Printing apparatus for making col ored contact |enses The present

I nvention generally relates to a printing station for naking col ored
contact | enses. More specifically, the present invention relates to a
pad transfer printing station for making col ored hydrogel contact

| enses with good inmage quality in an on-Iline contact |ens

manuf acturing plant. Contact |enses haVing one or nore colorants

di spersed in the lens or printed on the lens are in high demand.

These col ored contact | enses may enhance the natural beauty of the
eye, or prBmting apparptes faamakingscalored gentagt Isngds t he wearer, or provide
non-cosnetic patterns or marks, such as rotation marks, i nver si on
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pattern i a colored filmis transferred to the contact
| ens. Thqugr{b?aern gpe‘hﬁe liquid colored filmcan be provided by

etching or lasering a netal or ceramc plate also called clich. The
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amount of Tenses accor di ng to the method above in a tinme and cost
efficient way. Therefore there is the need to devel op an automatic
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the sane tinme and tegrated in an on [ine contact |ens
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station f Qucestting tcthiznathdh b pattsh G &R Jf 8 BSlored BIMPK ShsTerred to the contact
lens. The pattern of the liquid colored film can be provided by etching or lasering a metal or
ceramic plate also called cliché. The etched pattern is then filled with an appropriate ink,
leveled out with a suitable doctoring device, and a soft silicone rubber transfer stamp or pad
impressed thereupon to transfer the pattern on the pad's surface, The pad containing the
image is then brought to the contact lens and depressed in the correct place to transfer the
pattern thus creating the colored contact lens.
A suitable machine for applying this method is disclosed in US 6,393,981.

Due to the increased demand of colored contact lenses it Is desirable to be able to produce
large amount of lenses according to the methed above in a time and cost efficient way.
Therefore there is the need to develop an automatic pad printing station which allows the
printing of several lenses at the same time and may be integrated in an on line contact lens

production plant.

The invention provides a pad transfer-printing station for producing a colored contact lens,

comprising:



(a) a transport systemto carry and transport a nol ding tool which
conprises at |east one contact lens formng nold; (b) a pad unit
conprising at |east one pad; (c) a blade unit suitable to carry and
ink a clich with an ink; wherein when in use the pad transfers an
inked image fromthe clich to the contagt. lens formng nold; (d)
curing means to cure at least partially the inked inmage after it has
been transferred to the nold; and (e) cleaning neans to clean the
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a contact lens is formed by curing the lens formng material wthin
the nol ds. g 'l'y one or nore inspection stations are in place in
t he productd)@oridg Mearisqo turs pekastiphtiakythe inkad imbgé biter itrhian beemtlarisfetred to the
defects of tgqea,\l_}ﬁens itself. Preferably the printing station is used
in conbi nal"l%Gh th water based inks which allow sinplifying the

aut omat ed (@) ckacitg oeand toctdao tiecbadaftease. | enses, resulting in nore
environmental ly friendly and i nexpensive products. Even nore
preferably the water based ink conprises a water-soluble pre-pol lym&*r
conpr i si ng Peaferghleitiecalorsd lepssrieducad aerortingdp he prepeatinerniiemisagueirse
enbodi ment bh@dRnsNti ng station further includes humdifying nmeans to
hum dify the air in the printing station and/or in the imedi ate
vicinity of the pads and further includes a relative air humdity
control syetefstably Métphhting statiop s infetraied i &t awemitheonabidéns goduction line.

and 90% at TABPRESpP LA T e PR bF RIS SRR st bR e
molding tool is transported out of the printing station into a dispensing station where the
contact lens forming material is fed into the molds. Subsequently the molds are closed and a
contact lens is formed by curing the lens forming material within the molds. Optionally one or
more inspection stations are in place in the production line to inspect the quality of the print
and the defects of the lens itself.

Preferably the printing station is used in combination with water based inks which allow
simplifying the automated production of colored contact lenses, resuiting in more
environmentally friendly and inexpensive products. Even more preferably the water based
ink comprises a water-soluble pre-polymer comprising ethylenically unsaturated groups.

In an advantageous embodiment the printing station further includes humidifying means to
humidify the air in the printing station and/or in the immediate vicinity of the pads and further
includes a relative air humidity control system . Within the printing station the relative air
humidity is in general kept higher than 50%, preferably between 60 and 90% at normal
pressure and temperature conditions.



- 3 - Wth the printing station of the present invention, preferably
nore than 1 nold are printed at the sane tinme, for exanple from2 to
30, preferably from6 to 24 and even nore preferably from8 to 14.
Preferably from2 to 30 colored |l enses, nore preferably from6 to 24
and even nore preferably from8 to 14 colored | enses are manufactured
in less than five mnutes, preferably if8-less than three m nutes and
even nore preferably in less than two m nutes. BRI EF DESCRI PTI ON OF
THE DRAW NG Figure 1 shows a printing station according to one
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the ink fresmtshe14l i che, back view, according to the preferred
enbodi ment of Figure 1. Figure 4 shows a clich according to one
enbodi nent of the present invention. Figure 5 shows a pad unit
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in iess than three minutes and even more preferably in less than two minutes.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 shows a printing station according to one embodiment of the present invention.

Figure 2 shows a pad unit picking the ink from the cliché, front view, according to the
preferred embodiment of Figure 1.

Figure 3 shows a pad unit picking the ink from the cliché, back view, according to the
preferred embodiment of Figure 1.

Figure 4 shows a cliché according to one embodiment of the present invention.
Figure 5 shows a pad unit positioned on the molding tool.
Figure 6 shows a pad unit while transferring one color or pattern to the contact lens molds.

Figure 7 shows a pad unit touching a color fetching unit, according to the preferred
embeodiment of Figure 1.

Figure 8 shows a detail of an illumination system according to a preferred embodiment.
Figure 9 shows two pad printing structure according to a preferred embodiment.

Figure 10 shows a printing station according to another embodiment of the present

invention.

Figure 11 shows in more detailed a side station according to the preferred embodiment of
Figure 10.

Figure 12 shows the side station of Figure 11 while the pads are picking the ink from the
cliché.

Figure 13 shows a schematize production line according to a preferred embodiment.



Figure 7 shows a pad unit touching a color fetching unit, according
to the preferred enbodi nent of Figure 1. Figure 8 shows a detail of
an illumnation systemaccording to a preferred enbodi nent. Figure 9
shows two pad printing structure according to a preferred enbodi nent.
Figure 10 shows a printing station according to another enbodi nent of
the present invention. Figure 11 shows-4m nore detailed a side
station according to the preferred enbodi nent of Figure 10. Figure 12
shows the side station of Figure 11 while the pads are picking the
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The molding tool (2) comprises at least one contact lens forming mold. For cast molding, a
mold generally comprises at least two mold halves, i.e. first and second moid halves. The
first mold half defines a first molding (or optical) surface and the second mold half defines a
second molding (or 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 molding
surface and the second molding surface. The molding surface of a mold half is the cavity-
forming surface of the mold and in direct contact with lens-forming material.

Lens forming molds may be made by all materiais known in the art for making molds.
Example are polymeric materials, such as polyethylene, polypropylene, polystyrene, PMMA,
Topas® COC grade 8007-S10 (clear amorphous copolymer of ethylene and norbornene,
from Ticona GmbH of Frankfurt, Germany and Summit, New Jersey), or quariz, glasses or
sapphire. The molds may be disposable (e.g., single-use) or reusable molds. Reusable
molds following the production of a lens, may be cleaned rapidly and effectively from the
uncrosslinked prepolymer and other residues, using water or a suitable solvent, and can be
dried with air.

In principle a molding tool may simply consist of a pair of first and second mold halves. The
mold halves may be conveniently inserted in a supporting plate. However known molding
tools for the manufacture of contact tenses consist of two stipport plates in which several



The nol ding tool (2) conprises at |east one contact |ens formng

nol d. For cast nolding, a nold generally conprises at |east two nold
hal ves, i.e. first and second nold halves. The first nold half
defines a first nolding (or optical) surface and the second nold half
defines a second nolding (or optical) surface. The first and second
mol d hal ves are configured to receive efich other such that a |ens
formng cavity is fornmed between the first nolding surface and the
second nol di ng surface. The nolding surface of a nold half is the
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may be used to print several colors and/or patterns.

A printing station according to a preferred embaodiment features 4 side stations (C, D, E, F)
each station dedicated to printing on the same moid surface/s respectively an inner pattern,
an outer pattern, an iris-like pattern and an inversion mark as shown in Figure 10.



The nunber of side stations is however conpletely arbitrary and in
alternative the printing station nmay consists of only one side
station or nore than two side stations. Each side station nay be
dedicated to printing only one color and/or pattern on one nol ding
surface or may be used to print several colors and/or patterns. A
printing station according to a preferré&d enbodi nent features 4 side
stations (C, Db E, F) each station dedicated to printing on the sane
nol d surface/s respectively an inner pattern, an outer pattern, an

iris-like Eaéﬁsﬁfc!é‘stéﬂbﬂ fp?é?erbﬂny%mp@as BBl uAB(4p fapréﬁstloﬂe Elaayhﬁn@s@ at least@ne
Each side station E&)rl ses a pad unit (4), | east one

bl ade uni t °[cB§ (9)&f'd P&aleffet?h@gen Tb@?la%mtamaydqed?oswémwwdﬂameans or
(7). The bl a@@retsb) andByefBabl @8turdPBRhyIReanb btk ;mgz )ans or drawers (6)

and preferably secured to it by nmeans of a pin In the preferred
enbodi mrent of Figure 1 each side station conprises two blade units
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Each blade unit (5) comprises an ink supply, which in a preferred embodiment is an ink cup
(11) or a series of ink cups and a doctoring blade (not shown). A cliché (9) is conveniently
positioned within the blade unit (5).

According to the preferred embodiment of Figure 1, the cliché (8) can automatically move
between two different positions, the inking position and the ink transferring position.

In the inking pesition the cliché is completely inside the blade unit, and therefore not visible
from outside. While the cliché (9) is in the inking position the ink cups (11) are first
automatically pressed down on the cliché (9) to fill with the ink the image patterns etched on
the cliché and then brought back up in the original position. After, the cliché (9) moves to the
ink transferring position while the doctoring blade levels the excess ink out. Figure 2 and 3
shows the clichés (9} of side station A in the ink transferring position while the pad unit (4) is
picking up the inked patterns from it.

In order to position and/or exchange a cliché (9) within the blade unit (5), the pin (8) on the
front side must be removed so that the sliding means and the blade unit positioned on top of
it may slide out.



In the inking position the clich is conpletely inside the blade unit,
and therefore not visible fromoutside. Wiile the cliche (9) is in
the inking position the ink cups (11) are first automatically pressed
down on the clich (9) to fill with the ink the i mge patterns etched
on the clich and then brought back up in the original position.
After, the clich (9) noves to the ink-fransferring position while the
doctorlng bl ade | evel s the excess ink out. Figure 2 and 3 shows the
clichs (9) of side station Ain the ink transferring position while
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automati cal | m)ved along the X and Y axes over the inked clich. The
pads in tPEPEE uni ¢ (4) nove dovvn along the Z ax to pick the ink
fromthe clich (9) as shown in Figure 2 and 12 and after they return
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ur f ace/ s.(2) the pad unit (4) is automatically moved along the X and ¥ axes over the inked cliché. The
pads in the pad unit (4) move down along the Z ax to pick the ink from the cliché (9) as
shown in Figure 2 and 12 and after they return back up. The X and Y axes drive the pad unit
{4) over the molding tool (2} wherein the pads descend and delivers the ink to the mold
surface/s.

According to one embodiment of the present invention, shown in Figure 6, only part of the
pads in the pad unit (4) descend to the mold in first piace to deposit a first color and/or
pattern and only in a second step when the first set of pads has returned to their original



Accordi ng to one enbodi mrent of the present invention, shown in Figure
6, only part of the pads in the pad unit (4) descend to the nold in
first place to deposit a first color and/or pattern and only in a
second step when the first set of pads has returned to their original
- 8 - position the remaini ng pads descend and deposit the second
color and for pattern to the nolds. At8er the upward notion of all
the pads after delivering the ink on the nolds, a pre-curing unit is
preferably activated to at |least partially fixing the color for a
defi ned abesifien thefrempining preés daseenvad e pasit thresasbd¢olgrend hapattern de hed
back to ifggeri gi nal position below the ink cup in the inking
position. During fixing of the printed color/s or pattern/s the pad
unit (4) noves over the color fetching unit (7). The pads are than
rmyted \Mf;ll IAﬂémesmt i rqﬁwgfmnaifamgtpbas ﬁtetageméﬁﬁgqumkbhﬂqtecablgg, Jﬁb?ﬁiin@wn(ijt
uni er eupqQn e in emal nj ng. on_t.he pads Js re ngd,. ads
leaned.  FREaRILscvaes oA oapt il b wB Rgipre”s g poudla ima ndiy
printing myartimevhd tliché (9 hasistlenstltbaitk frits ofifinal @osition Hetdve thiergk ¢upiif the7)
may be an% it% Oe.ﬁo;] surface able to retain the ¢olor left in the pads
after pri H‘ gsfﬁ‘the nol ds. Preferably is a sticky tape |ike surface
that nay be easily changed. The pre-curing unit generates preferably
W or of her. e S ‘ SR _ :
ray or . ourBkhibfing S balherh bache el [ THCRLL Sk, Chor ALY
form a cowd{®dThe padsiare thar movedalidhakante tinheealpmg/tbe ziax te todcipthe-color i ng
unit may S it ; : |

conveni e nﬁéﬁgﬁgg % %eéé%pggﬁﬁge}%%r ta '&@ﬁ&%a&? li%phﬁgdngﬁdo%ggg ?ﬁ _%{‘tae‘erle?'14) )
As shown The repgaiedhen pevedagaip pwarHe reage starks new pinting sydlewithip the sislee

or nost paiafogrably with several optical fiber probes (10) in such a
way that one |lanp provides even illum nation for several nolds at the
sanme tinme. Each optical fiber probe (10) provides illum nation to al

| east oneThembldr feiching uhit (& tmayive anptype nfsurfacd alfl@do. refdinghe colbit lyit infthe padsp

(13) is Ly | , i.al | ed %i ressure mercury
amp,  anct Ebp Vg e HER LoERRE0 1 n s aDRPS G R R R BRSE &
conpar ablasamgedi um pressure | anp fromthe conpany Heraeus may be used
for exanple. In alternative a Hamanatsu | anp nay be enpl oyed al one or
in conbination with appropriate cut filters and/or condensers. The
optical finBére-grionLat gansyatessoierdyHy o ofeyactiniqradigion Juchas Bngedo 6 m
and are ag¥ah3E8YewIYa fap DFRFayBfadibtibh), thieOWdveatradidtioR! snd thé Mt iBREE
are parti ciél r@.wel | sul teéjI to thﬁ transm ssiop of UV |i ght. As
shown in % Ei%r inaccarance Vi e IBpRnPa A Rre-6WIRg Yt Giay sPRsist ok g commgn
lamp (13) or a series of lamps conveniently affixed to the portal rack (3) by means of a plate
(14). As shown in Figure 8 preferably the lamp (13) is connected with one or most preferably
with several optical fiber probes (10} in such a way that one lamp provides even illumination
for several molds at the same time. Each optical fiber probe (10) provides illumination to al
least one mold in at least one molding tool (2). Preferably the lamp (13) is a UV mercury
lamp, especially a doped medium pressure mercury lamp, whereby a medium pressure lamp
HPA 2020 from Philips or a comparable medium pressure lamp from the company Heraeus
may be used for example. In alternative a Hamamatsu famp may be empioyed alone or in
combination with appropriate cut filters and/or condensers,

The optical fiber probes (10) conveniently have a length from 0.3 to 6 m and are
advantageously formed as liquid optical fibers, since these are particularly well suited to the
transmission of UV light. As shown in Figures 1, and 10 the optical fibers (10) preferably run



- 9 - above the nolding Wlk (2) and go across all the side stations.
A conputer controlled systemof mrror and shutter plates ensure that
the light is directed to the nolding surface when a color or pattern
need to be fixed thereupon. Preferably pre-curing times range from
0.1 to 10 seconds preferably from0.5 to 5 seconds and nore
preferably from1l to 2 seconds. The paﬂ‘printing structure of the
present invention include, but are not limted to Tanpo-type printing
structures (Tenpo vario 90/ 130), rubber stanps, thinbles, direct
printing gbays theomolding trsiiet2) BRd o agiasssllahe sideesfatione. Aampiténsontrlied t .
These pr i BjsthREimibedrRIRitor pRABRINSSS 17t IHeBRS BFechidly W He%&@;ﬂ& surfie
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di stance BEPI%n the each pad head (15) in the pad unit (4) and each
nold in the nolding tool (2) is equal. This nay be achieved by a

comput et SAEbAbhh SEh B e IR RSO kDAL, LBl dre hOFRRAG 0 PAIS043S)

th d t d
:ag j uste aE?enrrumr':@stqwt@embmmwo@ﬂ@ﬁbwbbefﬁtwgm Itigngewﬁye@@numcpadEMr e
th i h
gi gt Z ﬁ(r:'en ﬂs?éfgrlrﬁ:pﬁggzéeé;@ﬁy érl-%%\hﬁ‘@'tfal{ 'Tﬁeéé%?@t ﬁﬁﬂé‘i‘ﬁef ? EBHE& gt e
mol d in t $ECORD PIRIYTatiRADE. T@)e’?%'m@(ﬁj ese R@Ym?fﬁﬁw@ tb?\@kﬁt%"'FHPtB?P@%e

print thetehpbhgahd ANErdidige SBARK: Sid W A CIERYRAtaBNEII TheiIgd
according to the radius of the nold to be printed upon and on the

position where the pattern will be printed on the nold. Preferably
t he pads hatdbnésensu@rgasdicibiiy handryig ts brint eevieapal endidsedt ¢eadaime tinedt, dsen

(15) my oo ekl deichl oBlyBH T Btea iR e Bod P, AC BT
zone to nedch nEldie thelmatiding taoh(2) isseqealeThisioay bmanlﬁ;alvbsybpa icompatei sontrblied
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the printing station further conprises neans to humdify the air

Wi thin t rinting stat This i art| uIarIy referred when

wnt or bactmpins thiuShEale it diardeRod e rerer Mecishmaghs s

st ati on. according to the radius of the mold o be printed upon and on the position where the pattern
will be printed on the mold, Preferably the bads hardness ranges from 1 to 20 shore more
preferably between 5 and 15 shore.

According to a preferred embodiment, the pad heads (15) may contain a depression
corresponding to the optical visual zone to make sure that no ink is even accidentally printed
in the mold in correspondence to the optical visual zone.

After the printing of one or more color in one side station the mold tool moves to the
following side station whereln according to the method described above one or more color
and or pattem are printed on the mold surface. When the printing on the mold is completed
the mold tool moves out of the printing station.



Air humdification within the printing station prevents drying of the
ink, especially of water soluble ink, on the pads after the ink has
been picked up fromthe clich and before having been deposited on the
nol di ng surfaces ("pick-up to drop off time"), giving rise to an

i nproved image quality According to this enbodiment the air

humi di fication and air tenperature is carefully controlled within the
printing unit. The humd air nay be blown on the pad/s every time the
pad/s is/are inked. A blanket or a skirt of hum d air may be created
in the i Pféfeé’eﬂiPE‘PH‘?“PP'@éh%FP"W'H%Stﬁ%'/f%””@f CoMmprises MsABs t%m"awhw
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the i nked® ?Pré!f"&l"' oM Presept el 89 e a constant relative huni di ty
and tenperature nmay be kept in the printing unit by neans of an

aut omat ed .
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flow may be adj usted and optim zed according to the appar atus used.

Vhen air 'WV&PW%&U@W. s enployed, the printing unit is
advant ageously isolated fromthe external environnment. Wthin the
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between 75 and 80% at standard pressure and tenperature wherein by
st andar d T@ASEa¢ure i s meant a range from 15 to 30 degrees Cel si us,
preferably from23 to 28 degrees Cel sius. The humdified air can be
created ej_ther b ust ns such as
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Preferably the I ens shall also pass an adhesion test, which consi st
of rubbing the lens with cotton and determ ning the anount of col or
which sticks to it. Surprisingly It has been observed that not only

t he adherence of the ink to lens is dependent on the air humdity. In
fact, the nechanical properties of the tﬁnses especially the | ens
fornmed by a water-based nononer are depéndent on the relative air

hum dity during printing and to the pre-curing and curing times and
dosages. In particular higher relative air humdity gives rise to

nechani cal Te hisridifies 2ibtan hegieated et uFngdumisingng mepay sucd asajeRerateit

the printi pghblt ) bRAPinbiSstidhesidhbesbsighedtorBhhdchiol /duRE of difekty iRtetienad ed
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in WO A9g/ #yRding the pinter. oy exanpl e of an aut omated contact |ens
production line conprising the printing unit of the present invention
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wherein the hydrogel lens-fornmng material is dispensed into a |lens
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be reject Ce]lgmb;‘%cyke pac aging. The forned contact lens is then rinsed,

dried (station 10 and 11) and captured by a suitable gripper. Another
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on the gr| on 16 uita spection system nay be
used, e.g. orbquqdd*ﬁerwr\g]gdh%)a é’;%‘i"gr‘ﬁ sa&a -field based system
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backagi ng Suishal 158 P8aT Boctpif e il ol b BSRRLE AR IAC) R e Bapen
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be print upon
and to the pre-curing and curing times and dosages. In particular higher relative air humidity

gives rise to mechanically more stable lenses.

According to a preferred embodiment the printing station is integrated in a partially or fully
automated colored contact lens production line, for instance the one described in WO-A-
98/42497.



- 13 - In alternative the |l enses may be inspected using the sanme
I nspection system as above for defects after having been deposited in
a suitable container filled with liquid (e.g. water) as described in
WO A- 03/ 016855 or the | enses may be deposited first in the packagi ng
container therein inspected for defects and after rejected or
accept ed depending on the outcone of th&j nspection. In a preferred
enbodi nent, where a lens-formng material is a solution, solvent-free
liquid, or nelt of one or nore prepolyners optionally in presence of
ot her conponents, reusable nolds are used and the | ens-formng
material ig | SRS i | bt ] : Ml
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actinic irradiation rather than by neans of nold walls. Typically,
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| enses ar eOptivnslfydicd cointebt lens ey betitspectdd fordefdiin ¢ pript edd/oainltye leis itsel s
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cameras move along the molds rows and record an image which is than elaborated with
known algorithms by a computer. Defected lenses will be rejected before packaging.

The formed contact lens is then rinsed, dried (station 10 and 11) and captured by a suitable
gripper. Another inspection for defects and tears may be carried on while the lens is on the
gripper (station 16). Any suitable inspection system may be used, e.g. a bright-field based
system or a dark-field based systemn or a system which combines bright-field and dark-field.
The gripper then deposits the acceptable lens in the packaging container for packaging
(station 17) and rejects the rest. In the mean time the molding tocls are automatically
transported in their first position after maintenance, rinsing and drying, (stations 20 to 22)
ready to be print upon.



- 14 - The water based ink preferably further conprises a
wat er - sol ubl e bi nder pol yner having ethylenically unsaturated groups.
Preferably the binding polyner is a wafer-soluble, actinically
crosslinkabl e prepol yner selected fromthe group consisting of: a
wat er - sol ubl e crosslinkabl e poly(vinyl alcohol) prepolyner, a
wat er - sol ubl e vinyl group-term nated poI@Urethane derivatives of a
pol yvi nyl al cohol, polyethyl enei m ne or polyvinylamne;, a
wat er - sol ubl e crossl i nkabl e pol yurea prepol yner; crosslinkable
pol yacr yl aim alternativeths lensemipbye bs tnapactediusing thegpoleyrapestionfsystemyds abewstfam
met hyl net I
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More preferably the water based ink further comprises an initiator, preferably a photoinitiator,
in an amount sufficient to provide the ink a cure time being 50% or less, preferably 40% or
less, more preferably 25% or less, even more preferably 15% or less, of inifial cure time. Any
suitable photoinitiators can be used in the ink formulations. The photoinitiator presently
preferred by the inventors is Irgacure® 2959, Irgacure® 907, Irgacure® 500, rgacure® 651,
Irgacure® 369, Darocure® 1173, or Darocure® 4265.

Most preferably the water based ink further comprises a surfactant. Examples of preferred
surfactants are acetylenic diol-based surfactants such as Surfynol® 420 surfactant
(ethoxylated acetylenic diols). The concentration of Surfynol® 420 surfactant in an ink of the
invention is preferably from 0.03% to 0.16% by weight.

In a preferred embodiment, an ink to be used in combination with the present invention
comprises: water in an amount of from 30% to 98% by weight, preferably from 50% to 93%
by weight; a water-soluble and actinically-curable binder polymer in an amount of from 2% to
40% by weight, preferably 6% to 30%; and at least acolorant in an amount of from 0.5% to
30% by weight, preferably 1.5% to 20%; a rapid diffusive surfactant (preferably an acetylenic
diol-based surfactant, more preferably Surfynol® 420 surfactant) in an amount of from 0.03%
to 0.20% by weight; and a photoinitiator in an amount of from 0.4% to 2.4% by weight, more
preferably from 0.56% to 2.1% by weight, even more preferably from 0.7% to 1.5% by
weight.



1. Aprinting station for producing a | ayer of coloring for a contact
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conprises an ink supply and a doctoring blade. 3. A printing station
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forming materials are capable of forming hydrogels. A lens-forming material may be made
up of vinylic monomers like HEMA (hydroxyethylmethacrylate) or may comprise one or more
prepolymers, optionally one or more vinylic monomers and/or macromers and optionally
further include various components, such as photoinitiator, visibility tinting agent, fillers, and
the like. It should be understood that any silicone-containing prepolymers or any silicone-free
prepolymers can be used in the present invention. While the selection of a lens-forming
material is largely determined upon the final modality of use of the final contact lens, the
presently preferred lens material is a modified polyvinyl alcohol prepolymer as disclosed in
EP-A-641806, for example Nelfilcon (Ciba Vision Corp). Nelfilcon is particularly preferred
because it is water soluble and finished tens of optical quality can be produced from it within
a few seconds, without the necessity for subsequent extraction or finishing steps.

The “front or anterior surface” of a contact lens, as used herein, refers {o the surface of the
lens that faces away from the eye during wear and it is typically substantially convex. The
“rear or posterior surface” of a contact lens, as used herein, refers to the surface of the lens
that faces towards the eye during wear and it is typically substantially concave.

While, either the front or rear surface of the contact lens or both may be printed, it is
preferable to apply the ink to the front surface of the lens. However, there are special
cosmetic effects achievable by providing a pattern on both the anterior and posterior
surfaces. For instance, a colored pattern of one color can be applied to the back surface of
the lens or the corresponding mold-half (for instance, white) and the same or different
colored pattern can be applied to the front surface of the lens or the corresponding mold-half
(for instance, dark blue). This then would result in a lens that could have either a multi-color
textured appearance for extremely lifelike appearance, or a brighter tint using a white
background to reflect back out at the observer.

If the ink is applied to both sides of a lens by printing up both sides of the mold, a pattern is
affixed to both the back surface and the front surface molds as aforedescribed. Part of the
lens-forming monomer mixture is supplied to each of the moid halves and each is partially



4. A printing station of claim1l wherein the transport system
alternates stationary positron and novenent within the printing
station. 5. Aprinting station of claim4 wherein each nold is in
one stationary position for no | onger than 30 seconds. 6. A printing
station of claim1, wherein the ink is a water-based ink which has a
vi scosity greater than 100 centi poi se {¥ps), and conprises at |east
one colorant, a water-soluble binder polyner having ethylenically
unsaturated groups, an initiator, and a surfactant.

polymerized thus fixing the patterns to the front and back surfaces of the lens. The two mold

halves are combined, and the combination is interpolymerized to complete the cure and the
formation of the lens with the patterns on both surfaces.

In addition the fens forming material may comprise small amount of a pigment to impart a
uniform fransparent, colored tint to the whole lens.

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 lens using
methods that are well known in the art before that lens is printed upon using the printing

method of the invention.
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CLAIMS

1. A printing station for producing a layer of coloring for a contact lens, comprisingi

a transport system to carry and transport a molding tool which comprises at least
one contact lens forming mold;

a pad unit comprising at least one pad for printing an ink image onto the contact
lens forming mold;

wherein the pad comprises a depression corresponding to the optical visual zone
of a contact lens such that said depression does not contact ink during printing;

a blade unit suitable to carry and ink a cliché with an ink;

wherein when in use the pad transfers an inked image from the clichéto the
contact lens forming mold; and

' curing means to at least partially cure the inked image after it has been

transferred to the mold.

2. A printing station of claim 1 wherein the blade unit comprises an ink supply and a
doctoring blade.

3. A printing station of claim 1 wherein one cliché is used for printing more than one
color.
4, A printing station of claim 1 wherein the transport system alternates stationary

positron and movement within the printing station.

5. A printing station of claim 4 wherein each mold is in one stationary position for no

longer than 30 seconds.

6. A printing station of claim 1, wherein the ink is a water-based ink which has a
viscosity greater than 100 centipoise (cps), and comprises at least one colorant, a water-
soluble binder polymer having ethylenically unsaturated groups, an initiator, and a

surfactant.



