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Col ored I mages on Contact Lenses The present invention generally relates to
systens awo ogwsdsagls for maki ng col ored contact |enses. Mpca/EPpeeidhs cal ly,
the present invention relates to a digital printing systemfor printing a
color "i mage on curved surfaces of contact |enses or nolds for maki ng
contact lenses. In addition, the present invention provides a
manuf act uri ng system and nmethod for printing color inages on curved
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clichggsggi nked by either an open inkwell doctoring systemor by a closed
ink cup sliding across the image. Then, a silicone pad picks up the inked

i mge fromthe cliche and transfers the inmage to the contact |ens. The
silicone pads are nmade of a material conprising silicon that can vary in
el asticity. The properties of the silicone material permt the inks to
sti ck BACKGROWMND t enporarily and fully release fromthe pad when it
contacts the contact |lens. There are several disadvantages associated with
using cliche ink transfer printing to color contact |enses. This nethod
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codes, lot numbers, “DEMO” lenses, and the like, which are of benefits to wearers, eye-care

practitioners and manufacturers.

Presently, methods of printing inks onto contact lenses involve cliché ink transfer printing. A
typical example of this printing follows. An image is etched into metal to form a cliche. The
cliché is placed in a printer. Once in the printer, the cliché is inked by either an open inkwell
doctoring system or by a closed ink cup sliding across the image. Then, a silicone pad
picks up the inked image from the cliché and transfers the image to the contact lens. The
silicone pads are made of a material comprising silicon that can vary in elasticity. The
properties of the silicone material permit the inks to stick to the pad temporarily and fully

release from the pad when it contacts the contact lens.

There are several disadvantages associated with using cliché ink transfer printing to color
contact lenses. This method lacks consistency. Slight differences in the silicone pad can
cause wide variation in image quality, effecting dot resolution and color reproducibility.
Further, multiple color layering is difficult and time consuming. Further still, the design and

printing process using this method is slow. After an image is fully designed, it can take
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onto a cliche. The set-up is painstakingly detailed and | engthy when nore
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SUMMARY OF THE INVENTION

The systems and methods of the present invention address at least some of the difficulties

in the prior art.

In one aspect of the invention, a method for printing a color image on a curved surface of
an article comprises under control of a computer system: (a) positioning precisely a printer
head at each of a plurality of predetermined positions, one at a time, on the curved surface
of the article while keeping a relatively constant distance between the printer head and the
curved surface of the article, wherein the printer head comprises one or more nozzles each
of which is capable of jetting droplets of color liquid independent of each other; and (b)
dispensing one or more drops of color liquid from the printer head, one drop from one
nozzle, on the curved surface of the article at each of the predetermined positions so as to

produce the color image on the curved surface of the article.
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In a further aspect of the invention, a system for automatically printing color images on
articles each having a curved surface comprises: at least one printing station comprising a
printer head having one or more nozzles each of which is capable of ejecting droplets of
colored liquid independent of each other, a positioning means to precisely position the
printer head at each of a plurality of predetermined positions, one at a time, on the curved
surface of each of the articles; transporting means to continuously move the articles along a
predetermined path to transport each of the articles, one at a time, into the printing station;
and a computer system for controlling operation of the printing station and the transporting

means.

The present invention provides the foregoing and other features, and the advantages of the
invention will become further apparent from the following detailed description of the
presently preferred embodiments, read in conjunction with thé accompanying figures. The
detailed description and figures are merely illustrative of the invention and do not limit the

scope of the invention, which is defined by the appended claims and equivalents thereof.
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BRI EF DESCRI PTI ON OF THE DRAW NGS PG4 EP02/ 12403 Figure 1 schematically
depicts a printing apparatus for making colored contact | enses according
to a preferred enbodi nent of the invention. Figure 2 is a schematic flow
di agr ol ﬁé%%ﬁ& Pe! SrRAWIRGR! | nting apparatus for meking col ored
cont aﬁf—gnsev—sjmvm—rrr—%‘qm‘e—@ﬁ(‘ﬁ" : gure 3 is a schematic flow di agram of
operation of the printing apparatus according to a preferred embodi ment of
t he i nuenti.on i turing
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schematically depicts operation of a printing station incorporated in the
manuf act uri ng process schematically shown in Figure 4. DESCRI PTI ON OF THE
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or as bar codes. A color image can be a single color inmage or a
mul ti - ﬁ@hr%u i %%ﬁenén&ﬂbwrdnag?%%f aSndHubdiaY prodest l@ietfai ma%gledud‘.ﬁdh oft can

al so an anal og image. A colored contact |ens ca ﬂ
printi ﬁ@suwahcqgénﬂwnb@qr@ct i19RsgR 26Frding ﬁg,ag,qefgrre@gﬁ%g@ gﬂgt fsi ng
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Figure 5 schematically depicts operation of a printing station incorporated in the

manufacturing process schematically shown in Figure 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In general, the present invention is directed to methods and systems for making colored
contact lenses. “A colored contact lens” refers to a contact lens (hard or soft) having a color
image printed thereon. A color image can be a cosmetic pattern, for example, iris-like
patterns, WILD EYE™ patterns, made-to-order (MTO) patterns, and the like; an inversion
mark that allows a user to handle and insert easily a contact lens, for example, a
FRESHLOOK™ contact lens (CIBA Vision); or contact lenses stock keeping units (SKUs),
for example, either in forms of numbers or as bar codes. A color image can be a single color
image or a multi-color image. A color image is preferably a digital image, but it can also be

an analog image.

A colored contact lens can be produced by printing a high-quality color image directly on a
contact lens using methods and systems of the invention. A contact lens can be clear

before it is printed upon. Alternatively, a contact lens can be tinted prior to being printed
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prior to being printed WO 03/039878 PCT/ EP0O2/ 12403 5 upon. That is, a
col orant wayw3l3ses been added to that |ens using nethods tratr/Eor12403 |
known in the art before that lens is printed upon using a printing nethod
of the invention. "Colorant" neans ei‘ther a dye or a pignent or a mxture
thereof that is used to print a color inmage on an article. "Dye" neans a
substance that is soluble in a solvent and that is used to inpart color.
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“Phosphorescence” is luminescence caused by the absorption of radiation at one
wavelength followed by delayed emission at a different wavelength. Phosphorescent

emission continues for a prolonged time after the incident radiation stops.

“Pearlescence” means having a pearly luster; resembling a pearl in physical appearance; or
having a nearly neutral slightly bluish medium gray color.

“Pigment” means a powdered substance that is suspended in a liquid in which it is relatively
insoluble. Pigments are used to impart color. Because pigments are in the form of a
suspension, they tend to have an opacity quality. That is, they reflect light and obstruct the
passage of light. For this reason, it is preferred that pigments are located in non-optical
regions of a contact lens.

Nearly any pigment can be used in the present invention, so long as it can be used in an
apparatus as described below. Preferred pigments include fluorescent pigments,

phosphorescent pigments, pearlescent pigments, and conventional pigments. Pigments
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nmedi cal devices and approved by the FDA, such as D&C Blue No. 6, D& C G een
No. 6, D&®OVBLB®WIs No. 2, carbazole violet, certain copper PCEmPpY/e4es,
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titanium dioxides, etc. See Marni om M Handbook of U.S. Colorants for a
list of colorants that may be used with the present invention.
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whereby the surface of the film becomes integral with the body of the lens and surface of
the film becomes part of the outer surface of the lens when the molded lens is removed

from the mold.

Methods of manufacturing mold sections for cast-molding a contact lens are generally well
known to those of ordinary skill in the art. The process of the present invention is not
limited to any particular method of forming a mold. In fact, any method of forming a mold
can be used in the present invention. However, for illustrative purposes, the following
discussion has been provided as one embodiment of forming a mold on which a color

image can be printed in accordance with the present invention.

In general, a mold comprises at least two mold sections (or portions) or mold halves, i.e. first
and second mold halves. The first mold half defines a first optical surface and the second
mold half defines a second optical surface. The first and second mold halves are configured
to receive each other such that a lens forming cavity is formed between the first optical
surface and the second optical surface. The first and second mold halves can be formed

through various techniques, such as injection molding. These half sections can later be
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first optical surface and the second optical surface. The first and second
nol d hal wee ogasese f orned through various techniques, su®eTEPO2/M4exti on
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j oi ned together such that a cavity f 5r's t her ebet ween. Thereafter, a
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| ens, tcheldlberssedpsushiasl quasly diassan oxygen-pernmeable material, such as
rourine- or sil oxane-containing polynmer. For exanple, sone exanples of
suitabl e substrate materials include, but are not limted to, the polyneric
mat er i Mreedi wolddsdmedpa tbisy inkestan bﬂmrinﬁwmthbomercsmac@bfsm etbalit . The

| ens mat . r ; c | ens.
One g ﬁ%‘ﬂﬁéa@f hés] Qﬁpegh&pdréocess ste'?n d& %(oseh TUE%J%ng%G ﬁorgﬁglt%%, 002
to Bon@bﬁibgés thetcavity-forming surface of the mold and in dlrect contact with lens-forming

material. A color image can be printed on the mold portion defining the posterior (concave)

surface of a contact lens or on the mold section defining the anterior surface of a contact

lens or on both mold portions.

Once a color image is printed on one or both mold portions, a lens material can then be
dispensed into a cavity formed by the connection of the mold halves. In general, a lens
material of the present invention can be made from any polymerizable material. In
particular, when forming a contact lens, the lens material may be an oxygen-permeable
material, such as flourine- or siloxane-containing polymer. For example, some examples of
suitable substrate materials include, but are not limited to, the polymeric materials disclosed
in U.S. Patent No. 5,760,100 to Nicolson et al.

The lens material can then be cured, i.e. polymerized, to form a contact lens. One
embodiment of such a process is disclosed in U.S. Patent No. 5,894,002 to Boneberger et

al.

One embodiment of the invention is a method for printing a color image on a curved article
comprises under control of a computer system: (a) positioning precisely a printer head at
each of a plurality of predetermined positions, one at a time, on the curved surface of the



al. One enbodi nent of the invention is a nmethod for printing a color inmage
on a curved article conprises under control of a conputer system (a)
posi ti oniwQ opresisel y a printer head at each of a pl ural iPCY/EPD2/12403
predeterm ned positions, one at a tine, on the curved surface of the WD
03/ 039878 PCT/ EP02/ 12403 8 article w4 e keeping a relatively constant

di stance between the printer head and the curved surface of the article,
wherein the printer head conprises one or nore nozzles each of which is

capabl griefe WifleteBPing 2B lAlEly ebn&iahdistah 68 b stwe Bl gRepifer hetfd Sihe @uived; and
(b) dispensing one or nore drops of color liquid fromthe printer head,

one dreyfaaedthtemarticikowherein e Rrkierhead camplisasRne fom?rﬁé‘o&rz'@? epehat each of
the pr ﬁ/ﬂﬁb% ﬁaeﬂb%% &g IEQ 9Fb°ple°t§ 8?‘§OIBPI|qLﬁH REesEhdeREolt@cAlothéfafd @) the curved

surface used herern an article" refers to any article
havi ngdlépm&iﬂgam%grrmaﬁ%irom ef ealeriapid fom ﬂeﬁmnrwéwqasi ane grapdiam Pads (hard or
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liquid conprises at [east one col orant nan ink'jet 1s used, a
col or progucel thescadar image opﬂlméellra@diyurf@ecdltmampml d conprises at |east one
pi gment. Pigment(s) should be nuch snaller than a nozzle of a printer head
to prevent clogging during the printing process. GCenerally, this neans

t hat pAefused berepi, Gareatislelrederd tmaoyartk:la)lnam cwed E@nfa;y@r Pp¢fegrably, en can be

ar ound§m8 s %é@%ﬂé%ﬂsﬁg I‘E)a éﬁ@%‘ff&) or a Iﬁ‘?f)lpr%ﬁﬁ bl cP@ﬂﬁng Preferred

met hod el 78 Re h speed m xers,
Kady MA tslor liqmid”meférsrtbld liguid ihaho@apmsesraet least oneoé¢dionadt. Weln@) as imkgétds or s,
ul trasoni mlls, ball mlls, roller mlls, wvibrating bal |

mils, ”%?‘flal‘io(lﬂ’iqu'gé%?f" Bk 1's. varikinetic dispensers, three-roll nills,

Banbury m xers, or other met hods wel | known to those of skill in the art.

B o el bl P PR STR S Te B  AGRRL B SRg rom the

pol ynesmalidrith4rkg Aezse oA Fum@t Read ppﬂ»mmtlcm@gingruurmgmapmmg piaocmﬂ;e_r s,
humect ants, antim crobja ents, anti oxi dant agents - tlég
or any

agent sGenp@llyithis meadgithat pseieRRe RIPME S AES 3 pycro %'b?%'ﬁf %rlqe'b@

appr Opéér%éﬁﬂﬁﬂaﬁ'rht@ sRiallbNedrices fo ﬁ;@w@ﬁ@teﬁm Blogginigs Wéf@ﬂ@amethocmﬁt one,

nmet hanol col s, ketones, esters, P{C ogent anone arl\]/ﬂ A ef A col or

l'i qui drqgfgﬁlng a pigment’s particle size include high speed mixers, Kady Mills, coII01 mills,
homogenizers, microfluidizers, sonalators, ultrasonic mills, roll mills, ball mills, roller mills,
vibrating ball mills, attritors, sand mills, varikinetic dispensers, three-roll mills, Banbury

mixers, or other methods well known to those of skill in the art.

A color liquid can also comprises one or more components selected from the group
consisting of solvents, surfactants, dispersants, monomers, polymers, thickeners, diluents,
polymerization initiators, binders, humectants, antimicrobial agents, antioxidant agents, anti-

kogating agents, and other additives known in the art.

A solvent can be water or any appropriate organic or inorganic solvent such as isopropanol,
acetone, methanol, glycols, ketones, esters, cyclopentanone and the like. A color liquid can

contain many solvents.

“A dispersant” refers to a dispersant, as that term is known in the art, that is a surface active
agent added to a suspending medium to promote the distribution and separation of fine or

extremely fine solid particles. Examples of dispersants include, but are not limited to,



contain many solvents. "A dispersant” refers to a dispersant, as that term
Is known in the art, that is a surface active agent added to a suspendi ng
nmedi um t ovprosssses t he distribution and separation of finePem/Erexiziesrel y
fine solid particles. Exanples of dispersants include, but are not limted
to, WO 03/039878 PCT/ EP02/ 12403 9 Te|991 tol series from Union Carbide,

pol yxyl at ed al kyl ethers, alkyl diamno quarternary salts, and the |ike.
"A nononer” means a | ow ol ecul ar wei ght conpound that can be pol yneri zed.

Low npb %I's%rrlew’oﬁmmbﬂmaﬂﬁhé, OB 2te PAIRYI eI RIS dlafiino\gudHbrsary &afs,t han
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met hacr yoxyet hyl net hyl di met hoxysi | ane

net hacyMeRQEERYNeRNSe Iay @@Iﬁgw%\fvg@hgcompound that can be polymerized. Low
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and 3- acry ropyl di met hyl €hl orosi | ane. "Pol ymer" neans a materi al
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chem calioloflindsSméi iy digntd thaayichfettyffRthdyistng |1 auid or ‘a partial

i quid mxture or ut1ron suc at termis known in the art.
Exanpl mstr@rcwxywwmthwdlmaﬂ@xwwe; mgthaalylexiiethydimedhyethoxysilanales, and the
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term |met{1mwlnxyprdplykellmthylclﬂnm$ﬂamas of binders i ncI ude poI ynmers contai ni ng
functional groups selected fromat |east one of -COCH, -OH, and -NHR
(R=H, or C, to C8 alkyl). "A hunectant” refers to a conpound that renoves
wat er ‘Falyrherdrivgiahy g riaterial ifodneslimhpalgmetizing obveonmpe khooemerisn t he art.
Exanpl es of hunmectant include ethylene glycol, diethylene glycerol and

1, 3-di ozane-5, 5-di net hanol . "A polynerization initiator" refers to a

chem c& thidkaheiC adfesttamtchenpedl it is asdd torincreaset the Niscésitypadlayligeid ared partial

initiator can be a phqotoinitia or a.thernma] initiator. A photoinitiator
o o ik oderara pR e e YR RaprBi et ERBle e kST 11 Ghe.
Sui t abhe gl Bicbhals, Polysatenarkdeszandthetikélyl et her, di et hoxyacet ophenone, a
benzoyl phosphi ne oxi de, 1-

“A binder” refers to a binding polymer that interacts with crosslinkers to trap or bind

colorants onto or into a lens such as that term is known in the art. Examples of binders

include polymers containing functional groups selected from at least one of -COOH, -OH,

and -NH-R (R=H, or C, to Cg alkyl).

“A humectant” refers to a compound that removes water (or humidity) from ink such as that
term is known in the art. Examples of humectant include ethylene glycol, diethylene glycerol

and 1,3-diozane-5,5-dimethanol.

“A polymerization initiator” refers to a chemical that can start a polymerization reaction. A
polymerization initiator can be a photoinitiator or a thermal initiator. A photoinitiator is a
chemical that initiates polymerization reaction by the use of light. Suitable photoinitiators are
benzoin methyl ether, diethoxyacetophenone, a benzoylphosphine oxide, 1-
hydroxycyclohexyl phenyl ketone and Darocur and Irgacur types, preferably Darocur
1173.RTM., Darocur 2959.RTM., and CIBA IRGACURE 2959. A thermal initiator is a

chemical that initiates polymerization reaction by the use of heat energy.



hydr oxycycl ohexyl phenyl ketone and Darocur and Irgacur types, preferably
Darocur 11 73. RTM, Darocur 2959. RTM, and Cl BA | RGACURE 2959. A thernal
i ni ti at orwD3m3sehemn cal that initiates polynerization re®CTIEM2/403 he use
of heat energy. WO 03/039878 PCT/ EP02/ 12403 -10 "A anti-kogati ng agent™
refers to a chemcal that can reduce” #posits known as "kogation" being
formed on the exposed surface of the heater elenent (resistor elenent) in
thermal ink jet printers. "Kogation" is conmonly defined as the build-up
of restAasi-kdqgiay agent’ hefersrto 3 cHentica thidtzan redu%ectre@sﬁtsj l(ﬂdmgasﬁlkegétlori"Ef ers

to ac st I nkers as the re kno i,n the art | ene gl ycol
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di methacryl ate (EGDMA) and 1, 4-butanediol diacrylate (BDDA) Sonme suitable

antimcrobial materials include polyquaternary ammmonium corrpounds such as
t hose de@esslinktngiagent’ sefersipoaropglinkgrsasithey aretkhowndm ihesart,guch @s, g.

e protiohe gheolinolich/EiE IEODRIA) Mic B UhIcH! difehabioPafyibRedieal Foes. "
gl ycopdipetyiaés allyl W@@B@Wlﬁ’éﬁsnéuw ariylates, dt%PW@ane% |dimetheerylatext.ban or ot her
anti - np&raBY dﬁ‘\{et Iatl%a?tﬁlgc{) eo‘?cﬂtdirﬁé §ch/I§ié, | n{hzf%rges%@md?‘r% gha Such

anti - bact erra ant-mcro are ose Pat ent

5, 866, diagylates, leléwéﬁnelgé/celtdlraethaawwt%(%@@Nwo@nﬂd,4<bwignedi¢qula¢rwmq @DQA inter
can be used as a printer head with the present invention so long as it can
be configured according to the systens and nethods of the invention to

pri nt Bomeisnitgblemntivliarohidlesatetials include mqwetermrvfamium compbendssucimk j et
printe i r d cont i nuous
i nk | e%s {;g'?)lsﬁtdteerggﬁqeh ﬁQfé’rPagSﬁggqncg 3é§ ar e9 @o%%ﬁm al §§a§ lT\(c%(ﬁl'&-v’f)rom
conpanOier autxlhnmdalmmnannbamqraﬂs thet cleope titiliz8diin tve degpEnt &lveRtiomareng, W | et

Linx, lri n | d be
usod o BaneRe afigeat Paftin, B WEAEL siRYLCeS, hbdbiSlehe, iR it
Hitac hcelluﬁspepﬁéﬁranTcﬁkitmevranﬁ-mléiabrahg)r aritebdadérial Batitlear &till bﬁmmhmprasmiet ti,
Xer ox, sch): P |Ob c?éna s or an’t-mlcroblan are disclosed in U.S. Patent Nos. 5,866,113 to

Hendriks et al. and 5,891,506 to Keogh.

Any ink jet printer can be used as a printer head with the present invention so long as it can-
be configured according to the systems and methods of the invention to print the inks on
articles that have curved surfaces. A preferred ink jet printer is either drop-on-demand
(DOD) or continuous-jet.

Many continuous ink jet printers that could be used are commercially available from
companies such as Domino-Amijet, Videojet, Scitex Digital Printing, Willet, Linx, Iris
Graphics, Stork, and Dupont. Many DOD printers that could be used are commercially
available from companies such as Epson, Xaar, Hitachi, Spectra, Tektronix, Canon,
Hewlett-Packard, Lexmark, Olivetti, Xerox, Panasonic, VUTEK, and NEC.

A preferred ink jet printer can print pixels of less than 150 microns in diameter, preferably
less than 100 microns in diameter, more preferably less than 75 microns. Pixel size is
measured using standard microscopy techniques, which are well known to those of skill in
the art. A preferred ink jet printer can space the pixels less than 80 microns from each

other, preferably less than 50 microns from each other. To achieve this result, it is preferred



A preferred ink jet printer can print pixels of |less than 150 mcrons in

di aneter, preferably Iless than 100 mcrons in dianeter, nore preferably

| ess t harwd3nswrons. Pixel size is measured using stand&CaA/EPOZIFST OPY
techni ques, which are well known to those of skill in the art. A preferred
ink jet printer can space the pixels-léss than 80 microns fromeach other,
preferably less than 50 mcrons fromeach other. To achieve this result, it
is preferred WD 03/039878 PCT/ EP02/ 12403 -11 that the drops of ink that
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preferably | ess than 50 picoliters, and nore an 10

ferably, less th
b1 col | PEplersaprafeblSss Pen 8y Hgpliae 3aFtmajeinreleiakah e e K3 Ploaiiersnid et

nozzl e P@Jsojh Rilled innherarh@idinirs@indqRatlat ink it od#18 B inRiprihtee head fsadiz&fiov ol ume
given the ink viscosity and thermal forces. A printer head preferably
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even nore preferably three colums of nozzles, each of the colums of
nozzl es dispensing a single color liquid. Such printer with two or nore
col urm#é pinteidieadaselerabhbeomprised ong cpluimit ofnazalesr mpieajeferily e ealBmss ohor e
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of nozzles is confiqured. o cover at least the w,dth of a
o ol G B fged R gotetisra €8 e Aitereyt 2PBe BhehyRkely Hbnd BRE DY ool d
por t i ogiffeldit pepdiridns. of the annual zone is the apical center of the surface
of the contact lens or the nold portion.
Preferably, each of columns of nozzles is configured to cover at least the width of an annual
zone that comprises a printing area on a contact lens or a mold portion. The center of the

annual zone is the apical center of the surface of the contact lens or the mold portion.

More preferably, each of columns of nozzles is configured to cover at least the width of a
circular zone that comprises a printing area on a contact lens or a mold portion. The center

of the annual zone is the apical center of the surface of the contact lens or the mold portion.

A printer head used in the invention preferably has a printing surface having a curvature
that can accommodate the curvature of a surface to be printed thereon. “A printing surface

of a printer head” refers to the surface comprising nozzles.

Positioning of a printer head on a curved surface of an article (e.g., a contact lens or a mold
portion) can be carried out by moving the printer head or the article or both, according to
one of the below-described methodologies and the like. The choice of one methodology for



A printer head used in the invention preferably has a printing surface

havi ng a curvature that can acconmpdate the curvature of a surface to be
printed twWeroaosp878 A printing surface of a printer head" Prefr@EP8212303 he
surface conprising nozzles. Positioni ng of a printer head on a curved
surface of an article (e.g., a contacfl2Fens or a nold portion) can be
carried out by noving the printer head or the article or both, according to
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havi ng constant or variable tipe jntervals between two sets of drops of
col or [ref aﬁl tg a mpygment where an article (or a printer head) is slid at a constant velocity in' one

direction directly under a printer head (or directly above an article to be printed thereon).

“Dispensing drops of color liquid in a timed sequence” refers to that a plurality of sets of
drops of color liquid are dispensed in a timed sequence, one set of drops at a time and
having constant or variable time intervals between two sets of drops of color liquid. Such
positioning methodology can be further illustrated by the following example. An article,
which is properly aligned so that the printing area on the surface of the article can pass
directly under a printer head, is moved at a constant velocity under the printer head. A
position sensor transmits a signal to a computer system to set up a time zero and initiate
dispensing of drops of color liquid in a timed sequence once it detects that the article has
entered the printing area. The computer system may allow a certain time to elapse before
beginning printing in the printing area on the article and then controls the printer head to
dispense a first row of droplets of color liquid in a controlled pattern at a first position. After
a time delay, the second row of droplets of color liquid is dispensed at a second different

position of the constantly moving article. This process continues with a constant or variable



posi tioni ng net hodol ogy can be further illustrated by the foll ow ng
exanple. An article, which is properly aligned so that the printing area
on the suwbas®3wsfisthe article can pass directly under a pcirmreridend, is
noved at a constant velocity under the printer head. A position sensor
transmits a signal to a conputer systtdrto set up a tine zero and initiate
di spensing of drops of color liquid in a tined sequence once it detects
that the article has entered the printing area. The conputer system nmay
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For example, a printer head, which comprises one or more columns of nozzles, is used to

print an iris pattern in a non-optical annul zone of the posterior surface of a contact lens.

The column size of the printer is big enough to cover only the width of the annual zone to

be printed thereon. The printer head is kept stationary at a tilt angle with respect to the

optical axis of the contact lens (i.e., rotational axis), so that the printing surface of the printer

head is in parallel with a surface tangent to the annual zone. Each of nozzles can have a

relatively constant jetting path length of color liquid. Positioning of such printer head on the

posterior surface of the contact lens can be carried out by rotating the contact lens around

the rotational axis 8 while keeping the printer head stationary. Similarly, such methodology

can be more easily adapted when using a printer head having a column size that is equal or

larger than the diameter of the outmost ring of the annual zone (i.e., whole width of a

printing area or a circular zone). Preferably, the printer head has a printing surface with a

curvature accommodating the curvature of the surface to be printed thereon of the article.

With this preferred feature of the printer head, the jetting path length of color liquid can be

kept almost constant among all nozzles.
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conversion of a two-dimensional image into a three-dimensional image can be performed by
using integration of software and a print head, which has a curvature printing surface
accommodating a surface curvature of a contact lens or a mold portion and comprises at
least a column of nozzles that are separated by a fixed space and configured to cover

whole width of a printing area on a contact lens or a mold portion.

Another embodiment of the invention is a printing apparatus for making colored contact
lenses. A printing apparatus of the invention comprises: a securing means for holding a
contact lens or a portion of a mold for making the contact lens; a printer head which
comprises one or more nozzles each of which is capable of jetting droplets of color liquid
independent of each other; a positioning means for precisely positioning the printer head at
each of a plurality of predetermined positions, one at a time, on a surface of the contact
lens or the mold portion; and a computer system for controlling operation of the printer head

and the positioning means.
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In a preferred embodiment, the printing apparatus comprises a printer head which

comprises at least one column of nozzles that are configured to cover at least half width of

a printing area, for example, an annual zone, on a contact lens or a mold portion. In this

preferred embodiment, the printer head can be tilted at an angle relative to a rotational axis

0 that passes through the apical center of a curved surface of a contact lens or a mold

portion in a direction normal to the curved surface, so that the printing surface of the printer

head is in parallel with a surface tangent to the annual zone. Positioning of such printer

head on a surface of an article (a contact lens or a mold portion) can be carried out by

rotating the article around the rotational axis 6 while keeping the printer head stationary

and constant distance between the surface of the article and each of the nozzles during

printing. In a more preferred embodiment, the printer head further has a printing surface

with a curvature accommodating the curvature of the surface to be printed thereon of the

contact lens or the mold portion.
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contact lens or a nold portron) Positioning of such printer head on a
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contact lens or a mold portion) can be one dimensional moving an article or printer head
while dispensing drops of color liquid in a timed sequence. More preferably, the printer head
further has a surface with a curvature accommodating the curvature of the surface to be

printed thereon of the contact lens or the mold portion.

The positioning means either can be a motor assembly that is capable of moving an article
or a printer head along three axis (e.g., along a translational axis, around a rotational axis
and around a tilting axis) or capable of moving an article or a printer head moving close to
each other along a translational axis and then rotating it around a rotational axis or can be a
moving means that can move linearly the contact lens or the mold portion (or the printer
head) at a constant velocity along one axis under the printer head (or above the contact
lens or the mold portion) and a jetting-controlling means for controlling each of the nozzles
to dispense drops of color liquid in a timed sequence, wherein time intervals between two
drops from each of the nozzles are constant or variable. The jetting-control means can
comprise electronic hardware and software known to a person skilled in the art.
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head at each of a plurality of predetermined positions, one at a time, on a surface of a

contact lens or a mold portion.

An inkjet printing apparatus according to a preferred embodiment of the invention also
comprises a maintenance subsystem which wipes the printer head whenever dry ink needs
to be removed. This system is controlled by pneumatic actuators. For example, a
maintenance subsystem can include wipe blades (e.g., from McMaster Carr), wiper box,
pneumatic swivel (e.g., from Festo). The printer head ejects any dried ink and primes the ink
flow, then is wiped by the wiper blades or cloth to leave a clean surface. The wiper blades
would be wiped in the wiper box when the wiper blades are rotated out of the printing box

by the pneumatic swivel.

Another embodiment of the invention is a method of making colored contact lenses in a
mass production environment. More specifically, the invention provides a method of

automatically printing color images on articles (contact lenses or mold portions), the method
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single color liquid; each of columns of nozzles which are configured to cover at least half

the width of a printing area on a contact lens or a mold; each of columns of nozzles which
are configured to cover at least whole width of a printing area on a contact lens or a mold;
and the surface of the print head having a curvature that can accommodate the curvature of
a surface to be printed thereon.

The above-described positioning methodology can also used in the method of the invention
for automatically printing color images on articles.

The printing station can comprise multiple printer heads. Such printing station with multiple
printer heads can find particular use in batch processing to print many contact lenses in
parallel in rapid succession. For example, a batch of eight lenses (one carrier) could be
sent to eight printer heads. Lifts push the lens cup to put it in the vicinity of {he printer
heads. The cups could be rotated in a controlled fashion. The print heads would jet on and
off based upon instructions sent from the computer system. The lifts would then lower the
lenses back on their carrier. Then, the carrier would be sent through a system to print or
spray the binding solution over the lenses. The lenses would then be sent to a curing

process to heat and dry the lenses.
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printi 'z) g lgh nu t|ple printer heads can find particular use in
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parallel with a surface tangent to the annual zone.

In another preferred embodiment, the printing station comprises a printer head which
comprises at least one column of nozzles that are configured to cover at least whole width
of a printing area, for example, a circular zone, on a contact lens or a mold. In this preferred
embodiment, the printer head can be placed horizontally (perpendicular to a rotational axis
6 that passes through the apical center of a curved surface of a contact lens or a mold

portion in a direction normal to the curved surface).

Preferably, the transporting means can include a carrier that comprises one or more

locations, each for holding one article.

Preferably, the printing station can further comprise an activating means such as a sensor
for generating a start signal each time one of the articles moves into the printing station and
transmitting the start signal to a computer system to activate the moving means to precisely
position the printer head over the curved surface of the article. The sensor can detect if an

article enters into the printing station.



automatically printing color inmages on articles, the system conprising: at
| east one printing station conprising a printer head having one or nore
nozzl es eaoh3o898mhi ch i s capable of ejecting droplets of PCOIEPOER4D3 qui d

i ndependent of each other, a positioning means to precisely position the
printer head at each of a plurality o#0predetern ned positions, one at a
time, on the curved surface of each of the articles; transporting neans to
continuously nove the articles along a predeternined path to transport
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Example 1
This example provides method for making a colored contact lens by first printing a color

image on a mold portion (male mold) defining the posterior surface of a contact lens.

An apparatus, as depicted schematically in Figures 1 and 2, is designed to produce
FreshLook™ (CIBA Vision) contact lenses by printing iris patterns onto male FreshLook

polypropylene molds with recently developed ink jet inks for contact lenses.

The apparatus comprises a Micro Fab print head (50 pm diameter). It has been discovered
that heating the ink to ~60°C for 30 minutes followed by cooling may improve ink stability.
Ink may show a sign of drying after a stagnation of about 20 minutes. The dried ink is easily

removed by rinsing the tip of the head with water.

Piezoelectric firing is controlled by a custom amplifier board connected to an independent

dual tracking £60V-power supply. The amplifier board is controlled by a multi-channel



More preferably, the systemcan further conprise two or nore printing
stations, each station conprising the above-described features. Such
system wiwb oadasigl e printing stations can find particul CTiEPe2/izodbat ch
processing to print many contact lenses in parallel in rapid succession.
The positioning neans either can be a2hotor assenmbly that is capable of
noving an article or a printer head along three axis (e.g., along a

transl ational axis, around a rotational axis and around a tilting axis) or
capabl eanafogrouul Goard esninecled t6a Reriumiill €C. Tardevize aligws kigs Eativdaew each ot her
along a transl| ational and then rotating it around a rotational axis or can

af i | a
be a ty@rqtﬂéﬁrem%%ntqoﬂgfop PEMAO: or "t he printer head at a constant
vel oci tThed® Rtalsd€ortHechel! tb @mukitkistcangblldr\ghield Bbrited]$ tHeOsteBeEtendters. This

controlling a tinmed sequence of dispensing of drops of Hi?g’l or Ir;ﬁgui d. The
j et t i ngYelsm allows Airgrkeanputeraniebef tae daxiSieRPes MANASCARY Wik $RAIFET known
to a pgesdyackkilled in the art. The previous disclosure will enable one

having ordinary skill in the art to practice the invention. In order to
better enable the reader to understand specific enbodi nents and the

advant agfsasiedi68 has ARt RRERIIGR ideRficd] & thavfoPehd Qltrdnt FrdshBole* dRgiRe | S
suggested. " "However, the follow ng exanples should not be read to limt the
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Fr esm%%@ﬁ%%%icﬁﬁo\{bﬁﬁg&br&omﬁﬂ sgses by printing iris patterns onto

mal e Fr'e pol'ypropylene nol'ds wth recently devel oped ink jet inks
for contact |enses. The apparatus conprises a Mcro Fab print head (50 gm
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mul ti - CC%%Qiﬂgl‘llS. Qa8 s L&Y% 1Y 3a diskYor later use. The print and prime
waveforms are tested back-to-back in a program called “Output print prime waveform.vi” to
verify jet control. Various print waveforms can be used, depending upon the nozzle size.
One preferred waveform for the 50 pm nozzle is a bipolar waveform (+30 V, -30 V @ 39
usec, 0 V @ 84 psec). Note the sign usage to compensate for the inverting operational
amplifier). Typically, each waveform is triggered at 40 msec intervals to ensure software
control. To minimize tip drying, a priming waveform is applied over unprinted pixels,

essentially a print waveform of low magnitude or long ramp times.

Images 311, which are created or scanned in a bitmap format, are manipulated to obtain
the proper format for ink jet printing using a program called “BMP to 1J1 files.vi". For
example, a 300x50 pixel image is drawn in a program such as Microsoft Paint and saved as
a monochrome bitmap. The LabView program loads this image, converts it in step 312 to an
array of voltage outputs 310, and stores it on disk. The voltage output array 310 can be
read by the program "IJ1 file to OUTPUT.vi” to produce a voltage output at a certain
frequency. The voltage output controls the time when the jet will fire. This system allows
print speeds over 300 Hz, and is only limited by the speed of the PC.



anal og out put board connected to a PentiumlIll PC. This device allows the
LabView software to directly control drop formation. The PCis also
connect edwD®3@39sm8 t i - axi s control l er, which controls the ®CEmPer/12303 or S.
This systemallows direct conputer control of the 3-axis stepper notor
assenbly with encoder feedback. This2@pparatus has a print resolution

i dentical to that for the current FreshLookTM product and conprise a
three-axis stepper notor control for positioning. The printer head is kept
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vol tage output controls the time when the jet will fire. This system all ows
print speeds over 300 Hz, and is only limted by the speed of the PC

Example 2

This example illustrates the mass production of colored contact lens, Freshlook™, in an

industrial setting according to a preferred embodiment of the invention.

Figure 4 is a schematic flow diagram of a manufacturing process line for mass-production of
Freshl.ook™ (CIBA Vision) contact lenses. Molds 410 for making contact lenses are
transported into a hopper 420 which separates and places the male and female mold
portions onto separate carrier pallets (male 432 and female 433) for rapid transport of
multiple mold portions to the subsequent staging areas in the manufacturing line. Each of
female mold portions is filled in a Filler 435 with enough lens material to make a contact
lens and sent to the closing area 440. Each of male mold pottions is sent to the ink jet
printing station 434 (described below), where an inversion or iris pattern or both are jetted
onto each of the male mold portions. Each of the male mold portions is then assembled
tightly with one female mold portion containing lens material. Polymerization of the lens

material is initiated with an energy source, such as UV, thermal, or e-beam energy, to form



WO 03/039878 PCT/ EP02/ 12403 -22 The three stages are also controlled by
the program"1J1 file to QUTPUT.vi". The position and velocities of all
stages arwowmofnsgses | ed to al |l ow conpl ex notion patterns toPoa@/RPer/innied.

Tests are performed at 1190 rpmrotation speed, 80 rpmtilt speed. Still
referring to Figure 4, when a male n8¥d is noved into start position in
step 401, whole printing systemis activated 302. The nmale nold is first
noved linearly toward the printer head step 303 until the printing start

posi ti aroRRdt lehda clirtRy Stalich 480, GhieolyrhdrRed tontBctdbhetdreth&i &dnsidéd, The

conputer retrieves data froma | ook-up table (voltage output array) '310 and
checkshydrated, pagikaged.ang %@ﬂawm%ﬂ%alsmbumwcbwmeg rhihe finishedinaridn ep

413. |§iebRoanswer is no, the conputer transmts the control signals 316,
317 and 318 that control the printer head in step 319 to eject drops of
ink. The male nold is then noved to next 6 position in step 320 and
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k et rin ation 434 (described below), where an inversion or iris

pat t erhe Tlﬁ‘@th@adlf@yﬁt be beetghd ﬁ§ slosg@s pepsipligdo Fﬁﬂ Bolgr derosuriagn 40 recied of
the mafge A0hdmPa HdRE8Ie shtbi}e8 aASHEARERY formed. This distance can be minimized

by fixing the head tangent to the contact lens surface by tilting the head at some angle
Dwith respect to the center axis of the lens, as shown in the front view of Figure 5. In some
cases, as when printing a complete iris pattern, this angle is kept at 90° to allow printing of

the entire contact lens.

The resolution and print height of the print is adjusted by controlling the print angle  (see
Figure 5, side view), as well known by those known in the art. At maximum print angle
(6=90°), the print height is maximal and equal to the print head width. The drop spacing is
equal to the nozzle pitch. As the print angle decreases, the resolution (drops per inch)

increases, but the print height decreases.

A lens or mold portion is slid at a constant velocity under the print head. A position sensor
indicates when the mold has entered the printing area, and a certain time is allowed to
elapse to begin printing in the iris area of the lens. The individual piezoelectric heads fire in
a controlled paitern to form the first row of print. After another constant delay, the second



tightly with one female nold portion containing |ens material.

Pol ynmeri zation of the lens material is initiated with an energy source,
such as WVQ oBlaasn&al , or a-beam energy, to form WO 03/ 0398P8THEIZ/ERMR/ 12403
-23 a contact lens in a curing station 450. The polynerized contact |enses
are then denol ded, hydrated, package#ft-and autocl aved prior to

di stribution and shipping of the finished part in step 460. Figure 5
schematically shows operation of a printing station used in the
above-@dassiprineR’ firéd MHisrobédsnERYsEEWish hicoasthot tins dslay betyveenasws aaklTM ( Cl BA
Vi sion) contact |enses. A | ti-nozzl e inkjet head.@lo i S .positioned over

t he nelf'e eRBIEPTEY PRHSR 1§ EFpé‘Pcmfiﬁpj RAspeeitic sxamplr O a PERFAIEIMYSLSIRN MR I s | ens
”HteriéﬂownﬂﬁF%PﬁBB? mol d portion is passed under the ink jet head, a tinmed
sequence of pulses is applied to the ink jet head. This tined sequence is
generated froma conputer using comercial ink jet software, which is
subsequently anplified to allow firing of the piezoelectric nozzles. Since
the nold is noving under the head at a constant velocity, the series of
"jet" and "no jet" pulses allow conplex patterns to be reproduced onto the
contact lens nold. The quality of the inmge depends upon nmany paraneters
that are a property of the ink jet head, such as the ink jet nozzle

di aneter, pul se sequence, and ink jet channel distance. Sone image quality
features can be controlled by orientation and positioning of the ink jet
head. The head nust be brought as close as possible to the nold or Ilens
surface to reduce effects fromany possible satellites and |iganents
formed. This distance can be mnimzed by fixing the head tangent to the
contact lens surface by tilting the head at sone angle pwth respect to
the center axis of the lens, as shown in the front view of Figure 5. In
sone cases, as when printing a conplete iris pattern, this angle is kept
at 90 to allow printing of the entire contact |ens. The resol ution and
print height of the print is adjusted by controlling the print angle 9 (see
Figure 5, side view), as well known by those known in the art. At maxi num
print angle (0=90), the print height is maximal and equal to the print
head wi dth. The drop spacing is equal to the nozzle pitch. As the print
angl e decreases, the resolution (drops per inch) increases, but the print
hei ght decreases.



A lens or nold portion is slid at a constant velocity under the print head.
A position sensor indicates when the nold has entered the printing area,
and a cerweaiop/osisne is allowed to elapse to begin printin@CreEPOhe4dsi s area
of the lens. The individual piezoelectric heads fire in a controlled
pattern to formthe first row of prim@2-After another constant delay, the
second WD 03/039878 -24 PCT/ EP02/ 12403 row of print is fired. This process
continues with a constant tinme delay between rows until the entire print
pat t erwhagisiaimedissed. A specific exanple of a possible inversion mark is
shown in Figure 5. WD 03/039878 PCT/ EP02/12403 -25 What is clainmed is: 1.
A printing apparatus for making col ored contact |enses, conprising: (1) a

secur i Ng Ap#itingfappal@lision thakingUdlaréd cbRBst Iehses, Bérmpiighiy:of a nol d for nmaking
the contact lens; (2) a printer head, wherein the printer, head coggrlses

one or mor &)nd59GusingdReansiper holfing R qantach les| ot agrorirt ¢fi golskigpmakinadhe ol or
l'i qui d i ndepeggeddt 16s; each ot her under control of a conmputer system (3) a
positioning neans for precisely positioning the printer head at each of a
plurality (@faprrigeberdivhedeip i pinierheashrOmRrisas ONAEr MoFe BOZART A At t he
contact |ens phich ﬁ?caﬂ%iéjofﬁé’t'ﬁﬁqe%foimg@fccﬂ&ﬂfd’uﬂi in@épdMiBnESBHEh VthermeM 2.

A printing apparatus of claim urther conprising at | east one additional
printer head Caniel aka epraputer aysteMinozzl es, wherein each nozzle is capabl e of

jetting drogl of L QL G d W ; ﬁdg r ol
of the co tﬁﬁ%‘%’%lgﬂ'@?n Skg rg#‘%ﬁste:wnggappar a%hg?rg?é} g{agle%h%cw eréliuf\é?i%e
printer head ofqprpdéteemined pesitionsonre aba time, oo swfage esthegonimcplenaor g

appar at us of & ﬁ’iidgrﬁon %%hﬁtr&wf%o&rw@%ﬂ%@mans is a notor assenbly,

wherein the notor asse ves |1 near contact lens or the nold
portion or the printer head along a translational axis, rotates the

cont acé_ lAegﬁntf%E; athSrariPA gf ARt 1 ,‘?L'M%'r cronﬁ:rising at least one additional printer head
having one or more nozzles, wherein each nozzle is capable of jetting droplets of color
liguid independent of each other under control of the computer system.

3. A printing apparatus of claim 1, wherein the printer head comprise at least one column

of nozzles.

4. A printing apparatus of claim 3, wherein the positioning means is a motor assembly,
wherein the motor assembly moves linearly the contact lens or the mold portion or the
printer head along a translational axis, rotates the contact lens or the mold portion or the
printer head around a rotational axis that passes through the apical center of the
surface of the contact lens or the mold portion in a direction normal to the surface of the
contact lens or the mold portion, and tilts the contact lens or the mold portion or the
printer head with respect to the rotational axis.

5. A printing apparatus of claim 3, wherein the positioning means is a motor assembly that
can move linearly the contact lens or the mold portion (or the printer head) toward to or
away from the printer head (or the contact lens or the mold portion) and can rotate the
contact lens or the mold portion (or the printer head) around a rotational axis that
passes through the apical center of the surface of the contact lens or the mold portion in

a direction normal to the surface of the contact lens or the mold portion.



printer head around a rotational axis that passes through the apical center
of the surface of the contact lens or the nold portion in a direction

nor mal t owohe/0398r§ ace of the contact lens or the nold porCra@eo2/ammtilts
the contact lens or the nold portion or the printer head with respect to
the rotational axis. 5. A printing app@ratus of claim3, wherein the
positioning neans is a notor assenbly that can nove linearly the contact
|l ens or the nold portion (or the printer head) toward to or away fromthe
printems. lhdepmt(r@raptr[]iaiataf)gf élaim b pniseroin tlhehéoltrmhd)fmlzﬁia@gc)véwdt legét wigthajfe theI
contact lens or the no tion ri nter ad) .around.a rotationa
o't hat A GELEGR O bie Sfecs 3 i conkaef 1P o e mOE st WP b econt act

| ens or tdeatdrok theP@irfuapPondlis the dpnb@l%h’@ﬂ ofNtheRIrfate of e comtdohRas of tHee
contact lens or, the nold portion. 03/3@"%78 PCT/ EP02/ 12403 - 26 6. A

pri nti ng AYPRPHINs WP élpﬁ‘f‘tﬂ’g dicarsiorate B /enBEal #7998t es covers at
| east width of an annual zone on the surface of the contact | ens or the

nold portion, wherein the center of the annual zone is the apical center
of the7suh PHRRIBIGPPRRIUS Bhelaldn 61 Wirreip the Rinterbgas isdited ghan aRge 8ith a printing

area is |Qgadceth WetrBiaﬂoﬁé'leax%rgBJlﬁbt REPANtinG sulaRE! M ihdSrePRALS! &Jraﬂ%la' m 6,
wherein the printer head is tilted at an angle with respect to

r ot atlona'llltl'aﬁkﬁl@’f%@tﬁh@@nttt%@q)@nﬂﬂaﬁ@esurface of the printer head |s in
parallel wth a surface tangent to the annual zone. 8. An apparatus of
claim7, wherein the printing surface of the printer head has a curvature
accombdaAn apparalgs of chaim Ay wherein the psitingewiase of tke panexkead hasa eirvathee nol d

portion. ca%F éﬁ{oﬁgﬁﬁ%ﬁ%@nﬁtu&' G SurtatB% Md et F?éd Rhe Prfbfodpdnﬁ o aced

per pendi Ional axi's, wherein t e colum o 0zzIl'es covers
at least the dianeter of a circul ar zone on the surface of the contact

Lens oy Ues () 4,005 b5, WHELH e Lifief RBLFTs Mhodd WerpGhdiGllap ygone s the

api cal he“sur ace 0 con RS portion,
wher ei n arotamomal ey, whewein thel axdurte df mztzlesrmovem at leastitherdizioeter ofldcirciiar
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10. An apparatus of claim 9, wherein the printing surface of the printer head has a curvature

accommodating the curvature of the surface of the contact lens or the mold portion.

11. A printing apparatus of claim 3, wherein the positioning means comprises:
a moving means, wherein the moving means can move linearly the contact lens or
the mold portion (or the printer head) at a constant velocity under the printer head (or
over the contact lens or the mold portion); and
a jetting-controlling means for controlling each of the nozzles to dispense drops of
color liquid in a timed sequence, wherein time intervals between two drops from each
of the nozzles are constant or variable.

12. An apparatus of claim 11, wherein the printer head is placed perpendicular to a
rotational axis that passes through the apical center of the surface of the contact lens or
the mold portion in a direction normal to the surface of the contact lens or the mold
portion, wherein the column of nozzles covers at least the diameter of a circular zone on

the surface of the contact lens or the mold portion, wherein the center of the circular



the nold portion (or the printer head) at a constant velocity under the
printer head (or over the contact lens or the nold portion); and a

j etti ng- cwntososdsThg neans for controlling each of the nozrCeEPImiIddBZpense
drops of <color liquid in a tined sequence, wherein tine intervals between
two drops fromeach of the nozzles af®-constant or variable. 12. An
apparatus of claim1ll, wherein the printer head is placed perpendicular to
a rotational axis that passes through the apical center of the surface of

t he cont aghelieine apical térie s tHe BQﬁéd:d)de thé contaetriens oithe MABIABbrtibn, Wingeiur f ace
ion, wherein the colum of nozzl es

of the contact lens, qgr th
covers atd PEyiag af??e'sd?%%qe@’fth'ﬂfth%g'&q #EPBS- zone on the surface of the

contact lens or the nold portion, wherein the center of the circular WO
03/ 039878 PCT/ EP02/ 12403 -27 zone is . the aRI cal, center of the surface of
the cofBdkprintisgapparatueohgiaim T Mhesein thawriinding sudaes ohipe pginter 8gad Bag cat ed

Wi thin t @ neidre YeBbmARBStng e cﬁr\FHtuu’@tdf fHe SUPRBE AF the @ntadtdr¥ckhe MBRY €I N the
printing surface of the printer head has a curvature acconmodating the

cur vat ur epogifor: he surface of the contact lens or the nold portion. 14. A
method for printing a color image on an article having a curved surface,
conprising under control of a conputer system (&) positioning precisely a
pri nteﬁ4mmtfmd ferpiintivg aacqlerimage op apfartifle Haviag gicHawed seisice) RPrsHge at a

tinme, %Bg{gém%? f%%%ﬁﬁ%ﬁggrst&lﬂe article while keeping a relatively

constant ance e’ printer head and the curved surface of the
article, wiaypositianireg preciselyra praver headat eadsolompluglithefrredelgmiaed each of

which s Cap?@é dt?on%f ohEht A ﬂlgned&? HeSluivedf surRker pof {Heoéﬂlgle g@?ﬂﬁ%& of each

ot her; and (b énsing one’or nore drops of col or
printer head, rednwelyraopsthnbdmtame batymhéhe mmtehleemwmewr\f@i@elrfete Dhe

article at eahof th col or
i mge on the ﬁw&re\/rtécée ‘@ﬁqéﬁqﬁ%ﬁ F"['?ﬁgﬁ%ar | IR ggﬁeip %‘@Zﬂéé) %%f%ic h
wher ei n t he aistcaphigdeios jetirgpdroplets dferodor diquid wﬂaptendmnt@if eacimothérfand  maki ng
tpggt g?in Z?Ct(g){@?%%rbs%&fe%gr 't@gﬁ?‘t %{)g PLE Oicgrlllawdq%crﬁ B pr nt r I%%tde Oarogrfrom

one nozzle, on the curved surface of the article at each of the predetermined

positions so as to produce the color image on the curved surface of the article.

15. A method of claim 14, wherein the article is a contact lens or a portion of a mold for
making the contact lens, wherein the mold portion defines the anterior or posterior

surface of the contact lens.

16. A method of claim 15, wherein the printer head comprise at least one column of

nozzles.

17. A method of claim 16, wherein the positioning step comprising:
keeping the printer head (or the article) stationary; moving linearly the article (or the
printer head) along a translational axis;
rotating the printer head (or the article) around a rotational axis that passes through
the apical center of the curved surface of the article in a direction normal to the
curved surface; and
tilting the rotational axis.

18. A method of claim 16, wherein the positioning step comprises:



16. A method of claim 15, wherein the printer head conprise at |east one
colum of nozzles. 17. A nethod of claim 16, wherein the positioning step
conpri si Yo okesgsisig the printer head (or the article) starComeoy1240Dvi ng
linearly the article (or the printer head) along a translational axis;
rotating the printer head (or the artP8re) around a rotational axis that
passes through the apical center of the curved surface of the article in a
direction normal to the curved surface; and tilting the rotational axis.

18. A net hodlovihg ihedirgntAS articleeoethe grintermeadf towaid i o taeyaydron tHesster\VVO
03/039878 PCT/ EPO2/ 12403 -28 noving linearly the article (or the printer
head) t owar'#a9J°6 eé\ﬂé@e P8 the printer head (or the article); and

rotating thetaingied aticier(ofthe prihterhead)aaghd @P&Hﬁtﬂwaﬁaki@&ﬁéﬂfgﬁ@é’és #idught hat
passes throug%ﬁ the apical center of the curved surface of the article in a

di rection nBfRRIcakcenigof the,eunied srfgcecd the articlg ingdifgatioly neyMmad 1A 8, wher ei n
t he positi ofijridl &irgBeconpri ses: noving linearly the article (or the printer
head) at a constant velocity directly under the printer head (or above the
article); and generating jetting-control signals to control each of the

nozzl eggt R KERGESSSaiM 18, Wikdif Yhe SdsitbnfiySstél céifpes! 1 quid in a tined

e . ; X
sequence, one drop at a tine and at a constant or variable tinme interval

bet ween t woneying litpad theiagigle. (opthe piintasihrad) ajfa eangtant Yelocity ditasdly usdafpri si ng
a step of Ctﬂ@?ﬁﬁf\ttei Hga@f&\gpoyé W}agﬁg?ﬁol or inmage into a set of
0 s for

printing-cont sl gna printing e color inage on the curved
surface of gengratingijeitirg-comital sighalstie conlol gach ohiheaoarlge it Hispensecoploralitymages

are repres L i I r w2l A
et hod of oty oy Tablie a bine! SBLEAG, BRELRIp ot ARG ING R LooiBhitor2 i ng
and/ or  del\etriablg tigst isteirval blatyvetmt twosubsequsht diepst hr ee- di mensi onal col or

i mage in the step of converting the two-dinensional color inage into the

t hree di nensi onal col or image.
20. A method of claim 16, further comprising a step of converting a two dimensional color

image into a set of printing-control signals for printing the color image on the curved
surface of the article, wherein the two and three dimensional color images are

represented by a matrix of discrete and/or blended color dots.

21. A method of claim 20, wherein the density of dots is kept constant by adding and/or
deleting dots in the dot matrix of the three-dimensional color image in the step of

converting the two-dimensional color image into the three dimensional color image.

22. A method of automatically printing color images on articles each having a curved
surface, comprising:

(1) continuously transporting the articles along a predetermined path to transport
each of the articles, one at a time, into a printing station comprising a printer head
having one or more nozzles for jetting droplets of color liquid;

(2) each time one of the curved articles moves into the digital printing system,

(a) activating a positioning means to position precisely the printer head at each
of a plurality of predetermined positions, one at a time, on the curved surface
of the article, and

(b) dispensing one or more drops of color liquid, one drop from one nozzle, on
the curved surface of the article at each of the predetermined positions so as

to print a color image on each of the articles.



22. A nethod of automatically printing color images on articles each having
a curved surface, conprising: (1) continuously transporting the articles
al ong a pwedewsssns ned path to transport each of the arti elCeEporn=ont a
time, into a printing station conpr|S|ng a printer head having one or nore
nozzles for jetting droplets of colot2¥tquid; (2) each time one of the
curved articles noves into the digital printing system (a) activating a
positioning neans to position precisely the printer head at each of a
plurality of predeternined positions, one at a tinme, on the curved surface

of the article o] S en in ne .or re.dro col,or ui d, one
St op | 2o Behdauh 2o whSRi B Harapating siee iopsdaring Slapst astiodig o Or he
pr edet er ARG BRSAtiLIES éfésﬁéctw@%dﬁﬂoﬁﬁn a caflepand oBEMUOOS!E ARVIng the he
articles. WD 03/039878 PCT/ EP02/ 12403 -29 23. A nethod of claim 22,

wher ei n tqqg'qr@&@ﬁ??f% ied RANudes the steps of: positioning each of
the articles in a respective Iocati on in a carrier and continuously noving
the carrier along the predeterm ned path. 24. A nethod of claim 23,

wher ei #-theefiad Q/faodalmg?% wégreilm@remgatmest%q @5@%‘? theqrieRs oft PRREaINGR ar t
si gnal eagly 5.'9 QR tiftle 6&&%@5& hATCRS B Intb MpririAgRidtidhi 4Hdl tidrhiiting and

transmtting e start signal to a computer systemto activate the
posi ti onithg stwstamgnetlép peempdler systypde arbiate e nositinping Meang toRrediseheur ved

surface cg sﬁf&ﬁ 1R H’Iﬁ’tF ea%%n tﬁerﬁ%wg‘rads&facébﬁih@a?ﬁole wherein the articles are

contact l'enses or port| ons maki ng the contact |enses. 26. A
nmet hod of claim 25, wherein the printer head conprise at | east one colum

of nogzle. dgﬁa%w%ggggiew aq-f?én e(gonﬂa%?%kg%gﬂr‘ﬁ&ﬁ?oq{d?ﬁlfﬁs of col or

l'i qui d”i'ndepende er contro the c uter system 27.

A net hod rodékiog thiencod@ct leneesi n t he step of precisely positioning the printer
head on the curved surface of the article conprising: keeping the printer

head (or the article) stationary; noving linearly the article (or the

pri nt eps.eamthal ofropim 25; wheteirt therpintenhiead comprise at least one column of

nozzles, wherein each of the column of nozzles ejects droplets of color liquid

independent of each other under control of the computer system.

27. A method of claim 26, wherein the step of precisely positioning the printer head on the
curved surface of the article comprising:
keeping the printer head (or the article) stationary,
moving linearly the article (or the printer head) along a translational axis;
rotating the printer head (or the article) around a rotational axis that passes through
the apical center of the curved surface of the article in a direction normal to the
curved surface; and

tilting the rotational axis.

28. A method of claim 26, wherein the step of precisely positioning the printer head on the
curved surface of the article comprising:
moving linearly the article (or the printer head) toward to or away from the printer
head (or the article); and
rotating the article (or the printer head) around a rotational axis that passes through
the apical center of the curved surface of the article in a direction normal to the

curved surface.



rotating the printer head (or the article) around a rotational axis that
passes through the apical center of the curved surface of the article in a
di recti orwpesneds7s o t he curved surface; and tilting the PoratPoLAD3 axi s.
28. A nethod of claim26, wherein the 8t ep of precisely positioning the
printer head on the curved surface oY% he article conpri sing: noving
linearly the article (or the printer head) toward to or away fromthe
printer head (or the article); and rotating the article (or the printer
head) asoAimetlzod oft daimo26; wharegirs tHehstep phpreeselytpositighing thepantectsdadcanther  of
rticle.dn a direction normal to the curved

the curve urface of..the.

surface. %ﬁ%%ﬁfé“ﬁcﬁ?@ﬁ&ﬁ?‘fﬂi‘&% -30 29. A nethod of claim 26, wherein
t he step ofmgving lisedrly thoaititiedor thg printerhead) atra testhnovelbbity dieatly adderur f ace

of the artitcle.conBri(i'kn%' m)egﬁien .Ili nearly the article (or the printer
head) at a RORIVERDEIL(VEPPVE the Attt a0lder the printer head (or above the
arti ftl e); @eﬁewmgrjatih@lgommll _biigﬁelsct? agnmﬂ e&bl? baihls doﬁflégtd di@ber%@t‘dlpl@fa(ljityhe
nozzl es to di spense urality o rops of colar liqui natine
Coquence.  SharaRgy coforiah fua itedeaoRihoha dionAt s Bhd ek cPrgaMrer val
bet ween t weagidbieamenteret] 0BfveeAlwoAub¥sduim Bpsaut omati cal Iy printing col or
I mges on articles each having a curved surface, conprising: (1) at | east

one printing station conprising a printer head having one or nore nozzles

each gp. Aby<tbmitsr saBARLIGIP briflirRFEIINIRHES bR bRticks <ach PaeMglal diNel
I ndependent’ of each_ other, a positioning neans to precisely position the
printer HAHACALCOMRI®ING a plurality of predeternined positions, one at a

time, of) st dh¥ %ﬁnﬁr\q]itéﬁ&r éﬁmm LprittBehedd hfhrRfonel PmbledibzPRE khpy means

to conti'nuously nove the articl ong a predetermned path to transport
each of taiahigh iserpable ohejeatingdroples ofi ealesed Hiauigindepprdpnd cheadnothahe (3) a
f?gﬁgég; tpfoﬁgibﬁﬁg;rﬁésg%%éﬂiéélw&% RbiprftePhehd 8t &dch Vi laBludli§tdron and the
predetermined positions, one at a time, on the curved surface of each of the articles;
(2) transporting means to continuously move the articles along a predetermined path to
transport each of the articles, one at a time, into the printing station; and
(3) a computer system for controlling operation of the printing station and the transporting

means.

31. A system of claim 30, wherein the transporting means includes a carrier for holding one

or more articles.

32. A system of claim 31, wherein the transporting means further includes a activating
means for detecting if one article is moved into the printing station and for generating
and transmitting a start signal to a computer system to activate the positioning means to

precisely position the printer head on the curved surface of the article.

33. A system of claim 32, wherein the articles aré contact lenses or mold portions for

making the contact lenses.
34. A system of claim 33, wherein the printer head comprise at least one column of nozzles.

35. A system of claim 34, wherein the positioning means is a motor assembly, wherein the
motor assembly moves linearly the article or the printer head along a translational axis,



31. A systemof claim 30, wherein the transporting neans includes a carrier
for holding one or nore articles. 32. A systemof claim 31, wherein the
transportwogsmemsns further includes a activating neans f@ecTdPorcisng if
one article is noved into the printing station and for generating and
transmitting a start signal to a conpdler systemto activate the
positioning nmeans to precisely position the printer head on the curved
surface of the article. 33. A systemof claim32, wherein the articles are

contact | r@i&@th@rarﬁ@é dr RIPrinfit heh@Marouiid Riational maﬁ}baésﬁﬁ #96ugthe A
system of claim 33, wherein the printer head conprise at |east one col um

of nozzl expicabgentar of thesuivse surfasephine aficle i ;dirertion germal dafhecurkeths is a

ot or ass&ff‘fﬁh¥of YH”éE‘érﬁbIQ driefilts TR QFicRSHAAS biintBPHER Jvhm%%[;bb!t tb e Ajtdtiohke O
the printer head along a translational axis, WO 03/039878 PCI/ EP02/ 12403

-31 rotata¥s.the article or the printer head around a rotational axis that
passes through the apical center of the curved surface of the article in a
direction normal to the curved surface of the article, and tilts the

art i cl 860k systemmficlaine34hwherei thie nog'éipelag mQﬁnﬁh%amsﬁ%fta%ﬁ@bly thai ean meve A
system of, i i y that
can nove mﬁ&%fﬂe eﬂ'ﬂ?lﬁg&rtﬁé Pnﬁt@??@&ﬁt W%rt?%tr er h)sthélg\ﬁ/g{regh??ﬁﬂqgémy from
t he pri ntasticlé)eant cganrottatetheaartlcleI(el)tharmnmhea@taomdeh@tamqria&ams@hﬁt t he

printer ea}%g%s @ﬁ&?@@ﬂth@ arlpfcta%éncf f tRE b&rvEB Erfacféaéfstﬁé ?huﬁ{e‘%H WhifeRfoP! cal

center of ace o he artic e In ion nornmal to the
curved surdrmaktodhe chevedrsuifatacof 1B& artiglesyst em of cl ai m 36, wherein the col um
of nozzles covers at |east width of an annual zone on the surface of the
article, wherein the center of the annual zone is the apical center of the
cur ved33uAx bystemadf cldiva 36 whelein thm/rwhxa’nmofaquzleatcbmgs at leasi widlocfareahnuiat hi n

th I f cl 37 t h d
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printing centdrat theturvbe sipfdcetot thdadidie] whereirpapentingl arga Isloeated withinethe t angent

to the annual kK zone. 39. A systemof claim38, wherein the printing surface
of the praMalZ#ad has a curvature

38. A system of claim 37, wherein the printer head is tilted at an angle with respect to the
rotational axis so that the printing surface of the printer head is in parallel with a surface

tangent to the annual zone.

39. A system of claim 38, wherein the printing surface of the printer head has a curvature

accommodating the curvature of the curved surface of the article.

40. A system of claim 36, wherein the printer head is placed perpendicular to the rotational
axis, wherein the column of nozzles covers at least the diameter of a circular zone on
the curved surface of the article, wherein the center of the circular zone is the apical
center of the curved surface of the article, wherein a printing area is located within the

circular zone.

41. A system of claim 40, wherein the printing surface of the printer head has a curvature

accommodating the curvature of the curved surface of the article.

42. A system of claim 34, wherein the positioning means comprises:



accomodating the curvature of the curved surface of the article. 40. A
system of claim 36, wherein the printer head is placed perpendicular to the
rot at i onawo @78 wherei n t he col utm of nozzl es covers at plcaarn2/miies
dianeter of a circular zone on the curved surface of the article, wherein
the center of the circular zone is tigapical center of the curved surface
of the article, wherein a printing area is located within the circular
zone. 41. A system of clai m 40, wherein the printing surface of the printer
head has a curvature dat | ng t he rface of
the articl &mgung rA"e§9§t Eilﬁ %o?ﬂ eavr\)% 2 }é%&{eﬁ@%&é{ﬂt@ |ag{;1lir tﬁél

conpri ses: pmeOBé&ﬁQﬁE&on&%nﬂ@fédﬂ?%ﬂéﬂm@?prlnmrmﬁd (rg arowe e Wﬂdemandt he

novi ng neans can nove. |l inearl rticl r the t a
constant veIgENg; 3?%%‘3@9 PR fﬁ?@@ﬁ‘@a?fcggﬁ ﬂ]aeo%?;élets KJ; dgﬁ’? %ﬁ gﬁd ‘a

j etting- cogbpliduitdth ABMBE sbQierceNivhereln tirge Baeialdfetwden mmrbpsfrbm edichpense
drops of color liquid in a timed sequence, wherein time interval between
two drops me‘ﬂ%ﬁs igponstat REYBIADE i's constant or variable. 43. A system

of claim42, wherein the printer head is placed perpendicular to a

rotational axis that passes throu h the, api cal, cent f the c d
sur f ac#3.df syskam &gf elain 42, whegein dhe BER Pbrr‘ne%'rs ced pefReg LCH%\/@ ?‘?ﬁai

wher ei n ta%% th&Y dHE@lehrWh@%p%@V@rﬁer&if ﬂh@@éﬁ/ed biiveacdi o roed atmcleflna circul ar
zone on the curved surface of the article rein the center f he

ci rcul ar direstéon rorpiablodpp cHIVed eHEage, d‘ﬂ"ef‘ﬂ'éﬂt‘f‘u? \wan stipezsias Govet icle,
wher ei n %Blﬁb\#ttér'lﬂ i Blat SorlQGRIREUN dddutakbB ®f fHel £HilI& IwiTed6ia thé dentér Sy st em

of claim rein the printing surface of the printer head has a
cur vat ur dhe gicsstanronais g apive! eanteraf iheceved aurfae of dip AtiFealWBewin & ne

article. tin @éﬁ%%%%fd Vﬁrhg{ ,gﬂe%}mulgpfgrpé n the system further conprises a

mai ntenarPce em whe ry ink 1s renoved fromthe printer head and
the printer head is wiped to have a clean surface.

44. A system of claim 43, wherein the printing surface of the printer head has a curvature

accommodating the curvature of the curved surface of the article.

45. A system of claim 31, wherein the system further comprises a maintenance subsystem

where dry ink is removed from the printer head and the printer head is wiped to have a

clean surface.



