2 MAY 2006 -1 An Ink Jet Printing Systemfor Printing Col ored i mages AR 7006
Contact Lenses The present invention generally relates to systens aﬁ%
met hods for making col ored contact |enses. Mre specifically, the
present invention relates to a digifal printing systemfor printing a
color image on curved surfaces of contact |enses or nolds for naking
contact lenses. In addition, the present invention provides a -
manuf acturi ng system and nethod for printing color inages on curved

; Jek Printing System fo inghCaloree AGeS o LORAGI LeNsSelnses,
BACKGROUND For cosnetic purposes, contact |enses having one or nore
colorants dispersed in the lens or printed on the lens are in high
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I mmge. Then, a silicone pad picks up the inked imge fromthe cliche and
transfers the image to the contact |lens. The silicone pads are nade of a
material conprising silicon that can vary in elasticity. The properties
of ihboRpe material pernit the inks to stick to the pad tenporarily
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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 cliché. 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
propenties 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 transtfer 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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I s painstakingly detailed and | engthy when nore than one color is going

to be printed on the lens using this method. The difficulty and sl owness
of this printing nethod inhibits business strategies, mnmaking it diff
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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 turther aspect of the invention, a sys em r au omatlca y pnntmg colorimages 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 the 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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Figure 1 schematically depicts a printing apparatus for making col ored
contact |enses according to a prefgrred enbodi nent of the invention.
Figure 2 is a schematic flow diagram of electronic signals in a printing
apparatus for making colored contact |enses shown in Figure 1. Figure 3
is a schematic flow di agram of operation of the printing apparatus

acc BRIERDESCRAIPTHON QG THE RRAWHINGSNt of the invention. Figure 4 is a
schematic flow di agram of a manufacturing process line for
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operation of a printing station incorporated in the manufacturing
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EMBODI MENTS I n general, the present invention is directed to nethods and
systens for naking colored contact |enses. "A colored contact |ens”
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invention.

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™ pattems, made-to-order (MTQ) pattems, 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



upon. That is, a colorant may have been added to that |ens using methagsys

that are well known in the art before that lens is printed upon using a
printing nethod of the invention. "Col orant” nmeans either a dye or a
pignent or a mixture thereof that ig_used to print a color image on an

article. "Dye" neans a substance that is soluble in a solvent and that is
used to inpart color. Dyes are typically translucent and absorb but do
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passage of light. For this reason, it is preferred that pignments are

| ocgoEyentionabdvesnt i cal regions of a contact |ens. Nearly any pignent can

be used in the present invention, so long as it can be used in an

apparatus as described below. Preferred pignments include fluorescent
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Fluorescent emission ceases almost immediately when the light or incident ultraviolet

radiation stops.

“Phosphorescence” is luminescence caused by the absorption of radiation at one
wavelength followed by delayed emission at a different wavetength. 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



D&C Bl ue No. 6, D&C Green No. 6, D& C Violet No. 2, carbazole violet Y 2006
certain copper conplexes, certain chrom um oxides, various iron om%gg

pht hal ocyani ne green, titanium dioxides, etc. See Marm om DM Handbook of
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printing a high-quality color imge on an optical surface of a nold to

be used for nolding a contact |ens, using nethods and systens of the

| nv esaniincludeany colerant permittechinpolegival devideisandi appmvediby thb &DAglsdch as

cont G Bidh o6, A aredRB. fOPAC Videt NG 2 RibeiB o Cotam nRptty a
col aggphi @;@@.t ee“rtaul. eﬁﬁ»m:mh Yxldes S¢hriolls H0|$ox1d5’§t|5ﬁiﬁald>\@anﬁre]dr§eﬁ harmigt U. S.

Pat ent No. 284,161, i nvol ve' coat|n8 a colored Ii guidina nold for
t

naki digxides @tq a‘éeee MarmioghbM Handbpok ot Sa&oémntamrraahstwé cplorantpthat may of
t he t%]eeﬁsseid'\ﬁith ﬁ'lgfif&%rﬁﬂw@ﬁﬁgr’r’ce a colored filmproviding a pattern thereon
whi ¢ I NS

m cont surface exposed to the interior of the nold and a
~surface in contact with the mold; and charging the nold mnth t he
i d us d.to formthe b t he | ens ai ni ng

| f [ i d
| ho Al avER. p Olret Sect IS Ashe PORHUC Ut P A IO GUREN EORE . i g
i qqhﬂgﬁ%ﬁ% dtiRarrce &f hirhdly td/\B& LS&Y 1ok RdIdikg B%ﬁtaef |ehaen§m MeBRyR TS

I nt egr the body of the Iens and surface of fil econes part
of tarel systems @fuhe irvention, tand thqnsummpolmenzabdthmsn ithe meldoved from

cont Suling L A0r el B s G bR Ror 3 Rebs 8RB SofiBL LB 7, ¢ e
art ttr?t}lﬁom rragea&mﬁle Jtrhethpdeke griarlrdonlgvaac?lom]g ;gtatawtens.l nagtstﬂgwﬂ ‘hd.l gpxr/n A
ol cPaeng . L1 pod FI Pl N0, i 2ad{h tofitvonis FEVRG 2 CB10re0 arld i v e
pur p:ﬂﬁl@%r thﬂné Q'do‘ﬁl’ﬂci‘ fins Unkr 4l SaiAdb hakoP ARBrethe YRsIRSHIS oPihe [engyedi ment
of formng a on which a color 1nmage can be printed I n accordance

wi t Hormned mmg@me a golerad fdm providigg menatlemn ﬁnemmw@dmﬁlm g@rya@s a ulace t wo

nol d . ' nol d
hal ve@%g%%e % n@nﬁfgﬁﬁgﬁd %Eeq ?ﬁlenga%aib | rs%ac | ca g@gh%ﬁﬁﬁtqﬂ
secomdid withl tHe fealstHfoctihg tiqeidaised tmfuamape body ofsmaﬂmseuhllﬁmahtmmhg #ed second
nmol d hal ar confiqgured, taq.recei v h ot er hat .a |

or ceaiged Bin e &% gl Sha codisyios efleReforia Ve A ik bolred 1A
secOoRKereby th@adurr‘éblé ortR fufﬁft%cbirrestima@dl ﬁmmcbdwldii thedevs and %Orfbéb 6pr med
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from the mold.

Methods of manufacturing mold sections for cast-moiding 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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2 MAY 2006 -7 joined together such that a cavity forns therebetween. Zngm%
Thereafter, a contact lens can be forned within the cavity of the nol
sections using various processing techniques, such as wultraviolet curing.
Exanpl es of suitable processes for _kqormng the nold hal ves are di scl osed
in US. Patent Nos. 4,444,711 to Schad; 4,460,534 to Boehmet al.;
5,843,346 to Morrill; and 5,894,002 to Boneberger et al. Virtually al

materials known in the art for nmaking nolds can be used to nake nolds for
maki jn’ged meam- sueh hat a ity éormsﬁhe'gbptﬁepnemereafwea icahtact lens kambe
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ol dylfraviblet édihg. 2 col or image can be printed on the inner surface of one
or both nold portions by using nethods and systens of the invention. The
I nner surface of a nold portion is the cavity-formng surface of the nold
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cont ct Iens O[j on both nold portions. Once a color image is printed on
one Fed portions, a lens material can then be dispensed into a
cavity forned by the connection of the nold halves. In general, a lens
material of the present invention can be made from any pol ynerizabl e
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One enbodi ment of such a process is disclosed in U S. Patent No.

5,894,002 to Boneberger et al. One enpodjnent of the invention is a nethod
for Pnreaimeldis feaned, a@ﬁ@é“@ﬁeéaﬂmt%’r% tednngrshppre e Oma@i’otﬁontrm of

a CORMY FIrticAShPiRing MettRiys! drnid¥Ysieha8qé fivkitich. The Mifdr s0R&E 8fa mold
portion is the cavity-forming surface of the mold and in direct 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 disciosed 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
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curved surface of the 2 MAY 2006 -8 article while keeping a relatively
constant di stance between the printer head and the curved surface of the
article, wherein the printer head cyprises one or nore nozzles each of
which is capable of jetting droplets of color |iquid independent of each
other, and (b) dispensing one or nore drops of color liquid fromthe
printer head, one drop fromone nozzle, on the curved surface of the
ar t i aticle athile kebping at relatipely dohstani distdnpobetivieen shesprirder head andthecurvede col or
rticle. As used herej article”
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pr ocgdduce Heruoldtlimige bhitlse omasd stifade ¢itké articlked pi gnents are 3 microns or

smal l er. Larger pignents can be ground into smaller particles to reduce
potential clogging. Preferred methods of reducing a pigment's particle
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nor eysed RGO liquidad anfrkd from the group consisting of solvents,

surfactants, dispersants, nononers, polyners, thickeners, diluents,
pol ymeri zation initiators, binders, humectants, antimcrobial agents,

ant i pydrerably, a&sm B uué%hpngéwatlém oaawﬁemamgmhﬂgysmm bé ughknown in

the art. A“solvent can be water or any appropriate organi c or inorganic
sol vematlerdban agozd@pf apantsr head tepignent deggingdiringdhg PHNENG RISEBFFes, est er s
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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 fimited to,



extrenely fine solid particles. Exanples of dispersants include, but? sa¥?006
not limted to, 2 MAY 2006 -9 Tergitol series from Union Carbide,

pol yxyl ated al kyl ethers, alkyl diamno quartemary salts, and the liKke.
"A nononer' neans a | ow rml ecul ar vv@l ght conpound that can be

pol ymeri zed. Low nolecular weight typically neans average nol ecul ar

wei ghts | ess than 700 Dal tons. Exanples of nononers include, but are not
limted to, HEMA (2-hydroxyethyl nethacrylate), chlorosilanes,
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initiator can be a phot0| nltlator or athermal initiator. A
photoinitiator is c&hem that initiates golyrrerlzatlon reaction by
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phenyl ketone and Darocur and Irgacur types, preferably Darocur
1173rkpalyvingalechals, polysaccharidesandahelike. RGACURE 2959. A thermal initiator
Is a chemcal that initiates polynerization reaction by the use of heat
energy.

“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 C, alkyl).

“A humectant” refers to a compound that removes water (or humidity) from ink such as that
termn 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.



2 MAY 2006 -10 "A anti-kogating agent" refers to a chem cal that carg MAY 2006
reduce deposits known as "kogation' being formed on the exposed surface
of the heater elenment (resistor elenment) in thermal ink-jet printers.
"Kogation' is comonly defined as I{g. build-up of residue (koga) on the
resistor surface. "A crosslinking agent” refers to a crosslinkers as they
are known in the art, such as, ethylene gl ycol di net hacryl ate (EGDMA),

di et hyl ene gl ycol di met hacryl ate, et hyI en ycol diacrylate, allyl
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desc’PT’g‘QH SYAS-S  Patent No. 3,931,319 to Green et al. (e.g. "POLYQUAT").
QO her antimcrobial or antibacterials that can be utilized in the present
invention are peptides, other polyquats, nucin, nmucin mnics,

gl ychpseasiipking agent: riptteiarmosslinkers asdbey 1@ known|in thedd sugh@sr an or ot her
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|nk jet printers that could be used are commercially available from
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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 commercialty
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



the art. A preferred ink jet printer can space the pixels |ess than 180ay 7005
m crons fromeach other, preferably less than 50 m crons from each

other. To achieve this result, it is preferred 2 MAY 2006 -11 that the
drops of ink that are enmtted from{he nozzle have a volume of less than
100 picoliters, preferably I ess than 50 picoliters, and nore preferably,

| ess than 10 picoliters. A person skilled in the art will understand
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of a surtace t e printed thereon. printing surface ~of a printer
headdifferentproppdionhe surface conpri sing nozzl es.

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



Positioning of a printer head on a curved surface of an article (e.d MAR20G
contact lens or a nold portion) can be carried out by noving the printer
head or the article or both, according to one of the bel ow described

met hodol ogi es and the |ike. The(ﬂuqu of one net hodol ogy for 2 MAY 2006
-12 positioning generally depends on one or nore factors such as the
printing quality of a color image, printing efficiency, and the colum
size and/or configuration of a printer (nanmely the printing area which
can positiooingrgedetally dlepends en ohe atinoraastars ek asthepsisting quality ofachisdol ogy
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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 controlied pattem 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



position sensor transmts a signal to a conputer systemto set up a T MRe 2006
zero and initiate dispensing of drops of color liquidin a tined

sequence once it detects that the article has entered the printing area.
The conputer systemmay allow a cerjqin tinme to el apse 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
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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 annuai 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 caried out by rotating the contact lens around
the rotational axis @ 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.



optical axis of the contact lens (i.e., rotational axis), so that tHeMAY 2006
printing surface of the printer head is in parallel wth a surface
tangent to the annual zone. Each of nozzles can have a relatively
constant jetting path |length of calyar. Iiquid. Positioning of such printer
head on the posterior surface of the contact |ens can be carried out by
rotating the contact |lens around the rotational axis O while keeping the
printer head stationary. Simlarly, such nmethodol ogy can be nore easily
adapted when using a printer head having a columm size that is equal or
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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 controliing 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 8 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 mold portlon) 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 controiling 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 moid portion.

An inkjet printing apparatus according to a preferred embodiment of the invention also
comprises a maintenance subsystern 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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the surface of the article and each of the nozzles during printing. In a
nore preferred enbodi nent, both the printer heads further have printing
surfaces with curvatures accommodat{gg the curvature of the surface to
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system can control each of nozzles in a printer head to independently

eject droplets of color liquid and control the positioning means to
pr e ORWIisINgod continuonsly transpeiting theartisles along apredetemingd ipaaw tor

e : o ot - |
b SFngpdt Bech BORb A, 0B 3 ik, WS peding slon Bapfiing a ifilrBold 12
e b drivimgraneadr mdre nozzles fordetting sieoplets wp coloeliquid; f2) exchrtimecens abthgst em whi ch

A e e
'Su b%ib%ki,smpﬁétﬁbéwml(etm@tdﬂ r]{é%dtut 3868 of & plrality 60PelENRRNEd positibhs, oNelta boX,

pneumatjc sw Ve ., fromFesto). The printer head ejects any dried
i nk timed oprtheredrved surfage of the\artialey&indi (B) dispensing,onener MPigedrops atiealofor cl ot h

to | T ' | ba th '

box THHH o e orh Spp 2o e Atedisiiss of Wi arlclBas BRBTCL B 10 1 21
an_L[fmdéterlrﬂméd/dpbsitimdﬁasl toepring di cvtortimage bheaghnufeighbiauﬁclés a net hod of
maki ng, col ored contact | enses i mass pr.oduction enyir,onnent . Mor

S pediPBledalyyhe ITBSRflag 19,2 kRl 2iehst BloReToning SRR Ine AIes ¥ nt i ng
col of spBEtive ItatiBh in & cafiel aRATaRINUCREIHPTovig FRl A aldrgnfie. the nmethod 2
MAY 2006 -18 conprising: (1) continuolsly transporting the articles al ong

a prpredetempinedpatbath to transport each of the articles, one at a tine,
Cnt ey o S : . Core
0z 37 BRI 8 e Rbs SPHLBLY e otBhs B Sendiafo o MEH ABnaWBcRting® 0
cur v afrthe aticiesmoves intotthe phietirdj statiar ampd transmitling Wsa start sigoal tca i vati ng a
posi tioning neans to, i tion precisely the. printer ad.at _each of a
D1 wrcorigeray ST e dvae i oS efing fieans e brcisBl désfion 65 Prfter B850 e

sur f e tHe cun®) firtdcel ot theBlicleb) di spensing one or nore drops of color

| iquid, one drop fromone nozzle, on the curved surface of the article at

each of the predeterm ned positions so as to print a color imge on each

8; LA 4&ddhibed GBovd, t5d E?lﬂgtﬂea& ?Fefefréﬁ? TBRblisTatIb 4R ohdRf tHoleWwinghe st eps

: positioning each the articles”in
features: one or more column of nozzles; each of the columns of nozzles dispensing a
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 the 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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along the predeterm ned path. Preferably, the activating step can include
the steps of: generating a start signal each time one of the articles
noves into the printing station an_d1g_ransrritting the start signal to a
conputer systemto activate the positioning nmeans to precisely position
the printer head over the curved surface of the article. As described
above, the printer head preferably conprises at |east one of the follow ng
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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
0 that passes through the apical center of a curved surface of a contact lens or a mold

portion in a direction normal 1o 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.
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predeterm ned positions, one at a tine, on the curved surface of each of
the articles; transporting nmeans to continuously nove the articles along
a predeterm ned path to transport eggh of the articles, one at a tine,

into the printing station; and a conputer systemfor controlling
operation of the printing station and the transporting neans. In a
preferred enbodi ment, the printing station conprises a printer head which
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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 (mate 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 um 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 160V-power supply. The amplifier board is controlled by a multi-channel



succession. The positioning neans either can be a notor assenbly thag MNSZUUE
capabl e of moving an article or a printer head along three axis (e

along a translational axis, around a rotational axis and around a

tilting axis) or capable of novi ng.gf-article or a printer head noving
close to each other along a translational and then rotating it around a
rotational axis or can be a notor that noves the article or the printer
head at a constant vel ocit aI ong one direction and a

j et t??ﬂjo&BH‘Pqu’qqrﬁé‘oﬂ%%d Peatiyp 4l PEnghig d@V'ﬁEé"%‘@ﬁﬁ@rk%de?Wdl spensi ng
of dé&%r@i %\I&grcomng gp o&tibst ti ng-control neans can conprise
el ectron ¢ h re an

tvvare known to a person skilled in the art.
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t he fe@klb@m! ng non-limting exanples is suggested. However, the follow ng
exanpl es should not be read to Iimt the scope of the invention. Exanple
1 This exanpl e provides nethod for neking a colored contact |ens by first
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dianeter). It has been discovered that heating the ink to -60C for 30

m nuPe¥mesrationde fasn ealered sgniagylenses-ove ink stability. Ink may show a
sign of drying after a stagnation of about 20 minutes. The dried ink is

easily renoved by rifnsing the tip of the head with water. Piezoelectric
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conditions. This waveform is then saved to the hard disk for 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
psec, 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 cutput array 310 can be
read by the program "lJ1 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.



system al | ows direct conputer control of the 3-axis stepper notor 7 MAY 2006
assenbly with encoder feedback. This apparatus has a print resolution
identical to that for the current FreshLookT " product and conprise a
three-axis stepper notor control fam positioning. The printer head is

kept stationary during printing to elimnate nmechanical shock that woul d

I nfluence ink jetting. The printed patterns can be transferred to a
Dailies TM |l ens or a FreshLookT" |ens durin pol yneri zation to form

col dhedhiegrtagas arelsescontolied by theragram TEkfile yo BAFiIRUTvia ThedesitioRgr am of
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2006 -22 The three stages are also controlled by the program”IJ1 file to

QUTPUT. vr. The position

Example 2

This example illustrates the mass production of colored contact lens, Freshlook™, in an
industrial setting according to a preferred embediment of the invention.

Figure 4 is a schematic flow diagram of a manufacturing process fine for mass-production of
FreshLook™ (CIBA Vision) contact fenses. 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 portions is sent to the ink jet
printing station 434 (described below), where an inversion or iris pattemn or both are jetted
onto each of the male mold portions. Each of the mate 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



and velocities of all stages are controlled to allow conplex notion? MAY 2006
patterns to be perfornmed. Tests are perforned at 1190 rpmrotati on speed,
80 rpmtilt speed. Still referring to Figure 4, when a nale nold is noved
into start position in step 401, wwie printing systemis activated 302.
The male nold is first noved linearlTy toward the printer head step 303
until the printing start position 304. Then, the male nold is tilted in O
direction step 305. The <conputer retrieves data froma | ook-up table

( vola captaddiensiun aznuring stadioo 450dThe polymeﬁtethmntacmgtseame tesdemoigéd:t ed

P el TR0 bl S b s

headtégaeg.ep 319 to eject drops of ink. The male nold is then noved to
next position in step 320 and followed by tilting in mdirection step
305. If in step 413 the answer is yes, in step 414 the mal e nold having a
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by fixing the head tangent to the contact lens surface by tilting the head at some angle

Owith 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
(8=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 moid 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 pattem to form the first row of print. After another constant defay, the second



-23 a contact lens in a curing station 450. The polynerized contact 7 MAY 7006
| enses are then denol ded, hydrated, packaged, and autoclaved prior to

di stribution and shipping of the finished part in step 460. Figure 5
schematically shows operation of asgrinting station used in the
above-descri bed manufacturing process line for producing FreshLookTM
(CIBA Vision) contact lenses. A multi-nozzle inkjet head 510 is
positioned over the nale nold portion to allow jettin i

of inks
compw phprnt i tingd; This pregess gaptinues) withsa cepstantdmesdelay,beivesn rows yatlseqd
und i i ! I i o the ink
Vet todrife bt pefteniEieprodficld WPEpGTR BARPISL £ biTSIe Hiverioh Wik 7
comshown il Figule 5.et 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 het" and "no-jet" pul ses
all ow conplex patterns to be reproduced onto the contact |ens nold. The
gquality of the inmge depends upon nany paraneters that are a property of
the ink jet head, such as the ink jet nozzle dianeter, pulse sequence,
and ink jet channel distance. Sone image quality features can be
controlled by orientation and positioning of the ink jet head. The head
nmust be brought as close as possible to the nold or lens surface to
reduce effects fromany possible satellites and |iganents forned. This
di stance can be mnimzed by fixing the head tangent to the contact |ens
surface by tilting the head at sone angle wth 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 900 to
allow printing of the entire contact |lens. The resolution and print
hei ght of the print is adjusted by controlling the print angle a (see
Figure 5, side view, as well known by those known in the art. At nmaxi num
print angle (9=90), the print height is maxi mal 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 height decreases. Alens or nold portion is slid at a constant
vel ocity under the print head. A position sensor indicates when the nold
has entered the printing area, and a certain tine is allowed to el apse
to begin printing in the iris area of the |lens. The i ndividual
pi ezoel ectric heads fire in



a controlled pattern to formthe first row of print. After another MAY 2008
constant del ay, the second 2 MAY 2006 -24 row of print is fired. Thi?S
process continues with a constant tine delay between rows until the
entire print pattern is reproduced. A specific exanple of a possible
inversion mark is shown in Figure 5. 2 MAY 2006 -25 What is clained is:
t A printing apparatus for making.gekored contact |enses, conprising: (1)
a securing nmeans for holding a contact lens or a portion of a nold for
maki ng the contact lens, (2) a printer head, wherein the printer head
conpri ses one or nore nozzles each of which is capable of jetting

dr opM#tias isofaimett &: | i qui d | ndependent of each other under control of a
conput er system (3) a positioning neans for precisely positioning the

printer head at each of a plurali iigd positions, one at a

e pmaspesei ey O el e S D

under con@%lseg\jﬁng rgé&ﬂ%ﬁbﬁﬁoldingamtasﬁemﬁW@qu?fh?frﬁbmo S cofprising a
Iy

not or ass capabl e when in use to nove linearly the contact |ens or
the nol d pocomaetiensithe printer head along a transl ationgilg%é&gwfto

rotate thfz)% % hoh@Rehevein tieprirsenhepd compisesone R MYPAPET “1head ar ound a
X1

rotationa X1'S that Ses éoflf § Gridep6Rddnt of edcht dthersundebice of
t he contact MSWW@%ﬂ@PﬁhB{@W@n n“gﬂdi regtion nornmal to the
surface of thargetaaemputersystemt he nold portion, and to tilt the contact

lens or the nmold portion qgr O vaRd priiehheadatrach of 8 plyfality
rotati onal@)aﬁkp%ﬁi“%‘.“g,&“wsﬁ? f %%%%g??%ﬁ"éﬁggfﬁ g Lai,m Lo fHdEd BRfhe@BRREE Si Ng
at | east oneyapistictdrmedd psitions.rongah @ imeavith (2SBRE '8 2 SYOre nozzl es, wherein

each nozzle is capabl : ; e T oo s Aol b o
of each ot helP“{m%BP n&t:g%?&gf:ﬁgkﬂﬁg:oﬂﬁ'ﬂ mpiite

r t he computer .s ode Bhédtlyithe
appar at us of meksd comptisinges BiolprESEAMEY %Emﬁhg‘%ﬁg‘e at ‘Ibdggst gne
colum of  nozzl €. ¢ or the motd portion or the printer head along 2 translational a2xs, to

con -
rotate the contact fens or the mold portion or the printer head around a rotational

axis that passes through the apical center of the suriace of the contact lens or the
mold portion in a diraction normal to the surfacs of the contact lans or the ri:lo!d
portion, and to it the contact lens or the mold portion or the printer head with

respect to the rotational axis.

2. A printing apparatus of claim 1, further comprising at least one additional printer head

having one Of more nozzles, whereln each nozze is capabie of jetting droplets of color
liquid independent of each other under control of the computer system.

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

nozzles.

4. A printing apparatus of claim 3, wherein the column of nozzles covers at least width of an
annual zone on the surface of the contact lens or the mold portion, wherein the center ot

the annual zone is the apical center of the surface of tha contact lens or the moid portion,
wherein a printing area is located within the annual zone.

5. A printing apparatus of any one of ciaims 1 to 4, wherein the printer head is tilted at an.
| angle with Tespect to the rotational axis so that the printing surface of the printar head is
In parallel with a surface tangsnt to the annual zone.



4. A printing apparatus of claim3, wherein the colum of nozzles C?’@ﬁ\slﬂﬂﬁ
at least wdth of an annual zone on the surface of the contact |en

the nold portion, wherein the center of the annual zone is the apical
center of the surface of the contact lens or the nold portion, wherein a
printing area is |located within the annual zone. .5. A printing apparatus
of any one of clains 1 to 4, whergpg.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. 2 MAY 2006 -26 6. An apparatus of any ldded 1 to 4, wherein
t he grim@'paﬂamhﬁaayphaobdaiﬂEeTMdﬁﬁﬁ‘%&‘tpgﬂﬁggé%ﬁaﬁ ona a{}i_‘s, wher ei n
the col'um of nOﬁéLes \L.g[?d@twﬂe@aﬁmdderdbfamﬂelﬁ ceveraab®e'&r zone on
the surremeadigiiat iRdhe bht'a ens or the nold Qor[?tdr% ol the center
of the ginhaet éifa cieular zone drethgsudare € ® EPMATITRS Ut Tace of thti?%ont act

L?piufgﬁﬁggngﬁ‘l ((::I_/en %ro %h%n ircAP eSS Shedapicd! cagerotde suface SAMRCM R n_t he

I'ng appar atus of cl,ai fcliaf zbhe:
posi ti ophegr 1B afbtd partion ehecng sl aféaj‘se'f’ﬁ‘%mc"éﬁt"rmoﬁ ing neans for
controll'ing each of the nozzles to dispense drops of color liquid In a
timed sequence, wherein time intervals hetween fwh flep@smprsem each of
t he nﬁzalﬁﬁﬁw@pamhﬁdrdaimﬁ-mﬁ\‘bmimﬁ °2{H9§%par atus of l\E’:I aimz, wherein
the printer egﬁd LSl &gﬁ%ﬁ@aﬁﬂﬁ@h@hdme&wwﬁmmegﬁ@?hat
nl'l'gia cal c

passes thf enter of .tk %,{,ﬂg stveoh Beo 6eps from eaeis or
the nol d o@wlmbmmhmﬂwd(ﬂeﬁéﬁ%ﬂmﬁwqgﬁeﬁ'o t eesurface of the contact

| ens or t{f;g gol &O&Eicg Vdremgabtet he col uim of nozzl es covers at | east
t he di ame ﬁ“ a circular zone on the surface of the contact |ens or

the nold portion. wherein the center of the circular ne, pi cal
cent ey gnt Sretdd Sasdimar, mhb@i:cmetpmennemismlaqeﬁeewaéﬁﬂE°| %Fﬁtaﬁgﬁei n a
;

rintPn ea I's |located w.tHhi LK r w1 lots catmatdus of
E | ai s S‘axisaharpaggeq,m@}ugh,tpq ?&lu%ﬁgﬂ{epﬁf thi SGfdcaIof B eon e

| ? sur face, of t‘ge c;I. Eg%nhead has a
curvatu;&wgm@a}dnmnhhauQMWQ e oRtackigps 8L ec?? {l e contact |ens
or the portion. }Oﬁ%%m%éf%ﬁéidmﬂdwnaamirtuiarzqmg-!!‘ﬂﬂﬁ an

articl e waareindheCWMRE S¥AS3CE, Under contral . of .
conpri si Mab@gﬁb%aﬁmaﬂens or tha mold portion, L Sin the renter GP R irllaP Xorien

the apical center of the surface of the contact lens or the mold portion, wherein a printing

area is located within the circular zone.

8. wherein the printing surface of tha printer head has a

of claims 5, 6 or
B - (face of the contact lens or tha mold

curvature accommodating the curvature of the su

portion.

trol
10. A method for printing a color jmage on an article having a curved surtace, under contro

steps of:
of & computer system comprising the . .
(a) transporting the articie along a predstermined path, one at a time, into & printing

station comprising a printer head having one or more nozzles for jetting droplets of

color liquid;
(b) positioning precisely the printer head at each of a plurality of predetermined

with respect to the curved surface of the article while keeping
a relatively constant distance between the printer head and the curved surface of‘tha
article, by means of motor assembly capable when in use t? move linearly the ar;u:la or
the printer head along a translational axis, to rotate the article or the printer hea
around a rotational axis that passes through the aplcal center of the surface of tha

positions, one at a time,



(a) transporting the article along a predeterm ned path, one at a tiTﬁAYHME
into a printing station conprising a printer head having one or nore
nozzles for jetting droplets of <color liquid; (b) positioning precisely
the printer head at each of a plurality of predeterm ned positions, one
at atime, wth respect to the curved surface of the article while

keeping a relatively constant di§E§ch between the printer head and the
curved surface article or article;y by nmeans of notor assenbly capable
when in use to nove linearly the the printer head along a transl ati onal

axis, torotate the article or the printer_ head,aroun el ' | axis
that pas %ftfcla_tih LaieBicTemplte e sutace P e artire. afd ?g\"q%"htﬁé ghkM%Y% 2006
cle

-27 arti in a di,recti I issafid ace of the article,..and
capabl e ftlep printgr I'teﬁg u\gtﬁtr?%’&cﬂi? ﬂﬁ%ﬁﬁ@n&lf&s

€ or the printer head w itgn t hE
r ot at i ongly dgehsingdtie or fo)e dPEpRIRSIGH Sqwﬂﬁﬁk‘nﬁﬁ%\é%‘ﬁ%’% 8@?8% Edr?" i qui d
fromthe pri néﬁr he‘ﬁdﬁu‘ngsﬁ.fégguimmaﬂetmﬂme predetesmined RRAIIOSS f ace
of the ardMeOZZe°LBRK0r t he pr edet er m ne &Osfitﬁé'?&éle so as to produce
the col orsg zsag@rovuct the aolarimagesen haUNGH SLHR™ST e 11. A method of
claim 10, wherein the article is a contact lens or a portion of a nold

for making the contact |ens, wherejin th I ' fi£hionemr t he
ant er if pra Methpd ot aimo10, whergimp@ aicly & ‘E’G‘fﬁcg@{'gf:g%?{)hi?g? A method of claim

10, wherejn t 'F‘?"Bﬂhg&ﬁ% WhB@inthe Pndidipbrticedefires tha arperias ©f PRRISIYi oni ng
|

each of ‘Pﬂ%"ga cles In a respective location in a carrier and
cont i nucsustage oidhe gonta®tdenScarri er al ong the predetermined path. 13. A
nmet hod of daim 10, wherein each-tinme one of the articles noves into the

printing station a start signal t:ed, tadhd stepsof positbning a
conputias A syethaskaf clirm AP ‘U‘&%@'“%@“‘@Pgﬁag’@éﬁnﬂ? t %Fgr% rﬁg\l(iﬂ P,Qsi tion the
printer ?ﬁ%\ﬁdi}ﬁﬂ%hmpmleCWV%éW% corfipli Y MPYTLl'e. 14. A

c

met hod of ¢l aim ' gwHPOsSi tioning stop conprises: keeping t he
printer mw?%j‘gﬂg}%feﬁ'@fﬁéﬁ'estat i onary; moving linearly the article (or
the printer head) along a translational axis, rotating the Iﬁ.{ﬂl nter head
(or the articlel ﬂiﬂlﬁ%ﬂjwﬂer@méﬂdﬂﬁﬁﬁlor@ﬁfmdmﬂdei)m‘s%@flpﬁh%a?ﬂv t9 .

station a start signal Is generated and transmitted 10 a computer system to actvate

motor assembly to precisely position the printer head with respect to the curved surface

of the article.

14. A method of claim 10, wherein the positioning step comprls_,as: .
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
the apical center of the curved surface of the articie in a direction normal to the curved

passes through

surface; and
titing the rotational axis.

15. A method of ciaim 10, whersin the positioning step comprises:
moving lineary the article (or the printer head) toward to or away
{or the article); and

rotating the article (or the printer head) around & rotational axis that pas
article in a direction normal to the curved

from the priﬁtar head

sas through

the apical center of the curved surface of the

surface,



the apical center of the curved surface of the article In a directictn
normal to the curved surface; and tilting the rotational axis. 15. AMM 2006
nmet hod of claim 10, wherein the positioning step conprises: _ 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) around a rotational axis thajpgpasses through the apical center of
the curved surface of the article In a direction normal to the curved
surface. 2 MAY 2006 -28 16. A nmethod of claim 10. wherein the positioning
step conprises: noving linearly the .artijcl he printer head) at a
const gtA method iof glaign 1 &h%"ﬁmﬁ#'ﬂ@"g%ﬁﬁﬁgﬁﬁéﬁid (or above tae
article); and gen bRgkid P{Haq:riﬁﬁi‘lhead)ashgnnﬁtantt‘@l%h?'ﬁﬂﬂyéﬁ RBP the
nozzl es t8‘(ﬂ§pens a plura }_‘% of drops of color liquid in a tined
sequence, pdnter eash(csabeva thea o a constant or varjable ti [ Lnt erval
bet ween two - sHBseameRLoRiOgnalsAo contmi eaddofdhe APRARSAo GISPENSR AR o 14,

wherein t 8 printer head conprise at_|e cHHY dtfa dudEmEnees: 18, A
met hod of dHMQSOlOfW%@@Wi)ﬁQ##& gﬁés?@g%é?gg{onvertiang a two

di mensi onq{?ﬁgagfgfna ihERAEDdtAEEn Bvosseibsefuept dmp$.ng- cont rol signals for
printing the color 1mage on the curved surface of the article, wherein
the two and three dinensional color Inmages are represent ec&rhg%%%ngatri X
of di ggr R%ﬁw@nygﬁgamamabm1mremme prntRsead COTPETS T MMWher ein
the density of dot$.1s kept constant by adding and/or deleting dots in
the dot eelemnefa®ZAa5e t hr ee- di mensi onal color Image in the step of
converting the two-di nensional color inage into the three di nensional

col or _Ilan%g ;ﬁéthod of claim 15, 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 articla, wherein tha two and three dimensional color Images are
represented by a matrix of discrate and/or biended color dots.

19. A method of claim 16, wherein the density of dots Is kept constant by adding and/or

.deleting dots in the dot matrix of the three-dimensional color imags in the step of

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



