘ng was enr nold to reveal
wel | -defined (4xHordativieBy, CRINicFICHFORMPBe Plchired bl Rhadenessexpbsie Frigiresans as
measured by a Mtuyoto thiclcness gauge. Table 3: UV-cur able Acrylate

~ For nul at i ¢% afradiafigiceuellp snatgsialiod ¢ eegied ntha grediiciontbugdp) terlPaet sthepoxy
Chen car o Jag o AARSR O GRA TR0 NGBl i GoFE IRt e

. acryl at eElgegy yl 350UCB Cheni cal sS5Mononer Pol yet hyl ene gl ycol )
met hacryl at eAl dri ch156Mononer Sart omer SR238Sar t oner S7Nbnomner Sar t oner
SR306Sar t oner 5&insnlGmolt presss, SRS plidamegrnabbPtociionized atthrthe wak and

Lo o SR Bt B SR B s
then wit sh{ggre%gsr}g)réb\fsglan&he 6hqub Grefrhnd fle s}gg%eggsg)l ?d‘t’wleérﬂtﬂb qa&r%%}reé BLOO6 (E.

Mer ck Co., sol uti1 on cont ail ni ng wet L7608 (
Speci al t i esprevanss the opehing srea. 9The ¥ sadiates tirongh thPKpermmglareh € 5) esiol the ng

vt oo JaDeBSEHE e et e ey 5Bt 1 |
PCT/ USU2/ Q- &kl dtds¥ ) e épdaﬁfggagﬁic Mgk %&ﬁ&%ﬁ%%@&fﬁﬁﬁﬁ-@m& qui d

Crystal Solution Containing B roic e The m crocups generated in
Exanpl e 3 sobreat ovadsivekbpey to Horivetha mestoctgsa(iowi e svEiknt artdveloper idsdleded 66 C)

for 10 mn, A liquid crystal BL0O06 {E. Merck, Co,, romany)  sol utign

cont ai ni ndiWWSEFBWi{)’ e fomidinso X e qridispRIsing the ta tl@%}lraéﬁerrﬁgﬁwlsand | wt %

Si 1 wet. L7608, {8 SRR B THE eothind) JoflEp 0l ure of VP and

the resulting was toated on m'cr p usi ng rad bar #16. Excess

sol vent on t he FipekeoSbpnd\esillastapeivas @tler dptiove for (iebpreparhttin dfGnistdtupssanpl e 6
Preparation of Filled Mcrocups yvith Liquid Crystal Sglution Containing

Bl ack Di cHI@BewIsy expasite. rlhefepturgs wrthesewo digHess areepseniialty thepreme s (vl washed
wi t h hexa - ' [ . 1 ' ck

di chroic gjﬁ/?gﬁ& g? %?%ﬁ %}\lgsc pr Bg@g%B%Ig&%gﬂsﬁg%gg@ﬁs%hlreb?%ﬁc@rees%%eg AB2,

Red AR1, anddisdd B &3 uéddunbpaqae bhdipd-fanbmeGeimhizytasd, dgeiies A |iquid
crystal BLOO6 (E. Merck Co.,, Germany) salution containing 2wt % bl ack
di chroi c cAfEantpgaous ko WrAgewise 95ISISE it radinorgsqueitive gppéariahirouathévas mi xed Wth

A e

using Myra _ _ vaporated in oven
{66 C) forfodfedbyrentovaiithe udexpesddianghsafter Wat@atihns RFigurd 8 thd ep

(Overcoating) Process
conductor film (52) is also opaque and line-patterned. The radiation curable material is
exposed from the bottom through the conductor line pattern (52), which serves as the
first photomask. A second exposure is performed from the other side through the
second photomask (50) having a line pattern perpendicular to the conductor lines. The
unexposed area is then removed by a solvent or developer to reveal the microcups (56).

In general, the microcups (56) can be of any shape to maximize the light

scattering effect of the liquid crystal domains. The microcups are of substantially
uniform size and shape in one system. However, microcups having different shapes and

sizes may be used for different colors. For example, microcups filled with LC with a red

guest dye may have a different shape or size from the green microcups or the blue
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A 10% sol ution of Vistal on 0106 (Exxon Mbil Chemicals) in Isopar E (Exxon

Chem cal ) was coated onto a BLOO6-filled m crocup sanple prepared in

Exanpl e 4y 02288896. The coating layer was uniformand tra I 0By using

a #3 Myrad bar, a sealing polymer [ayer with the weight C(E@E&asg@o{)?ﬁo. 39

M9/ n2 WagmiGBhak PYRAhorOq itk G1sRERi ot il AbinbGRA kY BREuds e vas

estimated to be 0.7 ~.. By uUsing a #8 Mra lgar, a seahi ng pol yner |ayer

with t he defegimt calossersdge agfixdl iy condistroZ awambebd anutilegteamnahidrivaps, ki ckness of

the sealin ol yner | ayer was estimated to be 1.3 p,. The_density of

Vi st ahon BYBeTiof [aigetpd micepcyps, apd a sumbenpfsmallplusgnicgerrppdt fusty/ U | G02
Exanpl e 8 | ' Pr.ocess

" Fol | owi ngnﬁga%ﬁggggesgﬁ%y@% @gﬁnﬂﬁépﬂ??{@ﬁ%&%gog%gg (\g/j\s)BGraeéfs eal ed by

coati ng ailhBfats eixutxamplesfof icratupopatiefiis dltht at Heivged (pihk yresént ivEpticrer

. 28-4910 (National Starch) in 2-propanol onto the BLOO6-filled m crocups as
prepared in Exahperenmespi dhedniorqoups May be rquad, sauptss Fectenaular, Apagaramr, By

using a # : L | r £ WM. ) verage of
0 44 my1 1 A SEASHBRL IR AR PR Rt BUSipain Bl RSl P2y e
was est i matdettotaghieee @ hfghicolorBytutition Gnd cotfirabbraid vl mantaRaid digirghQé y nmer

| ayer with the weight coverage of 1.0 ng/in was obtained and the tluckness

of the se8lcFhgiogbpipneitics.ayer was estimated to be 1.3 ~. The density of

Anphoner 28-49L0 i ut 1.2 g/cnB. ampl e..9 Tr.adi tional ..Pol yrmerization

| nduced Phase erp%égﬁg% > E’%ﬂl&p%s %ﬁ%@%q%%%gp?l%ﬁ?e%f’htlpgﬁﬁf‘%ﬁonal

pol yIer i zafidredup! MsHEER R A SLRRLAD.09 % P S laBo oyt al

di spl ay was prgpar ed. Di ffegeﬁt ratio of%%%“@r’ﬁ?%ﬁﬁ%ﬁ%.ag%groﬁ,

Ger many) pom’ Noebard66En( Nireldepili)of termicricopslisan thesangb fodbed: betavesrit wo | TO

coated gl asses with spacer either 4.5 pm 25 -, mor 50 pm_ Step wedge was

used to oPHFRRS Bfef?{éblﬁ%?ﬁ& ahquihd 1@ pbaut 6 Fuetong Flae oRsmingSe yedliako isrn thel ADAC

Technol ogj.es i 0 i hS 0

pol ymer i zgt %)?lfifr:éllg%%e p ggﬂ@%@%@ éﬁf%%&%%%@ %{roglgg'r‘etéldé\n&ﬁﬁfot Elele above

pr ocedur edistanesspif ¢heldpehings Xsuilg hrriasherasess dbbaid.d tasit 8Imiblogpl ay A single

| ayer liquid crystal display was assenbl ed using m crocup prepared in

exanpl e 1prefergly §9n14b@ut§t%alwtémlmhﬁ@m oglpe toodge @if rerapeningyes) was fill ed

into mcrocup with procedure described in exanple 4, 5 and 6. These

LG-fill ed m crgeupsy yeiig c¢iieiS ARG the Hivel aBf G5EH ibkepaCT | bed in example 7

or 8. No hysteresi sTwas obsSer ve | ays made accordi ng

to the present Thewhasforared a2gef migodds &ofillediwith Wehid 2a&(s, Loually by a

PCT/ US112/ 11116( 12 Exanpl e 11 Assenbling of a nultilayer di sp?lay and it's

per f or maneRtRG Pracesy daquid grystrlsapgsalse ccm%@p palichiipis daye toimmagict t o | nprove

display p | . iaui i splay was made as

descri bedﬁl{oﬁ&re%ﬂngﬁoelo%mégﬁ%ﬁ%%%Leo g&ggsv?/géggin? S{'jo enboss a second | ayer

of m crocup onLigofl @sthlRatbiidls that faaglbs pdedyin tHedprédent inlventidnt dte @€l Whéweut dye

and to seal the second |ayer of LC display. The registration of second

| ayer ni cidBeptofxemples pf Hquid systal matsrials dhat snaydearsed iy thapresent fnviestion ayer

about Ot : i 4d<0 i i wo-doubl e- | ayer
ﬂlcfuae qﬁ@%@gll gec?ﬁfgz}e'ﬂquS JffZI%C%tLtO?g lﬁﬁ%?os%a?@ﬁ%ﬁo E.

arrays to stack u u rgurd érystal contr ast

di spl ay waferdkC@i(Gethnamy).hOtties lifeid 2pgtal alatdrials s€8BONSRA i 1S, Phtentl MBEc and
~10 nsec gat 40 volts) respectively. No hysteresis | oop was obsenTed. 22

WO ( 12/ (15833074 (ftikemanpet abiThobsstepic ligpit(awstals mayjalSodiesipedin somapr i si ng a
plurality of.C t?l |.s having well-defined size, shape and aspect ratio, said
cells fil flpé’gil Win a li quid crystal conposition. 2. The LC display of Claim

1 wherein the Cighidcridtals sustpaRbhtahvontibyl beGirdfeirdd & ditAn Gush@Res).

Guest dyes of the present invention are dichroic and are well known in the art. See U.S.

Patent 5,589,100 (Grasso, et al) stating that arylazo or poly(arylazo) dichroic dyes may
be used with liquid crystal as well as listing other dichroic dyes suitable for the present

invention.
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3. The LC display of Caim1l wherein the cells are non-spherical. 4. The LC
display of aim1l wherein the cells are forned fiomm’crocups with an
openi ng aged»haael ng from about 0.04 to about 100 ~ FRGoHfash spl ay
of Caim4 wherein the cells are forned from mcrocups \M{’ﬁ an openi ng area

ranging fiom a@@‘inc%gﬁo? tf&'ﬁcﬁﬁdygs?’nd?’om;radﬁﬁca- Bﬁbthglsg'cﬁﬂ%la%tﬁftlaﬂ ﬁ'hﬁpo V\,her el n

the cells are foi fromm Crocups 'wth an opening having a circu

pol ygonal comtesshipooale, dispdayt zpptjcdtmns.ofTo bewaitables dpgsanust havidigigh Grddi spl ay Of )
Claim1 wherein the cells ve a hjnthe range . from about 0.5 to about
10 ni croné’am@etefﬁ@q_@oﬁ‘?r%@ﬂl%fn&F pehluidhayslmatediale diligl odfie a depth in

. the range efag{egtﬁ?l?%n%teh%yangfgy{mtﬁ Egél%wa??hapgihf%;n %ﬁg LR cﬁ%n Lol m 1

wher ei n t ve an ni n e range rom about

0.05 to almgth @Ovidfl) smi[hemqiedhaﬁloayhaﬁolebxaém&qm%@stm Kdéerrﬁ%hhﬁ Tiave an
. opening to wal] ratio in the range fromabout 0.2 to about 9. 11. The LC

di spl ay of-Covih gnest dyéy)should ereddegpadsariewing sharaqieréstigatsuelnbigh apritasar e

];I: !s:olegywo%t%l-&tﬁ%tid% er epﬁéfagé%ﬁl §ﬂ° C}PG ?é{% ]1t5f e%’“\(}:ﬁ%%gfec%of gyﬁﬁest dyes}

of a predébenganash deiroik r@tﬁcﬁus%ﬁh@ﬂﬁrﬁresfeﬂt igosition intdide tRS BlueAMB2 | Helt (| a( ~U97
PCT/ US02/ 0002 13. The LC display of Caim 11l wherein cells wuch are

filled wi ARLamdY Qllpvw@étﬂcwa’gl}ktmﬂald;ﬁ@béﬁemmmw%&ﬁ @elow), 88R6d on t op

Cubst ant i S8y M GRS g BEERRRr Bl e neaY i ch

process conpri 3RaidnitCazdagd andidquiions @ s' #Mdalfo haydr Eitfam:p[b@ AN 2Bl ae OF
t hennoset precursor on a conductor fi b) enbossin he therniopl astic or

t hennoset n@? léwitedior OilRadrEGNt udangied, ﬁ@datne‘ilnedihhﬁhe, Mabnblex:BIule;aSCdm ng the
{her mopl aBe3 Py TN RCh At ERESPIT SR ok 05 B BPLHhG o SO Rbs- f o nl e
array of RugsPBKeIE BVitdnh Alidrich, Thermoplastic Black X-70 from BASF, anthroquinone

blue, anthroquinone yellow 114, anthroquinone red 111, 135, anthroquinone green 28

from Aldrich. In any case, the dye must be chemically stable and should have a low

solubility in the microcup material. Liquid crystals or dyes should not at any time attack

the microcups.

III.  Sealing of the Microcups
The sealing of the microcups may be accomplished in a number of ways. A

preferred approach is to disperse a UV curable sealant composition into the LC
composition. The UV curable composition is immiscible with and has a specific gravity
lower than that of the LC. The UV curable composition and the L.C composition, are
thoroughly blended in an in-line mixer and immediately coated onto the microcups with
a precision coating mechanism such as Myrad bar, gravure, doctor blade, slot coating or
slit coating. Volatile solvents may be used to control the viscosity, the coverage of the
coating, and facilitate the phase separation of the sealant phase from the LC phase.
Excess fluid may be scraped away by a wiper blade or a similar device. The thus-filled
microcups are then dried and the UV curable composition floats to the top of the LC.
The microcups may be sealed by curing the supernatant UV curable layer during or after

it floats to the top. UV or other forms of radiation such as visible light, IR and electron



15. The process of Claim 14 vcrherein said thernloset precursor is selected
fiomthe group consisting of polyvalent acrylate or methacrylate,

pol yval enfyoViaR¥daot NCl udi ng vi nyl benzene, vinylsilane, viny-kR65m0602
pol yval ent epOX|de pol yval ent allyl, and ollgoners pol ymers contal ni ng

crossli nkgaplf nfd ;s’/%tdsc?d‘ﬁ)l cudd al tﬁ@guérg I‘A‘?terrflaﬁve gﬁ%‘ea%x% ﬁu@forgﬂ ai m 14

wherein the thefnoplastic or thernbset p ecursor I S enbossed at a
t enper at ucembmatioromag hiye deictplayed &scure ambscal this nhenmpqmaﬁzhemheai 6r The process

of Claim 16 wherei n the glass tra~~sition tenperature ranges fiom about
-70C to aB¥igturesyrable seatpRbCOMRASKIOnS 8 Usshi m 16 wherein the glass transition

. tenperature rag c En'itg m@%g'ﬁ%%d %Qﬁgfo%e@lpepé{ﬁleglgg Gr th%%f:ala-m(?o H{eQﬁ%ﬁ)SCﬁ%f d a| m

14 wherein the enin nnoset precursor acco

by cross- IvdalnkajndghdoweﬂtmgIaaﬂlecimerfdwe@tetwdmnlﬁm and ﬂmcsbaln@ MEte8MaPUEEL] on of a
. solvent or plasticizer. process_of C aim14 wherein the hardening

of the théwissats ineldg ﬂ%ﬁﬁc Fl&@éraansﬂca% eNhoPMBABH Zsyylwor%ugfmméts fioght , near
IR | ITGU2 21.
o e R ARG A hb YR AU RAREL FOU AL

re:pa P8l eased

before, dyeiffgrosubafifugsd 1bh§cﬁd‘marmmlaahugamthtabeleﬂmﬁ@é apagewesor |ayer is
har dened. 22. A process for the preparation of well-defined cells of

substanti aunf@ctansﬁ fremrO¥i- si ze and shape to be used in a LC display, w uch
Compost t 1 on on SeBisNaERt BF 1A i Bhs-S PRt S Rfbelt ol o -
curabl e | a6 khe MicréRPBYTHEL, Eﬂé%eﬂﬁgw(ﬂ%}ﬁm%cﬁ% Y b a&ﬁ)\ﬁﬁilﬁﬁ&f bPr solvent to
reveal an ai Tay of mcrocups; and d) filling the microcups with LC

overcoating a thin layer of thermoplastlc or a thermoset precursor composition which is

curable by radiation, heat, moisture or interfacial reactions and curing on the surface of

the filled microcups. Interfacial polymerization followed by UV curing is very

beneficial to the sealing process. Intermixing between the LC layer and the overcoat can

be significantly suppressed by the formation of a thin barrier layer at the interface by

interfacial polymerization. The sealing is then completed by a post curing step,

preferably by UV radiation. To further reduce the degree of intermixing, it is highly

desirable that the specific gravity of the overcoating is lower than that of the LC.

Volatile organic solvents may be used to adjust the viscosity and the thickness of the

coatings. When a volatile solvent is used in the overcoat, it is preferred that it is

immiscible with the LC or the dye and has a specific gravity lower than that of the LC

phase. The two-step overcoating process is particularly useful when the dye used is at

least partially soluble in the sealant layer. To further reduce the degree of intermixing

between the sealant layer and the LC phase, the filled microcup array may be chilled

before overcoating of the sealant layer.

Alternatively, sealing of the filled microcups may be achieved by transfer

laminating an adhesive layer from a release substrate onto the filled microcups,

preferably followed by hardening the adhesive layer by heat, radiation or by simple

solvent evaporation, and finally peeling off the release substrate. Chilling of the filled

microcups is also beneficial to the sealing by transfer lamination process.
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23. The process of Claim22 wherein the mcrocups are filled wwth LC and
guest dye(s). 24. The process of Caim22 wherein said radiation curable

conposi ti\gp SRLRH ses materials selected fiomthe group C?Et%ju%i'/(g’gopf
pol yval ent acrylate or nethaciylate, polyvalent vinyl including

vinylbenzene, yyny! pidiaRGion b WidhbBifomdOE MGARL epoxi de, pol yval ent
allyl, oligoners o nkabl e functional groups,
and the |ike. Iﬁeprﬁbaspsﬂhnetsated)byfﬁedldw &agraimeasshown reFiguegyéwAle exposure is
acconplished by W visible |lig

§|€ | R, or el ecé@?n) 2@1 m r adi ation. 26.
A pr ocess HGPCHNs arg i lgday il L&poafanaﬂg rsaxpe 69 1op,gugst dya($)n dNePEIQLES GR8LE i n a
LC di spla e filling the mcrocups
T With ali ‘yd SP%Y{'nél(réuss o'il-tg-rgﬁ f’o AI’ %o?ﬁlginsh{é:théquﬁ%1g Stﬂ?‘% ¢ thei mset or

t her mopl astic Qb@tCaZluyé&(blf ﬂfe@xﬁ\ibpﬁlstﬁd &thsviiosdt plﬁaﬁr%r 1 obifiomallyrvattidy | ower
_than that of the LC, and b) sealing the mcrocups by hardenjng the

t her noses s@wentwmmrénm‘p@t (‘mlé%@}?ls m €73 hrp blag %qlYf‘ﬁt dtpresptdradibier it phase
separ at es aap ftorms a supernatant |ayer above the LC. 27. The process of
daim26 WWErEH the I quid crystal conposition conprises guest dye(s). 25

V1' O | 12/ @SCr 08mbBssTthb/BlddhopasitlordBermbae: ppécResRs kyof at@ tampedfirethighei n t he

t hernoset or thernoplastic precursor conposition conprises nmaterials
sel ect ed thaorthe glessgrapsipion tavspasetvrepidhe @@Wsa‘tlégc%$0fr¥@tehhbflaﬂ%@@§3m°@| nyl s,

pol yval ent Fil tﬁh S or nmet hacryl ates, cyanoacryl ates, polyval ent vinyls
i ncl udi ng T\‘ﬁ"ﬁ?% vi nyl si | ane, vi nyl et her, pol yvaI ent epoxi des,

pol yval eng, | SOW&Q@@@moE’(PhBM@th@ﬂ{aﬁb lﬁétﬁ or ARAmBbd: SRIRESr B eSS
derived therefrom and the Iike. he process of C aim 28 wherein the

oli gorrersdonng)aiqftcettss hardercbdrhmdpefrlm@mthose contai ning crosslinlcable
functlonal gro

ocess far .t he of well ined cells
used in a?LC d%@E’IHé eﬂ\}\‘iﬁf Sy o I]Bgﬁ‘fﬁ Séz ]ﬂ?e g‘?: EIPSF““’E?%{). I1ing the
m crocups ﬁ&ﬁ@%‘rbéd &t ﬁﬁéﬁ IvcH Rend¥nGlaBBlERsitIthe PICEAHOAL | NQ
onto the scg\fll% LI% frlled crorcu Cg aot hennoscet o? tﬁ%r rmpllastll C precursor

conposi ti das avtuvmhspemfa:tgrhe&smap&retli,@phqsei mmi sci bl e WI t h said LC and has a

specific gravity lower than that, of s LC, and c
t her nopl agt i ¢ oralthpmigeips by datdeate tﬁ%’f?ﬁ‘@lqsﬂ RyRcur: ﬁrélgbqjg'é@g’@‘bf Claim

30 wherel @V%ﬂb?atfoﬁ aﬁﬂﬂbﬁ%ﬁdhcaswghﬁr FPRARl el Eﬁ?ﬁr d Sitfet 48 15 diluted

with a vola eso vent or solve m xt'ure whic S evaporated after said
conposi ti glferindset precatonsEparatdzend CormBd2: supéraatpntdeys sndbp 6F the lC3thasdyénsi n t he
over coat ed t hernpset. precursor, conposition s cur ed @i radi ati on, heat,
noi st ur e, fermipgeles 51’”%“@&&@8&%4%@%@“3 benesdyeiskt ween the overcoat

and the LG 33La&%té’ﬁ19%§aéd anr ﬁﬂi@béﬁmﬁcﬂn&%dwﬁfﬁﬁﬁé ) & O

t her noset precursor conposit conprises naterials selecte om the group
consi st i ngostkd antﬂa)ahaﬂbasu@rlayat(h'a)whdblahﬁy be wiprogbwe s@uitiveallberiveaa hgl at es or
net hacryl ates, cyalloacryl ates, yval ent vinyls including vinyl benzene,

vi nyl si | anealt adpesiys, aé‘Fh‘eP@”“ﬁf@i @F\F&@éﬂ‘?n epapls adiesiVeol yval ent i socyanat es,
polyvalent al | %3 tafdhh@Y8REvethapBe HiFBE R B5 N AR duelhs BRATRe 1 ke.

through the top conductor film if the latter is transparent to the radiation. The laminated
product may be cut (79) to appropriate size for device assembling.

The preparation of the microcups described above can be conveniently replaced
by the alternative procedure of imagewise exposing the conductor film coated with a
thermoset precursor followed by removing the unexposed areas by an appropriate
solvent. The sealing of the microcups may alternatively be accomplished by the
overcoating or transfer lamination processes described previously, followed by

hardening the sealant over the surface of the filled microcups.
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WO 02/ (1S(097 PCT/ US02/ (10102 34. The process of O aim 33 wherein the

ol igoners or polyners are derived fi~om dose contaiiung crosslinlcable
functiona{,vog]rzfag(%7 35. A process for the manufacture of apk?/lg@mﬁ , W uch
process conprises the steps of: a) preparing mcrocups by first coating a

| ayer of thennapl:astd r | f ol | owed
by enbossi ng tﬁ(@ 1?@%‘?‘%3%{ %i%(g:ﬂgl?&ﬁfgrg ﬁ%%éiltg %5?2%:}&@%%%%%@%}' %Mdﬂt a mal e
mol d or byséd@gaue $€). Shussfeghdrienihdticrosait 1pree on tiedilledayierocapthenovi ng

t he unexposed_areas; b) filling in the thus-fornied array of m crocups with
LC, c) seal§hy. amiherilaeped ipicrocin domying spmpesitionys cogedenipdee waledy of LC

Tayer. oo iRl AR CORGHGITLs Ll Wb AL A Rl sBEF R Bhatbliel TOTS are

| ami nat ed cyhtidit fatiREE Adhieve@NTHE idiltilhydr nflciREy iaatie thenilihinatedadtiesi ve | ayer.
37. The process of O aim 35 wherein the adhesive |ayer is hardenable or

" crossl i nkaptoadispndusiar layeniane griclogpprioatintgsizedor disnlay asseublyd ldsrhpeytast af t er

| am nation. 38., A process r.the nuf acture of a mifti-col.or LC display,
whi ch pr ocoRe dihaPleBi3RF nL B pld Sl il ishinu Bt Blisp & st e St
coating acbAyRiordImt A BONES dide QirahdjARAPSEt precursor on a conductor
filin foll owed by enbossing the thernoplastic or thennoset precursor |ayer
with a mal e node or by inagew se exposing the thennoset precursor |ayer and
renovi ng t he uréxpoddpaatiar foolon LiChdisplags t hus forned array of

i ith a | ayer i 11 ve. phot or.esi Sk ). i i ing th
bost i vephot or S BH<pIP LR, BB SRlsRlion Fhr A R ARREE S FBERL o | e
area; d) fa,|B)idatrifitetiRdANRRR AT LAGSHRSat MM HenddocMiohi? cgsfﬂ@t%ep'ﬁéa iof the

first color; 'e) sealing the m crocups to formclosed LC'with guest dyes) of
the first thoprovioupFection/(Fighe2d). MatgTatively, a full color display of the present

invention can be prepared by filling microcups with LC containing guest dye(s) of

different colors (Figure 1€). In addition to processes described in the preparation of
monochrome displays, additional steps are required for such a color display. These
additional steps include (1) laminating the already formed microcups with a positively
working dry-film photoresist consisting of at least a removable support such as PET-
4851 from Saint-Gobain, Worcester, MA, a novolac positive photoresist such as
Microposit S1818 from Shipley, and an alkali-developable adhesive layer such as a
mixture of Nacor 72-8685 from National Starch and Carboset 515 from BF Goodrich;
(2) selectively opening a certain amount of the microcups by imagewise exposing the
photoresist, removing the removable support film, and developing the positive
photoresist with a developer such as diluted Microposit 351 developer from Shipley; (3)
filling the opened cups with the LC with guest dye(s) of the first primary color; and (4)
sealing the filled microcups as described in the preparation of monochrome displays.
These additional steps may be repeated to create microcups filled with LC of the second
and the third primary colors.

More specifically, a multi-color LC display may be prepared according to the
steps as shown in Figure 8:

1. Coat a layer of thermoset precursor (80) on a conductor film (81).
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PCT/ USU2/ UUCU2 fJ repeating Steps c) to e), if necessary, in different
areas to generate groups of mcrocups containing LC fluid of different

colors; oholSRMLNI residual positive photoresist, if anybc?ﬂgomoooz
| ami nating the sealed array of LC cells with a second transparent conduct or

film precoat edpw pdhes Sl wherein
the seali %g of Elﬁ%ﬂé’@%ﬁlg rt ocupzla#s?c g@é@%ﬁ%ﬁ’ﬁ?ﬁ{/%@fﬁfdﬁaﬁ%ﬁe m lglfgg%ups wth
LC and a dhandsrgiassranditibin esmpeegihira blyiapropattemesdmale tmagdd ey sbovn)conposi tion
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har deni ng 3t he §kasG B8 arold fion hs rermeppHis arithmmasstivrgueser lyerdreierabphase
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Cl aim 39 e ’'se rocups s accomnp by filling
t he m cr ocadistion] hént bEmaisurguest dye(s). 41. The process of C aim 38 wherein
_ the sealing of the mcrocups is acconplished by filling the mcrocups with
LC and a dh spelaminptothethus fappedartayof srctopens{faswith ppeatve dm-Eahmosi ti on

o o PRCPRRL PSRRI ISR B A BB o

after it pRBAGEhesPRtah&SnRTHe hoNitiFe By TR PhORIARE nlagXempAROMEadhBgvd-C. 42
The process of Claim41 wherein the sealing of the mcrocups is

acconpl i shagr (§3) ta inprave thhedmsiondetipesniha mic@upndndthegesistye(s) . 43. The

process of. C aim 35 .wherein_the ing.of the fille i Gr. i S
acconpl i shed b 16%6&15%%30%(%6%?8%‘5%6 B‘gﬁltdvq_@ogorﬁgrb a‘@flgﬁeq%ﬁt’toﬁennoset
Precur sor o@RFPAFtionORMYVE ek do%e@éheé@é&klo%%ﬁ'oﬁbﬂ glgisqm&ce, b&dWdah 18RI d LC
and has a specific gravity |lower than that of said LC, followed by

har deni ng putpessal Stepsreambp iste tstlectorelit dpen thomeroqupe our pedetcompabiatta on. 44,
The pr ocezg. of %‘gai m 38 wherein the sealing of the filled mcrocups is
acconplis @“lﬁf vercoating onto the said LC a thernoplastic or thernoset

precur sor gCoMpPeg| i 148 oMl i Jodkib¥ chifinhitd | id LC
and has a specific ZSOM\/C\%Q%BI?B 680"5@@%%%@}5/@1 ??%332 gr ggvéﬁites %ﬁz@? han

t hat of saif thelfitst frohdrpwekr byd & seatkan compdsiteong 86 )l whidr isirpoaphiitde sithtther noset
pr ecur sor ositjon. 45. The process of &ai m 35 wherei n an adhesi ve

| ayer is g & bas alpwerssperific peavin dhanrtBe LG hastd | ani nated onto the
~. T f ~m ; i : J: ive | ayer
a~. Tay of 7m cr @eMRfe nifGoculi%o gcf]r&ccqééd e cgllég%tgi%m ngﬂg ,ﬁ%@sf%ﬂ%ﬂf? y

is precoated on the positrve otoresist an o the aiTay of
m cr ocups thedffrst prireanyrcoloe by hafdetingiting séblandleyeriby seBient cvdp@aiioteoricarigvel opabl e
by the de\{)?e!fgrgglry b?ffraciigt?onpé)uscih tais %%7, Fljehsg'i)garfgglgli%y heat or moisture during or after

the sealant separates and forms a supernatant layer on top of the liquid crystal phase

(Figure 8e).

8. Steps 5-7 described above may be repeated to generate well-defined cells

containing L.C with guest dye(s) of different colors in different areas (Figures 8e, 8f and

8g).

9. Laminate the sealed array of LC cells to a second transparent conductor film (87)

pre-coated with an adhesive layer (88) which may be a pressure sensitive adhesive, a hot

melt adhesive, a heat, moisture, or radiation curable adhesive.

10.  Harden the adhesive.

The preparation of the microcups described in the process above can
conveniently be replaced by the alternative procedure of imagewise exposing the

conductor film coated with a thermoset precursor followed by removing the unexposed

areas by an appropriate solvent. The sealing of the microcups may be alternatively
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48. The process of Caim46 wherein said adhesive is devel opable by tile
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-- 10@10@10@ 10%@4 O)- Z** ***T, 142~ =!I 91 109%&' () -
9!l 109%4a&" ( 78 R oK 1T0@ 10@G .
10@ <s L0AS0) : @ %%@h%eg@'—eﬂfﬁfmf@'—e—m@
10@ 10@/ & 100@)({}’)@&’}’ ate B Chemicals “|55
- H66667 M7 7(PELC!|ROIYERer (@3rybae 0%ERe¢y! 8AMY@E () - 109E@B ChetoAa® ({5 - 109%@&' () -
77751 85090 ST,k TG (00 0V 1) s Chonicals 10
LTUTs SE4E, == R v ) i 01 2 2 =
S, &10%@ 4 o 13 REAPYIAN o ke ; : \ﬁca}s -1 dEbCY
5 Monomer Sartomer SR~38 Sartomer 10
6 Monomer Sartomer SR306 Sartomer 5
7 Monomer Sartomer SR351 Sartomer 5
8 Photoinitiator Irgacure 500 Ciba 1
9 Synergist Methyl diethanol amine (Aldrich 0.5
10 |[Solvent MEK Aldrich 100

Example 2

Preparation of Microcups by Microembossing

The same as Example 1 except the formulation shown in Table 2 was coated and

embossed with a male mold of 4x4x4 microns.

Table 2: UV-curable Acrylate Formulation for Microcups
No. |[Description Ingredient Supplier Parts
1 Epoxy acrylate Ebecryl 600 UCB Chemicals (50
2 Polyester acrylate  |Ebecryl 830 UCB Chemicals |15
3 Urethane acrylate  |Ebecryl 6700 UCB Chemicals {10
4 Silicon acrylate Ebecryl 350 UCB Chemicals
5 Monomer Poly(ethylene glycol) Aldrich

methacrylate

6 Monomer Sartomer SR238 Sartomer 5
7 Monomer Sartomer SR306 Sartomer 5
8 Monomer Sartomer SR351 Sartomer 5
9 Photoinitiator Irgacure 907 Ciba 0.5
10  |Solvent MEK Aldrich 300

A Myrad bar # 12 was used. The controlled thickness was 5 microns. The

microembossing was carried out using a pressure roller (GBC Laminator) heated at

90 °C.
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mold was pretreated with a mold release Frekote 750-NC. The coating was then UV
cured for 1 min through the PET/ITO film. The embossing film was then released from
the mold to reveal well-defined (4x4x4 microns) microcups with a thickness of 5.5

microns as measured by a Mituyoto thickness gauge.

Table 3: UV-curable Acrylate Formulation for Microcups
No. |Description Ingredient Supplier Parts
1 Epoxy acrylate Ebecryl 600 UCB Chemicals |40
2 Polyester acrylate  |Ebecryl 830 UCB Chemicals |15
3 Urethane acrylate  [Ebecryl 6700 UCB Chemicals (10
4 Silicon acrylate Ebecryl 350 UCB Chemicals |5
5 Monomer Poly(ethylene glycol) Aldrich 15

methacrylate
6 Monomer Sartomer SR238 Sartomer 5
7 Monomer Sartomer SR306 Sartomer 5
8 Monomer Sartomer SR351 Sartomer 5
9 Photoinitiator Irgacure 907 Ciba 0.5
Example 4

Preparation of Filled Microcups with Liquid Crystal Solution

The microcups generated in Example 3 were washed with hexanes, then with

MEK, and oven dried (66 °C) for 10 min. A liquid crystal BL0O06 (E. Merck Co.,

Germany) solution containing 1wt% Silwet L7608 (OSi Specialties) was mixed with 9

times volume of MPK, and the resulting solution was coated on microcup using Myrad

bar #16. Excess solvent in the microcup was evaporated in oven (66 °C) for 10 min.
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1096 at dEnbCl | * 10%  10960& I 109%a& | 1094a&
(- MEK, and oven dried (é()) °C) for 10 mm( )A liquid crysta(l )BLOO6 (E. Melc} Co.,

Germany) solution containing 3wt% dichroic dye Blue AB2 (Funktionfluid Gmb,

Germany) and 1wt% Silwet L7608 (OSi Specialties) was mixed with 9 times volume of
MPK, and the resulting solution was coated on microcup using Myrad bar #16. Excess

solvent on the microcup was evaporated in oven (66 °C) for 10 min.

Example 6

Preparation of Filled Microcups with Liquid Crystal
Solution Containing Black Dichroic Dye Mixture

The microcups generated in Example 3 were washed with hexanes, then with
MEK, and oven dried (66 °C) for 10 min. A black dichroic dye mixture was prepared by
mixing three dichroic dyes Blue AB2, Red AR1, and Yellow AG! (Funktionfluid Gmb,
Germany) together A liquid crystal BL0O06 (E. Merck Co., Germany) solution containing
2wt% black dichroic dye mixture and 1wt% Silwet L7608 (OSi Specialties) was mixed
with 9 times volume of MPK, and the resulting solution was coated on microcup using
Myrad bar #16. Excess solvent on the microcup was evaporated in oven (66 °C) for 10

min.

Example 7

Sealing the Microcups by a Two-step (Overcoating) Process

A 10% solution of Vistalon 0106 (Exxon Mobil Chemicals) in Isopar E (Exxon
Chemical) was coated onto a BL006-filled microcup sample prepared in Example 4, 5
and 6. The coating layer was uniform and transparent. By using a #3 Myrad bar, a
sealing polymer layer with the weight coverage of 0.39 mg/in® was obtained and the
thickness of the sealing polymer layer was estimated to be 0.7 p. By using a #8 Myrad
bar, a sealing polymer layer with the weight coverage of 0.75 mg/in® was obtained and
the thickness of the sealing polymer layer was estimated to be 1.3 p. The density of
Vistalon 0106 is about 0.9 g/cm’.
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N ational Starch) in ”-propanol onto the BLO06-filled microcups as prepared in

Example 5. The coating layer is uniform and transparent. By using a #3 Myrad bar, a
sealing polymer layer with the weight coverage of 0.44 mg/in® was obtained and the
thickness of the sealing polymer layer was estimated to be 0.6 [.. By using a #8 Myrad
bar, a sealing polymer layer with the weight coverage of 1.0 mg/in’ was obtained and the
thickness of the sealing polymer layer was estimated to be 1.3 p. The density of
Amphomer 28-4910 is about 1.2 g/em’.

Example 9
Traditional Polymerization Induced Phase Separation PDL.C Display

For comparison, a traditional polymerization induced phase separation polymer
disperse liquid crystal display was prepared. Different ratio of liquid crystal E7 (E.
Merck, Germany) to Norland 65 (Norland) were mixed and sandwiched between two
ITO coated glasses with spacer either 4.5 pm, 25 pm or 50 um. Step wedge was used to
optimize the UV-curing time under Cure Zone exposure unit (ADAC Technologies).
Figure 8a shows a typical hysteresis curve for polymerization induced phase separation

PDLC prepared with the above procedure.

Example 10
SIPix Hysteresis-Free Liquid Crystal Display
A single layer liquid crystal display was assembled using microcup prepared in
example 1, 2 or 3. Liquid crystal with or without dichroic dye(s) was filled into
microcup with procedure described in example 4, 5 and 6. These LC-filled microcups
were then sealed with procedure described in example 7 or 8. No hysteresis was
observed for liquid crystal displays made according to the present invention. (see

Figure 8b)
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Assembling of a multilayer display and it’s performance

Multilayer liquid crystal display was assembled to improve display performance.
Single layer liquid crystal display was made as described in example 10. Same
procedure was used to emboss a second layer of microcup on top of the first LC display,
to fill LC with or without dye and to seal the second layer of LC display. The
registration of second layer micrécup on the first layer was set to be off from the first
layer about 0 to 10 degree to maximum light scattering. Laminate two double-layer
arrays to stack up a four-layer liquid crystai display. A high contrast display was
obtained with rising and falling response time of ~1 msec and ~10 msec (at 40 volts)

respectively. No hysteresis loop was observed.
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1. A LC display comprising a plurality of cells having well-defined size,

shape and aspect ratio, said cells filled with a liquid crystal composition.

2. The LC display of Claim 1 wherein the cells are substantially uniform in

size and shape.
3. The LC display of Claim 1 wherein the cells are non-spherical.

4. The LC display of Claim 1 wherein the cells are formed from microcups

with an opening area ranging from about 0.04 to about 100 um2.

5. The LC display of Claim 4 wherein the cells are formed from microcups

with an opening area ranging from about 1 to about 25 um?.,

6. The LC display of Claim 1 wherein the cells are formed from microcups

with an opening having a circular, polygonal, hexagonal, rectangular or square shape.

7. The LC display of Claim 1 wherein the cells have a depth in the range

from about 0.5 to about 10 microns.

8. The LC display of Claim 7 wherein the cells have a depth in the range

from about 2 to about 6 microns.

9. The LC display of Claim 1 wherein the cells have an opening to wall

ratio in the range from about 0.05 to about 20.

10.  The LC display of Claim 9 wherein the cells have an opening to wall

ratio in the range from about 0.2 to about 9.

11.  The LC display of Claim 1 wherein selected cells in a pre-determined
area are filled with LC with guest dye(s) of a predetermined color.

12.  The LC display of Claim 11 wherein cells which are filled with LC with

guest dye(s) of a predetermined color are adjacent to each other.
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c) releasing the mold from the thermoplastic or thermoset precursor layer;
d) hardening the thermoplastic or thermoset precursor layer; and
€) filling the thus-formed array of microcups with LC.

15.  The process of Claim 14 wherein said thermoset precursor is selected
from the group consisting of polyvalent acrylate or methacrylate, polyvalent vinyl
including vinylbenzene, vinylsilane, vinylether, polyvalent epoxide, polyvalent allyl, and

oligomers, polymers containing crosslinkable functional groups, and the like.

16.  The process of Claim 14 wherein the thermoplastic or thermoset
precursor layer is embossed at a temperature near or above its glass transition

temperature.

17.  The process of Claim 16 wherein the glass transition temperature ranges

from about -70°C to about 150°C.

18 The process of Claim 16 wherein the glass transition temperature ranges

from about -20°C to about 100°C.

19.  The process of Claim 14 wherein the hardening of the thermoset
precursor layer is accomplished by cross-linking by radiation, heat, moisture, cooling or

evaporation of a solvent or plasticizer.

20.  The process of Claim 14 wherein the hardening of the thermoset

precursor layer is accomplished by UV, visible light, near IR, or electron beam radiation.
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before, during or after the thermoplastic or thermoset precursor layer is hardened.

22.  Anprocess for the preparation of well-defined cells of substantially

uniform size and shape to be used in a LC display, which process comprises the steps of:

a) coating a layer of radiation curable composition on a conductor film;
b) imagewise exposing the radiation curable layer;
c) removing the unexposed areas by a developer or solvent to reveal an

array of microcups; and

d) filling the microcups with LC.

23.  The process of Claim 22 wherein the microcups are filled with LC and

guest dye(s).

24,  The process of Claim 22 wherein said radiation curable composition
comprises materials selected from the group consisting of polyvalent acrylate or
methacrylate, polyvalent vinyl including vinylbenzene, vinylsilane, vinylether,
polyvalent epoxide, polyvalent allyl, oligomers or polymers containing crosslinkable

functional groups, and the like.

25.  The process of Claim 22 wherein the imagewise exposure is

accomplished by UV, visible light, near IR, or electron beam radiation.

26. A process for the preparation of an array of well-defined cells used in a
LC display, which process comprises the steps of:

a) filling the microcups with a liquid crystal composition and a dispersion
of thermoset or thermoplastic precursor composition which has a specific gravity lower
than that of the LC; and

b) sealing the microcups by hardening the thermoset or thermoplastic
precursor composition during or after it phase separates and forms a supernatant layer

above the LC.

27.  The process of Claim 26 wherein the liquid crystal composition

comprises guest dye(s).
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polyvalent isocyanates, polyvalent allyls, and oligomers or polymers derived therefrom,

and the like.

29.  The process of Claim 28 wherein the oligomers or polymers are derived

from those containing crosslinkable functional groups.

30. A process for the preparation of well-defined cells used in a LC display,
which process comprises the steps of:

a) filling the microcups with a LC composition,

b) sealing the microcups by overcoating onto the said L.C filled microcups a
thermoset or thermoplastic precursor composition which is at least partially immiscible
with said LC and has a specific gravity lower than that of said LC, and

c) hardening said thermoplastic or thermoset precursor composition.

31.  The process of Claim 30 wherein the thermoplastic or thermoset
precursor composition is diluted with a volatile solvent or solvent mixture which is

evaporated after said composition is coated onto the LC.

32.  The process of Claim 30 wherein the overcoated thermoset precursor
composition is cured by radiation, heat, moisture, or interfacial reactions at the interface

between the overcoat and the LC.

33.  The process of Claim 30 wherein the thermoplastic or thermoset
precursor composition comprises materials selected from the group consisting of
acrylates or methacrylates, vinyls, polyvalent acrylates or methacrylates, cyanoacrylates,
polyvalent vinyls including vinyl benzene, vinyléilanes, vinyl ethers, polyvalent

epoxides, polyvalent isocyanates, polyvalent allyls, oligomers or polymers derived

therefrom, and the like.
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precursor layer with a male mold or by imagewise exposing the thermoset precursor

layer and removing the unexposed areas;

b) filling in the thus-formed array of microcups with LC;
c) sealing the microcups; and
d) laminating the sealed array of LC cells with a second conductor film

preferably pre-coated with an adhesive layer.

36.  The process of Claim 35 wherein the sealed array of LC cells are

laminated with a second conductor film pre-coated with an adhesive layer.

37.  The process of Claim 35 wherein the adhesive layer is hardenable or

crosslinkable by heat, moisture or radiation, and is cured during or after lamination.

38. A process for the manufacture of a multi-color LC display, which process
comprises the steps of:

a) preparing microcups by first coating a layer of thermoplastic or thermoset
precursor on a conductor film followed by embossing the thermoplastic or thermoset
precursor layer with a male mode or by imagewise exposing the thermoset precursor

“layer and removing the unexposed areas;

b) laminating the thus formed array of microcups with a layer of positive
photoresist;
c) imagewise exposing the positive photoresist to selectively open the

microcups in a predetermined area;

d) filling in the opened microcups with LC with guest dye(s) of the first
color;

e) sealing the microcups to form closed LC with guest dye(s) of the first

color;
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followed by hardening the thermoset precursor composition during or after it phase

separates and forms a supernatant layer above the LC.

40.  The process of Claim 39 wherein the sealing of the microcups is

accomplished by filling the microcups with LC and guest dye(s).

41.  The process of Claim 38 wherein the sealing of the microcups is
accomplished by filling the microcups with LC and a dispersion of thermoplastic or
thermoset precursor composition which has a specific gravity lower than that of the LC,
followed by hardening the thermoplastic or thermoset precursor composition during or

after it phase separates and forms a supernatant layer above the LC.

42.  The process of Claim 41 wherein the sealing of the microcups is

accomplished by filling the microcups with LC and guest dye(s).

43, The process of Claim 35 wherein the sealing of the filled microcups is
accomplished by overcoating onto the said LC a thermoplastic or thermoset precursor
composition which is at least partially immiscible with said LC and has a specific
gravity lower than that of said LC, followed by hardening the said thermoplastic or

thermoset precursor composition.

44,  The process of Claim 38 wherein the sealing of the filled microcups is
accomplished by overcoating onto the said LC a thermoplastic or thermoset precursor

composition which is at least partially immiscible with said LC and has a specific
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positive photoresist and laminated onto the array of microcups.

46.  The process of Claim 38 wherein an adhesive layer is precoated on the

positive photoresist and laminated onto the array of microcups.

47.  The process of Claim 45 wherein said adhesive is developable by the

developer of the positive photoresist.

48.  The process of Claim 46 wherein said adhesive is developable by the

developer of the positive photoresist.

49.  The process of Claim 38 wherein the color filters are laminated or coated

onto the display.

50.  The process of Claim 49 wherein said color filters are red, green or blue

color filters.
51.  The LC display of Claim 1 wherein L.C is colored by a guest dye.

52, The LC display of Claim 51 wherein the guest dye color is a subtractive

or additive color system.

53.  The LC display of Claim 1 wherein the display comprises more than one

layer of microcup array filled with liquid crystal composition.

54.  The LC display of Claim 1 wherein said LC display is ntulti-color and

wherein the color filters are laminated or coated onto the display.

55.  The LC display of Claim 54 wherein said color filters are red, green, or

blue color filters.
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