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WO 2004/ 101260 PCT/ EP2004/ 005123 LENS COATI NG CURI NG
METHODS 1. Field of the Invention The invention

WO edoatieeéd 0 net hods of curing coatings on | ensESI/ERIN€005123

specifically, 5 the invention relates to nmethods of
curing one or nore coatings on one side of a |lens

W t hout damagi ng an exi sting coating or coatings on
anot her side of LANSIGOATIRG OPRINGPMETHODSRe! at ed
Art Lenses suited for use in eyeglasses, such as
ophthalmc lens, typically have one or nore coatings
on either or both sides of the | enses. Such coatings

i nclude hard coatings, 10 which give the side of the
lens to which they are applied abrasion-resistant
propejti esgid@ b meShlvEsdidye coatings, which help
elimnate reflections and{ consequentially, reduce the
fati gue and/ or stress users nay experience while

dri vi iye atventightelaes toondthody ofrcufing ndatofgs @an lesapuMere specifically,
and mrror coatings, which give the lens a shiny,

el Qéntlonk@1adt €20l RBEodLbcirthg 6:18f beflord186aingh bl Nnels?deSof a lens
emtted fromsurfaces such as snow and water. These

. ' _ . A .
b nashiy ke IPARA bl B Aoy 0 SORETns

the |l aboratory of the business where a custoner goes

to hage hi DesayptidsfRdatedckitption filled will apply

one or nore of the coatings to the lens. In sonme of
these_cases,. the lens will already haye one or npr

coat | RGRSCapWIGdar 135 1neyeslassps su a5 ﬁ‘i}’ékmcj?f&et,ypwarﬁ}ﬁ have one or
it is shipped to the |aboratory/business.

gpee Poatings py eithereor botissidesyofithe lensesh drugh 2oatingatnoherle hand coatings,
anti-reflective coating, or both coatings on its front ,
sihikd. gids tiensitibef tlexkaplte whidhhthel ars apmigd byaion-fesistdnt properties;
coating, a mrror coating, or both coatings on its

faﬁt@%ﬂe‘éﬁ(’@eoatiﬁ%\lﬂlﬁéﬁélwiﬁ%% fé@e@t@ﬂ@aﬁ@}@o@@equenﬁally, reduce the
PCT/ EP2004/ 005123 2

fatigue and/or stress users may experience while driving at night or working in front of a
computer; and mirror coatings, which give the lens a shiny, mirror-like look and tend to
reflect harsh light rays emitted from surfaces such as snow and water. These coatings

may be applied to a lens at different times during the manufacturing process.

In some cases, the laboratory of the business where a customer goes to have his
eyeglass prescription filled will apply one or more of the coatings to the lens. In some of
these cases, the lens will already have one or more coatings applied to its front, or convex
side, when it 1s shipped to the laboratory/business. Specifically, the lens may have a hard
coating, an anti-reflective coating, or both coatings on its front side. As another example,

the lens may have a hard coating, a mirror coating, or both coatings on its front side.

CONFIRMATION COPY
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Dependi ng on the custoner's preference, the | aboratory
may then apply a hard coating, an anti-reflective

w@oabtiiogeo or both, to the back, or concave, sieper/mpP2obhersi23

|l ens. The |aboratory nmay al s@ apply a hard coati ng,

an anti-reflective coating, or both, to the front

side of the lens if no such coating(s) exists or if

one ddependiag smcthe custoineg's pacferenes diecl labbraféry maynthensapply a hard
true for a hard coating and a mrror coating (as

ORINS 8fl ah@-reflectint lcozitﬂfg| 8€bAtH o thOBAkDG) conthvekide@f the lens. The
appl yi ng coatings to | ens, a laboratory will

15%%&@_ Yy 31614 ggfé/ré Hﬁdlc%!%n bR ahflSeARAVORS At ?eor both, to the front

presc on p accordlng to t he custoner’s nee S.

a t hat a h 0

T 39 o Ay 285, e B eR Ry SRl apg noeded
curabl e thrqugh the application of ultya viol ays. )
hs seme 1s rpe & hatg coatie g PHEY COARS Gaypb%segﬁew agfi-reflective
to either or both sides of the lens may alternatively
doetitgatPrion tatprdyinichftinge e adest & poraterypwitldypically surface the lens
differently to heat. Hard coatings tend to be damaged
tb itieoap@loperagokssaviption aowem gedofdihgait thel chstameanicheedBot h
anti-reflective and mrror coatings are nore
sensitive to heat than hard coatings. Antji-re ctive
and mher@atiegathah gy deswppiisd {Q R B ol Ridet Oﬁéi%,%dmay be UV-
too nuch. Typlcally, however, danage to
cundhile. r SV enirable’ maans qrablothrewelk the geplicatian of uittreviolet rays to the
crazi ng, which neans becom ng covered with fine
@aank S . TheAtdatinge itae ahiayw e apglied o eitheroat bohssilendf time lens may
craze when heated too much because they do not
g@§§g$§y%egggqnggﬂélty to expand under the influence

heat : hard coating is typically at least 20 to
50 tinmes thlcker than either anti-reflective or mrror
coat i IDidfsrenp 0oatings sespardvdifferendly 30 heat. Wlard goatisige téndrtd be damaged
coating to the back side of a lens, and to cure that
thhdughi cedek e oh eadkiag af heagedvdod mauch. Buthghtigefechiae dnd mirror coatings
coating, an anti-reflective coating, or both, that

£ nfdre Qhstthe Hrigat th%h%rdﬁ:oétﬂ@s | @Bﬁlﬁ(ﬁﬂ@:t%@ozﬂ{dlﬁmoatmgs also
PCT/ EP2004/ 005123

tend to crack if heated too much. Typically, however, damage to anti-reflective and
mirror coatings is described as crazing, which means becoming covered with fine cracks.
Anti-reflective and mirror coatings tend to craze when heated too much because they do
not possess a good ability to expand under the influence of heat. A hard coating is

typically at least 20 to 50 times thicker than either anti-reflective or mirror coatings.

It is known to apply a UV-curable hard coating to the back side of a lens, and to
cure that UV-curable hard coating without damaging a hard coating, an anti-reflective

coating, or both, that exist on the front side of the lens.
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It is also known to cure a thermally-curable hard

coating on the back side of a lens wusing a thernal
w@osng26d uid from 3M wi t hout damagi ng a har dpCDBPI0Dg005123

on the front side of the leng. The | ens was di pped

into the thermal curing fluid, which had a tenperature

of around 132 C. The |l ens was nmade of pol ycarbonate

(i . e.ltisidsoiaswa tp chyecathbmmdly ecurabishdd asatirgain the backi sde of a lens

defi ned below), and the front side hard coating was

td thedgdl ¥utifig BhidSHbth 3N/ Willi$ idhin6EAL a hhREcdatiaBlonthé Gont side
did not have an anti-reflective or mrror coating. It

df%héaieﬁ Ifﬁg%stg?a hﬁg&an ol tﬁ@nﬁélg%gﬁlgefgnd Whlch had a temperature

herna y-cura coatin

- cur r on the e 0 ens W.t h
335 c aﬁﬂﬁs*asam@lamf Pol gl GRS iR Bt Efbtnate tens
Si de of the |en was .made of pol ycarbonat e.
apfikatterghis defiged bqlewau aaldﬁb% framf sideyhard sppting e RSt agylic or soft
mrror coating. SUMVARY OF THE | NVENTI ON W provi de
argariosidisorn dT Tbefvors esletdidinotrhaye ireanisesdlectovecarmirn goasing.
nor e coatl ngs on one side of certain | enses w thout

el S L U

prOV|d|n a lens having an anti 15 reflective

rC“ég%l? prigenan Hherhagk pidg p&@@d?ﬂ&%&lqué ﬁ%mgiég)éélm Gpgting that
a heat curabl e coating on a second side of the |ens;
exmtechaathe fipnt side hEthe-lensr ik dens oretsinmaglewif tpltygarbdaateg |Thg front side
the anti- reflective or mrror coating. Another of our

dighbOthse anuoli-yeffecfivout dirf@ caatitn- pur e pol ycar bonat e
|l ens having a first coating on a first side of the

| ens; depositing a heat-curable coating on a second

20 side of the IeSE&ﬂﬂé&ﬁﬂ%&llﬂﬁﬂﬁgﬂﬂilgﬁkurabIe

coating wi thout damaging the first coating. Another of

our nethods involves providing a |lens having a first

coat i Wg poevide friethods and devieds thifemiyehe usadleioonire pngjommore coatings
heat - curabl e coating on a second side of the |ens;

dicade sl GXQRAAIh(2A@0 WwRGSGtERACRH e 102 3noré coatings on the other side of
those lenses. For example, one of our methods involves providing a lens having an anti-
reflective or mirror coating on a first side of the lens; depositing a heat-curable coating on
a second side of the lens; and heating the heat-curable coating without damaging the anti-

reflective or mirror coating.

Another of our methods involves providing a non-pure polycarbonate lens having
a first coating on a first side of the lens; depositing a heat-curable coating on a second

side of the lens; and heating the heat-curable coating without damaging the first coating.

Another of our methods involves providing a lens having a first coating on a first

side of the lens; depositing a heat-curable coating on a second side of the lens; heat



curing the heat-curable hard coating; and cooling the

Il ens so that the first coating is not damaged by the
wheat/1c1260 ng. Still another of our nethods i s PCTEPIOH005123

of curing one or nore coatings on a lens, and the

nmet hod i ncludes heating the l'ens for a period of tineg;

and cooling the lens for a 5 portion of the period of

| ligh A4 8ol L ShaVh ing is not
cupipdhg }%?&Qfa%aﬁ&é%%% Lozt |§%§r§g dr ax?v?%ts% afing is no
ddenq£§t¥ate certain, but not necessarily all, aspects
apyagetBY s heatringet hods. The drawings illustrate by

way of exanple and not limtation, and they 10 use

| i kest{IPA KRN &€ Sut Mefhbdi Ko Bethbdbf aiiri &EdtBereftb&ingks on a lens,
is a flowchart listing steps of one enbodi nent of the

e s;anglqusg&- eaﬁhgx%eﬁggste% %E\R%P%H?hf\éﬂéiaﬂﬁ ct%liﬁ)g {H8"8ns for a

beused con presen
nmet hods. Fl .Shows a setup that may be used to
5 poglgn ‘%%PmaﬁgﬂanﬁDre steps of the 15 present
met hods. FIGS. 4A-4C shows different views of a lens
hol di i GkeY hfeehddiate dR%IRA Besee i N carrying out
enbodi ments of the present nethods. FIG 5 is a flow
chart listing steps of another enbodi nent of the
present met hBRIEF IHLSCREPEHONOE THHE BRAWINGSy be
used to carry out one or nore steps of the 20 present
met hods. WO 2004/ 101260 PCT/ EP2004/ 005123 5 FIG 7 is
a flTw fohlewing drawingg demensracf ceytain, anoidiercesdrigiaitpaspects of the
of the present nethods.
present methods. The drawings illustrate by way of example and not limitation, and they

10 use like references to indicate similar elements.
FIG. 1 is a flow chart listing steps of one embodiment of the present methods.

FIG. 2 depicts one version of a lens that may be used consistently with the present

methods.

FIG. 3 shows a setup that may be used to carry out one or more steps of the

15  present methods.

FIGS. 4A-4C shows different views of a lens holding device that may be used in

carrying out embodiments of the present methods.
FIG. 5 is a flow chart listing steps of another embodiment of the present methods.

FIG. 6 shows a setup that may be used to carry out one or more steps of the

20  present methods.
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FIG 8 is a flowchart listing steps of still another
enbodi nent of the present nethods. 5 FIGS. 9-11 shows
waledoteorrnd set ups used during testing of certapar/BP20bhiens123
present nethods. FIG 12 is di agram of a heat
exchanger used in testing certain of the present
met hods. DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 10 In :
t hi j
Cosn%lr@?zéﬁ'g‘?{‘ g’ Clr ?'stﬂ% {as g?gﬁcgh&gucﬁs&%m of the present
ri ses" and "conpr|3|ng"), "have" (and any form of
1nﬂ§9 , such as “has" and "having"), and "include" (and
any formof include, such as "includes" and
"I nodredigng ') ﬂ@ﬁvec}ﬁﬂeﬂstﬁigdﬁéba bﬂgthlﬂgnytﬁélbémb%nﬁent of the present
result a nmethod, or a step in a nethod, that
@_ rlses " has " or "includes" one or nore steps or
el'enénts possesses those one 15 or nore steps or
el enments, but is not limted to possessing only those
one FIGSTOLEl slice@asdifferene setpsiused ditits, testity by cwyain Off the present
exanpl e, a nethod "conprising" providing a | ens having
méhodd st side, a second side, and an anti-reflective
or mrror coating on the first side; depositing a
heat - curabl e coating on the second side of the |ens;
and Hi&atl2ng at diegrlamacf 2 beatuexabinger satd mytesiingdoertain of the present
damagi ng the anti-reflective or mrror coating, has,
m&Hbdd. s not limted to only having, the recited steps.
That is, the nmethod possesses the recited steps, but
al so covers other st eps that are not expr ess|
recited. DIESCE (DI L STRATEY & EMBONHIE?
PCT/EP2004/005123 6 covers dep05|t|ng another coati ng
- in addition to the heat-curable coating - on the
secdndhisi dpeumentt (vecliding thesclaimsi.sthe iemtse’dogwtrise’t (ald] amy form of
coating or between the second side
comprise, such as “comprises” and “comprising”), “have” (and any form of have, such as

.“has” and “having”), and “include” (and any form of include, such as “includes” and
“including”) are open-ended linking verbs. As a result, a method, or a step in a method,
that “comprises,” “has,” or “includes” one or more steps or elements possesses those one
or more steps or elements, but is not limited to possessing only those one or more steps or

elements.

Thus, and by way of example, a method “comprising” providing a lens having a
first side, a second side, and an anti-reflective or mirror coating on the first side;
depositing a heat-curable coating on the second side of the lens; and heating the heat-
curable coating without damaging the anti-reflective or mirror coating, has, but is not
limited to only having, the recited steps. That is, the method possesses the recited steps,

but also covers other steps that are not expressly recited. For example, the method also
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and the heat-curable coating. Furthernore, individua

steps of a nethod are to be interpreted the sane way.
w®20bhabv1266, a step that calls for "depositing BCT/EP2004/005123

heat - curabl e coating on the cond side" of a lens

nmeans depositing at | east a-heat-curable coating on

the second side of the |lens. Thus, provided a heat
cqggfég@épt%ﬁi?iﬁgtdtnﬂglef l%ogt?r%o& hegid@tbat Re uRerondusivgle c@z{tintgh§ on the

s“step also Tovers adepositing a ditiona

coafi.ngs.qn the second sid f t |l ens. F 1 ows
seciiat 0 Hfees Shet Aop P BeafhaPE otsBli of Ry ppahe $eond side
i ncludes 10 step 10, which is providing a |l ens, such
anddheheabshtahle GprEng-ens, that has an anti-reflective or
mrror coating on one side of the lens, such as a

Convﬁ}ﬁh%]érgﬁ?rg, ﬁlcﬁ‘@d&ﬁ’st#@;ﬁﬁ h%tho‘&?%@stbtﬂen tétpreted the same way.

heat™-cur coatl ng o r side of the tens, suc
as . a concave sjde; .and . step 30, ich i.s heating the..
Theat &% 2SigR e C%kaf’? ngegﬂsktwgtﬁphe&gﬂér\éﬁﬁgco@hgg ona&le se%ong side” of a
anti-reflective or mrror coating. 15 Damage neans
lens medisrigpesiting aiApasta heaticaeably @atipg phthagrerf ageof thplens. Thus,
heat curing a heat-curable coating w thout "damagi ng"
pravided e heataatabig contingss tibmisitechen dtehserorgbsitie nfjtheilsnsntis step also
cracked or crazed (as perceived by the naked eye) due

colversiddfodit@dt additidialcoafingoai theGeddndtsidesof théilens si de of a
lens 1s defined as a coating that (a) is positioned
over that side, (b) need not be in contact with that
si deFIG. 1. ghowsopee embadient af éhe, presery mothodvatMathed A8 includes
be di sposed between that side and the coating in

stepuE% twhich isgmmaviimg mlees] sncl as arovgihthdlinad lems dbat has an anti-reflective
conpl etely. WD 2004/ 101260 PCT/ EP2004/ 005123 7 A

orCRatdrNEbatifgtonnase BRIENofUBAShY, &lch @B "a BorBielEsi@d; @80, Which is
defined as a coating that (a) is positioned over that

de?hgﬁn§§ih@%_—&?%1€r§@ﬁ§l Qn HBBRE bilik BY HeSIBAS s@ch &P4 Boncave sgde; and
oating, dip coatlng, or vacuum deposi tion), ( nee
sté‘poio, Qv%iéhnis%%gttir?gc Ehe\ﬁegthcérgb% cgéthl% withou? 'damggnelg Ue anti-reflective or
mirror coating.

Damage means cracking or crazing noticeable to the naked eye. Thus, heat curing

a heat-curable coating without “damaging” another coating means that the other coating

is not cracked or crazed (as perceived by the naked eye) due to the heat curing.

A coating that is “on” a side of a lens is defined as a coating that (a) is positioned
over that side, (b) need not be in contact with that side — i.e., one or more intervening
coatings may be disposed between that side and the coating in question, and (c) need not

cover that side completely.
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nore intervening coatings nmay be di sposed between that
side and the coating in question, 5 and (c) need not
weonenombmt side conpletely. "Heating" a | ens PGI/EP2004/005123
defined as raising the tenperature of the | ens through
the application of heat. "Heating" can, but need not,
result in the conplete curing of the coating or
coat j : I ke sDek: -
of Rkl fos 297 oA 6P R of R G 0o A Bhating tha
el ow.. "Heating" does .not include.acts .that are not . :
(e iioncy 8 erte s S b RRAT SiPhgube TR P coating, dip
coatings on the lens. "Heat curing" a coating is ]
COgBRE, rfE Vaguure ieppgtionh R gieeh ot he de saripst itk éﬁfﬁl sideet y-€., one or
curing, the coating using any suitable neans of ,
meephigivegingeattings rhijebedispdsed betheen thahside mag e coating in question,
generated, for exanple, by an infra red heater,

anld§ &) 1R n60¢dver tHAf siddYordpleety. t hermal  heater, and
applied, for exanple, through the use of forced air or

sinply proximty (e.g., 15 the heat reaches the

coat‘iﬁ;gtl@gi’ ¢ilenuis @ﬁi%leﬁ easgeisingethef temperafsgofphe deps through the

close to the coating). "Heat curing"” can include
applieatiourdfrigeat. aSHeltarig’t @njrbutsnaed bt bsestlh ois ¢heo€oraplietel curing of the

the art; post- curing, as that termis used by those

codfing bt bbatinds toRethaNéns @t HEtHRIHY ReatedNdORE Sbrrf Wi “Rlatin” is “heat
"heat-curabl e" coating is defined as a coating that 1s

: i cati f. t .
i 0 B R, SPRAG 2 R oL URR e i Resigned o
P B SRR RSB R BR E s omiome e

exanple of a lens to which a heat-curable coating may

b 1 . -1 g1

ronm e P17, S, BT AT (oo s oyl
o6 eyt shd hABIETRON RO L G The ea

2004/ 101260 PCT/ EP2004/ 005123 . .8 . First sid
) O IR 40T HITIBNE 09 SR e RGBT A ool P pieg ey thermal

52 has a nupber of coatings, or yers,. on jt -

I
he@@gtqnﬁﬁpgg!, fglgc?xagmﬂe,ébr_ou%g}ei 45§ og T aip o1 glnlmly PEgXimity (e.g.,

the heat reaches the coating by virtue of the source of the heat being close to the coating).
“Heat curing” can include pre-curing, as that term is used by those of skill in the art; post-

curing, as that term is used by those of skill in the art; or both pre- and post-curing.

A “heat-curable” coating is defined as a coating that is curable through the
application of heat rather than ultra-violet light/radiation. Thus, ultra violet-curable

coatings are not heat-curable coatings within the meaning of this document.

An example of a lens to which a heat-curable coating may be applied and cured in
the manner of method 100 is shown in FIG. 2. Lens 50 includes first side 52 and second

side 54. In the embodiment shown in FIG. 2, first side 52 is convex and second side 54 is
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coati ng made of |atex. Coating 58 may be a hard
coati ng made of one or nore |ayers of material (e.g.,

W@2003/,10&60 5, or nore |ayers) that conbine to pPOWER®04/005123

abrasion-resistant 5 properties. Coating 60 may be an
anti-reflective or mrror coating nmade of one or nore
| ayers of material (e.qg., 2, 3, 4, 5, or nore |ayers)
thatave ORivstroide 52 Pasai/éadengohiit ridbteespletifieallygrfirst side0$2 has a number
properties Those skilled in the art may use the term

§*c@£%ﬁ1" sl & F&%&r bRSt @ coa@dsl 54,585 URN GBS GQﬁIdgnSB %y be a primer
rra e of 2 or nore layers. 1n addition, those skil

a[t{n%qrrﬁecoofg ngg%gtuﬁg;% In%& ?8 gﬁagcg & aér‘érg ag{ gcg otn% gt more layers of
Cm%?%%f%? 2 .Zlfﬁan‘f brngpre 5yer) i comites o PR pgion-resistan

we mean a prinmer coating that inproves the inpact

peopeHican E0abng 6f aayfieransabiredpativer miFtor epadingsmade of one or more
conpared with the sane optical article w thout the
laypsoif-matersil<e.gnt2, pr4,rfeor owat laygres) Thapcaabine to provide anti-reflective
i mpact -resi stance primer coatings are (nmeth)acrylic

5B nhiase gropestics.NdEhosd AkiMed nl e B iRayasetheCtenth i‘8@6k” to describe a
(N@th)acrylrc based inpact-resistant coatings are,

Vﬁ%lr?%aﬁfcﬂ%g %oatgrigsé?)l R8¢ of A oMmor Lagi} , d0n5 A2 <R in the art

s t hernoplFastic and cross ase

ol yur ane.resi, tin are di scl gsed nt e
A 000 R Rt Th o F S Gl BEoglBbShe mass.
0404111 and U S. Patent No. 5,316,791. 20 In
parti @éaBihg 58 suitable inpact-resistant prinmer coating
for use as coatrng 56 may be nmade froma | atex
conposition such as a poly(neth)acrylic |latex, a _
pol yurd&e Ramer psgdefer coting {fmnyﬁb@@n impeetxesig@pnefimere By “impact-
preferred (neth)acrylic based inpact-resistant primer
cadtant gricen) oL heans ptier eoatingg that improves the impact resistance of the
pol yet hyl enegl ycol (net h) acryl ate based conpositions WO

ZARALA OG0 Jrtelé BP20RAPARASHEB thd samike Bﬁﬁ@&l artddle SNEISIH €he impact-
tetraet hyl enegl ycol di acryl ate, polyethyl enegl ycol
¢esiPant qiri?&rryéoﬁﬁﬁg. Typical impact-resistance primer coatings are (meth)acrylic

based coatings and polyurethane based coatings.

(Meth)acrylic based impact-resistant coatings are, among others, disclosed in U.S.
Patent No. 5,015,523, whereas thermoplastic and crosslinked based polyurethane resin
coatings are disclosed, inter alia, in Japanese Patents 63-141001 and 63-87223, EP-

0404111 and U.S. Patent No. 5,316,791.

In particular, a suitable impact-resistant primer coating for use as coating 56 may
be made from a latex composition such as a poly(meth)acrylic latex, a polyurethane latex
or a polyester latex. Among the preferred (meth)acrylic based impact-resistant primer

coating compositions there are polyethyleneglycol(meth)acrylate based compositions
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pol yet hyl enegl ycol (400) diacryl ate,
pol yet hyl enegl ycol (600) di (neth)acrylate, as well as

waoie@itheneo (et h) acryl at es and m xtures t her eof PCT/EP2004/005123

Preferably, an inpact-resistard priner coating for use

as coating 56 has a glass 5 transition tenperature

(Tg) of less than 30C. Anpong the preferred -

sunbaast fareshsipln tetpethynegiyedldingrybatapodyettiybensglyool (208) diacrylate,
as coating 56, there is an acrylic |atex

@61‘9’8@&&hé%1&€cﬂ¢40@)d(ﬁﬁcr§lhﬁé, panRthAtdngLlyeoll BOEX difmedJacrylate, as well

comerci all zed by Zeneca and a pol yur et hane | at ex

 GOWIRY, eéh a{l%ﬁ@ neeind A uneiBeY¥ 240 and W 234 by

Baxen nerally, the thickness of coating 56

falls within the range of 0.1 - 10 m and preferably

0.5 - Pfembifpan éxpaypiresistans girinmy dS6timg jorbse aus @oatingl 66 has a glass
thick. Coating 58 Preferably, the hard coatings used

Waiditidhemperaas (T ORIadshadtpci se  hydrol yzates of

pol yal koxysi | anes, especially those conprising
epoxytri al koxysi | anes 15 and/ or epoxydi al koxysi | anes,
ThoseAmopgotbei pakre} immpactyiesitientapriier 6APHISs eONPRILERNS| for use as
fillers such as Si 02, Ti02, Sb205, A1203, and Fe203.
Cozing)X@ntilees Bfanamerdiorlaek comnestislized tundeathe mgme Hedryliajatex A-639
be used for coating 58 is obtained by curing a

cOmRREdidlized bg Pehédatind G pofyuréBinledh@r lcominlerdializMdivible B8 names W-
a mean particle dianeter of 1 to 100 m 20 B: a

i 2K ysate or a m xture of hydrol ysates
2?&) gﬁww 2854 b@BQﬁ/&g%

ane conpoun ); of formula: R3a Rl Si RZ)3..
~~ a
Generally, the thickness of coating 56 falls within the range of 0.1 — 10 pm, and

preferably 0.5 — 2 um. For example, coating 56 may be around 1 pm thick.
Coating 58

Preferably, the hard coatings used with the present methods comprise
hydrolyzates of polyalkoxysilanes, especially those comprising epoxytrialkoxysilanes
and/or epoxydialkoxysilanes. Those may optionally and preferably comprise inorganic
fillers such as SiO,, TiO,, Sb,0s, Al,O3, and Fe,0s.

One example of an abrasion resistant coating that may be used for coating 58 is
obtained by curing a composition containing;:

A: colloidal silica which has a mean particle diameter of 1 to 100 um;

B: a solvent;

C: a hydrolysate or a mixture of hydrolysates of silane compound(s);

of formula:

R’a

R'——$——(0R)3.,



WO 2004/ 101260 PCT/ EP2004/ 005123 10 (a) in which: R
denotes an organi c group contai ning an epoxy group;
w@R2004a026ydr ocar bon radical that has 1 or 2 ce€bh&P2004/005123
atonms; 5 R3 is a hydrocarbon ghoup that has from1l to
4 carbon atons, and ais O or | in value. The
structure of the silica is preferably Si02. The
colloidal silica is obtained by mnacronogcul ar
di spersi on of anhydrous silica in a dlsper5|ng medi um
Hisichl spersing nedium nay be water, an alcohol, a
ceI osolve a ketone an ester a carbltol or the
F grm - . er { e silane conpounds
hat a‘?sea r%gaél %WPP&&?&W%%}@P@IE{Q&PC()M ain an epoxy
% goup of fornula: éﬂ ocCicH2oc C\N 72 0 or
5isadyydracaghon jadical t tamalgr bRV and r is 0 to 2.

Exanples of suitabl e hydrolyzed silane conpounds for
B3 & aliydrocatiwnygreusthat hasdtomo di¢o # natbanietoms, and a is 0 or 1 in value.
-y-gl yci doxypropyl tri met hoxysilane, 20 - vy
- 9l ycThoxtyytap)dfithié sitiboisysedetad®y SOy The colloidal silica is obtained by
- gl yci doxypropyl (et hyl ) di met hoxysi | ane, -y
- kG R MAR IR ¥s(IFES by dtoBd BBXY & 4 @RBersing medium. This dispersing
medium may be water, an alcohol, a cellosolve, a ketone, an ester, a carbitol or the like,
or mixtures thereof.
The silane compounds that are more particularly preferred contain an €pOoXy group

of formula:

—(CH OCHCH)—O0CH—CH—Ch

or

—(CHy)q 0

where p and q are 1 to 6 and ris 0 to 2.

Examples of suitable hydrolyzed silane compounds for use with the present
methods include:

-y-glycidoxypropyltrimethoxysilane,

- v -glycidoxypropyltriethoxysilane,

- v -glycidoxypropyl(methyl)dimethoxysilane,

- v -glycidoxypropyl(methyl)diethoxysilane,

-B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,



10

15

20

-R- (3, 4- epoxycycl ohexyl ) et hyl tri net hoxysi | ane, WO
2004/ 101260 PCT/ EP2004/ 005123 11 or the like.

wpiotabi2eo abr asi on-resi stant coatings that nmayPOBPEPR®Ed005123

for coating 58 preferably coptain additives for

prol ongi ng the storage |life, such as 13-di ketone and
(3-ketoester chelating agents, or m xtures thereof.
dtherkexanpl es i ncl ude acetyl acetone, ethyl 5
acetoacetate and the |ike. The hydrol ysates of silane

COP ARSI Lo s S HAF e Bl LR S gty
h Lysi. b f b ddi d
U P T SRSl SRR 4 R, o

acetic acid. 10 Crosslinking catalysts

hosphoric or
_ﬁ%ﬁ&'f‘tl 3ERRLS0 AT ARy TR Shergpds e Othsiprampiesniciuge r asghydasetone, ethyl

the cure tenperature and period. Suitable such

 agefpagefaie end wellisde Bronst ed acids such as hydrochloric

acid, sulfuric acid and nitric acid, Lewis acids such
as alTheilydrolgduteasrdfdéane tampahboof f@muld @9 are obtained by hydrolysis
bor of | uori de, boron fluoride, acid halide conpounds,

ifhiRd alspstsin@ @ddyhA 76 SR oAPdaPERELATES BY@oBRINAMIIS performed by
car boxylic conmpounds of magnesium 15 titani um

. . i : iU oper .
A n oo RO M B AERe, MunERE ARG phosphoric or
;ﬁSﬁ§55? conpositions that nmay be used for coating 58

may additionally contain additives such as

ul trayi ol et-absorbers, silicone or fluorinated,

sur f %P ing gatalysts pray heripgodueqd intprthese; spapastiors to reduce the
nmodi fiers. 20 Suitable methods of applying a suitable

by tesnsratwigsanst periode o dutitalde Sechoeatalysss iindnde Boartstagadi@s such as
i ncl ude centrifuging, dipping, and spraying. These
hydroehbypiplactiasuldurioratid ankd nitric acid, Lewis acids such as aluminum chloride,

tin chloride, zinc borofluoride, boron fluoride, acid halide compounds, chelated
acetylacetone and acetoacetate compounds, carboxylic compounds of magnesium,
titanium, zirconium and tin, and sodium, magnesium, copper, zinc, hydrogen and lithium
perchlorates.

The hard coating compositions that may be used for coating 58 may additionally

. contain additives such as ultraviolet-absorbers, silicone or fluorinated surfactants, dyes,

pigments and refractive index modifiers.
Suitable methods of applying a suitable abrasion-resistant coating 58 onto primer
coating 56 include centrifuging, dipping, and spraying. These same application methods

may be used to apply a suitable primer coating 56 as well.
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may be used to apply a suitable prinmer coating 56 as
wel | . WD 2004/ 101260 PCT/ EP2004/ 005123 12 The curi ng

wo@boosher2abr asi on-resi stant | ayer is preferabl yyCBEP2084€005123

out at a tenperature of 80 tq@p150 C. for 30 m nutes

to 2 h 30 mn. After curing, the thickness of the

abrasion- resistant |layer is preferably chosen to be

bet wedhe tuamgloflthe ghfasiandesivnire 1Pt isiptefemblyycarhied vwana Lemperature
and 6 m 5 Another suitable abrasion-resistant coating

P80 tdTP80° 28 fSRANTRAes GO 2ti F0InBS Aftdrelifhs, e cknBss dTitRe abrasion-
docunent as "HC 1") may be nmade from 80.5 parts of

' [ i1 SE 4t S ' -
g%s%%nlt 2%[)%5 Q§ghe?%ﬂg§lygc%8gen?‘%fj§edb&(&fgw1 dnd' 5 fmS %thlxoqg particularly
| yci dyl oxypropyl)-trinmethoxysilane (GLYMD and 120
%S%e@éfané?ér’fg?‘hyl di et hoxysi | ane (DMDES). The
hydrol ysed solution nay be stirred faor 24 hours at )
r oom PEREEF Suilrle AbgasIg-Tepisiany £eathlg, that gpay3 g, used for coating 58
colloidal silica in nmethanol, 15 parts of al um num
feéaryddatee iro hlais edocamdni4 4s PEIG d "pfmast frg| wedd drwod \BO.Srgpgrts of 0.1N
be added. A small anount of surfactant may be added.
Thérothiefic eh¢idaladdbdy deapwiset to TDGolwfons wohitatning 224 parts of (3-
conposition should be in the order of 13% of solid

LA NRHAIGY fJﬁWtH%tW?§i%¥%@ﬁYW§xd m&@rofﬁiﬁhtaﬁ@hi?ethoxysilane

hard "coati ng ‘conposition is described in U S. Paté

{Euiie iR R30S, Ry oSall A A3 (R peranre and

[ fo a mul.tips|ayer, ant.i-reflective. coati that nma
B s ot abia g s mppirint FoPahua! Hyn a8, et scetonate
20 vacuum deposi tion conposed of the follow ng | ayers

i2Ad Prepaste ddrethylegliogolye Mayebsppddedal A sopall prawef surfactant may be
l'isted:

added. The theoretical dry extract (TDC) of such a composition should be in the order of

13% of solid material from the hydrolysed DMDES.
Another suitable hard coating composition is described in U.S. Patent
No. 4,211,823.

Coating 60
anti-reflective

One example (referred to in this document as “AR coating 1) of a multi-layer
anti-reflective coating that may be used for coating 60 and applied to coating 58 by
vacuum deposition composed of the following layers in the order listed at the optical

thicknesses listed:

Material Optical thickness
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Mat eri al

Opti cal

t hi ckness

WD 2004/ 101260

PCT/ EP2004/ 005123 13 Zr02 55 nm Si02 30nm Zr02 160

physi cal
refractive in
other anti-re
coating 60 co
dielectric ma
Zr02, Al1203,

use of such naterigkﬁ mak e
I
e

t he appearanc

wWmeo04501220 120 ri m The opti cal
550 nm The opti cal

dex of the |

ver at 550 rim _EX

t hi ckness are gi PET/EP20047005123
t hi ckness 16f a layer is the
t hi ckness of the layer multiplied by the

npl es of

[ | ect i A coat
Nsi st of° 5 a

i ngs sui e for u
nono- _or nultilayer

e as
filmof

eriagi uch a
MyF2°0r* Ta20

s SIO §02, Si3N4,

gg?ﬂ?es t her

@)
5 or m

Ti 02,
eof . The

e of fled

s it possible top
tion at§@¥@mlens-m

[ event
r

interface. An|anti-refl ectjive coai%f 60 may pe
appl i ed by vatuum § sitijon acco ﬁa to ong of the
foll owi ng techniques: 10 1: by evaporation, optionally

TR PR RRRASE Gk give foP) =S PSEUIMNITHS bittal thiti@RsPEAMayer is the
3: by cathodic spu%terlng._4; by pl asna- assi st ed

v ) C . _ .

FR05% PRREsSRL Fok ARRBRLL s Rl e S ey 50
anti-reflective 15 version of coating 60 by a sol ge

r out e Exhidpleewaoheeart-aMetiie @atiig@esyiablafier use as coating 60 consist of
hydrol ysates) may be done. In the case where an
Athbnd- Ok Inntilaysr HBE SF A1 CRglelilts R dsHiOUEaS,, &i;N,
single layer, its optical thickness should be equal

tqué‘{ ﬂdgF‘Q’%@ FI%@g, o} ﬁqi)@tu}‘@\fﬁérg&gtﬁeqjse %?tsl\f@lerﬂat%ﬁgls Emeﬁi(es it possible

TiOz, ZI'Oz,

to prevent the appearance of a reflection at the lens-air interface.

An anti-reflective coating 60 may be applied by vacuum deposition according to
one of the following techniques:

1: by evaporation, optionally ion beam-assisted.

2: by spraying using an ion beam.

3: by cathodic sputtering.

4: by plasma-assisted vapor-phase chemical deposition.

Besides vacuum deposition, deposition of an inorganic layer for an anti-reﬂéctive
version of coating 60 by a sol gel route (for example from tetraethoxysilane hydrolysates)
may be done.

In the case where an anti-reflective version of coating 60 includes a single layer,
its optical thickness should be equal to A/4, where A is a wavelength of between 450 and
650 nm. In the case where coating 60 includes three layers, a combination may be

employed corresponding to optical thicknesses A/4-A/2-\/4 or \M/4-M/4-M4, respectively. It



650 nm In the case where coating 60 includes three
| ayers, a conbination may be 20 enpl oyed correspondi ng
wo oooapdize@l thi cknesses ?./4-?J2-al4 or X 4-?1PcHEH2004/005123
respectively. It WO 2004/1012qg PCT/ EP2004/ 005123 14
Is additionally possible to enpl oy an equival ent
coating 60 made up of nore |layers, instead of any one

o addiBohalyepsssib® 10 BRipRAT 4n Bduitdlént 2ddAUE %rse%awag of more layers,
three layers. mrror M rror coatings t at may be used

?ﬁﬁt{ag\?\)g gﬁ‘%oﬁ&o{%é‘ IaB@r %Hf%ngzhﬂgo e%\'ll)\g@e &heldg e§¥ ers.

oW I'n
| ayer . .Addl ng nore |layer pairs - e.g., h| gh- and

| ow | AYESOT Wi Il increase the reflectance of the

coating. Stacks that may be used. as mrror coating

ver si ORErOB LB {tha) TRy I?Faslﬁe és a@%t}nér@dmay%ﬁﬁgadf/ww@gh index
met hod, as will be understood by those of skill in the

ayter fotlogred tora bwi-index dayeh éollpmied iyl 4 highiindexuayksr gkddmg more layer
that different mrror coating colors may be obtained

lpyiry areyg. nhighhend bw-indek nresie imcedasd the reflyaaceodf thbeoating. Stacks
coating in relation to the refracti-ve indices of those

|ti9at @45 be uvbd EPMirQ@bhigSydriiahs dTpatiey 65Rdy 88 deR@tddg the Y wave
60 may be deposited on a side of |lens using any

gx%tﬁ&f) .8 WIBtHRQMIKRNE Hythbdd il irShE r@STNRE Wkkill i Lin,the art will

eposition, sputterl ng, evapor at i on coat | ng, an
C atin atl §on‘pr se one

Iy ?%d‘%a%an&. bl gl g e Uit gl re oy @pig by varying the
Z@%‘T \%4% orthel|ke A2Iaer roadband m_rror
dyskriesees of the 1ayessof the gpatingtin waronttﬁéh 3réyrghficesefghose layers.
of 380-780 nm may be nmade with the follow ng stack:

Mat er iMirropgasings that Rlaylbsaised a8 @atiag 6hmay Siegizpasited wnlarside of lens

anot her enbodi nent, a 3-1ayer broadband mrror coating
wising anyr gfitablet mefhoddehown in the art, such as vacuum deposition, sputtering,

evaporation coating, and spin coating.
Mirror coatings may comprise one or more layers of dielectric oxides, such as
Si0, Si0,, ZrO,, TiO,, or the like. A 2-layer broadband mirror coating with a 20%

reflect over the wavelength range of 380-780 nm may be made with the following stack:

Material Physical thickness
Ti0O, 47 nm
Si0O, 17 nm

In another embodiment, a 3-layer broadband mirror coating with a reflect of 20%

over the wavelength range of 380-780 nm may be made with the following stack:

Material Physical thickness
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over the wavel ength range of 380-780 nm nmay be nade
with the follow ng stack: WMaterial Physical thickness

WO\ 02006001260 PCT/ EP2004/ 005123 15 Ti 02 12 pPCTVEPS0O®S123

30 rim Ti02 60 nmlIt is possijgle to nake dielectric
mrror coatings using nmultiple conbinations of the
st acks descri bed above, or using conbinations of high-
and | ow i ndex Iaye%s of other of the oxides ¢escribed
above. 5 Adhesion T&Sts Each of tﬂélﬁ?esent copati ngs
may be subj ected tgﬁgﬁe or{ nore adhesion tests to
det er mi ne whet her coatfing is prdperly adhered to
its substrate|[ For exaine, dry adhesion of a coating
may be neasured by éaltlng throquOﬂH% coating with a
razor a series of 10 Iines, spaced I nm apar
foll owed by a second series of 10 I|i nes, spaced 110
;nncfg?;ﬁg%ogﬁbfe' tt%thrézrﬂ%ngll g tI‘ltCo tr1ho(% cf I ﬂr?%fl?s%iglqgl%ltlple comgl%atlons of
rosshatch rn wwth an ajr stre mto renove
hostanka raoats abovg. QEpiihg ﬁ@gbm%tf%ro &ughr aaimladggsﬁayers of other
éﬁbe appl i ed over the crosshatch pattern, pressed
Pidertdgscribagabaven rapi dly pul | ed away from
coating in a direction perpendicular to the coating
sur f adalheipplTiestst i on and renoval of fresh tape may be
repeated two additional tinmes. 15 The |l ens may then be

subm tt ed tinting to determn the er cent age

2dhesEaR OhfherProtanhferiing 249 B DRHIRAG QHEghor adhesion tests 1o
failures. A boiling test that conprises |nner3|n%

detgrraire | veheshsr the sPRtinggisvrieparly afheagl tonits sulsirateay Fai sxample, dry
be used to test adhesion.

adhesion of a coating may be measured by cutting through the coating with a razor a

series of 10 lines, spaced 1 mm apart, followed by a second series of 10 lines, spaced 1
mm apart, at right angles to the first series, forming a crosshatch pattern. After blowing
off the crosshatch pattern with an air stream to remove any dust formed during scribing,
clear cellophane tape may be applied over the crosshatch pattern, pressed down firmly,
and then rapidly pulled away from coating in a direction perpendicular to the coating
surface. Application and removal of fresh tape may be repeated two additional times.
The lens may then be submitted to tinting to determine the percentage adhesion, with
tinted areas signifying adhesion failures.

A boiling test that comprises immersing a coated lens in boiling water for 30
minutes may also be used to test adhesion.

A coating passes these adhesion tests when the percentage adhesion is more than

95%.
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A coating passes these adhesion tests when the
percent age adhesion is nore than 20 95% WO

wQodd4ndnE®60 PCT/ EP2004/ 005123 16 Lens 50 LepsT/BR2008§05123

be a polycarbonate | ens. By "pg ycarbonate" |ens, we

mean a | ens made from bi sphenol - A pol ycarbonate. Such

materi al" may be obtained froma variety of sources,

i ncl udieng 5General Electric (e.g., LEXAN), Bayer AG

(e.g., MAKROLON), and 5 Teijin Limted. Lens 50 may

al so eng 50 RayPbe @Pta@kmgaﬁd@@rea&.edye%lyc lofatBB &S, WERkean a lens
or

the lens is nrmde Tromany suitabl'e materi al

I A7 bR Hon PL bR iR Rl B 5 R e g o varcty of
SOHER 1 B CERBB e RS Aty EAHE AL G AKROLON) and

pol.ycarbonate, but 10 can incl ude pol ycarbonate,
g tedhe | ens al so includes other suitable
material. An exanple of such a lens is Essilor
| nt er d&n$ 60 ahaysalQRMA2 monpdrd pelgcarhamatehlens nThisimgeans that the lens is
di et hyl ene glycol bis (allyl carbonate). I|Instead of

 tohwelecindni BRy isonaldé maatialngs combinaBorand &tablet haterials except pure

conbi nations of 15 coatings may be applied to the

GRRNEMbofRAtd e IRTotRer WRIEs, 30 h§ HARE inMddR sbhR RSN Material other than
net'’hods. For exanple, a hard coating and an

g:%i)jc\'zlimfbt%hiltgc 4 Ylgn-?%t ﬁ&gcgg@rﬁlaeelgﬁfgéeg%t til?cllﬁnd.ger aglhr oﬁdggcearbonate, but

out a prrner c coa

m rr.or coating nmay be applied in.the . sanme_way.. .
Rk At Gy o, i PRBL et i s bR BT Haitable material. An
conjunction with a hard coating ye. ., 56 and 58), . )
VPl oolafoh- # dinseist Fpton intematigial’e bgandr jepst which contains
side 52. As 20 another alternative, only a hard
clecilnyleny glygalbisoellyi carlomete priner coating) may be
applied to first side 52. As yet another alternative,
only an anti-reflective cbvating (wth or

Instead of the combination of coatings 56, 58 and 60, other combinations of
coatings may be applied to the convex side of a lens consistent with the present methods.
For example, a hard coating and an anti-reflective coating may be applied to first side 52
without a primer coating. A hard coating and a mirror coating may be applied in the
same way. Alternatively, a primer coating may be used in conjunction with a hard
coating (e.g., 56 and 58), with no anti-reflective or mirror coating on first side 52. As
another alternative, only a hard coating (with or without a primer coating) may be applied
to first side 52. As yet another alternative, only an anti-reflective coating (with or

without a primer coating) may be applied to first side 52. As still another alternative,

only a mirror coating (with or without a primer coating) may be applied to first side 52.
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wi thout a priner coating) may be applied to first side
52. As still another alternative, only a mrror

w@oaiilogeq W t h or without a priner coating) mapChEP2004/005123

applied to first side 52. WD 3604/ 101260

- PCT/ EP2004/ 005123 17 The priner coatings, hard (e.g.,

abrasion-resi stant) coatings, and anti-reflective or

rFhe pamer cwhigsl,q'eardl E&sgr ialtresior&b@i/smm)a@atieg&,l ged ant-réfleeee or mirror
alternative conbinations. Consistent with step 20 of

eBithigd ddRBibed Stvie Mgayai2 usedvi thbsel Stematieatombinaidrg.

coating - may be deposited on second side 54 of |ens

50 using any suitable nmethod from 5 those given

above Copgptety wih| ssep 3piaf methed 1§0ne8atBE Gssdvhigh is a heat-curable
deposit, or apply, coating 62 to second side 54 of
IceatislgSOmaEbadpxbcs'sed)bn acdosd iside b alfllenscidausinganynetitablle method from
the hard coatings identified above for use as coating

Bifbse ghet hbove XBofdxample, apinaattingimabibe used t d&posit,i drgippsy, coating
a sol-gel anti-reflective coating. The anti-reflective

%9% IsBEndSsad &4 oﬁerﬁ,ow ggkamlge@bf RAR ARS8 ch¥tif ficlude the hard
preferably contain a anount  of |norgan|c ox1 des,

r%rg%pllgg% _%83?%?9‘&63%% g%az}sncggﬁr?? §|§d th@ spci fo?)é%'ggt-curable hard
et '?r'al%F—g%lan&éreﬁeéti‘vké%a%ﬁ'?a%ﬁ%%f f%%ﬁgg%&%ﬂas aise as sol-gel

nore preferably nore than 70% (by. wei ght of the cured

eoafingh generpljy @aﬁtnr%fértab YpPYER e lEh AP e &f iipgrganic oxides, such as
generally contain | ower anobunts of inorganic oxides
(retalowisies, capbeddedsiBos tolysaox et mattixdriedkrably obtrdsrdiftah hydrolysis of
They preferably 15 are based on an organic matrix in
ghoeyslane)NphérRidly they ebapriep aloys thapxshevt( Kbinetahestide, preferably
from hydrol ysis of an organi c al koxysilane), such as

%Y%arﬁ@@%hﬁ{d v RldRe PrefBrabliedore %ﬁbb@’/oh@fydw@%ﬁ{ 'o@ghe cured

is a sol mrror coating. eexanpeof a sol-gel

?‘M}E&g 8 %&%&ﬂgst, %ref&?é’c? hadd" 9@2&1@? yg%hgx‘:;’t ly t J&h&kxp §5Wer J«lmounts of

inorganic oxides (however, up to 65% by weight of oxide is possible). They preferably
are based on an organic matrix in general comprising an organopolysiloxane (obtained
from hydrolysis of an organic alkoxysilane), such as GLYMO. Another example of a

heat-curable hard coating is a sol gel mirror coating. One example of a sol-gel mirror

coating is:
Layer Index Physical thickness
1 1.75 98 nm
2 1.43 120 nm

3 1.75 98 nm
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2 1.43 120 nm 3 1.75 98 nm WO 2004/ 101260
PCT/ EP2004/ 005123 18 Additional coatings may be

wa@ppiiterted 0 second side 54 of |lens 50 by, for PEBERP1084/005123

depositing them on heat-curablld coating 62. If

heat - curabl e coating 62 is a hard coating, exanples

of such an additional coating include those

anti-reflective and mrror coatings 5 descri bed above

for use as coating 60. If heat curable coating 62 is a

sol - ge| {l flect | tin Tl a

da ¢ PSRl e ik 68 sBP T8 eq HEAE 5 o Flsn 86 8y or example,
eé%sﬁtip%f}gggb%a{-g%aﬁg%gg%&i yf glgaé(gi&ab% Qq?aréi[p%o t'Is rz}.gnsard coating,
consistent with the present nethods include one or o
wEpIss Phitchcasaaddifipnal ceaiing indudanibiose yitireailegthvsyend wirror coatings
use as coating 56. 10 A coating that has been

depoidbed etove fdr aseoshevatingadl. ndgf heat cairahig coitifgn 62 tiha sol-gel anti-
purpose of this definition) is defined as a coating

tréfddctiV@oatihgp@sarhplen of saMehn a@d@tibAY chatitys intfud@NthoSEEBNT coatings
of depositing (such as spin coating, dip coating, or

VRSB SERRILE 1Rk coatild) 58']e©glef‘9c§ati*ﬂgs {nat ﬁl‘ﬁ?ﬁj@%ﬁ)l‘f@dtt% second side

coatli ng 1-1.e., one ore nore interveni ng coatl ngs
136 0 SR DV DBBRL hod B0 D5 00090l comins

conpl etely. FI 3.shows a set that may be used to
STy e e o B BEHGHIB0E FI G 3 shows | ens
hol di ng device 90, which has cavity 92 and a | ens

hol di ng casif Gaf hAeBelY defdbitv@dohensotel GbitheSHichaRfy 17
94. FIGf 3ﬁ%%picts 'ens ﬁ%#hingodevige 90 ing;{dC g 17 for the

B 1 R 0Bl 0 5 5 55 18 7 UGt i
T e R MU N T

of a layer of liquid Water 80 is continuousl unped
i(bknged g%ti ‘QEyinggnTtagffwﬁlg goating 1 —1i.e., one ore more interv)énigg rz:'gatings may be

disposed between coating 1 and the coating in question, and (c) need not cover coating 1

completely.

| FIG. 3 shows a setup that may be used to carry out step 30 of method 100. FIG. 3
shows lens holding device 90, which has cavity 92 and a lens holding area defined by
curved lens holding surface 94. FIG. 3 depicts lens holding device 90 in a partially
sectional view to reveal an exemplary curvature of curved lens holding surface 94 and the
top of cavity 92. Lens 50 sits in the lens holding area on top of thin water film 70, which
is one form of a layer of liquid. Water 80 is continuously pumped into cavity 92 through
inlet 82. Water is withdrawn from cavity 92 through outlet 84. Although not shown,

inlet 82 and outlet 84 may be connected to a heat exchanger (such as a chilling unit) that



10

15

20

inlet 82. Water is wthdrawn fromcavity 92 through
outlet 84. Although not shown, inlet 82 and outlet 84

worep4herzebnnect ed to a heat exchanger (such asp@I/EP2004/005123

chilling unit) that WO 2004/ 11260 PCT/ EP2004/ 005123

19 recycles the water running through cavity 92. The

wat er goes into the cavity through inlet 82 in a

redycldsatle stazdrennaing thougheadxt ent Theavatkihgoasaih®r the cavity through
exiting the cavity through outlet 84 has heated up,

ihiResNeRd claNeaRESind 16 RIS entMihA hd WatePtitihg ﬁié@ﬂa%tﬁ?nrbﬁgh outlet
|s bei ng recircul ated cools it down agai n. For t

iy K?seﬁgat&i H ' Uidfe hkﬁe%)&ﬂ%é&gtﬁro% Hl‘!‘lglghtl? rIeQ? tt%k/glg aas Sit is being

ns 50 afe not s Fba te I'S positione

abo h d|n devi consequent .
B, y?gsnﬁ agh B Rellf £5F P e REP clag S bR 1g anassapailwﬂfo the sides
?ir % convection heate %g Anqgt her exanp

9 éer&nSQ ﬁrter%i’ rSEaWﬁeéieéFer 14{1¢ Pagitignag) AhveNFRd hol@neszlevwe 90 and,
heater. Using the setup shown in FIG 3, in order to
deasequenihye lqnh%Oh éxe-axamalsl of adsater tpt miay hﬁetp@é it @Hotaair gun (e.g., a
the concave side of |lens 50, heater 110 may be
goasdctionmeates). | Andibsr exbiple2id anninfrh redrhtdier, Bedi acuDIdM A4 SMRO —
hard coating and used to heat the heat-curable hard
@eatheser.t o a tenperature of 110 Cel sius for 18

m nutes. This tenperature which is the tenperature

on the |l ens surface, be measured using an infra

red géong themetnp, showa i foi - 3¢ it preigr takeas quee therleeat-prerable coating
one hour and, nore specifically, no nore than 30

depositedson ilte Asndale didzadf dersi fi@ beaterr $10 wadye be qaaitidted @ inches
14 Cel sius is punped through cavity 92 at a rate of 4

(1528 &m) FRIm Mhé UbR-cubib ¢l 8hrd0cdatihg andl iBed W hamethe heat curable hard
tenperature of the convex side of |ens 50 nay ept

oaP%ﬁlfperAa?ur%fsi'l H‘SFQHL s "16r M‘ﬁmh.ﬁ?ste C’fllﬁ'él 1% %lch is the

cra Ing o crazing o e anti-r ive
t he convex S|Fe re ul ts. }ﬁls sa

{TIRUANE S OR it (o0 S Tasy Mav ASIReHIed Rt et T gefidgo@fa Thus, the

20 of lens 50, including heat-curable hard coat i ngs,
heatzquriag takss ao éqkﬁrp thagfong gppwdc@gfq sngsifically, no more than 30 minutes.

As the heat curing occurs, water cooled to 14° Celsius is pumped through cavity 92 at a
rate of 4 liters per minute. By doing this, the surface temperature of the convex side of
lens 50 may kept below about 45° Celsius during the heat curing, and no cracking or

crazing of the anti-reflective coating on the convex side results.

This same approach may be taken to heat cure any number of coatings on side 54
of lens 50, including heat-curable hard coatings, heat-curable anti-reflective coatings,
heat-curable mirror coatings, and the like, without damaging the anti-reflective or mirror
coating oﬁ the convex side of lens 50. This is true regardless of whether lens 50 includes

polycarbonate material. Moreover, this approach will not result in damage to any other
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heat-curable mrror coatings, and the |ike, w thout
damaging the anti-reflective or mrror coating on the

w@oonanxi2sd de of | ens 50. This is true regardl eBcsT/@P2004/005123

whet her [ ens 50 includes polygarbonate materi al .

Moreover, this approach will not result in damnage to

any other WO 2004/101260 PCT/ EP2004/ 005123 20

coatiriga@s tincdrivex sidawé jensiSGdsuwh ak asl @Atifs 68 hndisr pramer coating 56)
coating 58 and/or priner coating 56) because the

datduse efel @titicflectiVe oViniitRF c6Miig iBthd Soating afPAL ithidhe WBIHDed above
t hose descri bed above nost susceptible to danmage as a

rneo%ukdscafubﬁm ge GUL LGl of PR he%uhﬁg.s RLOYSSRE fYvided by water-

wat er - cool ed ho dlng devi ce 90 conducti've

. %881'&1 n%le %%?cf‘r\%%ge\;l GO IS f dugtfvlg 6:0%7)1%%5% egtélf é%tﬁr §§n JP transfers
I hol d 3
PEREPB RGO B o8 Teentd 40 UBryGTE0R B Sinieds Bnldgevice 90,

of cavity 92, The heat curing prOV|ded by heater 110
itarorgiyRRer Podiones andiipiwier 3. MM igopatinuaysiyapeing gro and out of

of a suitable | ens holding device for use in carrying
cavity Yhellprlestatringgiroraded by heitanin 0 GRvedAed@at deriBg. 4A
shows a side view of one 10 enbodi nent of |ens

hol di

descrp% dev%%yg% ﬂ@“éﬁggg?%§ﬁ$ %Fsﬁ@ﬂ H%ygp%%%g@&@g@rﬁngout

90 shown incl udes upper_portion 93; curved |ens

e aresentstretiade 194hovni HFSIAAACs IFés 4Bty aasidn view of one
95; side wall 96; cavity 92; and bottom 97. Bottom 97
mmowen@n of iﬂneglphlin@wwifpeo?ﬂ, ofhitlenmytsl watagcabded ased@Cribed above.
or it may be bolted or screwed to side wall 96 with

fThs teatbedingnt af kils hbkdmggtevive| 9WshO88n ikd1eddsi@serIriieh 95, curved lens
side wall 96 are provided to communicate wth inlet 82

@Bﬂin%ﬁlhr%ce% Shavn dbf‘né: | 16hs ﬁoldm\éy steh oW Qfact AL 96, cathuy 92; and

ment of |ens holding devic€ 90 shown in FIG

P i TR S B O o
B B SR e e P B ins 9

H’é be 3% gé: I;Fggglgg tcg 801121r3n§m1%a e VIVl?h ?r;le?tr%%t gr{cf ou’clegj 84 shown in FIG. 3.
Width W of the embodiment of lens holding device 90 shown in FIG. 4A may be 3.125
inches (7.937 cm), and height H may be 1.25 inches (3.175 cm). The thickness of bottom
97 may be 0.25 inches (0.635 cm). The thickness of upper portion 93 may be 0.25 inches
(0.635 cm). Holes 98 may be 3/32 inches (0.238 cm) in diameter, and openings 99 may
be 0.25 inches (0.635 cm) in diameter. Curved lens holding surface 94 may be given a

base curve of 6. FIGS. 4B and 4C are top and bottom views, respectively, of the

embodiment of lens holding device 90 shown in FIG. 4A.
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20 be 0.25 inches (0.635 cm in dianmeter. Curved | ens
hol di ng surface 94 may be given a base curve of 6.

wo-b@H102B and 4C are top and bottom vi ews, PCT/EP2004/005123

respectively, of the enbodimpt of |ens holding

device 90 shown in FIG A4A 2004/ 101260

PCT/ EP2004/ 005123 21 Anot her enbodi nent of the

pr esemnotit RAMS dingens bOWE presdt GhetRodsNBisHORMARAFIG. 5. Method 200
i ncl udes step 210, mhlch I's providing a non-pure

WIN&@@%?%bewhﬁﬁsis | e é‘? In@n{ﬂgfb O;&H?&rbcﬂl% /IR, Q?&?%sga non-pure

opht I'ens ng on one’o

BofiEEpoE SoThuRue B dbyis®ade: RaBa R Pl Sidsosugh as 2 convex

t he Ien ch 5 as a.concave S|de and step 230,
aﬁﬁ 22% &i&lqhﬂa depRsItig heatiruable chaing; heR8ige of the lens, such

damagi ng the first coating. Lens 50 described above

Ay eancavedidsonsd steen23 which isdientdni 460 hegsropvable goating without
IS a non-pure polycarbonate |lens . The coatings and

demhgdg theffirapglasinglg t hose coatings to the first and

second sides of Iens 50 described above nay be used to

arriv at t l.ens 10 proyided in ste nd rry ...
out st g@SCﬁ*PFéi haxe Bﬁﬁé\ﬁsﬁa@%@aﬂs% WS ghe b peovided itis
may be used to carry out step 230. Anot her manner of

e appyPurgPAyearearats 12ro. The spytengsiand arathadsxftappleing these coatings to
This may be acconplished using the setup shown in

FieGirs6 andSetcapd 308s iofi idns ddsdesaitztdi abgve arayelyousedlielatrive at the lens
310, which has heating zones 330 and 350 positioned

paividdrin Gaspl 2 I0artofes, &RQtegnﬂZOl STRAReatihBnd Wd6En@ Hescribed above
general ly defined by dash lines. Heaters 110 are

Mglg&pgcggg%@ttg gzgonveyor belt in the heating
?%ﬁesu Chi | un?tQSGO (e.g., a heat exchanger) is

posi ti oned |n the m ddl e of rotatlng conveyor belt 310

and i dnothef mgomerdfcarryiogauestep 230 invelves hstmhitientdewtinge This may
90 to which it is connected by inlet 82 and outl et 84.
beascontplished yirgd thegamwg shves it RIG 6naSettip BOd Mchflies eshtiniOconveyor

agai nst curved | ens hol di ng surface 94.

belt 310, which has heating zones 330 and 350 positioned between cooling zones 320 and
340. The zones are generally defined by dashed lines. Heaters 110 are positioned above
the conveyor belt in the heating zones. Chiller unit 360 (e.g., a heat exchanger) is
positioned in the middle of rotating conveyor belt 310 and is configured to rotate with

lens holding device 90 to which it is connected by inlet 82 and outlet 84. Lens 50 is

positioned over thin water film 70 resting against curved lens holding surface 94.

One way to carry out the heat curing of step 230 is to intermittently apply heat to
the heat-curable coating on lens 50 using setup 300. More specifically, lens 50 may be
caused to rotate through heating zones 330 and 350 a total of three times each (i.e., three

passes across heating zone 330 and three passes across heating zone 350), spending
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20 One way to carry out the heat curing of step 230 is
tointermttently apply heat to the heat-curable

wa@oaiiloge®on | ens 50 using setup 300. More specPdT/EPi0by005123

l ens 50 may be caused to rotagbhe through heating zones

330 and 350 a total of three tinmes each (i.e., three

passes across heating zone 330 and three passes across
hgpiolkfigatZigries 3htes fpedttlizoge. WDha€)Aké A€t 2Gfing takes no more than one
PCT/ EP2004/ 005123 22 approxi mately 1.5 minutes in

RGN arkD Aore IpUeshicallPendBdte Bk BDGihAKES HRRFON® %Ba@ heating zones
one hour and, noré specifically, no nore than

:?3 8 %S%ltfn'eag/ib%rzssfg 1 Sgtgg%\éée @ﬁudgn %é&]? ﬁgﬁgraslt?hg% @J]Qet :t%cg glow hot air
f’aﬁ%s%ﬁea? 5 ?&Tt%iaaa%&élm Gesansampdrarioeg wigen {yﬁ@wo the exposed

exposed 5 surface of lens 50 that the air need not be
ishfede. of Téns 50i thet the air agesksnot be blowar. | ens hol di ng devi ce
to travel through each cooling zone nmay also be 1.5

' t F t d 4 .
rr?a;ube g{i’er g elgﬁ glg:iur i o%x EBV%?(' {r'fngql %9 gac% cooling zone
Cel si.us as | ens holdln deV|ce es throu h a
iRl 2lsype { Adnipgiges tﬂ&%edmorffg CRR e 30 A f*énay be kept at an
desi gnated as such because no heat from 10 heaters is
applagedf approviostely SridJelsiThaslennjioldmngadaytne?Q pdsees thrpugh all four
part using a liquid and, nore specifically, using

Qfithd gehedatalingUdRES G20 BAOBIY abaldsighafbd dsN@ich PYeemMRe ind heat from
FIG 6) of |ens holding device 90. By operating setup

I3 AT 8 PPHER AN B it

GR&L Is D64 lpﬁﬁsq%&aflecp atef %unsm %ﬂl&)&gﬁ %LVI gn%% %mwn 1?1 FIG. 6) of

mrror coa a m
onvex..Si y not reach or exceed 50 CE|SIUS
ensielling, aﬂ%% ‘curing of step 230. Wile carrying out

t he heating described above in connection with setup

300, tdieo d&égﬂfﬁ&tﬁlﬁmﬁﬁﬂkrrﬁarﬁfer dedieiBbd @%@bdoecamaéut%p 230 of

deposi t'e e concave side of lens 50 may reach

%Hétf]@d: 50(5, edn&%.[lﬂé YL QJ a %I’mle? gg‘altln%,og hard coating, or an anti-reflective or

mirror coating on a side of lens 50 — such as the convex side — may not reach or exceed
50° Celsius during the heat curing of step 230. While carrying out the heating described
above in connection with setup 300, the surface temperature of a heat-curable coating
deposited on the concave side of lens 50 may reach a surface temperature of at least 100°
Celsius. The curing that may be accomplished by carrying out step 230 as described
above in connection with setup 300 may include heat curing multiple coatings (e.g., a

hard coating plus an anti-reflective coating) deposited on the concave side of lens 50.

By way of explanation, we believe that one of the reasons why cracking of anti-

reflective and mirror coatings has conventionally appeared is likely due to the difference
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Cel sius. The curing that nmay be acconplished by
carrying out step 230 as descri bed 20 above in

w@ormaczson Wi th setup 300 may include heat cupCTEP2004/005123

nmultiple coatings (e.g., a hagd coating plus an
anti-reflective coating) deposited on the concave side

.of lens 50. By way of explanation, we believe that one

of nidi@ialLBSRREn YW 1aGEROKIfMNEe %n@éﬁéctwé ok Inficdot %S?tﬁ%d?nd the other

mrror coatings has conventionally appeared is

f 4 1
ggﬁln%g’ r(ra? ai Iglléil éoﬁgﬁ%‘:\/\%edxﬁlﬁg Zyaaéxg%s? %? t efcslt.{bEP gthnAtQIQeﬁ gl‘lo’ of which
nt|-r |ve or _mrror at ng and t

3Bt ke bttt o fdiobo Bt AN St AR gujrop lavers, and
the substrate material, all of which have different

Adichiarly dhass nlssatbed sBeTe itedfar usaasicopiang BQtary anaimly composed of
ntrror | ayers, and particularly those described above
snorgasac fosrdesis eMmse pediculaglys®ithathe enedeptign odnglbeomd opide5the anti-
i norgani c oxides. Mre particularly, with the
efleeivd persdesiribed aoveXoin dritematdl bxidesf | ecti ve
| ayers descri bed above contain only netal oxides.

Anot her enbodi ment of the present nethods is shown
FlG  Anoler Retodsnt PhIBESeNS Mrgthodsgs shpye AN FIG."7. ' Method 400

providing a |l ens, such as an ophthalmc |ens (which
mmpjudse stgp 40 \yblah Efopravidingemisnsisuch gsoam- gpitllmic lens (which may be a
pol ycarbonate | ens), having a first coating on one of

pblycarbositel s o5 b mbn-garespatpravisnatei lehes), isdviry ARkt codtinglon one of its
i s depositing a heat-curable coating on another side

@ided, Hich QB %, cdiveR saf; 8teh AOAWRICH Redepdtififg 4131%at \éﬁ‘ﬂaﬁﬁ coating on
i s heat curing the heat- curabl e canlng, and step

4 0nerAELEF ths lé’iﬁoédcﬂgtsgh%n!:ﬁ%ssl strep qtt30t \Qﬁlcf‘lllg ﬁéat gBrmg the heat-

coating I's not damage at curi ng

|be above  ma ed cOo ..
a5t Gl ST rRBRe eggw%ﬁ[,*h?ﬁ%@aoaﬂng s o
oatlgﬁalko t he flrst and second S|des of | ens 50
AuRFSIdNS BeAI VRS be used to arrive at the |ens
provided in step 410 and carry out step 420. The heat

curi ngeandot NRcsRl b edIRas 'dePELaaPMER YOl MOMbES400. The
description

coatings and methods of applying those coatings to the first and second sides of lens 50
described above may be used to arrive at the lens provided in step 410 and carry out step
420. The heat curing and the cooling described above, including the description
accompanying setup 300, may be used to carry out steps 430 and 440, respectively.

Alternatively, convectively cooling may be used, such as cooling achieved by blowing

compressed air on the lens as described below in Example 3.

Still another embodiment of the present methods is shown in FIG. 8. Method 500
is a method of heat curing one or more coatings on a lens, such as an ophthalmic lens

(which may be a polycarbonate lens or a non-pure polycarbonate lens). Method 500
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acconpanyi ng setup 300, may be used to carry out steps
430 and 440, respectively. Alternatively,

w@oonact2zsvel y cool ing may be used, such as coobPETgP2004/005123

achi eved by blowing 20 conpregsed air on the lens as
descri bed below in Exanple 3. Still another enbodi nent
of the present nethods is shown in FIG 8. Method 500

I ificladd¥Bstdpos @ fwHigRts Kdatihg theOREs AliriMPk PefiO@Ff figife. OMethod 500 also
| ens, such as an ophthalmc Iens (which may.be a

r . - | > 3 .
DS ST A o SR RN S0 me. St

inc skpep. 510, which i eating the lens _during a..
P S5y B koo Dl Hg el o S B by Podhion of the
ich is cooling.the lens for a portion of that period, )
D SRR Of SYRGIEI G COOHBE BT HGCH ALY e ipths discussion

pl ace at the sanme tine as at |east a portion of the
é&FEnYy. An exanpl e of such heating and cooling are
provi ded above with the discussion 5 of FIG 3. Lens

50 descr | hed S I .si.en .t h

ot hod 00" FRerbes aBrre PR el e ol stpod 500 The
durij.n t hod 500, i ncl ude, any of  t eat - cur ab
ST o Sey ok Eatra o mehod S8 TS Ry opahe heat-curable
taken consistently with any of the present nethods is
roatsngsfdgedribgd eheve ens to a prescription power. Those

of skill in the art will understand that any suitable

et hOdArPJthé %Hpaf‘;fliapgla9 ble etgﬁenn%sigénffi S\g%h %:I%;r) bf; %lel eiegp thethods is

surfaci ng wi occur” “prior any I'ng, ‘ou

surfaci may. al so occur after heat Ling. is .

S 8% SRRt tP s TOICPHE efy SHOTON. SR IF e ol praderstand that
to qujckly heat the heat curable coating, especially

&Y switable wethediof serfacary a ksps maybsrused al ymieallyg ameswfacing will occur
deposited on the back side 15 ( the concave side) of

amiop pt anydieat anmg, byt susacigg oendlsotocwe aftlenheat guring is complete.
especially infrared (I R) heating, or convection

Bﬁlats Lg’g:'coricfiqngf p)ethza ?ng}ereltriorg zi‘tsig plggs%lg tcoa 81|1i¥klk})/yhelélts tihg %egtec%trzﬁaqe coating,
especially an anti-reflecting (AR) or mirror coating, generally deposited on the back side
( the concave side) of an optical lens, by using conductive heating, especially infrared
(IR) heating, or convection heating, in the latter case preferably by using heated pulsed
air, while cooling the opposite side, generally the front side( the convex side) of the lens,
this front face wearing an existing AR or mirror coating.

High temperatures of the lens surface may be achieved when implementing the
quick heating step.

Typically, one can reach a temperature of 90°C or more, preferably 140°C to

170°C, more preferably 150°C to 170°C at the surface of the back side, that temperature

being maintained during less than 5 minutes, preferably less than 3 minutes and even less
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air, while cooling the opposite side, generally the
front side( the convex side) of the lens, this front

wo ama/10R60 i Nng an exi sting AR or mrror coati ngeCHEBID04/005123

tenmperatures of the lens surfage may be achi eved when
i mpl ementing the 20 quick heating step. Typically,
one can reach a tenperature of 90C or nore, preferably

1HAC tnfinutks GlhildddtingIteé @Redt mirt&rioatifg 88sitdd ohhBe opposite side,
surface of the back side, that tenperature being

h&ﬁ%&ﬂﬁqhgwgd@gﬁug§§nghan 5 minutes, preferably |ess
tthan m nutes and even | ess WD 2004/ 101260

PCT/ ER2004 I nut while coolin
the ABGETay shE LanRs hdPhed o) QU8 % ikt {88 orie reached by
sj de, eperally the fraont side, of _the.lens, |

f‘p%fagdg P&?’e g‘ﬁ%‘y c&aaﬁ%%ogtlagwéa@@awah cgatne. bras i hakse 170°C.
tenperature reached by the surface of the heat
curabl e coating, preferably AR coating, being in that
case 170C. 5 The follow ng exanples are included to
denonstrate a specific, ngn-ligmting enbodi nents of
the present methods. It should be appreciated by those
of skill in the art that the techni ques disclosed in

t he f dlheofsilogimxanphsiss hepirhaiet theddhmimues sispeaney 86h-limiting

10 by the inventors to function in the practice of

Geibodinienfees AL predént rihddRY @NéHOAM bePdPprdciuisd b¥ BRSE bE 8iff in the art
specific nodes for its practice. However, those of

$Kdtthe {e@hﬁil}@ sac{igclﬁgaég g% gxecg)ﬁogkeﬂgga%p‘f)ﬁegtr{éh%s%é %%Jh?l?qﬁx%? discovered

appreciate that c chii quées

n material s. of.the follow ng exanpl e nd.sti.ll .
8Bitas IS ol0e Typericif o7 P T GGt BodieplPe imyprtion, and thus
fromthe scope of the invention. 15 Exanple 1 A .
CPRTLHE APty Fiodst STt BRRAce) cHaweuep, BOsheHll indke art should, in
provi ded. The center

light of this disclosure, appreciate that changes can be made to the techniques and
materials of the following examples and still obtain a like or similar result without

departing from the scope of the invention.
Example 1

A finished single vision ORMA lens, -2.00 power, was provided. The center
thickness of the lens was about 1.0 millimeters. AR coating 1 was applied to the convex
side of the lens. More specifically, a hard coating according to HC 1 and AR coating 1
were applied to the convex side of the lens. A combination of a primer coating (W 234

by Baxenden) (applied first) and HC 1 (applied on the primer coating) was applied to the

concave side through spin coating.
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thi ckness of the lens was about 1.0 mllinmeters. AR
coating 1 was applied to the convex side of the |ens.

wobeoa/iepeci fically, a hard coating accordi ng tBCHEPH4/005123

and AR coating 1 were applieagesto the convex side of

the lens. A conbination of a prinmer coating (W234 20

by Baxenden) (applied first) and HC 1 (applied on the

pri meThe catuprigy thiasxappleiiedhdven i EIG.cRNRheesesipdshows that the lens
t hrough spin coating. WO 2004/ 101260 PCT/ EP2004/ 005123

26ed] desigiitetpad Rhs 50] waeylasgd éh s albiaMin iblodk! hick is DA€ version of
setup shows that the |lens used, designated as |ens

n
LM e R

r_an h

|1? lﬂgl nn%ﬁ%’%% é]{m?vmwitﬁ aq’wﬁ‘ ﬁq" qn6932 mnrée §ﬁlmﬂ’um block
The alumn mblg_ckvaas regrl ated in a freezer set
s relgiEeiaiedi m<d Ireerer seirip ad8° Celvpsr athsr wirlee topastyeekof the block
was roughly 7 Celsius at the tinme of use. A thin water
fwiak mougidy 3F dledgusbatt the eimd bfusebl Ackinawatet fiém| wakSpladdiiebetween the
al um num bl ock and | ens were positioned on a conveyor
Beck aR@Hetined within a DIMA SMRO - 0252 infra red
oven 405 that included four separate heaters, 10
desi gnated 410, 420, 430, and 440 in FIG 7. Heaters
410, Zho alugibumahigcksndviens weet potitioRs @elaséanyey@5Belt positioned
Cel sius, 325 Cel sius, and 350 Cel sius, respectively.
Wiﬁhﬁreaﬂ][MA BINROoV @ﬁSﬁlusfm €xaing vaein N3 tﬂiahﬂﬁhﬁé& four separate heaters,
positi oned bel ow conveyor belt 450 opposite heaters

43 8erbddd, 410N03® 430 24RY MOWRIFRGNP! HUgRE 413nd20, Qﬁ@' %@4@ were set at
10 Cel sius throughout the testing. The speed

b The h :
390 B hnesde CoRi 32 SRRl o CRpd. Fenpia fy While the
mve t he to‘Jo of the al um num bl ock. The spaci qg

RN PFIEAlG heafess pepifiansd belel womMeyor sl 430 epposite heaters

that the al um num bl ock passed beneath all four
REXt €0, 3hasa hedtersevaere nat wssd, and remained at 10° Celsius throughout the testing.

'zi(meter and

The speed of conveyor belt 450 was 0.3 meters/minute. The heaters 410-440 were
positioned approximately 2 inches above the top of the aluminum block. The spacing of
the heaters 410-440 relative to each other was such that the aluminum block passed

beneath all four heaters in three minutes.

After the aluminum block and lens passed beneath all four active heaters, the lens
was retrieved from the block and brought back to the starting point. A new aluminum
block, with the same properties as the first block (and chilled in the same manner), was
chosen and the lens placed on it. The new block and lens then made another pass beneath

the heaters 410-440 in the same fashion as the first pass. The process was repeated a total
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After the alum num bl ock and | ens passed beneath al
four active heaters, the lens was retrieved fromthe

whbaakoarsd brought back to the starting point.PEI/RERW04/005123

al um num 20 bl ock, with the game properties as the

first block (and chilled in the same manner), was

chosen and the Il ens placed on it. The new bl ock and '
bE€Astat Betimesachadathotehef theabms bhisnadted abolie weattested in this fashion.
410-440 in the sane fashion as the first pass. The
Beteadnwand thegemimtesaldpotdbetWeenfiddds 101260

PCT/ EP2004/ 005123 27 of 7 to 8 tinmes, and three of

the | ens descri bed above were tested in this fashion. ,

Bet wedR® JFEPEARTE tof e oRYTe SUIcapRle thep kiniRse Y 2p d8&asred using 2
The tenperature of the convex surface of the | enses
Wesmaecawler legedit thg canter hetheroovey ©ide nging insulating heatriesistant tape.
of the convex side using insulating heat resistant

Aapeveragh tdnpaumragefile(nelkegicsy CeRiuef of the(doRvelegurerRs of the lenses
Cel sius) of the convex surface of the | enses appears

bglcaw beldwy® O mnutes 1 mnute 2 mnutes 2.5 mnutes 3
mnutes Tenperature 21 30 35 39 48 The maxi mum

convex surface tenperature detected was 48 Celsius, |t

Wage det er i medidubat |i t 1hdelket WO Pats@ss bemefidimatd | 3 minutes

four—heaters—to —curgthe Tatex—priner—cpatingon—the

demeairgide of! each 1ens3® 1t was aPso déter dhed fhat 48

it took 4-6 10 passes beneath all four heaters to

heat t he hard t t [ f. h
ens. Tt PR e et HaPPeETs SBarLras A6 ar e
concave side of each |lens reached, on average, a

t enpefay i Rt@ideiQndi3Pio6R twb PassbHbdragthaliPRSr RERGtd\cure the latex
heaters 430 and 440. The tenperature of the concave

iggl%r, Qéatﬁlg%nlstﬁg %8{?@%?@%?%5’&%&. NI LG, %qu{rliﬂ& tthat it took 4-6
ry” runs. Specrfically, during a run Wth no hea

SRR B PReb FORERN eEhE Shar B el o o
using i nsul ati.ng heat )

lens. It was determined that the temperature of the concave side of each lens reached, on

average, a temperature of 110-120° Celsius in the areas beneath heaters 430 and 440.

The temperature of the concave side of the lenses was measured indirectly during
“dry” runs. Specifically, during a run with no heat curable coating on the concave side of
the lens, a thermocouple was taped to the concave side of the lens using insulating heat
resistant tape that covered the thermocouple so that it would not be affected by direct

radiant heat from the heaters.

The AR coating 1 on the convex side was not damaged. No hard coating cracking

was seen after the heat curing. All three of the lenses evaluated in this manner passed the
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resi stant tape that covered the thernocouple so that
it would not be affected by direct radiant heat from

wo b@sheaser s. The AR coating 1 on the convex SPCUEERES4/005123

not damaged. No hard coating cigacking was seen after

the heat curing. Al three of the I enses evaluated in

this manner passed the WO 2004/ 101260

RGT A& DA4LHQ0d 2% 3@ Mhislity baill ket Heorib&Biboabd Aritking of the concave-
30-m nute boil test described above. Cracking of the
GRIGAUESoating &0 kL) FPREINEaNRRe BETRg Wi IRTUIAL wheBSected.

one boiling test, but this was expected. Exanple 2 A
finished single vision ORMA | ens, -2.00 power, was

provi ded. The center 5 thilkdamesle 20f the | ens was

about 1.0 mllinmeters. AR coating 1 was applied to the

convex Lde.of the.len re specificall a_ha

coat 1 1y DES dinele PitoR ORMA Ao £l Rofr Ve Brodided. The center
appl ied to the convex side of the | ens. Ng coatings

v&&déneaﬁ; pf thedensovasabouth@ avillinasters. Adk cqatig|lewss appiigd to the convex
experinment was run dry. The setup for this exanple is

stisvaf the) lems.GMare sp&efieably50 barshepating hegording td Hfs1 and AR coating 1
used, designated as |ens 50, was placed on an al um num

bl eve kpplistite thel convexesides Sthe tenef Nolcentindsoldte applibdvb ¢l concave side
90. The alum num bl ock was 80 mllineters (nm in

G Ay — BRExpeimOANWRIrgkdgt its thinnest point with a

wal | thickness of 6.3 mm The al um num bl ock was

sittigﬁgon a cold water chuck, designated generally by

91 andhstsstup fon this exampleds shown BHOEK 191 Satep GORdhows that the lens

~stainless steel plate 150, which was 10 mnmthi ck and

166, rdesigidied as tHna50) was platat en 4ib @lunvdsura tileukh @dhidhoisne version of
hol | ow stai nl ess steel cooling drum 160, the walls of

ViBrsCHtbl AR E @edicED ! ihe lalurkinihi B16€k WwaE BO s dirgaivrs tdhnd)64-diameter and

Drum 160 was attached to a stainless steel ring 170,

tﬁ%%lcﬁ Rfits Wbt ﬁ@ét?w?th Wéih{h?éhfﬁlv\%% rZrQri 3 gﬂ% lfgﬁjx%gum block

cavity 1/72. Enlarge ai nl ess stee nm

t\Ar/]a{sCslﬁ}ing\gNgg a%gl%dwatttgr chuck, designated generally by 91 and shown in cross section.

Chuck 91 included stainless steel plate 150, which was 10 mm thick and 100 mm
in diameter. Plate 150 was attached to a hollow stainless steel cooling dm 160, the
walls of which were 4 mm thick. Drum 160 included cavity 162. Drum 160 was
attached to a stainless steel ring 170, the walls of which were 2 mm thick. Ring 170
inciuded cavity 172. Enlarged stainless steel washer 180 (10 mm thick) was used to
attach drum 160 to ring 170. Cavity 172 of ring 170 was connected to a one-quarter inch
stainless steel inlet tube 174.. Opposite inlet tube 174 was transfer tube (same size and
material) 176 that connected cavity 172 to cavity 162 of drum 160. The opposite side of

drum 160 also included a one-quarter inch stainless steel outlet tube 178.



10

15

20

attach drum 160 to ring 170. Cavity 172 of ring 170
was connected to a one-quarter inch 20 stainless steel

w0 ndoatiof2ebe 174. Opposite inlet tube 174 was tPEMEPB®N4/005123

tube (sane size and material)29176 that connected-

cavity 172 to cavity 162 of drum 160. The opposite

side of drum 160 al so included a one-quarter inch

st ai nIEdaget wesheop B0 drd nrulostet ABmeDd F10/MB1@RECn inner diameter of
PCT/ EP2004/ 005123 29 Enl arged washer 180 had an outer

diod e Rind 1 A68alamnth wide ianitewiddstapaiite Dram 16006asP0 mm wide at
Ring 170 was 170 mmw de at its w dest point. Drum 160

WAS odidde BMHM Widedt forﬁd?lebd?@érﬁigq;‘%v@fl 165 eD%Qﬁs%nsRﬁrtﬁé Edities of the
bordering cavity 162. D nmensions of the cavities of

t 1

i 8 LRl BB B BN 81, 10
unit (not shown) was used to circulate cold water

t hr ough cleitiitgkurtl(notshdvig witisrueed iootircntatd beld avaterwirasighwhuck 91 in
in FIG 10. The tenperature of the water entering

GRY dir¥ctibhZofWaS a@WaMhswhiinGaIGSi10S - TR (5)6%1%' dY0the R entering
91 through outlet tube 178 was returned to the

Icﬁ%fllt prgél]{?ﬁ)lghwhﬁg% dushaw t%? 9x189 @Iﬂgkcyl tﬁfjﬁﬁ ﬁgﬁé‘tl%ube 178 was

osed cess

wat er f|| was pl aced betvveen bI ock 90 and |l ens 70.
CRuRedd?, tﬁ%ﬁ%%ﬂﬁmwe dowaserpledprd diecied Back {nio ring 170 in a

positi oned beneath a hot air gun 615, the discharge
edapediooptpredsssnas positioned 6 i nches fromthe surface
of the center of Ilens 50. Hot air gun was a rmdel

VT- 75%Cf %e% v(gé?s%ll R B&tw %?%E ocﬁ Belaxa&]geéls The

maxi mim enpera ure arr cou ner at ed
by the hot air gun was 15 1000 Fahrenheit/538 Cel si us.

The haChuak 91 0AlBmaes Bloek 96 antiéfs SEkvte pkitidav® berdath a hot air gun
provided an air flow rate of 23 cubic feet per m nute.

Has. @k 'Ehngé}gé & ¥OShiRR Wa@ﬁa@ﬁtlé&daémtcﬁeskﬁe&ﬁ tﬁ@ﬁlrf‘aeg GAME center of

surface of | ens at about 100 Cel sius for

g%%gio g%?t'%r élﬁ] wgsagrﬁiodef'@”r-%la% ércggsl\/[ﬂ?é &pp‘fﬂagge SI n?Racme WI).

The maximum temperature of the air that could be generated by the hot air gun was
1000° Fahrenheit/538° Celsius. The hot air gun operated at 1740 watts of power and

provided an air flow rate of 23 cubic feet per minute.

Hot air gun 615 was operated so as to keep the concave surface of the lens at
about 100° Celsius for 18 minutes. At the same time, the lens was cooled using block 90,
water film 70, chuck 91, and the chiller to which chuck 91 was attached. The

temperature of the concave side of the lens was measured using a thermocouple as

described above in Example 1.
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water film 70, chuck 91, and the chiller to which
chuck 91 was attached. The 20 tenperature of the

w@ongaveesi de of the | ens was nmeasured usi ng apCT/EP2004/005123

t hermocoupl e as described ab®ge in Exanple 1. WO
2004/ 101260 PCT/ EP2004/ 005123 30 The tenperature of
the convex surface of the | enses was neasured using a
t her nddeuismpetatie coft thet ¢rmvere sudaceodf thee lases avassindasured using a
using insul ating heat resistant tape. An average
ttiesrmecatple exppd of tHeecehien ofl €y @@sexCeilis iubing induldtihg Heaniektant tape.
surface of the Ienses appears below Time O min 3 mn
m%rzﬂéé tBiBerhfur8pPofltS (il degreb§ MRRNAY UF theldon3bx 3% 42 F3he lenses
Cn t he convex side, neither the AR coating 1 nor
Eﬁ? &oatlng was danaged as a result of the heat

I ng. anple 3 Afinished single vision ORVA | ens,
pi ano power, was provided. The center thickness of.

thge! ens WaSO Akpul L. Ianm gﬁﬁ er 50 AR ¢OR% 39 1 VAR min

annli oad "t hn ~n HeX

UHHI LI A %] L\. Lll\a A2

dsowefatual|l y,17a hard3éoat g3ﬁhccord43hg 0 M3 1 and AR

coating 1 were applred to the convex side of the lens

No coatings were lied to the concave side of

lens Onh °8&‘6§r%1$£?f?1t%§herﬁﬁ QrYne Trher Yeip 1qu>.at%wgs damaged
exanple is shown in FIG 11. The setup shows that the

lag A gesul§ 9 the heakeugiigt ed as | ens 50, was placed in a

hol di ng chuck 625. Hol di ng chuck 625 and 15 lens 50

wer e positioned beneath a gun 615 (the sane

gun uged in Exanple 2), thgﬁ%nghﬁgrge end of which was
positioned 6 inches fromthe surface of the center of

| ens B0finishied sidigle gision6CORMMRSenoPpIaAb Pwen Wss pROVKREP The center

t he concave surface of the | ens at
thickness of the lens was about 1.0 millimeters. AR coating 1 was applied to the convex
side of the lens. More specifically, a hard coating according to HC 1 and AR coating 1

were applied to the convex side of the lens. No coatings were applied to the concave side

of the lens — the experiment was run dry.

The setup for this example is shown in FIG. 11. The setup shows that the lens
used, designated as lens 50, was placed in a holding chuck 625. Holding chuck 625 and
lens 50 were positioned beneath a hot air gun 615 (the same gun used in Example 2), the

discharge end of which was positioned 6 inches from the surface of the center of lens 50.

Hot air gun 615 was operated so as to keep the concave surface of the lens at
about 100° Celsius for 18 minutes. At the same time, the lens was cooled using
compressed air delivered through nozzle 630. The compressed air was delivered under

30 pounds per square inch (psi) pressure. The nozzle was positioned 4 inches from the
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about 100 Celsius for 18 m nutes. At the sane tine,
the I ens was cool ed using conpressed air delivered

wo booaagizemozzl e 630. The conpressed air was dePCTEP®A4/005123

under 20 30 pounds per square gjnch (psi) pressure. The
nozzl e was positioned 4 inches fromthe WO 2004/101260
PCT/ EP2004/ 005123 31 center of the convex side of

lcemter 8 theednRex RIICQPkRs $@S A ARSMovddple Was WArRHI wigh - li}?sﬁtatmg heat
resistant tape to the center of the concave surface of

oS RNSp AR cﬁe:htel? & RO RYfcave sulI&r &pﬁ‘e QUBLE aé"@éschggc? dbove. A

in the same on to the center convex Si

gﬁeeé'xtrngg%llpg?ry ugs:da glfetﬁa%aén % {Iil) g@r Of tl‘ute ﬁcénveé side of the lens.

| enses appears bel ow Tlne O nin 3 mn 5 mn 10 mn 15

m n 1@ nmaveragtasppératuds Erofrle @rf d@Bre82C3RiuSPoOhetddfvex surface of the
convex side, neither t AR coating 1 nor the HC 1

GORLI HPeRPedyged as a result of the heat curing.
Exanpl’e 4 The follow ng experinents were designed to
keep an anti-reflective coating on the 10 convex side

afimg pol ygarpgaat p kaps sUff ik entﬂoymglool 1Wfﬁuhe heak min

oot

" B ahl
Laul i II\J UII Ul o1 "nmcat uul CUJI C bUClll IIL’D UII l II

denpaiairsilde of the 128ns suc? that 3 danmadg@ occur ed33

as a result of the heat curing. Control A surfaced

S | i R cofues i, Bair o B e, Sp e 1 1 (RRnE Was damaged

convex side and a 1.6 index hard coat referred to
geAsssaltof therheph@iringt as a non-tintabl e pol ycar bonat e
coating on its concave side was heat cured. The 1.6

i ndex hard coat was approxhﬁa&ﬁhg43 m crons thick, and
was made of a

The following experiments were designed to keep an anti-reflective coating on the
convex side of a polycarbonate lens sufficiently cool while heat curing one or more heat
curable coatings on the concave side of the lens such that no damage occured as a result

of the heat curing.
Control

A surfaced polycarbonate lens having an anti-reflective coating similar in
composition to AR coating 1 on its convex side and a 1.6 index hard coat referred to
generally in the art as a non-tintable polycarbonate coating on its concave side was heat
cured. The 1.6 index hard coat was approximately 3 microns thick, and was made of a

composition comprising the following components:
a GLYMO hydrolyzate,

a titanium oxide colloid, and
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conposition conprising the follow ng conponents: a
GLYMO hydrol yzate, 20 a titanium oxide colloid, and WO

wQoednani®60 PCT/ EP2004/ 005123 32 an al um numPCT/EP2004/005123

acetyl acetonate catal yst. Thespeat curing was carried
out using a CASSO SOLAR infra red heater nodel FB
that was 6 inches by 6 inches (shaped sonewhat |ike a
fl at tnhhkymihine decétfldoetanae tathlyst. t hi s exanpl e) and

pl aced at a height of 4 centineters (cm) fromthe

m ddl e, of the concave 5 i de of t n

i nut G2 DeHGRER GRS e el Hnea b ASSCEQLARyfa red heater model
di fferences between the conposition of AR coating

adthehwag Arinches iy inches hapadrigmesdat like g Klas tﬂq;ébﬂ IBI heater” for
experinment and in Experinments A B, and C descri bed

ek exanaple) dndl plaveddt & beilght fat ceatimgtets chatfranh themagldletod the concave
of these experinments would have been no different had

AReCsraht Néhs for DeeRinU&ed THaSHcard wat QeEXPEI0°NEEItiuéd Any differences
PYREX petrie dish, 90 mmin dianmeter and 20 nm hi gh,

efeh gja@ QOxtnBo§ Yol AR BB ifLMah 8 §hd Qﬂtl %ﬂé&tl%@tcgétmgt used in this
to 4 CB he

sius. The sane type of Iens having

I%tr fégg}; §§n ﬁ% %n}i'e%?s ' ﬁ,r#&eﬁ? 89&”09& ng*ﬁ é gghet\led to be so

IS ex

. to the trle dISh cont the co
éhé‘ g@t 7 BIRi 8%6 THREFIANt R"’H n o H‘é‘{fijﬁ’?\/\q@ﬁ AR coating
cn1fron1phe center of the concave S|de of the lens to
titheerpepdonsteache | R heater. Experiment B The same type
of lens having the sane coatings as were used in the
contrgl fﬁp i,ment was positioned on a previously
refrlgelpa ae GIDICE gel pack from

A PYREX petrie dish, 90 mm in diameter and 20 mm high, was filled to several
mm from the top with water chilled to 4° Celsius. The same type of lens having the same
coatings as were used in the control experiment was used for this experiment. The lens
was then placed into the petrie dish containing the cold water, and positioned under the
IR heater at a height of 4 cm from the center of the concave side of the lens to the end of

the IR heater.
Experiment B

The same type of lens having the same coatings as were used in the control
experiment was positioned on a previously refrigerated FRIGID ICE gel pack from

TECH PAK and placed under the IR heater at a distance of 4 cm, as described above.
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20 TECH PAK and pl aced under the IR heater at a
di stance of 4 cm as descri bed above. WD 2004/ 101260

wEFebAER26004/ 005123 33 Experinent C The sanme PGPEPD®D4/005123

| ens having the sanme coatings3gas were used in the

control experinment was positioned on an activated ACE

I NSTANT COLD pack (containing a solution of amoni um

ni t r A xpenimilentat er ), and then placed under the IR

heater at a 5 distance of 4 cm as described above.

The follow ng table summarizes the results of the .

i nspekditi Hncofyrend lens ihayigs t8e Sppe coaltngs) #yWEE Hepdningthe control
intensity halogen lighting. The surface tenperatures
xperimenjrweisposiizdnsd uw) ap hctiviatedcHREANS TANT aégLD pack (containing a
tenperatures of the tested | enses (and, nore
ssheohfofcanmpniunohitthe aadrivaes, aeihnfenaplacelsundertthe IR heater at a
anti-reflective coatings of the tested | enses) were
dQanR 3T YRt abWedchBeMdeASCOPE Model OS71 | nfrared

Canera: Experinent Lens Tenp Cool i ng Medi a

Anti-Reflective Tenp Coating Damage (e.g., crazing) )
Cont ridie foHowing takle gummpanzesetbe results pethgundpgetéon gf the-agti-reflective
t15=49 t=5.7 t15=55 No B t=24 t15=53 t=0 t'5=22 Yes,

cohingh isiag dr gingntensitye Hajegentightengt h&hel snfacevasmpertitures (in degrees
touching the gel pack Ct=24t' 5=40 t=0t' 5=24 No

Celsius) of the concave surface temperatures of the tested lenses (and, more specifically,

of the surface temperatures of the anti-reflective coatings of the tested lenses) were

measured by the OMEGASCOPE Model OS71 Infrared Camera:

Experiment Lens Temp Cooling Media Anti-Reflective
Temp Coating Damage
(e.g., crazing)
Control =24 t"*=104 N/A Yes, entire surface
A =23 t'*=49 t'=5.7 t'°=55 No
B =24 t*=53 t°=0 t"*=22 Yes, slight crazing

on edges where the
lens was not
touching the gel
pack

C t%=24 t'°=40 °=0 t'5=24 No

We also tested the scratch resistance of the 1.6 index hard coatings cured in the
fashion of experiments A, B, and C, and it appears that scratch resistance was not
compromised through the heat curing. Specifically, the concave surface of a plano
polycarbonate lens was coated with the 1.6 index hard coating used in the control

experiment and cured under the IR heater (at the same 4 cm distance used above) for 15
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We al so tested the scratch resistance of the 1.6 index
hard coatings cured in the fashion of experinents A,

wa@200anai26) and it appears that scratch resi st aPCEEPRS4/005123

not conprom sed through the fgat curing.

Specifically, the concave surface of a plano

pol ycarbonate | ens was coated with the 1.6 index hard

rBidates Gt Sath, iafd twiehotthé @kpetima@x e heiedibk W, Gier gfirie dish). A
under the IR heater (at the sanme 4 cm di stance used

@;B?yéi‘ateél Qhoot %&R@Q@éﬁéegltg Q&+t RfeTdFRADA4! stfhed 38 thﬁzﬁl&ea(% hard coat.

m nutes both wth, and w thout, the experi nent

' Lt .he [ & di sh). . everse steel wool
Pleteahtt et 2] B HideBroF e Up D DY TAE R B Bl POy uothod was
cured hard coat. , The con | result (i.e., not
%%gﬂtﬁgﬁ{peg%%ﬁlﬁlﬁkya #'gf'he reverse steel wool

nmet hod was 2.96 and the experinent A result was 2.81.

5 Fr gfphhihfs @, ave WonchRiRCthhitd@e tlb@bf HRefSRiY héfQinks while heat
foregoi ng heat sinks while heat «curing (e.g., using

' a,. & S .
A 4 260 RGN rEAE, PRGALE SHERRES: Phoffcurponats e hving
agr?rgﬁhﬁgggg%leﬁ)éogf%%:%é rstllaft gﬁtgv%%ﬁ%\% gq%ggjhglllye fg:a%ible to eliminate the
anti-reflective coating wthout conprom sing the o
R r PREFCBICBPN t RE KsatanbupBertiveacr#ing 19ithotd mspapemising  the
sem -finished polycarbonate |ens having an

renfoimanse |of the heat owoed tongingi milar in  composition to AR
coating 1 applied by vacuum deposition on its convex

side was surfaced to a -2,00 Fltre%scri ption power. Any
di fferences between the c i“on of AR coating 1

and the anti-reflective coating used in this exanple

are helse@yedished B6lysabshdtdns lavingain bh@réReule Softing similar in
this exanpl e woul d have been no different had AR

oRpbsiRen ko b&ﬁncoléﬁﬁg 1 hmkgggfoyfﬁuh% l‘&gﬂcﬁmo% 603! %bglg}@gséide was

applied to the conctave 'si ns as a tin

sﬁ&?éeléﬂlg rﬁig—ggO(ﬁ%xr%%:inggglé{l i%(ﬂ)%‘ériivgs )f/ 81rffe§eun%§se geutg/régn ﬁl%actoim% Sition of AR
coating 1 and the anti-reflective coating used in this example are believed to be so slight
that the results of this example would have been no different had AR coating 1 been used
instead. A UV-curable coating was applied to the concave side of the lens as a tintable
coating and a primer coating for subsequent coatings. A 1.6 index hard coating was

applied to the primer coating. The 1.6 index hard coat was 1.9 microns thick, and was

made of a composition comprising the following components:
a GLYMO hydrolyzate,
a titanium oxide colloid, and

an aluminum acetylacetonate catalyst.
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applied to the primer coating. The 1.6 index hard coat
was 1.9 mcrons thick, and was nade of a conposition

weoompnorsmg the foll owi ng conponents: 20 a GLYMIA/EP2004/005123

hydrol yzate, a titanium oxide golloid, and an al um num
acetyl acetonate catal yst. WO 2004/ 101260

. PCT/ EP2004/ 005123 35 A PYREX petrie dish, 90 nmin

di anetAePYREBX petriedidh, 90.mmas diantdt@dnti@osamehigh, widfilled to several
fromthe top with water chilled to 2 Celsius. The | ens

Wah RHAGRE tdpwithew el Sifilled &pav@élsﬁisdem@ms wiiGh1aRE ihRhe water,
heater referenced in Exanple 4 mas set at

X Eﬁp&rs"ﬂéﬁcﬁvr? a{n% BROR SR o ltlt-?‘fe al%?agrfp[fe 2'@3% artglgberamre of

e center € concave SI ens
Lkt i-al . te f the |
13hs Eliss ”Etpﬁﬁ@sg &2@9 ﬁ%@éﬁpgﬁtﬂ g%r ﬁthgcwﬁﬂvaﬁléa of the lens. The
camer a fron1 le 4. The antl-reflectlve coati ng on

tlw@alctsﬁ%rﬁug? aéthsﬂertswvéaﬂ?én Selgis. e lensteryperatire wes measured using

m nutes of the heating. This heating took the form of
Wesainfretedi camermiomdixamplespeci fi cal |y, pre-curing. After
15 m nutes, the water tenperature was 31 CE|SIUS t he

10 surface te rature of e conve of the
R S R R i e b pffelimaged aftr
caoncave side of the lens was. 41 Cel sius.

tlienPariesuPe thedisainge neifis heating, tookeths %qnaegf aﬁ@teeuqqge and, more

heating were taken by taking the |ens out of the
ibeeicallydpgcsueiagy ABemES thautesftheamater demperaturowas 31° Celsius, the
ascertain the tenperature of each side. Exanple 6 15 A
serfacef ienipstatde pdl the avohosnatide | cdnthe Hens wgs BB Celsius, and the surface
anti-reflective coating used in Exanple 5 applied by

@fapeHIfuEe ROSthE | eVt Iside 6PMINENeR Gz V@R @é[sfil%cedl"ﬁeo témperature
-2.00 prescription power. As wth Exanple 5, any

b RERBLE D AR MEEQ AL Shet WPRSERE %r@faké?by taking the lens out of the

water and quickly using the infrared camera to ascertain the temperature of each side.
Example 6

A semi-finished polycarbonate lens having the anti-reflective coating used in
Example 5 applied by vacuum deposition on its convex side was surfaced to a —2.00
prescription power. As with Example 5, any differences between the composition of AR
coating 1 and the anti-reflective coating used in this example are believed to be so slight
that the results of this example would have been no different had AR coating 1 been used
instead. A UV-curable coating was applied to the concave side of the lens as a tintable
coating and a primer coating for subsequent coatings. The 1.6 index hard coating

described in Example 5 was applied to the primer coating.
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coating 1 and the anti-reflective coating used in this
exanple are believed to be so slight that the results

wobtonshoreexanpl e woul d have been no different bPemERR04/005123

coating 1 been used 20 instead, A UV-curable coating
was applied to the concave side of the lens as a
tintable coating and a priner coating for subsequent

coat i Ngst eﬁ}ﬁnéer@()m(iﬁ&wﬂem ¢ré&Qaktith uijfGrl?e\Qaé {Ised to cool the
Exanple 5 was appliéd to the primer coating.

?cﬁg\%x]s%ézgpthg %I;{s lfo%%solgﬁéﬁ%n %g ﬂ%gég Q-i(e%p %EL%%%J%O included a

own I n Cross section 1 n used to C

i gl P e 0F Rl TE8 kel DHES serfBie famiaibidr plate 720

made of alum num_Top plate 710 was separated from

drke ade pf alumingre) by ipsengrbtfle 1Bvider aite (4 Way sengpried fgm bottom
730. Divider plate 720 was separated from bottom5

wlae §40408ls¢ ahats ofdemofiural withrhatjorwiing 156t t Heatr éxvhanger 700 also
750. Heat exchanger 700 also included an inner ring

Tedudddadn wiatn niegl 7o@tien defivddt yatér Cavatyd7 10oaidadtol @ \¢hitiyy 780. RTV
780. RTV joint sealing compound was used to- seal the

1j9inhbcaliNg cHRpbuRGANEE fto. §80 theDoMitd6f hddk 8k&handed3100. Divider plate
bottom ring 750 and bottom pl at'e 740 defi ned rral n

Cﬁ@' g%qérﬁ r%[%q%g% ﬁdﬁ@n Rﬁ%?@tﬂ%@féngf d{]%J&} a[%ity 790. Heat
s‘?lwa  TOGARRERL T Yol GelitT SRovRLopadieh & &tna%ge@veraﬂ heat

vvere heI d toget her using 8-32 screws. 705. V\ater cavity
Frohapger 140 vaw3 wnghss waheght andchénches 1%61ﬁ@ete§eéfh§fpl=59@/@f the heat
wat er and 50% PRESTONE anti-freeze was punped into

cyohanger were iheld (Igahermsmgdhldl sdrews 782 at the rate of 2
liters per mnute. The cool ant would circul ate through

?PSLvaﬁ&%tsaﬁa'av'W@ asrieEf R s A ﬁ’?@%h%""wﬁgﬁsewater and
'n0 i Vi |ate 720. The cool ant would then flow o
oV vrgBﬁS i-{EGR7P tXpS PUBIPE IR gt 1ams GaYibt 78ﬁ9througasnlet 792 at the

re-cool ed, and re-circul ated back through the heat
e‘gtgr@n@émers per minute. The coolant would circulate through coolant cavity 780,

keeping the water cool, and flow into main coolant cavity 790 through openings 797 in
divider plate 720. The coolant would then flow out of main coolant cavity 790 through

outlet 794, was re-cooled, and re-circulated back through the heat exchanger.

The lens was placed in the water, convex side down, and the IR heater from
Example 5 was set to a temperature of 350° Celsius and positioned relative to the
concave side of the lens as it was in Example 5. The anti-reflective coating on the
convex side of the lens was not damaged after 10 minutes of the heating. This heating

took the form of heat curing and, more specifically, pre-curing.



10

The I ens was placed in the water, convex side down,
and the IR heater from Exanple 5 was set to a

wo esvprozsur e of 350 Cel sius and positioned rel BCT/ER2000005123

the 20 concave side of the | as it was in Exanple
5. The anti-reflective coating on the convex side of
the I ens was not damaged after 10 m nutes of the

heat i 0
W;%Z%ﬁ PPl 4 5 A B S i ek

00513 37 fter the, 10 m at
6%(-‘{3:5 ive ?o{%}gg vs{aﬁaep?/\%tgd F(J)xalft € ?TG H ﬁaag oa{1 S l1"[6}9’1 75 index
nti-refl|ective coating ited on the 1 6 i ndex
ﬁ%xeaweaé{w@t higkeang vyas m%&ﬂh‘f @e}v%s 308 nm t hi ck,
and was made of the follow ng: Material Percentage of
conposi tign VO~ 5106 TN . 192 _Dj.acet one
al cohol 28. 372 M#teHah | ijﬁ waﬁf%éﬂfﬁé'é%
CHEM CAL C@PANO HI T- 32M (col |l oi dalpe titani ugr oxi de)
Al (Acac) 3 9852 \/-\l T gm-Acet-y oiblcgtzunat €) M

FLUORAD 0. 119@‘1 HCL
Diacetone alcohol _ 28.372

Ethanol - 37.451

NISSAN 26.828
CHEMICAL
COMPANY HIT-
32M (colloidal
titanium oxide)

Al(Acac)s 0.852
(Aluminum -
Acetylacetonate)

3M FLUORAD 0.198
FC430 (fluorine- ‘
containing
surfactant)

L’

The 1.75 index layer was then heated for 10 minutes using the IR heater, set to
350° Celsius and positioned as it was above. The anti-reflective coating on the convex
side of the lens was not damaged after 10 minutes of the heating. This heating took the

form of heat curing and, more specifically, pre-curing.

Next, the second of the 2-layer sol-gel anti-reflective coating — a 1.41 index layer
— was deposited on the 1.75 index layer. The 1.41 index layer was 92 nm thick, and was

made of the following:

Material Percentage of composition
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15

FC430 (fluorine containing surfactant) 5 The 1.75
i ndex | ayer was then heated for 10 m nutes using the

wo Bbohaar2er , set to 350 Cel sius and positioned BPST/EP200&605123

above. The anti-reflective CO?tgl ng on the convex side
of the I ens was not damaged after 10 m nutes of the
heating. This heating took the form of heat curing
and, nore sl\;fetﬁl’rl calTy, gre-curing, Next, the second

e

of the 2-I:%1 r soI I artl-reflectlve coating - a
1.41 index Xysi was deposited on the 1.75 i ndex
| ayer. The( % ‘é‘?ﬁ ayer was 92 nmthick, dand was

made of trééﬁbl lowing: | {Material Percentage dof
conposi ti c;mMOM 101260 PCT/ EP26G4/ 005123 |38

Met hyl 10. tr-ret-hoxygiH-ane{Untonr—GCar-bi-de—A- 163)
Met hanol A'NAZECONALCO 40 46 CHEMACAKG COVPANY [1034A
(col | oi dalf GHEMdEENLAlI (Acac)3 1.69 (Al um num
COMPANY 1034A
(colloidal silica)

Al(Acac); 1.69
(Aluminum
Acetylacetonate)

The 1.41 index layer was then heated for 10 minutes using the IR heater, set to
350° Celsius and positioned as it was above. The anti-reflective coating on the convex
side of the lens was not damaged after 10 minutes of the heating. This heating took the

form of heat curing and, more specifically, pre-curing.

Finally, the coating system comprised of the UV-curable coating, the 1.6-index
hard coating, and the sol-gel anti-reflective coating (made of the 1.75-index and the 1.41-
index layers) was heated for 15 minutes using the IR heater, set to 350° Celsius and
positioned as it was above. Prior to the last 15 minutes of heating, the temperature of the
water in heat exchanger 700 was 5.7° Celsius, and the initial temperature of the lens was
22° Celsius. This and the temperature measurements described below were taken using

the infrared camera from Example 5.

The anti-reflective coating on the convex side of the lens was not damaged after
the 15 minutes of the heating. At the 15-minute mark, the water temperature was 50°

Celsius, the temperature of the convex side of the lens was 48° Celsius, and the
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Acetyl acetonate) The 1.41 index |ayer was then heated
for 10 mnutes using the IR heater, set to 350

w@edogitore@nd positioned as it was above. The PCT/EP2004/005123

anti-reflective coating on the convex side of the
| ens was not damaged after 10 M nutes of the heating.
This heating took the 5 form of heat curing and, nore

e d coatd ng stem .
Stglrﬁ;%érg It dMot e cﬁﬁca&glge?)g%}r elelgsg\g éll ;51% ’ eglﬁ%\g t'lil)]l% lrf%lylu?es of heating
hard. cqatin and. the sol -gel .antj-reflective coating
(e 3 fichent Siing s maincppe BOH ARSNGB | aver s)
was heated for 15 minutes using the IR heater, set to
350 Celsius and positionedgasnhik 7Was above. Prior to
the last 15 m nutes of heating, the tenperature of the
10 water in heat exchanger 700 was 5.7 Cel sius, and
t he i di tspmi-finshpe QRMAe lak haveng & corting 22vacehsi deposited on its
This and the tenperature neasurenents descri bed bel ow
wefieext sideewadisirfaged folee-2.00 praseeiptioapewar. f A A6 indexrpird cbating similar
The anti-reflective coating on the convex side of the

ligRE MBSt o mﬁgﬁgs abdiRY to ttﬂ@ 0315\7659 8 88 t1Rf 1ehfle Any differences
heating. At the 15-minute mark, the water tenperature

APl LRI Al T shE TR S g Sinf BT gT Sample are
SFVYER B 6o WA ate iy LRE o e 48Pl WOHRE Dorata fiferent had
took the form of heat curing and, nore specifically,

{ beeit 155 instsadnpl e 7 A seni-fini shed ORMA | ens
having AR coating 1 vacuum deposited on its 5 convex

si de wgs b.‘tr LRfigthet ‘&es%n & %OE%Q 6! hd QQdRQW‘SﬂéHS’*c&n@ex side of

I ndex ha coatl ng si m n’p03|t| on
0:Lhe convex e
P Tob i RER R, i Eofns i e 4 g e fom
]E x hard coating used in hlé exanpl e are
xamp e was set to a temperature of 350° Celsius and positioned relative to the
concave side of the lens as it was in Example 5. The anti-reflective coating on the

convex side of the lens was not damaged after 10 minutes of the heating. This heating

took the form of heat curing and, more specifically, pre-curing.

After the 10 minutes of heating, a 1.75 index layer that was part of a 2-layer sol-
gel anti-reflective coating was deposited on the 1.6 index hard coating. The 1.75 index

layer was 308 nm thick, and was made of the following:

Material Percentage of composition
GLYMO 5.106
0.INHCL 1.192
Diacetone alcohol 28.372
Ethanol 37.451




believed to be so slight that the results of this

exanpl e woul d have been no different had HC 1 been
waoised/10nsd ead. 10 The heat exchanger descri bedp@TEP2004/005123

Exanpl e 6 was used to cool theggconvex side of the

| ens. The lens was placed in the water, convex side

down, and the IR heater from Exanple 5 was set to a

t enper at uriegRig s3p0 Cel si ys and po§'§.t82§ned reldtive to

the concay éé\g f thel|lens as 1t was in Exanple 5.
The anti-r | &ﬁiati ng on the convex side of the
| ens was r& ‘\%ﬁﬁég ftgr 10 minutes of the heating.
Thi s heati B ) ’6‘815 thg formof heat curing |and,
more specilfIREMYXI95) - cUring. After the 10 nijnutes of
heating, g gjA&chndex |ayer that wagppart of a 2-layer
sol - gel Aadhshect i ve [coating was deposited on the
1.6 i ndex U@J lgc%?otniag:g' The 1.75 index |ayer was 308
nm t hi ck, _anc? WAS_ R offl the follow ng: Materlial

Per cent age 3M FLo@rsbti on GLYMO $.1586 0. 1N HCL 1.192
Di acet one |#@Gbefludthe372 | Et hanol 37.451 WO
2004/ 10126QoR@iizP2004/ 005123 40 NI SSAN 26. 828
CHEM CAL CQYRANMiH T- 32M (col I oi dal  titani um oxi de)
Al (Acac) 3 9852

Q_Q

The 1.75 index layer was then heated for 10 minutes using the IR heater, set to
350° Celsius and positioned as it was above. The anti-reflective coating on the convex
side of the lens was not damaged after 10 minutes of the heating. This heating took the

form of heat curing and, more specifically, pre-curing.

Next, the second of the 2-layer sol-gel anti-reflective coating — a 1.41 index layer
— was deposited on the 1.75 index layer. The 1.41 index layer was 92 nm thick, and was

made of the following:

Material Percentage of composition
Methyl 10.13
trimethoxysilane
(Union Carbide A-

163)

Methanol 47.72
NALCO 40.46
CHEMICAL

COMPANY 1034A
(colloidal silica)

Al(Acac)z 1.69
(Aluminum
Acetylacetonate)
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(Al um num Acetyl acetonate) 3M FLUCRAD 0.198 FC430
(fluorine containing surfactant) The 1.75 index

wo ayenomes t hen heated for 10 m nutes using thect/RP2004/005123

heater, set to 350 Cel sius angpositioned as it was
above. The anti-reflective coating on the convex side
of the | ens was not danmaged after 10 mi nutes of the
heating. This heating took the 5 form of heat curing
and, nDre specifically, pre-curing. Next, the second
of th%, | ayer. sol-gel anti-reflective coatln -

1 a1 iThadAl mpex layer was thrahealeddar o neiputes uying;theid heater, set to

The 1.41 index |layer was 92 nmthick, and was
é"ngltSlu[s taad fpokitiongdhas it Measaabped. Phe g@tmrczf@tlm coating on the convex
conposition Methyl 10.13 trinethoxysilane (Union

Gaieif diee 1ens $GS nofvidregedlafidr 1 07 hind¥dd 613hd Biedttng. CRiaMhEAing took the
COWPANY 1034A (colloidal silica) Al (Acac)3 1.69

form of heat curing and, more specifically, pre-curing.

Finally, the coating system comprised of the the 1.6-index hard coating and the
sol-gel anti-reflective coating (made of the 1.75-index and the 1.41-index layers) was
heated for 15 minutes using the IR heater, set to 350° Celsius and positioned as it was
above. Prior to the last 15 minutes of heating, the temperature of the water in the heat
exchanger was 15° Celsius, and the initial temperature of the lens was 24° Celsius. This
and the temperature measurements described below were taken using the infrared camera

from Example 5.

The anti-reflective coating on the convex side of the lens was not damaged after
the 15 minutes of the heating. At the 15-minute mark, the water temperature was 25°
Celsius, the temperature of the convex Aside of the lens was 25° Celsius, and the
temperature of the concave side of the lens was 30° Celsius. This 15 minutes of heating

took the form of heat curing and, more specifically, post-curing.
Example 8

An anti-reflecting coating (AR) is formed on the back side of a lens as described

below :
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(Al'um num Acet yl acet onate) WD 2004/ 101260
PCT/ EP2004/ 005123 41 The 1.41 index |ayer was then

wheaiadizbor 10 m nutes using the IR heater, sepCt/@P20885M5123

Cel sius and positioned as it wps above. The
anti-reflective coating on the convex side of the
| ens was not danmaged after 10 mi nutes of the heating.

Thi s ITepicalty 4 eclkgdl hatireBetbrentcatinfeabtpslisd 610 i Back®d€ of a lens
specifically, pre-curing. Finally, the coating system

QQJH%rdﬁﬁﬂy[@fetﬁﬁ&égh%oﬂmﬁallﬂyﬁ%d&%)}j aﬁ‘@ﬁ}r' &ﬁteﬁn&h §88ront (convex)

sol -gel anti-reflective coating (fmade o

PAeRIEY BEAR End o e RAATE AL e o”@@BI pestes for
it Pr
yut S Al Highter B fpiap abla D'y oS R af dpppsied by spin

t he heat 10 exchantg was, 15 Celsius, and the initial
tceaHng: ol the Bagl sifeef the hensyiess op dhedd(Cd jcaatingrilihg rotatien snsed is around
tenperature nmeasurenents descri bed bel ow were taken

4P goundepénthinateed canera from Exanple 5. The
anti-reflective coating on the convex side of the |lens

was net perEge dtepfl isethen tifiglehfentddn Woadudbibnt atihgavitN @R source of
At the 15-mnute mark, the water tenperature was 25

Lowerhsi Watts \Rfﬂl%hﬁ@ﬂ@&rdaﬂé%% e shﬁﬁc%@&b%ir% Qlrineh® seconds.
I'ens was 25 Celsius, and the tenperature of th e

Conca“'f?le%%rg}ﬁer%ret&ethleg 2T tBPb 4R sﬁ’deﬁ el'?éssfro]r? 2356 to 70-80°C

m nut es eatl ng the ormo curi ng

ahie ep@efﬁ%'tp?%é'r%sg{%‘ﬁﬁé (AR T F?,m'deoﬁ the back

si de of ens as described 20 below : W) 2004/101260
PCT/ EE@B%@F’GG@Z@ then cooled during 50 seconds with an air flux at ambient

temperature.

Then a low refractive index (LI) solution (between 0.5 to 5 ml) is deposited by
spin coating on the precured HI layer. The rotation speed is 1850 rounds per minute.

A precuring step (same heating source as above) is then implemented during 8
seconds, followed by a cooling step (same as above). .

A cooling of the front side of the lens can be implemented during the precuring
steps.

A final heating of the stack HI coating/LI coating is then carried out.

One uses a heating gun pulsing heated air towards the stack of the back side.

The maximum temperature at the surface of the back side reaches 170°C.

Concomitantly, pulsed air at ambient temperature or at lower temperature than

ambient temperature is directed towards the front side of the lens.
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42 Typically, a sol/gel antireflective coating is
applied on the back side of a lens nade of

w@odogfiaized hyl enegl ycol bi s(al | yl carbonat e)] al reemyP2004/005123

coated on its front (convex) gide with HCL and AR1,

and on its back (concave) side with HCL. A high

refractive index H solution (between 0.5 to 5 mM) is
deposiGredbminspiinal 16nscwith twg ARNsthdks oacokh sidekearnff nd éracking on the
lens, i.e. on the HCL coating. The rotation speed is

NP YRk sith IOHOESNnPRde (Fofktx&idef Precuring step is
then inplenmented: conduction heating with IR source of

power ﬁ%{%ﬁ%ﬁ’tﬂ@gﬁhi&?@?%ﬂ&ﬁﬁ&g@ﬁ to the surface
of th 0 S S.. The tenperature

of the surface o% he. bac ide in ses.from25 Cto

00- 80 1Rtk ok AR e ARG Pl TR T e ek

side is then_cool ed during 50 seconds. with an air flu )
ot aniSPdse of %‘ﬁ(ﬁ‘é‘P’éXHIP%Y““WFé]PPHSﬁ%\R/%g’éKFP@EP‘ie\)’éelglﬁs‘éﬁn‘i( poured in

(LI') solution (between 0.5 to 5 m) is deposited by
gteakas gad they serredhe precured H layer. The rotation
speed is 1850 rounds per minute. 15 A precuring step

( samne TheaR0.6§ gsofucidic aatealfHCE).1iN) dré edded dpdpebe dtopd
during 8 seconds, followed by a cooling step (sane as

above)wheh 160 MhioNGaridunt BEwhiePRis tdefl@d@d, EH&Qe%v._ﬂﬁﬁ% ByftoBate is still
I Na

i npl enented during the precuring steps. A

@ﬁﬁ%aa%d@%%ggg%ﬁ%ﬁck H coating/Ll coating is then

carrie e uses a heating gun pul sing heated

i ds th fth ide.. ~Th |
Ferer L & APPHOShPT S4B oo e: SRl PHERERTRTL 11RU-7 A8
170C, itantly, pulsed air at ambient .

e SCHE arncied e 160 el e g eine sired at ambient

tenperature is directed towards the front side of the
[teypgerature during 15 minutes.

800 g. of the resulting mixture colloid/methanol are added to the

glycidoxypropyltrimethoxysilane hydrolyzate.
| The obtained solution is stirred at ambient temperature during 24 hours.

9.14 g. of aluminum acetylacetonate (Aldrich) are weighted and added to the
above solution which is furthered stirred during one hour at ambient temperature.

Then, the dry extract is measured and is around 20% by weight.

Then isopropanol is added in such an amount that the dry extract reaches only 6%
by weight.

After stirring during 5 hours, the solution is filtered, with a 3 micrometer filter to

obtain a HI solution which can be stored in a freezer at a temperature of -18°C.
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WO 2004/ 101260 PCT/ EP2004/ 005123 43 One obtains a
final lens with two AR stacks on both sides and no

w@e@akoney on the AR stack situated on the froPCT/EPINE4/005123

(convex side). Preparation of ghe solutions for the AR
coating. Preparation of a high refractive index (H)
solution : 5 90.45 g. of

gl yci doxypropyl tri net hoxysi |l ane (Sivento) are wei ghted
and poured in a beaker and then stirred. Then 20.66

of aci %ﬁ%al‘@%oﬁrof@'@ éha]cnw gg(lgkzgﬁqu op by drop.

V%en t he anount o wat er en added, the

it GeS BHEE ORI © gb O riebatyord @'i?ﬁf%ydf8gct¥?&)iﬁeth°xysila“e
collojd tolake 1120 Z 11RU-7 A8 from CCl C are adde
tlo+HpbgOs f(Pﬁéh Rasiael) andhe>-p g of fqttﬁsthﬁa%la%%@ﬂqgs)a (from Keyser

stirred at anbient tenperature during 15 mnutes. 800
dMaakeyX he resul ting mixture coll oi d/ met hanol are added

to the glycidoxypropyltrinethoxysilane hydrolyzate.

15 TheAfodpsairingdivsiap 46 infinutes 2613 ¢. o€ 4. 1a% haddocklotic acid are added.
tenperature during 24 hours. 9.14 g. of al um num

acet yl acetrppaésaitlndl Hikhb)s sibRd \BHed b £ Howd dt AHEieR: ttRperature.
the above solution which is furthered stirred during

."2%222"& 23?&“3% F@f‘ 2R ERHy (SR, WG R 9182 g of 2
e T
durlng hours, the saolution is filtered, wt

rherrEiEgE Softonds the SR dPng:? Pmur§ @P@nﬂ}eérﬁl%‘?dc‘llﬁl%ﬁ filter having

be stored in a freezer at a tenperature of -18C.
a porosity of 0.1 micrometer. The resulting LI solution may be stored in a freezer at -

18°C.

It should be understood that the present methods are not intended to be limited to
the particular forms disclosed. Rather, they cover all modifications, equivalents, and
alternatives falling within the scope of the claims. For example, any manner of cooling a
lens holding device may be used consistently with these methods provided no damage

results to the convex coatings during the heat curing as detailed above.

The claims are not to be interpreted as including means-plus- or step-plus-
function limitations, unless such a limitation is explicitly recited in a given claim using

the phrase(s) “means for” or “step for,” respectively.
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WD 2004/ 101260 PCT/ EP2004/ 005123 44 Preparation of a
| ow refractive index (LI) solution : One mxes 8.1 ¢

woboosnodecaf | uoro-1, 1, 2, 2-t et rahydr ooct yl - | - t rPCT/EP2004/005123

et hoxysi lane Cl4H19F1303Si (foth Sochiel) and 65.6
g. of tetraethoxysilane Si (OCZH5)4 (from Keyser 5
Mackey). After stirring during 15 mnutes, 26.3 g. of
0.1 N hydrochloric acid are added. The resulting

m xture is stirred during 24 hours at ambi ent
tenperature. Then 737.7 g. of 2-nethyl-2-butano
(Sigma Aldrich) and 316.2 g. of 2 butanone(Carl o Eba)
and 0.28g. of catalyst Polycat -SA-1/10 (Air products)
are added. 10 The resulting_solution is then stirred
during 2 hours and then fil éﬁ@ﬁd%sing a filter having
a porosity of 0.1 mcroneter. The resulting L

solution may be stored in a freezer at - 18C It
shoul d be understood that the present nethods are not
ilnt endextethod lbembptisinged to 15 the particular forns

di scl osed. Rather, they cover all nodifications,

equi vateidifig aaéi hadlrfeel MAt YL S Laddd ek, Whi Bh ﬁnt?-l?gﬂective or mirror
scope of the clainms. For exanple, any rmanner o

cooling a ) di vi ce may be used
b cﬁ%ﬁ GG s e

consistently w-t ese nethods provided no damage

result,s to.the convex coatings,during the_heat curing

e det Epd- Db ER e B Rina e inf secaBd siag Spthe Tens: nd
interBreted as including means-plus- or step-plus- 20 _
f unct PEANNE; e thept-giable ¢hptegswithewt demaging thei anti-ieflective or mirror
explicitly recited in a given claimusing the

phrase(s) teatmgs for" or "step for," respectively. WO

2004/ 101260 PCT/ EP2004/ 005123 45 CLAI MS

2. The method of claim 1, where the anti-reflective or mirror coating comprises an

anti-reflective coating.

3. The method of claim 1, where the anti-reflective or mirror coating comprises a

mirTor coating.

4, The method of claim 1, where the heating is accomplished without damaging the

anti-reflective or mirror coating by cooling the lens to prevent the anti-reflective or

mirror coating from being damaged by the heating.
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5 1. A nmethod conprising: providing a |lens having a
first side, a second side, and an anti-reflective or

waoemao126coat i ng on the first side; depositi ngPEI/EP2004/005123

heat - curabl e coating on the sdgond side of the |ens;

and 10 heating the heat-curable coating w thout

damaging the anti-reflective or mrror coating. 2.

The ndthhodetbdd of alaiml], whereehe heatmngt (a) medfultecniheet ouring the heat-
mrror coating conprises an anti-reflective coating.

tBraBle chagngwlithodt @imadiggd thelantiwbRéive b8 ndifior cotfrlgpahd W9 takes no
or mrror coating conprises a mrror coating. 4. The

nELbadnQhefb@ m 1, where the heating is acconplished
wi t hout damaging the 20 anti-reflective or mrror

coating by cooling the lens to prevent the
anti-reflective or mrror coating from bei ng damaged

by t he_heat 2004/ 012 0. PCT/ EP2004/ 005123 46
8 T bRanHbos o Clis I YNGR beAE STEIg Jpdjeat curing the heat-

results in heat curing the heat - curabl e coating
witahteugoatingaviihoyt damagang theraafitreBedtive o mmior co#ting, and (b) takes no
coating, and (b) takes no nore than one hour. 5 6.

Hee teihi30dnmntes] ai m 1, where the heating (a) results

in heat curing the heat- curable coating w thout

damaging the anti-reflective or mrror coating, and

(b) takes no nore than 30 m nutes. 7. The method of

GZI. al Mo of MRS 1A hetihd? Yomprising:
depositing a second-side anti-reflective coating on the heat-curable coating; and
where the heating comprises heat curing the second-side anti-reflective coating
and the heat-curable coating without damaging the anti-reflective or

mirror coating on the first side.

8. The method of claim 1, where the heating includes convectively heating the heat-

curable coating without damaging the anti-reflective or mirror coating.

9. The method of claim 1, where the heat-curable coating is a heat-curable hard

coating.

10.  The method of claim 9, further comprising:
depositing a second-side anti-reflective coating on the heat-curable hard coating;

and
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10 depositing a second-side anti-reflective coating on
the heat-curable coating; and where the heating

w@opniores heat curing the second-side anti-rePd PEP200€005123

coating and the heat-curabl e goating wthout danaging
the anti-reflective or mrror coating on the first
side. 15 S. The nethod of claim1l, where the heating

| ncl udesrechivMratihy ebdipheRtiead clhrity theadecordiéiabhfti-reflective coating
coating wi thout damaging the anti-reflective or mrror

coating. 9andhe HELBAdsRihatd 8t ’winglf E%ﬁrl%n% the anti-reflective or

heat - curabl e coating Is a heat-clra oat I ng.

20 10. The od..of cl.ai ..further conprising:

deposi ti ngn{algég%ogﬁaggpgée @ﬁ?ﬁlgeﬁ’ efl ective coating on

the heat-curable hard coating; and WO 2004/101260

PCT/ EP2004/ 005123 47 where the heating conprises heat

curing the second-side anti-reflective coating and

the hghﬁ methadlfeldinr Y vdwae thedealinghiooludekaeramgisty etyhkeating the heat-
anti-reflective or mrror coating on the first side.

Burdlile hahecomthp edthobit daneigingdhe witbrefletivee draairion @oating.

i ncl udes convectively heating the heat- curable hard

coating wi thout damaging the anti-reflective or mrror
coating. 12. The method of claim1, where the

h&at - & 8¢ asthodcefaalaing 1, where glod hepelcurablei qoafihg ot 4 val-gel antireflective
coating that includes at |least two |layers with

dodtihe rtien inalefes aclehst ewd Malieesosith Adfetent refhuetiv@indads.of

claim 12, where the depositing includes depositing:

(a) a heat curable hard coating on the second side of

the lens; and

13. The method of claim 12, where the depositing includes depositing:

(a) a heat curable hard coating on the second side of the lens; and

(b) the sol-gel antireflective coating on the heat curable hard coating.

14. The method of claim 13, where the depositing includes depositing:
(a) an ultra-violet (UV) curable coating on the second side of the lens;
(b) a heat curable hard coating on the UV curable coating; and

(c) the sol-gel antireflective coating on the heat curable hard coating.

15. The method of claim 1, where a hard coating is disposed between the first side

and the anti-reflective or mirror coating,

16. A method comprising:
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(b) the so]-gel antireflective coating on the heat
curabl e hard coating. 15 14. The nethod of claim 13,

wob@raobke depositing includes depositing: (a)PEIEP2004/005123

ultra-violet (UV) curable coalﬁng on the second side
of the lens; (b) a heat curable hard coating on the
WV curable coating; and (c) the sol-gel antireflective

coat iprgvidingtgohpae polifcaMofatBaéd a9l Mfrst e 1P sechh® side, and a
met hod of claim1l, where a hard coating is disposed

bet ween tﬁﬁsg&ﬁﬁ&%gﬁgﬁﬁ%?ﬂ%%;he anti-reflective or

mrror coatl ng. >conpri sing: WO
2004/ 101260 PCT/ EP2004/ 005123 , 48 pr.ovi di non- pure
ol y PEaE &MUk oRng of fresreicuse of e Bamanal de.
and first coating on the first side; depositing a
heat -AAHRHINE heatturaitie enpting avideuirnagingshe firgt geatingns ;
and heating the heat-curable coating w thout damagi ng
the first coating. 5 17. The nmethod of claim 16,
where the heating conprises heat curing that takes no
IHor e Theamnethoe ofielsim 153 whErethediehiih Ompiisek fﬂeﬂﬁcudﬁ%&h@t takes no
the heating conprises heat curing that takes no 0
A& €hdnle nd@r. m nutes. 19. The nethod of claim 16,
where the first coating is an anti-reflective coating.
20. The nethod of claim 16, where the heat-curable
coating is a heat-curable hard 15 coating. 21. The
h f clai further rising: iting a
koo AT B R SR i B! 0 o s v
heat - curabl e hard coati ng;
more than 30 minutes.

19.  The method of claim 16, where the first coating is an anti-reflective coating.
20.  The method of claim 16, where the heat-curable coating is a heat-curable hard
coating.

21. The method of claim 20, further comprising:
depositing a second-side anti-reflective coating on the heat-curable hard coating;
and
where the heating comprises heat curing the second-side anti-reflective coating

and the heat-curable hard coating without damaging the first coating.



and 20 where the heating conprises heat curing the
second-side anti-reflective coating and the
wheatAecus@bl e hard coating w thout damagi ng t heCT/EPBD4/005123
coating. WD 2004/101260 PCT/ Ef004/ 005123 49 22. The
met hod of claim 20, where the heating is acconplished
W t hout damaging the first coating by cooling the
22ens The methy@of clbine20,iwistre thediehtirg ik hoconhstished dathBg@atimaging the
by the heating. 5 23. The method of clai m 16, where
ﬂrE‘tecJatlﬁ b I S QR b@ﬁ—%
claim 1% y\%ﬁé&%ﬁ?gﬁrﬁg{ﬁ (E: urngbl eﬁlggg(t)algﬁé f|;r(tsh‘%a :@g’é‘%d by the
}1% efl ective coating that includes at |east two
ayetrs with different refractive indices. 10 25. The
nethod of claim 24, where the depositing includes
depositing: (a) a heat curable hard coating on the
5  23eContheShéRo®bf dikigh {6 %er@ﬂﬂ@ fie@kodtlif i8 Analifdoating.
antireflective coating on the heat curable hard
coating. 26. The nmethod of claim25, where the
depositing includes depositing: 15 (a) an ultra-violet
240V) Thermdéthed odelbini §6,00hdrb ehesteanagablie deatiig ishsol-gélsantireflective
(b) a heat curable hard coating on the UV curable
(Rl m@lrades(ﬁ)leafsh@voﬂayergwlth@mﬁfére&%ﬁsédendaeét ing on
the eat curable hard coating. 27. The nethod of
claim 16, further conprising: 20 depositing a
second-side anti-reflective coating on the
10 2eat -Thermadthed cftalinn?y, waree thekdepw®itingandleddsi degositngr i ses
heat curing the second-side anti-reflective coating

and tBes hedtuableMatEcdafnd bh theWet S dLHTRIIAS dnhe
first coating on the first side. WO 2004/ 101260

PCT/ '%ﬁ’)zt%%élgge? Iatdefiective coating on the heat curable hard coating.

26.  The method of claim 25, where the depositing includes depositing:
15 (a) an ultra-violet (UV) curable coating on the second side of the lens;
(b) a heat curable hard coating on the UV curable coating; and

(c) the sol-gel antireflective coating on the heat curable hard coating.

27.  The method of claim 16, further comprising:
20 ~ depositing a second-side anti-reflective coating on the heat-curable coating; and
where the heating comprises heat curing the second-side anti-reflective coating
and the heat-curable coating without damaging the first coating on the first

side.
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50 28. The nethod of claim 16, where the heating is
acconpl i shed wi thout damaging the first coating by

w@omhiloget he | ens to prevent the first coati ngpedT/BP2004/005123

bei ng damaged by the heating305 29. The nethod of
claim 16, where the |lens includes a second coating
ﬁgpli d to the -first coating, and the heating. )
npr 1&58ethad of elamm g, Wirge hedieatng isisceoreRlished §ithpvtiamaging the
damagi ng either the first or second coatings. 30. The
fmst erpting byciogling 86, lenhter prevend thee first neatingnfperneinghdmmaged by the
curing that takes no 10 nore than 30 mnutes. 31. A
leetihgd conprising: providing a |l ens having a first
side, a second side, and a first coating on the first
side; 15 depositing a heat-curable coating on the
second side of the lens; heat curing the heat-curable

ati ; [ t : t (fst.. .

Aot o maa BPElelH 6 WRetel2 148 1cHRles e\ BoSid Sacipg goptied to he
fhod. of claim3 further conprising: 20 surfacin .

ReCPERS! o B hibing Htdiren e cirps DedEAErAbl Grtng without

claim 31, where sone of the heat curing and sone of

damegingiihapthe St oF serond Keattigie ti me. WO 2004/ 101260

PCT/ EP2004/ 005123 51 34. The nethod of claim 31,

where the heat curing conprises convective heat

curing, and the cooling conprises conductive cooling.

3. 35. ThEh@ethBl @1t 30, ditredthe WAGHE cbhifridte HeaCillringdthat takes no
conpri ses convective heat curi ng,

more than 30 minutes.

31. A method comprising:
providing a lens having a first side, a second side, and a first coating on the first
side;
depositing a heat-curable coating on the second side of the lens;
heat curing the heat-curable coating; and

cooling the lens so that the first coating is not damaged by the heat curing.

32.  The method of claim 31, further comprising:

surfacing the lens to a prescription power.

33. The method of claim 31, where some of the heat curing and some of the cooling

occur at the same time.
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and the cooling conprises convective cooling. 36. The
nmet hod of claim 31, where the heat curing includes

w0 ndognen2td ent |y applying heat to the heat - curedi/gpP2004/005123

coating. 10 37. The method of..cl aim 36, where the |ens
I's positioned on a circular conveyor belt during the
heat curing and the cooling. 38. The nethod of claim
36, where the cooling includes cooling the | ens using
a 15 liquid. 39. The nethod of claim38, where the
ool i ' [ i ng. a. . .
for e oY PERILERY Pfket BE HECRE Gihuises comestivg hgpt curng,
C'@%"‘sﬁh where the @ﬁ}er-c ol ed | ens hol di ng device
ang thq gpelihg CompHNRS FOPUHLVAEPUMEg surface and a | i quid
formng a | ayer between the first side of the |ens
and the curved |l ens holding surface. WO 2004/ 101260
CT/ . i : .
Thor & antagofedm 3E re FERATHRRE Blorflfl BrtBiog g curne.
;§%Q3&P§t tq% Lgyperatyre of. the first coating does
ROG PREHS SPIBYEE SG NG Y REMBE Cel sius  during t he
heat curing. 5 42. The nmethod of claim4l, where the
heat curing includes heating the heat-curable coating
on the second side of the lens to a surface
3oenpdiwtmethodof glaitheds whegthd dgateasingGotividesintetBiittcitly applying
net hod of claim41l, where the heat curing includes
Heetad itinghdahreutabltcoatimgabl e 10 coati ng on the second
side of the lens to a surface tenperature of 150-170C.
44, The nethod of claim 31, where the heat curing
takes no nore than one hour.

37. The method of claim 36, where the lens is positioned on a circular conveyor belt

during the heat curing and the cooling.

38. The method of claim 36, where the cooling includes cooling the lens using a
liquid.
39. The method of claim 38, where the cooling includes cooling the lens using a

water-cooled lens holding device.

40.  The method of claim 39, where the water-cooled lens holding device includes a
curved lens holding surface and a liquid forming a layer between the first side of the lens

and the curved lens holding surface.



45. The nethod of claim 31, where the heat curing

takes no nore than 30 m nutes. 15 46. The net hod of
w@b@imRd) further conprising depositing an  PCT/EP2004/005123

anti-reflective coating on the heat-curable coating,

and where the heat curing co I ses heat curing the

anti- reflective coating and the heat-curabl e coating.

0 4 . Of2oCL Al 10 [ he . i ncludes .. .
B s o dPEREE P SRB e W ARl RS ol Tnd R 58 @ tiquia
t he cooling conprises .coolin he | ens such t hat i
SHEl PHOTe CHEP PGS 0L BR T Gou ik doiR EoLBRgh AT BY4TS A dpsrees Celsius
danmaged by the heat curing. WO 2004/101260
deamg EPAGelyweB123 53 48. The nethod of clai m 47,
where the first coating is a hard coating that
includes a priner layer and a hard | ayer, the second
coating is an anti-reflective coating, and the heat

5 40Uri MpenddBSd BOCIARN &1} WhEre IRCHh &R Blrin® iftPuded MOatiRY ih@ theat-curable
of claim 48, where the heat curing takes no nore than

- 1% : f ' ere .t
Ban? B RSsopnt a1 R BPIE R 8'subial Defbag G Lat loRy 10 degrecs
(%&.% aim 31, where the heat-curable coating is a
1% curabl e hard 10 coating. 52. The nethod of claim
51, further conprising depositing a second-side anti -
reflective coating on the heat-curable hard coati ng;
and where the heat curing conprises heat curing the
43ecorde sneteodnf tlame Al ewhére ghe heut surng ingleded hedteng the heat-curable
heat - curabl e hard coating. 53. The nethod of claimb52,
10  codteeontthe séveatl stlerof g lemcto adbasfacorupetadtvelof 15@AT0IQ
the heat-curable hard coating, and the nmethod further
conprises: conductively cooling the |ens so that the
first coating is not danmaged by the heat

44, The method of claim 31, where the heat curing takes no more than one hour.

45. The method of claim 31, where the heat curing takes no more than 30 minutes.

15
46. The method of claim 31, further comprising depositing an anti-reflective coating
on the heat-curable Acoating, and where the heat curing comprises heat curing the anti-

reflective coating and the heat-curable coating.

20  47.  The method of claim 31, where the lens includes a second coating applied to the
first coating, and the cooling comprises cooling the lens such that neither the first coating

4nor the second coating is damaged by the heat curing.
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20 curing. 54. The nethod of claim 31, where the
heat -curabl e coating is a sol-gel antireflective

wa@oaiiloged hat i ncludes at | east two | ayers w t PCT/EP2004/005123

different refractive indices. 535 55. The net hod of

claim 54, where the depositing includes depositing: WO

2004/ 101260 PCT/ EP2004/ 005123 54 (a) a heat curable

Her d dbameatigpdonf ¢lhien 4B cwinte sedfirspfoatihg id @hard eating Mat includes a
the sol-gel antireflective coating on the heat curable

Pefdr ¢0@8t hNd a hadd laybhahestdond cohitind & 4R Bi-roMeetife wzﬁitng, and the

depositing includes depositing: 5 (a) an ultra-viole

%%&){)cuﬁﬂgéﬁgﬁ&m}gﬂgg%rg%bﬁaﬁ second side of the |ens;

a heat curable coating on the UV curable
coating; and (c) the sol-gel antireflective coating on
the heat curable hard coating. 57. The nethod of claim

, re ard coating is disposed between the first
g%‘d e\l\qﬁ%m&ﬂ'ﬂ’gﬂfélaﬁmr“& whgrsithe peat engtakeshio e than 30 minutes.
clai m57, where the heat curing conprises heat curing
the heat- curable coating w thout damagi ng either the

o7 o1 SREHsR e ol g, bRl P R e e vl

| ayer and a hard | ayer, and the heat curing takes no
nmore than one hour. 60. The nethod of claimb59, where

5he heaé nelidder Eiake S 1NV HER' e HRABE18IBMES s a A0at&hrable hard
The method of claim 31, further conprising: depositing

Bomgeond-side anti-reflective coating on the
heat “curabl e coating; and where the heat curing
conpri ses heat curing the second-side anti-reflective
coating and the heat-curable coating. WO 2004/101260
PLT/ EPROGALASD b2 3claim 51, further comprising depositing a second-side anti-
reflective coating on the heat-curable hard coating; and

where the heat curing comprises heat curing the second-side anti-reflective

coating and the heat-curable hard coating.

53. The method of claim 52, where the heat curing includes convectively heating the
heat-curable hard coating, and the method further comprises:
conductively cooling the lens so that the first coating is not damaged by the heat

curing.

54. The method of claim 31, where the heat-curable coating is a sol-gel antireflective

coating that includes at least two layers with different refractive indices.

55. The method of claim 54, where the depositing includes depositing:



55 62. A nethod of curing one or nore coating on a
| ens conprising: heating the Iens during a period of

wo 2oma/1026@l cool ing the lens for a portion of ther/prI0ows123
of time. 5 63. The nmethod of sgl ai m 62, where the
portion of the period of tinme is less than the period:
of tinme. 64. The nethod of claim62, where the portion
of t héa)pdtenochraifle handeohting dreths aemnd sidelod thellengyand od of
time. 65. The nethod of claim62, where a coating that

| S culwdhé SoldelaitHeSQalE BEhtin@®n tHOBcaBaABK Hafd &dafih)
62, where a coating that is cured is an

anti-reflective coating.

56.  The method of claim 55, where the depositing includes depositing:
(a) an ultra-violet (UV) curable coating on the second side of the lens;
(b) a heat curable hard coating on the UV curable coating; and

(c) the sol-gel antireflective coating on the heat curable hard coating,.

57. The method of claim 31, where a hard coating is disposed between the first side

and the first coating.

58. The method of claim 57, where the heat curing comprises heat curing the heat-

curable coating without damaging either the hard coating or the first coating.

59.  The method of claim 58, where the hard coating includes a primer layer and a

hard layer, and the heat curing takes no more than one hour.

60.  The method of claim 59, where the heat curing takes no more than 30 minutes.

61.  The method of claim 31, further comprising:
depositing a second-side anti-reflective coating on the heat-curable coating; and
where the heat curing comprises heat curing the second-side anti-reflective

coating and the heat-curable coating.
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62. A method of curing one or more coating on a lens comprising;:
heating the lens during a period of time; and

cooling the lens for a portion of the period of time.

63. The method of claim 62, where the portion of the period of time is less than the

period of time.

64.  The method of claim 62, where the portion of the period of time is the same as the

period of time.
65.  The method of claim 62, where a coating that is cured is a hard coating.

66.  The method of claim 62, where a coating that is cured is an anti-reflective coating.



