| TINTED LENSES AND METHODS OF MANUFACTURE 26 April 2006 The present
application clains benefit of priority to United States utility patent
application serial nunber 10/128,064, to Doshi, filed April 23, 2002. The
foll owi ng patents and patent applications are incorporated by reference
herein: 5 United States provisional patient application serial nunber

60/ 162,695 to Doshi, filed November 1, 1999: United States zarfw#’gqognm
pat ent application seFINNEMLENSES B0DMIETRODS OPMANGIACTHREEd July 17,
2000; United States utility patent application serial nunber 09/696, 933,
to Doshi, filed October 25, 2000, now United States patent nunber

6, 315, 410; Un| t @He ﬁémteqsphcuﬂidnl dldinds m&mtm&@mmke@ma@@&dl@ dpber
09/ 949, 520 o] Doshi .file 2001; and 10 PCT appl I cation

PCT/ US00 / 4 2RBlFatqn sl §WB‘6“§%/?%966’ tPPGéH»éﬂedt@qba%HPO% | ed Cctober 23,

2000. TECHNI CAL FhdbRdwibepadn@s8Mpatényslitd eﬁgas@,ﬂ@cr rally to
the fields 3&1 4nt ed Iel?glzas nand E)2115 n@]{ﬂ g ds of na@d%%dc%ﬁre%}eﬁEA%w

Tinted Cont VaeBEOYsiow! pat@hanplicatign peralumiensO 62,695 toPoshingled t hei r
i ntroducti OTNolvélﬁ&ri h@9§‘ﬁfnﬁ€& QL@&CﬁowélSha &Ee&%&pﬂ@aﬂon &ggﬂ{u%%elg@%lgﬁ henses

thatlncludelrrafgi hat mmc the Iris are |cuarl
popul ar. HoliouEyfl edo’@b’dr'/'e%ﬂoedﬁtl@@Stateentslmspah@d@pbgatmm getfiak iumbat 09/6969B3) 0l ogl es
suf fer fromgoak kitg [ | eachi ng
of pignents present %(;tr?g#%g ztsoﬁ? gge&‘ E)tF&?tatgAsJ 1 Iﬂ’r‘?"n ﬁ?lﬁrﬂgp@@k&gﬁf&s
fadi ng of cBYlsY patenhapplipation exial mxmlpbe@/%ﬂ Sﬁhltcdbshiﬁied:mmeﬁaml ke present

panet i 1o ac: gt RESRSRORRISE AT DB PlincbeReRodet has "of

ben
@q ng thenm?®8ve been descri bed. For exarrpl e, United States Patent No.

5,018,849 to Su et al., issued May 28, 1991, describes colored contact
| enses that forma | am nated structure whereby a pignent is provided on the
top | ayer ofeainecaadnkiact | ens and opaque rrateri aI i s sandw ched between two
| ayers of the ntact .lens materjal, such as nmers. The opaque materi al
bl ocks t he natu g prgsgptdpveg?on( gﬁfgerﬁlly relates generally to the ields of tinted lenses an
15 methods of manufacture.
BACKGROUND

Tinted contact lenses have steadily gained in popularity since their introduction into
the marketplace. In particular, colored contact lenses that include images that mimic the iris

20 of an eye are particularly popular. However, colored contact lenses made by traditional
technologies suffer from poor image quality and other difficulties, including leaching of
pigments present on the surface of lenses, unnatural appearances, fading of colors and limited

@ number of colors to choose from. The present invention addresses these problems, and
provides additional and related benefits as well.

25 A variety of colored contact lenses and methods of making them have been described.
For example, United States Patent No. 5,018,849 to Su et al., issued May 28, 1991, describes
colored contact lenses that form a laminated structure whereby a pigment is provided on the
top layer of the contact lens and opaque material is sandwiched between two layers of the

contact lens material, such as polymers, ’lf‘hie opaque material blocks the natural color of the




26 April 2006 wearer's iris, and the pignent gives the wearer's eye the
appearance of a desired color. These contact |enses have the undesirable
quality of | ooking unnatural due to the Iimted nunber of colors that are
avai lable. In addition, during manufacture the opaque nmateri aI and pi gnent
are applied to the contact lens material2in a plurality of |ng one
color per step. In United States Patent No. 5,034,166 to Ra EZOZ??

i ssued Jul y ¥ysarerisgas andtbepigiert givestht webrars ey tbelappesinae of 3 @ﬂﬁeﬁ%olaf € hese
described. T, pe ored tact lens is casted into
t he structuriﬁg]?“t he ‘ééntgeér&%rra%%qua'%heﬁooﬁ(ﬁ‘ﬁﬁma yral dp o thefumitpd eebeEef or at a

time during ¢odmsthatwmavaibibler Irrrgldmdnn cloridd mankficthRendUpARR MaBFialCAl flghehthat can
be used to @g%hga%%re%d Nolely t act agns . Jhe_ resulting colored contact |ens
i s undesirab ecause the V\%%l?’ alpit "e@\é‘%‘“&ﬁ%ﬂgﬁ’“ﬁ‘ﬁﬁaﬁwwpﬂﬁﬁpt her nor e,

the pattern and lﬁlljmth&teslBﬁéhthcb $,b3451 66 I0Aing et bi, Hasﬁﬁqul%%v‘@bfgmﬁ esults in

an unnagural Iook% go%!(r) tacg ens. Al so, existing nmethodS provide custoners
with |imited chor ceLrgtoopist ?"éesé‘FFcpeb‘é‘PF‘EFhelaﬁﬂe%WémF@mse%COM@dnme@ by these

met hods can lenslisosbtetEintoitkyBa0étere @Ptht s Rarsiii | AR fs! n make
t he Ienses nco ortable for the wefatrgr and E)l%tr‘\eg tsgﬁgélaed‘m%&{lor gt

pi gment . Mredens apmpiaetiringspidslimaitsskeriumber of nolts itatein Bt asteéso rBaKee nt No.
5, 106, 182 t eolBﬂfed Oétact [bmxe£ITHR |result1h§ §dfﬁ9d Rfakt ler gs’ qn%é‘s?rg‘dle gecaur%k%xf éf{"FrS’f:.s i s

| am nat ed col ored contact |ens. I's contac
provi ded oneﬁﬁéppﬁﬂfrwaélﬁalofméheéfémdhq palttern end 8 gmentsauspcdial tis ma&édelrs limgtdod usi ng

anpl 05 bl gnont o WRAEECLAN] @SR Riek el RRod L Slare

pplies pignment. to the portion o e con
tern. Th%f‘ﬂbg@lt?dschtnh@wf pelers gudpatters tinkthplondes podwetd bt these @Rtbacdan| ens to

snmear the phaRB ngaged. from.th ortion ontact 20
| ens. The P%ns ?%grﬁ%?sa({ngde ip&gf Q:,!(ﬁ% eglr %@1 cha) wake éﬁeelgxgsgﬁunggm{%gglﬁ? é’&ﬂ‘eThe
resul ting c‘&?aéqfé@ﬂI@wmtataﬂmgloéthsplgmenmdem rabl e because of the limted

nunber of col or used al ulting _pignentation pattern
has an unpr edi cfr a {’@&gﬁc mﬁ?\ﬁgisffrcgfmg Eﬁg?pc%ateq}ﬁt@éﬁo §?149§é§2 Pdirigas No.

5, 160 1@63 teéalEmmd Aptil 21, 1992, Satigtdd Nmnﬁﬁda@rcoﬁredle&%{a’ot lenSl €13 i RAd.cAefsO! OF ed
cont act gﬁd‘pd‘x rogi%l aers ment in a first patterntoa25
mol di ng de | ce. PogiNgs © %rﬁ?ﬂ’t"go fh°°§ e les giag 2 pask traesferanatiind wsisg appl i ed
to the nol dibbgr Stzuhmhacﬁg raised RAGPSZHORE. AL &ﬁfsfepﬂahoﬂbﬁhés #Jnt 3%hd mﬂge on

the nol din orge transferred to a contact | ens. e use of

mul tiple pFintt g‘g%%%%tqms tQ,Foera @icrudp padtepn he padin then pressediodbaportiomvsr  of
appl i cat i ot cotatt leas © seRURLbikierk LRAhERAiskAPLR fronltnBPSlild §hcohdlS et hod

20 lens. The lens is rotated, and the process is repeated as desired. The resulting colored contact

lens is undesirable because of the limited number of colors that can be used and the resulting

pigmentation pattern has an unpredictable and unnatural appearance.

United States Patent No. 5,160,463 to Evans et al,, issued November 3, 1992,
describes a colored contact lens made by applying a first pigment in a first pattern to a
25 molding device. Additional pigments in additional patterns can be applied to the molding

device in independent applications. The resulting image on the molding device can be

transferred to a contact lens. The use of multiple printing steps is undesirable due to the

increased number of applications that are needed to create an image. In addition, this method

.
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U3 26 April 2006 results in an image of unnatural appearance due to the
limted nunber of colors that can be wused to create the i mage. Col ored
contact |lenses reported in United States Patent No. 5,414,477 to Jahnke,

i ssued May 9, 1995, relate to inages that are made using pad transfer
methods to forma plurality of dots of gnnatural appearanc&. Aplurality
of printing processed can be used to 5 create an i mage conp Péﬁpﬁ&%re t han
one col or t hatsultsspen inegé yf uﬁﬂB}i&thhltalﬁpeia@nc&lmuE Em?@limitddhguﬁnberhrw&&oxﬁlaigtk{aﬁlbe el
appear ance. e dots are of relatively definite in shape and rel atively
|l arge in si §%ﬁ§(’ngg¥%t§%'%§?/e an unnatural appearance. The col ored contact
| enses made usi ngCdlirede@ntacind@deporbsin UnuESatet Pant RE. TIRGT 0Ofn&Q! Or s and
patterns that c b d,. which results in an unnatural |ooking product.
10 The pr eseﬁfuegﬁ@gﬁt ﬁ%g relefe fodwagss thahare pradisingpadisansier methetlsyg formdescr i bed

tinted cont aplirality®fSies obymBRAYipHtRmcaNA bIRGE d%glr@{nﬁwg%c@ts@ Gn GORLARE | ens

that is of superior quality. The increased qu e Inmage results in
a tinted cont'SRt 20 i1 mRKsitgBory tham prercalor theprepertedly eesulBRh EFinRESEI PTI ON OF

THE FI GURES dhére ihtsal Appg‘ga%&fg?le ﬁﬁ%@%‘%@gﬁ’y?‘%ﬁrﬁ‘%h a%nag&tre%gdgl aﬁé%)er.i nting

digitally encoded i nages. enot e s a ati nk; A3
denot es yel | B4 2 fhus gye aeynoetars] appeanance KThe colbredemmict bneomade using lesat /| ayer

of Al + A2 4, ARdatA%o natBs LflicQi y Q iege is .printed on g surface
such as a lens. FI G a2. ggg}tg@t@ﬂg%raogfr%gégsgﬁg?%tﬁ{"gg’faeecaﬁPgl‘steg’lweiﬁ}"her??é‘gﬁ‘é‘d i mges
encased wi t HRpngatpd legkingproduet. A6 denotes col or ink coat / |ayer of black,

magent g9 yell ow g ' ot e rtially.pql ri zed nononmer mx for
clear lens; AS deﬁ%%rgséﬁglgf @%gggé;esﬁ%sﬁ?/enﬁ? I%ﬁasﬂ%fapeaé‘xg?ﬁ%ﬁ%s’mf |epRfact

ol yner i zed lesisesdw proviting aF iftige 3h\oheitiic & SontachRhd Al isff s@eEasjualty. aThayer of ink
between a ptj r. AS denotes a nonomer m X

f .and | |
for clear | er?g%g eﬁéﬁ%{eﬂﬁ%ﬁ%su%g%ﬁ rgﬁukgﬁﬁ%g‘gegtcﬁtg‘%é?ép‘aﬁpsawlﬁﬁ appgaranfiagent a,

yel |l ow and cyan; A7 denotes partially polynerized A5; AS denotes partially
pol yneri zed ; 156‘ dnglot es full ol yneri zed clear lens; Al 0 denotes fully
pol yreri zed : _ 0 RES net hod of applying ink to a surface.
FIG :11 depi Z ts aFIQ. agepdB Ddchdddftic HiagBmlo2h nidfdol bf ﬂﬁtﬂ?&i@%y%ﬁcoﬁ&ﬁnﬁgés ent
I nventi on. .

AY denotes black ink; A2 denotes magenta ink; A3 denotes yellow ink; A4 denotes cyan ink;

A6 denotes color ink coat / layer of A1 + A2 + A3 +A4. The digitally encoded image is

printed on a surface such as a lens.

FIG. 2 depicts diagram of laminate digitally encoded images encased within a
20 structure. A6 denotes color ink coat / layer of black, magenta, yellow and cyan; A7 denotes

partially polymerized monomer mix for clear lens; A8 denotes partially polymerized A6; A9
denotes fully polymerized clear lens.

FIG. 3A depicts a method of encasing a layer of ink between a primary surface and a
polymer layer. AS denotes a monomer mix for clear lens; A6 denotes color ink coat / layer of
25 black, magenta, yellow and cyan; A7 denotes partially polymerized A5; A8 denotes partially
polymerized A6; A9 denotes fully polymerized clear lens; A10 denotes fully polymerized A6.
FIG. 3B depicts a method of applying ink to a surface.
FIG. 4 depicts a diagram of pad transfer printing method of the present invention. A7

denotes partially polymerized monomer mix for clear lens; A8 denotes partially polymerized




denotes partially polynerized nononer mx for clear |ens; AS denotes
partially polynerized 4 26 April 2006 color ink coat / |ayer of black,
magenta, yellow and cyan; A9 denotes fully polynerized clear |ens. Al0
denotes a fully polynerized AB. FIG 5 depicts a nethod of a

| at he/ fabrication process that can be used to produce |ens gf t.r@ gresent
invention. FIG 6 depicts cast nolded nethod that can be uséd P8 PP8duce

| ens of the fAFdRfoat/dayerpfblatk, orgenm, Gllow andeyen; 9Eendt® fdlippedmesipédrl@ast

met hods t hat j.gam1 l.ens of the present invention. FIG 8A
depi cts exanpl es Ig?e?b?i gr{‘%@tﬁggﬁ‘gs rgt'f‘cgtur es that can be fornmed on the convex
portion of the pféSehdepictyaamtliodif ahthedibecatioppota@sithasad bé dsedtowrddicelans nk of
the present | Lan 10 FIG 811 depicts exanples of indentation
structures t fgl%%gég%lﬁﬁﬁeve?t@l'rred on the concave C portion of the present

i nvention and ar ElGefdepicRdasimolded helodhitRarte usétkio PfodlideQerR bEBE PlesdnIVeENt i ON.
The indgnt atih‘%rr} .Ostructures are not necessarily shown to scal e and
preferably are li’é’l‘atively smal | such that they have a volune of |ess than
about 10 microl i FEG.9A dn@ FIG 1R pROBH cast metHofd RAtlchBheSused §Podhiaths3PQYE |
mcroliter, less than about 0.1 mcroliter, |ess than about 1 15 nanoliter,
| ess than abBEttEvEUeEnoliter or |ess than about 0.01 nanoliters. FIG 9
depi cts deposi t | iE. gh defikis EXthficd ol Rlidualitn Gluokufd 8 Bh bORrild HGhRTCT ¢ e
present invention. Different angles represent rotation of surface.” The

i ndent at i on PSPy ekthe eresentrinventiannnd srerdepciedas fifled with gmink ofthé yrefent ibwaition.t h an

i nk of 1§ he preseRc. BRYENLI Jemal.ning Vol volupe in the indentation
structures can be fiFI glg&%/\n{ﬁp igggt}‘g‘gxétn%qsé',gc%resrr%lﬁtoc #e{é%“%{lo%}?%?av‘io such
s)to trap PorEon efithexfresehtanyentimend ark depioiéd s fillecwpArEinE ofthe pre@nidhivemmse Col Or S
of ink can : I into such indentatjons tq allow for a variety of
colors to b?epﬂe?%ﬁ?ﬁ %tﬁlg%eé A" PPt REETIRAL SHAEn eoﬁf%m% r"’(f%’f)t?\ql%i‘rg relatyelys ure” f or
centering asmhlragkthaighdyhave sonbes, of psethar bty 0 Biiéromedk, ledsitiih bt § 0 hydr at ed
tially.h d,| . 25_FlI 1 i ct hemati c di f
82”. Ip(f; yl gf %ﬂrlé?{%%erésgsﬁ%%t}’mg? Isettsll rﬁléroafebﬁs%s§€hp§/g)%etl O(?I r%ic%oclitg',rrlgsslﬂgan all)oalll Eam or a
15 nanoliter, less than about 0.1 nanoliter or less than about 0.01 nanoliters.

FIG. 9 depicts deposition of ink into a variety of indentation structures of the present
invention. Different angles represent rotation of surface. The indentation structures are
represented as being partially filled with an ink of the present invention. The remaining void
volume in the indentation struc;tures can be filled with, for.example, a monomer or a polymer

20 such as to trap the ink of the present invention. Droplets of one or more colors of ink can be

deposited into such indentations to allow for a variety of colors to be present in such

indentations.

FIG. 10 depicts a fixture for centering and masking for lenses, preferably but not
limited to hydrated or partially hydrated lenses.
| 25 FIG. 11 depicts schematic diagram of a variety of methods for printing digitally
encoded images in conjunction with the present invention.
FIG. 12 depicts schematic diagrams of a variety of methods of making polymers

having printed digitally encoded images. A5 denotes a monomer mix for clear lens.




encoded images in conjunction with the present invention. FIG 12 depicts
schematic diagrans of a variety of nethods of maeking polynmers having
printed digitally encoded i nages. A5 denotes a nononer mx for clear |ens.
5 26 April 2006 FIG 13 depicts diagramof |lamnate digitally encoded
images within a structure of the preserg invention. A5 denqtes a nonomner
m x for clear lens; A6 denotes color ink coat / |ayer of blzéé”l?fl %p%ent a,

yel l ow and cyan; FAG. idekepitie iapainiof RinintepigditiEdntaRe irdes Whisl§ MRk offRr tial ly
pol ymeri zed A6'e tA9 dtenot 35(1 fully golé/rreri zed clear lens; AO denotes fully
pol yrer i zed REHBTERSN. 2 dguglss 3monpiper gk fg clearlensAs danptss epler inkedopt/on a
surface of tlagr @ﬂ#@ﬂnﬁagblm’,?/@ﬂd“%d cyaﬁﬁqﬂeea@tesemuwe@ﬂ@ﬁzep‘ %. A®lenblegar 1 ens;
A6 denotes color ink coat | ayer of black, ~magénta, ye fA‘oi/v and cyan; A7
denot es par tﬂagiaﬁypﬂmm@é\%@ Immptes Aglypolyseazed shear lenst AJO depoteyfully i zed A6; A9
denot es ful IpslyaRliyaes zed clear lens. 10 SUMVARY The present invention
recogni zes that | enses, such as contact |enses, can be tinted using ink
that i ncl ude pol Jifel4 depicthpsinjingmptheds withivorwaliens: surfice hEthaeyent ineensaire

mononers  UsStieh@les ol finty S tear 1% h@ KerBR0 &cggra: Sceodf,/tégyg%?aﬁkmg €s on or

within the Iens. Images nmade using these In in a nodified
or unnodi f i SWseyyeligl ahdeyant Aldedotesgpartiolly f@yusized AS; A8 deasteSpaytially pri nting

met hods, i nghuygli LN pnting. Mdified digital formats can be nade
by alteri ngst zlgérgklg%i‘\?’a?d?e&r%tggeﬂg}é?og’g%ené? %‘?afgefls'pri nting such as by vibration
applied to the printed surface. A first aspect of the present invention is

an artigle facture, including: a polyner and a digitally encoded
i mage #gde §#¥ﬂ2£gk, wherein the polyner fornms a lens. 20 A second aspect

61‘/) t he present iThvertdndinvéntiomretdzhizeth lenfeKdubtDasBntddt 1dnsds Scafbe fimEWT act ure
t hat i ncl uplg&n ncoded i mpge and a pol ynmer, including the steps

a.digi.tally e
of . printing génkdt?%:"fcg‘}dféc’léﬁﬁréBrelii’l)f"?f’ﬁé‘ﬁ’l%‘ﬁm%ﬁfn’(?ﬁnﬁ%{a?b’&? emamopRIudes a

pol ynmer, whesediomakbeie 14a6. ik da8bBBsed td BA& imAkel Bh 6:vidHPRE en®Tmbl8 Present
an article of 25 nmanufacture that includes

invention is net hod .qf makin I
a digitall ymae%c‘?i}a%@eﬁeﬁ*ﬁijé‘f%ﬁﬂ Iy 51 aymshifiedion wadiifing digitel formeghsndsmn be
15 used in a variety of printing methods, including ink-jet printing. Modified digital formats
can be made by altering the digital image before or after printing such as by vibration applied
to the printed surface.
A first aspect of the present invention is an article of manufacture, includingé a
polymer and a digitally encoded image made with ink, wherein the polymer forms a lens.
20 A second aspect of the present invention is a method of making an article of
manufacture that includes a digitally encoded image and a polymer, including the steps of:
. printing a digitally encoded image on a composition that includes a polymer, wherein the
Qﬁ polymer forms a lens.
A third aspect of the present invention is a method of making an article of
25 manufacture that includes a digitally encoded image and a polymer, including the steps of:
printing a digitally encoded image on a composition comprising a polymer, and forming a
lens from said polymer.
A fourth aspect of the present invention is a method of making an article of

manufacture that includes a digitally encoded image and a polymer, including the steps of:




printing a digitally encoded i mage on a conposition conprising a pol yner,
and forming a lens fromsaid polyner. A fourth aspect of the present
invention is a method of making an article of nmanufacture that includes a
digitally encoded i mage and a pol yner, including the steps of: 6 26 Apri
2006 printing a digitally encoded i magel on a conposition conprising at

| east one nononer, polynerizing said at | east one nononer tdoARIMP | east
one pol yner , PHHES £ digHalfygnepdedimage anraempesition semprising @t loast oppahgnomer, A fifth

aspect of thgRh@s8Rkd MRS ' f ' rticle of
manuf act ure &{ﬁgt i %c?ludggaggn gﬁé#%%fﬁ%ﬂ%%ﬁg&n%@’aﬁg f‘grmtﬁ%la;}%ér,

i ncl udi ng t hEorm saphat legst onppilymdérng an 5 i nage on at | east one first surface,

transferring said 4/pg t |east .secon urf.ace ¢ i Si a
mononer or a pol %rr{lsr geﬁ%&fﬂ%rprrr%sﬁlgnge {eaﬁésafr?%}ﬁ%soifnaklg%%rbﬂﬁgg&:'?ﬂ%}éamﬂ si xth
aspect of t hbatcéglern digitlipeicoded imageand apdlynedr,andidingamsstes bfpentidgnal udi ng:  at
whor ei n°tne SE] T8 B4R A R ek CoriRnl Bt Bree 62 et PEAS M SEBRL on of an
i mage or ot rempiisiggremonbfherorapuBiel) atisPaehg Olens fien RIRSEM sirfikgNtion i's a
system i ncl udi ngzsix% aryfﬁl e of manufacture of the present invention and

a printing devi c8S™EHBICHHile Pressudtvenfonisim agjcleal manyfpsharatipelpdines atdeast
conposi t i on oo infinktdh stotdg€ mudlinh Gand At e&¥Kone d%ﬁ@lyimX%'E whbf&in tRak fehe b  Pi gnent,
reactive dyg. Ol‘l.dl azo dye. The conposition of matter also includes a

bi nder, monSHEF 1RSI cmBTses HAsshadiopieR of atipega s giiesimege. | copol yner, and 15

initiat@r, U inAbdvaitRbspedt BEMEBlesdnPinldnRbi a syRhY BRfuding! a?l%?tfc?ead?t ’
anti- mcrobial agent,” anti-fungal agent,

anti-bacterial agent . . 10¢ _

@i nf ect anfanyfpER o5 fhs Presentiiuieationand 2 printisgdeviceaspect of the present
invention is a mai&hath 2bedot St i .| L s . of .. gbtai ni ng
a digital imge fro%ﬁg Iﬁfg_r soﬂ?prgég_ta] asgonc;% Q?#ggg%nﬁartﬁeﬁhﬁﬁgmgfg? Icliﬂg’di gi tal

i mage on a f¥n¥t dggpapicis pigEENDESORS B! cONjaRRlyE HEel NWBDSTliaN f DERENIST] ONS

ot ess def | ieladbibfid! Sbnondth pohyfieh Bbhion e ndElfiiihd! GopbSHIE atied Ner el n
initiator, UV initiator, thermal initiator, solvent, dispersant, anti-bacterial agent, anti-

microbial agent, anti-fungal agent, disinfectant, thickener or humectant.
A ninth aspect of the present invention is a method of doing business, including the
steps of: obtaining a digital image from a person, database or image and printing said digital

image on a lens.

20
DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS
Unless defined otherwise, all technical and scientific terms used herein have the same
25 meaning as commonly understood by one of ordinary skill in the art to which this invention

belongs. ‘Generally, the nomenclature used herein and the laboratory procedures well known
and commonly employed in the art. Conventional methods are used for these procedures,
such as those provided in the art and various general references such as U.S. Patent No.

5.160,463; 5,271,874; 5,018,849; 5,034,166; 5,414,477; Day et al., Current Optometric




25 meani ng as conmmonl y understood by one of ordinary skill in the art to
which this invention belongs. CGenerally, the nonenclature used herein and
the | aboratory procedures well known and commonly enployed in the art.
Conventional methods are used for these procedures, such as those provided
in the art and various general referencéds such as U S. Patent No

5,160, 463; 5, 271, 874; 5,018, 849; 5,034, 166; 5, 414, 477; Day e “BM 2008y rent
Qpt omet ri ¢ 7nPgmatgp pd TEGB‘GOIOX)hF@FW'W%A@%C&TFQPWMC@%%I&TMI (88%di ti on,
ATeri can Opt@embyd Cordss 4980

Dictionary (1981}§0 and %ﬁ%@%’%ﬁ%‘(ﬁ éé%gllg?%‘aelgeﬁ?%?&%ggggﬁ%gfo%bg%%oI ogy,

d ossary of Teshelogsw&riessary ¢fcCidor SeinpnFedfraBonif Sodiesiss foo CoZimat Tcwgmold'@chnol ogy

(1981). Wergom) t Lher signaul ar he |nv tors, als
cont enpl at e Ehe p%ér?% ém?{s?)ﬁﬂat%gfntﬂeﬁ%fhé no%ﬁc a§ i i % ﬁl&pl:}'i”r]l gnd t he
| abor at ory phateedutlesoniestatirhesdd hﬂbmumhthelaﬁoratbxyspeocwirés dlmﬁtml ey #omMonl y

enpl oyed in 0 out, the disc the foll ow ng
terms, gnl esﬂygg‘fvﬁ[e]%nv?nw?%l&ogmtoéfgﬂm ?ffle? meﬁg (A GBPIRYH S °'tx Oﬁé% t he

fol | owi ng nearbsugs the fdlowagttdrin, lualesy dhehiselindieféd, Sau SatmdeRtddl thaPé deess t hat
does not gou.ut e i nt er rredl ate 10 steps. "Indirectly" refers to indi rect
causation t “intermediate steps. "Digitally Encoded | mage" or
"Digital Inage" ‘ﬂ)ﬁfe&rygrefeﬁ t@dirdcnBgQibeHa phetsss ML docs h&tdbRle RierdbRied i n a
digital for r;at A digitally encoded i mrage can be made using net hods known
inthe art,S8ch as artistic renditions or scanni ng or otherw se

transleting an i“magesty? ﬁaféksuslmagec@caueﬁ{foﬂﬂﬁt teYuiRRE ftbnhtdige LigRge such as the
g/{)s of an eye, .such as a human _eye. A digifally encoded 15 i nage can be

red on appropPigelly %?%dre%‘éaﬁereeﬁ ‘@rﬂ“%l&@ﬁe”e@feﬁé‘gﬁéﬂia@ thetdeshecnereged yner s
such as cycé@lorddiifa 8ieRd FoMxB SA dbithlveh [ gﬁmﬁ ges can
be stored tog}et héra lgirﬂaq’separ at ei%l; t’% dlre%%ggé %agggg{;gé ‘i’)s?“ gt ﬁ?dymgncoded
i mages t hat® é‘“a%‘éléﬁssﬁﬁﬁtl@fepﬁmnﬁlodmm% ayotheiwisegntlatingten omage Sodidin yi t al | y

encoded i NBERKIGIBuRREFhiL G MiA% G54 AN 1 0 tistic
r endi t| ons or |19 e rr§ u{iggts?nga ?g twar e@ﬁa éu%{Pur a}FE{agggef ‘A‘(rlrlgitja91 e@%‘t’ﬁ d;I so be
20 merded tlﬁlagﬁ‘cﬂﬂwgfasmmrmpglopadtdz storegecroetidon, |sm9‘9magxedc gicdiain ormigxaers s where a
ggyegxggggg?é@sc RISES @%p% 5, g@%ﬁrafitry%?qdi%ahltylegéoge 0 es ¥l U & SPdnes ! OF S

or separately to forma database of digitally encoded images that are accessible individually or

in combination. Such digitally encoded images can be altered using established methods,
such as artistic renditions or image modulating software. A plurality of images can also be
20 merged to form a new digitally encoded image. A digital image is where a given image is
presented as made from multiple dots of different colors. For example, an image produced by
~ using a scanner or digital camera. Modified digital images may be defined as a digital image
’ ij that is changed with a secondary process like polymerization or mixing of colored dots.
“Ink” as used herein refers to any colored compound, chemical or structure, such as a
25 dye, vat dye, particle, pigment, reactive dye, diazo dye and the like. Ink also includes
structures that while not colored give the appearance of color by, for example, diffraction or
deflection (for example) of light by a particle. An ink can be water based, monomer based or

solvent based.
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using a scanner or digital canera. Mddified digital inages may be defined
as a digital image that is changed with a secondary process |ike

pol ymeri zation or m xing of colored dots. "Ink" as used herein refers to
any col ored conpound, chemi cal or structure, such as a 25 dye, vat dye,
particle, pignment, reactive dye, diazo d§ge and the |ike. l% ? d cI udes
structures that while not colored give the appearance of coI8 Pb@z 0

exanmpl e, diffract Dyp Brhe Cd@tﬁxteﬁmkamfel(Sft@a Vmcarqﬁldyﬁ)s asatlhe)l drghiowyn the Bﬂ,l’tl cI e.

An ink can b e or o ven 26 April 2006
"Dye" in the&ggﬁ%(giztogg% Qm s re gp@o AT tni?rcg? §e‘§etg‘§‘y§m§9/ “i%re known
in the art, ziaydiprige) (BESai'aterdy\bsi 66@;3’06) as Di azo 15

(4-diazo- (4" -tol uyl) XY, benz zinc chloride) (U S
Patent No. 5,662, %tg)-)%e ﬁ-@ﬁ‘? Bﬁ%"‘ét"gt eés 5ﬁ’?‘é‘3€¥gfe YRt qygsas theyperkeovpin, vari ety
of vat dyes theat, kvesh 2aiet BinosT, lisaiichloRe6 M-thy@&@h4a8~aMEJa215ététﬁ*on) and Vat
7,16-di chI i.h 18- ant azinetertrone) and Vat 5 Geen |
E16 17- di met yoxyégﬂggﬁ‘{%yo’(yfm?é@‘ %&3 i 3L "m).PEWB“)éWe%Ea@)”‘{OU S.

Pat ent No. 55031928)978) "Particle"” in the context of inks refers to a
variety of partlgll as hegl are_known in the art, such as India Ink.
"Pignent" in the é&tﬁ‘%ﬂthSF rttﬁ’fk%fml@w?rgt%vaaetyafpaétc)csm they geriswaven inghet hey
are known i nrt, sllajﬁshﬁilélﬁﬂ(, such as titaniumdioxide, red iron oxide, yellow
iron oxide U.S. Patent No. 5,160,463, Pignment Blue 15 (phthal ocynine bl ue
(Cl # 74160)), PirgsmRsm ltsﬂ@éﬂmw ehnksaefsesyng waichraf pigmes as they7A280WN in Pi gnent

Bl 360 ( colarlatt, b i ; t
"5, 272, 030): " Feet rye tyane Mo B RPN SRR o o doa L e

i} reactive @9’6@ Blye tﬁt@bthdﬁmlnqtﬂuk(deMGO)); RigmenttGresuTdhthalscyRina gtk €CIB| ue
EO 5. gl ((:ﬁl gpﬁhgﬁﬂ}?@%ﬂ% 5321%@'6?009& b%e (%IQ%%)) or 3hrgxguum sesquioxide (U.S. Patent
ani no) -4- sulNe-GadTRIG1Pe) - 9- 10 d| hydr o- 9- 10-di xo, disodiumsalt; CAS Reg.

I g T S L (R
6- di chiSor o-knpwa :I’Stht: it ZRe s ReydtiycBiud Db - 425 ehir4/s8ns-ailifohic bld,S--arad-ant( No.
5. 100,152) . SRl Vel A 0 LR OIS o i S1Gakd S ISR
CAS Reg. 4499-01-8); Reactlve Yellow No. 86 (1,3-ben-zendisulfonic acid 4-((5 amino
carbonyl-1-ethyl-1,6-dihydro-2-hydroxy-4-methyl-6-ox0-3 -pridinyl)azo)-6-(4,6-dichloro-
1,2,5-triazine-zyl)amino)-disodium salt) (U.S. Patent No. 5,106,182).
20 “Solvent” in the context of inks refers to an aqueous, organic or inorganic solvent,
such as water, isopropanol, tetrahydrofuran or acetone (U.S. Patent No. 5,271,874). |
n “Surfactant” refers to a surfactant as that term is known in the art, such as, for
Q example, acetylene glycol or polyoxyethylene alkyl ether (U.S. Patent No. 5,746,818 and U.S.
Patent No. 5,658,376, respectively).
25 “Dispersant” in the context of inks refers to dispersants as they are known in the art,
such as, for example, the Tergitol series from Union Carbide, polyoxylated alkyl ethers, alkyl
diamino quarternary salts or “Pecegal “O™ from GAF (U.S. Patent No. 5,560,766).

Dispersants are preferably used at between about 0.1% and about 10%, more preferably

between about 0.5% and about 5%.




such as water, isopropanol, tetrahydrofuran or acetone (U.S. Patent No.
5,271,874). "Surfactant" refers to a surfactant as that termis known in
the art, such as, for exanple, acetylene glycol or polyoxyethyl ene al kyl
ether (U. S. Patent No. 5,746,818 and U S. Patent No. 5,658, 376,
respectively). 25 "Dispersant” in the context of inks ref eri to ]diz ersants
as they are knowmn in the art, such as, for exanple, the Te SiAPH W8ries
from Uni on Car bi deenspesivgeshereart refbrsad kydmpebition of maitektit cardiramsrhin DetqUAdner nar y
salts or "Pe PO N s U S. Patent .No.. 5 560, 766) .. D spersants
are preferably %glgé At {)Séi? mtécﬁ lg'é)sbﬁuf% & LONEA n%br&ff’éairb%/sé’ecﬁ%ﬂf e presiily ap) v
bet ween aboulvedligys tensineat oottactimn Sptidl ldNsysuth 22 ARGt BASThatdSuses REvaay el N
refers to a Ltion.of matter that can transmit light. A ]lens

pref erably c@%%t% é‘? o%leﬁ?%%‘fl??f%ﬁ relptiedo the Gorpecin, Impraysmsgyor pligration pia cer ¢ aj n
aspects of tiser’'smyesightit i nvention, a |lens need not act as an optical |ens,

such as ;a cont acLCI ns. that _is used for vani %W(Purpos_es as opposed to
pur posed rel ati ng- PGS dsfersde  staisturs tha cake GrorFitharagyqasps efe.- & user' s

eyesi ght. 5 coffanleastanle6idéet, imfbed, 5r difer Fussitd dyedight Bul HAhSA: BEnPlacegd on or
within a wearer' feﬁﬁ%/agibﬁA contact lens can’correct, inprove, or alter a-

user's eyes !Cﬁ’ﬁ?"f . af any é@liolﬁiﬁte mpterieHmown dethe axt ordetert dgvelofedirpgd eaarbebe of
any appr opr iagblefifh 84rll #ns KNOWBrid Rnd Ntk 180s chb&h aqus%té)&%%t and can be a
d | tact I'ens can be 1n a dry

soft lens, a hard lens or a hy%r_l ens. A contac

state or a wet _stsafté?ns" Stre toasiagety pisoBenses@s they are knawn inthesofthat renses as
they are kn@MﬁacteHsz'l?hﬁriﬁgt, f‘o?@#mﬁvfe?at.léagt o?lngtﬁg 0?15\5611%?gha?fcterﬁ?t\{c's:n&yge];lor
exanpl e, at |east one of "the Tollow ng characteristics: oxygen - perneable,
@dr ophi | i cP&meghls, hysiraphilicinplipbleens” refers to a variety of hard | enses as

t hey are known i« &L Iy hayracterized as havjn f or exanpl e,
at |east one of tE][he o Ir%)f\?\nltsg(gi‘é ot aé?lfe‘sl?efs%ss.ey%@%fogﬁﬂ%&e%%ﬁge per meabl e
or rigid. 1¢harapighzedlds having for efampk, 4t teast cuast thd fpllodinpyiricdribikiises as they are

known in thﬁ:' bobi h _as for. .exanple, a lens having a soft skirt and a
d b . .
hard center. f%r%/l%g%tpggnéra%lﬂgf%gl ‘0 a soft lens in a state prior to

hydr atison or t héHglrattlensTrefarshas darlesyo hybisid dekessh eR B8 kAGwILis GheGRGich AONS.
for example, a lens having a soft skirt and a hard center.

“Dry State” refers to a soft lens in a state prior to hydration or the state of a hard lens

under storage or use conditions.
“Wet State” refers to a soft lens in a hydrated state.
20 “Single color” refers to a discrete color made of one or more ink.
“Multi-colored image” refers to an image that includes more than one single color. A

multi-colored image can be made using a plurality of single colors. For example, a multi-

colored image can be made using two or more single colors, three or more single colors, or
four or more single colors, preferably primary colors. The colors can be mixed before or
25 during the formation of a multi-colored image, such as during a printing process, such as.
printing processes using dispensation, such as ink jet printing.
“Transparent” refers to a substantial portion of visible light transmitted through a

structure, such as greater than or equal to 90% of incident light.




"Wet State" refers to a soft lens in a hydrated state. 20 "Single color”
refers to a discrete color nade of one or nore ink. "Miulti-colored inmage"
refers to an image that includes nore than one single color. A

mul ti-col ored i mage can be made using a plurality of single colors. For
exanple, a multi- colored i nage can be made using two or rmrg si.g&lg
colors, three or nore single colors, or four or nore singl@ o811 Q,
preferably pri maifypaged’aefers tolhaibgaitiamertionof visblelighe cefleatdsrabarbe@ by dlur i ng t he

Formati on- ol bl £ Okl HROE) o3RRG 2 b1 nCIng, process, such

as printing processes-usi ng ensation, s ink jet printing.
"Transparent” r efRartally opagueutlsils &d dogdbinptivntof Omspdrent misd dphguel | ght transmitted

through a strucgure, such as eater than or equal to 90% of incident
light. 10 26 Apri Yd%ﬁ‘esre%%ﬁg’cﬂfgiﬂf}%‘ﬁwgggdn%“%@%‘Féﬂ‘f‘}%lduwm on of visible
l'i ght refl eabsetbande ofilvater. e BydygeFinclsdes WatrOE 8n acbEil sl 28 p4srishan or equal
to 90% of incident light. "Partially opaque"” refers to a conbi nati on of

transparent ° H‘reopaque. "Hydrogel " refers to a polyner that swells in an

aqueous sol uti onPdlymer RefbiIo a AAESY TR, PAGLSSLy, Aoﬂ%ﬂfe%gwnacl udes wat er
ol yner

or an aqueous solution as part of its 5 structure. refers to a
| i nkage of ARARPRAR Lor uss igflenseppsugh ascopent {enses. Agolymergday hefor exppepri ate f or
use in | ensBsmopslyhldr, @ RetcRPSIRRLY, 4 &BS a%yex%hb( ili Le, a
honopol yner, apﬁl’é*%e‘r o_p%l yiraréefrﬁ rh %gpo §/r’rre , %}%prog%%é’%??d% ﬂf/%?}@a

hydr ophi | i cOTF8Y (apehinatig thereof. conbi nati on t hereof . 10 "Hydr ophobi ¢ Pol ymer "

o an squcous soltireoy EegRey gk Baiahhet b ARRE BT i o BEBHEL 17
Roj ymer " r efequst af orater proinyaqeous sedittiom (e Eliss Patent 2ops, 634, iak). ¢ Hydmophiilic of wat er or
ot or' ol 5 trar oS A EEhme: e oS sl BROF SRk 2 rRBES o o
i |1 ustr at ecsolwfiornises, biS. Ratews Naf 5,03%5166p | Leasfornging InBReri Rathatrire shfiabMiniier s: -
3 060, 274, "y Yol R Sty R mets S Ry By,
3, 639,1524; NmbeB; Z97b,578; J,220,965;73,937,580: 3944 8B1; 38490 ; 2883,083; 7,868,034,
3,803, 093 8355, 385,28%; 34085. 607 5 535,671 51 %703 23852435 00,761; 3,721,657,

3,758,448; 3,772,235, 3,786,034; 3,803,093; 3,816,571; 3,940,207; 3,431,046; 3,542,461;

4,055,378; 4,064,086; 4,062,624; and 5,034,166.

“Hydrophilic Monomer” refers to monomers used to make soft lenses, such as

20 hydroxyethylmetheylacrylate, methaerylic acid or n-vinylpyrrolidone (U.S. Patent No.

5,271,874; U.S. Patent No. 5,272,010). “Hydrophilic Monomer” refers to monomers used to

make hard lenses, such as methylmethacrylate, ethoxyethyl methacrylate, styrene or silicone

(U.S. Patent No. 5,271,874; U.S. Patent No. 5,272,010).

“Homopolymer” refers to a polymer comprising a single type of monomer such as
25 hydroxyethylmethyl acrylate.
“Heteropolymer” refers to a polymer comprising more than one type of monomer such
as hydroxyethylmethylacrylat and mehtylacrylic acid.
“Copolymer” refers to the use of two different polymers to make a polymer chain.




4, 055, 378; 4,064, 086; 4,062,624; and 5, 034, 166. "Hydrophilic Mnoner"
refers to nononers used to nmake soft |enses, such as 20

hydr oxyet hyl et heyl acryl ate, nethaerylic acid or n-vinylpyrrolidone (US.
Patent No. 5,271,874; U S. Patent No. 5,272,010). "Hydrophilic Mnoner"
refers to nononers used to make hard | efjses, such as nethylnethacr | at e,
et hoxyet hyl nethacryl ate, styrene or silicone (U S. Patent 2R&Pri09 gl 874;

U.S. Patent No. 5“:@7)21';;(}?&1@1)1&”" i—tomajmah VRS to 4 @ity Sf hldyrer RPN BRAusGAAP! | Sing a
single type qf o ge ska 25 hydroxyet hyl met hyl acrylate.
"Het er opol ymsP¥F &F &P &G igown 15‘6’[‘%?“" B A Mf‘%‘y’tﬁﬂﬂ’fme@%ﬁ@?’b@ of

nonomer such as mmbm%ﬁwmtsnmb%’raéfe%tm @O&e%‘%éﬂkﬂ&%}ﬁﬂh mig%ﬁ!s |
e a pol yner

" Copol yne refers to the use of two different _ﬁ@ yners to

chain. 11 265%&6??“%6@1(“0%@%%%‘ fish psor exagple Ixis(gpeh exTrisr ef ers to a
variety of pgieutaﬁsth disifoR eyl @m wn in the art,
such as,_ for arrp ﬁ %%)(l)gyl et t?y ﬁﬁ@?gﬁaglg?i g?gﬁ(crﬁf;%pr one Pol ynmer" or
"Si I'i cores” F’éft'éff‘%‘ Xl%lo’éY%IQIPQ)ety of pol yners of that genus and speC| es as
they are known i rp{ia&rahde Poivicd &S ch as

(pent anet hyl di si | ox?/?rnyl )L 3 ﬂrrlgé? g’irpflllfy&[rbogé?g%%f ssf? Vaney #polymem’

3- met hacr yl o%epT a5 ypesies asithey areikmewininl the drpsueh ss, fannn)nplé‘]Ehhxycar bonat e Pol yner"

peci o5 aq. thoy. ariefen e s UPicictcSion Rt U o st el o

“"lnitiator" 1 thetartesudmt@mtxample,pacﬂhymai tha bty ﬁo@fr@hﬁaﬁoﬁ r@tidnni tiator as that

termigoknown i uch for e em.cal that starts a

pol yneri zat i on rgé% Q'We?trﬁftpfﬂé’t’?ﬂmnqnﬁe Hdo E@&t‘@??w{ﬁs babteymsr i zati on

r@ﬁ ers to a kowwi mithe aztf Sllbh a:sfo'i‘ badmpllcs @ Bhenfical th®éfdniech refaé'tﬂ/e%f botiveWahmas, for

exanple, a ¢ s%?t#}@ofthat reactive or active wth the adsorption of
h

energy, suc hEegyue safj perey(sych s, farR¥pEDplE berzemmathn AT et her .

"Bi nder" or "bonthimigragsohding SeRr Sefb® tCRHPOLIAS Ssell s briekd Rhdioh B function
of |ncreaSLn the i nferaction between npieties, such as between a dye and

a pol yner of" th%% FaCtdﬂ“%@%Eﬁ‘%&%?@emnﬁéyﬁﬁﬂéwomwfas t hose

terms Hfe kmowsndror bebece ionomdrX AiPo8 sneRfisudh 28 HoESteMs o {Nﬂgn Aggpts are
hexanet hyl epe di i s? Xgmat e. or other i socyanate conpoun
xamples of bifiders or binding agents are hexamethylene diisocyanate or other isocyanate

compounds.

“Thickener” refers to compounds that is used to increase the viscosity of a liquid or
partially liquid mixture or solution such as that term is known in the art. An example of a
20 thickener are polyvinyl alcohols.
“Anti-kogating agent” or “non-kogating agent” refers to compounds that facilitate
N printing processes that utilize nozzles, such as such terms are known in the art.
Q , ‘ “Dispersant” refers to a surface active agent added to a suspending medium to
promote the distribution and separation of fine or extremely fine solid particles.
25 “Thermal Initiator” in the context of polymerization refers to a thermal initiator as that
term is known in the art, such as, for example, a chemical that becomes active or reactive

with the absorption of heat energy, such as, for example, Vazo-64 or azobisilobutyronitrile.

i



"Thi ckener" refers to conpounds that is used to increase the viscosity of a
liquid or partially liquid mxture or solution such as that termis known
inthe art. An exanple of a 20 thickener are polyvinyl alcohols.
"Anti-kogating agent” or "non-kogating agent” refers to conpounds that
facilitate printing processes that utilipze nozzles, such a Z\gch hgrms are
known in the art. "Dispersant” refers to a surface active aé@ r8ed to a
suspendi ng nedi urfiAng-Bagerimpent't tofersdd 5 tanpouid i@ Gorapditisehar ah h@ls #f fine or
extrenely fipe,.sqlid particles. 25 "Thermal Initiagtor” in the context of

pol yreri zat i gﬁzte?@fj aelroglpc%“ {16, 8% 3R redpes the gpwh ralg ofaPagteriauchasi s known in the
art, such astetrbtmtylagmoainml diloride.chem cal that becones active or reactive wth
t he absorption of,,heat energy, such as, for exanple, Vazo-64 or

azobi si | obut yr oni t“f‘ﬁ"?‘ép.ga‘ﬁge? reke3t 1012 compernd opepmpoTUQ thaticen achgerfungididad er s t o
a conpound O¢r fGRARES] drlcﬂﬂe&d&élﬁhe?%%lﬁﬁ%e 2§ fidgRA BbbehdRtunPindgt eri ostatic
or can reduce, the gromh rate of a bacteria such as tetrabutyl anoni um
chloride. " AtisYieaddal Agent” refers to a conpound or conposition that can
act as a fungi ci €88isinfeBtnt® i : r of a
fungi such as ben_zakor)iﬁm%%?%%b%nggf%@P%‘@gﬁ?g&%ﬁéﬁn ic:"tngl}rllltgﬁr refers
to a conpourfd dEsiEaefEgPaBamismshat can reduce the type, nunber or diversity

of m croorgani smeg JEHFEB y that_ reduce .evaporation,
such as et hyl ene gl.lmg/.co .gfé}g{roicﬁ%ﬁ %\ug'asstrh%t?r ee“ﬁ‘gg‘?g‘%?%‘z’“ﬁg% a}sggvle%eng%cfoﬁat | east
one ink to a sur fRaintingsrefers tathe application 6at heast 36 ialntoiarsafeee oPStiuotutertg foz@N use
any ‘appg opr it g, deyi ce hod known in the art of |ater vel oped for a
particul ar pur p%gei.%n(hg% ?%t%%ﬂyﬁgff’%n © e&‘f’%?rénettb@dgﬂ%‘f}gl?eo%tﬁf % device for
er nting andeveloged fona partgutaf megose.or structure known in the art or later
devel oped for a particul ar, purpose. Preferabl a.printing device includes
th\é di gpensati on@% ) %S%Ierv lgﬁr%%fsg? ANYSPPIOPYRIS V’t‘%gﬁr PPﬁB‘:g&aéBaggaﬁn F\ﬁ/‘;{?a%:at fgr m
an 15 i mageor siielusika@vioin theaktoitate Hevieloped o & RticaRk Birposs aPreRably, a Pritlting
general ly th}isma ler.the m.crodroplet, the higher the quality of the
i mage producad® Brusrdhs dspenttionmy P%‘Pgle'éf’@‘qubjég%@ﬁ‘d%d’t‘k atdQman t er and
about 100 nineagal THealzs or m&ﬁﬁf@&hﬁﬁ%ﬁ@@%ﬁm%&&ﬁ@%éshﬁflc?r theand about 10
i

mcroliters_or beswee .about 100 nanogliters and _about "1 microliter.
microdroplet, the higher the quality of the image produced. Preferred microdroplets are

S

between about 1 nanoliter and about 100 microliters, preferably between about 10 nanoliters
and about 10 microliters or between about 100 nanoliters and about 1 microliter.
“Ink Jet Printing” refers to printing using a printing device that comprises at least one
20 ink jet. Ink jet printing can use a single color or can use a plurality of colors. For example,
ink jet printing can use a printing device that contains a plurality of different colored inks that

can be provided separately. In this aspect of the invention, the inks are preferably at least

L

two, at least three or at least four primary colors and black that can be mixed to form a very
large number of different colors. Such printing devices are commercially available such as
25 through, for example, Hewlett Packard Corporation (such as DeskJet 560C printer cartridges)
and Encad Corporation. Ink can be applied to a surface more than once to obtain the desired
intensity, hue or other color characteristic.
“Piezo Printing” refers to printing using a printing device that comprises at least one

piezo printing structure. Such piezo printing structures are known in the art, such as, for




"Ink Jet Printing" refers to printing using a printing device that
conprises at least one 20 ink jet. Ink jet printing can use a single color
or can use a plurality of colors. For exanple, ink jet printing can use a
printing device that contains a plurality of different colored inks that
can be provided separately. In this aspegf of the invention, the inks are
preferably at least two, at |least three or at |east four pFPﬁaPL/ZO@& ors

and bl ack t haxample thoee avaiabit through®atRadl Mefuhents afdg@mameﬁm@toxﬁéraﬁ&m nt
colors. Such Cprl z%l ng devices are commercially avail able such as 25
through, for &Xa Hew ett Packard Corporation (such as DeskJet 560C

printer cartri dgesShemanptifingadiices peial h%aﬂrﬂxﬁné?&%cpﬁla%%h?eg adifasft SUTface

nore t han once El E&'al n the desired Tntensit hue or
char act eri st 8 "o B‘t‘F&*ih?‘lftP’ﬁgS“qhé’ie@ﬂé P[lbtlrpﬁrsirmwfmjamblowg nathpmlt,rsmh?g devi ce

that conpri s&seﬁdmﬂl@&}%&e@m‘abl Rir&7%A HRY tp Such piezo printing
structurgs are known in the grtwgguch egtsa Jd\!’%(%g’BAprll 2006 exanpl e,

t hose aviil abl e t hASURNtPE R ERFsdo pmmzumﬁmmnwmmtusemmme Bgerpor at i on
Ca | Ngg Lk
Oy oy "B BALTRL S GEELS K PR ot BBl B

device that conprises at |east ~“one't ntirhg s
thermal pri nﬁaﬂﬁ’lesm&t@ﬂﬂe@caﬁwmwmwcm:mamt such as, for exanple,

those avail abl e t“ngcpﬂgxﬂfeﬁ?%tﬁ treférs(io 8% ng éls gé?gdhxgg%ferﬁnl?@égfm n}‘i ng"

refers to printing using a prenting aser
printing strméttramSéerp@rmgdpncmammgommwmm@wym@mmgnnthbﬁelarolf such as,

for ex | e, a able thro tt. Packard

Cor por 21{6? on. co"%ag&?ﬁr aﬁgf: f%}? arbm}aﬁ?'lsﬁlége% Oéf”é?tgg‘?’bawpﬁ? {5 deviesiang thy pags

E:L ansf ter pr iontthargd trensifer devidSlictuns b tb bxeotiset Surfapd, lsufb'hla?g dﬁﬂér%??nfﬂtﬁut@om in
e ar ar. r n cont ac enses

Briefly, gn S?tdr%’%glﬁg?el sl%pﬁgé ggéc;?g %ﬁ’t‘?&e‘gﬁ"tabeﬁ% 1970, Haited States Aatat Merd t he

i mage on t He8RAN torkaagd, &Euedaysnmes 1986tUﬁ&8fS@e&és@dte£m@m¢©b@lr7 tSKhice, such

as a pol ymer  or, ensge(ig %J ({E E“i es_Pat ent . 386 to Spivack,

i ssued Oct obare 27 o 92 ng %?‘ﬁi%aée”lbélf’emml\l@tOB@“SB%%QIZJPIdZPGnapp

i ssued15\pr| I19915U & atesBatch b, St Y/ ukikapp, i ssued

Novenber S%%g%n Unlé':teesd §t at es lgéat?%r;t?@hggetmows‘fefé%ﬁggﬁég%\zﬂol ngs et al.

July 23, 15 atelop A48 ts2u gbat.dvseed\@etotsr 4,0894 BipitedsStaes Rtpmt No. al .
i ssued Apri b424658%99Rel1, lokticll 8&htenPePSE 3093218 %:t%?tatésﬁ%é«zﬁ%gg%fzé”rha al .

i ssued Cctoper. 4, 1994;: United States Patent eII
i ssued Sept M58 al. 15590l Jupil 0K Rd St at es Patent No. 5,637,265 to

“Impregnation” refers to an ink being contacted with a surface, such as a polymer, and
20 the ink diffuses into the polymer where it is reacted to precipitate to a size larger than the
average pore size of the polymer (EP 0357062 to Pfortner, published March 7, 1990).
“Photolithography™ refers to a process as it is known in the art, such as wherein at
Q least one photosensitive ink is used to provide a desired image using a mask that blocks light.
“Chemical Bond” refers to a covalent bond or non-covalent bond. Under certain
25 circumstances, inks can form chemical bonds with polymers or monomers if the reactive
groups on each are appropriate (EP 0393532 to Quinn, published October 24, 1,990 (referring
to United States Patent No. 4,668,240 to Loshaek and United States Patent No. 4,857,072);
United States Patent No. 5,272,010 to Quinn, issued December 21, 1993;




M sciagno et al., issued June 10, 1997). "Inpregnation"” refers to an ink
being contacted with a surface, such as a polyner, and 20 the ink diffuses
into the polymer where it is reacted to precipitate to a size |arger than

t he average pore size of the polyner (EP 0357062 to Pfortner, published
March 7, 1990). "Photolithography" refeys to a process as Et i'S wn in
the art, such as wherein at | east one photosensitive ink is gey! provi de

a desired image USolyheaPdond Bohd@trefols @ i pbiyBibls formidgRMiinRbr BRREaihef ers to
a coval ent bogn cova}J ent bond. Uné)er certain 25 circunstances, inks

or .non-
can form chenf't %Isuﬁlo*ﬁgywst Hking pelyrasrs fogpedhshsa v Pofymersesuckeatct i ve  gr oups
on each are Bypsx9phylaicthylbhaR3BSchddedeDly(HifBnachitpd. | Shed Cctober 24, 1990
(referring to Unjted St atagls Pat gﬁytq_e I\%y 4,1668%0% to Loshaek and United
States Patent No. FPategn7elorioa predosmpinel inrge @itebStates PaNot NG SABRA4E810 t o Qui nn,
i ssued Decenbes &k, idA8BNovtAbad I - T 720} ond" refers
to two %ol yners form ng c(())val ent @3?’?1%%@%%{/65?%%mgg%%lés",ﬁggﬁ%‘wﬁﬁ’slssﬁe Cross
| i nki ng °pol yMBY% P&khed between two pol ymers, such as hydroxyet hyl

O e0t or i nadt | o B R BRI el o desb B el ea
i ssued Nover&hrathereGar “dUivadt dolr Spatie solBR e NmidNge tharedft 4e1éf o thoOusd ahnke,
issued 5 ; : "At least two separate colors or a mxture

t her eof , " yg%ﬂ(sﬁgg%@%? (%og)és Bs%glﬁgfoé’ dtgd H’&FQ?F"’?‘B’P“H‘C“H PG PPigRseing o v gt

| east four sepsinert Bhewoloorase mefemblyprinty €olbi@f fAfamen@f @ds i tidR nbse of i nks

of diffgren r ei.ng provided.in separate containers or separate

port i ofrlg Wi Fle?ér%&bgy t?l?:é,(;(h‘fya 'ﬁ‘g pragepigand 8‘{’]](9?”5 p@? E‘S‘ﬁ?"é‘fb@ aendyn differeatr ypcol ors or

f uhdanent al prpbuioss (arbhding aerk) to FBkR al:&ymd’rg PERIOr BOIBE K ThEH AR RE odRIENT &

and yel | ow. w]}i}ﬁa‘ n.ki can beEtm' xed in different proportions Fi ncl udi ng

zero) to obtain & Vers irgpglonsrample hsiost the ik &y dispensed in printieg Rregsssoc cur

within a prfitmyel) o aiigon bthr QAMEI S prifElprfall for Rhind13 ofhtRGRECT 11 8
e of a

printing process. . Alternatively, the m Xing can occur outsi

printing st PaEpefised @ PrNUREARoPSs:, Fugthempore, lasombileation of the Spegotng@an alsoa printi ng
procesk. Fusdclwer nore, a conbi nation of the foregoing can al so 15 occur.
"Dry State" refers to a ?ol ynmer that is not fully hydrated. "Wt State"
refers to a pol yRBfStalgatelersfo p pplymertha isarobfilly hydrated.

“Wet State” refers to a polymer that is fully hydrated.

“Forming a Lens™ or “Fabricating a Lens” refers to any method or structure known in
the art or later developed used to form a lens. Such forming can take place, for example,

20 using cast-molding, spin-casting, cutting, grinding, laser cutting, stamping, trimming,
engraving, etching or the like (United States Patent No. 4,558,931 to Fuhrman, issued
December 17, 1985).

Q “Cast-Molding” in the context of forming a lens refers to the formation of at least a
portion lens using a mold (United States Patent No. 3,536,386 to Spivak, issued October 27,
25 1970; United States Patent No. '3,712,718 to LeGrand et al., issued January 23, 1973; United
States Patent No. 4,582,402 to Knapp, issued April 15, 1986; United States Patent No.
4,704,017 to Knapp, issued November 3, 1987; United States Patent No. 5,106,182 to Briggs
et al,, issued April 21, 1992; United States Patent No. 5,160,463 to Evans et al., issued




"Formng a Lens" or "Fabricating a Lens" refers to any nmethod or structure
known in the art or |ater developed used to forma lens. Such form ng can
take place, for exanple, 20 using cast-nolding, spin-casting, cutting,
grinding, laser cutting, stanmping, trimmng, engraving, etching or the
like (United States Patent No. 4,558, 931sto Fuhrman, issued E%cggﬂgr 17,
1985). "Cast-Mdl ding” in the context of formng a |lens r ef ef8

formati on of Naverhtent1992; Upaed $taes ﬂa%BtSNdJSWHSﬁ t@@Lg étldﬁ"tjfrs]sl%t@degéc get%égaég?tem

No. 3,536, 38 i ssued Cct ober

No. 3,712, 71395{3&“‘?@%@%8% Pfgrtner, p@@mehaawyopa 1973; United States

Pat ent No. 4, 582,4pid-CaetidtN #Re confes I Pat ent
No. 4,704,017 10 %na ld% ssued Notbg?}'%’é{r%glm%g er;'%ﬁp olfihf BT, T8 S0
5,106, 182 toceémfb@@‘sfmémated Stafes Beferd Naph, $97,281 to WBBRyle, iksiddddmStyd 097 Pat ent
No. 5, 160, 46gdtimitky§aSs BltentNo r 6 nber 3, 1992;
United States Patlent N% e,NO 568333&?8@11% éﬁ isfue%(}\%%ﬂggyﬁecenber

1993 and® EP 03570@£0qunf5(§¢mg¢é\dqdupu’bbfms ety Medio of expk &SN th'éﬁﬁh ﬂo@aStl ng" in

the context gQfohek [Snl 9. Lhe formation, of ns using
centrifugal for ceOEKUm QEA(%{}E esmﬁa?‘tg?{tpewnerﬁlygngmlﬁ’@iﬂ*er%?‘?ﬁt erle, issued
January 19, ifmation stdragiinediuin ScatiepaiateRotominedur 3daghéifs riddivfasy | ngs et
al ., issued p})wmg Zs’%lbhgsﬁgrﬁhtglcoé%@%%r mation Storage Mediunt refers to any

medi um of expression information in any appropriate for rrat

ei t her per nanent fEleagronit K\anﬁméfbxyto iloiatioh §6kagd rﬁéd)ﬁxﬁaia't&ﬂst%ﬁe%tﬂﬁ?an&?di um
i magneti c. nedi um or | ymers, such as

i ncl udgg pa { oM
cyclolifm E’gglgﬁu%lg? %‘EW &Pﬁg(‘,’“%‘i)‘?‘iﬂ‘l‘fm pehidgsanaggetic %ﬁﬁ‘?ﬁhb% ehor age
di um t hat aeé;skeswsore information 10 in electronic form For exanple,

el ectroni c nedi ug}l g ﬁgg%s gnetic storage medium such as diskettes.
"Machi ne Readabl & F&PfEfadable Farmat”refers foripformpatipn soted on epwidhin ayinfakmation an

| nf or mat i onstosganaten Mot idbuse bR ThedRAGHANE AmAhE MG IERLfuCh thal &

machi ne, such as a central processing unit (CPU can access and use the
i nf or mat i onProIESHptFEV eanagegsagd pss the informasioni on of i nformation, such as

digitalsi miges “Dh@bast' e RETRY | b&ﬁctioﬁ PRkl Qﬁcﬁ?ér)&é %]ga?gn %Qs P W thin an

i nformati on, storage nedi um and can be separate nfegral with a
central pr o ggrilq?@ 1§ py¢ferably provided on or within an information storage medium and can be

separate from or integral with a central processing unit.
Other technical terms used herein have their ordinary meaning in the art that they are

used, as exemplified by a variety of technical dictionaries.
20

INTRODUCTION

The present invention recognizes that lenses, such as contact lenses, can be tinted

using ink that include polymers or polymerizable monomers, preferably the same monomets
used to make the lens. The ink can be used to make images on or within the lens. Images
25 made using these inks are preferably digital and can be used in a variety of printing methods,
including ink-jet printing,
As a non-limiting introduction to the breath of the present invention, the present

invention includes several general and useful aspects, including:




O her technical ternms used herein have their ordinary neaning in the art
that they are wused, as exenplified by a variety of technical dictionaries.
20 | NTRODUCTI ON The present invention recognizes that |enses, such as
contact |lenses, can be tinted using ink that include polymers or

pol yneri zabl e nononers, preferably the sgye nononers used to nmake the

l ens. The ink can be used to nake inmages on or within the | éA4riiiplges 25
nmade using these inks aangickroffmafulddtuye, tHoRitiing! a IREheE AU NBgitdBELhcbddd fnabdl | ety
of printing nethods, including ink jet printing. As a non-limting

i ntroduction to the bfléagfﬁ'l f“t‘ﬁ@?%‘fé%éﬁi’m?rrf%ﬁ?i@ﬁ, the present invention
i ncl udes several feneradhettRadf Ha8EdUn 28 ufthdRiré el inQ): ‘ ' 006
1) an article of manufacture, inc%‘uljldi ﬁgﬁqgﬁ%m yne?lqgﬂgu%e}gidglﬁ%@%i?hee@ncoded
i rage made with ink, WERR] wpalyreer.dealyding the sapaef arintings digitpllvenpasiethod of

making an article of madbhAGLsESs I I G i mage
and a p%ymer, i ncluding the st%élsl&g%aﬂﬁﬁ#gﬁgmgnegi ‘gl:le%%:' {hgpgﬁg%gglgm 3 mage
on a conposi tion that lghdhe@insuch lpsesyaae pptiondlbyneshnle ffventpidnystrecturésap ms a5

| ens, wherein such | epsgs:LRLE2Rs i | I n e.indentation structures to
facilitate | ocalizing i nks 18%&%9% %Qﬁn%ﬁ%%tr%aggg}%gﬁtgﬁ?c%%éma i mge; 3) a
met hod of making 3An af medpeofhakingru huick of wartufreturd thatlinudieiss adigitaly tabolad

encoded inmage and a I M. kncl udi he steps .of. printin digitally
encoded inmge on a cgl%ﬁ%é@t |p8hm5f)%¥u9@?h’js§psp‘§?§ﬁﬁqn,gaé#ﬁtab%?“ﬂ‘?‘ﬁﬁ a lens
fromsaid 10 pol ynerimag oma eoptphsitbnabmprdingpotymes ahd eraingh I BuHIgGHUr e t hat

includeg a digitally &p}%%g,ed i mge and a polyner, including the steps of
printing a digitally 'errcoded inmage on a conposition conprising at |east
Q’]}é nmonomer, pol yher i ametbpdsefintikingtin dréi€ls bf HAQBMRARR includes OdiglaBY edc6RGt One

polymer, and formng.a leng from 15 said_at |east. gne pol yner; 5) a method
of making an article 'Bf8S aﬁpﬁlﬁlﬁfr@ClPﬂ%thFﬁt@)l’ﬁPé&‘nﬁn&fi Bit Ie‘&coé?i%oded

image and a pol yner, iinagd dadi cogipdsion Sbi@pisingfat Rist Bid Mchofter, hBEGAE sak | east
one at least one monomer to form at least one polymer, and forming a lens from
15 ; said at least one polymer;

5) a method of making an article of manufacture that includes a digitally encoded
image and a polymer, including the steps of: printing an image on at least one
first surface, transferring said image to at least one second surface comprising
a monomer or a polymer, and forming a lens from said second surface;

20 6) an article of manufacture, including: at least one information storage inedium,
and at least one digital image, wherein the at least one digital image comprises

at least a portion of an image or other image;

3

7 a system, including: an article of manufacture of the present invention and a
printing device;
25 8) a composition of matter, including an ink, dye, vat dye, particle, pigment,
reactive dye or diazo dye. The composition of matter also includes a binder,
bonding agent, monomer, polymer, homobolymer, heteropolymer, copolymer,

and initiator, UV initiator, thermal initiator, solvent, dispersant, surfactant,




first surface, transferring said inmage to at |east one second surface
conprising a nononer or a polynmer, and formng a |lens fromsaid second
surface; 20 6) an article of manufacture, including: at |east one
information storage nedium and at | east one digital image, wherein the at
| east one digital image conprises at |egst a portion of an_inage or other
image; 7) a system including: an article of manufacture ofz?ﬁ8“5¥@§ent

invention and a pri nuitAigic@gMiagi, ad® nirobial 6RAD ARI-fuh@Naght, BREnt, | NCl udi ng
an ink, dye, vat dye,thgc?rti cle, gtiérg.rrent, reactive dye or diazo dye. The
conposition of matter T Priumgetat agd nder, bondi ng agent, nononer,

pol ymer, honopol yayer , a inehed Suaing Badiness HRRHMERE step@fﬁbb'téi‘rhﬁ% @&igm inkdYe ,
initiator, thermal injitiator, solvent, dispersant, surfactant, 17726 April
2006 anti-bacteria] aG¥hf Persat fatbpeeros bhage andpaiting saididigitLimgat oncgenst ,
disinfectant, -t IThedsagabs O mdGRELARM nelPRnds deollBHfli Lanbalifor B NESS,

i ncl udi the steps of. obtaining a digital 1 mge roma person, database
or image and'$HE thmeibpds artigles pinamufaciureeayd campositipnsied matteFldessbaidpent §oof t he

invention, asinvefli ; ' (o . chieved b usi ng

t he net hods, éaarti cﬁ%z%%%&?rr%ﬁ}&%ggﬁjdr@% &ﬁ%&?:@?rp&é‘g’?’?‘ﬂ”o‘ﬁ?%f ﬁlérte?og?lz'}élélgaéri bed

herein. To Y&PY agpefts pftheprprenionentiancan be ¢dnbired typeake fdedilable pmbaiménts afvent i on,
it will be fytithakiof ecogni zed that various aspects of the present

i nvention can be conbined to nmake desirabl e enbodi nents of the invention.
10 1 LENS WTH D G r ALLY ENCODED | MAGE The present invention includes an

articl ggof ranuf E%’Wﬁ“ﬂleﬁjﬁkﬂﬁgﬁéﬁ’%ﬁﬁégm and a digitally encoded i mage

conprising at |east one’1nkK, Bol yner forns a lens. Digitally
Entoded | mage 15THepeesetit giveratioh ynohidendhesticld BagRAMTRrk, MEIWEE:: Ap&limg!asd £0! or
image or a ’Egiéﬁ -eggldg({ed imagig, The si ngr:‘fg col or inmage preferably
conprises oné& ink,  Put TPRAPCTHRESRE Agpashme ke wherep the palymgL rHEAIGNs: nks have
simlar colors and different colored i nks can be conbined to produce an
ink with a l. ifferent fromthe individual inks used to make the
combi nat i on.i)(?gf’%;éygnc"de%lmage

15 The digitally encoded image can include a single color image or a multi-colored
image. The single color image preferably comprises one ink, but that need not be the case
because many inks have similar colors and different colored inks can be combined to produce
an ink with a color different from the individual inks used to make the combination. The
multi-colored image is preferably made using a plurality of inks either alone or in

20 combination.
The digitally encoded image can be transparent, opaque or partially opaque. For
. transparent digitally encoded images, the ink within the image does not substantially interfere
@ with the transmission of light through the polymer. For opaque digitally encoded images, the
ink within the digitally encoded image substantially interferes with the transmission of light
25 through the polymer. When the lens is a contact lens, opaque digitally encoded images can
substantially block the natural color of the contact lens wearer’s iris. Ink used to create an
opaque digitally encoded image can include materials such as particles, for example as mica
or ground oyster shells or particulates, in a type and amount sufficient to make the digitally

encoded image opaque. Another alternative is a pigment, vat dye, diazo dye or reactive dye.




mul ti-colored inmage is preferably made using a plurality of inks either

al one or in 20 conbination. The digitally encoded i mage can be transparent,
opaque or partially opaque. For transparent digitally encoded inages, the
ink within the image does not substantially interfere wth the

transm ssion of light through the pol ymerg. For opaque digitally encoded
images, the ink within the digitally encoded i mge subst ant? I2%¢ erferes
with the trafonpagsilppagie digigily erdbdedlinaeg hetiflewion hoBkitalMigibabdiabens is a
contact | ens,inc%g?%teri%i%ifgal Ia?/t. Encoded, i.mages can, substantially block the
natural color 0 SEDRE AR Paftices angepattigylates; sych as micp grquad eystepshebleert e an
opaque di gi t phtisulaaciadegbeian®grouabficlRed tb gatiAbRIck Bl rafilicASr Rkt i cl es, for
exanpl e as m.ca . gr ground oyster shells or particulates, in a type and
anount suffi gir%li‘ai"gpgﬁﬁ‘ enpaded tmage-t Bertjally blepkingdbeitrangmigsionfdightein thisot her
alternative isStaftee@RRhe aliBl oBWE diofd i Ye. . 6 April
2006 For parh,i al |y opaque d?{y_io_t gllgldlfgegﬁégﬁ)%ﬁpﬁ egté?lf’i‘&%%}é 'n &\}\?t flﬁ t he
digital 1y ent@didransmibbrosgha digitally gehodeddmess al s such as particles and
particul ates, such as mca, ground oyster shells or particulates, in a
type and anount sufficient to partially block the transm ssion of |ight

t hrough the {‘}(‘gi tally encoded i mage. Partially bl ocking the transm ssion of

0l oM AR 8 i R LB S0
digitally erfétaesionengy.comhinatianlos calsredicompotutie opsoampesitions.Nkk&N¢an®8 can i ncl ude
copotngs. or i i TR ANIcPbr o L B B smBEref Wt en RO or
o) vents, preedatsr thisk 3boat 995 % arteNebn doita 0116 bMEBOu3D 3%, plofirBRbevakeat er t han
Boout 0.1 or s BEARF AP oflebired S BlEIoR o Rt Tor b or o
preferably bbwesmeboutddWand 26U 60%lorabaetn £3%0200, LB LMRENADRIS cadQfp and about
40% | nks Ci’h@luﬁ' so..include particles or particulates, preferably at a

concentrat i OnSF PRUYSHOL RATaEAS: Rsferably atasksneentrafionof batwesa phrse A%aBé houd. 01%

and abbut 5% opbawemabbut 0/084548E BboabWtprderdtly 8deRARM: 04% Al abdiehiREN about
1 % and abouyt 3% Eo render. a dlgtal |y encoded i nmage opaque or partially

opaque. ExaRpVe2 289Ut thead phout 34 o rgydesa digually gyended imaga dpequsor pstiglhent s,
reactive dy@sqed Btumgles of inks include dyes, vat dyes, particles, pigments, reactive dyes or diazo

dyes. As discussed herein, the characteristics and compositions including inks and other
components include inks that are part of an article of manufacture of the present invention,
20 such as a lens, such as a contact lens, and also include compositions that include at least one
ink that can be used to make an article of manufacture of the present invention.
Inks can include water, monomer, polymer or an appropriate solvent in order for the
@ ink to be suitable in the making of a digitally encoded image. An appropriate solvent is a
solvent that is compatible with the creation of a digitally encoded image on or within a
25 surface, such as on or within a polymer. For example, solvents appropriate for polymers used
to make lenses, such as contact lenses, include, but are not limited to isopropanol, water,
acetone or methanol, either alone or in combination and can include a monomer. Appropriate
concentrations of solvents are between about 0% and greater than about 99.5% or between

about 0.1% and about 99.5%, preferably between about 1% and about 90% or between about




dyes. As discussed herein, the characteristics and conpositions including

i nks and ot her conponents include inks that are part of an article of
manuf acture of the present invention, 20 such as a |ens, such as a contact

| ens, and al so include conpositions that include at | east one ink that can
be used to nmake an article of manufacturie of the present inﬁg tLpgp I nks
can include water, nononer, polyner or an appropriate solve er for
the ink to B%%aud bawi38% wmdmive prefeiabiy besivean atiow20% hd/abencrociest bbwage.  An

appropriate sRuVRPB) andSbéut 666 IS _conmpatibl.e WI t he reatl on of a
digitally encoded |arlrage on /grﬁ%g{e tlp%?yéneﬁ%m Honen A ks ha ‘ggf CTHH ?’ar\ﬁfst hin a

pol ymer . For andy¥epstides te difforemt selvanpp rl‘dmsr, a;qimpnﬁte ItnatméSWeSn sb3eft anio make

| enses, suc nse ud but are not. limted to
i sopr opanol hp%e%?ﬂ&n@%’éﬁ%% }(?)dr" 1 tcﬂlétsh‘%Fed g?&h%@%%P?JW@G%@C‘JHW@}%. nati on
and can ln0|mgmaram*1mﬂﬁb€aclﬂﬂﬁﬂWﬂhh&&&ty&f@&ﬁ@xﬂiah&{slo@mveﬂfs. solvents are

betvveenSabout O%a&b ter han about 99.5% or between about 0.1 % and
about 99. 5% pre]Aé]r y 5 flede? mesgTen. Rolymer-homepelymerghmsronolimer deen about 19

26 April 20@8polifsh mraawm&&%&@%w&mnwfﬁieg@mt }ﬁvgﬁ{o%ﬂ%@l?aﬁﬁes 20% and

about 70% or, boegweetB out. 30% and_ about 60% fferent polymers, nonomer
and inks havé GrFk aéﬁ?“ chPi¥mEized o form apeluaerusing polwserizatiotimdtiadent  sol vent s.

Thus, appr opppragriatavat acgm nhﬂ&:ﬂ&&ﬂxxﬁf?és%ﬁ‘é?éof%?ﬂolyxﬂ&k %%ﬁxm@@tﬂ&@ﬁ* and ink
should be cg@gl der ed. 3’5%‘ édro gel yners, adjustnent 1n swelli ng ratios

may be achi SVVEAMES £ also fadeprease @weswsntapf be Elkof\ltsmiitwem teinBcAn i nk can
al so i hel udicRide®PElFREr sudh@hay (7B RIJSCJEW% Wﬁrm gl IA?tQI%%itYJEW th nk c%r(lj pol yrer .
| ment e ve

In a preferreﬁ‘ aspect of this enmbo presen an ink
[ntludes a MENEHRGYRS apd menemee &Rprqmetppmdlttabmfscofnmmnm qremetwmlah:glt

poI yneri zat S%an[@%ﬂ&q}%m @ﬂﬁ%r eo?@%&“feg{abgut%Syend a ou f% aﬁ@glaretpae ca'%b her eof ,

or polymers, or nixtures t nomer s-can al so ease
the vi scosi {4Ven 2beye31% rud ahput 60%a hipprbrate d:dneentraﬁonsaﬁpol}alermé betheecA pol ymer

ol ude. pol s 7e SRSl s ATl borlPer S L ST s SO IORAHIE are
bgt V\?é§5oa/bd1§’£f§35%0ahw?gm@abm 2@%:370}?@9%11@%@& ard@bgmeﬂagm%gai aigg%}m 25% and
apou (0} et we apo A a apou 0

Appr opri at ececoﬁtgle%{r??rog ?‘E)o%?%f%omﬁ?gqg ag@{tﬁ/éﬁn FEBEHDBEnd about 50%
pr ef er abl y Prrferelde hetarbamuabout 96% atl 2bboH5%2m%mond e feTab19 betwedeibai! 389 kaq bet ween

about 10% gpd, put 20% When nononers and pol yners are m xed, the total
concentration of monomer and pol ymer are between about 10% and greater than

99% The viscosity of a solution including an ink can be as high as between about 500
20 centipoise and about 5,000 centipoise and is preferably between about 1 to about 200
centipoise or between about 10 and about 80 centipoise, preferably between about 20 and
” about 70 centipoise or between about 30 and about 60 centipoise or between about 1 and
about 10 centipoise. Solutions having low viscosity tend to be “runny” when dispensed, and
can allow different colors to merge and blend, resulting in an image with a more nafural
25 appearance. Such blending can be enhanced using a variety of methods, including sonication
or vibration at appropriate duration and frequency to promote appropriate blending. Solutions
having too low a viscosity can result in images that are too “runny” and thus have potentially
undesirable characteristics, such as pooling of ink in a digitally encoded image or spreading

of ink to an unintended location. Solutions having too high a viscosity may not be easily




preferably between about 25% and about 75% and nore preferably between
about 35% and about 65% The viscosity of a solution including an ink can
be as high as between about 500 20 centipoise and about 5,000 centi poise
and is preferably between about 1 to about 200 centipoise or bet vveen about
10 and about 80 centi poi se, preferably letween about 20 and %@ ﬂ%

centi poi se or between about 30 and about 60 centi poise or béf weE Oz%out

and about 1diseespadiugiag %@neﬁ@lfmmmgusmimmngcﬂ asvmhaetsatwhﬂsynatyemcbeto be "runny"

when di spens f nt co
resul ting i ng%g\()p?l % foer?}\%q’r%énémr‘f%ngl - F ?}?‘3}“"2? ‘é{lﬁﬂ garvg'ﬁi‘%% Vgﬁ?*?’rlp' Tfﬂ“é‘?’i‘ﬂi ng can
be enhanced @sbﬁﬁg"anwwﬁamayldndtblmdlhﬁd&csmrfwhdjﬁhﬁglr&mmnﬂﬂicluﬁiﬂg or vibration

at appropria eque to pronote appropriate bl endi ng.

Sol uti ons h%u\?[loﬁ%&% diob Fe(t)v?rgea\‘/jf g@g]% ﬁ%‘%ﬁgﬁe Flé“é‘ms'ta“‘ieg thefhlymay fopapnngiugal { o0

"runny" and aplpwnbmva@eqc(@eteemecxainbné U.BIelest Na 3] 180,2684mat). 8 PaRhiNgS, Such as
encoded i mage or spreadlng of ink to an

pool i ng cof i ita

uni nt enéed I%ngélﬁg% Aggg *‘6%9“’]?&9? AfitgRs Grcdiding 2ppreprists selyeniglgamiest  be
easily 20 26usépiwoiabjust @RGiscokitg PEASRR. USing a variety of printing structures,
such as ink jets a% hus may not be appropriate for the present

i nvention. Furthé&P it inclydestat 5ast onpgenemeriap Alsy ingkudess pojymessiation frdtiataro " bead"
on a surf aceoantomokn fk el at1hi SUHHOUNARELRYIFOBIEAL. | el udi ng

surroundi ng d{oplets or beads of ink der ese clrcunstances, the ink
may for m un®abHeasationfskeponemer imshsdnk is sitiateds Fhe myzheptype atd Boufatfent No.
5,160, 463 antidtbrss a et BF chhiRe depe %\]/0% it eof’ﬁ’gg&}le%oﬁ%ﬁ %stnxel gners or
aLI uents (i ncI udi ng_appropri at soxf ents) can use ‘t he
5cosity ofAPpREriateiritiaiaes inghidet thvatre notdimittd o, BV ihitiatets thunmltmmmlymenzmun al so
include a pe| yWeEkh&ERHhL I t an,Lnk, that includes at
| east one ty%e of rmnoggerr}ngilﬁlla&%hanngtelpﬁ@mmﬁ% Vi rtf‘?glf‘%%‘?f 5f the nononer
inthe ink is i nf?ﬂliﬂht‘dé@lsomdnadbmsmttypmommﬂfoaﬂBmWosmﬁn dfnk #iat i ator is a
matter of chgk typ mononer or nononers in the ink.
Appropriate | naqu | atl@ S ngﬁ Bcffer%rg‘ggeg L%‘iappfoﬁﬁt‘é&mﬁi‘mw 4578 ators that
initialtde pob%mwua]mltil%mndwaputm% rradi ation, thermal initiators that

initiate polyner |o b ener g An i nk can_al so include a
di spersant to al 0\;3\1/( i %58?%’# g%ﬂg%§ﬁ°ﬁ’? gﬁl-%fcrqbwkageﬁtogantbsgqﬂcég%p kiP5 per sant s
are pref er alilyce reauintiedr AlltiphcatHhRRIbiabigents FOERE the bR of BidfBiabsbentdd

bet ween about 1% ang fab out .10%
or keep ‘microbial agents from multlplymg Preferred anti-microbial agents include anti-

bacterial agents, anti-fungal agents and disinfectants. Preferably, such anti-microbial agents,

20 anti-bacterial agents, anti-fungal agents and disinfectants are provided at an appropriate
concentration such as between about 0% and about 1%.

An ink can also include at least one humectant such as 1,3-diozane-5,5-dimethanol

Q (U.S. Patent No. 5,389,132) at an appropriate concentration. Preferably, the range of
concentration of a humectant is between about 0% and about 2%.

25 An ink can also include at least one antioxidant agent or a low corrosion agent, such
as alkylated hydroquinone, at an appropriate concentration, such as between about 0.1% and
about 1% (U.S. Patent No. 4,793,264). An ink can also include a non-kogating agent or non-
kogating agent, such as 2-methyl-1,3-propanediol at an appropriate concentration, such as

between about 0% and about 1%. An ink can also include an evaporation retarding agent,

S



An ink can also include at | east one anti-m crobial agent or antiseptic
agent to kill or reduce the nunber or nultiplication mcrobial agents,
reduce the nunber of mcrobial agents, or keep nicrobial agents from

mul tiplying. Preferred anti-mcrobial agents include anti- bacteri al

agents, anti-fungal agents and disinfecants. Preferably, s?gg 12006
anti-mcrobial agents, 20 anti-bacterial agents, anti-funga Brélrﬁg and

di si nf ect ant 8uchp® 45 cxAnnie dicthylezarghmppl o sthylaneglycobat betweenaabow 1%sud Bboas  bet ween
about 0% and Y ' an al so include at |east one hunmectant such
as 1, 3-di oza?\%?g%? |rr§t8\‘rr;sé§r§2’lli3ﬁ( U.S. Patent No. 5,389, 132) at an
appropriate concentration. Preferably, the range of concentration of a

hunectant i s bet about 0% a out 2% 25 An ink can also include at
| east one anti ox?gdérgﬁe"gﬁ%%‘fanéﬁve §1BV9VARE B0PE  gent, such as al kyl at ed

hydr oqui none, at an appropriate concentration, such as between about 0.1 %
and about 1% (U. S. Pa = ; —AR—k—can—also, i ncl ude a
non- kogé&t i ng agent or mon- kG@gapénest agent{, sucRersentageret hyl -1, 3- pr opanedi ol

at an appropriate concenrratrion, suciT as | Del VEETT apout 0% and about 1% An
ink can al so include ap™M8PB®ration ret ar|dig%8dent, 21 26| April 2006 such
and about 266 (L. 5. Pa] SpeRaE Bt O BN YET i 7k can have the
foll ow ng conposition: gndiod redgivedye= Conpdnent Per cent age Mopomer 0% to 99%
g:yoggglnt/eﬁtng(/%o[ chgoo/g an.m%af’g;% t o I5% and/ ro.orl%atgtz;%ve dye Tnjtiator0.01%to
(&) 10 Solvent 0% to 80%
g Binder or Bonding Agent 0% to 10%
Thickener 0% to 1%
Anti-kogating Agent 0%to1% -
Humectant 0% to 1%
15 Surfactant 0% to 10%
Cross-linker 0% to 1%
Dispersant 0% to 10%
Printing
20 The digitally-encoded image is preferably applied to a structure, such as a lens, using

a printing method or printing structure. The digitally encoded image can be stored digitally in

at least one information storage medium, such as an electronic medium. The stored digitally
encoded image can be printed using printing structures and printing methods that can convert
the stored digitally encoded image into a printed image using an appropriate interface. For

25 example, a central processing unit can include a stored digitally encoded image. Software can
interface the stored digitally encoded image with a printing structure such that the printing

structure prints the digitally encoded image. Such interfaces are known in the art, such as




Bi nder or Bonding Agent0%to 10% Thi ckener0%to 1% Anti-kogati ng Agent0% to
1% Humectant 0% to 1% Surfactant0% to 10% Cross-linker0%to 1% D spersant 0%
to 10% Printing The digitally-encoded image is preferably applied to a
structure, such as a lens, using a printing nmethod or pri nti ng structure.
The digitally encoded i mage can be storext digitally in hé 102:3@@
I nformati on storage nedi um such as an el ectronic nedi um T
digitally endingeused ingigitalaintingeprenesset that ustsihptsHewleit H:y:kaﬂ;rEmﬁd)r(@s, fand
pr| nting met R, szﬂé pat ;can convert the stored digitally encoded image into
a printed ima usi ng an appropriate interface. For 25 exanple, a central
proc efs3| ng Enl t détcfememlqinuﬁhgl r.ﬂetl&id@ﬁrﬁlgmgm{gl stradthirys 1ﬁdilﬁd3:dlad ale BABRitedds, inkar e Canh
interface t L t.a caded | a printing structure suc
that the pri fewett ?rm(?mg, fe??u %F’Pﬂtpgmfnﬁeb‘gggﬂett H‘F’Ptﬂ?g’é’r‘lega'é&f PHYHE  Such
interfaces arr@rkgnm phﬂtolﬂhegr&’ﬂhy,ancswehpxaﬁmgzm% Hgming a6 appk Agﬂaﬁ iksigd in
digital 50r| nt i that use ink jets W ett Packar Encad) (see,

[ 0cess
for exanpleP ‘E’%éamfture??‘éfélﬂeéﬁ"’&ﬂg H‘P‘ihﬂ@ aﬁﬁ?ﬁﬁl@%’o‘“ theiarior T st r uct ur es

i ncl ude, but d@élﬁpd’clOFoﬂ ok E¥hp1& Appir6briateHic-jel fintibg dfbtiRPincRUE FE Y dob fidnfilh 1ot heT MRl

printing, uﬁ r|nt|n pad-transfer printing, 'inpregnation,

phot ol i t hogr gb\? ﬁ‘d51 8&@““%‘?0#&’ pyple jptrBICleao Cplotmﬁfﬁié}ardmreugmllmlmr@prl ate
ink jet 5 pripBiobAde ﬁkﬁéﬂﬁﬁﬂfng%eﬁi@&g rRfedd, Bt AR l‘lopf‘lljflﬁ.& tgaltegx%(?fhkgé I‘l ar e
known in the art or |ater evel oped. For exa appropri &Y

printing st riiE@EFEdgonkybhigdet pHintingar e not Ilmted to HP Desk Jet 612 or
Cannon 1gol or bublgeti,gh andwar e, Furthermnore,

appropriate ink Jeﬁetjprltrl{g% %}1&1919&)??% BBmg}lrgs{;l&cfe e%flplezo mmflgﬁn € to
hermal i nk t&ife(taradmpm 1nrt@eartqmlaé¢_rdexpiqpm |E¢genmpl@uéqipfo@n;1tep1empmhng19 10 hilt

jet printinguean u es, and printing

nmet hods as %heyegégﬁ&%%ﬂ%\t/mgjeﬁ&q?xﬁ{eh i dfangon (iOEOtr e'i’b%gf vl gj (ﬁé@? exanpl e,
appropri ate pi ezbkqnt prting gan is¢lndehamnalprintig] stroeturedoanid tigfrial lpﬁhtldglnliﬂtltoad to

Cannon col ogg &HPQ!; Enolw% ik IarrtrE)r aterBd]evelopeg For example, appropriate thermal printing

15 structures include, but are not limited to HP Deskjet 612 color printer.

Ink-jet printing can include bubble jet printing structures and bubble jet printing
methods as they are known in the art or later developed. For example, appropriate thermal
bubble jet structures include, but are not limited to Cannon BJC1000 color printer.

Pad-transfer printing can include pad-transfer printing structures and pad-transfer

20 printing methods as they are known in the art or later developed. For example, appropriate
pad-transfer printing structures include, but are not limited to Tampo-type printing structures

(Tampo vario 90/130), rubber stamps, thimbles, doctor’s blade, direct printing or transfer

printing as they are known in the art.
Impregnation printing can include impregnation printing structures and impregnation
25 printing methods as they are known in the art or later developed. For example, appropriate
impregnation printing structures include, but are not limited to applying solubilized vat dyes,
masking device, developer and the like.
Photolithography printing can include photolithographic printing structures énd
photolithography printing methods as they are known in the art or later developed. For




Ink jet printing can include thermal printing structures and thernal
printing nethods as they are known in the art or |ater devel oped. For
exanpl e, appropriate thermal printing 15 structures include, but are not
limted to HP Deskjet 612 color printer. Ink jet printing can include
bubble jet printing structures and bubblyg jet printing net ?gﬁ; .@Héhey are
known in the art or |ater devel oped. For exanple, appropria H I

bubbl e jet sexanpleisppsopriate bhmddithdgtiphyair@tifOdtruttined inelddd, ButGaI O Amiki@ 000 col or

printer. Pad-transfer .printing.can include pad-fransfer printing structures
and pad-tran'il[;plrng‘%’(fof)1 eishlf’?s‘!‘i’é’gfjr:%"t"i‘?%&?’e Eerfﬂgv SR known in the art or later
devel oped. For exMasgpbentingoa B@iideadser ﬁ?ﬁﬂngtsixﬂﬁ&_%ﬁz{qdﬂisbﬂﬁﬂnﬂﬂ% bthdds bt
include, but _are nat linmted to Tanpo-type printing structures (Tanpo

$

vari o 90/ 1307 9B5R fhe 2ft grigter develppad) Ber exaend GPPTQPTE?%@F@, Prifting#ifuciies nt i ng or

transfer  prindthdelBut @ o BitcASHE NN el Fhikdd Bardivire, pafiRLIGHARE h%, MPLkfd | g can
i ncl ude j npregnation printing structures and inpregnation 25 printing

met hods “as t hey &F9%° RHbAS Priptingsiuctyye ermgra thar ongayiatingraethodwen bevsadisl e,
appropri at e mikeRURSNS! dnedie® it bAG : N e, iRk et B limted
to appl ying sol ubi%lgi glleéll v§t d{ges_, e%%ﬁﬁ%gﬁﬁ'vfgi%ﬁ% l\e/"’elpgé)eé nzlﬁg%gdhe like.
Phot ol i t hogrRafH3sfsF printing ganckeris¢drie bambhinagibrot ol i t hogr aphi ¢ printing structures

and photol i t hoghaphv REddal e re.kno in the t or

| at er devel oped. %gr)9235‘52‘%&%%F%g‘g‘gfﬁ‘ée@%@é,}{‘f%ﬁﬁ%%w eesuﬁﬁngs[%’latﬁet hogr aphy
printing st siécepislenshaich deon thesurfagedf mcdntdct lonst dalthisaspeapydithe prgerdi azo dyes,
maski ngodevi;aRs; - the. Like .Laser printing can include |aser
printing st ruct Sp’gtgygélrgﬁgg@ecrﬂﬂ%ra?nW%&W’E?‘%%glgpc’g“fkﬁ’ agsgftgcekhg in the
ari or | at ecandbsredpoguiodubor naaxtenpién: imazp e Phémdreod paBaferspvithit théi@k 84" UCt Ur es

i ncl ude, bu imted to HP.Laser Jet, printer hardware, particularly
the 4L, 4M g%ﬁ%‘%&%&d Fodugs A nﬁﬁgswﬂ)lﬁn?‘?tg7‘r1laﬂ§tq?tf?6{“ﬁtra’éceo © PBr®FH AN one

_ printing nepéipdersam pleeratdyetie same ot id tighisghé pdlvereine esldists BORfRde. t he

pr esent ianPt.t'al?ne. olfpr.exar@I e, i.nk jet &rsi nting and pad transfer printing
can be used I OonBINSImasR: aﬁ@?‘i“ﬁ‘i‘dl‘{“éﬁ BREFURRE 96 & SRR dopFramPlsdif on t he
sur f acks of &es&ueuﬁi&ﬁﬂhns,&ﬂﬂfhsa%otﬁébtIeh@ad%ﬁilfe%@od@é infhgh 8Mhbe pRktEdI@S ON the
surface of a contrbg@t In this aspect of the present 18 i nvention, the

.l ens,
printing st Uy S&&’ﬁ%‘?fslﬁ piectdense g mghadsreferedidonthis drg ofprintiage. The

i nk include, but are not limited to thermal inkjet or bubble jet printing.

As depicted in FIG. 2, digitally encoded images can also be trapped within a
struéture, such as a lens, such as a contact lens. In this aspect of the present invention, the
4 20 image can be trapped within a structure using laminate printing, including sandwich laminate
printing. For example, an image is printed on a surface, such as a first portion of a lens, then
a second portion of a structure, such as a second portion of a lens, is attached to the first

Q portion of a lens such that the image is trapped between the first portion of a structure and the

second portion of a structure.

25 Preferably, the first portion of a structure includes a polymer and the digital image
includes a monomer. The monomer can be polymerized such that the digitally encoded
image becomes non-transient and substantially immobile. Then the second portion of a lens
is attached to the first portion of a structure such that the digitally encoded image becomes

trapped between the first portion of the structure and the second portion of a structure. In this




can then dry to produce a non-transient inmage, or nononers or polyners
within the ink can be polynerized to produce a non-transient image. In the
| atter instance, the nonomers or polynmers are preferably the sane or
result in the sane polynmer that conprises the surface. Digitally encoded

i mges can be printed on at |east one syyface of a structur For 6 anpl e,
if 15 the structure is a lens, such as a contact |lens, a di 3?(‘81"17;9 éncoded
i mage can beagpeitof thel prosent iavedntiad, the dighsltyensdde®inagé prefaRbly it a héfdser Pri nti ng

met hods prefegryed. for this type of printin i nclude, but are not |imted
Lo thermal i 7] B0 O6PoBUBBRLC fEm apeivier. psteraRly ARalmet Bt if Helpedin 91 Geit gi t al |y
encoded i magpsatiaeot aatrsurO6r thd REYAE PorvibA ¥ albtrdcturd,igréf&hBiy Both.SUCh as a | ens,
such as a contac Ien(sﬁi.rr n this aspect of the present invention, the 20

i mage can be tr ag’béar_e ehisRecholdhe RieseRiwy eptiarnte fleshrosdane ! ppiyetrig 2 nphc| udi ng
sandwi ch | anpdiaherized hétondBer sEBipofhRIRldGolyRir thi¥8sfudesmBiidnidt 6flo QRicR YT f ace,
such as a first portion of a |ens, then "a second portion of a structure,
such as ®a scHgY prsedaddmagss which prpierably somprisartheshmenanpmeras thetfirst potien o of a
lens such t hadrubdi@, s PRAEI. I Thistdp i | |

structure and the .sg%%nd posrt?g%ﬁg?p%&gtec?ﬂg%%?‘éafuyﬂgﬁwg@%?%@%dﬁhe first
portion of &eewd pertion ef 4 straturd etachedirgtortorentrapdthe digitadlly gicodéd imagegbereinncl udes a
nonomer . Thay, BRARERLVE slafi)nﬁg{)fyl%%flazsgg e nﬁéhhp%fert 0g i didall v ghgoded

i mage becones non-transient and substan |aIVYy iDHT 1 e, W PHE Second
portion of ®ptienaly pelymert frefetalelyl the Garhd s tiei firsttpogtion df :0lensahd thesligitaltyt ant@led uc h

that t di gital; I . becones ra d.between.the first portion
of t hehgt r u%&%’e‘kéﬁrg&ﬁqgﬁ@edg% n'gppﬁ’(r)t Nk ﬁStBJf&"ée %‘??%‘?@regf’c’d%c@mogteflfd?G Apri |
2006 aspecthapthe dipitalpyrenswelad imagyis Miapped betivien thk st pattiof ofnaadaEt dndHge

referably i a mononer . .that. c be pol ynerized to form.a. polymer,
Br ef er abl § 5&%1541 oﬁtséorn ({fﬁg{}uﬁ“ge‘i%FﬁHQHga{;W"PW(%O?g?ng St“ﬁB‘Fet’PBIH&BP d%‘tgg’r ﬁct ure
or the secomttopalitiagdtrappedavithiil tE Sttt Rre. I SleREFBI of HiPhdient ivedtioR a phedibMyed
aspect of th res&pt |r§y ntion, the first portion of a structure is a non-
pol ymer i zedpﬁﬁ'ﬁ?ﬂﬁ? YTT OF WIS GBS REV ity Rmoname) oF plterpkively HEIPIRIRE IssriHEr ont o

whi ch the Spélirgeérizad bnd RREeAEBiH JTBEES of MR Eih BERSiRRBR b te@aREISES the sane
nononer as t(ﬂe first portion of a structure, is printed. This conposite

structure cH y’B‘E‘Zﬁ‘i?‘idit'é‘Mf?}“ér*O FRAmayy pisfagaradifullypolymerized sudbdbsithepor tion of a
structure apdlaadRed @ oL islstndWMHEAR ootk le%x?édgétyafigﬁﬂ\%ﬁgig fpg€ therein.

In the alternative, the second portion of a s n “preferably

i ncl udes no??é’ﬁ%ﬁﬁzﬁiﬂrfa@dﬁchﬁmxpvam, preferably the same as the first
portion of a |enge fnfhdd@nflbdt s@lchte SA$Q4EMoned into a tens using methods

20 described herein and as they are known in the art or later developed, such as, for example,

laser cutting, stamping, grinding, polishing or the like. In the alternative, the laminate
composite structure made using the foregoing methods results in a lens. For example, the
Q ~ laminate composite can be made in a mold that has the shape of a lens. Such molds are
known in the art and have been described herein. In the alternative, the method used to make
25 the laminate can form a lens, such as spin-casting methods.
Lenses made using spin casting are preferable in the present method. In the
alternative, other appropriate methods, such as those described herein, known in the art, or
later developed, that can form at least a portion of a lens can also be used. In this aspect of

the present invention, a first portion of a structure is printed with a digitally encoded image




10 image, is contacted with this first portion of a structure and digitally
encoded conposite such that the digitally encoded image is trapped between
the first portion of a structure and the second portion of a structure.
The resulting | am nate conposite structure includes a digitally encoded

i mge trapped within the structure. In @3e aspect of the p:rgag% ioe%enti on
a partially polynerized layer of ink is contacted with a 1r r

al t er nat i vel yndthersspendwprtios ofrestriétare hg@ddéd&h@&hymﬁ 3 eohisdidlstoifeasied W th a
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of ink is sardeimigethegtodess dnéthﬁﬁiﬁﬂpﬁﬁﬂﬁdhyﬁﬁktubameﬁec&f@ohnﬁ o b 5tARFAuYe and the

pol yneri zed 51% for exanple, FIG 3). The |am nate conposite

s
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| aser cuyttin tanpi ng, grinding, polishing or the
alter na’?"f ve, g?lﬂ‘gem(ﬁ’ﬁfnﬁrd’crégly@ﬁfnpom te structure made using the foregoing

met hods resul ts For abfBS i BbuieK A Rorrk B b BThAGhE £ AR £ 6AN_DE made
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using spin casting are pref e I
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a_lens can al so mp&&gce%%?ﬂy@%’g& g‘gﬁgc"m eg?ed % Ramaltg'é)s?é'menf%\fgifainon a first
Qo}tl on of &ptgnalljchespin-cast (quothet lews fontifg methbdgmtallelagt aqmﬂmdeﬁa lemgﬁne%y 26
April 2006 ,aunek, a structure is added ntoform
a lamnate str uc%%?%’?ﬁ%%{}gl? ngés?p%ﬁﬁﬁg?ly?}f%éﬁ’onl a@ﬂgptf"&?lr‘??ﬂgcaﬁﬂg Eﬂ&‘ig’

p(ﬁl y ][reri zZi n@neﬁwnimpﬁieﬁndi)l dalytakaﬁﬂeceﬁt aieter Graar). tTlﬁ&bonﬂUéiﬂePQh&ﬂHoﬁta&émﬁﬁﬁ Sndh
the first p e.struct t he econ or ion of a structure and the
digitally eg{:%dpepgmmdas%lﬁwr aeflf’ﬂﬂifd’io t @byB?lyerzfr’%‘r‘ioﬁatl on, such as

non- pol%/rrerpdﬁd@nzemﬁtthealcwbewphwmy bpi2BhsO(or SRdr YeRB Fdrmfd mdaid) Qe v, the
digitally e e need not i ncl ude nmononer or pol yner. For exanpl e,

a first por Ton og]a Ieé‘s forme W%‘E?r{a‘ﬁ’é‘atﬁoﬁheﬁ@my?ﬁé* {asipate, ﬁb%}?%@ramé@n or
partially pthbxydsfens loz&d ofidflalypolyRRrisddl Prefdsbly, (HRHirPpHROn b\l N9 NMet hod)
or not spin ot her | ens form ng method A digitally encoded inage
SRBY teie
i ncl udi ng o Jig ye: Cﬂq:q dlaiig?gm%the second portion of a structure all share af least one common
monomer or polymer, but that need not be the case.
20 One example of this method includes a first portion of a structure dispensed into a
receiving structure such as a mold, wherein the first portion of a structure is non-polymerized,

partially polymerized or polymerized and is not spin-cast (or other method of forming at least

aportion of a lens). The digitally encoded image is printed on the first portion of a structure,
wherein the digitally encoded image optionally includes a monomer and/or a polymer to form
25 a composite structure. A second portion of a structure is contacted with the composite
structure, wherein the second portion of a structure is non-polymerized, partially polymerized
or polymerized to form a laminate composite. The laminate composite is then spin-cast (or

other method of forming at least a portion of a lens).




nmononer and/ or a polyner can be printed on the first portion of a lens to
forma conposite. 10 This conposite can be polynerized, not polynerized or
partially polynerized and can optionally be spin-cast (or other |ens

form ng nethod) or at |east a portion of a |lens formed by another
appropriate nethod (the optional polyneriézati on and opti onal spl{‘n casting
(or other lens-formng nmethod) can take place in either or&élA P s
conposite is thenAruher exemplt ofitismethodsedwingha f]imirptort@n ob4 staxcmterdmpénseemtohat can
be pol yneriz ner R | zed and then can be
optionally sgi&ﬁw@ EHC?]H b B % me)ehs eénrtlirﬁ3 %%pp %o S?thu(g[ur I H?"apoq%‘?“tz?don of a
lens to for moapactmﬂpQdyltl@'lzledamdnmmwnénlye;nmmp(msoth& neghi laafoﬂnmg)ﬁt laktd east a

portion the d. Preferaply, the first
portion of a%géarrnh%fltaa?ngian? fe opt a %)/"gcﬁc%’gg t%lﬁ‘ef“ Shiaghis PERESAY porti on
of a struct uthe fiast poradmrfa salhculré;aﬂicreﬁﬂﬁe &gmnaéhcodmmg@ropwnagﬁhw&ga but that
need not be the case nple of . this nmethod includes a first

portion of a SPYE e aé?f’lé”ﬁ‘éﬁ”fg E‘H"H FregPosite sticlureApdh i optienally spinecasiferetbes o

mol d, wher ei meﬂhJStBofffon%ig a@ﬁﬁ& b PO iBH ofh 18] 4@ bt dRallySpolARTPQI ﬁnﬁédna?gmon
partlally poltyrrerl zed or yireri zed and is not ‘spin-cast (or her met hod

of formng at®¥SBudyre ‘Séfo‘ﬁﬂfr“idl "&S‘HI the¢ comnppts structurs avhereiyi thesiepopd @ﬁ@@‘d@ﬁ:& i mage is
printed on télﬁctﬁﬂeﬁﬁion%fyﬁﬂeﬁibd%mﬁll§E&l&lﬁérfiéaeor poldpefishi % fot-]ﬁ %@é;g?l l'y encoded
orm

I mage optlonallg%tﬁncl udes a nononer and/or a polymer to a conposite
structure. ACEBCYRdTRsdrminga cgnpogitesis pnt@pallyépms;aat Eritothet methed afforming at onposi t e

structune, WaRf BloRtidnlb€a REGO ?ﬂ‘fé?ﬁfl)} ki rs?% r?or?&ﬂa%ﬁ’\&dﬂrg aldse R0 p R0 O | 2ed,

partially polynmerized or "polynerize am nat e conposite. The

Kai nat e corfBBire éclude thy éamesp similsrmenofuer and polymer and mtegertiofly ;Bodmmanngi at | east
a portion ofgd thfh %l On %&?x (AtR:li] A gl?aqsolﬁg%z&?on o?a?alr;rxﬁx%a?e s?ruc LrgngEt hod

I ncl udes a first por & StTuc I spense
structure, d$eletivelyor substantidlly Vshanlessh lanimatefstrucsure (foset! iopconadcted). &'trdifbt@bly,rt& is

non- pol ymer | merized and is onal | i n~-cast (or
ot her net hog&ggl}}egéor%gﬁglgg CIP&S ! sgue %SWIF%W"W“& a?‘ﬁ‘f‘i’i’jmeéﬁﬁx Pl ?egnal |y
pol ynmet} zed or mritilly p@ymmzkxy) se rﬂtaodpmiymeiﬁgﬁnl(@clpﬁs arﬁrﬁdpmnen&m@n bF4st portion

of a struct t he. di I ncoded i ma t.i onafl i ncludes a 5
nonomer and/ or éevggﬁ{mre syt iny ‘gjr#l 136%%%@? Y stepRy su %maﬂastwg tionally

spi n-cast (or otiheing thisdose ofrthishethsl tee djitallf afbded iR daPorih cRentietS) and
;)ﬁt; ggal |y ? dxvrrg eﬂP%bOWég%grﬁt F@H@ng ngwgtfu a Eslt r ugt ug e I%losn Ocicgnt acted with
mposi te AP o fhsisecond e
structure. In this instance, the digitally encoded image comprises an ink that can form such a
20 chemical bond.
Also, the digitally encode image can form a polymer-polymer bond with either one or
~ both the first portion of a structure and second portion of a structure. In this instance, the |
@ digitally encoded image includes a monomer or polymer that formed a polymeric bond with
at least one of the first portion of a structure and second portion of a structure.
25 In this aspect of the invention, the digitally encoded image preferably includes at least
one pattern. The pattern can be any pattern, including naturally and non-naturally occurring
patterns. For example, a naturally occurring pattern can include a fractile-like pattern. Non-
naturally occurring patterns can include geometric patterns or non-geometric patterns, such as

are used in vanity contact lenses. A digitally encoded image can include at least one color,




structure is non-polyrnerized, partially polynerized or polynerized to form
a lamnate conposite. The |lam nate conposite is optionally spin-cast (or

ot her method of formng at 10 |least a portion of a lens). Preferably, the
first portion of a structure and second portion of a structure include the
sanme or simlar nonomer and pol yner and mgre partially pol yml%i ze@to guch

that a polynerization (such as a final polynerization of a aﬁf’rﬁ 8
structure) r ésulreferabiningludeselphurilinedfyolors. Auliptiydncadet ynags prfariblydsdidel & nat e

truct f . dy, Preferably. the digitally encoded al
el ndes. t he 2anore! SRR Skan Gk ThT Belis R e i Y A gD 15 o

partially pokymerized) so that a polynerization (such as a final
pol ymeri zati on ofTha | anm nat.e st%ucture results in a relatively or

substantial |y "seai e ean melideat leastone calor, bt prefesphly wgludasiteo pypQre BOIGR- ¢ hi s
net hod, the Whegiotoad syd iaMiedmhagt calMBORric@TTdnPd MxturE RBAERd coRR§ ductial Ryoidrt her or

bot h of 5the firstpgxportlon of a structure and the second portion of a

structure. |NOERTPEAGOPLN hEee of meredengrateprlops o fve Brbome ppgetecalpsy iFarthe an i nk

that can forparsuselof this Rfbctsrand ifhtiROnEx i derkd Esefiriih Eﬁ&x‘. thégt&;%é% | mage
~can forma pol rrer-rpolb%rrer, bond with either one or' both the first portion
of a struct UPESHUPEREENPrBEmcPiorn that can bsmixpdtimdifferentprapaitions edermicwide t he
digitally engrgettolddP@niifsdeudes a mononer or polynmer that formed a
polyneric bond with at |east one of the first portion of a structure and
second portion of a structure. 25 In this aspect of the invention, the

di gi taliby enegdes npaggePref erably includes at |east one pattern, The
pattern can be any pattern, including naturally and non-naturally occurTing

patterns. For exdifshuess, sicnastlenses) dfithequesentrinvegtiqnatdferably inelodé atddastabee a

firactile-likgmpatwis, - Ly, occuryri patterns can include
geonetric plgt ?g,lr ns or m}]eosﬁlgglé%ﬁg‘%gﬁ%éeﬁéf’ Yeélr“r’]nsl,s az%%ﬁuci‘sasag?%acg{é’]gsdmc yvani ty
cont act | endsest ongpadymyr tisgiréfyrabip e polgrderi than ipeompatiblendith tbeeyal Plefable one col or,

27 26 April nr rab i nclude plurality of colors. A
digitally eﬁ%‘%ﬁ%ﬁl foPlr#aeglgmgfr%% gorng%ﬁ lflnsﬁlgaﬁ%egmﬁ’fe n°TalérB‘i‘>f/1 t9,290818:5Bi50%F: an i mage
01;] an btye, BQlEdarbalsatesraﬂd bmflskmdwmiﬂﬂeym l,or ﬁttﬁgbval@pédh]?oiyhgfli u@éfulaxﬁhigmﬂent eye. .
The i mage c include.at least one colof, but prefer y_ inclydes two or
nmore col or si_%%{? o e&‘"‘i‘oﬂ?gﬁ f Wr&f%g&f;'rrﬁ‘d]ée‘@ fl%dr&@?aﬁfc\l’é’&"?efsomea m xture of
separ at e copadymer psficiblpforhiswhydfogdl. Gefidaly SR fused@loake cdrlticERnRE el €

separate col Qrs.or fqur mgr e separate colors. For the purposes of this
aspect of tlﬂeﬁa}r‘i"l&gﬁf’i oﬁ?f?%{‘ﬁﬁk’ri'éVbEﬁﬂfé‘feﬁeﬁ‘sé@SQ‘%M?H!"émdﬁﬂﬁlaﬂ- The separate

20 I METHOD OF MAKING A LENS WITH A DIGITALLY ENCODED IMAGE - I
The present invention also includes a method of making an article of manufacture that

includes a digitally encoded image and a polymer, including the steps of printing a digitally

encoded image on a composition that includes a polymer, wherein the polymer forms a lens.
The polymer can be any polymer, but is preferably a polymer in a wet state or a dry state, such
25 as polymers used in the manufacture of lenses, such as contact lenses.
The article of manufacture is made by providing a composition that includes a
polymer that the digitally encoded image is to printed upon. The polymer is preferably a
polymer used to make lenses, such as contact lenses, and include, but are not limited to,

hydrophobic polymers, hydrophilic polymers, homopolymers, heteropolymers, copolymers,




colors are preferably primary colors that can be mxed in different
proportions to forma wde array of colors on an inmage. 10 Pol yners and
Lenses Structures, such as |enses, of the present invention preferably

i nclude at | east one polyner, Wen the structure of the present invention
is a lens, such as a contact lens, the ajg |east one polyner sri%%%erab! y
a polyner that is conpatible with the eye. Preferable pol yr%ér/? Pouse in
maki ng cont aatryliepdger, sitidouel folyrti ordoBcdiBtnate bolhad eitter A6HSOr ilf®mbihtidniCONes,
15 pol ycar borba\t es anéi1 Ot'hé\rg\%f known in the art or |ater devel oped. Polyners
useful in th&gPEELSE lenyip thg fele e dEMp(hysitrashybmethacnylaleb BREMAC. I n t he

case of ~hydr qaiixyéteylip@hityeRe MAANGnetROY MR ), HCEIEA {ihenk Of M8 a hydrogel .
General ly, poiyéggzirs used to make contact |lenses result in "hard | enses,"”

"soft | enses® melhpryige) ¥arewd (azgbisilohetyionitrde)nBMEr(eeneinwethylethehdPAr t . 20 | |

METHOD OF MAKkddfapf didshiss), WF L gj\lgﬁgﬁg Q{F@g - pr esent

I nvention al g%)dyi r??l udes) a ngeﬁg}?lrﬁu@at%ﬁ an ar P‘:oc e gfcéreél?]-apu Bcture that

i ncl udes a df%yflerentagong)asd YEHQ (resfelethybhydraguinguep (see U.ScPasstic Ng. 5,27¢,888)eps  of
printing a digitag} ﬁe@mﬁ | composi tion th i ncl udes. a

pol yner, wher ein tirlljgsaf)ol yrrer%fécs)émrrgggg Ié’g%?po%gatd%aftfﬁﬁ?ﬁé ° HESAHSP pol yner
but is pref etS@sPyiag langsyakas a boft antagitlens,tadiagt contact las yr sliyhiié consddcians. #5s as

pol ymers us k Jrg-Tall .e 0 e S,. such as, contact |enses. The
article of reg%t}?lg%%ﬁlrle | sg%g%g{lﬁgm{ﬁ%r\llslqgaﬁﬁg’gét%@o%%igﬁ?’(“i‘%ﬁlstpﬁﬁtfd'i ncl udes a
pol yner t hatPrefaablyi thé digitally erendaidmepeiismipeedion thederiand\éad e BHged onldi@er@d! ymer i s
preferaghly ed.to e lenses, such as contact |enses, and

el ada? purrouatek B S nd Bell) R s Sp iyl FErIBRATH o

) &gj} y lms rs, lh(mﬁpo Itlgpmaf SFor hﬁhﬁfe{)ﬂh@&%&%ﬂcoﬁflﬁﬁiaﬂ%@h E?pi&alelgﬁs dRhkje s?ﬂ‘p 6 |
acrylic po ilicone ners. or polycarbgonate polyners either al one
or in conbi %a fhgr’%r.eg“H‘?épof}&@g@?¥%‘H{9fél}?§y$ﬁ€PUH’é‘Eedt he fol | owi ng: HEMA
(hydroxyekyl- net Tieeiigitaty é)kodeE QMR is fretraoly Rbiod Rt HAGIY, s@dnGas i

(et hacryl i (og: oY d) %GDI\“A %%téh | ene | ycol di net hacryl ate), Vazo-64

(azobi si | obGtS48hi T djeslly e%"&@ﬁ%ﬁﬁ“ © REPH 4 't 3ms pppropripig method oyyetoasy |

al coholy , ThiEschfustigdayiate@ibth aPlocesMRE GitPusteBRbs M LEMRNR4 Qtora%-ma?@one °

(cycl opent anone) and_MEHQ (net hyl et hyl hydroqui none) (‘see U. Pat ent No.
5,271, 874). andllqsﬁz}WFFF-sT‘éfé’p@@{ly #co eﬁémfﬂeé@'bgﬁseleﬁtvbmdicgnbe coheeypbloppenting | east

in part foraevics ab &i\ectr&ii6 BenahSsink a‘ﬁ&%ﬁa‘%é?a!r&&h?e JuGAvf@s a soft contact |ens,
a hard contact | ens or a hybrid contact [ens. I
The digitally encoded image is preferably printed using a printing device that is

capable of producing a digital image, such as an ink jet printing device, a piezo printing
20 device, a thermal printing device or a laser printing device. -The printing devices preferably
include at least one ink, wherein if more than one ink is present in such printing device, the
. different inks are provided in separate containers or separate portions of the same containers,
Q such as provided in Hewlett Packard Color DeskJet printer cartridges (HP51649A).
An ink preferably contains at least one monomer, such as a hydrophobic monomer or
25 hydrophilic monomer that preferably correspond to a polymer that is included in the lens.
The ink can also include a variety of other components, such as an appropriate initiator, such
as a UV initiator or a thermal initiator to initiate polymerization of the monomer after being

dispensed by a printing device on a polymer. An ink can optionally also include at least one

of a binder, an ant-bacterial agent, an anti-fungal agent, a disinfectant or a humectant at an




the structure that forns at least in part a lens that a digitally encoded
image is printed. Preferably, the digitally encoded inmage is printed on
the Il ens and can be printed on either or 10 both sides of the |lens. The
digitally encoded image can be printed on the entire lens or a portion

t hereof For exanple, the digitally encods®d i mrage can depict2§gﬁ ) ? of an
eye such that the area corresponding the pupil of the eye i 8 (% i nt ed.
The di gi t al | PPRIAR BE<ENenEation i therimédedibhgtiornBrftetiyetladichanjtoadd 4ot such as

in a databa e ed, im a repared by, an

appropri at e Sr’rigntltﬁ%-ﬁ P 1%3%1153& %’%gﬂ?cjn;ﬁ gscg)aﬁlﬁng% bgaﬁigll ﬁérﬁg Of“ﬁgo‘”ﬁm%%l%r(?gﬁé ing unit
usi ng Sp_pr opr(maltowds);allgmrmtg:ch]m (mélmmgngEmwallo@v ?(?oﬁ@ix&d)\ﬁﬁ?nenfﬁhﬁlg@l gitally
encoded i mag ected and. c e conveye printing device as
an el ectroni g g‘ﬁg%g mﬁe iplém%{‘gﬁ‘igﬁblr” %‘H‘Ffﬁlrod‘bgﬁ?’é‘gﬁ‘t‘?’&%é‘&@\ﬁgﬁ“@““mhe digitally
encoded i rragelummumrcebﬂtb@d:)dxydem)lgﬂ{eﬁtd)ldéslsf(l@) ﬁerl@hﬂuﬂbiy@ﬁiné}epigxﬁ&t {ibrt23 S

capabl e §)f p nting device, a

d
pi ezo printi 30 e g’g@?lc?érbg@ ef‘}#@“?ﬁ!f?%$ |Pﬁfef“r¥§° éé(ﬂ @@)’d\ﬁllld‘aﬂl H%é!‘?nop)’rﬁ it i ng

device. The Mi lmlllﬂgbld@a Semka igf RE 85, WillikRGhi tigcieHo15-§R&te 0REpAdAKio Wher ei n
if nore than nk is present in such printing device, the different

i nks are pl’Oéfg%eO&z] n separate containers or separate portions of the sane

containers,  SUCIPrel§atly %%@raﬁe@xﬂéﬁ%@%ﬁcﬁ) eaiaditheSRs &J’ m@gﬁmlﬁl‘lfﬁﬂlal%ﬂsnt er

cartridges (HP81649A) An ink preferably contalns at | east one nono
such as a hylif BEhBHA REinfegdsavise FEG. 1. Zhe@ywmbqﬁmbsmndmm&nEnnaEmmlowfaedabl y

correspond t@ar e IPMﬁ'fﬁltrg deiiad ca.h Suid G UAS L}i Ew&éﬁ'a wid HIVGI‘SI a' oq”%oll i lf'orC &Y al S0

i.nclude a variety of nmponent s riate Tt at or,
§uth as a Uhenprsiing Boesss. o*tyalcalhécrﬁumhulatmn frichudes: mbmomem (HEMA}, ipdtyrBMEYat i on

of the nono device on a polyner. An
i nk can opt Fﬁ(ﬁgﬁ,{%‘?ﬁ oK MQ%P% %915 ayrgn%r\‘% dg g&&cﬁa’&» SolYeRt ant - bact eri al
agent, an arfisppronanghpigageri, (txmldmshotxfde);ﬁﬁpﬁrsaﬁtr(payhhmammt hadecamt 29 26
April 2006 rd oncentration. for. t intended function. Preferably
i nks i ncl udgagg%tg X@ &IF =3 S monorr (mpthagrylig acidy, b‘ﬁ@ﬁ?r TN afma‘é’éarnﬁ%ﬁgeﬁﬁ ack) ,
pi gments bl aélhethyllbroléanecboi) andi a8 oxidprit (EIBMtedHy@dGuifione). | THe toaXhelR)n alRi@ent red

101(|rono rrent el | ow 2(|ron oxide), pignment while 6
(titanium di o’&%bfgvo °’5’P’§§ni‘ PrfeEd K of Mo a‘r‘iﬂ"éﬂéﬁt’kﬁl ue. 36

(chrom um  pélymérysich mbxaal 1644 Sorfaet 1Bf8N) mcIlﬁH&ﬁExE&nePHE

pht hal oxyanij nﬁé lgt nment violet 23 5 &g’ am no- t hy car bazol e-chloronil)
(U S. Pat enf*iRE™ C%WQHWPPEMﬁ {ethexys aéﬁ)«twgmerMAA(methacryhc

acid). Optionally included are at least one of the followmg. crosslinker EGDMA (ethylene

20 glycoldimethacrylate), initiator Vazo 64 (azobisiloburyronitrile), solvent isopropyl alcohol,
inhibitor MEHQ (methyletherhydroquinone) and diluent glycerine. All components are at
appropriate concentrations for their intended purpose.

@ Optionally, a printing device can include a mixture as described above without an ink
that can be dispensed along with at least one ink in a separate container such that the ink and |
25 monomer and other optional components are mixed and dispensed onto a polymer. In either
instance, the monomer in the dispensed fluid can be polymerized, thus immobilizing the ink
therein at a defined locus.
Preferably, during printing, a printing device, such as an ink jet printer, will dispense

four different main colors (Black, Magenta, Cyan and Yellow) as discrete dots that




MIlikan ink blue 92, MIlikan ink red 357, MIlikan ink black 8915-67 (see
U S. Patent No. b5,621,022). Preferably, four separate ink colors, which
can include one or nore individual inks, are used in a printing device
FIG 1. The four inks correspond to black, magenta, yellow and 10 cyan.
The printing device can m x these inks ty provide a w de di ¥§ |%§

colors for use in the printing process. A typical ink fornu PPNl udes:
mononer ( HEMAYrrespamd td cueor m()xBMqunsanoﬁ oslshésrv te pliitBphkYice thit goBsttmi#Z 1 The

t hal i t I t
(gt il ooy, Bt S G B St b BB BT v
gl ycol ), co- dlffamnmm cotdrhehar] tgltheuna@idedBumah gielgbxldrﬂ afp¥itidbe a 8d1ér or kAGA | NO

k | at ed hydroqui none). The

agent 15 (rre E}r oip ﬂedlog %‘Fand ant i - oxi

nononmer can éalt BLe epllage;of fisgrete dgts. tWSd’fha‘rfﬁfogn‘?Pd%Wé‘i"éOdemd@P‘éP'Péd m x of
MonoMer s thaﬂowmuﬂofe&hloﬂmﬂwﬂi@lﬂiﬁnda?ﬁﬂ;e)ﬁﬂ&ﬁthex%uc“ as for a clear contact

| ens, gtcl ude nononmer HEMA (hydroxyet hyl nethaeryl ate), nononer ECENA
(et hoxy hyhnet haeryl ate), nononer MAA (nethacrylic acid). Optionally

i ncl uded areSwha g@g{m@g}qnaguﬁggﬁgn;ng“ Wi-Rg: crosslinker EGDVA (ethyl ene 20
gl ycol di net hacry ate), initiator Vazo 64 (azobi sil oburyronitrile), solvent

i sopropyl al cohol, m%éﬁ%‘% HQ (met hyl et her hydr oqui none) and di | uent

gl ycerl ne Al l conpo @b appropriate concentrations for their

i nt enddd ng Optionally, a printing device can include a m xture as

descri bed a endmgtomﬂwtnualhenoﬁ&ots ttﬂt&tdeﬂs&;«axhl&imﬁn&ﬂ&ﬂ&ednaﬁdeamgmm dyBwatldl east

~one ink |n 39 nt a.l uc the ink and 25 nononer and ot her
opt i onal oneéf?ll 1s rg?tecolors ‘e ‘P@‘ ({)lgﬁbt@ff ‘onto a polyner. In either

[.nst ance, “the. mofisriek uslednntahalabllle &pam@@l sfubuus@acceasﬂaﬁprpﬁhgmrpaa @shsfek hus
i mmobi li zin therein at a cus.. Prefer any, duri ng
printing, agp‘%%g’tlls fri:éh T 45708 Such 38 pp t9¢ %69861?3'?@“‘?) isparfipllypolymeriggd; Sugh igksense

four diff er dabotmen mddaing b SardeBisatele, dobBry@spematiday BactigtiNlebWin Averdl SCrete
dots that 3Q 2 correspond to one or nore dispensation vol unes

of the printih rﬂémeﬁrémleﬁ‘éet“’&lf lgrae. “H"i“%ed d¢te In hepresyy schnejagyitheiscagtyany

conbi nat i onofthe ink@arGi16w,GRIHQE fesd Barf HoH 180 g;s;l 4380 B befhedf Luf1 GR%Sd Of
di fferent n%l n coI or that to the unai ded human eye general | y appear to be

a color or t%Y‘S"L"ﬁ&’haHsWéS‘Ieldafg@ Wend ritherroattheinhyns or uppythe what i s

formed is ae)déﬁioﬁ loi(ex@écrndl Ridey, IsGhaHs vibRltiOhal eflPlyS HENK instAcSakloRUDGH W th a

bound%’oy bet ween_ t hem
remain dlscrete, but rather blend together, such as:

SEBBEEES

25 The result being an image that is a color and pattern that is a “non-dot” color matrix that has a

highly realistic appearance to the unaided human eye.

The printing device dispenses ink or mixtures of inks onto a polymer, such as a lens,
that corresponds to the digitally encoded image. More than one digitally encoded image can
be dispensed onto a polymer. Monomer in at least one ink can be appropriately polymerized

30 such that the ink is immobilized on or within the polymer. This process can be repeated with
the same or different digitally encoded image in the same or different orientation.
In the alternative, the digitally encoded image can be printed on a pad transfer printing

device where it is optiqnally polymerized. The printed image can then be transferred to a




5 10 Such a pattern under magnification may appear as: 000000000 00000000
0000000000 Dependi ng on the nunber of dots, their density and distribution
t he unai ded human eye would perceive different colors, intensity, hue and
bri ghtness. The ink used in avail able technol ogy, such as pad transfer
printing and pad transfer devices, is Isighly viscous, such ﬁg_ug¥h§ 40, 000
cps and is partially polynmerized. Such inks 15 go not run &4R4PE a

| ar ge di scr ePRYB# sughasdi copleet deusivsing afBenphiatp padritansfer printing desicessuch ad @itey

unnat ural appRILANELE nd he | arge, unm xed dots. In the present
t echnol ogy, the vi scos%ﬁfléb{' the ink can be low, such as |ess than about

100 cps, and can be between about 1 cps and about 10cps. This | ow

vi scosity al jows to bl end ither on their own, or upon the
exertion of ielgt er“rrllélﬁmﬂ %&M@'ﬁ‘”ﬁdiﬁ”ﬁ?ffwﬁP&i‘Wﬁ%{Wﬁ@%WWE hi s instance,
the dots do not ZWe preseni ilveatiGCin€lhds a bidthod sfringh aRdlclop GehtRture ACh as: 25
The result bﬁiln% aH. i r@%e that is a color and pattern that is a "non-dot"
col or matri x"Ehat 2 AL n?ﬂdﬁ‘ﬂwg?%‘élaipglﬂnéf’ wpldiag s sters of prindngedigitdbd  human
eye. The prientidedingt@ybic £odhipoRaas@sphs IyRer L BimfB alt @ a polyner,
such as a Ien§ t hat corresponds tpo Jtf%fi(;lgod)i%gi’t ally e go e oﬁ%ge. More than
one digital I%?’@W&oded I mge can be dispensed onto a polyner. Mnoner in at

east one ink cam tieaRRRLOME pRIA hvaby IRIIASH 0ol fhagkMAbinklifn k0K 18

i rmobi lized opn or w ol yner. .T_ S process can ne repea?ed W th
the sanme or PAPPFihadpesapyformp feps esineadoidtingrzgiee. | Thetpobmsawith te digitdlfyer ent

ori ent abi on.endoBedif@ ' t L Ol t .encoded i can _be printed
& a pad tr(j:]?ls(?feerl p%?%l%ll?élgﬁ%%aéﬁfocael%g#%ﬁ Q?ngoén%% F‘g‘r’mafﬁ‘%ﬁgg‘?ffﬁﬁ?ﬂqez ed. The

arynted i rraé"é’“&aéiﬁ‘%tch%ﬁmﬂxﬁn& mimszfsgimg@d corobinatisd thiefeofpr i | 2006 pol ymer, such
They are known | ot el AR Bl BR . BRE iR A oReeefpve A
DI G TALLY ENdepedintomess usinglappropriate fabrication methods, including, for example, stamping,

grinding or trimming (see the FIG. 5). The lens can also be made using cast-molding and

15 spin casting (see, for example, FIG. 6, FIG. 7A and FIG. 7B).
FIG. 7B depicts one preferred aspect of the present invention. A lens structure is

made using, for example, spin casting. Etching, burning or cutting processes, such as

methods using chemical, mechanical or laser methods, are used to create well(s) or

indentations. These wells or indentations preferably are aligned at a locus that correspond to

20 the iris of an eye. A digitally encoded image is printed on the lens, preferably at the location
of the wells or indentations. The ink can optionally be polymerized or partially polymerized

when monomers are present in the ink. A layer of polymer is then created on top of this

structure to form a lens structure. Any appropriate polymerization of the structure thus
formed or portions thereof can be accomplished using appropriate methods.

25 In one instance, a digitally encoded image can be printed onto the surface of a spin
casting device, where the printed digitally encoded image can be optionally polymerized or
partially polymerized. A solution including at least one monomer that can be polymerized to
form a lens, such as a contact lens, can be dispensed on the printed digitally encoded image

and spin cast to form a lens. Preferably, the ink(s) used to print the digitally encoded image




The present invention includes a nethod of nmaking an article of manufacture
that 5 includes a digitally encoded i mage and a pol yner, including the
steps of printing a digitally encoded inmage on a conposition conprising a
polyner, and formng a lens fromsaid polyner. In this aspect of the
present invention, the digitally encoded2 nage is printed 096% 1p@h

t hat does not, for a lens using a printing device. The pol ynhe Py the
digitally 10nHKEeBEaMS Rengaer(® usqddmmekertheldns; bt diatneedna blﬂlemgsean appropri ate
met hod, suchpagerag‘l khe [gﬁ n casti.ng or a
conbi nati on ther eo}? \?\hﬁgtg@hl allﬁr%ﬁc@h@?&h@ﬂsne ?% L%mg%’%@&?dyfnﬁ% Sol ymer
with the di g@%‘h‘}OPS?Ct%‘(Y’(ﬂd@@Isqlmmcluximgﬁﬁeasmilemonoma (brefemblyshergmeppr opri at e

e ng (Senepiad iredif'be MR T B XA G 5o AR 3% e HEDDEEBTMOI i ng and
15 spin cast breges sumwletddoidn hatoway) aself-BilligsioSbonl o polyinapdlyefbond Bytwednlths 7B
g usi g, Prhdil 8RRERIm e (Ve BEER ng burning or cutting
pr ocessgst such dlsanothetlhﬂdﬁ:ewﬂirﬂgolﬁthﬂrﬂtldhﬂingam_lé_ﬁslﬂ&ﬂ:ilﬁﬁilo?@fcah@§e:j rr;st?ods
are used to ¢r i ons ese wel |'s or indentations
preferably a‘?e}%ﬂl d’n"éaa‘é? ya”oyH’(?{]%eg g?f’“&!ﬁ“f’é%&ﬁélc‘?flﬁa%@n%ﬁ’easﬂ’m%ﬁof an eye.
Adigitally cbmm@d&dxgitﬂﬁ@ﬁcddéd a8 Be Pintdd tﬁ@&ﬁose@ﬁtﬁf‘a@é ﬁ%é'lerﬁtusﬁagﬁ

i pdentations. The ink can optional

| ocation of tp (¥ve l1ls 0{1
pol yrer i zed FEPURRGeYics id hepsiniaddigitalyencogad inagp prsieaally palven ep?@s érﬂecqnﬁ t he ink.

A | ayerloof  pousmhcthding st cheAbR AR thal ARbOfolfrllred & WGl BfsCubad L1 M 8 | €N
$trUCt ure. épéﬁclippr opri ate }/merl zation he structure ?'I afor nmed or

Eagxtu ons th i Riced pn-i9R %Pref&edu%m@ygpw%p}nmwdmpmwsto fomd n one
instance, alékgihicdkéond SSIRAGHABAIE tl@%%npé%hf%h H9 680 téHePr%ﬁgaE tﬁe Of a

spin casting device, where the print Itally enco i mage
optional ly %6‘1 t s9hetion sratighly peJumerized prior Mhsymmaeﬁhe digitadly ehdoded lmagd,udl ng at

| east one mungERkhdJigled Ql%ﬂalgpegpéﬁley {i’iﬁagé ﬂl?@%egs ?hda nfao%)lmltera?fj ﬂg n%?,@g@é%{’ a@gg e and

contact | ens, can be di spense
spin chst t SfTcEFes aptiogaily, POBn@ﬁmdabbgrtlallyipelymnm(eﬂ) Thssecbm@omﬁomemhmy

digitally e 6 [ a s) used
to make t heﬂllggﬁésg%éblﬂ?gtghﬁ%tﬁeeﬁe@%o%{mbaélg?rﬁé“@éé’%éa% BP%“B? g’%it‘%ﬁ?' ({)I‘I nt ed
digitally elrln,ﬂeeleltteﬂenhlg,ethe Srstotutipn ltyerpeinied aiiltﬂry epegded mhdgy arﬂﬂhcwéwﬂdz ed and

gg_maa(:t ed V\Aoli\ﬁoxtx &?msa%lmlﬁtahy pol)lfnrlle(%llzéJ strugur%t and %espE)lyx%ggzartEBQ ?sr{l?gn cgr?lglgtfe((ia rpbly the

that way a polymer-polymer bond form between the polymerized first solution and the
20 polymerized printed digitally encoded image or between the polymerized printed digitally
encoded image and the polymerized second solution. Preferably, such polymer-polymer bond
forms between the polymerized first solution, the polymerized printed digitally encoded
@ image and the polymerized second solution.
In another instance, the present invention includes a polymeric surface that includes
25 indentation structures, such as but not limited to grooves or wells that can be formed in the
polymeric surface by a variety of methods, including casting and etching, cutting, drilling or
burning, such as by laser etching, physical etching or chemical etching (see, for example,
FIG. 8A and FIG. 8B). Preferably, the indentation structures are made using appropriate

laser etching technologies, such as those made by Lumonics Inc.




mononmer used in the ink(s)). The lens is forned by spin-casting, and the
pol yneri zation process conpleted. In that way, a self-adhesion bond or a
pol ymer - pol yner bond between the 5 printed digitally encoded i nage and the
lens is made. I n another instance, a first solution including at |east one
nononmer can be polynerized or partiallspol ymerized to for? % such
as a contact lens, in a spin cast device. Adigitally enco 84r fﬁ&ég can be
printed on the ex%sléiﬂmgtwmsmamxfcanb@rbmw atisiy igpusbat apyr dppiopfige deavityc® and t he

printed digitald tiona ri zed second. 10
sol ution incl udltérglé)ﬁgttﬁg R]eas rrg‘%%ce H ST tj?‘%%{g%ﬁé?r‘gaﬂémﬁ)so‘f’]iﬁ%‘?‘g‘?@@t?’boﬁ orma
| ens, such apriming séageet suckmoyheresa d@kli:weﬁlsn&ﬂc &R0t i HestrbBfoPEdnfcBiehsed. gi t al 1y

encoded i mag . The second sol ution
preferably |§0 tgﬂ SlW%ﬂg me’lnﬁf "8?1‘5"5%‘3 gésfr?l?]%‘fan B Piavides subgsantiplly withopt ¢ he
first sol utiswh mﬂeqwbm Stallciuyes Rueh YHAeprintig gl cddmbl PhrtiularkyiGedtéd R lbtGreQEd b he
digitall 5y en%odeg e wherein the printed digitally encoded i nage

i ncl udes t he" B oiFeTon f the first solution. This 15 structure is optionally

pol yneri zed or pahé inddntaiod QYRS k& of & hereﬁt%fzemdmb %19% r@ré *21519b' y
i ncl udes the rmng,rrer of the first solution and t to make t he

digitally ed€Btes smleysh tapong afowior panytdreplets @fsnkmbadquntedmn@slphl nt ed
digitall
igitally engRegson sﬂﬁa&eﬁ&ﬁfgfaﬁﬁ%&ﬁ&%@ﬁu zgsﬂétﬁl}d's dect'%s & B?%:?atng% MG

pol ymeri zed structure tron 1st
way a pol ym?? %'B@S?Pr’é,ronbéhﬁfef‘/@if the banemobon ot dlﬁerpnlcylmmaml&acﬂeﬁosltsd inslgd uti on and

the 201pol ysRENERA sﬁl&at&&s g?@e%ge@# e&%&%%ﬁnoﬁméegg%t mtggggeg%econ g

| ymeri zed printed dig enco I rage an
Z& ution. PpetidiydBiegor fsl!bcﬁ\llep Hith mdcrdupog prireing prooetses f rfltlféandbﬁtaviaﬁﬂruttbles

pol ymeri zed kit lgbid i e merized printe |taII encoded
| mage and tﬁ%og% ﬁ)}%rﬂ?&z]etggs%%’:g% o%/moﬁﬁ?xcfﬁuﬁ(nﬁ% ésrf ﬁ§m‘}clel° HWige present

i nvention i mﬂwd@smaclmomymhas:pcmulm‘a@d)efﬁh@a;tginﬂﬁgudes 25 indentation
structures, such ooves aor wells. that can be forned

not
in the polyneri CQE ulim b"{ﬁrfé %i’?‘ftQ @ g’FS%‘E‘H?S‘H%n theiplt ingludey ablsast 91§g and
et chi nig, cumqumnglzabdkmbﬂomgtharcan Mdlb*nﬁlﬁlzecﬁdﬁ%hdlé})‘énéab{od ap@E iAo, phyS| cal
etching or m caI é{cg for exanmple, A FIG 8A and FIG 8B).
Pr ef er abl y, A8 8?1&@?&5 8&“ iy theradditiopal mgtrsal ich gs monamspritaee | aser
et chi ng teamnmhngkaabeaupéms@%nm@&mﬁMEApﬂl I RBEGSo i presant idfanddl 11 2006

The i ndent tructur can be provided at any |ocus ‘at any appropriate
density of aff’%%@‘ﬁﬁé’f"ﬁ?ﬂ‘a% F EROiG§ o8 whestang hevy tliedeleor ningpmerrean be pelamenised; | ocat ed
in areas Wrer exappRMRdheprefeReddspect of the present invention, the ink is dispensed into

20 indentation structures such that the indentation structures are not filled. The ink is then

optipnally polymerized, and additional monomer is dispensed on the polymer to fill or
overfill the indentation structures. The monomer is then polymerized, and the polymer is
ready for final processing, if any.
Preferably, the indentation structures facilitate holding the dispensed ink in a location
25 such that a digitally encoded image is localized and held in place. This aspect of the present
invention is most appropriate for inks that are of relatively low viscosity such that the ink
does not run due to the curvatures of printed surfaces, such as are present in lenses.
In one preferred aspect of the present invention, droplets of ink that include a

monomer are deposited on a surface, such as a polymer, that includes indentation structures.




printing is targeted, such as where a desired cosnetic effect is desired
for contact |enses. Locations where printing is not desired or desirable
can be provided substantially wi thout, such indentation structures such
that printing can be particularly directed or not directed to 5 chosen

| ocations. The indentation structures ca¥# be of different si %%ﬁ g shapes,
but are preferably relatively small such that one, a few o Hff% ?opl ets
of ink can b&"geBF dwaleisef te samstor differbatrolor pig denopitedan sckidergatiog appropri at e
printing net Q@@ﬁlr&rsuﬂfﬁ’{ét 88Rreh ?ﬁ)bmﬁﬂ?cfns HEPJ 81rorh: %te ??) d s fcer ably, one or
a few of the sane color or different co ors can depoe '8a ethe 10

i ndent ati on i‘ic?lﬁé‘ilﬂroégmm%emd@ta@petmctum% the present i nvention, the

i ndentation strug L Lall or full W th ink
during printing pr oc%%g%é&t?ﬁﬁ{%gsefltn veen“a i %nssuf}fa(f@t'%?i%&r tﬁ‘flensoqfer filled,
t hen ‘st eps ch&’ilf%fei Ictaksech 5@ pamaklwlerdmadesﬁlllyhydxataﬂah @A be Motint&) praftaBly

blottin Chl 0 n buf fing or grinding.

In a pa?j'ytl cu eréféd prenfaserrelaa B‘gcgfee ?W@plgﬁé‘éﬂ Srdieiatseh, Wales en prir

i ncl udes' attht Eassdanoamnall;aaepahmrsu@}@bbebmmﬂg)rmhy&g@g lefs®an Qﬁ,oggiymrl zed
after dlspegbad%:ﬁg};fl d the indentation structures are not filled with such
ink, then additi0HS ‘Wﬁlf #y'p pyrtial op bstantial dehysiration, fyapprepriatagethrds such gk can be

di spensed ortiyair} ieet qpabiiRgatioNSTHe lerRlchEbe p%%@sxttﬁnéafusﬁxg%pp%;ﬁﬁ?c%etﬂoﬁé’ ention,
the skilled artlﬁpn geg%g) t he choice of when and how the 1 nk or npbnomer can

be pol ymeri Z8g12s fbhegen.; retsrably bpismrtipnatly thedprsdnclusies infentatipr s ent
i nventilon, tshectirtdsutibas@hsPERSRAI h&Htin. ?ﬂs bﬂae’e%%ﬁtdbﬁ& zﬁlwv%:llthg S t hat

t he |ndentat|fon Sstructures are not fil . The ink 1s then optionally

bol yneri zed? WH&HWF?SF%H’&m?ﬁ???@ﬁ'@rﬂ?@“@@p@bs@hﬁm the polyner to f| Il or
overfill the | NOEHtRdskf MhveitdoH Gls! ed, and
the pol yner reféys for flona B@%ggggﬁenﬁga%?@&r%&%ﬁ?eranﬁ%ﬁ %hg

i ndent at i on‘@f“ﬂ%ﬁ?t%‘@gy engedediimegeantopalime, intteding th@m:m@dpmmingamg&allyocat i on
25 such t hatn@dddii@hiednl| gcal i zed and held | ace. This
aspect of t he preseént a%ﬂ@@n?ggglolg §s¥]%%sﬁﬁl}eonbolmgfep??S'Pel?zi‘ﬂgssa'fqﬁg hre of
relati¥®ely wamﬁglfqrylastee%ouémﬂmm@nd fdnnmgem:s froin said @t léaseorte(potyhner

curvatures of p uch resent n one
preferred as pectlihg})%gﬂé%%ngg'gﬁ]pul AVERt °8 N, £ B‘B%T“e*}'%d%&‘?"r‘i‘ligﬁﬂﬁtthait ncl ude a
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I ndentatio Nat $edafefid JE’”s?surfac?’ef1 trgn6sfe rll’gl slaldzlr(r)lggGe to at least one second surface comprising a

monomer or a polymer, and forming a lens from said second surface.

20
IV DIGITAL IMAGES
The present invention includes an article of manufacture, including: at least one
information storage medium, and at least one digital image, wherein the at least one digital
image comprises at least a portion of an image, such as, but not limited to, the iris of an eye.
25 The information storage medium can be any appropriate electronic storage medium and is

preferably in a machine readable format and preferably associated with a central processing
unitT A plurality of digital images can be stored in a database.
The invention is drawn not only to digitally encoded images, but also to the digitally

encoded images when provided in a format, such as data, such as data in a patentable format.

P _ _



One or nore droplets of the sane or different color are deposited in such

i ndentation structures such that different conbinations of colors, chrom,
i'ntensity and hues can be |localized in one or nore indentation structures.
I n anot her aspect of the present invention, a lons such as a non-hydrated

|l ens or hydrated | ens, such as a partiasly hydrated or fuIEg hMH¥B§Ed
| ens, can be nounted, preferably 5 centered, and masked on A? Xture (see,
for exanpl e FEhe, fot eRamplghthn piesedt iavention enadmyrassena formdt suchhea inechineaeudatdpt i onal |y

be renoved, bl otting, A hydrat. | ens ,can opt.ionally then be
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met hods suchddegmirey omisolatedieadrding todknireseftigahtionn. The | ens can be printed or
tinted using apprQpri at t hods . such as.those descri bed herein.
Preferably but o&?’?%xﬁgf’ﬁytgg?’ﬁ@%f"éﬁgm S dpa ey '%étni’réi{efaBH PEQYIEd {ifct ur es such

as those desmeditvadf xpresdich sudHdsriftedm e em RefodRY ne@um! hidedGhediddg aut omati on
of pri nté' ng processe and [ranuf acture processes described herein. The

present 7 nvert 56T & PEFIFROIIEEST ePPARRAE Qubres Riglolifip pelimers-t Sush datpgan be

manuf act ure grbdded dnReinileBedurtlbixhristof o8 REREEndeMBAR 1A hafuRAUY, Wodlvas

i ncl udi ng the.i;eps of printing a digitally "encoded inmage on a conposition

conpri si ng 4§18 orgprmoRnehényer be ivyidedes part of g maghiee, such pemeompusr, §kisnononer

to form at |aas ; i i st one
tprd2BRinP O} ¥ Bfocesgnt @4tasG a@%{ﬁnﬁr@%@%ﬂ g aaﬂroérﬁfi‘

pol ymer. The present invention includes a ng an article of
manuf act ur e TR calsoba exovidedissgt least 1 parbofecidiebest.nBugh datridscecap bt praeided

| ol uditng, ¢ eastrGR, Mol 0 Lholt P BadclTBOGE Blparihist BT, 805alkl LBl SUT face,
transferring said i mage to at [east one second surface corfprisi’ng a
fmhomer or aclprioy pidata, fomg of datneragangemen of datotntisakilled stimndSwhrdhade. 20 |V
DI G TAL | MAGERT; e i I i.n e article of nuf act ur e,

i ncl udi ng: at Il’eﬂgg%x%jﬁ%’ B% %d{@ﬁnl%#‘gﬁn% gért%éﬁg%dsbﬁ% pﬁ?ﬁemé'hvgmén qglg%l?‘%%ne

di gi tal i nagwmuenshep édentifymevehteqhamast one digital - i nage conprises at |east a
portion of an i e as ut. not limted to, the.iris of an eye. 25
The information $ odfc’%eég&lr?rheedfl Yfﬁ’&%‘a{ﬁa gaéa%rﬁﬁesﬂ%ﬁ‘yﬁtﬁlpiﬁgﬁé’”% @&S%Sﬁ’ing %t or age
medi umliand lesst appribepidataprovided byrte biesent vaddiph) Thd datapascesing spteaf or abl y
associ ated W a _centr rocessin it..Aplurality of djgital_imges
can be storyé\%hl}fﬁorgva%ﬁtt% & Psef’hfér‘ixﬁ‘s%lﬁ’t%f}’osﬁc’qng’ ‘“}éﬁ‘gﬁ/ﬁrﬂ@% %T"S‘if‘g‘ﬁa’&iﬁftal ly
encoded i magesiplepditabadeormniag ahder @iegiitgublydatapa66d04d viridgSeriwhigRugy Qvi ded in

a format, sucfh as, data, such as._data in a patentable fornat.
colors, patterns, sources and the like. Such a data processing system can include two or more

of the following elements in any combination:

20 L A computer processing system, such as a central processing unit (CPU). A
storage medium or means for storing data, including at least a portion of the data of the
present invention or at least a portion of compared data, such as a medium of expression,

@ such as a magnetic medium or polymeric medium;
1L A processing program or means for sorting or arranging data, including at least
25 a portion of the data of the present invention, preferably in a database format, such as a
database program or an appropriate portion thereof such as they are known in the art (for
example EXCEL or QUATROPRO);

I A processing program or means for comparing data, including at least a




35 26 April 2006 Thus, for exanple, the present invention enconpasses a
format such as a nachine-readable format conprising data such as one or
nore digitally encoded i nages of interest as determ ned or isolated
according to the present invention. For exanple, the invention includes
data in any format, preferably provided 36n a nedi um of expression such as
printed nedium. perforated nedium nagnetic nmedium 5 hol ogrzéﬁ’ﬁ‘éﬂ,zoﬁ?asti Ccs,
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nown seque to.identi novel sequences. One aspect o e invention
is a data pr%gag)ggﬁeﬁbng§§s§% rsr%/cihc?F g ﬁsrq‘%ﬁesarﬁﬂ“'é‘goé@f 7 Reytian thergof of eoaapared
portion of ditaorppartioiheredsy suches difae&eﬂifandgé}ﬂ&@%ﬂogﬁms PRoddtReRmgCcessi ng
systemis §Oef for a vari et(}/ of purposes or exanple, for Storing,

|
sorting or ArTany HGPEORTAlGRATUOns therepips they arg kpgven indagr asbee format, and for
sel ectilg such d¥la has@EbudPrograi@r Bin¥ tfutgal datL Ellch as SHE O tRSpresE! OF S

pat t erns, SQUI ces and the |ike. Such a data processing system can include

tww or nor e SHHPPE2 PYFPRL eSS ok epRarrd datp ar aueptiandhaseafan 2 format 2@ful fo 9k conput er
processi ng sydiiserbuck eEdh@dSandr GRMer &ka 15 ' It [ age
medi um or means for storing, (r:Iat a, | naclf?u%%g%§%s?&?’ggéshtasggg%%??@ﬁg%%%t he data
of the preSEFRTE AL EFiPEITCHNg REOLAEE OF apRropusie partionsitharenfpatheardlatosn isuch as a

medi um of exREAS St Tormal j ium.or pol yneric medium |1.
pr ocesg’zng pr ogram or rregﬁgu_lﬁgﬁé?sng?ltg?%db%r%%?%ﬁ&?tﬁgf&ﬁ%/lﬁfmxaﬁBﬁO%"lt%g at
| east 5 alP8r Wiy bn anpeoptiate Iangiage dreoderie seapprdpnvie micdinm of pxedseibabl y i n a
dat abase format, such as a database program or an appropriate portion

t hereof such as they are known in the art (for exanple EXCEL or
QUATROPRO) ; V1 | | SYATEMSocessi ng program or means for conparing data,
including at |eggt

C

pisent invention also includes a system, including: an article of manufacture of
the present invention and a printing device. The article of manufacture includes at least one
20 digitally encoded image, preferably in the form of a database within a central processing unit.
The central processing unit preferably is linked to a printing device that includes appropriate
. software and hardware to direct the printing device to print a digitally encoded image, such as
@ during the operation of a method of the present invention. The system can include additional
components, such as devices for the manufacture of lens structures of the present inventioﬁ.
25 For example, the system of the present invention can include a lens manufacturing device,
such as a spin casting device or a pad transfer device. Preferably, the central processing unit
includes hardware and software that allows the central processing unit to direct the

manufacture of a lens using at least one method of the present invention.




36 26 April 2006 portion of the data of the present invention, which can
result in conpared data, such as digital inmge conparing prograns or an
appropriate portion thereof-, TV, A processing programor neans for

anal yzing at |east a portion of the data of the present invention,
conpared data, or a portion thereof, pag¥icularly statisti c% ang%(igfsi S,
such as prograns for analyzing digitally encoded i mages usi @ cal
anal ysi s pr ogr ang‘sgprderiedagbodmen af theyggesentogreatins, osysem o fHpeddnt AV@tpOr t i on

t hereof as tpReNyRL Gk tn.the art: V. A formatting processing program or
nmeans that can ?c_)r rré; E@%@t 5u ngfi?’ét:‘hmtoﬂtéoné&%‘flgg%fﬁ%@%gﬁg ﬁg’“%‘vgfté%°?§’ﬁch as
data of the prssiarventianyehdéiotheartick opmirtufonrd Jfdieqddse inveRiRAIEE locdREa Oor a
portion thereo ch _as .dat apbase nmanagenment pr.ograns or word- processing
progr ans, or&’a%%??%g‘?ﬁsé%%dﬁe B‘i‘f%esil%i”gé?p%‘gﬂ’é eriponkthedifst i@ ne art; or
10 VI. An ouprpasssingrioiy sisiis ke RatRSrekn@inde bt syddknd The WelknreiaiRindihadshe
present . i nvent rtion thereof or conpared data or a portion

.oNn, or a po : ; f I
t her eof _5i n aal?ng"%dtev'ﬁ%@f‘gfc £ herpin rkgovypsia the ag g ispapaylersf paiting pt leaot her dat a
processi ng sonstigial ifdge bf BE pRanfRAREolTARE SRR Prefeldbl) HcRIAEs LknsVWOT d- processi ng
prograns or aaﬁgéotﬁ%late portions thereof "as they are known in the art.
Such f or mat SPAIRBIRREdgvich, Suchd@s disni-cagtalavipror appd ignsfeodevicst b thasregartl, they any
appropr i at e sjstenf ¢71tH8 pré&sbit nvastidn Incl e SRDERREJ HRAR, Yhwaldgs i N an
appropriate nedi um of expr eséino?l. \e/ S@STENé%%ﬁth%;}gsent ’?Onventqll?%n al so
i ncl udes a <SP8%SHSed tp pragiifie aamethod ofithe predent inventiem Hreferably.ghadysterh lse  Pr esent
i nvent 1@n aggtodated b hitS [HE\ The .arti facture.i ncludes at
|l.east one 20 digi tual |y enc\oéhxg%hlan%g%@f%dra g‘%%rd g%ﬁ ﬁﬁ%ﬁmfalﬁ%m?egsrmrﬁugft a dat abase
Wit hin a cefirsciangeagedinatss the manifacturFlobat deasttonalenpbyothesaiainderwhit elpmeafter abl y i s
| i nked to apfihd HkA%.dex includes appropriate software and
hardware to di rsgct the %rﬂ?eﬁﬁﬂf"ﬁgé %f(‘a'{??%né % %nsrﬂl%gwggtﬁre%f’vdfet al |y encoded i mage,
such as during the operation of a method of the present invention. The
system can pcl i ompanent such as devices for the
manuf act ure of :égﬁgag'?lr#(?%%%g@?g‘%’rgmﬂ)“ﬁz%nt i nvention. 25 For exanpl e,

the syl$tem of t Rbe msste'n%nﬁﬂvﬂmih@ﬁﬂe@zﬁébnipﬁﬁii&iﬁﬁ”rﬁattle@Hﬁluﬂﬁ% w1t oAk NY
evli ce.

device, s S spi n..casting device or a pad transfer_,
Pr ef er abl yq&? ﬁjge ’ ?:'%r‘li?' ¥ gfmfcj‘F’d’d%g‘g‘f’ AGeRRdye oridizze dyfe oL bR soTaRASitian efepttstAlsonar e
that al | owsndlitles atéaattiont ofd ifids ThadSmb Pdlyme?, HoBAYmbMReterdfoRepCct Ure of a

| ens using at .|l east one nethod of the present 1nvention.
copolymer, and mitiator, UV initiator, therm initiator, solvent, dispersant, anti-bacterial

agent, anti-microbial agent, anti-fungal agent, disinfectant, thickener, humectant, non-
20 kogating agent, anti-corrosion agent, antiseptic agent or non-oxidizing agent. The indicated

agents can be provided in any-combination and at concentrations or amounts appropriate for
the indicated function.

@ The compositions of matter of the present invention do not include the inks set forth
in United States Patent No. 4,303,9214 to Young, issued December 1, 1981. In particular, the
25 - composition of matter of the present invention are preferably water resistant afier
polymerization such that pigments in the ink substantially stay where they have been
deposited by printing processes. In addition, the compositions of matter of the present
invention are preferably swellable after polymerization, particularly in solvents, preferably

water. In addition, the inks of the present invention, are preferably capable of chemically




37 26 April 2006 As a preferred enbodi nent of the present invention, a
system of the present invention includes a first central processing unit
that optionally includes an article of manufacture of the present
invention, wherein the article of manufacture of the present invention can
be |l ocated on at |east one second centrsgl processing unit sgﬁo rgtzﬁ(?# n

di stance fromthe first central processing unit and is |inked !~ e

remai nder of benskngsyressdinkingdretisyasaindigatitrpalymgrsionmbutthess & the pifactitieing devi ce

as descri bed i . in.the art. that is.capable of printing at

east  one. APLEE T SR Br bl e dhtimenlin T oA Reutris B b et or abl y

i ncludes a | pelgmerizatwitlacpalynien gr enoh@eon thesuffa@deing pited. cast device or a pad

transfer device. .lLn that.regard, the system of tfge,pre_se,nt i nvention

i ncl udes di spensat’’ SHRRYC ‘?fﬁﬁé‘frprﬁéfftﬂ’é’i‘t@}’ caerPfRyided Frprintipg deviressuehssd to

practice a natinoft mintihhecvies,a9@iRb phm@abViRNs hEnRl Snakl &evic%,rkﬁlas%}’?ﬁrﬁﬂ%' s 10

aut omat such. t hat g us?r can select a digital image and the Tirst central

processing uffivi® Okft B8 Fpsien pntiig §penat es t he nanufacture of at |east one

| ens by the remainder of the elenents of the system such as the printing

device and a_l ens manufacture device. VI COWOSI TI ONS OF MATTER | NCLUDI NG

INK 15 The pYdseRIETHADORDPBIG BUSEHSS ncl udes a conposition of matter,

neluding at | eashe 98nt ibdftiondk inckfdks dhEhodRPhlibhRine] AEhs mEGARLT Ve Ve
also | Gaes’ B 1 eas n

or diazo dye. The conposition of matter S e of a

bi nder, mond¥ebtaining adigitel imagmfimo k person, datebse (wplodsyardetabase obthopreseer ,  and

initiater, Wehdlnd 359 o0 L ] r...sol vent dispersant
ti-bacteri aIe é%ent ,ée’aarr]x{l Fﬁ&lﬂgf%%?ﬁ# Al%%ﬁfo, m%ﬁtaﬁfa ?Sh%lﬁae{? Sé’é%ﬁ%", of

i 8i nf ect antensesitiag lneludas thetprinted tiiits] imagen PRE:rdbbyg the leng orlemsas are malld usih@lr 0Si on

agent, anti $eabi nen- gxi.di zi n ent. The indi cated, agents can
be provided in agg/tﬁggrgn%flﬁfé‘fef@%n‘ %ﬁg%@orggﬂggﬁof Spres AT vy er&ﬁﬁﬁﬁflesusg‘ﬁﬁr opriate
for the i néysteaxdthefpmesent inventiomhe conpositions of matter of the present

i nventi on do notmlthrlacl %?otl he i nks set fort in United States Pa}ent No.

h
4,303, 9214 to Young, “PEEQEIF Il yEptiop, 2 qugigmer selets an mage fhat herppyld o5

conposli i onlilofas part dfarlenst Théitape emdBany itdgy) buich Bs Pfakicifl BiaRE 8P4ny typaiseéh

resi st ant a%tn%(,el ol mariﬁglti on. suc(ﬂtat at pignents in_the ink substantially
stay where tHey  RAVEDEEHINERYES pFdete BiF Qe eden drapts gbushamality jmpeg et i on,

t he conposi irisanch ffrofied Hutdan 6if anihf. PREKALY can bOYeRBicH BOmA dtaBiLf fiaRklY

swel | able a r l,. rization, particularly in solvents, preferabl
Ja&a%ase%?dlg{tﬁ images. Alternatively, the custome){' can identify and selectem image ﬁomy

a variety of sources, such as a collection of photographs of people or animals. Such
20 collections can be in an appropriate storage medium, such as an electronic database or a
collection or compilation of photographs or pictures. Alternatively, the customer can provide

a selected image for use in the present method. A selected non-digital image can be

transformed into a digital image using appropriate scanning technologies as they are known in
the art. Such scanned images can become part of a database of the present invention. The
25 selection process can take place at virtually any location, such as at a vendor’s or
manufacture’s physical location or via computer, such as via the Internet.
The digital image selected by the customer can then be conveyed to the vendor’s or
manufacture’s physical location via an appropriate method, such as through personal

communication, phone communication, communication through printed materials such as




water. In addition, the inks of the present invention, are preferably
capabl e of chemcally 38 26 April 2006 bonding, cross-linking or otherw se
bi nding with polymers or nononers on the surface being printed. For
exanple, the ink of the present invention can include nononers that can be
polymerized with a polymer or nonomer omghe surface being p |ntﬁgo The
conposition of the present invention can be provided in a pr Bevi ce,
such as an ionder fomns throbgit thewgait) ev ihomgh elequiogiz megin,isndh a8 thre\@itiedntemet er mal
printing devig nti.ng 5 devi.ce qQr d transfer rlntlng

devi ce. VI w%@%m@ ?ﬁ%@alﬁﬁgl T%lﬁ%@pﬁ“r‘?gatﬁfog? guglmséﬁ‘?gecﬁﬁ‘aléﬁ‘ ¥4 ncl udes a
met hod of doicogparing safiees, foi purteielihng chidfa shdEiREnsitef TihakdYaR thedbdli gi tal i mage
froma perso 0at a(E is &f‘ h as a database of the present 10 invention) or
i mage and pr TRGeELog s ?j e Dy ARyItipgdeyisk snch thay té%lgqag@ﬁéenr@hged@ﬁ 3 pair

of lenses th@lbrs hﬁmﬂaudﬁ&ﬁttwprmflhgu@@e ATRH veAdor hdBBEthe Raflsta@bbine &g | ens or
| enses aﬁr %%de A &éa met hod_of the present invention. Furthernore, the
ens &% B

| ens or frapufpatre pithy the megepsgryanforiptons Aych s thi digialdmaget The

invention. | ferdbda8d AsR@cturd bard fe8hd¥akis 6P o ts an
i mage that s/ r?e woul d 15 |rl ke as part%o(‘hfﬂerl@ﬁ{gajsdn Ebmé)%}(;mh an %glbg&

i mage, such W& saneor dikferep physisahlocasion a e manyGoturerhen maslfamnvfé* thy lennwrges
i ncludi ng swehdeSaraelivef2ehe maﬁlﬁfactgfed%s bﬁ?x@@aﬁh BRledddr & cmtgtgerq)g%*x ity image of

an iris, such as froma human or ani ma e i nage can ected from a
dat abase, sURSHePEBleancting such aseheel, cashysireditior pradiyesl. ”Dhb verdnadrimaaifcturehe

cust omap Carredesl@Bhynieht A1 gct an image from a variety of sources, such
s.a collection %f}lng)hoto gﬁhs of people or aninmals. Such 20 coll ections

be in an appdbpdigitat inage @néggnmtstibxmpnnsn@devmsfoalnwmbaeﬁdﬂmﬂlocmdat abase or
a collecti &t hot agr.ap ictures. Alter tlvely, t he
cust oner cag’%& O\I/Iﬁgrmhg%sdé?g’e Em’nwanglg }FC?P‘ ﬁg’{f ?er’felf’ﬁeé“%r‘é %lfftm thod. A
sel ected nom’IQ!lllglOtlafalenmg@tltmhrﬂyla(eontadt wﬁsfoﬁﬂlaﬁxésdlﬂ'hﬁ:nﬁoxdlI!}bﬁeﬂbly,l drage using
appropriate chnol ogi es as the kno in art. Such
scanned i nma ggﬁ%%ﬂgeet&&r‘%gpzﬁﬁ?tqea(ﬁtftwﬁ °8‘8{Sa%é elB‘FecL" ?%F&?@ﬁﬁ%“f RlEHSi on. The
25 sel brti omsqdr Gbiespea aftht pleenphogtionprefiablywdlidey a 8RMn] Feipr&ent Such as at a
vendor's or. nufacture's physical |ocation or via conputer, such as via

the Inter nefnve % di gital image sel ected by the custonmer can then be
conveyed to the vendor's or manufacture's physical |ocation via an
appropriate nethod, such as through personal
Pprop , g E&AMPLES

20 EXAMPLE 1: PREPARATION OF INKS

This example provides ink compositions used to make lenses that include a digitally
, encoded image. Four ink preparations are preferred for use in printing devices, although
@ more or less can be used.

The ink preparations include a base ink formulation that inciude the following:

25 monomer (HEMA), initiator (BME), crosslinker (EGDMA), pigment #1, diluent (glycerine),
solvent (isopropanol), optional pigment #2 (titanium oxide), dispersant (polyvinyl alcohol),
humectant (chtylene glycol), co-monomer (methacrylic acid), inhibitor (MEHQ), anﬁkogating
agent (methyl propanediol), and antioxident (alkylated hydroquinone). The concentration of

these constituents are as appropriate for making a lens of desired characteristics and physical




conmmuni cati on, phone conmmuni cation, comuni cation through printed materials
such as 39 26 April 2006 order forns through the mail, or through

el ectronic nmedia, such as through the Internet. A selected i mage can be
anal yzed usi ng appropriate software, such as image anal ysis and conparing
software, for patterns, hue, chroma and 40ntensity. The imagg %inlioﬂ n be
transforned into a signal for use by a printing device such ¢ hat i mage
i s reproducedropsrties Pigmgntitlsambehng siktoe congbilmjion bfdnksite provinga dsiredowlor. Thiee vendor

notifies the f.the order 5 an rqvi des the, manufacture wth
the necessary m# g?&rrétr%jlfogﬁo?msngﬁg%m éﬁicf 3red*|alg|g{a§?%l\én§ .r‘%a’l"g%r@\rﬁ@ﬁﬁﬁ‘ixénd

manuf act ur er Cyam Appraphige misror at, A, AS,ené Al apekatbed if ONN28¥ntNo. £M6, 148, and can
be at the s or djf ySi c |_o i on. The manuf acturer then

manuf act ur e’ ?@ng@h&%@%@ﬁgg§te& a&?ﬁ’eﬁr Qst PréentAuh 0Se261-4 S Fsteat or

| enses to t hNo\V%38962,d).S. PuBhtNER S5 21y7681U.SARERPNA 3082 B8S hady § welan@%o. check,
cash, cr;;dit ghﬁc?redit card. The vendor or manufacturer 10 receive paynent
as appropri av & di gital imge can be printed by a printing device
following a met hodpeferrédtfonoRkBaRite o Makd Qr Qﬁseg’fsf&_&ri%ﬁ%%@g?dhﬁ?% in the
art or later gev‘el oped that results in the productioh of a lens,

parti cul ar | yolowigs fogmylatoaimonoger ¢HFMA) moegmer (BRRNA), oronomrdMévabl y, a
printing dewr&SlikBAECHMA), ARStoRiVa:EaB! inki - neg,col ors or
at | east four c:)I gl,ra(tsE S ]?S us.gds. Tf?r?,13%13@(5%?1@%%@%1%@@%@&%.6? 5 on
preferably ($PRIepYasion of thess censiityénts dneaspppropriate for makdng d lews.of BXSIMPLES 20 EXAMPLE

1: PRERARATICma@is{i&‘,@dF Sal fgagmgse provi des ink conpositions used to nmake
:ﬁ,tegses that include a digitalfly "encoded inage. Four ink preparations are

ferred for us®&heminjss irepsed i jelgvintiresleviatst the injflis preferably ovatek Bsed @an be used.

fol o ng: - S anraned (R Ro. 358 18l ThERER e fletol e LR pi grent

#1, dil uent oreghig selvinha)d prefgailyiarinde i disperaniyn ol pigmant A art sqdiblFlimel 2
(titani um oyj P rsant ol yvipyl al cohol), hunectan ehtyl ene
gl ycol ), CO?“&@%%%%%‘ li@%‘f@ﬁ@?ﬂ%@@’%ﬁn ch ?W??’B}“ty%?yr‘tl‘g%ﬁ@"ﬁpr ’E“é%d’gati ng
agent {iret hstrfaptantispreftiably provied sahiak poliysheathyléridlaikyl @hee or pyydhpanyiehene) The

concentrati f .these.constituents are as approprjate for nmaking a | ens
of desired %E&é‘?fgg{ eé%r E{lvllrtgsanéﬁaucpar%}isgrwr The ;snk p?e‘f)'erabFl)y includes a surfactant, sugch

as between about 0.3% and about 1% by weight. The ink preferably includes an antiseptic

agent such as Proxel (Zeneca, UK.). The ink preferably has a pH of between about 7 and
about 10 and a viscosity at about 25C of between about 2 mPas and about 6 mPas.

20 Antioxidants, such as low corrosion or antioxidant agents, such as alkylated hydroquinone
can also be included, preferably between about 0.1% and about 0.5% by weight (U.S. Patent
No. 5,389,132). An ink can also include a humectant such as 1,3-dioxane-3,5-dimethanol, 2-

methyl-1,3-propane diol, ethylene glycol or diethylene glycol. When used in printing, the
driving frequency is preferably between about 3 kHz and about 8 kHz (see generallf, U.S.

25 Patent No. 5,658,376). Preferred ink properties include a surface tension of between about 20
dynes/cm and about 70 dynes/cm and a viscosity between about 1.0 cp and about 2.0 cp (U.S.
Patent No. 5,271,765).




40 26 April 2006 properties. Pignent #1 can be any ink or conbination of
inks to provide a desired color. The preferred colors for four ink
formul ations are Al : Black; A2: Magenta, A3: Yellow and A4: Cyan.
Appropriate inks for A, A2, A3, and A4 are described in U S. Patent No.
5,176,745, U.S. Patent No. 4,889,520, YIS Patent No. 5,658,376, U. S
Patent No. 4,793,264, U.S. Patent No. 5,389,132, U S. Paterf® ARl2006
5,271, 765, UESAMPLE 2 FRINGING METPOZOGIEANRURBACES DMIANINARES 5 5,372, 852. A
preferred nmonomerTHR exkMpe, I d has
the follow ng formnul atilsor?fsgér%c?%lrir%?ﬂ%q aﬁ%‘,é %ﬁ%ﬁéa%&b&?@g&%@o%‘%ﬂ
crossl i nker giEgdtsiyspcodpdhimapest 4n m(xaga,zsgclmpfan ifigiipicensed nivEHdYitabforn déingient

| i t
{or” ki ng. 2" o ARAGRE LAl uglo hORS SR LURRY S Fufe@RpT 0T 2s.e
When i nks ar encadeddmige i§ saredoin amépipripriste storagesmeditne, suchkas s elpstofie mbiluyx wat er
based Ofs  NMOQANRS mggﬁgﬁsé "A s%lecl:e&sl lmagite {fg?ﬂt vg ﬁ‘g e%ir:tre c)s %T-lmo F.réx}l%mgﬁ vl?cree]c erably

soluble I n water gani’c er es a’ di sperse
dye or pi gnesich asﬁanmapnmmgdbihc& paibylegat pmﬁmglde\a& q3@|12§8M‘iplﬂyﬂ1ngaiem0é’,]O| and a

di spersant such .as n rol.idone ar surfactant is
preferably ptg%v%e Ce&%’&gn “éST ﬁ?/?rgﬁéa%& ‘gﬁ‘d’e%f‘lhé?“"lligt‘%l“)’o%fet hyl ene
al kyl pheyl eshad m\us@gra&rtomparﬂmeﬁtsa.ﬁbmhs% Optinting bRsdd @oﬂﬁﬂﬁmam ¥nd Ncl udes a
surfactant, such gs bet ween about 0.3% and about 1% by wei The ink

preferably | 9RBPRYR formplation ASdp 4 feparate SQEPATAAIE QT 1R 3 quﬁfé%éﬁss‘t‘%e%@‘tﬂmnﬂﬁ K.). The
I nk pr aber akieyick)anden the dir@tiodsiaWe&Bss Al %5& pZnémi r#@m;l»% ncdded BRe By Mix@EOSi ty at
as

about 25C of between about 2 as and about 0 Anti oxi dants such
4s) | ow cor r &4 GisPeysing gt ﬁhéB@P%n{idl‘&é@HVéhe IQJEFCQf formulgiceyAGedela fiy@em githadne can

52, D8 b N BB GhERADL Y YR RA Y Aerkr A ARANG pDyRE D! oft

(U. S Patent can alfso 1 nc nt such as
1, 3- di oxane2printing Sﬁa@tohathgltlmeﬂuﬂmmthhlylhnuiacaumrmnéiedirwlture enfpy bubjrstedkoycol  or

or of orabl y bt iacue S B nb i BBl il hasd BTN i

Pat ent INo. 5 8838pdyBrizePorgiacialyepblynmtizat soade stchalsat the césuldeg mm&drdﬁ@tab t ensi on
of between nes/cm and about 70 d C viscosi ty between
Sbout 10 o bedihanfal HRariffle Fie SO0 ol e FAREL HR NG ot ISRE e

same or different digitally encoded image. The surface can be maintained in the same

orientation or rotated between printing steps. The printed digitally encoded image can be
polymerized or partially polymerized after each bdnting step or after all printing steps are
20 completed. .
In the alternative, as depicted in FIG. 12 a digitally encoded image can be printed on a
. structure designed to transfer a printed digitally encoded image to a surface. Such structures
Q known in the art include pad transfer devices. The digitally encoded image can be printed
onto the structure and polymerized or partially polymerized prior to the printed digitally
25 encoded image being transferred to a surface.
The surface that the digitally encoded surface is printed upon, or transferred to, can be
partially polymerized or fully polymerized, and can be rough or smooth. Roughened surfaces

are obtained by methods known in the art, such as etching, laser cutting or burning, grinding




41 26 April 2006 EXAMPLE 2: PRI NTI NG METHODOLOG ES - SURFACES AND LAM NATES
This exanple, as depicted in FIG | and FIG 11, provides a nethodol ogy for
printing digitally encoded inages. An inmge, such as of aniris, is
scanned into a digital formusing appropriate hardware and software to
provide a digitally encoded image. The d2gitally encoded i EE e 1525 gt ored
in an appropriate storage nedium such as an el ectronic ned %P“ Qch as
in a dat abaséf cuitingef #Fet ernde miads byepnropriate resthodh,sudhras by cashgjdiag, spio a
printing devb:g@ng 1atBd a0 ldsé}lﬂbﬁ;atgfg" nting device, a bubble jet printing
device or a laser printing device ough a processing unit. The printing
devi ce preferabl }ammﬂeamuwmatirmkummmﬁddrgstawqncd@d ima¥8s @nde Wddeiby separ at e

conpart ment sy ti pLLe For mul t| onh, ,A6 and

optional Iy fé’?’?rlggglfl?%%é nggﬂ? '%Eegra@etgg'reg? c‘glr?ﬁe ﬁglf sr?gr\f“r e jAidiotal o1 ot e

cassette. Th!eoqsvmenstiChgs fobmualendnges, calrlrbdﬁllaceﬂ o tidiptiaet dipRtalBfencodpy i@RGSEUNY UNi t,

prints the enzed¥ enco ed i ma nd di spensin or d| spenS| ng
o)

i ndi vi dal | ein ?%P%Tt%fti"‘@ﬁhaﬁ\’@)ﬁ%‘%é st pmgrlayer Q’EFgﬁﬁa

pol yreri zed qqmn;ecmfguala/ epeadtea ihalgd, aftDd 660K bEI9BeIRYcY (FRéfer@bly 8Bar)) 'I@ﬁxh&iﬂ?f i zed
pol ymer. Aft rintin t%g%or ot her tipe during_ the manufacture

process, th eﬁ%? P{?B{g['frsﬂu‘if Polape dayerican bepagtially of g’t‘}&f Rolyrgerizediprion foonal

ener gy, thatpraag osﬂeaigltaﬂlyeenlaédeﬂlhﬁiée O d@btude A caﬂ%ébéxﬁéﬂy%?hm when 15 in
an unpolyrrerll(zXPd or partially polynerized state, such that the resul ting

printed di giPPEmerizedy e mepomst fonthe pogendpelymsr layes és therrdispensed cedsthis stavetuse
repeat @d a @ tirdlattially 6 fully SBRindiSddEee! Bfoxah AR BRI 10 20hd kRS G9 digitally
|

encoded i mage. The surface can be nmaintaln n the sanme ’ orientation or
ﬂo) ated between printing steps. The printed digitally encoded inmage can be
pol yrrerlzedEmM%}pﬂNﬂN&%i‘ T4 o\ after all
printing steps are 20 conpl et eg %Qﬂ$ﬁeﬁgfﬁggmﬂ \%HOR%N eﬁlﬁgg(ézd in FIG
12 a digital |y dhscdadplemagderidelin FEG.34 provisids methads of trakiog lenses ﬂieﬁn@mtbd to
transfer a pg d | 1.8l % ncode e a surface. such, structures
known in the lgfr%tu?l %%P&idle g"h rel%?h %‘ta@%}f%‘%glmaﬁ?ésﬂf’ﬁ&?dé?'fliyeencoded i mage
can belyri nmdture@momnum;nmwncs)t Inrtms aspelct pHthy presdnt @xéleriion, patrhdnad Inglugiag yer i zed

prior to th itally 25 edlmaebeln transferred to a-

surf ace. Th%sug%ée%teflg@y e%eg OEIPaé‘i‘ %/,m ?f“%rd? ?rg??geq $ ‘ﬁ‘\g‘l{ At ed upon, or
t r ansf er r edindepfiativars deextedparthd sihidtyre frat Qbﬁﬁpbﬂ@dt RAst i Paktito PekiydBiisERHH of and can
be rough o Mthe (5TD %tlly enco gecpilr}l%gee tg bg grl;rftéid %‘ie well can be larger in size or of a different

shape than the digitally encoded image to be printed. The methods descried in Example 2 are

20 used to print the digitally encoded image on the surface of the well. A laminate structure

within the well can also be made following the methods described in Example 2.

{:} EXAMPLE 4; F) INISHINC OF LENSES
The structure resulting for these methods can be finished using secondary operations
25 known in the art as they are needed, such as, for example, cutting, grinding, edging, polishing
or the like to form a lens of desired optical, cosmetic or ﬁmctional quality or characteristics.
For soft contact lenses, the dry lenses may be hydrated using conventional methods to form a
finished product. The finished lenses can be packaged in any appropriate packaging as they

are known in the art, such as vials, tubes, blisters or other structures. The packaging can




are obtained by nethods known in the art, such as etching, l|laser cutting or
burning, grinding 42 26 April 2006 or cutting. The surfaces can be nmade by
appropri ate net hods, such as by cast nolding, spin casting |athe
fabrication or |aser fabrication. Lam nate structures that i ncI ude printed
digitally encoded i mages can be nade by 43f ormi ng a surface }% g?l gt ed
digitally encopsd i mage on such surface. Additjonal nonone

formul ation ReudeapRroghate solutions 2 insiectigns fat 5@ Oegrripen ‘gft@ﬂ%%@tdm‘il fage and 5
pol ynmeri zed tgeforma | amnate structure that includes a first polyner

| ayer (preferably clear), a printed digitally encoded i mage, and a second
pol ymer |ayer (preferably clear). In naking these |lamnate structures, the
first polyne I f rized prior to

printing o TRETAEs: PORRCABIL, Bukdbudlus redtoBRUEl 2% P urn can be
partially or ful [Tje prp@nymmnhzrentovmaedmmhlmndm@agetmaeo secorddpebyofinks ayer

i s then sdi sprBs r r
bol ymer Zedp@ @sdpl%xgér% eigb@m&fs éd&‘ﬂéé léhséso (}‘hfs &E&ﬁﬁll R;Qid%@%nl ov@é a&h@%{)%glfl

METHODS - tsaodpeed CP?\IDENW'PI WWs&n@mm evef*ﬂ? @I@Wé‘
depicted in rEtv@rk The prosstinkbd ictwiihie Gelievtd BEdéi frghell Gﬂsﬂﬁ)sinﬁatpolyﬂﬁi mﬁlga

digitally e erein th vided in
a well 15 s'?: %ﬁg’gﬂrg{é %gr%é‘ﬁt TSISHEE t?gﬁ?urt%ve ¥?{°%nﬁ.pg§f§g?}g?‘? B?IC?H egﬁr esent
i nvention, &oBpeusd tcamt@nmg orafefiated 2zigddine pfoupefookxdmylld the polyfumetidnaletiriline

partiallby peloyiRki-IONARS PHER-3D RpAkH g§§ybrd%i (‘flﬁl‘nﬁcaﬁr(Bmhﬂgﬁm 'l\@} iS88) fdrS
created on the ﬁtructure t hat _corresponds [east in e size and

shape of t & BiSvhen hemicala e prdyet shest l§‘€ AQ‘é(kaf-’E‘éa%PPlY@éﬁmB@ | ar ger
in/ Size or ofirgimdj \ﬁﬁlﬁfleﬂﬁtorpnﬁ'ﬁt&n@réfhaﬁbeﬂl&emﬂwm PEAZBD G2 RAow BIpgRedby be

printed. Theg, ﬂé?bg&%gﬁtl&eﬁﬁtsﬁu?%éb gttgﬂs &, tp{(ﬁ(l;nea\tléglln ﬁl%\gp%sﬁ%tga?veg e

digitally encoded”image Face® of structure
within the Wading bﬁweealﬂsqprﬁenamd@@nﬂm browp ang an bxygerevitton s cafexplrdrivpdheraby Exanpl e

2. JI EXAVPEsstiiking thi Waﬂ: enhlﬁh@@%bﬁﬂﬁox? 10K Ti24kEn 61%%% &ieigh of p?éme;l{lg se

met hods can_ be |n| si ng ondary operati ons 25" known I'n_the art as
they are ne@ﬁ’éd‘r °§§e h"ld&ge’é%{agﬁ%]e@ paiiRate g crogy }“HH‘EWQ‘ agHGRABCSI i shi ng
or the |i kecarbmxjfbhydracyl gitimanf ordesindag aaiie] gﬂzharyamséabhdaey thldfa A thic real
quality or t ens es may be
ydr at ol sy et S o be e A8 hiofihAGh e FRRBn i i SR5RE
finished | e‘ﬂ’é’é&‘hééﬁ Peh pagrempatpdidye. any appropri at e packagl ng as they

20 The purpose of this example is to evaluate the mechanical bonding of an ink to a polymer
and establishes the stabilization of the location of a pigmented dye in a polymer. Various

formulations used in these examples are provided as follows:

REAGENTS
é:} 25 Cyan ink, Formula TD 70A
Materials Percent Range
Cyan dispersion X17802 20 10-30
White dispersion X6985-185 7 5-15
30 30% Elvacite 2008 in EB Acetate 9 5-15
30% Epon 2004 in EB Acetate 9 5-15
Cyclohexanone 7 3-10
EB acetate 472 25-50
BYK UV 3500 08 0.1- 2

35 Total 100




are known in the art, such as vials, tubes, blisters or other structures.
The packagi ng can 43 26 April 2006 include appropriate solutions and
instructions for use or description of the product and its care. EXAMPLE 5:
POLYFUNCTI ONAL AZI RI DI NE AS A CROSSLI NKER The present invention provides
addi ti onal bondi ng agents to inprove adHdsi on of inks 5 sug g ls%%h ments
to polynmers, such as |enses. This exanple provides inproved

pignents to a polléger.lens by using a bonding agent that is beI i eved to
forma cross |inkedndispersionX17802¢ crosslinked network is believed to be
fornmed by exposing a polymer having a carboxyl group with about one
percent to about Mitgral per cent, pref er abPygrcgmn _Rangent, of a conpound

cont ai ni ng pr ot orZiteednadéahbldi ne gr oups 20017 exalfpl3® t he pol yfuncti onal
aziridine 10 cros8%iDMETresioATEA) PFAZ(2077322 Huq80l i ed by Sybron Chenical s
(Birm ngham NJ) HEfiee®¥, for exanple, Syisi@an Chmsoal s | nc. product sheet
for |1 ONAC * PFAZSblspse 5Ba0 yf uncti onal  Azsri di;me;iowhi ch is incorporated by

ref erence herei nhghi®NBGé LGEPFAZ(r) -3220%8 nowiswpopl i ed by Bayer
Corporation, Pitts rgh PA) Reacti ons 1tpat protonate aziridine rings is
bel ieveg to all ow |nd| ng bet ween the p otonated aziridine group and an

oxygen vm thin a % boxyl grou C;'§SS| i nki ng the pol ynmer and
y

enabl i ng stabili on of | oc ‘1”?8 °h8 50 gi ted dyes.
ydr ogens el Elrﬁs"‘t’Ba i‘r’ﬁgv estf‘r‘B ‘T(l ng Wi th

Typically, activ
aziridine include: ~carboxyl, t?éb%?)’ f pro @%ﬁ’&f&? g‘?ﬁ[l , primary
1C mcgqqm%go%t Vl

or secquary am de and thi ol roe ol ﬁ'@'t mted to a
m)de of "acti on, esul ting entra ch
as) a pi gnent ed d@@ éo The purpo¥Engc tSPﬁ“}%m nf%@ﬁ'%%?&?&é’y%mm&]
mechani cal bonding of an ink t'GCRHIIFPAEL %’ﬁﬁa‘léé*t‘%t pReLsq e pigment, separate then
stabilization of the location SBFheéi“fﬁtl@?Féﬁ%%‘Heréf?é"gF ety ARAATRITPOSG s tp Hi5 the

f or mul %}_l ons used in these exXHHEs are grow ded as follows: 0 25 30 35

REA GERRS Cyan i Sodspense? (001 a TP SPogsgist made by Avecia (former Zeneca). Synergist is used in a
Pigment dispersion to help stabilize the pigment. It serves as a bridge

to connect between the pigment particle and the main polymeric
Dispersant, in this case Efka 47.

Irgalite Blue LGE A phthalocyanine blue 15:3 pigment, made by Ciba Geigy, Inc. This

25 Product is no longer commercially available. A substitution pigment is

Irgalite Blue NGA, also a phthalocyanine 15:3 pigment.

BYK UV 3500 A surface additive made by BYK Chemie. This additive is to help the
ink wet the non porous substrates such as glass, vinyl, metal, plastic
PVC, and the like and it helps the ink to flow well inside the print head

30
White Pigment Dispersion X6985-185
g, Material Percent Range
O | Diacetone alcohol 2141 10-30
35 50% DMS5 resin in Diacetone Alcohol 35.66 20-50
Disperbyk 110 4.13 1-10
White pigment Tioxide Comet 300 38.80 30-60
Total 100
40 Disperbyk 110 A dispersing agent copolymer made by BYK Chemie.

Tioxide Comet 300 A white pigment, chemical index White 6, made by TIOXIDE
company.



Per cent Range Materials Cyan di spersion X178022010 - 30 Wi te di spersion
X6985- 18575- 15 30% El vacite 2008 in EB Acet at e95-15 30% Epon 2004 in EB
Acet at €95- 15 Cycl ohexanone73-10 EB acetate47.225 - 50 BYK UV 35000. 80.1- 2
Total 100 44 Cyan di spersion X17802: Material Percent Range D acetone

al cohol 20.77 10 - 30 5 50% DVb5 resin i4§ DAA 20.77 10 - 30 Effklam% 35.61
20 - 50 Sol sperse 5000 2.08 0.5 -10 Irgalite Bl ue LGE 20. 79°90'2%8% Tot al
100 10 26 April Z2906EDa¢ite008 intRsinders GlpdvdbButyblthex AGKAS (B Agdtite) r esi n nade
by Rhom & Hass. Resin is used in the Dispersion to provide surface for the
pi gment and di sper sanEthylparGlyol byltethenavetator . ResT0% al so i ncrease vi scosity
needed in 15 M || i ngElvadie @608 drarsinwet the pi gme3t% Efka 47 A polyneric

di spersant w th pignefigtalaf fi nity groups, made byidoubri zol The main purpose
of dispérsant is to disperse the pignent, separate their so they will not
aggl oner at e t oget her . Elfauite D@08 pur pRsc iesin tsappiied by inbo A@YIEBEdova, TN)

30% Epon 2004 in Ethylene Glycol butyl ether Acetate (EB Acetate)

10
EB Acetate 70%
Epon 2004 resin 30%
Total 100%
15 Epon 2004 resin An Epoxy resin made by Shell Chemical.
@)
Other Reagents
20
BX-HEMA LLT A mixture of about 97.8% HEMA, about 0.7% EGDMA
and about 1.5% MAA.
Ionac PFAZ-322 A bonding agent, Aziridine type, previously supplied by
Sybron, Birmingham, currently supplied by Bayer,
25 Pittsburg PA as PFAZ-322.
EXPERIMENT
Control Formulation A:
30 1. TD-70A Cyan ink
@ Experimental Formulation B:
" 1. TD-70A Cyan ink
2. Jonic® PFAZ®-322 (Sybron Chemicals, Inc., Birmingham, NJ) 2 %
35

Experimental Formulation C:
1. TD-70A Cyan ink
2. Jonac® PFAZ®-322 (Sybron Chemicals, Inc., Birmingham, NJ) 2 %
3. BX-HEMALLT 40%
40




20 Sol sperse 5000 A synergi st made by Avecia (forner Zeneca). Synergist is
used in a Pignent dispersion to help stabilize the pignent. It serves as a
bridge to connect between the pignent particle and the main polyneric
Di spersant, in this case Efka 47. Irgalite Blue LGE A phthal ocyani ne bl ue
15: 3 pignment, made by Ciba Geigy, Inc. H®sis 25 Product is no |onger
comercially avail able. A substitution pignent is |Irgalite 261Apsll , al so
a pht hal ocyani ne B#hZrpuighenyas mXed 4 i3580priktesilonfHEMA deldéstising arBadet by BYK
Chem e. This t | rates
pARtE {Fayeo E&oéef’ dﬂ%}dﬁ’er, mﬁ%u}ﬁ\ﬂhgh i H}?a%?&df&'@vsﬁﬁﬁ%rso the

such as gl ass,, vinyl, Ei e and
ink to flow \R%lWeerﬁtéc?noaée £ty Feﬁtf‘)l’ﬁb@ﬂ fagmulgligns do impgonsradherion p@/tyltlam for

X6985- 185 Nabﬂmnaizatﬁ?ﬁr D@mn}l%amed inlAhRACELAREWEE HR mzéd ohib tﬂﬁ-’lﬁ@?%&se‘éoc%; DVB5
- Ite

resin in D a
b grent Ti oxt B 0G e ST o430 eersh Celsigp or HE b T8 eai?s 5 Be sy aied o
di spersi:ng ag’émted:mﬁstlmdmatena@é tdP depfkes Clebsivis éor 12 Houbsx iTHelefienwére 3R Ahd/\:hl te

pi gment, chegbeddieridtGXin tf‘?reg3 C v @lgg%fav-gl % %}g eg,?s}é%rwa(l‘g%% &gr%gn é 2006

30% El vacite 2008 1 n_ Ethy ene
Et hyl ene Gy I‘“Wiﬂmé’b'ﬁ&er &@b@&?@f heame, I‘!F%eaéfldt@ezgega‘tﬁrcycwsem n 30% Tot al

100 5 10 Elvacite 2008 Acylic resin supplied by Ineo Acrylic (Cordova, TN)

Summary of Results:
10 1. The bonding with control formulation was very poor. It rubbed off using a finger rub

test.
(w 2. Bonding with the experimental formulations B and C was good using a finger rub test.

3. Cracking in the digitally encoded image made with ink with higher level HEMA was
15 noticeably lower.

Formulations having polyfunctional aziridine Crosslinker such as Ionac® PFAZ®-322

(Sybron Chemicals, Inc., Birmingham, NI) with 40% BX-HEMA LLT reduce cracking in the

digitally encoded image made with ink and improved ink adhesion to a HEMA lens compared

20 to TD-70A ink alone. Effective mechanical bonding is achievable with polyfunctional aziridine
crosslinker.

EXAMPLE 6: MULTIFUNCTIONAL CARBODIIMIDE AS A CROSSLINKER
This example provides improved adhesion of a pigmented dye to polymer lens by using
25 multifunctional carbodiimides as bonding agent. A crosslinked network is believed to be formed
C:} by such multifunctional carbodiimides (see, for example, Dow Chemical Company’s product
description of UCARLNK™ CROSSLINKERS for UCARLNK ™XL-29SE Crosslinker, which
is incorporated by reference herein). The carbodiimide is believed to cause a reaction between
carboxylic acid groups contained in the lens polymer and either a hydroxyl end group or amine
30 end group contained in the dye preparation (see, for example, March, Advanced Organic
Chemistry, Second Edition, McGraw-Hill Book Company, New York, in particular pages 363

through 365). Such a crosslinked network is believed to enable entrapment of dyes such as




30% Epon 2004 in Ethylene dycol butyl ether Acetate (EB Acetate) EB
Acetate 70% Epon 2004 resin 30% Total 100% 15 Epon 2004 resin An Epoxy
resin made by Shell Chemical. 20 25 O her Reagents BX-HEMA LLT A m xture of
about 97.8% HEMA, about 0.7% EGDMA and about 1.5% MAA. | onac PFAZ-322 A
bondi ng agent, Aziridine type, previouslay supplied by Sybrgg{ ‘\#’ ngham
currently supplied by Bayer, Pittsburg PA as PFAZ-322. EXP PRENF®ont r ol
Formul ati on migmeB@ddyc TD 70A Cyan ink Experinental Fornulation B:

TD- 70A Cyan | nk 2 2 br.on eni.c -
Bi r mi ngham AI% %glp per Pr@ﬁ%‘&%m% ‘i‘am%?ﬁ?‘fi%ﬂsa@g wih t%TBr-WAm@‘é‘ﬁn ihk 2.
| onac(r) PF ATV (X8y BISEn(DOweGheamitat Col, Midland3iMBii Ingeidaition M) vidcodity 3f

e LT L e fran 265y fro B8 AE el M PhleORt Gl XSk ! " ]

printed on H IE/A l.enses usin
Chandl er, 5 oyt 1ty elr‘ieB'rPy vieheht HQARFNKW &E@P%E mAxibeeactod withiacorpxylatedof

pol yner ivati byiraxy ethglatethghgehydiesbljridr. THe @&tidnQhdyHAIR hlaCBeldw at, BPARVEBRNEST ON
and/or time {e&%erature however elevated temperatures reduce reaction time. The range of temperature may
be room temperature to 90° C.

The purpose of this example is to evaluate the bonding of ink to a polymer using
UCARLNK™ XL-29SE as a crosslinker and establishes the stabilization of the location of a
10 pigmented dye in a polymer.

REAGENTS

Various formulations used in these examples are described herein.

15 EXPERIMENT

Control Formulation A:
1. TD-70A Cyan ink

20 Experimental Formulation B:
1. TD-70ACyan ink
2. UCARLNK™ XL-29SE (Dow Chemicals, Midland, MI) 2 %

Experimental Formulation C:

25 - 1. TD-70A Cyan ink
2 UCARLNK™ XL-29SE (Dow Chemicals, Midland, MI) 2%
3. HEMA formulation BX- HEMA LLT 40 %

Each formulation was mixed and ink jet printed on HEMA lenses using a Budjet IV
30 printer (Fas-co Encoder, Chandler, AZ). In addition, thermal initiators and/or UV initiators of
polymerization are contemplated for these formulations to improve adhesion and/or time for
polymerization. Digitally encoded images of letters were ink jet printed onto the HEMA




pol yneri zation. Digitally encoded i mages of letters were ink jet printed
onto the HEMA | enses. The lenses were cured at 70 degrees Celsius for 16
hours. The | enses were then hydrated and 5 extracted in distilled water at
80 to 90 degrees Celsius for 12 hours. The | enses were vi al ed and steam

sterilized using one, three, and five aujgocl ave cycl es.
eval uated for bonding and ink adhesion by forger rubbing gﬁﬁgrpni,\fpggone

th [ ﬁe a{]d }‘ilwleesaﬁh@l;ehsayeerewédeﬁ 70 &m&cas@é‘fofhﬁwbb bis SThe 1éhsds- weld¥@epONdi ngb

W contro S [oYol r.ubbe ru
test. 2. Bon f &Et%&?ﬁkt%{ee@xdls\éﬁl c}fl%gnl & 8 tS:BRﬂF%?esg:ﬁlgmﬁg’ﬁgi %’q\ﬂks’[rhﬁgegff using a
finger rub t&$te Vlal‘?sl aﬂ@:?ta%lkiitﬁglmdrusmaendﬂgm &ld|fiye ewtondave dydlayn§ampiesdeerani t h i nk
wi th hi gher k&%ﬁled'ﬂﬁ%dﬂ%&ndﬂr&a&!%lb&ﬁﬁﬂgﬁ Jumﬁgraﬁef@g g;wp@&\f(;ﬂsﬁ@- ving

pol yfunctional aziri ?ﬁsne Crosslinker 'such as lonac (Sybron
Cheni cal s, ‘8 SAVBCY4fPngham NJ) with 40% BX- HEMA LLT reduce cracking in
the did taI |y encoded i nage made with ink and i nproved i nk adhesion to a

HEMA | ens conpar & qﬁ”g‘??{ ;['l'u)f (OA ink al one. Effective nechanical bonding is
achievable with I’lC?I onal aziridine crosslinker. EXAVPLE 6:

MULTI FUNCTI ONAL CARBle The tomlingwith RO SirmdER A hiasveeyqmop lteulirduif deasg a
i mproved adhesi on of a fnggnmbhtestd dye to pol ymer |ens by using 25

mul tifunctional carbddi Penditewiththe bxpedinmgaldgrentationd Band€ slas goddsitgd fugek | s
believed to be formed mytestuch mul tifunctional carbodiinides (see, for
exanpl e, Dow Cheni cal3. Gmagkingyih thepligitlly tncodkgisimagas tmade with GKRARKINKEMr level
CROSSLI NKERS f or UCARLN@MXME&Eeﬂ}dswéﬁ nker, which 1is incorporated by
reference herein). The carbodiim de is believed to cause a reaction between

6ar boxy! i ¢ acid 9roups cont #aedeal 4G 4 - %h%a%%g; SRR oY

end grgyp or am ne 30 end roup contal ned for
exanpl Mar ch, Advanc &g QH%%OSS@#@W@WUCSBL EBR29SEdRow Khanigels,Hi | |

Book Conpany, New Yor Kk MidRnd)MI} wieid08s BRAIEAAIDI reduldb céﬁé)m prowed thicd
crosslinked network is elleved n bl e entr es such as 47 26
April 2006 pignented dy SIRY t%)?aﬁ'g el“s aF°WB?rF‘?ft‘g‘r?FPt Y%H‘a'ﬂ aleafr bddierthiede
usable with the prese ntmeplmxeait bawlingsis achievable with multifunctional carbodiimide
crosslinkers such as UCARLNK™ XI.29SE.
20
EXAMPLE 7: TITANATES AND ZIRCONATES AS CROSSLINKERS
In addition to the polyfunctional aziridines and mulitfunctional carbodiimides discussed
in the previous examples, a variety of other bonding agents can also be used in the present
invention. Alternatives include, organic titanates and zirconates, such as those distributed by
25 Synetix and DuPont. These organic titanates and zirconates can promote the adhesion of ink of
G digitized images to polymer surface. Preferred examples are the TYZOR—> series of DuPont
4 Chemicals (see for example DuPont Tyzor— Organic Titanates publications, (General Brochure
(2001)), (Product Selection Guide~ USA (2001)), (Product List—USA (2001)), (Technical Note
— Grade Chart (2001)), (Technical Note — Grade Selection Chart (2001)), (Technical Note —
30 Printing Ink Additive (2001)), and (Technical Note — FDA — Food Contact (2001))) and the
VERTEC™ series (such as VERTEC™ IA10) of Synetix and ICI Chemical (see, for example
www.synetix.com and Material Safety Data Sheets for these products).

For application to the present invention, these compounds may be used alone or in

combination with other bonding agents, including cross-linkers, such as polyfunctional aziridines




UCARLNKTM XL- 29SE (Dow Chemical Co., Mdland, M). In addition | ow
viscosity of UCARLNKTM XL-29SE nay provi de added benefit when utilizing
the ink with an inkjet printer. About 1 to 10 percent by wei ght UCARLNKTM
XL-29SE may be reacted with a corboxylated 5 hydroxy ethyl nethyl acrylate
polymer. The reaction may take place bel8w, at, or above ro gA t.leﬂ)‘Bgr ature
however el evat ed nper at ures reduce reaction t| ne. The ran

t enperat ure ARy {5‘2”"? sashpgiimides e inrsovg diessionn Orpq Bigratesfarg Pﬁhgecb%anpl e
is to eval uat:mssﬂihleinbmsﬂiatmpmmdrﬂkodgﬂreactmﬁlvmmtwaﬁydﬂ@en Uﬁ@ale&%'l;%a}ﬂexﬁ%E as

a crosslinke es, the st I on, of t1.on of
pi gment ei:l dy«%r ﬂé}qn s ?&%gr IQE,R%E' :'frr;:séﬁg% fusp ﬁ{?lssa ‘E‘!Sslé?il qfAnk 'i?es
exanpl es ar ePelEBeTis bmmﬁé,r%lwell as hBat EXPIER| aMEWNEteCondolheht fegistanek.aThaearda

1D T0A Oyan e rtaiRilofEi gtgw nrcrc,a'i(i)lp ilabd d@r@aﬁ@é%ﬁ?}i{:“@r 0, | a;I on

UCARLNK M XL- égi‘i Dow Chem c I ment a
C . 15\4 ‘éyé’rfdm\@lbm R EVZOR—2 TBE T(Wﬁfm a0d T¥ZOR+-dBBRd, M)

2 c;(/o 3t HEMA f or rﬂthaillys)largﬁ?{rc thlEliRs lohd 2AQnIeEamNbd ageauham% @mlsmsmmax%d and
ink jet pring usi nter (Fas-co
Encoder, Cha(th %ga loﬂ%l\{&e?"r?%&%g/ﬁ“g%%“&qéﬁ’ P\‘Jﬁﬁ%raf’tfxﬁwﬁ “tér{b?“Sf“bWO/‘”
initiators oqfwefﬁbt Sfifersheddnk. oReagtion sped ey ikeise dithosmehmge formul ations to

i nprove adhesion and/or time for polynerization. Digitally encoded inages
of Iettlgrs Wé&;l jet printed onto the HEMA 48 26 April 2006 |enses. The

| enses “Wwere T3t 70 degrees Cel sius for 16 hours. The | enses were then
hydr at ed and extracted in distilled water at 80 to 90 degrees Celsius for

12 hours. The |ep V|ale and. msteril zed usi.ng one, three,
and five autocl av%ﬁ:cyc °§é‘&f5‘f‘§e°r€\‘i@+°§tta“§%¥&éf%&r Flbefmﬁ@‘ f%i ng and ink

adhesi on by finger rubb| ng after the one, three, and five

Reagent % by weight
15 A TD-70A 40 - 80
B. BX-HEMALLT 5-70
C. VERTECIAlQ 1-10
D Thermal or UV initiator 0.1-3
20 A. TD-70A is described herein. This reagent should be anhydrous because
organic titanates hydrolyze which cause inks to gel.
B. BX-HEMA LLT
C. VERTEC IA10 from Syntix, Oakbrook Terrace, IL
D. Thermal initiator such as benzoyl peroxide (Sigma, St. Louis MO or Aldrich,
25 : Milwaukee, WI) or UV initiator such as Irgacure 184 from Ciba Geigy, Basel,
Switzerland.
EXPERIMENTAL
30 Inks including organic titanates, zirconates or both are mixed and ink jet printed on Hema

lens using an appropriate printer such as the Budjet IV printer (Fas-co Encoder, Chandler, AZ).
The lenses are cured for an appropriate period of time. The lenses are then hydrated and extracted
in distilled water at an appropriate temperature for an appropriate time. The lenses are vialed and
steam sterilized using one, three, and five autoclave cycles. Samples are evaluated for bonding

35 and ink adhesion by finger rubbing after the one, three, and five autoclave cycles.



autocl ave cycles. C5 10 15 20 Summary of Results: | . The bonding with
control fornulation A was very poor. It rubbed off using a finger rub
test. 2. Bonding with the experinental formulations B and C was good usi ng
a finger rub test. 3. Cracking in the digitally encoded i nages nmade with
ink with higher |level HEMA was noticeabdy |ower. These results showed that
formul ati ons having a nmultifunctional carbodiimde crossli kREPE N8 h as
UCARLNKTM XL29SE (Dow Chemicals, Mdland, M) with 40% BX- HEMA LL T

reduce cracKEngnp8] ThWt PYifng &big%@%kmd TRagds !ﬂ'ﬁﬁ@ns&eﬂﬁniﬁéﬁlx}ﬁeﬁ?yeg o TD-70

i nk al one. E&é“ﬁ’%@’ée mechani cal bonding is achievable wt uncti onal
carbodiimde—cC | i nkers such as UCARLNKTM XL29SE. EXAMPLE 7: TI TANATES
AND Z| RCONATES ASafdufonhhlMioaREel th B etdnls b dtkgudabxiunct i onal aziridi nes
and rulitfunctional carbodiimdes discussed in the previous exanples, a
vari ety of other bonding agents can al so be used in the present invention.
Al ternabives i ncTDde3A:Wigahighehted piiatn@mkand zirconates, such as those

di stributed by 25 Synetix and DuPont. These organic titanates and
zirconates can pr OWDM adhesi ISRt i nk of di gitized images to pol yner
surface. Preferred exampbes are thgTYZOR-> series of DuPont Chem cals
(see for exanple DuPgnt Tyzor-> Organic Titanates publications, (Ceneral
Brochure (2001)), (ProHEMAeTect®h Gui de- USA (2001)), (Product List-USA
(2001)), (Technical paygcpratpde Lhart (2001)), (Technical Note - G ade
Sel ectjon Chart (2001)), (Technical Note 30 Printing Ink Additive (2001)),
and (TEthnical Not e BezpylPerogided ChAt act (2001))) and the VERTECTM series

g,,,_s\uch as VERTECTM | ApQ); of Synetixognd ICl Chemical (see, for exanple
)

S

TD103: White solvent based pigment ink

: Material Percent  Range
15 White dispersion X6985-185 43.8 30-50
30% Epon 2004 in EB Acetate 35.4 25-45
PM acetate 9.4 5-15
Suresol 150ND 10.4 5-15
BYK UV 3500 1.0 05-2
20 Total 100

Viscosity = 8.6 cps, UL, 60rpm, 25°C
Surface tension = 26 dyne/cm

(A detailed formulation for White dispersion 6985 — 185 is given herein such as
25 in Example 5)

30



wwmwv. syneti x. com and Material Safety Data Sheets for these products). For
application to the present invention, these conpounds may be used al one or
in conbination with other bonding agents, including cross-linkers, such as
pol yflinctional aziridines 49 26 April 2006 and nultifunctional
carbodiimdes, to inprove adhesion. Orgasiic titanates are belived to
crosslink ink resin and pol yner through reaction with acti veo 8)(60(% of
hydr oxyl or car boxXy¥46: Red §MpgentahReéagtins dyoimkners with ink resin. As a result
of such cross-|Iinking, sion of ink to r i sypinproved, as well as
heat stability and m%ﬁ&%g Sorvent—TESI bldﬁ%iéé%;fle{tr&%‘t% a nunber of
preferred organic ti t&’ﬁ&’@@é commerci al |y availldbl e, f@r80exanpl e VERTECTM

| ALO, 5 VERTECTM PA12GIyFeIOR- * AA- 75, TYZOR- $.6TBT, TYZER-4 TPT and TYZOR--
> BPT. Generally, orddmirepandiclanat es and zir édiat es cla20 be used in the
finished®ink at a coResstivaRadi 380 bet ween abdi3t33l % andoa@out 20% preferably
bet ween about 3% and Swémbl QD21 of wei ght 0#0.58i ni shéxk-2.0k. Reacti on speed
.may increase with tenjinetht Andne 1D% iREBAGENTS TwgBcal inks that can include
organi c titanates as a croggylinker include: ;15 20 25 Reagent % by wei ght

A. TD- 70A40- 80 B. BX-HEMA LLT5- 70 C VERTEC | A" Ol- 10 D. Thermal or WV

initiatgr0.1- 3 A TD 70Ayj scribed. her gin. . Thi s,.teagent shoul d
anhydr ous because organi %}gé}’fggﬂgg?%&%i?gg%mgeﬁ%n}’cscgaggr AP AR o Hel .
¢ ink YAk RN

BX-11EMA LLT C. VERTEC I A iy 00k race, |IL D. Thernal
initiator such as benzoyl v@a«%erro__%ggV?ﬁlgﬁﬁﬁégmfgﬁﬁiﬁtg}m%%ﬂeth,

Glycerin, 1,3-propandiol = co-solvents

B.

=S

i ) 15 Surfynol CT121 and 10% TEA solution = additive
TDA7: Yellow Reactive dye ink
20 Materials Percent Range
DI water 69 60-80
Glycerin 10 5-20
1,3-propandiol 10 5-20
ReactiveYellow 15 10 5-20
25 Surfynol CT-121 0.8 0.2-2.0
10% TEA solution 0.2 (5 drops) 0.1-1.0
Total 100
30 Viscosity = 3.5 centipoise, UL, 60rpm, 25°C; Surface tension = 32
’ 3 dynes/cm; pH = 7.5 :
(: The ink was filtered through 0.45 micron Nylon membrane

Water = main vehicle, main carrier
Glycerin and 1,3-propandiol = co-solvent
35 ‘ Surfynol CT 121 and TEA solution = additive




M | waukee, W) or W initiator such as Irgacure 184 from C ba Cei gy, Basel,
Switzerland. EXPERI MENTAL 30 Inks including organic titanates, zirconates
or both are m xed and inkjetprinted onHema |ens using an appropriate
printer such as the Budjet IV printer (Fas-co Encoder, Chandler, AZ). The
| enses are cured for an appropriate peridd oftinme. The Iens§% ar.e, then
AR ur e

hydrated and extracted in distilled water at an appropri at
D% Rlack Reectivedysdnk are vialed and steam sterilized usi ng

for an appropri at

one, three, and five autdgikave cycles. SarrpIP%ﬁeﬁre eg: Eeat ed for bonding

35 and i nk adhesi on by _finger rubbing a : e, and five

aut ocl ave cycles. 50 ﬁéwﬂﬁﬁ'i | 2006 Exanpl e &2.8 nk Jet50PPinting of Digitally

Encoded | mages on LenY&€enedP9¥L Reactive Dyed REAGENDPS-5¥ari ous
formul atj ons used in tR¥8BdBRanpl es are desdri bed helsein. TD 103A: Wite

pi gment ed printing i nkthweiedflyedl Percent TD B03 46.7 B0 HEMA LL T 46.7
10JONAC PFAZ 322 4.7 GBesiroyl Peroxide 1.9 T6tal 1005DD103: Wite sol vent
based pi gnent ink MatRBeactieBdackeht Range 15Whiloe di spetssioon
X6985- 18543. 830- 50 308#rfynel250M04 in EB Acet 8Re35. 4250451.0°PM acet at €9. 45- 15
Sur esol 150ND10. 45- 15 ByKUV35001. 00. 5- 2 100
10 Viscosity = 3.1 centipoise, UL, 60rpm, 25°C; Surface tension = 31.5
dynes/cm; pH = 6.8 '
Water = main carrier
Ethylene Glycol, Glycerin, 2-pyrolidone = Co-solvents
Versene 100XL, Surfynol 252 = additive

15
{\_) TD 106: Formula TD-106: Blue reactive dye ink
Material Percent Range

DI water 17.8 10-25
Versene 100XL 1.0 0.5-2.0

20 NMMNO 7 3-10
PEG 200 3 1-5
PEG 400 2 15
PEG 600 2 1-5
Glycerin 3.5 1-10

25 Giv-Gard DXN 04 0.1-1.0
Surfynol 504 0.1 0.05-0.5
Surfynol 465 0.2 0.05-0.5
Papicel Blue IJ-PG dye solution 63 50-80
Total 100

30

Viscosity = 3.01 cps, UL, 60rpm, 25°C
- Surface tension = 27.5 dynes/cm
@ pH=6.5

35 Versene 100 XL is a chelating agent from DOW chemical, San Carlos, CA

giv Gard DXN is a biocide from ANGUS CHEMICAL COMPANY, Buffalo
rove, IL

\I;IVI;/IMNO is 4-methylmorpholine N-Oxide 97% from ALDRICH CHEMICAL,

40

PEG 200, PEG 400, PEG 600 are Polyethylene Glycols from DOW chemical, San
Carlos, CA




20Tot al 100 Viscosity= 8.6 cps, UL, 60rpm 25C Surface tension = 26 dyne/cm
(A detailed formulation for Wite dispersion 6985 - 185 is given herein
such as 25 in Exanple 5) 30 5 10 15 20 25 30 35 51 TD46: Red (Magenta)

Reactive dye ink Materials Percent Range DI water 71.47 60-80 dycerin

6.67 1-20 1, 3-propandiol 6.67 1-20 RedBtive Red .180 13.33 _10-.
Triethvl Amine 10% i n water 1%%“’11-?2006T0t al

Surfynol CT 121 0.53 (6), 2-2.0 _
100 26 April 2006 Vi scHEYnol504, Surfyneldfs frp sirfaetants from @dnRseduct HCAlSMWRCe
tension = 32 dynes/ch® pH = 8.4. The ink was filtered through 0.45 micron
Nyl on filter nenbranePapighBle PG dyesolydan fedmeEastrentliGompardl iy Kerean,

1, 3-propandi ol = co-solvents Surfynol CT121 and 10% TEA solution = additive

5
EXPERIMENT

A digital image of an annular ring about the size of the iris of a human eye was created
in Photoshop 6.0 program and stored on the computer of a piezo (Ultramark) 2000, Inkjet printer
(Fas-Co Coders, Chandler, AZ). TD103, a titanium dioxide based, solvent based ink, was mixed
10 with monomer mix BX-HEMA LLT, crosslinker aziridine and thermal initiator benzoyl peroxide
per formulation TD103A. The digital image of the annular ring was then inkjet printed on lenses
and the lens with image was cured for 16 hours at 70C. ‘
A digital image of an annular circle about the size of the iris of a human eye was divided
into four quadrants colored cyan, yellow, magenta and black was created in Photoshop 6.0.
15 TD46, TD47, TD92 and TD106 reactive dye based inks were placed in the ink cartridge of a
modified HP550C thermal inkjet printer. The printer was modified to allow a contact lens to pass
under the printhead by raising the printhead a distance sufficient to allow the curvature of the
qontact lens to not be in direct contact with the printhead while maintaining printing quality. The
digital image was printed on both titanium dioxide printed and clear, unprinted lenses on the
20 modified HP550C printer. The lenses were exposed to a hot steam environment at 110C for 30
minutes in an autoclave. After steaming, the lenses were hydrated and extracted in 0.3% sodium
carbonate saline of pH 11.1 at 50 to 60C and evaluated for color intensity. The lenses were then
vialed, packaged in saline solution and autoclaved. Lenses were evaluated for mechanical
bonding by finger rubbing after one and three sterilization cycle.
Q 25 Results:
1. All samples had well defined deep colors before hydration
2. After hydration, as determined by finger rub test;
All lenses remained opaque
Magenta and Cyan color were little lighter, possibly due to
30 expansion /swelling of lens polymer
Yellow and black color faded.




TD47: Yel |l ow Reactive dye ink Materials Percent Range DI water 69 60-80

A ycerin 10 5-20 1, 3-propandiol 10 5-20 ReactiveYellow 15 10 5-20
Surfynol CT-121 0.8 0.2-2.0 10% TEA solution 0.2 (5 drops) 0.1-1.0 Total
100 Viscosity = 3.5 centipoise, UL, 60rpm 25*C, Surface tension = 32
dynes/em pH = 7.5 The ink was filtered*hrough 0.45 ni cron Ao.p (g;%nbrane
Water = nmain vehicle, ,main rl?ﬁz%rri,er .dycerin and_ 1, 3- propandi‘gi*t¢ #%sol vent

Surfynol CT 121 and TBA sdMYtpimlizationyame spraplss exhibited eduosd beylimpodopaqms ack

Reactive dye ink Materialaterll and@bi6fs to/RhSERUeleriiidiby a%ng%tr% fedlone
Et hyl ene A ycol Gycerin Reactive Black 5 Surfynol” 2502

All publications, including patent documents and scientific articles, referred to in this

application and the bibliography and attachments are incorporated by reference in their entirety

5 for all purposes to the same extent as if each individual publication were individually
incorporated by reference.

All headings are for the convenience of the reader and should not be used to limit the
meaning of the text that follows the heading, unless so specified.

O




Total 52 26 April 2006 Percent Range 62.8 50-70 1 0.5-2.0 8 5-20 8 5-20
10 5-20 10 5-20 0.2 0.1-1.0 100 Viscosity = 3.1 centipoise, UL, 60rpm
25C;, Surface tension = 31.5 dynes/cm pH = 6.8 Water = main carrier

Et hyl ene d ycol, G ycerin, 2-pyrolidone = Co-solvents Versene 100XL,
Surfynol 252 = additive TD 106: Formula TD-106: Bl ue reacti¥g d%le?bgk
Material Percent Ranee DI water 17.8 10-25 Versene 100XL 1°4PdL%% o
NMWO 7 3-10 PEG 200 3 1-5 PEG 400 2. 1-5 PEG 600 2 1-5 dycerin 3.5
1-10 Gv-Gard DXN 0.4 0.1-1.0 Surfy 504 0.1 0.05-0.5 Surfynol 465 0.2

0.05-0.5 Papicel Blue If-PG dye_solution 63 50-80
AMENDED CLAIMS

What is claimed is:

1.(Amended) An article of manufacture, comprising:
a) a polymer, and
b) a digitally encoded image made with ink, wherein said polymer forms a

contact lens;

further wherein at least a portion of said digitally encoded image is
produced using ink jet printing;

further wherein said digitally encoded image is provided directly to said
polymer; '

further wherein said ink jet printing comprises piezo printing;

further wherein said digitally encoded image is made using an ink that
comprises a bonding agent.

2.(Amended) The article of manufacture of claim 1, wherein said digitally encoded image
comprises a single color image.

3.(New) The article of manufacture of claim 1, wherein said digitally encoded image
comprises a multi-colored image.

4.(Amended) The article of manufacture of claim 1, wherein said digitally encoded image is

transparent.

5.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
opaque.

6.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
partially opaque.

7.(Amended) The article of manufacture of claim 1, wherein said polymer comprises a
hydrogel.

8.(Amended) The article of manufacture of claim 1, wherein said lens is a soft lens.
9.(New) The article of manufacture of claim 1, wherein said lens is a hard lens.

10.(New) The article of manufacture of claim 1, wherein said lens is a hybrid lens.




Total 100 Viscosity= 3.01 cps, UL, 60rpm 25C Surface tension = 27.5
dynes/cmpH = 6.5 35 40 Versene 100 XL is a chelating agent from DOW
chemical, San Carlos, CA Gv Gard DXN is a biocide from ANGUS CHEM CAL
COWPANY, Buffalo G ove, IL NMVNO is 4-nethyl norpholine N-Oxide 97% from
ALDRI CH CHEM CAL, W PEG200, PEG 4004 E)EG 600 are Pol yet hy%ggg '1?0}%0' S
fromDOWchemcal, San Carlos, CA 53 Sé April 2006 Surfyn 04 ur f ynol
465 are surfactants from Air Product from Al l entown, PA Papicel Blue U PG
dye soITtlon fr East wel | Conpany in Korea 5 10 15 20 25 30 EXPERI NENT A
di gi t all i éd%sﬁ{qa%a@ﬁlﬁmf AR pbeleing howhersis S8id lenpeqmprises ety orm Abat eye
was creat ed i n PRt REBSRIHaw! oyt B aricapidvaeior ed on the conputer of a piezo
(U framark) 2000, Inkjet prl nter (Fas- Co Coders Chandl er AZ). TD 103, a

titani bas mer mx
o et R TR of BBt i i e i smo BT SR8 e
per fornulation TD103A The di gi taI i mge of the annular ring was then
i nkj et 1P{AHeREdYThd £ Sf manufacture of claim 1, wherein said polymer is hydrophobic.

14.(New) The article of manufacture of claim 1, wherein said polymer is hydrophilic.

15.(Amended)The article of manufacture of claim 1, wherein said polymer is selected from the
group consisting of acrylics, silicones and polycarbonates.




and the lens with inmage was cured for 16 hours at 70C. A digital inmage of
an annul ar circle about the size of the iris of a human eye was di vi ded
into four quadrants col ored cyan, yellow, nagenta and bl ack was created in
Phot oshop 6.0. TD46, TD47, TD92 and TD106 reactive dye based inks were
placed in the ink cartridge of a nodifded HP550C ther mal izgjet ﬁ{%nter.
The printer was nodified to allow a contact lens to pass u &Pt
printhead by raising the printhead a distance sufficient to allow the

cur vat use(Nefw)t he The enicRCdf thanfacte bDElaide 1 | Whetin 86 poBmiaebmphitdy dnherylic.
printhead while maintaining printing quality. The digital inmge was
printed _on both titanjium dioxide printed and clear, inprinted | enses on the
nodi fi éd GPB30C phe aAttisle of pranufastise of dleine 1 exipsein daid polynasts &t asayticenvi r onment
at I i OCfor 30 mnutes in an autoclave. After steam ng, the |enses were

hydr at d.extracted in 0. 3% sodi um. te sal f pH 11.1.at 50 t
80C andedaiiar od B clech gHerh PR P ghiny o egat sed Rl Rambrioes i gigdhe

packaged in saline solution and autocl aved. Lenses were eval uated far
mechani ¢ giNewyoNndirpg fq ; ' > eridld zation
cycl e. Rgghr?s: 1.mﬂ%@cﬁ?ﬁﬁggﬁggggﬂ%g%f&g&yﬂ%ﬁ;?ﬁ 8t é%gsi%ﬁg?%'before
hydration After hydration, as determ ned by finger rub test; Al |enses

r emai n2d (dprgue Thgentde arfdm@yatactord of chsne 1, iwhdran| saihtpeiymgossmptisesdaie t o
expansi on / swel | psigcawbordagns pol ymer Yell ow and bl ack col or faded. 54 26
April 2006 3. After sterilization, some sanples exhibited reduced bonding
of opaque material and colors to |enses as determ ned by a finger-rub test.
Al publ-iN8WY onsThe #EFlg@f mynplcers oldaionbivherein daid pplmer fs apalyeareanats;
referred to in this application and the bibliography and attachnents are

i ncorp e ference in their entirety. 5 for.all. .purpgses to the sanme
ext ent s ettt hiahani bttt e bl id by PhuiobrBeEa by

r ef er ence comprises thermal printing.

23.(Amended)The article of manufacture of claim 1, wherein a portion of said digitally encoded
image is produced using pad-transfer printing.

24.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image is on
at least one surface of said polymer.

25.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image is on
one surface of said polymer.




Al'l headings are for the conveni ence of the reader and should not be used
tolimt the neaning of the text that follows the heading, unless so
specified. 26 April 2006 55 AMENDED CLAIM5S What is clained is: 1.(Amended)
An article of manufacture, conprisingg g) a polynmer, and b) a digitally
encoded i mage nmade with ink, wherein sald polymer forms a nt ctOIens;
further wherein at |least a port| on of said digitally encode ab?é) fs
produced.(dsivmg i rithejagticlpof mbnufectutewfichen IWedesimsasddigitdilyetrw@dbd irmapead ed

i mge is provi dedt Hastent leastonesaifste giehidn®is; further wherein said inkjet
printing conprises piezo printing; further wherein said digitally encoded
image is made using an ink that conprises a bondi ng agent. 2. (Amended) The

i cl f
Tt T IO S N AP CEMAAT,  ,

1, wherein said |g| y enco ed imge conprises a nulti-colored imge.
4. (Arended) The artlcle of manufacture of claim1, wherein said digitally

encoded8j(Negg i S Tht afg®ar adhufadtutd\eMtlaith e, aftekdh @algfdl%faﬂl'f}f aebdd®in®geckal m

1, wherein said diigiehairtdt]yeirQiesbliiBge i s opaque. 6.(New) The arti cI e of
manuf acture of claim 1r wherein said digitally encoded inmage is partially

opaque. 7. (Anended) The article of manufacture of claiml, wherein said
pol ymeR9€Neny) i sedha artivjel pHgmhufacture of claim 1, wherein said digitally encoded image is
printed directly on said lens.

30.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
printed directly on the surface of a mold.

31.(New) The article of manufacture of claim 30, wherein said mold is used for form at least
one surface of said polymer.

32.(New) The article of manufacture of claim 30, wherein said mold is used to form at least
one portion of said lens.

33.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
within said polymer.

34.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
laminated within said polymer.

35.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
within said lens.

36.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
laminated within said lens.

37.(New) The article of manufacture of claim 1, wherein said digitally encoded image is
provided directly to said polymer.

38.(New) The article of manufacture of claim 1, wherein said digitally encoded image
provided directly to said lens.

39.(Amended)The article of manufacture of claim 1, wherein said ink comprises at least one dye.




8. (Anended) The article of manufacture of claim1l1l, wherein said lens is a
soft lens. 9.(New) The article of manufacture of claim1l, wherein said
lens is a hard lens. 10.(New) The article of manufacture of claim1,
wherein said lens is a hybrid lens. 5& 26 April 2006 11. (An'ended) The
article of manufacture of claim1, wherein said | ens conpri %ﬁé‘ }9%
about 0% percent and about 80% percent water. 12.( Anended) P‘é]rzt0 | e of
manuf adONewpf clTaeartkle ofreamifacteaiod clagnd , ivheear subinkeotrnprisosy:d é¢ust one vat
13. (Anended) The dgé.i cl e of manufacture of claim 1, wherein said polyner is
hydrophobic. 14.(New) The article of manufacture of claim1, wherein said
polymer is hydrophilic. 15. (Arended) The article of manufacture of claim1,
wher ei ALENPY) pol yherrtide of meppiagiurg eheleive 1gmbersie swidiigk icamprsesaa rlgast ose
si licones and popmlalebonat es. 56 26 April 2006 16. (New) The article of
manuf acture of cl a| m 1, wherein said polyner conprises an acrylic. 17.
( New) articl actu laim1, wherei.n said palynmer, is an
acryl i EB %f )t %P{ F@fl‘é{aﬁtf‘r gIpuR: Ly PICERn éfl“gll fommg;sea}tr{ea\ggpae
pol ymer conpri seggal‘?ﬂ icone. 19. (New) The article of manufacture of
claim1, wherein said polymer is a silicone. 20. (New) The article of
manufa f c I i I carbopat e.
QW% argﬂéfhljci% VPR ﬁ‘#ﬁc’t r(Sf @?n% {Ig(vh%%rw Véﬁ%ﬁk %omglg%f\é o leaﬁgron?s a
poI ycar bonat e. age hded) The article of manufacture of claim 1 wherein
said ink jet printing further conprises thermal printing. 23. (Arrended) The
arti cl g4 ofewBNUT 284 WHRIOHS MhlfRtbre YNQLRL 1, FHBRET b0 iR c&ﬂbﬁse@'a@lé&%{ bife
encoded i nmage |§1a£g@5cguced using pad-transfer printing. 24. (Amrended) The
article of manufacture of claim1, wherein said digitally encoded image is
on at |east one surface of said poI ymer. 25. (Amended) The article of
manuf a43.(Ameemfed)Theianticle ofnemehdtugaif dlatth i watleih @iChleOmpABgavdt&. on  one
surface of said polymer. 56 (a) 26 April 2006

46.(New) The article of manufacture of claim 1, wherein said ink comprises a solvent.

47.(New) The article of manufacture of claim 1, wherein said bonding agent comprises an
isocyanate compound.

48.(New)  The article of manufacture of claim 1, wherein said bonding agent comprises
‘ hexamethyl diisocyante.




26. (New) The article of manufacture of claim1, wherein said digitally
encoded inmage is on at |east one |l east one surface of said |ens. 27.(New
The article of manufacture of claim1l, wherein said digitally encoded i nmage
in on one surface of said |l ens. 28.( ) The article of manufacture of
claim1l1, wherein said digitally encoded inmage is printed dir ctf%)gn sai d
polymer. 29.(New) The article of manufacture of claiml, &P &Prl Db ¢

di gi t alPAeradeththe aigke ofsmamifacttre bf diaimcy, |whepein Saidcbdnélig. agdt {ddepmsed be
article of manuf agitidine. of claim 1. wherein said digitally encoded image is
printed directly on the surface of a nold. 31.(New) The article of

manuf acture of claim 30, wherein said nold is used for format |east one
sur f ac&0¢Amsnded)Pag grtisle. of3manwfaetireTofeclaim i cwhersin spich bbading agensfcogipsisen 30,
wher ei n sai d nol golySingBenhl egirifimem at | east one portion of said |ens.
33.(New) The article of manufacture of claim1l1l, wherein said digitally

encoded, i e,l W t.hjin said pol . .34, ( . The_artijcle of manufacture
of cl ag}n(g,%%m artigle o ARG ohrfleilel T‘[\’ﬁ%’é‘ 2 bpaifg agens RIPRSS Rai d
pol ymer. 35. ( Newf 0981 cl e of manufacture of claim 1, wherein said
digitally encoded inmage is wthin said |lens. 36.(New) The article of

f I m: j i i.Qi nco {.mage_is. | am nated
wi t hi ﬁ%ﬁéﬁe‘ﬁ’%ﬁﬁ%ﬁ%ﬁﬁgﬁ?ﬁﬁﬁrﬁ’o‘ch Hhifl | e ECRRE B Ao RomefiRr i -
said digitally enelHERFoRglfar Oéhlmf)‘aeovi ded directly to said polyner.
38.(New) The article of manufacture of claim1, wherein said digitally
encodesi (AReRIedPrHVird8e ofimifetdcYrt 8f ‘Sﬁhﬁ 1| SRreirs gaiﬁ%ﬁ@iﬂgg%g&gﬁcgﬁ{égigg & of

manuf act ure of CJ)I% -tan\gﬁgrel n said ink conprises at |ea 56 (b)
26 April 2006 40.%§%m1 The article of manufacture of claim11, wherein said

i nk conprises at |east one vat
54.(Amended)The article of manufacture of claim 1, wherein said bonding agent comprises a
zirconate.

55.(Amended)The article of manufacture of claim 1, wherein said ink comprises a monomer.

56.(New) The article of manufacture of claim 1, wherein said ink comprises a polymer.

57.(New) The article of manufacture of claim 1, wherein said ink comprises a
homopolymer.

58.(New) The article of manufacture of claim 1, wherein said ink comprises a
heteropolymer.

59.(New) The article of manufacture of claim 1, wherein said ink comprises a copolymer.

60.(Amended)The article of manufacture of claim 1, wherein said ink comprises an initiator,
61.(Amended)The article of manufacture of claim 60, wherein said initiator is a UV initiator.
62.(Amended)The article of manufacture of claim 60; wherein said initiator is a thermal initiator.

63.(Amended)The article of manufacture of claim 1, wherein said ink comprises a dispersant.




dye. 41.(New) The article of manufacture of claim1l1l, wherein said ink
conprises at |least one particle. 42.(New) The article of manufacture of
claim1l1, wherein said ink conprises at |east one pignent. 43.(New) The
article of manufacture of claim1l, wheggein said ink conprises at |east one
reactive dye. 44.(New) The article of manufacture of clain1} AMQ?&@%” sai d
ink conprises at |east one diazo dye. 45. (Anmended) The arti c?epo

manuf acti{Aeenled)The artidle offreanefadtusabftolaink] , caligpein s€8 iMaédiiprisestén {iievdcteing
article of manufagdnre of claim1, wherein said ink conprises a solvent.
47. (New) The article of manufacture of claim11, wherein said bondi ng agent
conprises an _isocyanate conpound. 48.(New) The article of manufacture of
cl ai m $3-(vmendaddTheparticlged anang facgiwa of clammrli sdsreithsgidiiml byhprities 9o eytirfurgal 57
26 April 2006 4eggnhnended) The article of manufacture of claim 1, wherein
sai d bondi ng agent conprises an aziridine. 50.(Anended) The article of

manuf a e o aim.1, erein sai d hondi ng agent conprises a .

pol yf uﬁm\@ﬁa‘ﬁed tlfer%ﬁ?lﬁ@. mgRUiaolHEe Rf A Nle WRFTSIES i o dIFBestant | aj m
1, wherein said bonding agent conprises a carbodiimde. 52.(Anended) The
articl nuf -1 0f ! ej [ d] ,Ses a
il 1 f GG Cohal | oo B EeiabhBtirds o IBLE] MRl sAIRFL A ARES nEBBRA"
claim1l1, wherein said bonding agent conprises an organic titanate.

54. ( Aned(eiprided) Hiet drtitle (ff mammadt@etdfr @ainf 1 Civherinlsaidvdsivily cpaodédbiangds i

agent conprises gtrappédRIBISaidpplyyended) The article of manufacture of
claim1l1, wherein said ink conprises a nononer.

69.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image forms
a chemical bond with said polymer.

70.(New) The article of manufacture of claim 1, wherein said digitally encoded image forms
a self-adhesion bond with said polymer.

71.(New) The article of manufacture of claim 1, wherein said digitally encoded image forms
a polymer-polymer bond with said polymer.

72.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image
comprises at least one pattern.

73.(New) The article of manufacture of claim 1, wherein said digitally encoded image
comprises at least one color.

74.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image
comprises an image of an iris of an eye.

75.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image is
derived from at least one color.

76.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image is
derived from at least two separate colors.

77.(Amended)The article of manufacture of claim 1, wherein said digitally encoded image is
derived from a mixture of at least two separate colors.




56. (New) The article of manufacture of claim11, wherein said ink conprises
a polyner. 57.(New) The article of manufacture of claim1, wherein said

i nk conprises a honopolyner. 58.(New) The article of manufacture of claim
1, wherein said ink conprises a het eggqulyrrer. 59. (New) The article of
manuf acture of claim11, wherein said iInk” conprises a copol ynQer,.

60. (A i f act F ool Bt aherain SRR
corpr i SoaReianThe bl éﬁﬂﬁif‘ aﬁedjﬁﬁlg%e&w el IR, G007 W i, o0,
wherein said ini tdle%‘fegir qrd ) /[’J\rg%?rﬁ?f PaRaf; COlos) ( Arended) The article of

manuf acture of claim®60; wherein said initiator is a thernal initiator.

63. (Amgogrewyhe anbisshde of nRRAERSE UF €lakh 1€ PRI saWNELEIN SRbEd Mage i
corpri 225 & b spgestes Suniter L O P RRAIRATRLD PR e

manuf acture of claim erel n sal C rrses an anti-bacteri al

agent. 65.(Anended) The article of manufacture of claim1, wherein said ink
conpr i 86¢Naw) ant Thé ungdd of agatfactubbof dandedhéhen kil idigialQf endedudl @agdodrie of
claim 1, whereinda@ied fiodkatClodsp Fdug8Spatatde§bif ectant. 67. (New) The article
of manufacture of claiml, wherein said ink conprises a hunectant.

68. (Amended) The article of manufacture of claim1l1, wherein said digitally
encodedlilNewje i sTheattickppemhanifabiure eficldinpd| yirercin 68d [digitaliyeuhydded aageds e of
manuf act ure of cleived fronwherieiure cfait teasti fgut eprytesoboasled i mage forns a

chem cal bond with said polynmer. 70.(New) The article of manufacture of

claim erein said digitally encoded i mge forns a self-adhesion bond
Wi th sé?ﬁxgs-’@ﬂg‘}n a“?‘ﬂ"ﬁé%““ﬁ@‘i TSIOMPISNGF nmanuf acture of claim 1, wherein
said digitally e??code%lpqﬂbfﬁlgé apdrms  a pol ymer-pol yner bond with said

pol ynmer. 72.(Amended) The article of manufacture of claim1l1, wherein said
digitally encoded image conprises at |east one pattern. 73.(New) The

article of manufacture of claiml1l, wherein said digitally encoded i nage
conprises at |east one col or.




74. (Anended) The article of manufacture of claim1l, wherein said digitally
encoded i mage conprises an image of an iris of an eye. 75.(Anended) The
article of manufacture of claiml, wherein said digitally encoded inmage is
derived fromat |east one color. 76.(Axended) The article of manufacture of
claim1l1, wherein said digitally encoded i mage is derived f %})rﬁf%obgast t wo

separate col or S b 7 (ﬁﬁ%ﬁg)eﬁ?&de?ﬁﬂa l gnat%e Wqﬁpﬂlka%vthléfe?ng lda?t easf})mflv%]\gr ein

said digitally en ode roma nixture 0

separate colors. 58 ( ri.l 2006 78. (Anmended) The,. article )

manuf acture of claim rﬂWﬁé’Y oin <2t lgas; |p9é¥}qny°€ﬁ%‘8d%§“?ﬁhh§€°q ded faraes &y

fromat |east three s@f%?f‘%ﬁdém&ﬂl@kée prigt ’Qg\levv) The article of manufacture of

claim 1, wherein saidfiiffhgr wvherojn said daitlly raeededsmage iy prowided shineatlyrfosaid e of

at |east three separ avelymet;ors. 80. (New) The article of manufacture of

claim1, wherein sai dfutthgi whédein sintiollget printige corsprisde thievaal frintimgat | east

four separate col ors. fifithef Médeinl baid atifitatlyeerebd stnimdgacik unieolsigd ah inkd that

wherein said digitall yoipreReledohdiBgagdns. derived froma mxture of at |east

four separate colors. 82. (Arended) An article of manufacture, conprising:

a) a polyner, and 59 26 A}prll 2006 b) a digitally encoded i nage made with

i nk, wﬁé(@nﬁn@@bﬂlepmtlylﬁeqa menwfactare obelairat 82, eviwrein aidhdigitalhe ea¢adedtimagast a

portion of said comprises hyingleaottedmagage is produced using ink jet

printing; further wherein said digitally encoded inmage is provided directly
r V\,her in said in et prlntln conpri ses thernal

i f k
tp?i nti g‘é(ﬁ%f t heTh?Aﬁét g‘ieﬁf G0y aaiugﬁp il ayne%#edﬂgﬂemrﬁa@e igyally gacqdst igagh i nk

t hat comprises a multi-colored 1mage.

85.(Amended)The article of manufacture of claim 82, wherein said digitally encoded image is
transparent.

86.(New) The article of manufacture of claim 82, wherein said digitally encoded image is
opaque.

87.(New) The article of manufacture of claim 82, wherein said digitally encoded image is
partially opaque.

88.(Amended)The article of manufacture of claim 82, wherein said polymer comprises a
hydrogel.

89.(Amended)The article of manufacture of claim 82, wherein said lens is a soft lens.
90.(New) The article of manufacture of claim 82, wherein said lens is a hard lens.
91.(New) The article of manufacture of claim 82, wherein said lens is a hybrid lens.

92.(Amended)The article of manufacture of claim 82, wherein said lens comprises between
about 0% percent and about 80% percent water.




conprises a bonding agent. 83.(Anended) The article of manufacture of claim
82, wherein said digitally encoded i mage conprises a single color inage.
84. (New) The article of manufacture of claim82, wherein said digitally
encoded inmage conprises a nulti-col o4 i mge. 85. (Anended) The article of
manuf acture of claim 82, wherein said digitally encoded inagg IS
transparent. 86.(New) The article of manufacture of claim8 ,Aﬂﬁb%@?n sai d
di gi t al9ByAsrendetbdhé antigle of sanofaagpoeof Bain( 8% wherkiresaid tens ispenheatintel @gyper.e of
claim82, wherein said digitally encoded inmage is partially opaque.

88. (A d) The ticle of mapufacture of claim82, wherein said polyner
conpr F?ggﬁakenﬁvﬂ%@@?@e@g Wﬂﬁgﬁ@éﬁ?ﬁ%ﬂh&% ibersinsaidraelymst s dwdraphokicai m 82,
wherein said lens is a soft lens. 90.(New) The article of nmanufacture of
claim 82, rei i i . . i > . Of

manut act S evor ot aly AiTarficlrdBF oinf B whePd KT BhIIE 1ok

92. (Anended) The article of manufacture of claim82, wherein said |ens

conpr i $65AbRhdERThedtitle I Yaapefacaind ofEl8ine R UhBENosRia HoBRher ek &ected Fofmathe 26

April 2006 93-(éfﬂﬁg@@ﬁgis-m@o@%&ﬂyﬁbsesﬂ’lfcoﬁ@'lﬁfiﬁ)ﬁlﬁ?[%tﬁoﬁgtes?'a'm821 wher ei n

said lens is pernmeable to 6xygen. 94.(Anmended)The article of manufacture of
claim82, wherein said polyner is hydrophobic. 95.(New) The article of
manuf acture of claim 82, wherein said polyner is hydrophilic.

96. (Amended) The article of manufacture of claim 82, wherein said polyner is
selected fromthe group consisting of acrylics, silicones and

pol ycarbonates. 60 26 April 2006 97.(New) The article of manufacture of
claim82, wherein said polyner conprises an acrylic. 98.(New) The article
of manufacture of claim82, wherein said polynmer is an acrylic.




99. (New) The article of manufacture of claim82, wherein said polyner
conprises a silicone. | 00.(New) The article of manufacture of claim 82,
wherein said polyner is a silicone. 101.(New) The article of nmanufacture of
claim 82, wherein said polynmer conprisgs a polycarbonate. 102. (New) The
article of manufacture of claim82, wherein said polyner is%? ”

pol ycarbonate. 103.(New) The article of manufacture of clai §?r,1 WMerein a
porti o®7dNewai d dhgidradle yof mandaedrei ofaglaim S32p rvlthueia dsaids ipolynpa ccohpaissd an
printing. 104. (Nawylidhe article of manufacture of claim82, wherein said
digitally encoded image is on at |east one surface of said polynmner.

105. (New) The article of manufacture of claim82, wherein said digitally
encoded8iNaye i s Theartisteofauanuiacture pf elain 8B ovhengin said pelypreiganmeeyligr ti cl e of
manuf acture of claim82, wherein said digitally encoded inmage is on at

| east | east e surface of idlens. 107. W) The article of .
mmnut add VeV by c%‘? F9° Gty of Hm 7 P& S8 M Sabbrsesone
surface of said PEfi%® 108. (New) The article of nanufacture of claim 82,

wherein said digitally encoded image is printed directly on said pol yner.

109. ( ar f ' . [eln: SAl: i.gitally
encodsgwi)'(ngg@ i s%%%ﬁﬁ%eog %&lﬁa@ﬁgggcr@gna?id%?ﬂe%%& S?%Sl(yﬁllee\gvﬁss%ﬁgcoglre ticle of
manufacture of claim 82, wherein said digitally encoded inmage is printed
di rect 191.GWevh)he The faniete aff @amathalureldf Iclaihie8d, Wherehr baid| wolphermaompasdsui e of
claim 110, wher epsly&abshatp! d is used for format |east one surface of said
polymer. 61 26 April 2006 112.(New) The article of manufacture of claim
110, wherein said nold is used to format |east one portion of said |ens.
113. ( NeW(Newe  ar Thesrdclgfof manufaatreofclam &, athera@@ saidhelymienissaiolyilyingtsl | y
encoded image is wthin said polyner.

103.(New)  The article of manufacture of claim 82, wherein a portion of said digitallyA
encoded image is produced using pad-transfer printing.

104.(New)  The article of manufacture of claim 82, wherein said digitally encoded image is
on at least one surface of said polymer.

105.(New)  The article of manufacture of claim 82, wherein said digitally encoded image is
on one surface of said polymer.

106.(New)  The article of manufacture of claim 82, wherein said digitally encoded image is
on at least one least one surface of said lens.

107.(New)  The article of manufacture of claim 82, wherein said digitally encoded image in
on one surface of said lens.

108.(New)  The article of manufacture of claim 82, wherein said digitally encoded image is
printed directly on said polymer.

109.(New)  The article of manufacture of claim 82, wherein said digitally encoded image is
printed directly on said lens.

110.(New)  The article of manufacture of claim 82, wherein said digitally encoded image is
printed directly on the surface of a mold.

111.(New)  The article of manufacture of claim 110, wherein said mold is used for form at
least one surface of said polymer.

SRR



114. (New) The article of manufacture of claim82, wherein said digitally

encoded image is lamnated within said polyner. 115.(New) The article of
manuf acture of claim 82, wherein said digitally encoded inage is wthin

said lens. 116.(New) The article of mggufacture of claim82, wherein said
digitally encoded image is lamnated within said |ens. 117%% 2(%‘59

articlg uf eis
provi deégéNg@gt I g%irrfclé’gf?ﬂfl;@c&?e R%ﬁ{"ﬁﬁe greg{ 9%& ?401&/ H%anuf acture of
cl ai m 82, wherein Sai gpg efl f %IF?COded imge provided directly to sal d
l ens. 119. (New) The article of manufacture of claim82, wherein said ink

conpri 9es.(Réw) eaghe Qile &Y ﬁxanllfggufe'\!ﬁ"\l)laﬁh% %ﬁér@ihesaﬂf d1%ﬁzmjif afcbdéeiMgeckal m
82, wherein sai dyjipk, & 1 % | east one vat (New) The artl cle
of manufacture of claim erein said ink corrprl ses at | east one
particle. 122.(New) The art| cle of manufacture of claim82, wherein said

i nk coipt.(Nes) at Theasicloobmapifgerertof cdt §Nemberdinaair digitdlly @fcod@hinfgetisr e

of claim82, whetsiinatsd@ivithindsidosymnéses at | east one reactive dye.
124. (New) The article of manufacture of claim 82, wherein said 30 ink

conprises at least one diazo dye. 125.(New) The article of manufacture of
cl ai m 853-(N@ver ei Ahe aftigly eficmaapetizsedf daimed?2, veirras saigrdigitayogcodabingagevis The
article of manuf withiwseidtens| ai m 82, wherein said ink conprises a solvent.

127. (New) The article of manufacture of clai m 82 wherein sai d bondi ng
articl e of

ﬁ%ﬁﬂ% aif%@f ?Q\? Eecgfvamgélﬁﬂﬁu Of?f?%@n%%z H&lea‘ag ﬁ?ch‘g&LEﬂl ys@godedoimagg iy |

di i socyant e. amlnated within said lens.

117.(New)  The article of manufacture of claim 82, wherein said digitally encoded image is
provided directly to said polymer.

118.(New)  The article of manufacture of claim 82, wherein said digitally encoded image
provided directly to said lens.

119.(New)  The article of manufacture of claim 82, wherein said ink comprises at least one
dye.

120.(New)  The article of manufacture of claim 82, wherein said ink comprises at least one
vat dye.

121.(New)  The article of manufacture of claim 82, wherein said ink comprises at least one
particle.

122.(New)  The article of manufacture of claim 82, wherein said ink comprises at least one
pigment.

123.(New)  The article of manufacture of claim 82, wherein said ink comprises at least one
reactive dye.

124.(New)  The article of manufacture of claim 82, wherein said 30 ink comprises at least one
diazo dye.

125.(New)  The article of manufacture of claim 82, wherein said ink comprises water.




129. (New) The article of manufacture of claim82, wherein said bonding
agent conprises an aziridine. 130.(New) The article of manufacture of
cl aim 82, wherein said bonding agent conprises a polyfunetional aziridine.
131. (New) The article of manufacture qfy cl aim 82, wherein said bonding

agent conprises a carbodiim de. 26 April 2006

126.(New)  The article of manufacture of claim 82, wherein said ink comprises a solvent.

127.(New)  The article of manufacture of claim 82, wherein said bonding agent comprises an
isocyanate compound.

128.(New)  The article of manufacture of claim 82, wherein said bonding agent comprises
hexamethyl diisocyante.

129.(New)  The article of manufacture of claim 82, wherein said bonding agent comprises an
aziridine.

130.(New)  The article of manufacture of claim 82, wherein said bonding agent comprises a
polyfunctional aziridine.

131.(New)  The article of manufacture of claim 82, wherein said bonding agent comprises a
carbodiimide.




