| TINTED LENSES AND METHODS OF MANUFACTURE 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 follow ng patents
and patent applications are incorporated by reference herein: 5 United
States provisional patent application sarial nunber 60/162,695 to Doshi,
filed Novenber 1, 1999; United States provisional patent application

serial nunber 60/218TINGEDIENSBSAND METHODROY MANURREPURENI ted Stat es
utility patent application serial nunber 091696,933, to Doshi, filed
Oct ober 25, 2000, now United States patent nunber 6,315,410;. United States
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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. The opaque materiai blocks the natural color of the



contact | enses have the undesirable quality of |ooking unnatural due to the
limted nunber of colors that are available. In addition, during

manuf acture the opaque material and pignent are applied to the contact

|l ens material in a plurality of steps, using one color per step. In United
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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 pattem 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



used to create the inmage. Colored contact |enses reported in United States
Patent No. 5,414,477 to Jahnke, issued May 9, 1995, relate to i mages that
are made using pad transfer nmethods to forma plurality of dots of

unnat ural appearance. A plurality of printing processed can be used to 5
create an image conprising nore than ones color that reportedly results in
an image with a nore natural appearance. These dots are of relatively
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nat ur al sappearance. QCOHI]EFSDESCRt Cﬁ HE FIGJRES 15 FIG 1 depicts a
schematic di agram or- & et e a8t “Et TREP G e ERAEHY PuRdp R thachngee. Al
denot es bl aclerd makuralAﬁpedﬂﬂ@t &“ﬁesﬂﬂgteaﬁeaafrdmfwelﬁxaeﬁiﬂeamspeya@h kv Aglfarge'ofﬂ
denotes cyan. | nk., A6 denotes color in t | ayer of Al + + A3 +A4.

The di git al Fy° ancBHdaYs Fagratal appsaranee g h8ﬁ reQﬁ?‘F%‘E&l?“%&’l‘l"%‘é‘?% thesps. FIG 2
depi cts di agretimiodisd land mlahlﬁeddmg:bér&lfl:dlo:e@ﬁd)ﬁh@témh ROAA bEREASAdcHYehits b 2 20
structure. A6 deno gs color ink coat / layer of black, magenta, yellow and
cyan; A7 denotes r% 18P 0l yeri zed nonomer mix for clear |ens; AS

denot e$0 partl al I’yhenmdswmrvtmﬁd adfressA%he [eRlehessdcibtddywilhQeYotBEd FRG Lhigar | ens.
FIG 3Ad lSLs rreI hod of encasing a |ayer of ink between a primary

surface egsesBBP Yidme 2 {raqee onar witiin g eantagt lepiiattét ofsberipotuaivedhe | ens; A6
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denotes partially polynerized A5; AS denotes partially polyrmeri zed A6; A9
denotes fully polynerized clear lens; A0 denotes fully polynerized A6.

FI G 3E depbeirs Dasc@bhol oPru@PRjukisd 1 nk to a surface. FIG 4 depicts a
di agragg of pad transfer printing nmethod of the present invention. A7
denot e¥ parti al ¥ bPHRT T Sherats disaiem ofipmethed of prémiing Higiially eaA®ddé moiges
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and cyan; A9 denotes ful )o ymeri zed
Ab 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 ik 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



| ens. Al10 denotes a fully polynerized AS. FIG 5 depicts a nethod of a

| at he/ fabricati on process that can be used to produce |ens of the present
invention. FIG 6 depicts cast nolded nethod that can be used to produce

|l ens of the present 5 invention. FIG 7A and FIG 7B depict spin cast

met hods that can be used to produce l end* of the present invention. FIG 8A
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The i ndent abi @epstdhtiatdaies are not necessarily shown to scal e and
preferably are relatively small such that they have a volunme of |ess than
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m croliger, jJvegsnt han about 0.1 mcroliter, |ess than about 1 15 nanoliter,
| ess than about 0.1 nanoliter or |ess than about 0.01 nanoliters. FIG 9
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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 structures can be filled with, for example, 2 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.



present invention. A5 denotes a nononer mx for clear |lens; A6 denotes
color ink coat 1 ||ayer of black, nagenta, yellow and cyan; A7 denotes
partially polynerized A5; AS denotes partially polynerized A6; A9 denotes
fully polynerized clear |lens; A 10 denotes fully polynerized A6. 5 FIG 14
depicts printing nethods within a well én a surface of the present
invention. A5 denotes a nononer mx for clear |ens; A6 denotes color ink
coat / layer of Mbatkdepicirebermof iynpte ity cagased impEestition e strustirs ofabd y
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di gi tals f ormat & £ r) &t in t hods,
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applied to, Aflr ect resent invention is
an article o%&ﬁtah{? lg%tg&lﬂéﬁl ncq%h%cSrlea ypo Rg’rr%g]‘ge 55€§P3€Téﬂt”|yy encoded

i mage nmade mlmﬂmkAﬁ\ﬂekﬁe:iee@tmﬁrﬂnequpthléablm a lens. 20 A second aspect
of the present invention is a nethod of nmaking an article of manufacture
that includes a digitally encoded i mage and a pol yner, including the steps
of pritnti n@J_m_lMi tally encoded i mage on a conposition that includes a

pol ymer, wherei qht S 0l %ﬁﬁ ‘ﬁ ) A}lthl rd aspect of the present
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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, including: 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 2 composition that includes a polymer, wherein the
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:



pol yneri zing said at | east one nononmer to format |east one pol yner, and
formng alens fromsaid at | east one polyner. A fifth aspect of the
present invention is a nethod of making an article of manufacture that
includes a digitally encoded i nmage and pol ymer, including the steps of:
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or imge and prrntr said di grta i mage on a |lens. 20 DETAI LED
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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. Generaily, 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



How ey's Condensed Chemical Dictionary (198 1); and Federation of Societies
for Coatings Technology, dossary of Color Terns, Federation of Societies
for Coatings Technology (1981), Were a termis provided in the singular,
the inventors al so contenplate the plural of that term The nonencl ature
used herein and the | aboratory procedures described below are 5 those wel |
known and c . . throu ho

di scl osure, 2 "@Q#%ll ﬁwgﬂmgoéy n‘rrllqsh rta%r?ﬂ@é’s“ﬁ?%%%@eﬁ%g‘ﬁ °°ﬂag‘8“ H&%@

under st ood Howlkgy €ondgased mémmwmgimtﬂi%g}sand Hoderetddnl q{{;beét&ﬁ sormatihgg ect

causation o c th 0 ui r, medi ate, s
"Indirectly Cﬁncﬁ 36%0 ) nZEP g’é?e@ﬁgﬁteg?r?t% % ﬁ%ﬁl'g %té“gﬁ e @P‘ﬂ%@i ate steps.
"Digitally Eﬁ&l()dwelle ga'is ovidel gltl’ia&[nghlﬁﬁgﬁ xreﬁtfo&:r eﬁsok@nt&ﬂplbtﬂﬁﬁ%ldrﬁlaﬂ‘ has

been create ore a d| f.0 di ally encoded i mage can
be made usi ?ﬁ'at t?‘%‘t ﬁ%&%‘”&eﬁ{s‘g‘ re ‘i‘sﬁ Pﬁfé“ tﬁemg'ﬁ"cfﬁmgé’r%lﬁ‘%‘ir%st CETPRAY BRs or
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i ndi vi dual I tepor i n conbi nation. Such digitally encoded inages can be

al tere usi ng es\)élgbl i.sh F met hods, such as artistic renditions or inmage
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process |ike paolynerization or m xing of colored dots. as us her ei n
refers to dHfralyiosrEmedBAsourhes heidgneioakyepuchns mbmrumeeyesz&dmtdsf cacodzé dye,
vat dyig, Pahlapddalbe Hblgtﬁr&pﬁpprd’pﬁgtggﬂo}éﬁeﬂ um Sudf n%éﬁet Rk ahiforo éfﬁl Ink al so
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"Dye" in the context of inks re 0 a vari dre known
inthe art, in combination. Such digitally encoded images can be altcrcd using cstabhshed methods

i

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
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.



such as diazo dyes, such as Diazo 15 (4-diazo-(4'-toluyl)-nmercapto-2,5 -di
ethox y bcnzyene zinc chloride) (U S. Patent No. 5,662,706). "Vat Dye" in
the context of inks refers to a variety of vat dyes as they are known in
the art, such as Vat Blue 6

(7, 16- di chl or o- 6, 15- di hydro-9, 14, 18- ant ﬁ‘ra2| net ertrone) and Vat 5 Geen 1
(16, 17-di net hyoxydi ha | ene-5) (U. S
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are known i A" T Orfcﬁg&%tpategh%%lgégjé% ani um di oxi de, red iron oxide, yellow
iron oxide U.S. ﬂat Bid” ilNhe cbntd® Of ilBs3efersb @Bty dBlvhia %sﬁ}&b%@&ﬂ( B ne bl ue
(a # 74160%&, f%h geen 7 pt hal ogm ne %'leen # 74260)c? Pi gment
Bl ue 36 ( coBGPE BRLE YA s o17ansPhiogs Y Cobatssineieps) S Vait ent
No. 5,252, O%hen 1 { FREBCdin¢BydRy@ina fhﬂlot(h@3(¥anile§tl'@fm)baj§§né'ﬂf(@ffﬁf’&t@nt‘ﬁ variety
of reactive _dyes as they are 5 known in the art, Such ‘as Reactive Bl ue
No. 4 (2- an?ﬁb/%g@éne sul fonic acid, I-amino-4,3 ((

4, 6-di chl oro- s- t?hﬁékﬂﬁrtﬁ’e%mextofmksreferstoavant f particl th Kkn i
am no) - 4-sul foani | i ne) - 9- 10-di hydr o- 9- 10- di x%yodpas;)cdﬁsa% S}éarf 0“&% IE

4499- 01- 8) ; Ra%d s Indiadgk| o No. * 86 (1, 3- ben-zendi sul fonic acid 4-((5 am no

car bonyl - 1- et hyl“pjgment” in the context of inks refers to a variety of pigments as th kn
|, 6- di hydr o- 2- hydroxy- 4- met hyl - 6- 0X0- 3- p 3 BB 2% el dn

1,2,5-1 |azthﬁéﬂzswlaaémtw dp%idhd radrivos gridy, yelp“su%oma:uw Sn\htenqucsaémsgg 20
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solvent, sucCh as water, 1sopropano rofuran o

Pat ent No. £ 74200) Fagnent Bhs@ﬁmbalabwe' (Giéf?éw))tooclaomum as;tua}xidea§Sthaentt ermis
known in thg 08372 0% ch as, for exanple, acetylene glycol or pol yoxyethyl ene
al kyl et her (U S Pdtent No. 5,746,818 and U. S. Patent No. 5, 658, 376,
respectively). ZBeacliisDpddmihe tornitaxt ofisksaofatsexd vayfet)duﬁkesctmfdgesss they diesper sant s

as t hey ar %E@Wthg grtt P&i ﬁrf#ea twéﬂ hilz%sxi g{ Olihrg)c(eaﬂe s%l?clmc agld, Ter g'll to] series

from Uni on i de tea a ers, ferft er nary
sal ts or " Pbtdyghlors: !Gtﬁhzuw-bﬂ'i) @Amof- Usuﬂfoaﬁiahem—lmhhydﬁq %mdﬁcﬁ,ﬁdlsodlansgﬂr sants

g;teV\g;ﬁf S[)gﬁ‘%‘y8g§0q)?%%gl @g%{%ggeofe lg\lilftNoo 8&'%,%&:?1-zent?sutlfm%gg/&d H?{S arrPr eferably
carbonyl-1-ethyl-1,6-dihydro-2-hydroxy-4-methyl-6-oxo0-3-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, 1sopropanel, tetrahydrofuran or acetone (U.S. Patent No. 5,271,874).
“Surfactant” refers to a surfactant as that term is known in the art, such as, for
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%.



"Lens" as used herein refers to a conposition of matter that can transmt
light. A lens preferably can act as an optical |ens, such as a contact
lens. In certain aspects of the present invention, a |lens need not act as
an optical lens, such as a contact lens that is used for vanity purposes
as opposed to purposes relating to the &orrection, inprovement or
alteration of a _user’ g esight. 5 "Contact Lens" refers to a structure
that can be pl acéﬂnsoﬁsw f?lﬂrﬁerat%aecgm@iasr%onéfgﬁ@a*t%thaéaam%ﬁmwt gl Adens

correct, i npicyMly e ackhd B opficAl SRE, sGchal @ Sbrdatt lend Uh cdrhdt asP&?s%fﬂﬁtpch&ltt he
case. A contact |lens can be of ang Fproprl ate material known'in the art

or later del¥F¥igBa ensRardighaqhas anp eng, g 2s 3 copiachlenseihat invsed fonyanityd | ens.

A contact | giposedd oPostdioPuipodes $iAnE tPthe BorBionS inBh&rementdf Litd8IS o £efer5 to
a variety of soft |enses as they aré known in the art that are 10

charact eri zBY" 8&H&¥i ng, for exanple, at |east one of the following

characteri stics: C@P&Mﬁi@ns”?&ér@ﬁﬂﬂhﬁctuﬂ@(ﬂﬁ%@epla@ingvomgkx: tﬁl%'t Qvear JF‘?%,&H{”S

refers to a varlety of hard lenses as th ey are are
char act er i zeRMtagklens£on pRiTect igrpreveadnlter,a uger's| eyesight, Snighafcddot ibeoiht' CARE. n@

char act eri sginesi lens%gﬁ@@mpé ropBide nﬁ%gﬁ@lﬁ\lﬂ? e &Jlger d]etE?eI lEMbr I ens"

refers to a variety of hybri 'enses as t are nown e’ artmam fuch as,
for exanpl e? s [pwspashanblgniny adivbrid kenss |4 mtaatridlsaalhbmd acle;rmm or a"\ﬂt yatBt at e"

refers 10 a Sof tsh@Nsht ficds BhWfuPhl R 168 AERLE SR8l 1S Ghgke Of @ hard

| ens under storage or use con ons ers a“Soft lens in
a hydrHted @11&8??@“262@5 hasmsgioeemptu 4t lqagtfape of ﬂlofcﬂio‘dlngchaeaoeemmdsmxygade of one

or nore |nk i Ko ge" refers to an inmmge that includes nore
t han one si ngl e ceoill drﬁj?’ Aiwﬁﬂl' tglE col ored image can be nade using a plurality

of single col or sHafden®g xeferp teea vamiemolf hird lepses o3 thely irerkigevnaatheha timage usi ng two

or nore sin r sin C or four or nore single
colors, pre g?ig tl%egps:]?ar\{a t%?e)jamtprgoat tong?ﬁtpt‘sgl(l:gwmgghwcxeélatl%ef ore or 25

during the m}drqwh@hlcogascpfenmeahlubrngldol ored image, such as during a printing

proces such asy [N rocesses di spensation, such as jnk jet
printi I'r\?g "Tr anspar enlfesJS rrgffeert%af Ogﬁgbﬁ%g aﬁpﬁﬁﬁﬁ cikgpviy i th 4 EHCB i ght
transm t t edfot bwaopizhe lans lswing e soft sirt stdethastcegeeat er than or equal to 90% of

incident |ight. “E)ry 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.



"Opaque" refers to a substantial portion of visible light reflected or
absorbed by a structure, such as greater than or equal to 90% of i ncident
light. "Partially opaque" refers to a conbination of transparent and
opaque. "Hydrogel" refers to a polyner that swells in an aqueous sol ution
due to the absorbance of mater A hydr%bel i ncl udes water or an agqueous
sol ution as part, its struct ure. refers to l'i nkage of
nmononers. Pref erQBT’%‘f‘e rﬁfeﬁ%tf’?ﬁiél?s‘ai“gala‘”ﬂ%rl ?’Jr%ﬁ‘mie Jé%‘bfetgﬁ?tha‘?ré’b‘F%W%é in
| enses, SUChmatSrepﬂlﬁh &Céredtﬁ‘m}%%r eddalR®byer in6idént hgnt, for exanple, a

a copol yner, a hydrophobi c polyner, a

honmopol yrer,
hydr ophi | i c poI y OPQ%V FESHbiPRSPTBRAUOR 8F Baepareph and qpagusphobi ¢ Pol yrrer

refers to a pol yARdro dﬂ%feﬁqsﬁpag&lcﬁhﬁ@&als%ﬂmﬁagﬁéo%k%lo% du@Punt of water or
an aqueous sol ution (see tent No. 5 166). "Hydrophilic

Pol ymer " r e408rBance0fvates) Yriiydroge ancludBswitesor aihacapays eolitidnlae patrefiitst of water or
an aqueous g sehMdtion (see, U S. Patent No. 5,034,166). Lens form ng
materials that are suitable in the fabrication of contact |enses are
illustrated by oR@y®Ber mberetogtlinkpges of alonasesirn PreferghlyRatobymter 5% phlymier s

2,976, 576; a%pn%g@atgﬁag usedn FRdes Gﬁgn as%m?t%leﬁs%} A%g%g 2&%%5 tg’r’ e%grgﬁlggf;’

3, 988, 274, 853; 3,875, 211; 3, 503,942:

3, 639, 524; Pmppelymea heteropolyngs 2 copdy 83 dBPhIARHMEBS: hyBropHis HBver

3, 803, 093; éﬂﬁg&n@ﬁgt o4 207; 3,431, 046; 3,542,461; 4,055, 378;

4,064, 086; 4,062,624; and 5, 034, 166. "Hydrophilic I\/bnorrer" refers to
mononeils used t SHydirRhobie Pelymergefers tasa polynaes thapivehuyad closoytenhpprwsthey | acr y| at e,

met haer yl i Canﬁﬁht%f‘afate? ﬁ%%éaxé{ﬂtm RE U pmlend N §034, 109, gl 72 U S

Pat ent No. 272,010 noner” refers” used to
make hard |Redgwss’ reforsdh aaslymettthgtlabmthaamagpt@tablc ambmwe&thrydr aﬂﬁmﬂea@r yl at e,

Es'at )2/;(23?818; -sglph{))lﬁ@ P 5 Hat,?ntr e? grsésu {t%) Lens %mmhg ma%ﬁ%iﬁ g@ "ﬁ‘bs%talgF Wgﬂl% type of
nononer s udhbriatst_ion_zlﬁ dea!tt Isusge trayilugedtéHy oaeomhm ef thé ftibengpDs.\aent' refers to
¢, BOLAGT, SRR 0% L Sk 205 SRR TATEE B ps P50 o 1o e
use of two 4BREY,SBIS5Q0I; B50B,942; 6,5BRKR; BOTICNWNE639032a) 3)7001761; 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-vinyipyrmrolidone (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 gilicone
(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.



"Acrylic Polynmer" or "Acrylics" refers to a variety of polyner of that
genus and species as they are known in the art, such as, for exanple,

hydr oxyl et hyl net hyl e acrylate. "Silicone Polynmer" or "Silicones" refers to
a variety of polynmers of that genus and species as they are known in the
art, such as, for exanple Tris (such aslITris

(pent anet hyl di si |, oxyar}'yl ) - 3-net hacryl at e- propyl si | ane or

3- net hacr yl oxypr o}y Fopymeg o F‘ﬁ?ﬁ”éﬁt%wfer%ﬁo atvaniséy yf pohymer gfibyt getiPend/ car bonat e
Pol ymer " or gpdRRk YCBEPRORoS if & &% SuliPasirol, é(rafnﬁfe}’hy‘a;ox?@h%%[h%%%&ry[aaat genus
and species as they ‘are known in the art, such as, for” exanple”Lexan.
"Initiator" in thel@anPawrperopr Yolisomes’irefers loomvariety of Bolymoeraof thatigenuatiot  as t hat
termis kno ol fQr | &y ical that starts a
pol yneri zat ;é%r?elrs %525&6%(“%‘{8 ! B\/pm?%lmt;hl agtfgf%%eﬁﬁé@ggﬂ%gﬁ of pol ymerization
refers to a@guamgihyidatiowyand-3hethadrdaterpiogylsiknowrB-inethedngoaptopysuch as, for
exanpl es a ¢hy %‘éﬁ}khi‘i&?ﬁilﬁ@foms reactive or active with the adsorption of
energy, such as energy, such as, for exanple benzoin nethyl ether.

"Bi nder" or "bondohgarbyeisfolymef ar §Pdlpadonpeuniths tus eatiepeait holiieds bethfitunct | on
of increasi LJ: I tween noieties, su as_ between a dye and
a pol ymer O?Q%EE%H%&N%SE@?} ggnmﬁ‘glnl%ﬁgh%l%asaﬁ’a%%ﬁ #&such as those
terns are known Thmtiathed irath¢ conteEkefipolyeerigdtiol refidetosn aitidemd Hageag s Rhowar €
hexanet hyl e I t . ot her. i.socyanat e, canpounds. "Thi ckener"
refers to cgh%%%glg&%éﬁg% e?%‘gﬁes’élcfg?“&m?liléaféﬁgseaptof'?”é“e{??%‘(‘?Bé‘iafV“of aliquid or
partialdy |iqui dUW Joftiatog” iothesohtettiod polgmiatzaid reRto § BVThitistokaxaMdd teifl id he art .
An exanpl e fowe}1 il a’&hi chken r_ar elepol Vi nﬁél | cohols. "Anti - ko&ﬁlti ng agent"
or "non-kogatlng agent & &F T4 c%f‘%@tﬁ‘i atibrepmes Lraptiveenactive wih thei ng
processes t hdbrptibn dfier@gnorhlaeby Bbgh sach 5,Ue exb@p 8 Be@bR kdigVBthérn the art.
"Di spersant” ref.%'isdmg,(‘):m;:=1J surface,active g&ent added to a suspendi ng nedi um
to pronote the dirstFi SutTBHIGARTS EPET R o8RG piefl Berfrmdls asen 9t f i ne sol i d
particl es. RbreisTipghainteratiinttieticai moletles, seh abthideh a @fe PAlaYIRMeZAt i On refers
to a t{germal initialg r as that ter[nis known in the art, such as, for

exanpl € a FREMEST PFHAR MERUBHEY potsmses sygh as thoss texyes argknowndmibe albsor pti on of

heat ener gyExamifd3 ofbinddiddir beNRERE@is HAHRQarRéhMne AR Hhie ODHhA QR dnbtk | € 12
"Anti - Bact erolma})lounAd%ent " refers to a conpound or conposition that can act as

a c
“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
printing processes that utilize nozzles, such as such terms are known in the art.
“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.



bactericidal or bacteriostatic or can reduce the growmh rate of a bacteria
such as tetrabutylanonium chloride. "Anti-Fungal Agent" refers to a
conmpound or conposition that can act as a fungicidal or fungalstatic or
can reduce the growh rate of a fungi such as benzakonium chloride 5
salicylic acid. "Disinfectant" refers tb a conpound or conposition that can

reduce the type, nunber or diversity of m croorgani sms. "Hurnectant”
refers to conpourfthé-Rapigrial Aggnic eefiay w5 apeusd or CORPFSIEAn Batrpp aftes 4l ycol .
"Printing” pgiRicRlald? bid@ioRiR dred de@Re A pRiwth RASIF a0RQeAd M R @ surface or
structure to form 10 an inmage. Printing can use any appropriate device or
met hod knowfipbptyldeeni chdgrnideat er  devel oped for a particul ar purpose.
Printing Devi ColantiGhigad albh AtirARREAREIAL 6 ARBbSon! 1Bkl BT dobhd /MM MROE O
a surface or structure known in the art or later devel oped for a

particul ar puipeststatic pyesn sqduen the grawrrata of ffigngidech as derizakdnivdedhlaride

di spensat i og,efich@r odropl ets of liquid that includes an ink that forman
15 image. The size or volume of the microdroplets can vary, but generally
the smal | er the “Disiefecsant opfeestto a corepdundydresompépition et Famyrediice thia éypemagiber
produced. Ppefiehsi®ds HiEdd %%8 Lets are between about | nanoliter and about
100 mcroliters, %re erabfy between about 10 nanoliters and about 10
mcroliters or bé&umsdentatstu tot@Opmvadathitraiue: amgbralooisuctlasrihyieod gly@t.. " | nk
Jet Printing” re t i N4 i US| rint.ing device that conprises at
| east one 20 inﬁﬁfl%tg. Pﬁfﬁilojq{éétJig%‘%ﬁ%?%ﬁ?%gsﬁoﬁeslgkg’assﬁlﬁﬁﬁeé’r%tﬁcgfe%gy@an use a
plural 1@y ofniweksrRintifpranaeseany lkpyropriafekicyiet orpudthwidikngwic mnhasseofdat@r i nti ng

devi ce t hat ' rality of different colored inks that can be
provi ded se%%?%%%@?aqaaﬁ%{uﬁf% c§S|¥)'ect of the invention, the inks are
preferably at | e&sntingtDwoicearefelsaa sty dphiopeatodeviat fdr@astingf 20 Gmhageion ARtiface€ Ol or s

and bl ack that can,be mixed to forma v | ar ge _nunbe f different
colors. Such Stﬁ?ﬁlﬁnteikﬂogwnd%%e ST L d?:"(?ﬁ’ﬁ%f‘é?%?%“%&&?@%sﬁl éregeﬁacbﬁ?" agnyge

t hr ough, f odevieampides thé-hivdeniatioPatakiaiodroploss PON@id it ifSeteharniak Basisdetn 560C

pri nt e[ cartridgghse). andlEncarg]éeCor rafion. I nk can be applied to a surface
more than offE%t 6" 5I5E 81 PR ddpiciegropielscahany Yur seprrallythemmaller they) or

char act er i siictodropRit,eFechiglet the ity sfefedmsgd RodRtddN PrdTehed Shit@drdplR bt i ng devi ce
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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
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



exanpl e, those avail abl e through Packard Instrunments and Hew ett Packard
Corporation or Canon Inc. "Thermal Printing" refers to printing using a
printing device that conprises at |least one thermal printing structure.
Such thermal printing structures are known in the art, such as, for
exanpl e, those avail able through Hew ett3Packard Corporation. 5 "Laser
Printing" referﬁ to ‘gri ting using a B\rﬁi nti ng Sevi ce that uses at |east one
| aser pri ntiHP s hoacaable thiouph backad insgrrasntsped Hewlet Backagd{enmwpratipnohe art
such as, forcaaxampl e, those avail able through Cannon or Hew ett Packard
Corporation. "Pad Transfer Printing" refers to printing using a pad
transfer printinghgeia! Benting)) pefers (g pamtinesisg @ priptingdeyipgthaloompases arleask nown i n
the art, parghi Gindy hiinth@5trRikd) tguBPthbmal Béhtib ShidnRds aldnGoR 'g?rﬁ& aé,%n&gié;

evice and the

Briefly, an image is placed or printed on a pad transfer
i mge on t A& aErleikase petatielrongh Hewlett BepkpdGogyration.anot her surface, such

as a pokyner or #egs phMait eg, : ; , ' K,
i ssued Cctober 27, 1970;I gUni_%rggt%?glﬁgelEﬂ%g{b g#’t}%\%.@iné@,@%@%@ﬁ%%@ gé I;é%gpp,
i ssued Apri [Prg srogge. Brehpatingisueturee kirpvnNp the 41t.20¢h B1fpr pamigeatipse | ssued

Novenber 3, ;198 trblich €dnrh 3} BowBR P&l 4,166 to Rawings et al.,
July 23, 15 a1991;e Unig%]ed St at es Pat ent %mogm? 6, 182 to Briggs et al.,

i ssued April 21, PrdGensfesfiringive” referstieprittiag vsing Newd 1Bnd6 2rigdtg deaicSUSwh at . |

i ssued Cctohe 1994 | ent.. 5,452 658 t.0 .Shell,

i ssued Sept gn%téémff& %55%%%9@%@&# %{‘t’eés%glﬁg%{or%%‘@f%%%ﬁlgg?t o]

M sci adho etcontict lenjes sBadlyJamieageds pla@@d oy print¢dpragpd atusfm deviefadd thetimagen i nk
bei ng conta ! f s.a polynmer, and . 20 the jnk diffuses
"nt o the. pol o ol ibsfle Mlfce Bfinar8itlo Bl BRI Blp o8 foriros 055 e ¢ han
the aver agétahnsPetestiNoe 3,636,386¢0 Bibackpipsu¢dEBetO3d 7168 27 UnédSthtackatenpMbl i shed

March 7, 19 n i r.a . fer. a pr 0Ges it 1L,s known in
the art! sudn5L0A R gin, SR8 NpRLS 146 Sha st B pBRIR T TR0l o et o
provi de a désweddNbvemizys, 1987;Mfnited Smtek Pattra Nobs,0feii%6 kd Ruvlings &tGheawniyea| Bond"

B R A
the reacti v8tategPataiNoos,3 £20H5 t@Sieetap iss0ad Octobes (1854, Q528D Etet Patddd NN,
UL CEhShERs B 9L WMo S M CL ST
St at es Pat eMischigno & ,aR A&u&ilRné oy, @a7MN, | ssued Decenber 21, 1993; 14
“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
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, 1990 (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;



"Pol ymer - Pol yner Bond" refers to two polyners form ng coval ent or
non-coval ent bonds, such as by cross |inking polyners fornmed between two
pol ymers, such as hydroxyethyl nethylacrylate and

ehtyl enegl ycol di net hacryl ate. "Pattern” refers to a predeterm ned i mage
(United States Patent No, 5,160,463 to 1&€vans et al., issued Novenber 3,
1992; United States Patent No. 5,414,477 to Jahnke, issued 5 May 9, 1995;
). "At |east twoPeWparBelEne Fopdsrelrs ta tva Dol PREPSEIalentanol-ewskent hr ee
separate cobgfs @k Apy Hﬂof\s(sll}hﬁ(ﬁa thl?fn@Ifoonne@Betw@Jn &@ﬁaﬁn&g%&ﬁpaf ate col ors
or a mixture thereof' "refers tg he use of inks of different colors being
provi ded i nhgspaetlylancgiyinceiatand eliylesasbgeldmethseyiaieons within a contai ner.
The colors are p@%ﬁ&ﬁq@ewsbwt%mﬁ@h%% %m{egﬁ ARrpataiG 8hBgssapd bl ack,
nore 10 preferably bl ac cyani ne, mnagenta an e I nks can be

m xed in di Erasgeral. ISW@)EiOYENth% 1897 Elnitedi S‘tgeSzféFﬂmyNQd%ﬁ,ﬁ&?w]ahnke,ngsuttdar ge
spectrum of ? The m Xi ng can occur wthin a printing structure, for
exanpl e, e ink is dispensed in a printing process. Alternatively,
the m xi ng can ominast@m spatete gblog opa mmmrng‘lesebf’utat lgasethréecsepzemacqhdreor aft er
the ink 1is [ QCess,. onbi ation of
t he foregoi ngl“%gﬁ%?g 6rngﬁez8“o[?}§e;?%t9 %ﬁm e a'mlx er‘ére g‘%%ﬂ §?T%SF hat is
not fully hinds eftdeffierent Coléds béitlmrethdccbhewateaoatama’s ympa:ﬁtlaabrtmn‘s withid &

hydr at ed. “Fabricati ny met hod or
structure kgg‘%‘? ep%hgf Jﬂg@%etp ?erferam%?m %Q/l%rgggﬁlaf %talrctolorsf %\d#\%ﬁg "Zor‘ifé Such
form nip canpm&m]ymlak@ymﬁm megeatpheyelB0. Tbe ings Gadt miveddn digferespi n- cast i ng,

o the i i KeP PNz ERgpe 4t Bin RO By W B TR e " "

Decenber 17w1tﬁlﬁ85)mtnig@a:3¢turutfbnohxmgple,|hlﬁfotdflﬂe il g dispbnsed 1nfaq1rm1ﬁgpraceh£ns refers

to the for l east a | ens usin mol d .(Uni dStates
patent No.  BlaativSlyfe i feouF Side epininestustte, bydxanmb dles i 8 o ar es
Patent No. 3 d&ﬂ\a],sadha alpantirQraed. Bﬁnhahnore,las:smei@latibarwﬂﬂeyorag%mglc&? dlso Uni t ed
States, Patent No. 4,582,402 to Knapp, issued April 15, 1986; United States
Pat ent! %Y04, 017 to Knapp, issued Novenber 3, 1987; United States

Pat ent No 5, 106'[)1}8@3&013%@@%01)@&”3&Isndtmyaydrﬁaf|I 21, 1992; United

St at es Pat ent Ng, 6(, 463 to Evans et al I ssued 15
Wet Statc 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 casi-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).

*“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



Novenber 3, 1992; United States Patent No. 5,271,874 to Osipo et al.,

i ssued Decenber 21, 1993 and EP 0357062 to Pfortner, published March 7,
1990) "Spin-Casting” in the context of formng a tens refers to the
formation of a lens using centrifugal force (United States Patent No.
3,557,261 to Wchterle, issued January 18, 1971 and United States Patent
No. 5,034,166 to Rawlings et al., issued July 23, 1991). 5 "Information

St or age MediNgmtmbep$.dPe2; tlnitech§tateethitentNof5,2% S e P o hiatisseaiDestobee 21,

nf or mat | on 103 ARYpRBPIOBPL A frel YLARNaHiLLT BEHTRACNt |y Or transient]y.
Preferred information storage rum i ncludes 3aper, el ectroni c medi um
magnet i ¢ medi um ‘@pin-Erstingter the couahofemuygd lohs kfers to dpdbrymmersof a'\ns@sihg oni ¢
Medi unt' ref : ' i rage Lhum that can stare inforpption 10
el ect r ony b o3 URR Gl RS 330 T siBlelS et el it

st or age nedeuhiynitdShites sterdiNok 034156 t§ Maelmgn et aReiagiab gy BQrnosy” refers to

i nfor i on stor. .or-wthin an,informatio st.or age diumin a form
Iangugg% or arraﬁgg%%ﬁ?néﬁﬁ ebﬁ%Pma”ﬁg%ﬁi %WQSHBH%QQT S HEYCat S5y ocessi ng
unit (CPU) oemmatiees smespgropsge foRaticiieo peratahdany olibansiBatyalpageredr efers to a
col l ection gﬁm%gﬁorpationﬁ.sucq S di%i%al  mges. The information is
preferably Provided Orre ot R AT I cA RARCEh FETHRELS TR Ut SHgRRc meditirfand can be
separ at e f r polyroers, ismtheg cadlolifincbpolyntegdlt r al processing unit. O her technical
ternms used hereh&lhﬁge &pgir”ordina%g meaning in the art that they are
used, as exenpl i f1SaOBYMENYRT FELs o Spoqmapsterage mrduim Biatgap stgre ifgrmition

| NTRODULCT! ON elctiienipforis eRdr ek i) teleofonicaf @it #68ddshadpndtRERgEe msWah, fsn Cont act
| enses, can _be tinted using ink that include polyners or polynerizable
monorers, pPef&fiBiy the same monomers used to meke the lens. The ink can

be used to nake “‘MiBEYESREMalM FoMnhirdlert REnfoBRSion kBRASS or withilBHG kS g t hese
i nks are preferablé digital ,and can be used in a variety of printing

met hods, i HEPEFIT i ipe. la9gyage prgrangeanent syeinthetiamaching speras agedl on to t he
breath of tfHeceiRseniCPUY&REERR and IR Y i8BBR%ion] NVENtion incl udes several
general_and useful aspects, including; 16
15 Databasc™ refers to a collection of information, such as digital images. The
information is preferably 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 monomers
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 vaniety of printing methods,

including ink-jet printing.
As a non-limiting introduction to the breath of the present invention, the present

invention includes several genera) and useful aspects, including:



1) an article of manufacture, including: a polyner and a digitally encoded
image nmade with ink, wherein the polynmer forns a lens; 2) a nethod of
maki ng an article of manufacture that includes a digitally encoded i mage
and a polyner, including the steps of: printing a digitally encoded i nmage
on a conposition that includes a polynei$¢ wherein the polyner forns a 5

| ens, wherein such | enses can optionally include indentation structures to
facilitate | ocal Dzi ngn Rk of meehfzchrendcaidinge? erlgne and ydiginlbgaerdehinges 3) a

met hod of making an q]qugg,litg,&fwﬁg?glpﬁ@ GhiyhEr fohaa sl udes a digitally
encoded inmage and a pol yner, incl udlng the steps of: printing a digitally

encoded image off a @dndiof m@hns:wagofr@nafagweyhpépncludm digiehy megoded ens
fromsaid 10 pol yner maé)m@ %rl?é}dmaﬁdl Sacﬂf p?fnh @Eg"hlﬁ’ gd’;\ct ure that

includes a digitally encode mage an a po yIer, e steps of.
printing a digitally insededomposiige ll@nlnaludﬁmwemr mercmrﬁzrrp@xrrmg featns heast

one. monger . POl YIer iz igheh ey bl £A300Ry IBNATRIN Bl QLA L a5t one

polymer, and forming a 1en rom sai one 513 a met hod
of making an arti cl e foiflitateivadlzot trrke usddad nmkﬂ:thudiemllaenhogechaiagy encoded

| mage and a_pol YARr. JAGH I Rgabd S S5 DRl 19,80 J JAAR, Go8L | east

one first surface, trans#ierrln sal |mage rface
conprising a nononenmage aad ppcblmrmclading thostepsrod; prirtiap s dfgrtdm caedddd second
surface; 20 6) an artl, cture, inc st .one

i nf or mati on storage rre%%e i acom?ﬁﬁHlﬁ? Sprapris] “gé‘r?slyﬁ*e a'?daﬁb"mﬁﬁﬁ oS fpRrEtn the at

| east ohe digital |nmgkymemrrpr| ses at least a port| on of an image or ot her

i mage; 7) a syst |nc i an article of of .the present

i nvention and a pri ﬁt"fenhé)g g llige anzlicls o fg"a%ﬁfr)[g@léﬁ? 8?5 arf{!ﬁ"ta&erﬂi’% | udi ng
an ink, dye, vat dyeimgghd £heymdp)igeteding the StOBOFipriatichedigitallgdiedseddye. The
conposition of matter_also includes a binder (E)I%ndl g%ﬁagent m)norrer

pol ymer, honopol yner ["HECEA SPBIGHER COmpIISHE Fhlkest 5 Polypegieing fpid
initiator, thermal i @tleisfé@monS@éne rm aflicsdd Bfics@Nimer, 344 fod@in@Allens &ém

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 medium,
and at least one digital image, wherein the at least one digital image comprises
at least a portion of an image or other image;

7 a systemn, 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, homopolymer, heteropolymer, copolymer,

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



anti-bacterial agent, anti-m crobial agent, anti-fungal agent,

di sinfectant, thickener or hunectant; and 9) a nethod of doing business,
including the steps of: obtaining a digital image froma person, database
or image and printing said digital inage on a lens. These aspects of the
invention, as well as others described Herein, can be achieved by 5 using

t he met hods, articles of manufacture and conpositions of matter described
herein. To gain a f@ltti-baisprlegritanbmiepbishigerdgphdinse! aspe. divialsdant. i nventi on,
it will be further reateangetiddddht atiari ous aspects of the present

i nvention can be conbined to make desirable embodi ments of the invention.
10 1 LENS W TH DG TAmethogr{brrbusimmsHEncipingshesiens of: johtasvng aoligifahisleedes an
article of manufactu i i oded i mge
conprising at | east gﬁgafﬁﬁhymhgggfﬁ.gﬁ%ypo 9ﬂg%8989%§aa&%%h%aq gitally
Encoded | mage 15THEbrespicigiof Gk inyemtivoowet!liapeigers deseritied bbnattecaa bs hebdrived mol or

i mage of a rabl

compr i Ses ondt & AR F ot R A A o fRiror pIRIR BRI AR X2 1ave
simlar col @maédlchpphe‘fritem@ﬁtheempenétﬂe pmatest iveantibe itoolibe ﬁeﬁiextrecogmmﬂum an
ink with a it f V. in use

conbi nat i on9 ﬁgéaSg%SI O’t‘%?h-%@%s%rl;tgrg)e{“ir}é cé‘ﬂ? scolrng (!(latroar%%ke demae G%P memspclr}ur ality
of inks eittemvaitone or in 20 conblnatlon The dlgltally encoded i mage can
be transparent, opaque or partially opaque. For transparent digitally
encoded i mages, the ink within the i nage does not substantially interfere
wth the transnﬂsﬁmﬁwTHIHGMthYE*uunnghmnhe polyner For opaque digitally

encoded i mages, the i wi.t hin, t.he encode mage subst ntlaIIy
v orfer o urth THEeoRig b gttt ety FRR R R B PHER e ¢ he
l ens is a cdigitalytendodeSimagpaatip@isidly ot léaal dny irknebaef tHepapesr Rans a Isspst anti al |y
bl ock the natural color of the contact Iens wearer's iris. Ink used to
create an opaque digitally encoded i mage can include nmaterials such as
particles, rmmmawawnkeﬁa@ynica or ground oyster shells or particulates, in

a type, and anou cien 0 make he digjtal]ly encoded i mage opaque.
Anot he]’saal t er nat'l E‘gi‘tgﬂyafmb‘i ﬁ?wﬁ?ﬁge cpdpe 'ﬂﬂ?é‘m”g‘eé? r%@ﬁ@"’ g2 eHeplord dye. 18

For parti al inagephguseiicgiot iddgy peREBHRImMpARE 6Fs ink, B8t th&t ke dobbdthé hige di gital |y
encoded | rmgccaucseapnany 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 altemnative is a pigment, vat dye, diazo dye or reactive dye.



include materials such as particles and particul ates, such as m ca, ground
oyster shells or particulates, in a type and anount sufficient to
partially block the transm ssion of light through the digitally encoded
image. Partially blocking the transm ssion of light, in this instance,
refers to the ability of the digitally Bhcoded image to allow a portion of
incident 5 light to transmt through a digitally encoded i nage. |Ink |nks
used i n t heFgmegiehy opanyetititap excaded imegeadbe ak yitkintigl digiwby encededémagaand or
conposition i i i ons. | nks
can be 10 prEuiaBk-SAr LR AR ik BLA ROTRR IR B SRl 3

concent r at i patibétaseien talecaud axﬁ%namfﬁcmyt ea:taemly biac:k théammtmﬂaoﬁ%l%t bet ween

about 0.01 % an t.,.99. 5%, .pref about % and about 90%
or between é‘é thfgéé%ﬁl&y%%qgfl '5%3%’& ﬁ‘ﬁﬁ%i%"r‘: Séfﬂ?sﬁf’““g@? Mbout 10%
and about 6Gﬁfnﬁnre, lofete e aamquﬂaeaﬁ@lamﬂem&auﬁmég@% allokaSpogtin o&irﬁi@lenti ncl ude
parti clses O{gh? rtti cul g%es gref@yrabl%dat a concentration of between about
0% and “about' E9SBY el a dHEahomrodsd B16and about 5% preferably between
about 0.1% and about 4% or between about 1 % and about 3% to render a
digitally e@g{oded i mage opaque or partially opaque. Exanples of inks

i ncl ude dye vat dyes, particles, pignents, reactive dyes or diazo dyes.

As di scussed herigitsiused iR theGliaem ivesitios huCificladithng SIRPIO 5416 @Bsingolifd #tdi ng i nks
and ot her r{)}{))onents i ncl ude |n%<s that are part of an article of

manuf act ur e “BTPOFIHRN 38K EMLRANGR Ak Solpred CQWP%‘WQW’%@“’B‘”’I“@H% Inksf@Abas a cont act

| ens, and ap®eididiawite mBResdrisboass, ﬁ:@@%ablyrm btﬂxeerﬁﬁanén%&&eeﬁ)%ut 6knd hat can
be used to make an article of manufacture resent invention. |nks

can i ncl udeBSRtrahan ahers S to or Befvssreabows 0-04 o ﬂﬁpﬁb%ﬁgé%ep@fﬁrabb’rhcweﬁ“ order for

the ink toafaar G baPitBud 9054 Mem&i am,gutqf]/o ﬁm%&h%@%'%d%‘f@&%ab ge. An
appropriate solvent is a solvent that is corrpatl e wth the creatlon of a

digitally ePtugaabeyrde aphabgpt Ge o |bF’FW&°ﬂ2®°3t OV eed abositddfe.alskoemalsowi t hin a
pol yner. FomcigaRicis of PANEMHS, ARBLAR aaéoﬁcefnf?énog gk yéﬁ?éeﬁ chﬁ.x? Q% 2519 abgaKe

| enses, such as contact |enses, include, but are not Iimt
i sopr offanol 5% webetyeen ahous D §h% 8¢ ahopt Wameiferahly batweenabam 8. 1%ﬁraﬂﬂ nbcnlé)ﬁ%mnatl on

and can lnctéad&nabmmmﬁaaboﬁpm@o%ﬁ@wm %ﬁ&%ﬂg{eg{,@e@eﬁgout s are

bet ween about 0% and greater than about 5/o or 0.1 % and
about 99. 59gpaguee Fapmpipsoflieksircdude dirsmat dyes, anticlah pigme@8 Yeastivashtswainzabout 19

10% and aboyyles 800453081 AR, RS GLELARYs HALYRERIRROHL. A BN 3fAUT 70% or

bet ween
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



about 30% and about 60% Different polyners, nononer and inks have
different tolerances and reactivities to different solvents. Thus,

appropri ate matches between solvent and pol yner, nmononer and ink should be
consi dered. For hydrogel polyners, adjustnment in swelling ratios maybe
achieved with a variety of concentrati oi¥s of solvents. 5 An ink can al so

i ncl ude a npnoner ]Pgl ner., hormﬁgolyrrer, het er opol ymer or ~copolyner. In a
preferred atiaed BputERTesand masHPRERP Y SEerRabgP R eHtnd aARHE 0T GRDTRF nk
includes  aabdBIBONEndabal 6@ANDERrRAOhIVHRE, 2RHoh& ah® i FavR QlFHAES tolkinfd

pol ymeri zati ogn nethods . _appropriate for a given nononer, m xtures thereof,

or pol ymer sandggactyiligs ip differepfsplvents. Thyseprapridtempiches bevp salver 20é decr ease
t he viscosi ﬂonnQaTr, rﬁchl%_mief‘alﬁd irf sh&fl@%éo}ﬁﬁh&ed. tﬁ%?h}cﬂﬁep@w@s, 'aﬁjﬁétfﬂglﬁ inft pO! ymer

such that the viscosity of the ink is increased. Alternati'vely, the ink can
i ncl ude pol SP8ins &S mehbhishievedppthaprariely ef @asraEaionaef sshsntef nononers are

bet weers about %%iﬁﬂ@n%s@%ﬁaﬂe5&%ﬁbxﬁe?%oly&[gﬁfhﬁﬁag@mﬁ,ﬁkgﬁﬁ%ﬁgg t 25% and

about 75% and nore preferably between "about _ %)
Appr opr i at eopdifaen i apieiHed apechef hisembodiment pEtheprssent inbention.09ddricclabout 50%

preferabl y DetWeRPHARAN be PR AN i?[ﬁﬁ/%negg?n l)%lﬁ?l&gtfoﬁrr%'l s 15 between

about 10% and about 20% en nononers arn rs are mxed, the total
concent r at | WAropriateron 8 Hen merPmsd Inyintres Heweof; ot rodaverabonixna@haed. gr eat er t han

99%  pref aygnkrah WESE B RbPYliedeie @%s@rﬂ%’&f tﬁesitz?(.aﬂger%{vgllypﬁlg fgraply

bet ween about 35% and about 65% The viscosity of a solution rncl udi ng an
i nk cdf be pdudsiagelansr sk thetthe vibosity S0IS: inlpB irseasad p diltemataety, thb oktears, 000
centi poi se ;aqehe S vilE A" : t 200 . centipoise or
bet ween about f(gé 5@1{? %@6]30? Laésb%&'ﬁﬁgg%t?g@%nﬁlj?% gro a%?@o%eé?%gﬁwg 615?“20 and
about 70 cexth ppslairester Gran B meederabilp betve@abawt @5 %imoditboB 07 6 ahd moregeefanblpet ween

about 1 an ° t.1LDOI . ut i.ons havi n ow Vviscosity tend to be
"“runny" V\hcejnr?“%glg%ﬁeoﬁé%dg %{g%&f?g%, aAE S 'Iiaé? r Céerng?ltfonc?ﬁ%)\rfvyslmfsomﬁéer“ﬁ 'and bl end,
resul ting ishod§% and geouni>§%, peeferatrle betatanrahbut 2% aap pemt 259 and Sisetprétbaisidi ng can

be enhance i | et ods, includi ng sonicati or, vi bration
at apg?opr iq)g eeelggorogi fllogé]angr%o '??%%’rﬁgﬂlgﬁmtogm%e%ﬁgtpg Iﬁraf)eprfl'ixﬁ‘gg’eﬁ?télndi ng.
Sol utions checentragiot ofimbrmenandipplyot 4ry baasenrabait|10%iand greRgabadidsef, are t oo
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uni nt ended abag &f%on. Sol uti ons having too high a viscosity may not be

easily 20 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 hetween 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 natural

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 viscasity 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



di spensed using a variety of printing structures, such as ink jets and thus
may not be appropriate for the present invention. Furthernore, solutions
havi ng hi gh viscosity can tend to "bead" on a surface and not blend with
t he surroundi ng environment, including _surrounding droplets or beads of

i nk. Under these circunstances, t he inQonay formunnatural appearing

i mges (see, for Ie U.S. Patent No. 5 463 nd U S Patent No. 5
5, 414, 477) . BRFESE 551%0Wr15% of ﬂ’?’gwéﬁtﬁ%‘”ﬁr sug ?ﬂj@fﬂe? af‘? U5 HaY IR P& ppr opri at e
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i ncl udes at E ﬁt one noner ggg q%so i ncl de a merization initiator,
so that onc® 3797 Pk* THATC 3 petplrad with theguggun ‘HEe’t‘S':'%Bm Lipgdhdier s

di spensed, dheundp@ldydpits Fatidenrak. tUh®r ﬂm&rfarmsmcésh@e ifkndyTorkdVirkhtgapd. The
nunber, type and amount of 10 initiator is a ter of choice depending on

the type of “PREATORETEEY SsrolRbfrErels H-S Reent k. S 16,&5‘6?6@?& BatehNpj at or s

i ncl udg, bug 4ﬂ{£7ﬁ0’lgcﬁth §ch @lthlcReneldVr lilchis BhALEng Gtopkitte bé1adng) BRILKMEr i zat i on
by W irradiation, thermal initiators that initiate polynerization by

t her mal ene‘t5§§/°aﬂh““‘?ﬂ("‘%’fﬁﬂ‘yé’f%“tkncl ude a dispersant to allow uniform

conposi tion of iARKnl tRatdncl @Rt MaBthe mohsS bfAINoSn AR aoSiREARbY inRfaRYi ded at
an appropriate concentration, such as 15 between about | % and about 10%
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reduce the nunber of mcrobial agents, or m crobi al agents from
mul ti pilyi nginitisiopematier %ﬁtqmerﬁemngm an tha@@ﬁpgmpmeuqren@mmers ibtetrgr i al

agents, antj Jr&ﬂ?ﬂ@lmlﬁ‘ig&'@ iRl Gudi-Sid itﬁnﬁ%@t@t gv uﬁ{lzﬁgrg B@PhMate P%cnzatton

anti - m crobi aI agents, 20 anti-bacterial agents, anti-fung agents and
di si nf ect arhYsU‘étl‘EﬂdﬁP@thdwl Hitiatnrs hplgnioge pelymerizetmderheramslicosrgsuch as bet ween

about 0% and ab mect ant such
as 1, 3-di ozane- %Htm%ﬁﬁne glhl(l[)l eg?%e%mga%l%&{%ﬁéo@ggﬁ%%]& P E
appropri at ecoplgingre Misparsinshare Prfefablyaindvyded it apangwatmoncqmmmuplaas on of a

humect)gnt igahet WeeM 2Rt Q%pand about 2% 25 An ink can al so include at
| east one antioxidant agent or a | ow corrosion agent, such as al kylated

hydr oqui none, at#nank capplsoiprindd a lqaatrmnenﬂmmm:mbrai agsnici astBeiietagmetd kibaut 0. 1 %
and about red{?cé He ?umbc?‘%;\r mlgltlﬁl\fo cation mlcro’o12a g’ fits, reduﬁc tﬁg nl?,Fg{)ﬁtwcm% zgag&;t& panedi ol

non- kogati ng agen 1 Ng 'suc
at an appr oqnﬂcceatrmcrobmtcagelttSMm muluplwtgh P&genebeﬂttm&mtﬁb@gﬁmsﬁ%hmﬂdntabout 1% An

ink can al Sogctetjl-'a(l\'l éédt% - nga}0 gerﬁ "Yidints c?angs B%feafgo?y, sich 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-3,5-dimethanol
(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,



21 such as, for exanple, diethylene glycerol or ethylene glycol at between
about 0% and about 2% (U.S. Patent No. 5,389, 132), A preferred ink can
have the followi ng conposition: 5 10 15 Conponent Percent age Mononer0%t o
99% Pi gnent and) or colorant 0.1%to 15%and/ or reactive dye Initiator0.01%
to 2% Sol vent 0% t o 80% Bi nder or Bondiéé Agent 0% to 10' 0 Thickener0%to 1%

Anti - kogating.  Agent 0%t o 1% Humect ant 0% o 19 tant 0%t 0. 10%
Gross- | nkeh Ozt B Tl Bt oo omiene FRr BPbgh e g 3P0 - encodea

i mge i s preLeUsbbaenadpheikoflezya structure, such as a lens, using a printing
met hod or printing structure. The digitally encoded i nage can be stored
digitally in at |east one information storage nedium such as an

el ectroni c medi wpreftheal iak ednadvaihgiollawing competided | mage can be printed using
printing structures and printing nmethods that can convert the stored
digitally encoded image into'a printed i mage using an appropriate
interface. For 25 exarple, i}ceﬁfr [ progessi unit can 1jhclude a stored
digitally encoded i mage,Sof "HEPRMan jpterf LCPAge st oreld di gitally
encoded image wWith a pmdibingg Structure $geh, bdvat t he prijting structure

pri nts the di gl tall Yy reoded— ege: Soehtnrterfaces—are—known in the art,
such as Pigment and/or colorant 0.1%to 15%

and/or reactive dye

Initiator 0.01% to 2%
10 Solvent 0% to 80%
Binder or Bonding Agent 0% to 10%

Thickener 0% to 1%
Anti-kogating Agent 0%to 1% -
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
nterface 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



22 those used in digital printing processes that use ink jets (Hew ett
Packard; Encad) (see, for exanple, FIG 1. Preferred printing nethods and
printing structures include, but are not limted to, ink- jet printing,

pi ezo printing, thermal printing, bubble jet printing, pad-transfer
printing, inpregnation, photolithograp and laser printing. Ink jet

or i nt i ng. el SRR S ol Rt O B Bool Gpe b o

exanpl e, appraoid, BI@ 1L nk jet printing structures include, but are not
limted to HP Desk Jet. 612 or Canpon col or bubble jet BJC 1000 col or
printer hardwar .re#éﬁ?dtﬂﬂ"é‘P?ﬁ)‘P%tFmdS&B Hivre %ff“émf‘ﬁk“c}“gﬁ by 3 petigivd ton Bdfs
incl ude, bufet priringQfiezb pAtin@thérgmal fiREiAR bubbel Bintif, bt iriSfer pditBZ0 Printing

or bubble jet E)I‘I nting. Eh% Ink jet printing _ can jnclude piezo printing
structures HPRICHRESPIORIHOSIBNY AT FSETPIAENE {Hlt PINENK GRS WEE FPRTOPHES Hktictor

| ater devel ppRi stn@iur@eaiizkSet pARMHQRIhAL 8 tREVEZOKIBWh M hB Gt oSthfekCt Ur €S
i nclude, but are not limted tpg_Caggﬁd:)n col orﬁﬁubbl e jet prc')i nteer_ BJC 1000.

Ink jet prifEFRGed &RT F5AEP Y APPIOREH K- B PIRENS S UL EF it iideebut aFeciot raitedep

printing neHpestsk Jeas1 2tdr €dnidh ok KUBPIe il BIBRI08 EdloQinteR b &liwHE VAl @RS e, FOT
exanpl e, appropriate thermal printing 15 structures i1nclude, but are not

limted to HPrpEaknkricpriptinggpefhodsyingludey but prenoy lspited to theimadink agt printizude

bubbl e j et ﬁl&id’ﬁrjnﬂg%&tb{lb{gé f&suiggd bubble jet printing nethods as they are
known in the an or Tater devel oped. For exanple, appropriate thernal

bubbl el§ et str ucltﬂu.reéenntlﬁs;md@glucgmezap@twaﬁtmcmsmmp@ Oatinpme3dSE900 col or

B pad-t r and o R o e B A ATk ibhED T Ot or
devel oped. BFUES AT bukasprad fimited © Capmoploag@bbﬁetp'ﬁhm BHY08®.r uct ures
o %, 255 o LR SRR UL QLGB ETE?,
transfer psitheiagnaynitbyaterdatirdsygiofed. Forexammle, apprppriatpribermelpriptingit i ng can
ot hode’ s ey ey B e B e S B BB For exampl e,
appropriate i ninkejgherintiopcaprinahide bgbbld jetrintingsructors adidublejet arirgingot 1 mi ted
2720 YL 19S8N b e AUBS o S KB S SR ARG, L
and 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 and

photolithography printing methods as they are known in the art or later developed. For



phot ol i t hography printing nmethods as they are known in the art or later
devel oped. For 23 exanpl e, appropriate photolithography printing structures
i nclude, but are not limted to applying diazo dyes, masking devices,

devel opers and the like. Laser printing can include |aser printing
structures and | aser printing nethods a they are known in the art or

| at er devel oped. For exanple, appropriate |aser printing structures
i ncl ude, buf<aEPE WBTCPTHAPIWRIIthagTaphy Priping stpsprss inchderbuk sk aotdinated ®ar t i cul ar | y

the 4L, 4AM §8IkRSiazd dMBRI RaskRE R RS, RVdIdYeisRBd Bk likgt ure or nmore than one
printing nmethod can be used to make a digitally encoded i nage of the

present invent i &iser PRMINgcamigrlade lpsskpringipg SRCwEss Agd e Prigfing meathedsasdheypri nt i ng

can be usedyd RndsRRinRakioP Rter Bivdioh. |F$r%ﬁ9@%pfdﬁﬁ&@§as&%ﬂnﬁ&@g RLddpked on the
surface of a structure, such as on the surface of a |Iéns, such as on the

surface of wclugmbuiare nophmited tg HPHiaser def peinter hardveare pastiadahtthel 4L, WMisenesi on, t he
printing struct %ﬁ&&h@ﬁ@neﬁ{] nihd SR ARID LR HERAS blintdR AR SHES @CE- The

ink can then d ce a non-transient I mage, oOr nononers or p0| ynmers
Wi thin the MpHe allb@lcmﬂdymgemié@ presenpinyention  Borgsamnple. ansicomintingrange. | n t he

| atter inst qﬁnsf& gnwgg&egrncogginxﬁrs are preferably the sane or

result int e sane mer that conprises the surface. Digitally encoded
i mages can be pMligitayensadegtimpges san bepeined ok the ewrbke af sstuctoteusueh asmrthexanpl e,

|15 1he SLEMGLIG fook Sudh ds BThe SR pPPcoia QAR nls B0t ol fldig! | v encoded

i mage can be printe ei t her or es o cont a éns. Printing
met hodd) pr efesniien thegrintitg struttyryearalf priptingrhéthmgls deposit uﬁ@ntotmurfa:ee’rhmihkl imted

to thermal L0leflnAb pRURRahoh Shdlnt Mkl B mbRrflRPk GhRMhelVifElnhe i o8l 91 L2l 1Y

encoded i mage e trappe Ina suc 255" ens,
such as a cloautentadie protiveesmos raspetimagd. Iutlel:meemszam(:e; thymngdness ort he 20

| mage can a;ﬁgll%nge?soagggrr wtﬂe tog rlégutm e‘éérhe%l@e@tﬁ‘ coty nsesr[ﬁ mgfh | ncl udi ng

sandwi ch | IRt |ng PRt &0 o sur f ace,
such as a fDlgsaliypmctded)magésmnbemtedtdnaﬂleasaomurfm op @ Bthicoife. (For exagidpleli€t ur e,
such ag a s

cQ ortion of a_lens hedt the first ortion of a
ons Sich {BERERE F e oRe o siienSe RbABCRE 4 e e PneB o
structure am«tlextdn Both sﬂemfdhqcmmmwem OPmﬂ1n§ tnrethﬁdlwr&errélﬁfoﬂhﬁftﬁfeabﬁmnn@ he first
portion of a ture Iud S a nd the digital imge includes a
nonormer . Th@ %fr‘f"@ g‘l"%ﬁ%fgﬂ E@'ﬁ]ef PH"ghe digital ly encoded
i mage becones nmdép’:aé’tsmemtz lackitslbaitaded in®gby/cah ARG BE irpped RRMInEhe second
portion of a | ens . . .
structure, such as a lens, such as a contact lens. In this aspect of the present invention, the
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
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



is attached to the first portion of a structure such that the digitally
encoded i mage becones trapped between the first portion of the structure
and the second portion of a structure. In this 24 aspect of the present
invention, the digitally encoded i mage preferably includes a nononer that
can be polynerized to forma polyner, p#eferably a polyner that is included
inthe first portion of a structure or the second portion of a structure,
preferably woedof thapwsetiayatipn thealgiaty enspded imagspexdeply inglpeestaremiomene fir st
portion of g8tk HEbdiBerz8d B BRI pdRAhL TREkES BB hat ¥ inSifdba 1P ¥FET | zed
pol ymer t hat ai_ncI ugegﬁ%norrer on%og%y\hir%h thgagag]liqgi t%l IT/ encoded liFE'?mage,

whi ch pr ef epaBPyiEsHpHS exthe preonslapesiomofio srerctiuzes prefreabii ot portion of a
structure, is prgj 1St 6P Lte: HE L &stG3RiNEF P : _ fully
pol ynmeri zed and %gtpgegeggg%ppot%t.{ﬁgﬁé%)%?ﬁ%%%gt ut?rg%at ltoacﬂeg}%hlgérlgyg o entrap
t he di git al pslymerzedmdndnos gesemivee!pinerized polyther that ingludesthanemet ¢ngo whiciothd porti on
of a stquct i el ! Q ignal Ly polyner,
ot ef er apl'y. HELY SR RISEG SR erichy (ARRFUNIRE wBbhner AP ARG hontp P
encoded 10a strimtyes, isipsintednTlze campowitet strudtiie sarf berpsttiahport fullnpodfmaizet andat ur e and

digitall ' he .di gital. d i [
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a struct ur eln tihadterrged, the nggohdyroirtivgstod a stuwpme; wheh prafaratlyineludazchondaer and -
digitally ' e LI d wthin the structure. | n . one aspect of the
present i nvgﬂ%%?%ﬁ%gl)%%r’tp feaelr?%?fp 'E?)%afn;?r?% © 44 PP l?/ré?gac}fm Siaﬂ%hﬁeglg@%m%ﬂg‘f%ﬁ with a
nmononet( or inzgdgt,és watacted vith thinforst@orion bfa pattireahd digitdl iy ;paidymniplbleick sactd
contacted w;th, a.layer of ink. .Each nbi nat i can artia

ol ymer | zea e pE eabted ot ERiRPeL AR HaeoRn e G btuther 1 sed such
that the pskcymigortibads b sytetured fThe fdsulting 1aaditicompsdite ﬂrfﬁt%f;?téde@g)ﬂfgl%hlger | ayer
and the primary . .polynerized surface (see, for exanple,. 1 . The

| ani nat e 00%8‘}5%11‘ a@#ﬁ@fﬂ@ﬁ‘g‘“&gﬁf“ﬂg@a%@@ﬁ@ﬁcﬁﬁf@ Presert Hwepfion gpatiath ods 20
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as, for. exanple,. laser cutting, stanping, grinding, polishing or e |like.
In theldal telfn‘ﬁﬁ?‘?"\%q a@ﬁ@“‘?%ﬁﬁ“ﬁ@t%”%%@%s‘?@%“@@‘ﬂ?@%F%‘ bre@dialisi ng the
foregoi ng npithRdzed £8Wahderied tPa prifey subBfe £ MR BiyndchRd shethfidlee conposite

can be nade iin a npld that has the shape of a lens. Such nolds are known

in the art Bohgnengedlaymeehingissandvpebed indewyesn a polymerdaysy and theprimps,  t he net hod

used to mekgdrerzBEsub@dt (RR! B &GanplkH1®. 3).| ens, such as spin-casting nethods.
Lenses nmade usi Ij[% spin casting are preferable in the present nmethod. In the
e laminate composite structure can be fashioned into a lens 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
cormposite structure made using the foregoing methods results in a lens. For example, the
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 altemative, 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



alternative, other appropriate nmethods, such as those described herein,
known in the art, or |ater devel oped, that can format |east 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 25 and the
second portion of a structure is added #hereon to forma |amnate
structure. Spin- casting or other |ens fornln? met hods and pol yneri zi ng can
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not spi n-cagt r ot her 0 0 ng.at |east . rtion a lens
The o gt t ol Pyreen sraor oty PolmBprad, BEEARTAE s R pitiopab TGHEBI 6 ot ructur e,
wher ei n t hedigitatli b@dolied iaRoLle theise@gepasn daatrhgure NICSHAERES last R @dRionand/ or  a
polymer to form 25 B’“@ tElte structure. A second portion of a structure
HoBmEL R

i s cont act 4RO t peed 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
a portion 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).



structure, wherein the second portion of a structure is non-polynerized,
partially polynerized or polymerized to forma |amnate conposite. The

| am nat e conposite is then spin-cast (or other nethod of form ng at |east
a portion of a lens). 26 Another exanple of this nmethod includes a first
portion of a structure dispensed into a2 receiving structure, such as a
nmol d, wherein the first portion of a structure i s non-polynerized or
partial ly polyne¥odispexamgleiod thisynetheddpalydes p first pogidgn qfarstr%ﬁt%ﬁlsmﬁq%@ro af

formng at |gashe frucheY kichls Phof, Jwﬁ‘é?éﬂ th@ Akt ?mmﬂaqnaétbrx iRhYOERARH. The
digitally encoded image is printed on  the first portion of a structure,

wher ei n t hecdhagiatlapelymeizedenslds PW&Q@IY@B‘PIC%&FPWEIﬁ%q’fmﬁsfo’ﬁm&aﬁbﬁﬁiﬁer and/ or

a pol yner tQortug{Jﬁaaelﬁpmqs%ptnsnm&?y%u&z%dm@al%%taﬁp&ﬂce&ahm cf%ﬂsrih&dao%t (or
other method of formng at leaSt a portion a lens optionally

pol yner i zedthe frss perberdofpoirugtern, wlweuaths ﬂlg%wp@dvdsm@wnmméu ingfudes & he
corrp03|5t e SI'n'EJ e'r’ﬁz?d/or %Tyﬁ'l'eptotfg& aS g@ggteggﬁ rgghdqg Z&SH?% Plﬁtc%t or oﬁmr

non- pol ymeri ze parti y pol yneri ol yneri or m |'am nat e
conposi te. Miydod elrfopmngat dastpesitios of sle@mdﬂmbmfgﬂysplwmemét A(smond)pm’emn met hod

of formng 8fa sﬁgctgr@?ssctonégpcf)&rftﬁ 4 ¢ 01;0@1&1, s?r[aét).u'e \Eﬂe%uﬂh%l‘s)%c%ade fon ofr st portion

of a structure and secon tion ucture I'nc € sane or
simlar m)nﬁmmreaﬂdolﬁmlsymzefhnmldkymbmmedIot yolpudrizadioifeeda lamingte t hat a

pol ymeri zat f:o%])ogxﬁuq'he tﬁtefcjoﬂl 1@% lg%ﬁ -2dd iotﬁqr enﬁoﬂatffomsntn{g:_lg ture)

results in a atlve or s sta ess™ Tam na ucture
(f usedl®r cbmﬁemreqk)ofaﬂcrei d?rabﬂayly, thh@stndirtgmtoah btyucencand eetoad pmtmrmﬂaudes t he

same or. si %reqﬁﬁlfdr%he and lpsnn}’ﬂ}e mongrgorr:]m HOI ng‘rah El‘% g%rﬁggf ﬁ@{ ! l y

pol yneri zed) so t ITEI‘I zation (suc ion of a
| am nat e st mbthutra)olynmuzitios {duph :rfﬁiaaioilymmhyatmﬂ osmlasairﬁn:tstradthry) reﬁlﬁaﬁ’i £ss"
| am nat e S”ﬁﬁve‘l' our se of .th

encoded i mag °f SUbS%'J’LaIBng%ﬁ%%F %W&emcﬁ“eeﬁsﬁge}°8wﬁ‘&?§%%ﬁef?ﬂﬁﬁ r st

portion of dag:sdllyam:bderdealmriﬁi:lﬁdaethsmsxpﬁ)l&imaﬂm&fmﬁlpoweumbh%ﬁymbrﬁkea hi s

i nst ange, the . encode ma ri.ses .an i t.hat cnformsucha
00 et e paa® ndhamehifl) 5 iR Rob R DUt ! Robner gty &

pol ymer - pol mmtebwnﬁmirednlteintahelﬁtu&n&rmStainﬁnlka “delflefs” ImtinddOdtiub@r, of a
structure and secand, portion.of a_.struciu In, this insfan

digitally encodSinRR e°°|‘rﬁ%?f&§é§‘°§‘°‘§1ﬁl?‘?cﬂtﬁ% pncpdschage Cﬁ’hé?f'"f’&i‘%

pol ymeri ¢ bigund with &ither 8f botiedfilie MBSoffon bhestiuttifetan® BielséBild Mrtich oFlar UCt Ure and
second portion of a structure. 25 In this aspect of the invention, the

digitally eWeeHEdM Hidsaprcetiedighpyy smprded rage sqmprisgssp ink that can form such a
20 chemical bond.

Also, the digitalty 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 pattem can be any pattern, including naturally and non-naturally occurring
pattemns. 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,



one pattern. The pattern can be any pattern, including naturally and
non-naturally occurring patterns. For exanple, a naturally occurring
pattern can include a fractile-like pattern. Non- naturally occurring
patterns can include geonetric patterns or non-geonetric patterns, such as
are used in vanity contact lenses. Adigitally encoded i mage can include at
| east one col or, 27 but preferabLy includes a plurality of colors. A
digitally ehdomédtlmagadssegherliapeirolome Adisglliencofekisresprplsrbly dirlues @n | mage
of an eye, &E'&Qp@t%oﬁ Beanlifbse fthn 82, S¥as BUFE ofh en,@%uahra's %le%s@fa%m eye.

The image can include at |east one color, but preferably 1 ncludes two or
nore col orseye- The colors used in the inmage can be derived froma m xture of
separate colors, Th%'r!@ﬁgg%ﬁn {¥Rd 00t teast IRE (‘?olo?e&f’i‘FI%Feﬁanghaﬂc?e b drSerboldfor €
separate col ors or r or nore separate cofors e purposes of this
aspect of tﬁ@ﬂmhvemﬁdGmhemmae%mbsdeoﬁ@ﬁdememxaﬁeépamam60bui&mhaﬂh@cseparate
colors are f f

o1 opor £} ons P Fiarts %015 B o ni Rart Wt EPRARE o Gk pisc B ¢ o
Lenses Str uptrpesesof tissefpect of the meﬁlon,d‘:ﬂaCK eomidesdntsepamyentidro Thesepdrete abl y

ol ude 2t LEaSke BATEraROBUIRY ol R B Biel if i preb AGoRL 30, Ly ent T on
preferabl y a&rgyofyries ob hmimags conpatible with the eye. Preferable pol yners
for use in making contact |enses include, but are not limted to acrylics,
silicones, 15 polycarbonates and others known in the art or |ater

devel ojjed. Pahyareas! matul in the present i nvention can be hydrophobic or
hydrophilic. In case .of hi | ol yners r. preferably
forms a hydr ogelsttrLl ARSI 1R 681 %ée §esﬁr§ o e%iﬁ’“ﬁéﬁgéabg%mlgg?ﬁl%ﬁég resul t

in "hard | eplﬂﬂﬁqr W’lemflte strmmresfth@;ure ehtyibwentior i€ 0 $a8 'sudch3is b baagt legs, iR adr € known
in the art.

G A, LENS W T Y _EN D | MAGE -
| The pr esenflS One er i PAT g:m Wnﬁ?wﬁacééha STRTR %ﬁ‘l d‘f‘erg‘T(?yﬁg wfeabls i cl e of
manuf act ur epdljfmdrs for usehmdmehnglcaﬂtagu Ity ivcledecnd @ nofhgiedas aordich Gl omRs,,

nat i ol ucBeR iR e ekt e 5t B e PR o el At TG POy or can

be ﬁ“% pol yilfmdfntmlbwh bbaydrbﬁoekﬁblh)mr@hifnol mnmcahdbf?;ympmlsd;ﬁﬂﬁ?]@er, @ dry state,
SucC 5 as In the ma act ur enses sSucC as cont act
| enses. eFPMﬁFB{% %ﬁy %Hhiﬁ‘éi’é’f"ﬁ?l ?wrws%romlfg coptachlepss reetlon t hat

i ncl UdeS a in “hard lenses,” “soft lenses” or “hybrid lenses as those terms are known in the art.

20 IT METHOD OF MAKING A LENS WITH A DIGITALLY ENCODED IMAGE - 1
The present invention also includes a method of making an articte 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 pelymers, homopolymers, heteropolymers, copolymers,



polymer that the digitally encoded image is to printed upon. The polyner is
preferably a polyner used to nmake | enses, such as contact |enses, and

i nclude, but are not limted to, hydrophobic polyners, hydrophilic

pol ymers, honopol yners, heteropol yners, copolymers, 28 acrylic polyners,
silicone polyners or polycarbonate pol yagers either alone or in conbination.
One preferred lens includes the follow ng: HEVA (hydroxyekyl nethaenylate),
EDENVA (et hagyhethlytogmss silions podimeers Al ytarkednhia oplyineis edlest dipne EDDMAnKistiby | ene

gl ycol di rne i 181 htrd nzoi n

met hyl et her ?H@@é%k@%l%éﬁ{%ﬁiggql%%g%@Mﬁigwﬁ)é@%%{r%%}ag%ﬂ%EV(\J)@SC ap-2
(mer capt oet (etmuyejhylneethseniatembites tnetleyliopaii EidMeé)(ethylandVEHQ (et hyl et hyl

ot esent 1 nvEni g8 R) PLEEs QBbisReflontlie) s Belidiin IRRERN fia "6 o
cont act | enBsopsughlcaloln THE(terabghtfact), Merap-2 éntraaptbett@andlg etpehtevac or a hybri d
contact. | en h t hat, f or ns ens t hat

A T tur t (N I
a digitall yéécr#épgatgnc? HF)&?gﬁ%&ﬁ#W?wl QW%%’P&%?%?? lufﬁzata?l&kfg’lzh%éhcoded
i mage is print edn tis aspeet dfeiegpraad ivanidgthppiinhedt et &i fah@smBamn lendGuliot h si des
of the L ens s T0Radigh Lol SO RAEd L PHR R B B AT S € 1 e
the iris ofthastneie: tharddrms biladst infpert alcaathans digigfip astodd inhge ippmitkd. of the eye
is not pringed..Th i gitall ncoded .i e i referably encoded
el ect roni caﬁgrfffablgutgf‘lgé‘ganfyﬁ“%?%“g‘éﬂaﬁ%’ﬁgﬂm%mﬁﬁ"ﬁ? I‘Gf”§/g1 g e|hEge can be
preparidd bybaingideappthe [pni, alte dighpehcodid @haga San thDrigied 96 8RRLAE l@Roi TRgE i Nto a

processing unit using.appropriate .scanni ng.and storage hardware and
sof tware. TH&OH ek TS °gﬁ'b‘§aé‘&‘%‘%@>é€%%gﬁa%§é%®?@ th it o anexseudonveyed

to a printithg thek@ssicoRespsndaiy thd BB bOME ByeSt MABHntGI Ng appropri ate hardware
and software. T igitally encoded image is preferably printed using a
printing devi cel}gﬁg’ﬁﬁ’q”é' °“°c°&f§§'ma§e ISPrefrbdrapegd glegiiogicelhy sihdg®2 such as an
ink jet pridiabag. WB/digitlly SncRi@IAMagy daflbé Frepa2d b aMY SPropRatt RARIHIRIsufl dsNt i Ng
devi ce _or agl aser printi ng device. The printing devices preferably include
at | edst ond SFHRMSEHERASE HIQ § PIACTEENE WAISIHR &PIFIRkIeieSCHHRIBE 8Rft SIorpeedardatsT i nt i ng

devi ce, theand@bftwed. eMe dighkify AEQRID RSt BRbelsOcRRNAN Birfre 8NP hritingS EPAr at €
portions of the sang containers, such as provided in Hew ett Packard Col or

DeskJet pri5¥EF 5@ eerfelsnpss g aaaptateAravare apd eferasbl y cont ai ns at | east

one nonomer, suGhe dgitaly BAHQARRR i§ pRRABNEInRE usifPa PR REVidd thar fONOMET  t hat
preferably correspond.to a ’PO! yher that “i's included in"the |ens.
capable of producing a digital im

age, 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,
such as provided in Hewlett Packard Color Desklet 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 potymerization 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 ink can also include a variety of other conponents, such as an
appropriate initiator, such as a LTV initiator or a thermal initiator to
initiate polynerization of the nonomer after being dispensed by a printing
device on a polynmer. An ink can optionally also include at |east one of a
bi nder, an ant-bacterial agent, an anti2%ungal agent, a disinfectant or a
hunmect ant at an 29 appropriate concentration for the intended function.

Pref erabl y Rrprepripts €priseraratipn for the dntepged fungtiop; Prséprabyy inks lgﬁ*edﬁ bypig@r L7 (car bon
bl ack), pig I@é:,ge t e),

pi gment r ednﬁgéld t?l ron nggllla e‘g (‘"'Q‘g?‘gmrr%%f )p gﬁh%&???@%%& ﬁ)trbr(m(ﬂrr{é,\int whi |l e
6 (titani uhTOdloalde)dQ);melplrgh@m(mche&m%EIEH'(GE%@HCPW &Mlmmn’dy); Plﬁmgmhtle bl ue 36

éﬁ%gr‘ogg]anﬁlne np%%n@h@%%g%egﬁ(gg%@nﬂ%% ’-pgénléblﬁh@? ca@g(gzoulme- chl oronil)

(U. S. Pat entlugumsoBd@udkide), phdnehi el 5i (pdppyraihtiploxB@dhe), pidreht et 2Bnk bl ue
92, MI}ika l.l1 ka k nt No.
5,621, 0%2) wgeraﬁrlcﬂ?@%c@e{ogﬁéﬂgg I:alr?ln?fggl%%é%% Eaéla"r% 62118 ué% one or
nor e i ndi vi Yidikan mlklslpe 92 Malliksreitk rad 347, (Milliken indy bikek BEIS- (W[Eseell S. Phenfddur 1 nks
correspond E,‘%zlb(% magenta, yellow and 10 cyan. The printing device can
m x these in pI’OVI de a wide diversity of colors for use in the
printing pr oces Preférably fhwrakparatkink oslons| vetti¢haman ineludeiclesor mmmdrelﬂue(l hEb{A) ,

tiat . | i,nk E t 4 | ,
i uent (gt FEBNH RS PRBEIBAE T EobieuR Forsp i Becks B Beriamet ok de).
di sper s@ant ¢pal YNd ;ﬁmlm@ﬂd&‘iﬁb 0dn) mix e Rkan Tprov(d%'fah@{ﬂ@dlﬁarﬁiy)éf Gdl()rs f€ QsdiRnoner

(methacrylig¢ acid), inhibitar .anti-kogating age

(ot hy! bt opBREORBEP. v bk dabl=ial Ry Saon B Ab ABjer MMENonorer
can al so becmssliflick tEOEMAYS, ptgmnaﬂ (ﬁmm@cyﬂmeeney Silueft @IvEdrREY, 8flvell X Of noNoONErs
that resultg in a c¢lear such as for a clear contact |ens, include

monomer HEMASOPIPHICOXRI &P} I#2 Uﬁ@?%ﬂ‘r"?‘ﬁ%ﬁ dspersapfApaharinyEpieigD), humectant
(et hoxyet hyldmsichagmyssaéehondmen mac%&&mmaﬁrmq( adahrtbgan{o?g)ageﬁm ally

included are at |east,_one of the follo crossli gethylene 20
gl ycol H et {adparepaagdiol) se aptpyfant gebkelatsd h@%rz'@m%lm die Wﬂfem?rm fi@)beagol vent

i sopropyl  ang@Bobs woloPbRIdRbmMEHR prdiEitdd Ylie bRGs R EQRH HIPRG) 2 804 di | uent
glycerine. Al conponents are at appropriate concentrations for their

i nt ended puPPHRS, suehhisi fefrredleay contachlensninfinds MenpmeeHEMA (hidpgdyla mi xture as
descri bed afemgrtibRfonted EDRKA &mkyeﬁﬁﬂne%cgla&?%sgemmqm\ahmy&t | east

one ink in a separate contai ner such that thé ink
acid). Optionally included are at least one of the following: 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



25 nononer and ot her optional conponents are m xed and di spensed onto a
polynmer. In either instance, the nononer in the dispensed fluid can be

pol ymeri zed, thus immbilizing the ink therein at a defined |ocus.
Preferably, during printing, a printing device, such as an ink jet printer,
wi |l dispense four different main col 036 (Bl ack, Magenta, Cyan and Yel |l ow)
as discrete dots that 30 correspond to one or nore dispensation vol unes of
the printi ngraeneind & dnhat moke dispnsatior . vollies ofdiwtpgintingdedisp tsi deewbt agx. dFhe

combi nati on olors. to f C screte dots o

i ferant nidinat §rsidh 69 <Spgint he BBl b BEF Ao C B8 1 e
a col or or Mktemrmam ccdirh g, tohhenumlded)hullmﬁ:ye)gendnaﬂmp@t;ae t@beteﬁcoloThuﬁa,tteMat IS
fornmed is a_nat i Vi du r ots next t other with a
boundary bertebiet htleetafr B g wd R L AR5 b pear as:
000000000 080900 cadOMEdD @ON A Bokidarip®peedh thgn.on t he nunber of dots, their
density. and distribution the unaided human eye woul d perceive different
colors,” intensity, hue and brightness. The ink used in avail able

t echnol ogy, SstiGlpagsn paldr higaiTRbedn fdy appdang: and pad transfer devices, is

hi ghly vi scous, such 40,000 cps and is partially polynerlzed Such
inks 15 do not run 93’&5‘{%9@@ Iarge di screte dot on dispensation. Such
printing results in @OO&CO0O0BE ural appearance due to the |arge, unnixed
dots. th the present technol ogy, the viscosity of the ink can be |ow, such

as | ess t haRerspding onhonuphsr ofdets, thein depsityand disaiputionghe wpide buraanceye sowidt 1

Ccps. This i,é;‘ygn)@@@@éﬁg&{m@lulltg}gﬁ W0 afignthQs. bl end, either on their own, or
upon the exertion of external torces, such as vi brat i onal energy. In this

i nstance, the doii§ itkgisgigp avdable tealinelogy.sushes pad tansfer minkieg angl padransksg et her |
SUCh as: 254cbies, iRty vlgb%hsnglcﬁgs lﬁmgg 0@@@& ahdSis ParfiflyQor, Al RALLE i hat s a

"non-dot" color matrix that has a |y realisticC appearance to the
unai detd hun#hnoé e and fpasmpg Iaraeﬂﬁgre@élm Q!’edlﬂ’msp@rﬁlsé;ﬁd’mmtl@g repilieting essy of i nks

onto a pol yifRhrat bBar@Re Bud t6 8% large, unmixed dots. In the present technology, the viscosity
of the ink can be low, such as less than about 100 cps, and can be between about 1 cps and
about 10cps. This low viscosity allows the dots to blend, either on their own, or upon the

exertion of external forces, such as vibrational energy. In this instance, the dots do not

20 remain discrete, but rather blend together, such as:
25 The result being an image that is a color and pattemn 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 altemative, the digitally encoded image can be printed on a pad transfer printing

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



that corresponds to the digitally encoded i nage. More than one digitally
encoded i mage can be dispensed onto a polyner. Mononer in at | east one ink
can be appropriately polynerized 30 such that the ink is inmobilized on or
within the polymer. This process can be repeated with the sane or
different digitally encoded inmage in thg sane or different orientation. In
the alternative, the digitally encoded i mage can be printed on a pad
transfer pr;idrghﬂeﬂgucldeuicmﬁaotvmﬁ @sihf appSopaipi pentednbfzr pokiygresice shich I@eypr i nt ed
i mage can the e .transferred to a 31 polyner, such as a contact |ens,
usi ng approp @EW@ BEE FiGst er printing devices such as they are known in
the art FIG 4. III METHOD OF MAKI NG A LENS WTH A DI G TALLY ENCODED | MAGE
- Il The present invention includes a nethod of nakln? an article of

M

manuf act ur et hafMETHOROF JHASNG AdiEys YAFY ¢ DaGiE dEeEYGRRFE IMAGE allpol yner

i ncluding the Stl‘ﬁtpﬁreé%ﬁt iRYdnfbd i'ﬁglu@es@ng:'tﬁoalol‘%aklme SITREE OB ONPOSI ti on
conpri SI ng a pol yne and formng a lens fromsaid polyner. In this aspect

of the presléﬁt'deﬁ hsl@mllmﬁcodsmﬂacapgrrdtaanowleen%@wthmsé@eormwmznﬂ@ualkm a
pol ymer thaénc(dﬁ@ﬁnd%@%nﬁ@fn’i‘ﬁo@tlbﬁéﬁnﬂ@h@g?@iyﬂ%ﬂ Q‘Id'tﬂlgmgf%’ieﬁ?fmr;[gh?d pol ymer wi th

the digital Ioﬁ{;@%o encoded inmage is then formed into a | ens using an
appropri at & ®hod, such as, for exanple, fabrication, cast-nolding,

FRbrTcati on ¢ Lé‘?‘é‘%‘agyﬂ?‘f?@v‘ﬂ@%ﬁ&ﬁ%"ﬁﬁkn’ AR Enco Bl BARAHLT | | o
| ens using I@bﬁ?ﬁoﬁlﬂi deeenat fbmiadensiuging aptting deviden dhe polyger vflthrthedaaltqﬂbfe
st anpi g, 91119&%@&11@@%%5&9&3&@?@ ép%;fréemiﬂo% %u%ﬂﬁ%fg@x%lp §0 be made

usi ng cast - Spi n casting TG 7A
and FIG 78‘)1bﬂcF1IlC® cappnelding.cpi-estmg pr efabimtonthpect of t he pr esent

invention. Al ERFef te Yk wrﬁad'eﬁsm%ﬁgﬁcatﬂ?ﬂ ﬂgﬁoi;%%r %fﬁ?ﬁ[@ 8?ital§ enco %%Err:gggl

Et chi ng, burn| ng or cutting processes, Ssuc
mechani cal i®forhegsiato afens vsidg appsopeiatg Sabricdtion om@adéelnmtiingsf))r mnpkmﬂmwr@t i ons.

These wel | s,.a. | ndan NS PERT € I are Iing a_l.ac t hat
i - .
correspond 10 5% ﬁ r%(g Sﬂf‘ al‘rig egaﬁl ar glat‘:flsaolb'?;’}[1 ‘é%%“&s‘ "ﬁ"g‘g print ed
on t hdsl enssmnmamhg(saéalfgt eamnltlheFﬂGmal‘l’mmAaﬂdFlG]eB\)vel | s or indent at ions. The
i nk can opti onaH%,}[& B é&ymerl ed, or F | al slgz rrerl ed when nononers
are present in fiePicix onepre “64 aspest 9hrtes Pre tt dalBE G D of this
structure tmadkQsing, forle@ifplS sfit GAstnE . Etding, aﬂ@nh@@fduatr@ pﬂﬁEéééEEch@é ion of the
structure thuI_l
ods 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



formed or portions thereof can be acconplished using appropriate nethods.
25 In one instance, a digitally encoded i mage can be printed onto the
surface of a spin casting device, where the printed digitally encoded
i mage can be optionally polynerized or partially polymerized. A solution
i ncluding at | east one nononer that cam®de polymerized to forma |ens,
such as a contact |lens, can be dispensed on the printed digitally encoded
i mge and Ve @agamwomswwé}sqdéﬁgmkqﬂhekéﬁ»awlgsﬂt neaddiof MadPe§astised to print
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nmononer used in the ink(s)). lens I's formed by spin-casting, and the

pol yner i zat Preeess pogdaeis @mmwlf adhestongendiryp polymsepdlymerthend bawdsot or a

pol ymers pol ymgd fond %Bme&aée%d ﬁe@én? Atededigitally encoded i mage and the
lens is nmad ano¥ I nstance, a first solution including at |east one

nmononer can be 1@6‘!“3?}?% msm Q)ﬁfsqcﬁa}ﬂtlmalnblydlpﬁ) ptyjenstdnz enpnemerfegn b a | ens, such
as a cont ac@ dzed br}gﬁgﬁfk&y&&é?d to £iens, fchlbgl éoﬁlaktﬁe:%”ﬁ%@ﬁg chyyege can be

printed on he expos ace o ens using a ntin evice and the
printed di gievirel ﬁm dagiededodadagescopt lpmmteldym treleypased zlef'dce oitlsaecmrmdmﬁ@

sol ution | ngldidl B8i@lad £23 Phin@P B ARB G ln,%g?og,%emmtp fRl 284 Torm a

| ens, such contact fens pri it ed dmgl tally
encodetl i rragreutan dhchlingppt keast aitmdngmecthatican bd lmbmen'ﬁdeo ﬁumcaridnssnbms on

preferably g the,Sg bagﬁséﬁn%)ﬂ S Aintdd Gidicht )?enc c@!‘l%#%gnd & rsyt%];l%gs?pa meht he

first solutronis ol ymer1 zed prior rin
digitally eloodédscoagelutionpsfeebly it the spnd sotusidn ehtg¢ fimt sloymenchdéchblynﬂnge
he.first, sol ruct e(ﬁ is optionally

includes th ner. of.
ol yner  zedsr SRS kBRI AR P punlhind Belnl S GrlsBeanry
i ncl udes t hwhemn tepriniod dtghﬂlyfencm!bd mguhcludesa}redndther crﬂﬂjesf):susmdort or}nsake t he
di git 4yecoded E’kaerabl he first Iut| n i nt ed
i gitaly CHESUEGs prERES el dBuialy Peimistfen TPt bt eyybly
pol yner i zedinsldas cliethdnomandgt tlﬁeh&stpolhydmrnd natinlgs) us&l th hﬁne houpttdlyedcoded t hat
way a pol yner gil b g t ween .t he po rized first soJution and
tho 20" pol yiieet JatteBpbrE frelsPlyom e Bine gtisas TGRS st erhibefees
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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 Hmited 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 approptiate

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



i mage and the pol ynerized second solution. In another instance, the present
i nvention includes a polyneric surface that includes 25 indentation
structures, such as but not limted to grooves or wells that can be forned
in the polyrrerl c surface by a variety of methods, including casting and
etching, cutting, drilling or burni ng,33such as by | aser etching, physical
etching or chem_ cal etching (see, for exan'? FIG 8A and FI G 8B).
Preferably, the [PHEEFNAOD SifcliesGat ReRievigadat FYARFUS & 3Ry anpsmralsdeasieof | aser

et chi ng t eGhnal.a8i fRicuid6ha ASfabd) 08 rd REErablY [dURD N £&s WiEre pdedBfon or
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density of PrinHBeistagdtsnsush purdictrradssiend casnaqlie £ieck s dﬁﬂ’[“‘d&*’éoﬁﬁ% feabl y | ocat ed

in areas wWhefgidak giH&@Bl%tin@'ikrBFdesi?édd?tdleMblbéantlﬁrpgﬁﬁcﬁQsub%léﬁﬂl@%wt‘ﬁ@ﬁre a
desired cosnetic effect iS desired for contact | enses. Locations where

printing i supbndeniasip gaicwres sueditharbiinting aan hseapiculerl idicisd bsnai Aricidlly wi t hout
such i gdentafde grbcg,c[ gctures such that printing can be particularly directed
or not directed to 5 chosen | ocations. The indentation structures can be of
different sizesTantdetinsiuchins carr e gfddfeenbgitep and shipesi hnedry pefrsdtly such t hat

one, 3 o ks U 0!l 502D IV o580 AREICHSPARIPEL dBLA PG et at | on

structures using appropriate printin devi see or exarrpl e,
FIG 9). ﬁn@h@mb*wactumnesmgapambm mﬁntmbmemdseordgmﬂs (¢, foi dxhmple,RIGcol or s

can be dep e 13 ntatign st PGl of the
ot PR bliferdl, Miordfo (KIEIGRE O, RIS LRSS clslbodBsIERE R O ¢

fully 10i |1 eddfmtanbln struktugksir Inmge ﬂpecmbf thgppsentiesadsn, tﬂeflndehmtwm:aamn aren
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buffing or agafwedﬁngi, thbmstq:spaﬂtdtﬁmhaﬂemowﬁfc&s hﬁdsuﬁlSﬁbeﬁﬁ'eﬂﬁn}ild‘lBloﬂmgsent
i nvention, the ink |'$ch udes, |.eas ﬂ%}e 15 pol yneri zabl e nononer that
ortgrilgdlﬁ

can be pol yTTRPE 8Lt tee: ﬂ‘l‘;l%?fé’r‘?gﬂ‘t‘rfgo fidentation structures are

not filled wt hhﬁdJ]Qah’tldul’aKypﬁeft&Bd axgeti bflﬁélﬁfleseﬂﬁih@d’nhaﬂ theSHCRclagesADBR®e W th or
vvithoa%ink anb sensdontoi oI rrer Asmg&her as ects of the

present inW8 eBﬁa meg gt cabeiolymetredRier dispsnsainy JEthg fndghialionand how t he

i Ek or nNonafFedturedte et ﬁmlecf1 wmemﬁﬂ o, télerl:‘ﬁﬁltﬁiﬁémkdﬁal kudh Qﬂgmﬂfnféf' eithed aspect of
the present invention, the ink is dispensed into 20 i ndentation structures
such t hat  CHEOPBEFRRE ASPEnesd Aoyt R o AR BLOT RIPERE OCFPIRSSR! IREnEdHen

optional |y tRodiniEe aitié@rhas 88 ShAcdif Wheald hERRITEK of rBordinSPQR $6 Polerl8€ POl yner
to fill or For example, in one preferred aspect of the present invention, the ink is dispensed into
20 indentation structures such that the indentation structures are not filled. The ink is then
optionally 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.



overfill the indentation structures. The nononer is then polynerized, and
the polyner is ready for final processing, if any. Preferably, the
indentation structures facilitate holding the dispensed ink in a |ocation
25 such that a digitally encoded imge is |ocalized and held in place. This
aspect of the present invention is nost* appropriate for inks that are of
relatively |OW/ViSCOSi%% such that _the ink does,not run due to the
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incl udés i ngewties besh 24 Qostdesrribert lescis U mecetdrad dedestivwfedhdwarapiaion Thi s
process. and, el g6 LAl ek BEL AN QIRLI AR pel Bk Nt I NG processes and
manuf act ur e’ Pl 0Ces2 88 deseriBed. Rerel s, e present invention also includes
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encoded i mage

nd .a.polyner,. .including the steps.of pri.ntin .digitally
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from sai d sggandns bfst aeRee, nsferring said image to at least one second surface comprising a

—

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

20
v 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 2 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
unit. 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.



IV DA TAL | MAGES The present invention includes an article of manufacture,
including: at least one information storage nedium and at | east one
digital image, wherein the at |least one digital imge conprises at |east a
portion of an image, such as, but not limted to, the iris of an eye. 25
The information storage nmedi um can be aty appropriate electronic storage
medi um and i s referably in a nachine readable format and preferably
associ at ed Wshoaee@Rler B PSPt BT IARencamPpasses A (BTt &Pt 52 BIMAFERERIC | mages
can be stor geniiRoRpiaiAas8eh B68e briYGOHigRAlyleficodb i AQSf ifddttsYad O digitally
encoded i ma es,_buF also to the dlgltalﬁy encoded 1 mages when provided in
a format, soiemmingd guelatedareprding tefle arepant AvishiPent abl e format. 35 Thus, for
exanpl e, the pr%@&Mpﬁvﬁegd@ﬂioﬁﬁﬁmﬁa@ﬁaﬁﬁﬁ%&:féﬂﬁppﬁ%d@d ina,

machi ne-readabl e formaf conprising data such as one or nore digitally
encoded i magedumfof pxpraspiensuch es prijed arediume perfratydypgdinnadnagetiomtidivgh t o t he
presents i nvent | icsCRNTR ]H%'nh. L QR eibf; HRerd ' format,
prefer aSbI y g‘?%@%& a?{llcsé npé |?Jrr$150 e{g%r&g&?}g’% E@c‘% as “Sﬁ“ﬁ? %ﬂa %géfum
perforated predidehon aragthe tediumed expissisn kroinaeteppident apickof mewifachut ywdbras or
copol YIer s g4l (a8 oPYEh Al of blrBEpYTRES.: poH 6, HaliheCaln R oA fighson o I
t he medi um of éxpression-as an | epencfé’nt article’ of manuractidre, such as
a di sk, tapéther prnesuxgorahi grocesningde: qataowichl etpaaif pempryol pat ofeghiégien. such as a
comput er, thal S, §1's<§ B NEQGS 361bAa o@gEat%aQ&%%% Haqab%&ecaﬁ’@é V,?}gvigéa(;h as
part of nmenory or par a program e data can al so be provided as at

| east 8 par in aof femataleabegstbs clBirelor stiectdrad ¢heqartichlar ooy, ldgdagel®dé,n any

format, |eaying t chaice sel ection t.he particular.formt, |anguage,
cave; " sel kv AR Pt Bt ls @RARLHER 0Pl DR pHf SRl 10
ski |l | ed ar t ussfuh,. forSuarhpleabicconpanngsefudhces dlaainedsmind eesehitanvesiumpethikngws equences

obt ai ned by the %res ntt invention with known sequences to identify novel
sequences. IEETESIREENYY 19YFL W PeRt i on is a data processing system for
storing and sel amieiafygciadf thelifveh@st a atpmbidsaig Ghterd dbratoping Midbeldctlig at he

preseni_invention. The data.processing, system ] seful .for a variety of

B pooks, | B B RSTeR of dapyo Y g Preachy YRRy The PRSI & tno f or

exanpl e, datsshhse alaiaipdf,pumosksSfor examplechi siging)sohing at ardnging chchdatainy ffri ety of
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bt ocess | hg S7EP Ertie raiey 361 PREVB iR BHL A hothie RTFR L BHLRt S | any
conbi nat i ongolors, patterns, sources and the like. Such a data processing system can include two or more
of the following elements in any combination:

20 I 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 jeast a portion of compared data, such as a medium of expression,
such as a magnetic medium or polymeric medium;

II. 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);

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



20 I. A conputer processing system such as a central processing unit
(CPU. A storage nmediumor neans for storing data, including at |east a
portion of the data of the present invention or at |east a portion of
conpared data, such as a nedium of expression, such as a nagnetic nedium
or polymeric nmedium I1. A processing p3}’509r am or neans for sorting or

arrangi ng data, includi at least . 25 a porti of the ta pof t.he present
i nvent i on, PP Idﬁtaioﬂgﬁ PEFST L BN EWOP Sypgtean rseful‘ﬁ{:mﬁgm%are aaﬁ'ﬁgés %F’gaér am or
an appr opr i afage @iatiedprofieneatan apebpra® dohiey tiareef:known in the art (for

exanpl e EXCEL or_ QUATROPRO); Il1. A processing. program or. means. f or
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an appropr i @k£LorhEdileQstéN QNGO daS of REYredhBinteABNor abotth tRdrdor oMbomPared
formatti ng processing program or neans that can format an output fromthe

dat a pr oces$TiHQy adprioa thereel; spchas dazhess reAnageREn i RBERR OWNERIOPSHMSr a porti on

thereof or GOPRAL SHappHitiste PortiondiReridradint 8¢ BRIvn iS e Aras dat abase managenent
prograns or word-processing prograns, or ag{;roprl ate portions thereof as

they al%® known i¥i- t h&n gptput pererapponypeansig oplgeisiate, el ay datn dihersdsd t o out put

data, such @aserfad & QortiddEhdrof 8 mpared Y@ aPBrtRh t1RrddPlrd RFndt DRHEE RS anOT
conpared data or a portion theremP in a format useful to an end user, such

as a human o usmonpiess adaman pravebggiRgrosyesing Rystesl e¥rhas dyahestyaegsmenagenent
programs or,uands B REERLRANRHS a?%riﬂ?roﬁﬁ@éﬁﬁér@h%rﬁ%@ﬂth%em%%’f as

they are knowh In e ar uch formats use to an end user can be any
appr opr i at eth ent-n@ich fosmals pselig e ayng asee capde ey appropueth farmal ip azrappiepriddpr i at e
| anguage or p,6O4R:H A iAth ARRHORE laRfiEed B LbddTh i515 Sle@fim of expllGNE The
pr esent i nvent’i on alsozﬁﬁcpuﬁeéﬂ% %ystenl %%%@ﬁ%ﬁng:eanng}fgk e of
manuf acture of the present invention and a printing device. The article of
nanufacturevinclggﬁﬁmat | east one 20 digitally encoded inage, preferably
in the formof a database within a central processing unit.

The present 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 invention.

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 tnvention.



The central processing unit preferably is linked to a printing device that

i ncl udes appropriate software and hardware to direct the printing device
to print a digitally encoded i nage, such as during the operation of a

met hod of the present invention. The system can include additional
conponents, such as devices for the manéfacture of lens structures of the
present invention. 25 For exanple, the systemof the present invention can
include a | ens nRhUPEETES Fakpdiesnt pidhe Pf%*ﬁ'@fhﬂ‘%fgmﬁ’:%ﬁiswmdéﬁtqmeldwnmgmor a
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manuf act ur e PEFEnIny &, yeiersin the artigly of maw éactyes of e Regsenttinyepticasambe peweeint i on.
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manuf act ure device. VI COWOSI TIONS OF MATTER I NCLUDI NG | NK 15 The present
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corrp05| ion of #E? Plp?ené’flg%mo? ﬁﬁq’ ¢fudes a pompasition Bﬁ@at@f' inclygingdibleast pemonrer

pol yrmer, hOllfﬂO,p@é yfﬁmye, phﬂi:l%[ Sipady Fedctive 450 POdiNAdRNye. 'ﬁfé@oinﬁésﬁtloﬁtoPﬁlattelrMso
initiator, i nit ﬁ?t or, solvent, dispersant, anti-bacterial agent,

anti-mcr ob’i‘1 F eﬁﬁtelFﬂSt ong of # binflggrenogis H?lyméﬁ- B9rRfelyingh hetetopglphasner |

hunect ant, ¢polydé, agtihBg UsURMhtor, Blefnkal HRtEHR NoRant2@§Htsan a:gﬁl-bﬁéi%hc agent or
non- oxi di zi nggraﬁc};lent The i ndi cat ed ggents can be provuj
&n

any- conmbi nat tieicrabial agpnteantiviangelagent shisinfrsanstisicleper bpmecantendnor

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 after

polymerization such that pigments in the ink substantialy 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



t he indicated function. The conpositions of matter of the present invention
do not include the inks set forth in United States Patent No. 4, 303,9214
to Young, issued Decenber 1, 1981. In particular, the 25 conposition of
matter of the present invention are preferably water resistant after

pol ymeri zation such that pignments in thé8ink substantially stay where they
have been gggﬁsited by printing processes. In addition, the conpositions
of matter of°°tHES HPESURINE of prheiseSindmeeviihPebBERIOT (oaemes erbihe suaferaeing

pol yneri zat ipgifited PRdr ek &ht1E iHeYnd & tl%ré’s@ﬁltil%enﬁn%&?fn@lmlé/moeg@rfe?srt atlclly @ddi tion,
the inks of the present invention, are preferably capable OP chemcally 38
bondi ng, cr@gg’WPWi“ﬁ@a@P]YWh@mn@@ﬂmnﬁgﬂﬁ*}ffa%ibpﬁgp@mﬂrers Oor NDNONErs on

t he surface bei n@he RHIpHEEH r - ik of .present invention
can incl ude rrpnqner,s‘tpﬁ%{t@ggﬁggé&égo b%?iﬁcgz}gjcfp\?\n&tmﬁhg{%grl"glr?grﬁwé?e’ Sﬁ%}ﬁ%srrer on
t he surf ace B¢ PERiiREdsHice, Thiszepimpios deviesna bémahmintingdents, 4 hseeptinton can be
providesl ingayiRfdrRphdGardfVikfing 345 @S an ink jet printing device, a piezo
printing device, a thernmal prl%tlng device, a laser printing 5 device or a
pad transfer printing device. VI METHOD OF DA NG BUSI NESS The present

i nvention a i t doi ng busi ness, including the steps

of . obtaini %pa g@g#‘?ﬁ?@%ﬁﬁ‘&%a person, database (such as a dat abase
of the present 10heipnesenitinventionalso invides aanalhqardf dbingiousinaisglindiuging ale siepirge t o

make at | east - OF . ir_of lenses that includes . the printed

g tal i g PSRl e R 8 firsop, SRERE AFhen RS g stR 1ot hod of

t he pré&ent uiventien) cbrdrrl]nagel?amd pireingeaie digitd émige memeake 2t RES 6fic laﬁﬁ}rrﬂli:ﬁieﬂ’ ably made

using a sy of . t resent dnvention. .In. this aspect of the present

i nventi on, gchgeglg}aolr’rlgru gcsS e eé’élf“{s%a gﬁﬂ?]ﬁ%f@%e‘ ?’ F‘F&?"&g’ ﬂ@%@ﬁﬁ?@“sfﬁarlei"ﬁ@e udefart of a

l ens. The i nethed ofihe reseaniyventisrg eFurtBaribrepthie Rnf é€rséstire proRG6IyQRadaiiind ¥/ PE,

such as noge[c'ltTyflna es including swirls and the |ike, or an image that is
3{5 of the é:9 Fnt énﬁentiop.i s

a high qual ity 1 mg 1) such as froma human or aninmal. The image

can be sel ect ed Htiisspectiafthdymeent iSueationds clstontbaitdR 28 ifffge W@ bhewoldages.
Altern?stivehk/é tglg {:u%to r.can icLentif and_sel ect _an imge from a
variety of SoUP®ASCI L TA%IPER 577 P8 ARY BHen FIBs £ YIS HreassPT gedmcesush

ani mal s.  SusdnoRatyGnlaged Gicluaing s@ils altBtht NkeBr ARMELR: estaqligiquaﬁg%@%wm such
as an electronic da}{Pg{ane or a, collection or conpilation of photographs or
pi ctures. AIPePRLES TR §humag or aniwely Fa¢ magr cagbg selerted from a database, such as a

database of digital images. Alternatively, the customer can identify and select an image from
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 commaunication, communication throngh printed materials such as



a selected inmage for use in the present nmethod. A selected non-digital

i mage can be transforned into a digital image using appropriate scanning

technol ogies as they are known in the art. Such scanned i mages can becone
part of a database of the present invention. The 25 selection process can

take place at virtually any location, s#h as at a vendor's or

manuf acture's physical |ocation or via conputer, such as via the Internet.

The di gital F9rRREMSBreeh by mail. erirovghelcstienic media, strdires Heough thedstemtett @ t he
vendor s O scRREHihAG! U 8e Sna/ P aphiBfidhd Qftwitk 3udes BRLORLIAL et Nod

such as through personal communi cation, phone conmuni cation, conmmuntcation
t hrough pri FePRTHEEe} T for patamsabuegdureomalied iftensits Therimeggtvan then bai |, or
through el eGih@tthfed R PRE i Lve B eS8l ot ed i mage
can be anal yzed using a%%}aopr_lnsaetza?gpt %ggy%ﬁ%ﬁgﬁégﬁnﬁﬁﬁgr%“ﬁ%i“f/esdi%%and
conpari ng s&pPolERe patfers by the panting, devioe , The veraknancaifics thememshdiyte ofiheordérage can
then bes trapsiariagd;,d | G r.use o rinti devi.ce sych that
the image is rféprlg%u}ééeﬂénggﬁ%ugé ‘glgjgtk %Ir]%e%sin ‘“5% a@? h%ucﬁﬂs F‘gg‘gﬁ?lilﬂfgeng{ﬁﬁevi ce.
The vendor ryerdof prdgnanhisctnmnesnde thersemobr diffieero petam, Congiatly @eaty debeah beat

manuf act ur e s ' rymtion, such as the digital inmage. The
vendor and rﬁ%gn%%gtéﬁfrf%fgﬁ ?g)ﬁ%%léo%aﬁgegsfgpﬁemag'ffa%? ‘B%‘Hfﬂ“gﬁ&%ﬁ‘,"e @BWany or
entity and dameshed ddlivers the nsaniactoed tinf érdersetto playsidoabr dugie@tdgan The

manuf act ur er, ure's the lens or.. le s and delivers the

manuf act ur egc‘{e ﬁ@e gir%miﬂe%?égs c{%ce)gkt ﬁ%ﬁ\?éeﬁgé’f crggit cf{ijg ﬁg‘ﬁﬁ?“dﬁﬁlmd’i'f‘““fé%’&@bt abl e

met hod 1&uch ressive bayolent ag aspngpriateedi t or credit card. The vendor or

manuf acturer 10 tr.ecgei.v aynment a ropr.iate. The digital imge can be
printed by a priﬁqeiﬁltadggg%’cé”%mf’wﬁﬁga nfeq Bﬁeg‘ﬁl"f’H’éa‘?ﬁ‘@é‘ﬁ ¢j nvention
or other neplescht lmaition brbtidhenetibd kaswn intiRlartdelet aRedpddait rétRths i n the
production of a Jenf lI;i)arti.c larly a ﬁnt act lens, of the Ipresent

i nvent i on. PrOSFIPA RT3 leris,part PAERRRL S &F 1f Bfeset inpsien Breterablyst ¢ wo

col ors, at psmalg deviceaRat QOLRE &t 164t tdb cbIBRSAt 128 Wire AL & dt Roast oudSSks js THi S
aspect 5of t he 1|¢\)/I[£ﬁ_sent i%nti on, Bre,f erably utilizes a system of the present
i nvent 'on.  ESSAVPIESPS oEa\RisteR! joventiprpreerahly|utilipesy systgusoithe Bessdanpl e

provi des i nkvedisposi tions used to make | enses that include a digitally
encoded i mage. Four ink preparations are preferred for use in printing
devi ces, although

EXAMPLES

20 EXAMPLE 1: PREPARATION OF INKS
This example provides ink compositions used to make lenses that include a digjtally
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 include the following:

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

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



nore or | ess can be used. The ink preparations include a base ink

formul ation that include the foll ow ng 25 nononmer (HEMA), initiator (BME)
crosslinker (EGDMA), pignment #1, diluent (glycerine), solvent

(i sopropanol ), optional pignent #2 (tltanlun1OX|de) di spersant (pol yvinyl
al cohol), humectant (chtylene glycol) 48o- nDnoner (et hacrylic acid),

i nhi bitor i ko th pr.opanedi ol ), and anti oxi dent

(al kyl at ed WL%; ](SElnI%{ 5’?% ‘I"‘T‘\'g:’ éﬂg‘(‘,’gﬂ'ﬁ?‘)&’t &) °‘b‘?f inksfieprevidondesitedieniars The e as

appropri ate pfrmmdar&klomg’mafohaeiﬂlsfo%m@tﬁm ﬁremcbﬁa@%tz%%énkac &E HioRNg gl 40
S

properties. cff ‘9% nt 41 can be any ink or conmbinatio to provide a
desi red col 3T ThRPTORSREr ST b dlopd apdd prgdescribad lﬁb}rSnEbtantll‘bnéléﬁrESAl

A3, and A Lo desor) Bet i S Rt R ey gRRl S BB b

4,889,520, 1Ves3. 3B} Enb S\Batens No5B274 7765, USS DateRrtNef06RIEo2 ddA9S, Ribfis N&J. S.

Pat ent sNo. s3738%2.132, U.S. Patent No. 5,271,765, U S. Patent No. 5,062,892
and U S. Patent No. 5 5,372,852. A preferred nmononer m xture for making
clear lenses is A@EFdmongmer mindreHorsnaking cldaolehwwisnigsifrarcAB, atd IR themDNOMEN

g\l-/lgg/?) 64;mn| nhi b| tor lnnrm&%ﬁg{(g@m?o?oﬁgﬁéﬂn‘gf m"%‘ﬂ‘g"%'\@w;ﬂ't £ :a'?lt 8:1 of

t hese const icfsBike Ué@éh@é 1Bproparacd, mmbntmmaﬁ@) and dinsniqflyclgiad) ade 10

ovi cos. 1 et et UL Ca B AR BRootr milife flefs /260t (U S Patent
No. 5, 488, 3¥Wact€nhte05|and<physcqimwfpsn&bl y soluble in water and an organic

ol yrer such as A bts drbsed SO Bl RS E b i Bo eyt
pyrol i done moromerdhsd (B8, Paeenlﬂoﬂﬂsﬂ,am)aﬂ‘hemm&ﬁé@l&l@b&mbl@ﬁﬂvdtaadd asuch as
i e aci o A Bl B R Rl R Bty R ISR meras

am nic acid rou prerera
bet ween abo&l{ch@SB%vandialadjmuandhd%phyanm@mpolﬁh@i pmldaﬁ@zfr@p@ﬂhydwcl udes an

antlseglc %1h % ‘bj The ink preferably has a
pH of et vveen a ot lﬁs AR provb‘%@tsu Hﬁéﬂo"é(e ¥1§‘%Pd‘é‘i>’i stherior pelypretbeemeot bet ween
about 2 nPadkﬂpicbybdnl&u ha»&lgﬁmnﬁ&lm&u@m@ aitpSeferBI (hoResl aQW 5@t QRdhON Of
ant i oxi dant Sy g@?y ahs)ué;lrft ed hydroqui none can al so be i ncl uded,
pref erably f) &0 bopb ¢ egnd @ Dy:eigtt dheawk pylepbhifAtiudesjasantipeptient
agent such as Proxel (Zeneca, U.K.). 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-5,5-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 generally, 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).



No. 5,389,132). An ink can also include a hunectant such as

1, 3-di oxane-5, 5-di net hanol, 2- nethyl- 1, 3-propane dial, ethylene glycol or
di et hyl ene gl ycol. Wien used in printing, the driving frequency is
preferably between about 3 kHz and about 8 kHz (see generally, U S. 25
Patent No. 5,658,376). Preferred ink prdperties include a surface tension

of between ) / and about_ 70 dynes/cm and a viscosity between
about 1.0 czﬁgwd"“ggbﬂ'?xﬁgg@%“P@P%?G‘Eifa?‘&%c WDLAMINATRSS) 41 EXAVPLE 2
PRI NTI NG METHODOL@SEES1ple, SURFACES: ARD1 kAMINATESrdides  exaithl 8y By @R} Ct ed
in FIG 1 and.FiG 1L rovi des a met hodol ogy for printing cfigitally
encoded i magea A AR rﬁgg‘,‘g‘j‘ge% thimage, Sfch s of 31188, i§ scannied ppudigivd fra ugingi t al
form usi ng apEPPOPS hiaddverdmd dyies e l@g‘»ﬁbvﬁﬁfatd‘l@tﬁﬁy dRodR MMA e TR ALt al |y
encoded ima%e. T‘QE digitall encoded image is stored 1n an appropriate
storage mediclfREIR ’g§t°5’ﬂ‘ FPPIOBTAtE Staragr TFAIUS suehcs amslegtrpnis mpdivabase. A
sel ecte | Mgk b séibasel & et ¢ AU vBLOBRLINR sfnBlb Bhliflflgdeyloe,  such
as an inkjet d?'rl ntln%% device, a bubble jet printing device or-a |aSer
printing dediees 2 PRELRIGH & IcHALuEPIA it BRnting deviee g5 pilaser prigtinedeivice pr ef er abl y

i ncl udes i nkub@ghriprabdsRRani ThefintinARvidd fér‘%bmné&ieéﬁ]ﬂtf@rﬁgg ardmepts, such
,.a al 'y

as in a printing cassette (Fornulation A . option ormul™ati on A5
in a separ at’e BDAF AT CREAE compartmentssogias it €prowing edstetie (FRimeulptidnnt6)ngd 10

devi ce, undeptidny Bih@sioh A 9L il 49 rints the digitally
encoded i na gl_by@ym Xi ng and df@%‘gﬁgﬁ'ﬁ ) ort%?}é%‘kéeﬁsf"ﬁﬁasls%“tﬁi SP%IW%"P%, t he

i nks ofC f or AeHi% Maskr thediesstion of 2 practsaineg pnis potis e dighalioinyo®d imed bpolivaer , a
partially pgid. h.s%:%d AR iRfivi ol rized.polynmer. After _a
printing step %nr%qt Frer tél e gﬁ%ﬁ%&%lﬁg&ﬁaﬂ%ﬁ g%Fﬂfrjaggnp‘%S'g%g?“r%aﬁ% WAt ur e
can be subj egelmenzgd pelymaergypartialiy polgsenzet peiymera hn enpelygierizddpalynean faear t he

printed digi ool i,cul arl en 15 in an unpol rized or
partially p%fjgﬁntglrgisgggle%?eg?%% dgein a[ﬁ?%%ﬁ%atcﬂ'ée H‘%?Eﬁ'ﬁieﬁ‘@"%??gﬁ"@a Segedd? i mage
has a nat ur edergppebrsvivetiondlithe gy tiat emsmeanhdiRinte@aeatEhage, Piritudrytwhedf ti MES
usi ng e . different. digitall ncoded i mage. The surface can be
mai nt alhhned ;ﬁ]ﬁaﬁﬁlﬁéol ae%euecbr f“‘%‘ﬂl?y BTG ds?a&, é‘fcgdh%g'f*%ﬁléwn%)i”i”ﬁ?di digtakt eps. The
printed di gimagt hys asnwod epeiramgeThaprobes can®k yepeitbaZashuality BRfithésasiny the

pol yneri zed g,ft r.ﬁeach‘ 'ntin(ge ste ol after all printing steps are 20
conpl eted. in etoﬁg] 51?@%%[“’%? qdmiE D Tﬁ‘ﬂfa?erFaFP@“mf@"ﬁdHﬁth‘?%amel y encoded

i mge can beicptation erdotated betwesh prigfing sep€l EBePRa@d Uitk lyNsdaed infagPbdnYeed

digitally encoded [mage to a surface. Such structures
9 y Fo%nnenzec‘ or pgt%altly po?ymenzeda zfﬁer each pr?nting 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
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 etchin g, laser cutting or burning, grinding



known in the art include pad transfer devices. The digitally encoded inage
can be printed onto the structure and pol ynerized or partially polynerized
prior to the printed digitally 25 encoded i mage being transferred to a
surface. The surface that the digitally encoded surface is printed upon, or
transferred to, can be partially polynﬁ?ized or fully polynerized, and can
be rough or Roughened. surfaces are obtained by methods known in
Che art. suchoaid ThR RO aN e n e Ao bt gociyt P Grshg o PEGP et | ng.
The surfacesmﬂmgmbefﬁmﬂamhpr&apmmﬂﬁmﬁﬁe nmet hods, such as by cast nol di ng,
spin casting |lafhe fabrication or |aser fabrlcatlon Lam nate structures

that include pri ntEEPEIOMEs Hp wRudoRsed digjaly espied dmaaseieantby matlohyni ng a

surface wit rforpﬁngﬁsad”aaélvgﬂ]tp@hieﬁ dRNARARGdEdRG8e Msush GRasYT A fGRnaAddi ti onal
tion A5, can be placed on the printe 3 digitally

nmononer, such as for
encoded i mad® ane: %‘C% @W?‘?&d‘st‘@nPBPlﬁ?eﬁ op gheipiated digitaliicanceded tnimgt anchcl udes
a firstspol )pmgfnerh&y&l’ foﬁ'ﬂﬁ &fnﬁﬁa@éﬂtﬁéctf}lle%ﬁf Dncludé aQTr gt)ﬁ'&eldllfi%lr @{:(tlerzbl? Q]‘[:ﬁg

i mage, and a sec‘f zP l'ayer (preferably c

| am nate st PRELET &8t 'tyl‘?% °F1F¢1§1389p6m%@0nﬂayle’me’clawr fraefprably claht). yhlcntakfngl ly

pol ymeri zed tijekd 1ahinh@ strifirél ih0 Grsp

structure in turnmcars1 be lFpartl al %Ol%hs’b&ah% %taqm%%?g@gp&%gmn%ﬁ%?fé? for

t he second ﬁBP‘VﬁQF‘hFQWFHY%lCQdﬁ@W‘%F s'b‘é#ﬁ@ﬂureandlmtﬂnélegmlalmanmw 10 is then

partial 'y omolbmbdzéd PORMABIOEED: fS f G 3)
EXAMPLE 3. ER]ISHHI\I'I'I NG T Oy e Res R %%ﬁBE@ﬁEF? a&% SgﬂﬁEﬂCE Thi s
exanpl &0 as isdigsivaxtiably erfuly malymesizesi(srei idesxampleIBgS 2ahd FEKilay | enses t hat
include a digitally encoded i mage, wherein the digitally encoded inmage is

provided in a well 15 structure(s) or an indentation(s). In this aspect of
t he present EXpRHRS: BHINTH‘Q:,MEU@QW-&VIITHMAIWE&Q ORINBENTA U N A $LUiF|A&‘E

pol ymeri zed or al ed, A wel

i ndentiation i splgiESteég?g%lg’on %%e b r%ﬁ(gtlﬂ et afm@S&Sroce}?BgWH%c“éef tl}aé‘égll“d‘i n part

to the sizeadaipllylsaqpdedimage, h@erﬂingludﬁgilayy amedndéﬁlag'ermgewﬁéu g wani nted. The

wel | € di fferen shape than the digitall

encode?1| nag%au%&?%& &rlﬁ‘#\e eHQ“(SPh Lﬁﬁﬁ%ﬁé’f g’@é‘&eF?“éHR’FW"E)@aﬁ%F‘EB?C 820yused

to print theswﬁamqféthllypobmnzhﬂdar pﬂ%@pﬁﬂﬁn&ﬂi@d%ﬂl@ﬁn@ﬁ@p@hd&d‘@&W@l‘l br A lamnate
be made follow ng the nethods descri bed

structure E%{Me we
; di
in Exanpl e ‘\gﬂ by ‘i‘::caieJ %%‘W"E%@H’h@‘%@ thectze prd shapeeft i ng
for these nit hgniailycemdbbmfagmos;h gﬂntbks I'Thg wel QRNEEARN QR Sib @b 0P B Sifferent
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: FINISHING 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



25 known in the art as they are needed, such as, for exanple, cutting,
grinding, edging, polishing or the like to forma lens of desired optical,
cosnetic or functional quality or characteristics. For soft contact

| enses, the dry | enses may be hydrated using conventional nethods to forma
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entrap the dye such as a pigmented dye.

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
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 01- 2

35 Total 100



35 REACGENTS Cyan ink, Fornula TD 70A Percent Range Materials Cyan dispersion
X178022010 - 30 White di spersion X6985-18575-15 30% El vacite 2008 in EB
Acet at €95-15 30% Epon 2004 in EB Acet ate95-15 Cycl ohexanone73-10 EB
acetate47.225 - 50 BYK LTV 35000. 80.1- 2 Total 100 Cyan di spersion X17802:
Material Diacetone al cohol 5 5090DM65 reé¥in in DAA Efka 47 Sol sperse 5000
Ir alite Blue WE Total 10 44 Percent Range 20.7710- 30 20.7710- 30 35.6120-

S0 2.080.5-10 20.o{ /1333 sib8 X17802:

an
Material Percent Range
: Diacetone alcohol 20.77 10 - 30
5 50% DMS35 resin in DAA 20.77 10-30
Efka 47 35.61 20-50
Solsperse 5600 2.08 0.5-10
Irgahte Biue LGE 20.77 10 -30
Total 100
10
DAA Diacetone alcohol sovent
DMS5 Acrylic resin made by Rhom & Hass. Resin is used in the
Dispersion to provide surface for the pi gment and dispersant
particles to anchor. Resin also increase viscosity needed in

15 Milling process, and wet the pigment.

Efka47 A polymeric dispersant with pigment affinity groups, made by Lubrizol
The main purpose of dispersant is to disperse the pigment, separate therr
so they will not agglomerate together. Another purpose is to wet the
pigment.

20 Solsperse 5000 A synergist 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 i
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

Materia} Percent_ Range

Diacetone alcohol 21.41 10-30

35 50% DMS33 resin in Diacetone Alcohol 35.66 20-50

Disperbyk 110 413 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.



DAA Di acet one al cohol sovent DMb5 Acrylic resin nmade by Rhom & Hass. Resin
is used in the D spersion to provide surface for the pignment and

di spersant particles to anchor. Resin also increase viscosity needed in

15 MIling process, and wet the pignent. Efka 47 A polyneric dispersant
with pignent affinity groups, nade by LdBrizol The main purpose of

di spersant is to_djsherse e pignent, separate their so they wll not
aggl onerate t ogef &Jé'r : V‘}fht&z{‘n@rmﬁ%ﬂﬂ’é’éj]f@' gl‘)"’b\%’f“ef fectatgi(BRAgetatep0 Sol sper se
5000 A synergi st nad R% Av cig (1f ormer Zeneca). Synergist is used in a

Pi gnent di spersi on t q.Ref ?i’%’ Piylsther 35etat8 gment 70%t serves as a bridge to
connect between the €¥Re and the mai #%ol yneric Dispersant, in
this cage Efka 47. Irdgatite Blue LGE A phthal ocyH# ne bl ue 15: 3 pignent,
made by Ci ba Geigy, Inc..This 25 Product is no |onger comercially

avai |l abl e. A substi tdg(]‘f"(ﬁﬁe Pi%nment Acylicresin spprligd by Me@AorlinGardoah, IO a

pht hal ocyani ne 15:3 pignment. BYK UV 3500 A surface additive nmade by BYK
Cheme. This additive is to help thf ink wet the non porous substrates
such as gl ass, viH{EPORZPU in EshyleneGlycobhagy! ethet Adetatd (EBeA@nmle)i t hel ps t he
ink to!low well inside the print head Wiite Pignent Dispersion X6985-185
Percent Ran e Materi alFBOMestat one al @@Mol 21. 4110- 30 50% DVB5 resin in

Di acet one Al cohol 35. dpen2004zesin sp@é%yk 1104.131-10 Wiite i ent Tio ide

Conet 30038.8030 - 6(otal 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

Contro] Formulation A:
30 1. TD-70A Cyan ink

Experimenta] Formulation B:
1. TD-70A Cyan ink

2. lonic® PFAZ®-322 (Sybron Chemicals, Inc., Birmingham, NJ) 2 %
35
Experimental Formulation C:
1. TD-70A Cyan ink
2. Ionac® PFAZ®-322 (Sybron Chemicals, Inc., Birmingham, NJ) 2 %
3. BX-HEMALLT 40%
40



| 100 40 Di sperbyk 110 A di spersing agent copol yner made by BYK Chem e.
%Ogii de Conet 380 Ayvvni te pi gmelrcl)t, chem cal index White 6, made by Tl OXI DE
conmpany. 5 10 45 30% Elvacite 2008 in Ethylene Gycol Butyl Ether Acetate
(EB Acetate) Ethylene Gycol butyl ether acetate 70% Elvacite 2008 dry
resin 30% Total 100 Elvacite 2008 Acyl¥fc resin supplied by Ineo Acrylic

TN) 309 004 in Ethylene dycol butyl ether Acetate (EB
,(A(C::g'[ g? \e/?’ EBN)AC et g%%‘pfgg%%atﬁﬁd’f?s %ﬁﬂyﬂﬂééfllwetmmeﬂwéiﬁ/%dwwsm@ra@mw resin
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For mul ak ion e@fracte]d'in JIBHIZ:Q éat@la? 90 £or§|6 degrees Celsius for 12 hours. The lenses were vialed and
steam sterilized using one, three, and five autoclave cycles. Samples were evaluated for bonding

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

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

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 hi gher level HEMA was
15 noticeably lower.

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

(Sybron Chemicals, Inc., Birmingham, NT) with 40% BX-HEMA LLT reduce cracking in the
digitally encoded image made with ink and improved ink adhesion to 2 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
by such multifunctional carbodiimides (see, for example, Dow Chemical Company’s preduct
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



2. lonic(r) PFAZ(r)-322 (Sybron Chemcals, Inc., Birmngham NJ) 2 % 35
Experinental Formulation C. 1. TD-70A Cyan ink 2. lonac(r) PFAZ(r)-322
(Sybron Chemcals, Inc., Birmngham NJ) 2 % 3. BX-HEMA LLT 40 % 40 46
Each formul ati on was m xed and ink jet printed on HEMA | enses using a
Budjet N printer (Fas-co Encoder, Chandt’er, AZ). In addition, thernal
initiators and/or UV initiators of polynerization are contenplated for
t hese for nul BFPIHE ¢6 i nprove adhesion and/or time for polynerization.
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the di |taIpI15}“38'ﬁ B¢l 2 PABE- made with ink and inproved ink adhesion to a

HENVA | ens cdd&Edd@S20 to TD- 70A ink al one. Effective mechanical bonding is
achi evabl e with polyfunctional aziridine crosslinker. EXAVPLE 6:

MULTI FUNCTI ONAL CARBODI HM DE As A CROSSLI NKER Thi s exanpl e provi des

i nproved adhesi oh#ims @rpylginaptesd inipesceanmiisyraiesdribeshenyin usi ng 25

mul tifunctional carbodiimdes as bonding agent. A crosslinked network is

bel i eved toﬁgm%d

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™ X1.-29SE (Dow Chemicals, Midland, MD)2 %
3. HEMA formulation BX- HEMA LLT 40 %

Each formulation was mixed and ink jet printed on HEMA lenses using a Budjet TV
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



by such multifunctional carbodiimdes (see, for exanple, Dow Chem cal
Conpany's product description of UCARLNKTM CROSSLI NKERS f or
UCARLNKTMXL- 29SE Crosslinker, which is incorporated by reference herein).
The carbodiimde is believed to cause a reaction between carboxylic acid
groups contained in the |l ens polynmer andigei ther a hydroxyl end group or
am ne 30 end group contained in the dye preparation (see, for exanple,
Mar ch, Advanleesds- Glgdamses weGhmirdst To/degSecOeigludir 16 tmnrs, NeGerave whrk theBo0k
Conpany, NeWyf&dd.and ktR&kd i i - uch..a

i ¢ (“_nQﬁéhﬁéd @2@&%?%(%@%0 dgé}geg %E%uggoi)lagggmgwc;ggs 47

crosslinked netvvolr is believed to enable entta

pi gnent ed dy®& KA® ﬁféfﬁfﬂa’é‘ strilized psing PRey Aute; B ive agpdeygicyaiesd Samplabiverewi t h t he
present i nvemtiuaed fos bondinARNKHE bMb¥kio?BSin e AW EN 8 bnChree, Mdd@nd, M) . In
addi tion Iovymwcﬁgé)%'clte% of UCARLNKTM XL-29SE may provi de added benefit when
utilizing the ink with an inkjet printer. About 1 to 10 percent by weight
UCARLNKTM XL- 29SE may be reacted with a corboxylated 5 hydroxy ethyl net hyl
acryl ate pol yrmer sunlhi@y oeR&GhksOn may take place bel ow, at, or above room

t enper at ure however ag}ed.tenglreratures reduce reaction tine. The range
of tenperature may He PSERIYRERETcaptlormylagon £ wasvray pror doubbediolfubing a
exanple is to eval uake i .rblbﬁ ing of ink to a polyner using UCARLNKTM
XL-298§ as a crossl i fkeforansvuRthsfnedmeatalforaulationsH and Srvas goaskusinpetingsc at i on
of a 8 pi gnent ed dye lheé" pol ymer. REA CENTS Various fornulations used in
t hese exanpl es are déscr. ‘ﬂ@%’/ﬂé“wally grrogsdrimpReayEngte @ithtinko itk bigher letel on A:
1. TD-70A Cyan ink 20 MR ARUCFaOBOWE ati on B: 1. TD-70ACyan ink 2.
UCARLNKTM XL- 29SE (Dow Chemi cals, Mdland, M) 2 % Experinental Fornmnulation
C 25 L TD-70A Cyan ink 2 DRAR:NKFEMRSwed ISE tRaniGReived! S muMedlcands M) 2

% 15 carbodiimide crosslinkers such as UCARLNK™ X1.29SE {Dow Chemtcals,
Midland, MI) with 40% BX- HEMA LL T reduce cracking and improved ink
adhesion to 2 HEMA lens compared to TD-70 ink alome. Effective
mechanical bonding is achievable with multifunctional carbodiimide
crosslinkers such as UCARLNK™ XL.29SE.

20
EXAMPLE 7: TITANATES AND ZIRCONATES AS CROSSLINKERS
In addition to the polyfunctional aziridines and mulitfunctional carbodiimides discussed
in the previous examples, 2 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

digitized images to polymer surface. Preferred examples are the TYZOR—> series of DuPont

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 ICT Chemical (see, for example
www.synetix.com and Material Safety Data Sheets for these products).

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

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



3. HEMA formul ati on BX- HEMA LLT 40 % Each formul ati on was m xed and i nk
jet printed on HEMA | enses using a Budjet 1V 30 printer (Fas-co Encoder,
Chandler, AZ). In addition, thermal initiators and/or UV initiators of

pol yner i zation are conterrpl ated for these formul ations to i nprove adhesion
and/or time for polymnerization. D gi t alp y encoded images of letters were

ink jet pri » nses | enses were cured at 70
degrees Cel 2%“ ggmﬁpmiénﬁ %Odmﬁ’ﬁ Vem%ﬁeémtnhe BANG dffagpteyars halied e act ed
in distill eoFrvﬁlfr&rmla'teSlB@ltmmrdwggagbeasct@em:hagrvkmydragenmwcsoxywmmb@mes
were vial ed @6@5%{ Eﬂ@nﬁcﬁ)ﬁﬁd’rﬁ {v!tKﬁﬂ rekh. NG 2QP&it of Eﬁcﬁ%ros?ﬂ%hlfé% Ylghe% mg

cycl es. Sarrpl f:\r/ve e ‘ﬁ d for bondi ng I on
r ubbi ng aftepr Soffgrove raééf’e &h gt sipbility ang s@ten geselyaat @Ist@eldfh% a?ﬁoa

Summary of F?elslbblt of preferred lzaiio ndmmgs AbirinterdiOR v Hlable %f@ﬂaﬁablec\fERﬁ“E@as AR Y

xper i mont b Toran) HAIEI%Zbro DR5E 10 PoRE T Frz e ot iAo seer. 5
Cracking in the &rgrali PSBa@ﬁdlméES iand gesonaed eannbt losddnia e tinishidyhar atl evel

HEMA was notcbmmbdmﬁnbmnaba{hm%n&@o%wio% RAMBH dhk ving a
mul tifuncti OOEAQJ b g,rb L dlﬁ crossl A nkerg suc% as L&%&Wﬁ'ﬁ%ﬁ@é@( Dow
Cheni cal s, qiea e) ! FagRsdSesed map arepse wrthyieraResasuter acki ng and

i nproved ink adhesion to a HEMA | ens conpared to TD- 70 ink al one.

Ef fective meofgapizgal bonding is achievable with nultifunctional
carbodiim de crosslinkers such as UCARLNKTM XL29SE. EXAMPLE 7: TI TANATES

AND ZI RCONATES AS CROSSLI NKERS I n addition to the pol yfunctional aziridines
and rnulitfuncti Oypddal inky thatdtan fikEleSorginiOit& SR as a cross-linker include:

Reagent % by weight
15 A, TD-70A 40 - 80
B. BX-HEMALLT 5-70
C. VERTECIAIQ 1 -10
D.  Thermal or UV initiator 0.1-3
20 A. TD-?QA .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 Gei gy, Basel,
Swltzerland
EXPERIMENTAL
30 Inks including organic titanates, zirconates or both are mixed and ink jetprinted 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.



in the previous exanples, a variety of other bonding agents can al so be
used in the present 1invention. Alternatives include, organic titanates and
zirconates, such as those distributed by 25 Synetix and DuPont. These
organic titanates and zirconates can pronote the adhesion of ink of
digitized i mages to polymer surface. Préferred exanples are the TYZOR +
series of DuPont Chem cals (see for exanple DuPont Tyzor- Organic

Ti tanates publications, (General Brochure (200 1)), (Product Sel ection

Gui de- USA Exaople); Inkpteo Brinting of DigitiBM En2 OL4)Inagds ba dlebses AsinpMeetive ppeade
Chart (2001Rk4cErgshnical Note - Gade Selection Chart (2001)), (Technica
Note 30 Printing Ink Additive (2001)), and (Technical Note -- FDA - Food
Cont act (2001))) Véisys foreulatvaRTEdihese exawpldssceatesaibeMIERTECTM JAI 0) of
Synetix and 1 Cl Chem cal (see, for exanple wwv. s.vnetix.comand Materi al
Safety ta Sheets for these products). For application to the present

i nventidn, theselR&MI6 IS Piggpnisépritingd ind one or in  conbination with

ot herbondi ng agents, Magh/di Ng crogsslj nkers, such as pol yfuncti onal
aziridines 49 and nultifunctional € odiimdes, to inprove adhesion.
Organic titanates aréPbéPived to 4%Dsslink ink resin and pol ymer through
reaction with activepRygiagey @f hygsoxyl or carboxyl groups in |ens
polymers with ink resin. As a result of such cross-I|inking, adhesion of ink
to polyner is inprol@IACREABET ad.7heat stability and water or sol vent

resi stance. There argmﬁowg#%gg; of ;preferred organic titanates commercially
avai l abl e, for exanple T0, 5 VERTECTM PA12, TYZOR-* AA-75,

TYZOR-* TBT, TYZOR--%TotfPT and TYZQRO-> BPT. Generally, organic titanates
and zirconates can be used in the finished ink at a concentration between
about 1 % and about 20% preferably between about 3% and about 10% of

wei ght of fi ni sH&Y03:iKhiteRekertibewad pigment iy | ncrease with tenperature. 10

REAGENTS Typi cal ink% Ecgﬁt can include o arrlli C iatanat es as a cross-|inker
includg: 15 20 Repen 0 ispore: 69 T% 'y 30_50-HEI\/A LLTS -70 C. VERTEC

| A101 - 10
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



D. Thermal or W initiator0.1-3 A TD-70A is described herein. This reagent
shoul d be anhydrous because organic titanates hydrol yze which cause inks to
gel. B. BX-HEMA LLT C. VERTEC | A10 from Synti x, Qakbrook Terrace, IL D.
Thermal initiator such as benzoyl peroxide (Sigma, St. Louis MO or Aldrich,
25 M| waukee, W) or W initiator such a¥ Irgacure 184 from G ba Gei gy,

Basel, Switzerl ) | MENTAL 30 .Inks including organic titanates,
zirconates or bo?ﬂ94§r§g<‘ﬁ‘5§@8“t 1R 4 BK printed on Hema |ens using an

appropriate printer sMatarigsls t he Budj et |V Prpspiefr (Fagmg@ Encoder,
Chandl er, AZ). The | Ns§s are cured for an ppropriate eriod of tinme. The
jisi i
illed r at an

| enses are then hydr leg %nd extracted in |6s
appropriate tenperat uf g Tor @an appropriate ti:?g The §éhses are vial ed and
steam sterilized using BB fqunﬁﬁﬁ, and five ocl avel'tycles. Sanples are
eval uated for bondi ng . adhesi on dy-3fi nger ¥tdbing after the one,
three, and five auto cycles, .50 Exanpl e 83 Ink JB¥2Printi ng of
Digitally Encoded | nages-on tensedl¥8ithg ReactiPve—bydsd REAGENTS 5Vari ous
formul ati ons used in thesdokanpl es are descrigbed herein. TD 103A: Wiite
pignented printing ink Material Percent TD 103 46. 7 BX- HEMALLT 46. 7
101 ONAGOPFAZ 322 4.7 Ben¥iscbsitPer dRicehtipbis® UIQteatpn @3°JDsifide Mok e 59! vent
based pi gnent ink Materi alRes/cenilRagge

The ink was filtered through 0.45 micron Nylon filter membrane.

Water = Main vehicle, carrier

Glycerin, 1,3-propandiol = co-solvents

15 Surfynol CT121 and 10% TEA solution = additive

a

TDA47: 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

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



[ [ [ - [ Acet at e35. 425- 45
15Whi t e di spersion X6985-18543. 830-50 30% Epon 2004 in EB
PM acet at €9. 45- 15 Sur esol 150ND10. 45- 15 B UV 35001. 00. 5-2 20Tot al 100
Viscosity = 8.6 cps, UL, 60rpm 25'C Surface tension = 26 dyne/cm (A
detailed fornmulation for Wite dispersion 6985 - 185 is given herein such

i 5) 30 51 5 10 15 20 25230 35 TD46: Red (Magenta) Reactive
e fok Vataciole B 71.47 60-80 dycerin 6.67 1-20

dye ink Materi al r toRan e DI water
1Y3-propandi ol 6&%’55'1-3%81(Rﬁ§£‘6etq)’531k%d .180 13.33 10-20 Surfynol CT 121

0.53 0.2-2.0 TriethyMadalne 100/1) in wat erpedee3 1- Rafet al 100 \ﬁHsEogi Zy =
3.5 centipoise, UL, 68rpmq, 25C. Surface tensdz%n = 32 Sog%nes/cm pH = 8. 4.

Versene 100XL 1 0.5-2.0
2-pyrolidone 8 5-20

5 Ethylene Glycol 8 5-20
Glycerin 10 5-20
Reactive Black 5 10 5-20
Surfynol 2502 0.2 0.1-1.0
Total 100

10 Viscosity = 3.1 centipoise, UL, 60rpm, 25°C; Surface tension = 31.5

dynes/cm; pH = 6.8

Water = main carmier

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 100X1L 1.0 0.5-2.0
20 NMMNO 7 3-10
PEG 200 3 1-5
PEG 400 2 1-5
PEG 600 2 1-5
Glycerin 35 i-10
25 Giv-Gard DXN 0.4 0.1-1.¢
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
Grove, IL
NMMNO is 4-methylmorpholine N-Oxide 97% from ALDRICH CHEMICAL,
WI
40

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



[ s filtered through 0.45 mcron Nylon filter menbrane. Water =
-II\-/QEnI \r/”éh}N?I e, carrier d ycgri n, 1,3-propandiol = co-solvents Surfynol CT121
and 10% TEA solution = additive TD47: Yellow Reactive dye ink Materi
Percent Ran e DI water 69 60-80 dycerin 10 5-20 1, 3-propandiol 10 5-20
ReactiveYel | ow 15 10 5-20 Surfynol CT-$31 0.8 0.2-2.0 1% TEA sol ution

I tipoise, UL, 60rpm 25C;
gur2f5 aglreolto Z%s?o% L 0 Té)tﬁ 'é‘ﬂ‘grﬁ“r%ﬁ?iéy%s%‘ﬁféa‘ﬁ%wEff?#ﬂﬂeﬁf%f*ﬂﬁﬁ%@h 0. 45

| on rrenbran n vehicle, main carrier Aycerin and
TgrgPoBan. ol = ?’&P\%ﬂque%&E{rﬁ&rlm@?ﬁfﬁﬁm I fiempaml inKiosa = additive 52

0-70
TDO2: Bl ack Reactlve dye ink Materials PercentRange DI water 62.8 5 .
Versenesl OOXL 1 0.5-2.0 2-pyrolidone 8 5-20 Ethylene dycol 8 5-20 Gycerin

10 5-20 5 ReaglpygeBFack 5 10 5-20
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 ofa 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
mto 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 HPS50C 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
contact 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 2 hot steam environment at 1 10C 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.
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.



0 Sur x12502 0.2 0.1-1.0 5Total 100 Viscosity = 3.1 centipoise, UL, 60rpm
25C, Surface tension = 31.5 dynes/cm PH = 6.8 Water = main carrier

Et hyl ene A ycol, G ycerin, 2-pyrolidone = Co-solvents Versene 100XL,
Surfynol 252 = additive TD 106: Formnula TD-106: Bl ue reactive dye ink

Mat eri al Percent Range DI water 17.810- 2540 Versene 100XL 1.05-2 0 . 20NMVNO
7. 3-10 PEG 200 31-5 PEG é&p 2;1:5 PEG 600 2]1-5 %{%tgfri n 3.51-10 25G v-Gard
DXN 0.40.1-1.0 Surfynol 50405 T B2 0% 8 SEpleh s Frd9esd hsudingoefpgaque e 1

Bl ue U-PG dye sol ution 63ofteBfl s307absko 1309 Meeashtdbys HidlnsRs, UL, 60rpm
25C Surface tension = 27.5 dynes/cm

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.



pH = 6.5 35Versene 100 XL is a chelating agent from DOW chem cal, San
Carlos, CAGv Gard DXN is a biocide from ANGUS CHEM CAL COMPANY, Buffal o
0Gove, IL NNIVIMNO i s 4-net hyl norpholine N-Oxide 97% from ALDRI CH CHEM CAL,
W PEG 200, PEG 400, PEG 600 are Pol yethyl ene dycols from DOW chemi cal ,
San Carlos, CA 53 Surfynol 504, Surfyngd 465 are surfactants fromAir
Product from Al |l entown, PA Papicel Blue |1J-PG dye solution from Eastwel |
Conpany in Korea 5 EXPERI MENT AMINDEBICiARBgGS of an annul ar ring about| the
size of the iris of a human eye was created in Photoshop 6.0 program an
stored gn the conmputer of a piezo (U tramark) 2000, Inkjet printer (Fas-Co
Coders,W@}?hﬁd;Il%deﬁZ). TDI 03, a titanium di oxi de based, solvent based ink,
was mxed 10 with nonomer m x BX-HEMA LLT, crosslinker aziridine and
thermal  initjator benzoyl peroxide per fornulation TDI 03A. The digital

i mage of- t helABendedl Ap g lepbmamdactineketprpingit ed on | enses and the | dns
with inmage was cuged fzp?ol ehQHys at 70C. A digital imge of an annular
circle about the size of the'iris of a hunman eye was divided into four
quadrants col or ed®cyan? digallpgacodedynaes madd witheiok, was created in Phot oshop
6.0. 15 TD46, TB@Herej]iI;}a{aJﬁﬂuﬁng}%QﬁSg%gtMe dye based inks were placed in
the ink cartridge of a npdj.fied HP550C t’hermal inkjet printer. The prirter
was modified to aVPgfngsaddtigily aneprisdimagaissnadenging o bdprg ageheahdby
rai si ng_the pri ntwieadinaadi g sl Soinir .ak: .vat ur.e of the
cont act. [ 3 Lo ot b[ all i rg%%a B o ‘rﬁ:ltfaség arf 2iAHHOY B&ﬁfu%gﬁonﬂtl ifidine

mai nt ai S4By 1 cart §i 4 HE didang y
titani umdioxide printed and clear, unprinted | enses on the 20 nodified
HPSSOCer)ri nt8l. aglt%?e I gnses re e%gp?s_ed to a hot steam environnment at 11 OC
for 30 25 3 0L manufacture of ‘claim 1, wherein said digitally encoded Image

comprises a single color or a multi-colored image.

3 The article of manufacture of claim 1, wherein said digitally encoded image is
transparent, opaque or partially opaque.

4. The article of manufacture of claim 1, wherein said polymer comprises a hydrogel.

5. The article of manufacture of claim 1, wherein said lens is a soft lens, a hard lens or a
hybrid lens.

6. The article of manufacture of claim 1, wherein said lens comprises between about 0%

percent and about 80% percent water.

7. The article of manufacture of claim 1, wherein said lens is permeable to oxygen.

8. The article of manufacture of claim 1, wherein said polymer is hydrophobic or
hydrophilic.

9. The article of manufacture of claim 1, wherein said polymer is selected from the

group consisting of acrylics, silicones and polycarbonates.

10. The article of manufacture of claim 1, wherein said lens is a contact lens.



mnutes in an autoclave. After steami ng, the | enses were hydrated and
extracted in 0.3% sodium carbonate saline of pH 11.1 at 50 to 60C and

eval uated for color intensity. The |l enses were then vialed, packaged in
saline solution and autocl aved. Lenses were eval uated for nechani cal
bondi ng by finger rubbing after one andéthree sterilization cycle. Results:
1. Al sanples had well defined deep colors before hydration 2. After
hydration, as determ ned by finger rub test; Al |enses remai ned opaque

Magent ajand iLttle. li,ght er ossi bly due to. expansion
Jsvel i mol of @?‘iﬁ%ﬁ%o y“r’re%?{f%é'll“lfé’\t/fvcg‘h“& 19 PhSiein B feptat ncoad smagans applied
sterilizati off, Sabpelysisnpy penténghi bi t ed reduced bondi ng of opaque nmateri al
and colors to | enses as determned by a finger-rub test. Al publications,
includin? patent documents and scientific articles, referred to in this
appl i caton ARE2EKE HiAmudisiup Rfclain | htwhartinsailpratiag inekypqratieg. by
reference in their entirety 5 for all purposes to the sane extent as if

each i nﬁ$ Vi d;llgl éﬁrcgl ication were individually incorporated by reference.
Al'l headi'ngs*8F ¢ of Hearsi einelainpfl 2t wderamdeid arkejes peatity neés brzaised
to limt theprif@ani ng of the text that follows the heading, unless so
specified. 55 AMENDED CLAIMS What is clained is: 1. (Arended) An article of
manuf acture, conprising: a) a polyner, and b) a digitally encoded inage
made wi th i nkhe amivds of maRirdtRe! MMBhint ar NS Merein said digitally
encoded i nage.i s _made using a bondinS{gégﬁ?%?5§E§“13H§?§P§”§3$d53%ﬂaﬁkg
Sprinti L . L. L
agent conpri &8'%%n aziridine, a pol yfunctional aziridine a carbodiimde a
mul tifunctional carbodiimde, an organic titanate or a zirconate

15.  The article of manufacture of claim 11, wherein said printing is pad-transfer printing.
16, The article of manufacture of claim 11, wherein said printing is through impregnation.
7. The article of manufacture of claim 11, wherein said printing is photolithography.

18.  The article of manufacture of claim 11, wherein said printing s laser printing.

19.  The article of manufacture of claim 1, wherein said digitally encoded image is on at

least one surface of said polymer.

20.  The article of manufacture of claim 1, wherein said digitally encoded image is within
said polymer.

21. The article of manufacture of claim 1, wherein said ink comprises at least one dye, vat

dye, particie, pigment, reactive dye or diazo dye.

22.  The article of manufacture of claim 1, wherein said ink comprises water or a solvent.
S \T’]ﬁa 1] 1‘;'\]1_\ np Hraniactnira ot o~ n:rn : 1 3 .
#3—(Deleted)Fhe-artiele-of manufacture-of claim b-wherein-said-bonding agent-comprises




2. The article of manufacture of claim1, wherein said digitally encoded
image conprises a single color or a nulti-colored inage. 3. The article of
manuf acture of claim 1, wherein said digitally encoded i mage is
transparent, opaque or partially opaque. 4. The article of manufacture of
claim1l1, wherein said polynmer conprises7a hydrogel. 5. The article of

manuf acture of claim 1, wherein said lens is a soft lens, a hard lens or a
hybrid Féns-(1BeleEhgF ed¢-efphniraciufead oo lofvheleinmid-boid 27 @g@w@%ﬁn&@' -SahPride@Np
conpri ses be%%%@gg‘g%%%*ﬁpercent and about 80% percent water. 7. The
article of manufacture of claim1, wherein said lens is perneable to
oxygen. 8. The article of manufacture of claim1l1l, wherein said polyner is
hydr ophghbe of bl ar ti nuf acture of claim1,
wherei n sai d p%laf/wrrdg‘f Q’?Eh ésﬂeu?%:&?rgoﬁ?‘?%l%{ tlhyh%éeg%ﬁgl% cg?ps] f‘ﬁ‘aﬁo@Wﬁ )
silicones an®¥'Péin§carbonates. 10. The articie of manufacture of claim 1,
wherein said lens is a contact lens. 56 11. The article of manufacture of
claim1l erein said digitally encoded inmage is applied to said polyner
by pri n%?‘é%i Jiﬂﬁ% .amﬂi‘% of PR feetge faplaimach uvkeren sdidibonding sdvet ebmpsisisda [
printing is pélkfunetiodt katilmg. 13. The article of manufacture of claim 12,
wherein said ink-jet printing uses piezo printing. 14. The article of

manuf acture of claim 12, wherein said ink jet printing is thernal

print i ng-245Thelagiody bif chan@cnrarsyl aginirie iaf whergl LdRrinting
is pad-transfer printing. 16. The arti éI‘gﬁecr)f&harr%nmuf%égcth\ggegg%bpgﬁrgb%é%12,1r]
wher ei n sai dcag??(ﬁ]fri"ﬁ% is through inpregnation. 17. The article of

manuf acture of claim 11, wherein said printing is photolithography. 18. The

article uf ure of claim wherein said printing is |aser

printi n%gi%gf. %Tﬁ@fég"r ?&@“ﬁ%ﬁ?ﬁrﬂ? QE%ﬁe Verein o5 bonding ragent semprises gi tlal l'y
encoded i mageuitifunstiondl cafbedsmidene surface of said polynmer. 20, The article
of manufacture of claim1, wherein said digitally encoded image is within

a¥ THZ 0%

28:27. The article of manufacture of claim 1, wherein said bonding agent comprises an I
organic titanate.

36:28. The article of manufacture of claim 1, wherein said bonding agent comprises a ‘
zirconate.

$+29. The article of manufacture of claim 1, wherein said ink COMprises a monomer, ‘

polymer, homopolymer, heteropolymer or copolymer.
32:30. The article of manufacture of claim 1, wherein said ink comprises an initiator.
33-31. The article of manufacture of claim 3230, wherein said initiator is a UV initiator.
34:32. The article of manufacture of claim 3230, wherein said initiator is a thermal initiator.
35:33. The article of manufacture of claim 1, wherein said ink comprises a solvent.

36:34. The article of manufacture of claim 1, wherein said ink comprises a dispersant.




said polynmer. 21. The article of manufacture of claim1l1l, wherein said ink
conprises at |east one dye, vat dye, particle, pignent, reactive dye or

di azo dye. 22. The article of manufacture of claim1l, wherein said ink
conprises water or a solvent. 57 223. The article of manufacture of claim
1, wherein said bonding agent conprisesgan aziridine. 2:24. The article of
manuf acture of claim 1, wherein said bondi ng agent conprises a

pol yf und#3anahe anticié df nenuReéRibe of bRirArt ivﬂie@ei@fsaiﬂﬁmdfc%ﬁ'gy%@s of a%-%hﬁla&al '
wherein saidm%% di ng agent conprises a carbodiimde. 2-& .-26- The
article of manutacture of claim1l1, wherein said bonding agent conprises a
mul tifunctional carbodiimde. 2:27. The article of manufacture of claim1,

wher ei n £d i ri.ses a rgani c .tifanate. 4+28. The

At ol o o mno e R TR 4 TRRE R i b agiragenen dephnees] a
zirconate. 2®enthe article of manufacture of claim1, wherein said ink
conpri ses a nononer, polyner, honopol yner, heteropolynmer or copol yner.
3,-2- 30 _The article of manufacture of claim1, wherein said ink conprises
an i ni t #%42&%r The ygigle of eanafactut evfoflainaiy fdetein saidf ink| @intPra28Q, divhesein [sai d
initiator isaR/dM dhdhdckator. 3-4732. The article of manufacture of claim
-36, wherein said initiator is a thermal initiator. &33. The article of
manuf acture of claim 1, wherein said ink conprises a solvent. 30:34. The

articl e4@mis. M LbARld 08 REnE R Jf rei id_j.pk..conprise .di spersant.
58 _=35. The artic|e of manuf act%fr &5 1‘él‘gtlllérsrng] 53 edrl%l?a MY ﬁ?%l%mé‘% ?islses
an anti - bact @ijagped Wligsaidpobanerthe article of manufacture of claim 1,

wherein said ink conprises an anti-fungal agent.

4++39, The article of manufacture of claim 1, wherein said digitally encoded image forms a |

chemical bond, self-adhesion bond, or polymer-polymer bond with said polymer.

42:40. The article of manufacture of claim 1, wherein said digitally encoded image '

comprises a at least one pattern or at least one color.

43-41. The article of manufacture of claim 4240, wherein said at least one Image comprises '

an image of an iris of an eye.

44:42. The article of manufacture of claim 4240, wherein said at least one image is derived |
from at least one color.

45.43. The article of manufacture of claim 4240, wherein said at least one Image is derived f

from at least two separate colors or a mixture thereof.

46-44. The article of manufacture of claim 4240, wherein said at least one 1mage is derived I

from at least three separate colors or a mixture thereof,

47:45. The article of manufacture of claim 4240, wherein said at least one image is derived

from at least four separate colors or a mixture thereof.

4846. (Amended) An article of manufacture, comprising:
a) a polymer, and



34737. The article of manufacture of claim1l, wherein said ink conprises a
di sinfectant and/or a hunectant. 40:38. The article of manufacture of
claim1l1, wherein said digitally encoded image is entrapped within said

pol ynmer. 44-:39. The article of manufacture of claim1l1l, wherein said
digitally encoded inmage forns a chem ¢al bond, self-adhesion bond, or

pol ymer - pol ynmer bond with said polyner. 4-?40. The article of manufacture
of claiht 1, wherein sandigiayeatdded enapoaddd walgenk, conpri ses a at | east one
pattern or at |ea : (...4341. The article of manufacture of claim
4240, wherein sai %glt%ﬂfseagds)%&gﬁlgrlo@ég-{% ses an image of an iris of|an
eye. 4442. The ar whetes wid mkrvofipcibes ebofding giem; 4n@40, wherein said at | past

one image is deriygd.if LOM atailE of =

& Hdy S, 1 --;_uit-‘m"a rtilcl e
of manufacture of claim42-40, wherein said at | east one inmage is derived
from at ,?st three separate colors or a mxture thereof. 4-7745. The
articl em%% Mkt PEIAG 08 Banudachire of2deim Wsd6 eivhersii daidt digiealtt encelel NBGE: i S
der i vedcorps akinkRAMorf R mIBRAIALLintReOr S or a mxture thereof. 4946.
Amended An article of manufacture, conprising: a) a polyner, and 59 b) a
digitally encoded i mage made with ink, wherein said polynmer fornms a

| ens, - a3@48NEke hiftickab Omahlra S FPh h&)g; ; rein said
bondi ng,_a ent _camrises an_azi r?%?lﬁgn ?gg’n‘ghﬁg%nﬁ%g&aplgg@ﬁ#gg?%%d qrage 1s '
car bodi ¥ A ARAWF PLREADHEPA%Er bodi i mi de, an organic titanate or a
zirconate.. 4-:47 The article of manufacture of claim4,946, wherein said

digitall oded. jmage conprises a single color or a nulti-colored inage.
54}-48.%%% e d& W&mf#&ewi Gpine 1460 i \daksk ephyneeri coraipries ad ||y
encodednidneggé is transparent, opaque or partially opaque.

32:50. The article of manufacture of claim 4846, wherein said lens is a soft lens, a hard lens |
or a hybrid iens.

33-51. The article of manufacture of claim 4846, wherein said lens comprises between about |

0% percent and about 80% percent water.
34:52. The article of manufacture of claim 4846, wherein said lens is permeable to oxygen. |

33:53. The article of manufacture of claim 4846, wherein said polymer is hydrophobic or |
hydrophilic.

36:54. The article of manufacture of claim 4846, wherein said polymer is selected from the ’

group consisting of acrylics, silicones and polycarbonates.
37%35. The article of manufacture of claim 4846, wherein said lens is a contact lens. |

38:56. The article of manufacture of claim 4846, wherein said digitally encoded image is |
applied to said polymer by printing.

39:57. The article of manufacture of claim 5856, wherein said printing is ink-jet printing, |



5--h49 The article of manufacture of claim4846, wherein said polyner
conprises a hydrogel. 5250. The article of manufacture of claim 4846,
wherein said lens is a soft lens, a hard lens or a hybrid lens. 53--5 1.
The article of manufacture of claim 4846, wherein said | ens conprises

bet ween about 0% percent and about 80%6 percent water. 3452. The article of
manuf acture of claim 4846, wherein said tens is perneable to oxygen.
-5-5-:53. The article of manufacture of claim 4846, wherein said polyner is

hydr ophghi iic, 54, .Th rti.cl e of. mapufacture of cl ai

abat, wiers e s BF Mk oot o 1oy Syt Mkt SRR woRet oy s piezo |
acrylics, sibigdiges and pol ycarbonates. 3-755. The article of manufacture
of claim 4846, wherein said lens is a contact |lens. 38:56. The article of
manuf act ure of claim4846, wherein said digitally encoded inmage is applied
to sai dopelykbe apicly of manpfctsy of BRIMTHS Jamticodie seid imajerf péttigeisohe@hai E1
3856, wherei ﬁriﬁﬁigd printing is ink jet printing. 60 60.58. The article of
manuf acture of claim5957, wherein said ink jet printing uses piezo
printing. 6--59. The article of manufacture of claim5957, wherein said ink
j et pripbngThs akdias rel bt 4an 2 2- . - .of .manuf.act ur e of
cl ai m 5856, wherein sai %la]g%f}lﬁﬂengf icgjl%a%%'tﬁfoa%g gpagaé)dr i%h%lnﬁé.ls (%i;\éti@sﬁéﬁel
article of mBH%cture of claim-556, wherein said printing is through

i npregnation. 64:62. The article of manufacture of claimb556, wherein said

printing,| otolithography. 4 -:G3. The article of manufacture of claim
5956, wﬁ% i ﬁ{}% aé}r{idf)r?ﬁﬂ"ﬁb%?@m ag%%%ﬁ Rt Eg Whegsr espid Tirintiagt isclteroogh |
manuf act ur e oipregration4846, wherein said digitally encoded image is on ‘at

| east one surface of said polymer. 67-65. The article of manufacture of
cl aim 4846, wherein said digitally encoded image is wthin said pol yner.

64:62. The article of manufacture of claim 5856, wherein said printing is photolithography.

65:63. The article of manufacture of claim 5856, wherein said printing is laser printing.

66:64. The article of manufacture of claim 4846, wherein said digitally encoded image is on
at least one surface of said polymer.

6465. The article of manufacture of claim 4846, wherein said digitally encoded image is |
within said polymer.

68-66. The article of manufacture of claim 4846, wherein said ink comprises at least one dve, ’

vat dye, particle, pigment, reactive dye or diazo dye.

69:67. The article of manufacture of claim 4846, wherein said ink comprises water or a
solvent.

D Y\Tha artiola af 4 o 1 " 7 L
#——(Deleted ) Fhe—artiele—ofmanufacture—of—elaim 48 —wherein—said—bondin
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666. The article of manufacture of claim4846, wherein said ink conprises
at | east one dye, vat dye, particle, pignent, reactive dye or diazo dye.
69: 67. The article of manufacture of claim 4846, wherein said ink conprises
water or a solvent. 61 7-2-768. The article of manufacture of claim 4846,
wherein said bonding agent conprises ael aziridine. 73T69. The article of
manuf acture of claim 4846, wherein said bondi ng agent conprises a

pol yf unéFbé&ndhe aticts off menufIduieof cliiem 4846, ctterdf stigruvhdiicUigenOéoripridesad 8146,
wher ei n sai d;hemeing agent conprises a carbodiinmde. 7:71. The article of
manuf acture of cl aim 4946, wherein said bondi ng agent conprises a

mul tifunctional carbodiimde. 772. The article of manufacture of claim

4846, WEES] The itk DN A opgapi ¢ titanate 7.7- 73,
The article of panufacture o {Jal %%%ﬁswv\ﬁg}?l& E?Iﬁdl%ﬁﬁ?rﬁgcogﬁ’gﬁ?s a ’
conpri ses a POViuaghonabaziidipa. The article of manufacture of clai m 4846,

wherein said ink conprlses a monomer, polyner, honopol yner, heteropol yner
or cop #%3 i 75. The article of manufacture of cl ai m 4846, wherein
said in n}%‘?‘? %‘@5 o maAnytpcissr of claigy 62467 Hehesein soldebarfdimgagdna chmpeisaf a c{l aim
7975, wher eidartsaiiichidg)i tiator is a Winitiator, 84-.77. The article of

manuf acture of claim 7975, wherein said initi ator is a thermal initiator.
82-78. The article of manufacture of claim4,946, wherein said ink

conpri s&s7la Eﬂd aréidlke. of BadrfactOre o @aitd L&4d, QviRkeil A BSld L m 484
wherein said ultl\lfwgﬁ ris s a dj sper sant.” 84: %0 The aﬁ%e é)m%%"% il ture
of claim 4848 anaj ca Pﬂ“‘?‘ conprises an anti-bacterial agent. 62

8x:81. The article of manufacture of claim 4846, wherein said ink conprises

an anti n article of manufacture of claim 4846,
wher ei n;éé% gﬂ'! n Cgr?t]grnllasp gac r‘a{’gfﬁf %&é{w herein said bonding agent COMprises an ’
organic titanate.

##73. The article of manufacture of claim 4846, wherein said bonding agent comprises a I
zirconate.

#¥-74. The article of manufacture of claim 4846, wherein said ink comprises a monomer, |

polymer, homopolymer, heteropolymer or copolymer.,
#9:75. The article of manufacture of claim 4846, wherein said ink comprises an initiator.
806:76. The article of manufacture of claim #975, wherein said initiator is a UV initiator.

81+-77. The article of manufacture of claim +#975, wherein said initiator is a thermal initiator.

82-78. The article of manufacture of claim 4846, wherein said ink comprises a solvent.
83.79. The article of manufacture of claim 4846, wherein said ink comprises a dispersant.

84-80. The article of manufacture of claim 4846, wherein said ink comprises an anti-bacterial
agent.




and/ or a hunectant. 8T 83. The article of manufacture of claim 4846,
wherein said digitally encoded image is entrapped within said polyner.
8&84. The article of manufacture of claim 4846, wherein said digitally
encoded image forms a chem cal bond, self-adhesion bond, or

pol ymer - pol yner bond with said polynmerg2 8-85. The article of manufacture of
claim 4846, wherein said digitally encoded i mage conprises a at |east one
pat t er %8 l.athd stiske dimeanddature F486m a6, ahtiet eidinkneomifraet Wh aneffusdaai [m
9985, mhereiﬁﬁﬁ@id at | east one inmage conprises an inmage of an iris oft an
eye. 9}:87. e article of manufacture of claim®8985, wherein said at | east
one image is derived fromat |east one color. 92.88. The article of

manuf ac i rein.said a .one image is derived from
at Ieas%@%zmﬁiee%gr@ge efq-go g?esmgr&é:% r@ﬁ%‘#é%hh%%g%?& ng%ﬁ(?m S & trefestagt '
manuf act ur e /A ANUHBEZE, wherein said at | east one image is derived from
at least three separate colors or a mxture thereof. 9490. The article of
manuf ac%;u e of clajm 8985, wherein said at |east one inage is derived from
at | east $buthesafisieatlemamiastarese! elaim #846,cvhdreinewid digitally encoded image is [

entrapped within said polymer.

#8.84. The article of manufacture of claim 4846, wherein said digitally encoded image forms '

a chemical bond, self-adhesion bond, or polymer-polymer bond with said polymer.

89:85. The article of manufacture of claim 4846, wherein said digitally encoded image |

comprises a at least one pattern or at least one color.

96:80. The article of manufacture of claim 8985, wherein said at least one image comprises ’

an image of an iris of an eye.

91-87. The article of manufacture of claim 8985, wherein said at least one image is derived I

from at least one color.

92-88. The article of manufacture of claim ®985, wherein said at least one image is dertved |

from at least two separate colors or a mixture thereof.

93:89, The article of manufacture of claim $985, wherein said at least one image is derived |

from at least three separate colors or a mixture thereof.

84-90. The article of manufacture of claim 8985, wherein said at least one image is derived ‘

from at least four separate colors or a mixture thereof.



