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enses that attenpts to elimnate the need for large
inventory nolds is disclosed in United States Patent

No. 6’1*%3}%51 }9 % larIgQ ixgvheinrc'ory of molds and molds inserts is required

corresponding to each sphere, add, and cylinder power, and combinations thereof
desired for the lens. Production and maintenance costs for the mold and mold insert
inventory are high. Further, known processes for producing and using molds and
mold inserts are not efficient and cost-effective methods for producing lenses

customized to a particular wearer, such as a contact lens customized to a particular

wearer’s corneal topography.

One method for production of lenses that attempts to eliminate the need for
large inventory molds is disclosed in United States Patent No. 6,086,204. In this
patent is disclosed the use of customized, heated dies, which utilize mechanical
fingers, alone or in combination with a metal surface, to impart the desired
comrective characteristics to a lens blank. This method is disadvantageous in that it

is unsuitable for the production of certain ophthalmic lenses, such as soft contact
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Brief Description of , the Draw n Fiqgure 1 illustrates
the use of an il uRHALSHIBRA %:‘h%pga‘ﬁ]rngfl-scal e mask

to develo B 10QRkiaf8n dBvide shd giayaicele mask to
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Fidgvé18p Bhblotesist bataasing ohlaztubstogie blaakk ont o which a
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with a surface

Figure 3B illustrates a curved blank onto which a photoresist or coating is

deposited.
Figure 4A illustrates a curved blank with a developed photoresist or coating

on its curved surface.
Figure 4B illustrates the device of Figure 4A with a desired curved surface

remaining after the undeveloped photoresist or coating is removed.

Figure 5A illustrates a curved blank with a developed photoresist or coating

on its curved surface and from which the undeveloped photoresist or coating is

removed.
Figure 5B illustrates the device of Figure SA for which the developed

photoresist or coating is etched to create a desired surface in the blank or substrate,

with an optional coating.
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surface and from whi ch the lindevel oped photoresist or
coating is renoved. Figure 5B illustrates the device
of Figure 5A for which the devel oped photoresist or
coating is etched to create a desired surface in the

bl ank or gg?s;, of th¥idvRn@8n ﬁ’rﬁ&it@ﬂﬁk’erﬁsﬂaimb\@ﬁmﬁﬁtsm
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el eed Mo ase Tonanas T R dfE, without limitation,

pgﬁﬂﬁg%g AL Gh 8% shRRIHERDS 1iskd ohd 1dvbmdzﬂidrmﬂts the
enses. In the manufacture of | enses,
| prodaéti@nopefulli presctipéve lpmgd oflensss voflegedyging the number of molds

2;?5%3 fnstiissenprid- fygheh 0 miiiepEof BEilddol Ay biTRed ina
ﬁ)??gsffop hetd@ﬁ}/éxg\ﬁ?ﬂﬁs‘t&ﬂlz@&%r@@s used in a met hod for

rvery o ust om zed | enses. 10 The present
|nvent|on is applicable to the nolding and formation

of various articles includi ool +RR, :
| enses TBE PLAsFR FHENTPY BLPP ﬁgabq%bor %%?2‘280 ahmff‘%;sdtt&gﬁfgﬁn ous

otk Vyes tuﬂ?ucﬁ}ﬁ ket hieitedion, Teses of earidus sizpbit Fa prirposes of
| enses one enbodlnent the .inventja rovi des a
cilluvteatiruorilpabe examplescherein ! @i 4o SpY ‘F‘?fé%l{: |l%ﬁ
conprising, consisting essentially of, and consisting
of a substrate, wherein said substrate is )
subst af bt diybddiBaRPAE Giention provadisat ¢usvedsnuface for usqiig
substrate having a coating with a c ed su
winelding mlmamwazomﬂﬁ%ecwlstlagéEFeBE et ‘I!i Sifstingof e

is fo 18 Rk &fehptﬁ - dkiba s@frce,
%%8@‘7“? ere&g?&s{ﬁb%%ﬁf%%?%ﬁ@%? subgt rate and b, °

thed ﬁﬂﬁﬁ&lethaivﬁjgdemeﬂmg)wuh a curved surface, where the curved s)urface is
used as the mold surface and is formed by a.) depositing a radiation-curable
deposit on a first surface of the substrate and b.) the deposit is devéloped,
selectively, by passing radiation through said substrate’s second surface, opposite

the first surface, the radiation entering into the deposit resulting in developed deposit

and undeveloped deposit, and where the curved surface is the surface of the
developed depbsit away from the substrate surface. John, you might want to check

the wording of this claim. I took it verbatim from your draft.

In another embodiment, the invention provides a curved surface for use in
molding applications comprising, consisting essentially of, and consisting of a
substrate, wherein said substrate is substantially transparent to a radiation source,
said substrate having a curved surface, where the curved surface is used as the mold

surface and is formed by a.) depositing a radiation-curable deposit on a first surface
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resulting in devel oped depokit and undevel oped
deposit, and where the curved surface is the surface
of the devel oped deposit away fromthe substrate

Sgﬁhaﬁcsel siraienh) TedsBactg P Rety SRS, By PGk e Ffption
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use I n |ng appllcatlons COTPYISIQ?
cenigtiag imo the dekit adshyzmgﬁn devrdopedrilspesit &gl wideseloped deposit, the
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ugt\(é Qc@tc@fo&H{é’ﬁxﬁmﬁ acr:(reéygln s formed by a.)
daﬂmenknmgﬂangadmatmwﬁdsuﬂwbmebﬂéw%5|t on a first :
surface WO 2004/ 039554 PCT/ US2003/ 031450 4 of the-
substrate, b.) the deposit is devel oped, selectively,

by pasgi 8& drldeher Bdbadiient, tﬁﬁh@éﬂﬁnﬁﬁb%d&ybﬁiethﬁdﬁ:o‘fnpnsmg,
second sUrface, opposite the first surface, the
rMsEﬁtmgms&’neaH}eof and ccmsmlna @f depispositinggupdiptign-cyrable
devel OE Eeg;gl %ne?sn Tk og‘eaa! H‘Jgpd @%98} feas HE)?? 1nsert blank; and

esired curve

?’c&nﬁ g G a8RME)-eReble depasdlunier contitives stlmaH]eDtd‘rfoan an optical
ror image, or replication, of the desired curve

squaﬂla}cmqldfmg ﬁ@rfa@mmg@p@calééataeteﬁgtltsfprt #deast pyegpriace of the
sur,f ce sug)ﬁém% el 10 In yet another enbodi nent, the

i ﬁ{}lé‘ PSRV OUPEES 2 net hod conprising, consisting
essentially of, and consisting of: a.) depositi ng a

radi ati on-cur abI e material_ onto at .l east

of a | EfruBesEs Bf BRRNGRtipBEe MY CHLEr Fn‘iylg‘geﬁ'lgf Pieh e used
C te dajt% g ;g r“%\@ﬁa@bh Qb Al PialTeis @hdat a %Bgt%fesmt or coating

e to forman optical quality
nhatds wablﬂlfwh@tlﬁwmg bepti gahmehay.dweebridipivayeomnicaewave and
Ieag{( one surface of the 15 radiation-curable-
f-a For purposes of the invention, the term
curlng and "devel opi ng" are used interchangeably.
By "radiation-curable material" i s neant .a.photoresist
or canOIrugn‘p@mwf ths ezamplesén I‘}quﬁifﬁﬁﬁ with RetRGRtiRy

omalmlx ’lense & mean?g'ssec‘t\?c\fg leng1 £EMEN GeN b intraocular lens, or the
like. By “optical quality” is meant that the surface is sufficiently smooth so that a
surface formed by the polymerization of a lens-forming material, or lens mold-
forming material, in .contact with the molding surface, is optically acceptable.
Preferably, by “optical quality” is meant that the surface has a roughness of a RMS

of less than about 100 nm, more preferably less than about 20 nm

By “lens mold blank” is meant a blank useful in forming a mold from which

lenses may be molded. More specifically, in the process of the invention, radiation-
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intraocul ar lens, or the Iike. By "optical quality"
is nmeant that the surface is sufficiently snooth so

t hat 25 surface forned b he I ri '

| ebeonateRg] indearerl 702 FERE of e Pord PR Af bl o form a
| DRl e Widk WG fRfagé B eUisk@eemol S a Pepisisaethéey Similarly, by
acceptable. Preferably, by "optical qualit i s_neant

t tlets trivdd snseftddamkh issneant o bipnk asefubi AR K’faﬁ moddsipsert from
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spe I ca , In-the process of the inventjon,,

r stetirastions ofNDebibdi h10808 Y ghrC ind3ho ks aud agpbingtiens thercel.
material is deposited onto a surface of a | ens nold

bl ank and cured to forma surface on the blank which

sur f aceura Refassefr Lse Mohaidaid fasrdaticd adh thSpresémidvention,
by "lens nold insert blank" is meant a bl ank usef ul

i may be fpmedsby esing gt 9r bepne pQureesdendsvelAPcH qUER dadigfiqnscurable
he, f . " opt i cal i St . .
SRR B B PhSPcEAF hRHRES58E i Bbaciaion-

CUrAB18 ki fersdl iy 8dpdkited dh ddbtisteshetein alsoerefaraddo tai ablank, and
aberrations of the third qrder or higher, and tagjgéﬂiﬁe

amgecoyrilumainareswith debigrassing Hyeiehst preyesale magk apgdhg hlank.
| ds 0. AGEOL |tiflg L dithY R diRfhe dedéloped
R RO Wit - B CREna B RBAIRRg delllope
JRYEokend astle Gesired dindddeo fin em nldrhativenmethodathe dsmeloped

bl anks._ | nbodi ment_qf th h f t .
i h s achag o e e 5 A LR 8 s e
Whrflee’ Uﬁ&%&g&ﬁoﬁiﬂ%&dc@ sRHEQs 116d @i BE cbPerdd wathldantonal
an cure y I h

'um nating with |ight passing through
gogtirps: scal e mask and the blank. The uncured portions
of the coating are renoved and the renmai ning devel oped
15 portions serve as the desired surface. In an '

al t er natr; Mge THE BarallytRpitesdathe padhodiaf éxveldpinga efatdriablin a
resulting in an actual etching of the blank to form

bhakdddiertdenk biframd sediatitarerrable merierdrlgdtare leaded grioe fixture
%hg?tsetg 13 g)o%it?o%vcﬁxtﬁedsu\“sttrge ?Qgﬁ\;é t%rhaéray-sca]e mask 130. This fixture

preferably controls the position to at least about 10 microns and may be any suitable
fixture including, without limitation, a precision x-y table. In the case in which a
negaﬁve photoresist-like method is used, the material is exposed by passing
illumination 150 which may, for example, be ultz2-violet light, from an illumination
source 140 through the gray-scale mask 130 and then through the blank 110. The
illumination passes through the blank 110 and into the material 120 developing the
material 190 depending upon the penetration depth 170 determined by gray-scale

mask 130. Typically, the UV light intensity onto the gray-scale mask is about 1 mW
to about 5 W and the exposure time is about 0.5 to about 30 seconds. Developing,
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a fixture that sets the position of the substrate
relative to a gray-scal e mask 130. This fixture

preferably controls the position to
ot Faig Gme, wrﬂlydewdawnstgﬁ rahiateon-quraglg F@‘?fh?a PEFdf #P wellas the
WL t hout I|n1t gg@ a precision x-y table. In the case
Tl

H“Wﬁ %’ﬁ’fépez@ iti ve photoresist-like method is-

used the material is exposed by passing illumnation

150 whi ch may, for exanple, bhe ultra-vyiolet. ]jaht,
f r om ai€uring praduges @éﬁvemﬁc@dz@menwwé{fglﬁa&eﬂéi ‘%1‘”“1‘ a surface

Tﬁ@éf h?\&?%ﬁ‘e ggl edlcso%ﬁg's&gtfb{] @'of]%ﬂ%@ip&ﬁﬁe qﬁﬁﬁi@d]ﬁlﬁgemal 180 is

on pa hr ou he*bl ank 110 and
| fdrfovde RERioeel by B Carded eloipy agy ¢dm&emﬁmtrecmlmq19mng, without

gﬁgsgggg%umn o ﬁg&%&%hﬁ%pﬁ@pw%@%o d]e {ﬁucﬂ as acéftone,
| Db EDS oo OB S5 AN 1AL B0 Alab deloHé 1ke s

he“exposure time i s "about 0.5 to about

S masnotlpesfelrefi ng, WO 2004/ 039554
/ US2003/ 031450 6 or curing tinme, wll depend upon
the radi ati on-curable materi al used as well as the

i nt ensjt Q’pr%?e dgaqngtﬁ@d @Einﬂgvrg S G¥ fHeNBchic@ b 89alds carried out

devel oped; ation-c material 190 with a
sutideR @ @itrddef ahavspheretané thkes cydds axemsedyonget gput 200 to about

Fol | owi ng eXp%)Snga,rqqe é‘&%@ 3“3 %3? ﬁ%%%%ﬁné%tmﬁg%\@gyde at

| Aohbielh n‘Y\TthﬁQbﬁt 12bis83drdk] DrinBYhsfhdlronagonfthe bit€ace 55 is
uncur ed terral. Use of a sol vent 2such as acet one,

edunedhas, fortextmplegby hyposgmmrﬂ.q;m‘ff{y@r ilgdt aty3aorRm shuttering on

chlo de.or , 1
af oy 0 Syt RebRd BBl Rty ooy alr tiPkncured majerial, 2
HﬁH@?& Witefia, Dgingane itded oydle ofithd epingrocess,dhethin layer
at nosphere and three cycl es are used:

t about 200 -
tremafsdng is cagog Mhite thsmall reEEdIE MR hps Bﬁlwsmnséﬁe fayer
rW%tgF%X%a%&t%q?%BS grgg%%d%&' E)Sr %Sl ?hgt f ilﬁa?b?g: asioco)g,
the surface 55 is

As stated above, the first step of the method of the invention, radiation-
curable material is deposited onto a lens mold, or lens mold insert, blank.
Preferably, the blank is transparent to light in the range of about 150 to about 500
nm. Methods for forming blanks are well known in the industry. For example,
polymeric blanks may be formed by molding, casting, or the like while mets! blanks
may be formed using diamond-point turning and glass blanks may be formed by
grinding or polishing. The blanks may be formed of any material normally used in
the semi-conductor or ophthalmic industry. Suitable materials include, without
limitation, polystyrene, polymethylmethacrylates, polycarbonates,
polyoxymethylene, propylene, polyetherimides, nylons, polyvinylchlorides, cyclic
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material, a thin layer wil1 remain. During the third
cycle of the spin process, the thin layer remaining

| Solefinid, Beaswhiitiel-thaedirask, sirdesssteel niiel-ooatedtginless steel,

pol ynmerizing the layer 20 while the dynami c forces
araduminuag.faadihe Ike. st at ed above, the first step of the

met hod of the invention, radiation- curable material

'"is deposited onto a Iens nmol d, or lens nold insert,

bl ank. Inffrigfes 2lahy 3 at&ttepbdtamkw types aefidpakrsarsefud o thegirthod of

in the range of -about, 150, tq out Met

F dhe iy e i Sgpicieddfppacd Hark 3N daebigAet Eiface 210
exa

DTty 220 By 2L BETRAR TpRU R MR UEh Rt 220
USldﬁgatﬂinad’(EMc patenial 14ﬂ1& ideposited oglths;ﬁaﬂ:ﬂuafaksZ Tﬁlylntfe gure 3A'is

; glénnggpdggu A I nd| \gqth g g{;ﬁ%&syg@‘sﬁe@ qtz)pltg mﬁch aél shown in Figure
ig?é r&cﬁ%\%ﬁcélﬁﬁblg InafRidi BADM GeddRALE! Te depékite(Pand 340 are

Sinclude, wthout 30 I'imtation, polystyrene,
p@kyerepéd/byridintion Fﬂﬁaﬂeﬁxablﬂ)impaﬂ Iyomeetafa radiation, or illumination,
pol yoxynet hyl ene, propyl ene, polyetherim des, nyl ons,
p&PY¢ENyl chl ori des, cyclic WO 2004/ 039554
PCT/ US2003/ 031450 7 ol efins, brass,  nickel -coated
brass, stainless steel, nickel-coat ed stainless st eel ,
al umi nRmdiziod-ctpbld ikterialusefl B gheriaerpionpaeigrablisis compatible

de ed twp bl,anks _usef 0

et e R B RS o Yol b B SPRIERD Kaffors for

bhaehn WaMhaahé tataturduasse mnammb&z@cluua without
Figure 2B is depicted a fl at- to?ped bl ank _w_ th

dhpmslhonz&hﬁtherp&a%ﬁhalteﬁ émomheara%l eeels T B densorming or lens

d
GERTE I PotehiB AR SHINERRE R of ool o BErigied from the

OptoR] ¥inehl inget ﬁhbhmcwm Emgg luﬁralﬁlo% or visible Ii ght cure, the
R SN AR R TRERCT AR i —
dfr Jvé]é\pn%ﬁl %Qﬂﬁidgﬁ?xgﬁ%?wﬂfchaa Tead hffld BlRert®¢ being formed from the
radiation-curable material and mold insert blank, the cured radlatlon-curable
material preferably has a Shore D hardness of at least about 70. Further, in
embodiments in which the material is being deposited onto a lens mold blank, the
cured or uncured radiation-curable material must be one suitable for depositing in a
layer of between about 10 and 500 microns. Other desirable properties of the
radiation-curable material will depend upon whether it is being used in the formation
of a lens mold or a lens mold blank. In general, however, the uncured, or
undeveloped, radiation-curable material preferably has a viscosity of less than about

500 cps at 25 ° C, a cure shrink of <20 %, a cured tensile strength of greater than

about 750 psi, and a cured water absorption of less 'than about 1 % by volume.
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for determ ning whether the Badiati on-curable
material is conpatible include, without Ilimtation,

R AR CRE K IS .
]'c/_\?}% gp'ﬁ%f'teo nc%ll ci%al‘llah;tlc %g gg "r%d—,%ﬂgso] rd %y@?oéeﬁﬁt@@gls-phenol

wi cureéd Using

UA tep@xi¥s, qio@y(n@ibomese)tﬁpexies gihd thedike, antltwnﬂs@nanons thereof.
radi ati on-curable material preferably is transm ssive

of light of the appropriate wavelength. In

enbodi n]tmcﬁ attlﬁnwa%% B IeﬁQﬁn?Bgd%ﬁb%ﬁE& by§n§°€bﬂi\&men’:j method

f or ned on-c mat er1 al
| thgenkurek ﬂnif thd digireblasidsurde &t ¢cmaretdmaibha themgtaze navoids at the

eTerehy s < Shors P e s plat heget Ao s
bei.n %ﬁ%‘?% rpt gl iVt 9 n@zﬁtﬁgﬁhm&é@]@lﬁ@K‘nethg&lsaﬁe& .UACSlepative

cﬂpoﬁ ured ation-curable materi al must be one
?ﬂbtoa&hﬂ -lfermetbpdSintimsghdt an@xcésapé madgrid) és gepesitesh o portion of

0 and 500 G h d |
el B0 AR B aBP D AT T e o e POReer s
'n‘?‘etﬁ@d qﬁgéi’%%ﬂat' the Eﬂguﬂt QeEREQ Mo 18 Micl REFedRIrfhcOlis @posited

I'n general, " however, the uncured, or
laﬁdi emeklo fifa ne ganhe ahotoresistitikbimethedtis ubed, thy weisriabmgy has

a viscgsi.t ess than about 30

6]81?%91@3 Hi/?%fh“gmfff angl Luree 2t & enS| Qan(}ﬁ F}g‘?}m@uo& cotact

9 S8t BEwdRAMhe alboiite iRt Thatedld Iﬂth‘dkfﬁd 11V\161hﬁih a negative
sorption of |ess than about | %

|
aﬁmr@m nmﬁwdjltsz@@istpmsqdws a ®H§Q¥{ 5 ungeﬁﬂ@%}na?ﬁay
B 8 LA L LS et Bhosin
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suitable method including, heat, light, or other radiation cure, and combinations
thereof. Preferably, light at about 100 to about 800 nm from a fusion lamp, metal
halide lamp, arc lamp, or the like is used. Curing may take place under any suitable
conditions of temperature, pressure and tims. Preferably, a cure using light in the
range of about 150 to about 500 nm at room temperature and atmospheric pressure
are used and curing is carried out under a nitrogen blanket for about 0.1 seconds to
about 30 minutes. The specific time for completion of curing will depend upon the

material selected and the thickness of the material and whether heat, light, or other

radiation is used.
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a portion of it is cured, &and the uncured material is
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that thg FIREs Befass ke mgof@wmdhfwcxﬁeéd pRAkSUIDRERed
i s deposit cur ed a negative

phlatfacesis icahtet wkith atkivhb;ied sadwsled curdhde maﬂal 4B0 pag ape

d d Kk
o S evarmed conmE ot | HeoS e et e! e Pt e Bich autin
t qgco?&'gﬁ:gv@tﬂ?th%%tﬁ&ﬁ Rl Q\hth fefpdch® E 1.NIViIg AR 48 is |

rve photoresist-li1ke nmethod is used to produce a
c depxanati thesep #O0 th whichhaduricnseel qoating ¢ 30 memovad@ud aipoptional

o s B i
Bl ReRH W & gﬂﬁk%rdn?d cirSedbigRRBSEM 11 B18nk SF0, which blank

sur ace 1n a manner so that the thickness is
Cigtranspirerit toi thercurimgssdiation. phorasvatnple blank, opmoichblenk, 410 may
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The spemflctjnefor etion of curing will depend
W&?W@Esﬁﬁé@é?gh&m@é‘%&ed and the thickness of the
mat eri al and whether heat, |ight, or other radi ation

is used. WD 2004/ 039554 PCT/ US2003/ 031450 In Fi qur e
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degrele to which the light intensity is modulated will be determined by the

penetration depth required for each point on the surface.

Material calibration is carried out to provide the curve relating the depth to
which the material will be cured to a gray-scale level, or to the incident intensity of
the curing radiation on the radiation-curable material. In carrying out the material
calibration, the photoresist is exposed and the uncured photoresist is removed. The

shape of the resultant surface is measured by any convenient means, as for example

by use of a VEECO™ white light interferometer, to determine the
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optional coating 450 pl acd@l upon the renaining
devel oped coating 430. The radiation- curable nmateri al
was deposited onto curved surface of the blank 410,
whi ch blank is transparent to the curing radiation.
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surface profile is used as a datum or reference
surface, fromwhich the transm ssion depth of the UV
light i [
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the radi ati on-curable material at each point on the
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the mask at a small amplitude and in a random direction. Alternatively, the lens
residing between the mask and the substrate may be defocused. Either of these
techniques acts to provide the discrete nature of the dots from which the printed

mask is formed from transferring to the developing material.

The gray-scale level, or radiation intensity, is based on the lens mold or lens
mold insert, design, the substrate desi gn, and the calibration curve. The mold or
mold insert design determines the thickness of the material at each location on the

substrate and this dictates the depth to which curing radiation is needed to penetrate
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.25 .

30

ik 10 sished Se0iss 65 Mg S Bletes A R Begta 500
QW VEd RghK S RULPWilkSa A8RIGRA(BaRENSI0. a1 developed
coating 520 is etched 580. For example, the developed coating 520 may be plasma,
for example HF ion, or wet etched or can be laser etched as is commonly used in
semi-conductor etching. The etching method is for example purposes only and the '

discussion herein is not to be interprsted to limit the etching techniques.

Figure 5B shows the etched mold 530 formed from the etched surface 540 of
the substrate 510. The etched surface 540 will have the same optical qualities
described above with respect to the developed coating surfaces 460 as discussed

above.
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into gray-scale |level inforneation using the
calibration curve. 5 1In Figure 4B is shown blank 410
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surface 540 w Il have the same optical qualities
combinations thereof.

In a preferred method of forming lenses, a lens-forming material may be
deposited on the molding surface by any suitable means. The volume of lens-
forming material dispensed into the cavity will be a lens forming amount which is an
amount effective to form the desired ophthalmic lens. Typically, the amount of

material deposited will be about 0.01 mg to about 1000 g.

Suitable lens-forming materials for lenses such as contact lenses are any
materials useful for forming hard or soft contact lenses. For example, , the lens-

forming material may be suitable for forming a soft contact lens. Illustrative
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Fi gures 4B and 5B are back maBd hal ves suitable for
nol di ng the back surface, or eye side surface, of a

| ens. For Ipur poses of nolding a, |ens col | ement ar
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hhyfRgeE SuchFgretafil@npl e, the nold hal ves may be
contacted so that an interference fit is forned

bet ween the halves. In this nethod, the back nold half
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polynmeriZation is desired. The nold hal ves
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uj t P ans.

Gl SR N AP0 B gRr T Deati i 0 AT AR,
i ke, and conbinations thereof In a preferred nethod
of formng lenses, a lens-formng nmater,

deposhs w a@ﬁtheh altgraptinen gﬂeéerﬂsr@é@lwnawa@mag%ags material
Syt a‘tgls r{%r ?ﬁaaﬂ%g\}%{i‘éotﬁé‘r Fu%%g&ﬂ?gctgﬁg;ms%ﬁ 'O?Frll' %)aamp]e,
SpEEIEGIE lé&d@ﬂﬁhnmg néderials may be used including, without limitation,
polycarbonates, such as bisphenol A polycarbonates, allyl diglycol

carbonates, such as diethylene glycol bisallyl carbonate (CR-39™), allylic esters,
such as triallyl cyanurate, triallyl phosphate and triallyl citrate, acrylic esters,
acrylates, methacrylates, such as methyl- ethyl- and butyl methacrylates and

scrylates, styrenics, polyesters, and the like and combinations thereof.

Suitable materials for forming intraocular Jenses include, without limitation,
polymethyl methacrylate, hydroxyethyl methacrylate, inert clear plastics, silicone-

based polymers, and the like and combinations thereof.
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materials for |enses such 44 contact |enses are any
30 materials useful for form ng hard or soft contact

| enses. For exanple, , the lens- formng material may
be suitable for formng a soft contact |ens.
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atmospheric pressure preferably under a blanket of nitrogen gas. Total cure time is

between about 300 to about 500 seconds.

In an embodiment in which the poly 2-hydroxyethyl methacrylate polymers
having a peak molecular weight between about 25,000 and about 80,000 and a
polydispersity of less fhan about 1.5 to less than about 3.5 are used, preferably UVA
(about 315 — about 400 nm), UVB (about 280-about 315) or visible light (about 400
—about 450 nm), at an intensity of about 100 mW/cm? to about 50,000 mW/cm? is

used. The cure time will be generally less than about 30 seconds and preferably less
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25

The resulting cured epoxy surfaces of the first and secor:t mold halves had a RMS

of 28 nm and 26 nm, respectively.

Many variations in the design and method of creating molds for the
manufacture of lenses may be realized in accordance with the present invention. It

will be obvious to one of ordinary skill in the art to vary the invention thus
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poly 2-hydroxyet hyl nethacnyl ate pol ymers having a

peak nol ecul ar wei ght between about 25,000 and about

8(je€tibedn Guah varhtyaissipenitd Ye nfgatded s tibpm‘nnmﬁ‘bm]thésphﬂt and

| ess than about, 3.5 are used, _preferab

A
31s50pe efibeinvention #yd all pushaaghification asp, ﬁ{d% w@}rs %0 one skilled

e T -

5|s 30 used The cure time will be generally |ess than
about 30 seconds and preferably | ess WO 2004/ 039554
PCT/ US2003/ 031450 15 than about 10 seconds at about
anbi ent tenperature. Regardl ess of the polynerization
nmet hod sel ected, the precise conditions will depend
upon the conponents of lens material selected and are
within the skill of one of ordinary skill 5 in the
art to determne. The invention will be clarified
further by a consideration of the follow ng,
non-limting exanple. 10 Exanple Two concave gl ass
nol d hal f bl anks were coated with approximately | m
"of Norland Optical #72 epoxy, which was di spensed
into each of the nold halves. Curing was carried out
for one of the nold half blanks for 5 seconds using
radiation at 20 miWcn2 and the other for 20 seconds
at 80 mMWcn2 of W light (356 rim, 15 both at room
tenperature. Excess epoxy was renoved by spinning the
nol d hal ves according to the spin profile set forth
in Table 1. During the final spin cycle, the outer
surface of the epoxy l|layer was cured by exposure to 10
to 20 mMWcnR2 of W light (356 nm at roomtenperature.
20 Table 1 Spin Rate Dwell Tine



First Cycle 400 rpm 30 seconds Second Cycle 700 rpm
30 seconds Third Cycle 2000 rpm 120 seconds The

WO e@dlosdssy cured epoxy surfaces of the first apdr/us2003/031450
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secor.- nold halves had a RMS170f 28 nm and 26 rim
respectively. 25 Many variations in the design and

nmet hod of creating nolds for the nmanufacture of

| enses may be realized in accordance with the present

i WWeads §faimedis: wi || be obvious to one of ordinary

skill in the art to vary the invention thus WO

2004/ 039554 PCT/ US2003/ 031450 16 described. Such

vari at ifoasved surfiade foousedn neddingleppliasticepemipnissg:f r om

the spirit and, ~scope of the invent.ion and.all such :
modi £ 1 cat | 0ASURSTABUTHETER S FHENIENS Sthaaially et to a

the ar i .d i PRl
of t he}%d?){tf‘oélwéahg&c’: acl1 %@Sﬁ%e\}]\%ﬁ;ﬂggg%/@ 6%%9%?4@ 4 fvaffffice, where

PCT/ USG:3tosllstibiace IstisedMsathe mmold burfavedindgs f@med bi: A
curved surfage for use in [.di n i cati ons
conpri sing: @ su%??%’flkg,aWﬁléflg?'ﬁgggregé?ﬁﬁgf’flit%rsﬁ gurface of the

substa H'sﬁ'bﬂe%’aﬁd ansparent to 'a radiation source,
said substrate having a coating with a curved surface,.
where the byrvethedapbsitis developasid selectiviedy, iyl rissing fasgation

Bieh e B, ol SRR PR G LR RNEE £ fron
bexﬁeﬂdgqnmteﬁi:ﬁoéiﬁ dangl prRYelopal e§idsit end unB¥vdasidegosit,

<€
radi at’i on rough sai d substrate's second surface, '
opdoshare thernarved sufageisithe surfach ef thediexelopad deprsitravwey from the

into the deposit resulting in devel oped deposit and
Jﬁégygﬁgg%ﬁfdeposit, and where the curved surface is
the surface of the devel oped deposit away fromthe

- 2. A curved surface for use in molding applications comprising:

a substrate, wherein said substrate is substantially transparent to.a radiation
source, said substrate having a curved surface, where the curved surface is

used as the mold surface and is formed by:

a.) depositing a radiation-curable deposit on a first surface of the
substrate; and
b.) the deposit is developed, selectively, by passing the radiation
through said substrate’s second surface, opposite the first surface, the radiation
entering into the deposit resulting in developed deposit and undeveloped deposit, the
developed deposit forming a desired curved surface; and .
c.) the developed deposit is etched to form a mirror of the

desired curved surface in the substrate resulting in the curved surface substrate.

3. A method comprising the steps of: a.) depositing a radiation-curable material

onto at least one surface of a lens mold blank or lens mold insert blank; and b.)



15 subtrate surface. 2. A curved surface for use in
nmol di ng applications conprising: a substrate, wherein

W@ a00d/03esbst rate is substantially transparent tBCHUS2003/031450
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radi ati on source, said subd8trate having a curved

surface, where the curved surface is 20 used as the

nmol d surface and is fornmed by: a.) depositing a

radi ati on-curable deposit on a first surface of the
subaingathe ,racﬁﬁttbnbc&alﬂhﬂ]at&mbaﬁder icenditiud saprable to form an optical
selectlvel , passing the radiation 25 through said
sufpslitymel %ng suéies havipg aeacalagyagqeflelqswe 3t lqagt one surface of the

S dub® on entering into the deposit
rgégﬁﬁﬁﬁg |n]‘%lﬁ)1 ﬁg%ed deposit and undevel oped
deposit, the developed dep03|t forn1ng a desired
curved surface; and t.he devel gped deposit is
et4€ hed s mhed of G b SreiRBIR g ST doBE ssameditine
Il'tsubstrate resulting in the curved surface

su stra 30 3. A nethod conprising the steps of a.)
depositing a radiation- curable material onto at | east

one surface of ens | d.bl.ank r Iens nol ert.

bﬁank Renasngd 4}@5%&4 PSR %swt%msmga'
r

CHAR R PR B ﬁagﬁfﬁ???%{‘ e QB amay of

hanizirorg. opti cal characteristics. on at | east one surface

of the 5 radiation-curable material. 4. The nethod of

claim 3, wherein curing further conprises nodul ating

redi at TROmeffodof cikiif 4rmhaeﬂa 0 rgddldT o is Whefeliot héifg a gray-

nodul ating is carried out by using a' mask, usi ng an

#galstmask. nirror, using spatial nodul ation, or using a

di screte array of mrrors. 6. The nethod of claim 4,

wherein the nodulation is carried out using a gray-

7. The method of claim 3, wherein the radiation-curable material is a urethane

acrylate, a cycloaliphatic epoxy, a polyurethane oligomer, a hydrogenated bis-

phenol A epoxy, a poly(norbornene) epoxy, or a combination thereof.

8. The method of claim 4, wherein the radiation-curable material is a urethane
acrylate, a cycloaliphatic epoxy, a polyurethane oligomer, a hydrogenated bis-

phenol A epoxy, a poly(norbornene) epoxy, or a combination thereof.
9. The method of claim 6, wherein the radiation-curable material is a urethane
acrylate, a cycloaliphatic epoxy, a polyurethane olizomer, a hydrogenated bis-

phenol A epoxy, a poly(norbomene) epoxy, or a combination thereof.

10.  The method of claim 4, wherein curing is carried out using light at about 100

to about 800 nm.



15 scale mask. 7. The nethod of claim 3, wherein the
radi ati on-curable nmaterial is a urethane acrylate, a
wa@yoHo3dssphat i ¢ epoxy, a pol yurethane ol i gomer PCHUS2003/031450

hydr ogenat ed bi s- phenol A1igpoxy, a pol y(norbonene)

epoxy, or a conbination thereof. 20 8. The nethod of

claim4, wherein the radiation-curable material is a

urethane acrylate, a cycloaliphatic epoxy, a

pollyur eﬂﬁnannetbd>d ofmiam, 6, avleyein syenaiscdrmidout yriagdighpat about 100

epoxy, | y(nor bonmene) epoxy, or a conbination

t hé&® @HF‘ g@“é‘ The method of claim6, wherein the

radi ati on-curable material is a urethane acrylate a

cycl oal i phatic epoxy, a polyurethane oligoner,

hy #2.0ge datmethodicsmppitiag the stepspuik.) devogﬁngg(aﬂ@mamw)able material

epox r a conbi natjan the f.

cI an aﬁf? cagh e %ijaﬂﬁns' %‘OL@% 8918{} 4 ng lgaﬁ'{( ) curing’
trachgg’ BrabR nARQH! u88& JIMIiteRs Eﬁwm%ﬁﬂ an optical quality
U82003/031450 19 11. The nethod of claim§®6

V\,hmodadmg surficadiavisg optical ehiarecteristiqsiog at 1ot ongrsugfgeief theo
A, net hod t
10 o rad S Ol P AahPAPT U QARG Sty stiface b0

at | east one surface of a lens nold blank or lens nold
insert blank; b.) curing the radiation-curable

mat eri al under conditions suitable to form an opticm
qual ity nolding surface having optica

characteristics on at |east one surface of the 10

radi ati on-curable nmaterial; and c.) coating the
optical quality surface.



