USAGE COWVPLI ANCE | NDI CATOR FOR CONTACT LENSES BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The present invention
rel ates to ophthalmc Ienses and more particularly to contact |enses
i ncorporating a
when exposed to = $.4 = S RANCE :
transparent to visible over a predetern1ned perlod of tlne thereby
functioning as an alert to the user to replace the contact | enses.
152. Discussion of the Related Art Myopia or nearsightedness is an
optical or rge k ive d ? ﬁ% wherein rays of light froman
| mage focu ; ! h the retina. Myopia generally
occurs because the eyeball or globe is too long or 20the cornea is
too steep. A minus or negative powered spherical lens nay be utilized
to correct nyopial. Figléoodtiiealnyentienm si ght edness is an optical or
refractive defect of the eye wherein rays of light froman i mge
focus to a point after they reach or behind the retina. Hyperopia
general |y occur SThécp@é@éhtmferﬁwﬁbaléte@fo @mhmm.& 169855 BAHIMSYe t he
cornea is too flat. A plus or 25positive powered spherical |ens may
be utili zedparélcaka«rlwé@tcomq@éief@ea iNgRypPEatingi & aemplianceipdicador exmprising

the i ndbi 11 8yrapiet et heR SHpsBE s Vi 1o dlsts b s haih hehage
on the retifem thaidprent Bridibleciies edhredcRimaiPpaRdd 6E1imal tHepelpf t he
cornea. A perfect cornea is spherical whereas in an individual wth

30ast i gmat i Bimctieniag @sraealertstortbe usghia rapiace the eaniast IgRsess, t he
cornea is actually

15 2. Discussion of the Related Art

Myopia or nearsightedness is an optical or refractive defect of the eye
wherein rays of light from an image focus to a point before they reach the
retina. Myopia generally occurs because the eyeball or globe is too long or

20 the cornea is too steep. A minus or negative powered spherical lens may be
utilized to correct myopia. Hyperopia or farsightedness is an optical or
refractive defect of the eye wherein rays of light from an image focus to a
point after they reach or behind the retina. Hyperopia generally occurs
because the eyeball or globe is too short or the cornea is too flat. A plus or

25 positive powered spherical lens may be utilized to correct hyperopia.
Astigmatism is an optical or refractive defect in which an individual’s vision is
blurred due to the inability of the eye to focus a point object into a focused
image on the retina. Astigmatism is caused by an abnormal curvature of the
cornea. A perfect cornea is spherical whereas in an individual with

30 astigmatism, the cornea is not spherical. In other words, the cornea is actually
more curved or steeper in one direction than another, thereby causing an
image to be stretched out rather than focused to a point. A cylindrical lens

rather than a spherical lens may be utilized to resolve astigmatism.
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nore curved or steeper in one direction than another, thereby causing
an image to be stretched out rather than focused to a point. A
cylindrical lens rather than a spherical lens nay be utilized to
resol ve astignmati sm Contact |lenses may be utilized to correct
nyopi a, hyperopia, astignmatismas well as other visual acuity

def ects. Cont actCheasErRngsy ntdysioe Delizdd o agtdt mpiaederdsiapat ur al
appearance of the wearer's eyes. Contact 5l enses or contacts are

si nply | ens@stigmagise ashwellasajeer dawalaauity deleafs o Coniantdenaasagay also
medi cal de‘”b%e&ni%?&' tchBYlhQﬁcéﬂﬂ{éggét%réioéqp%%ﬁvaﬁ’deﬁbﬂﬁe%@ér% Te@és.cg:%’ﬁ?éétc
or other therapeutic reasons. ntact 'I'enses have been utitrze

comer cisal | Yeris@si orodiacty iasé oim sl teesdshsaad&db0a théayey Comtactdénsenares
were made or fabricated fromhard materials, were relativel

expensi ve af@nFRaEd Bedicsl ACXiGaP ANGiMaY REESTBAPIPIIESHYRIAN FEHSED ver ¢
fabricated chQrWeﬁBtéﬁ' ro‘tﬁélsthé%eu‘ﬁb%é'éﬁn[%" ?ﬁﬁ‘fa%wefn's@é ®Ble ‘?)@ég‘iﬂilized

transm ssion through the contact |ens e conjunctiva and cornea
whi ch pot entoainmgreiailyltd imarse dsionrdirse thie t360s: slearty contaal leasée vtese

Al t hough these contfact ] enses are still utilized, they are not .
sui tabl e fofMafg oy "'Qﬂ{eé’n & %gtrﬂ%ﬁef'abo&er? ﬁ?'?f"é‘?ly@%ﬁ?%‘?'i’? apgeagile.
devel o nt $n LAdiksHN ' i i i i
upon P ogg] 2o e R st Sfe febe e Rrio e did
t oday. Specinbt abdw puifigntcoygen yransgassion Hiraogh s sestachiensde ¢he

avai | abl e today conbine the bepnefit of. sjlicone, which has extrenely
hi gh oxygen CHALRGEN pY oried WhionqrPBialy il Gpusendintysr ddverse

per f or mance cphicAvsifde! AlthE5§Ie Mdsd! dohtaéthefSeShld sNGilixd! ®e9lareded
contact 20l enses have hi gher oxygen perneabilities and are generally

mor e conf or sHilgetfor aibpatiemagiucHe thekipaer inittal cosmfagdd-atgr dewelepmentsrin

dai 1y drepolibligd el Rt ERAPLRR ey HasR o AR BRG 60k e
and traditi epgbmepnpesliat 8ng Sidelid bk totiayP Siaddifcaligndibeind lepsregel as
the nane inplies, are worn for a single day and di scarded. C eaning

sol utions afentest langesdhat greavailabledodpy Fobire thedbrrafit of siigaapt which
| t i . .
henke_up 1 o MBS BRI ARESOL BN R il he TROvBA DGR antimicH?

doctor' s repenoendate ohhpdvdgglsneEsddryialigdhese siticeanhpdrogetib88ed contact

disinfection every day. There are even_ contact | enses that are
appr ovel f oPerlsé’ﬁdér"e%gli‘%fc&XVS@“rF&E‘g@.abﬁ'rt@a@é‘r@tafﬁe&ﬂ“&é@kﬁﬁf’fﬁ? eprnértable
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Contact lenses may be broadly categorized as daily disposable contact
lenses, frequent replacement contact lenses and traditional contact lenses.
25 Daily disposable contact lenses, as the name implies, are worn for a single
day and discarded. Cleaning solutions are not typically utilized with these
lenses. Frequent replacement contact lenses include lenses that may be
reused for two weeks up to one month depending on the manufacturer's
and/or the doctor's recommendation and generally require cleaning and
30 disinfection every day. There are even contact lenses that are approved for
longer periods of reuse. Frequent replacement lenses also include extended

wear contact lenses which may be kept on eye for up to a week. Traditional



contact |enses or reusable contact |enses are worn for nuch | onger
periods and are typically discarded approximtely every six nonths.
Contact |lens manufacturers as well as eye doctors recommend a certain

Cypes. of | CoRPAISET ERESS (eneabia Gyt BoFa s or fermush gder periods
regardl ess ghqhpwwatdii Nec4aBE 3profRRESy BUEN g FtsHngnd cared for,
! Gidp of pr

over time all contact I'enses wll "get a ofein, calcium
and |ipid deposits. These deposits may make the contact | enses |ess

nfortable t d tent,i al | k h 10 t .
Cnfection and | rGORIEEt GRS MALERGFYTS Seriiel, PaGYY SOREER reePREGHC Gemtain
of the &i m?réﬂl&cérﬁéﬁﬁ%nélr(éxdiﬁﬂiﬂg'dhil?rdi%’ostaﬁlet??or‘ﬂhe“(ﬁﬁ@ﬂén@ﬂfb%s"&ftd& fact

reconmendations. Currently, thefe afe no contact |enses wth visi
i ndi cat ors tensgsdoi @aumbespdreasans. dror exantwe cregardespetinawvwell thee,

to provide ar with a clear signal .that a.contact .| ens has bee

Loen past; BaRBEFRhoRY bl BieBrgAlar GliBh bl SR bR i Gnn G Rns y i S
there exi st g Lildap df bestefatalcium kerl i aBgbSifs. of thede dEFSMRMad take the
devel op a technol ogy that would prevent wearing contact | enses beyond

time peri odsortast gnges Lssoroniesiapla pvadearthpoteptaliumakrtheryesimore

| NVENTI . - ; | I ndj.cat or for t act

| enses'7n aRionedg aleolPf aERRRARALE HhoRiGe, KR e ie8l Kk Pack o

di sadvant agtre: thaeadld dredswirk wdrhan Rid@rto2ainhtconsplitincefith set forth

above. In accordance with one exenplary enbodi nent, the present

i nvention i EGMBEREAIANS. an opht hal mi ¢ | ens. The ophthal nic |ens

conprises a contact lens formed froma first material and having at

| east an optic zone and a peripheral 30 zone, the contact |ens having

a useful |ife p&urmhtlyaticra avs ageontaqllérmsesevitindisitdé odicatbeddgsiovide a
cat.or conpri

mmter | A ¢ nBRISTY CHARRLERE hEPRELIC Hhei MATSPBPe SRR vithd sloar signal
that a contact lens has been used past its approved or recommended wear
schedule. Accordingly, there exists a need for safety, health and/or other
reasons, to develop a technology that would prevent wearing contact lenses
beyond time periods designated for their replacement.
20

SUMMARY OF THE INVENTION

The usage compliance indicator for contact ienses in accordance with
the present invention overcomes the disadvantages associated with the prior

25  art as briefly set forth above.

In accordance with one exemplary embodiment, the present invention is
directed to an ophthalmic lens. The ophthalmic lens comprises a contact lens
formed from a first material and having at least an optic zone and a peripheral

30 zone, the contact lens having a useful life period, and a usage compliance
indicator embedded in the contact lens, the usage compliance indicator

comprising a material that is changeable between an invisible state and a



visible state over a predeterm ned period of time when subjected to
an external stinmulus, the predeterm ned period of tine being defined
by the useful life period of the contact |ens. 5l n accordance with

anot her exef r [ ' ' | \8iadl t
ons compr PTG et o ErRkereritined BRAGK of MRS sUBIFdLl A ederfa
a usage comgidos ehepdedsetemninedosstibedof time heingedefinddiey theagseful life
conpliance indicator conprising a material that is changeabl e between
an i nvi si bIRETOHATEhe §@NEECY NS e state over a predeterm ned period of
time when 10 subjected to an external stinulus, the predeterm ned
period of tinme being defined by the useful life period of the |ens.

| n accofdance wilhtacgetdamcetwitr arctbep baeyptarh ediboelinent, Hiee pressanit
invention is directed to an ophthalmc . |ens, The, ophthalmc |ens .
compri ses ANVESHIORIS a5 IESITRRISIFG ALirsREISAL AN R viTsEs Yarfiy lfe
at | east  amdipll & 81828 doanteiflichtor 8beddBl i &Y R, liRNsdY | ng
a useful life period, and an i nversion marking incorporated into the
contact | emomplisacerindicaioo comprisingga owmtprigithabisachsegoatlentaterealan

configured.ta be visible when off. the eye a I nvi si bl.e n on the
cye, and’a iRGNBG Haleand g iableetate Arerch b d PP E A T Bl
materi abh t hgbjdcted (RBAKRIrRAAINEGES, MR pravbErRifedpéied 8ntma baing bl e
state over a predeterm ned period of tine when subjected to an

ext ernal stdefineddy thaaisefédite peviothefithselensd of time bei ng defined by

the useful life period of the contact |ens. The present invention is
directed to a usage conpliance indicator for 15contact |enses that

alerts the user |afaceoriancenagtydthaiothdceranplaty embbiiehtotherbresnt he
| enses have been approved or for which the nanufacturer has

r econmrendedn\ittion|s dimgaiediean exitbatiig.leryr Thaoehihalmiclens cRRRESS @s
ot her reas i - : : t o]
I R L R L
desi gnat ed dndra pbepheratpbre ehembntai lafd haviegt useifiglllifepedod nahd ahor
may be preferab] entf(edd,ed in the contact lens it sgl f and, %r actically
inversion marking incorporated into the contact lens, the inversion marking
comprising a second material configured to be visible when off the eye and
invisible when on the eye, and a compliance indicator, the compliance indicator
including a material that is changeable between an invisible state and a visible
state over a predetermined period of time when subjected to an external
stimulus, the predetermined period of time being defined by the useful life

period of the contact lens.

The present invention is directed to a usage compliance indicator for
15 contact lenses that alerts the user of such lenses that the period of time for
which the lenses have been approved or for which the manufacturer has

recommended safe use has been exceeded.

For safety, health as well as other reasons, there is a need for
20  technology that would serve to prevent individuals from wearing contact lenses
beyond time periods designated for their replacement. An efficient compliance

indicator may be preferably embedded in the contact lens itself and practically
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enforce its replacenent. Such an indicator may be in the formof a
di scerni bl e col ored spot appearing at the periphery of the contact
| ens after the Iapse of a speC|f|c period of tlrre A conpl i ance

i ndi cator in acco e Wi t %th present inven era

. t,
nunber of COHANCEISHEPIAGERT AT HCasor Al i BRG Tarfo & iCarible”
conpati bi | 'aov/oﬁéfdtée)o'fg?bé&ﬁnd §ﬂﬁ1et;§‘é?rfﬂi*@r§’8f’tr@c%di§éﬁéh§h e{@evlﬁﬂsé Bfa

. potential large variations in the anbient tenperature
st or age or splecliic pegiodgofitinags posarepljandesndicafdriimaceondadie atitbrthe present

f bl d t t [ | ..ot her th
Femper at ur VTR welrpgimStls AuBesf aaRceilies, Tro pedERt
i nventign, tdig ﬁ%ﬁﬂy‘%&mﬂﬁiltﬂﬁﬁ/%ltﬁf@dnt@@fﬂﬁhb%c %ﬁéﬁd hfatetiag! d
crystal materi aI t echnol ogi es may be incorporated into and/or

onto cont adéiver ﬁ@@otamtlah@rgmweathms ipdhe ap l:uemetgzmpeuraiur@whﬂg in atqnage

o1 aci ng pi hatiEho BBl SRR ERulionth i RiofBY pRirgEiby fsiohdlTo oRy

char act eri siitaslecti g@@ng?-ﬁfé&;ﬁhﬂl‘swrdtﬁeﬂﬂ@WtdaneY@tU?é Jhesd Ijght. depend
on the period of t ical structure of the nolecular orientation.

The period of the structure nmay be altered by any one, or a

combi n‘"i‘f)' on of Sir‘?\é%[:@rld’anﬁéérﬁ{/h?@!ebqﬁ%isw 'hgerlu:t%’n %eaeghgllaﬁgéegﬁicator may

materi als are responsive and”’ change

acconpl i sh@dmp’rlseaﬂw@tﬁenmwﬂeﬁsystalrmbtwmtéiﬁmenﬁyléwtm nid}ebél mef r ame
desired. Essenti al Ig 20 the materials may be designed and
const r uct edNEBPRIEARA e andfarartta septast ’Q"ﬁ@s AR 8By ingmbey gf ﬁPttii%JleIWayS

formed in e dh&h tth‘?lpHLﬁrfn%ﬁgt ﬁ‘ﬁt ?{%t@@ %hﬁé&%eh%@%??@% é?ﬁﬁ%ﬂ%@@

el ectromagnetic pec are 1 nvi si
eye. Exposmmreplaunglpsgmbatdtnoghn coatent terises. pidtd reflettivecblzargetesistithef the

th hift t to th bl t
broduci g SNEERTE i sk dieereledprepd A ing Geras pfDeriaan! stpusture
Wien it isgyid Ho@ecdlé}eoﬁ"é?ﬁé% g8 %ﬁo@ro? tﬁ% gﬁh&’tupé iteditéred by any

cl eaned. l'1quid crystal terla e conp |ance
i ndi cat or wag, beamglme@tmdoﬁsﬂ\@ealuexﬂem@(stzmuha Emmmpleehmgseuch

that the |en clear fresh put. . t he, package t after .
et et or minetiSlsHrE Soatorve. Lo iy At GRHEE Gy B atbo Fpudhsring
on the presetoh®s! nipatess oheBUlLdeFending Bhah®dihfdlrathe eebiPed. EQsentially,
exanple, a red ring appears to indicate that the contact |ens has

been u2V| i Hheiraserialnanay be desigaedmnd eansiiuciache theidhe seftactameneidheny

exposur e t 84 E0R Sidigl B3R Siher sy el SR ciaiBh o &ué Rifrkd Pegien ot
that may cmelebherrmiene@pemmeboﬁpof Whighre invigiBleaeaHeupidrogyef
inmpurities may al so be a change stimulus. 5The conpliance indicator

of the preSdRPSHiRiendsible llahbeaneas thespendioshanassopkrsthepraaly for a
user to achlfyes G Ohit8ACEr Mink o TRY WIHHL WoBESum, producing a colored

25 appearance clearly visible to the human eye. When it is visible, the contact

lenses are simply discarded or cleaned.

The liquid crystal material of the compliance indicator may be
engineered to be utilized in a contact lens such that the lens is clear fresh out
30 of the package, but after a pre-determined period of time of exposure to visible
light, depending on the prescribed wear-schedule, a visible patch of color, for
example, a red ring appears to indicate that the contact lens has been utilized

for the prescribed period of time. The color change may be either reversible or
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recomrended wear time. This conpliance ensures the safety, health and
confort of the wearer. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS

The foregoing and other features and advantages of the invention wll
be apparent epf: WaleR ri | Pt

pretor rod TR SoktS mpo R toTAE iR B LLA oIR8l & B number
acconpanyi rof pdrssibilengmulus factor§tlmatmeait Bause thaddesjregharednge. For example,
representatjon of a cont ant | ens i ncorporating an exen‘PI ary inversion
mar ki ng t hdneidscyadaion olimpuyities Mmay plsobesp ﬁgﬁ%gﬁrﬁﬁ"i“é‘ Yeepresent ati on
of the contact lens of Figure 1A with the exenplary inversion marking
not visible. Figure 2A is a diagramuatic representation of

t he strdcture ofThncaxpligher nwdioaterafitba presditrigvardioprprevidgs!a sjoipde and
crystal draplets in a visible state.25in a polyner matrifx.

Fi gure 2B (GOSN AANIRT & UPRRPAdIEYR FURPIRNG e (HARTEFUE | he
exenpl ary irB¥SmphéHH SNEANEmES THi®UbRphands ERs(irB8 the %blfé?!y,%é/aﬂﬂ'\aénd
droplets in an isotropic state matching the refractive index of the
pol ymeri ¢ rsnnfoxt ofdke weparée 30i nver si on mar ki ng i nvi si bl e.

Figure 3 is a graphical representation of the change in the optical
state of a polyner dispersed liquid crystal filmas a function of

t enper gpur e. Figure 4 is a graphical representation of the
reflection slgectrum of an exenplary cholesteric liquid crystal

mat eri al f BRIEEDESGRIFTIOMN Q@F oA RA) S a contact | ens centered
at green wavel engt hs. Figure 5 is a graphical representation
of the change in reflection of an exenplary cholesteric liquid

crystal materi alTHeoforégsingaindrother fyztures i &dvghtagesoltbatiaedntiopnsill be
froma reflective state to a transparent state as_the tenperature

i ncreases taPRAEANt fEain e fellovieg.anarepadicytas descriptionpigprieéesed s a
di agr aqgat 'eﬁyﬁ&écﬁf)rﬁ%ﬁ%%e%v@ﬁﬂ@,@soiﬁlFsatfgt?W #R adBnS5ARling QFRLihg5 N9

two differe eric lrquid’crys ayers.

Figure 1A is a diagrammatic representation of a contact lens

incorporating an exemplary inversion marking that is visible.

20 Figure 1B is a diagrammatic representation of the contact lens of Figure

1A with the exemplary inversion marking not visible.

Figure 2A is a diagrammatic representation of the structure of an
exemplary inversion marking comprising liquid crystal droplets in a visible state

25  in a polymer matrix.

Figure 2B is a diagrammatic representation of the structure of the
exemplary inversion marking of Figure 2A with the liquid crystal droplets in an
isotropic state matching the refractive index of the polymeric matrix making the

30  inversion marking invisible.

Figure 3 is a graphical representation of the change in the optical state

of a polymer dispersed liquid crystal film as a function of temperature.
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15Figure 7 is a diagrammtic representation of cholesteric liquid
crystal droplets in a polyner dispersed liquid crystal material.
Figure 8A is a diagranmatic representation of a nmaterial that absorbs
radi ati on except for a given wavel ength. 20 Figure 8B is a

di agrammatic representation of a |layer of a photonic band gap

material desi gnﬂ?lﬁr% ARfa @FépHi&aﬂ'Fépr%%eﬁta@in%?tl‘i@ﬁa;‘,e%ﬂ%lgpecvum of an

Figure 9 illust es the periodic structure of ¢ esteric 1 qui
crystal 25mxesmlatyssholesteric liquiderystalomatdrias foratsesas & irstersion markinig in

the trans-isoner and cis-is r forns aqf gbenzene. 30Figure 11 is a
schemati c &%‘ﬁ?@?ﬁﬁPsmea?é)gﬁgf%‘ﬁa}ﬁésﬂiﬁﬁn| ecul e. Fi gur es
12A ands512B di agrammatically illustrate the effect of isonmer content

on cholesteric liquid crystal material pitch. Figure 13
i | lustrates the Riguedzisi agraphical representatinolof shechange nuieflectios oban

material b af t er . exposur o _liah 5Fi qure 14 il.lustrates
The i aoni euBhPaYErBldstus KT Lhised TapledBl fortiedy & Hieryiat FasRingin
gap as a resgiritaéiflesdabhnh Ir¥flédiNeRaens e easdrent SthicCad trtlicth sersairal
pitch variation caused by spatially inhonogeneous distribution of

phot i ni t i afRACIFES I0sRPRITEOINGD teyETRIAtES OSSR PTI ON OF THE PREFERRED

EVMBODI NENTS Contact |lenses or contacts are sinply | enses pl aced
on the eye. Contact |enses are considered nedi cal devices and may be
worn to correct vision and/or for cosnetic or other therapeutic

reasons. Contact_ | enses have 15been utilized conmercially to inprove
vi si on since th&QWsEsis gdiagiaramatigeerresentation of a block of marker material

comprising two different cholesteric liquid crystal layers.

15 Figure 7 is a diagrammatic representation of cholesteric liquid crystal

droplets in a polymer dispersed liquid crystal material.

Figure 8A is a diagrammatic representation of a material that absorbs
radiation except for a given wavelength.
20
Figure 8B is a diagrammatic representation of a layer of a photonic band

gap material designed to reflect light of a given wavelength.

Figure 9 illustrates the periodic structure of cholesteric liquid crystal

25  materials.

Figure 10 illustrates the structure of the trans-isomer and cis-isomer

forms of azobenzene.
30 Figure 11 is a schematic energy diagram of the azobenzene molecule.

Figures 12A and 12B diagrammatically illustrate the effect of isomer

content on cholesteric liquid crystal material pitch.
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| enses were nmade or fabricated fromhard materials, were relatively
expensive and fragile. In addition, these early contact |enses were
fabricated frommaterials that did not allow sufficient oxygen
transm ssion through the contact lens to the conjunctiva and cornea
whi ch potentially could cause a nunmber of 20adverse clinical effects.

Al t hough these igtmect3 lileBRatesathe rafiédtlonpddtaest, a thelgstrie liaald crystal
suitable for all Bati ents due to their poor initial confort. Later

devel opnentgaieiiat hefore and aftefexppsere e lightt contact | enses, based
upon hydrogel s, which are extrenely popular and widely utilized
today. Specifically, silicone hydrogel contact |enses that are

avai | ablse t oday Kigufs teillustratesntativwidehingdwfid ¢redesteripdiqaiol drgstal material
extrenely hi gh oxylggl germaabi lity, with t'hﬁ roven cog]o[t andl_ .
clinical  pdPfigFiathicandganagbrau of spalaly IRnPynogenesEs snplestine liquid
hydr ogel b MG ri i Wﬁ&r’b ikl b d and
are general ?np)@e conqdérﬁpﬁg%?gﬁvﬁaﬁgﬁgén t he cﬁdﬁgqngkg%@%aade
of the ear|phatinfiated oistisomalrs. 30 Currently avail abl e contact | enses
remain a cost effective means for vision correction. The thin plastic
| enses fit over the cornea of the eye to correct vision defects,

i ncludi;ng yEPARETH @Ri@ﬁtﬁ@@ﬁswéwsm@egrmé@mmﬁ ness,
astigmatism 1.e. asphericity in the cornea, and presbyopia I.e. the
| oss of the ability of the crystalline lens to accommobdate. Contact

| enses are avai |Gdttaci lenaey ar cebtactd arecsimplyaledses plavedeorotheseyenr i et y
of materi alné to provide different fugit%tLSnalit Dailg wear .so

) ft
contact | erseiagtlenessn e PpgsiacTraqReRicel detees Bar iy Deavain g carrect
combi ned wiidloN@hBJor{BF cSHERE oPBHER MRkirbbbiftic RIS WEEEntAN IbnSenhass

| enses may be daily disposable or extended wear disposable. Daily

di sposdbl e hsem uiizet ensvvemialyusuniprgvandsionfsinceaths 18H@s. dagrinndntankn
di scarded, whil e extended r._ di sposabl e contact |enses .are usuall

orn for - IBBNSH FAGe e TRfcA b AT Rafe FERE AR BT Bl el B

use di fferepd MEGIRS | Al fddiforPtR¥sslealy CoRtaeNlenbE8 tidreTabridated frein

exanple, a visibrli t¥dt| nt contact lens uses a light tint to aid the

wear er in |mgteriakgthat didoppeliovositfiisient exkgendnagipiesion: thiough ibermoatact

| enses hav [ A0S L IS C e ral
eye ool or . ppet BRSO botba @ iEE ABterliBL T BRI R fufkl o
tint meant ddveedaolpficdlrgfesteyAltIGOUdN thedsdohbust lldrgdes drel tiflntiiged, ithéy
15contact lens functions to enhance certain colors while nuting

others. Ri giré nghsuiseblrdabalbpatients o tadhelr eraeinitial comiad. fabm
encasons PARISHTIRET UL TR BRU e e, By
cont act | erigelsogals, wieish gme @éxtrpaaly poplilby ahd wigkely ivtiized taddy. Specifically,
silicone hydrogel contact lenses that are available today combine the benefit of
25  silicone, which has extremely high oxygen permeability, with the proven
comfort and clinical performance of hydrogels. Essentially, these silicone
hydrogel based contact lenses have higher oxygen permeabilities and are
generally more comfortable to wear than the contact lenses made of the earlier
hard materials.
30
Currently available contact lenses remain a cost effective means for
vision correction. The thin plastic lenses fit over the cornea of the eye to

correct vision defects, including myopia or nearsightedness, hyperopia or



presbyopia and are available in both soft and rigid varieties. Toric
contact 20l enses are designed specifically for patients with
astigmatismand are also available in both soft and rigid varieties.

Combi nation | enses conbining. di fferent aspects of the above are also
avai | abl e, q@@#@%ﬁ ’F‘f%‘-’rse,aSHQ'E‘%?’am@bﬁt agrherigy gy thexearpaa aaRd PEasdYSPEYigh
all manuf a f | ' ' t

manuf act ur r IEESORAKBOARY of WECHEENATend 8 SEEfifiodle. CBpjact jonses
repl aced. THnesvpitabledn eamariety bibmeds ymadnare maddef aofariehcofonaterials to

i ncl udi ng the type,of terial fromwhich the lens is forned, the
dur at i on ofPToYiFk chifrepbiingtienalitis Bali eansefl confact dernses 418 tyiigahen
utilized f : i ; her
factors.g Fglpa(gl@egloﬁﬁ?mgg?gﬁ%ﬁﬂﬁ%ﬁ%ﬁ@%@ﬁ%@c‘%ﬁﬁér@tﬁy r@rs shoul d
f ol | ow t he peameghiityur Bailsweaggelt cedtact epsgaimiz badsily Hspesablg or

dh h I del,.i bl tic.f nb f
Feasons.  FERTHEIES BEsSae Ly Rishesable ante e are gy all mary
forget whemort Aeinght a&Y BFdWhéR dRREFd RN RTINS R WRKH BprléalMérc)Sntact

difficult to determ ne when to replace them and thus si y wear them
too | ong. Y&se§ argwsteliymwpernder @period of up do thirtg days. Wederediseiftrcontact

The card | orenalie § Ry ERe PR ol Ve dmere L GalBaiRg: 5T HHBPR,A

of these reRuslity tinfdonRicelensheseRrLhghtitint By et thewédretl i iBeh@ty h@répped
conpliance indicator that provides sonme formof indication as to when

it is appr&phiast tenseepbpnerreeat fiiconkict dennesdiavesn yasslucent tind thatdases

are al so desi ' lL.exi : ' ' :
loxi bi 11 19 s ata opfiahBe oe Aitthdl o8 cale inE e P iRt i coppapses
prone to l1@idarkesiopaquétinbhieznt wekisnge bne's eyergole@asydftios lightofiietriagttint
| ens to_becone inpverted, or inside-out during handling and cl eanjng.

As any heafePtaching, lUBBHRNRC eREes qani@in Gplerpwhile Mufing Bhetsy Rigil aas

contort. Thente AR iraRoRAc Bt dfB made kB SRAERE AR Miymers

i nventi on bsat die more dgidithansefistoractdehsesysnd thats leold tiedieahdpe and are
more durable. Bifocal contact lenses are designed specifically for patients with
presbyopia and are available in both soft and rigid varieties. Toric contact

20 lenses are designed specifically for patients with astigmatism and are also

available in both soft and rigid varieties. Combination lenses combining
different aspects of the above are also available, for example, hybrid contact

lenses.

25 Contact lenses from all manufacturers have set time periods,
determined by the manufacturer, as to when the contact lenses should
preferably be replaced. This period varies based upon a number of factors,
including the type of material from which the lens is formed, the duration of
time the contact lenses are worn, the cleaning regimen utilized for the contact

30 lenses as well as a number of other factors. For health, safety and comfort,
contact lens wearers should follow the manufacturer's suggested time
guidelines. However, adherence to the guidelines may be problematic for any

number of reasons. For example, busy adults with active lifestyles may simply
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15visible to a wearer of contact |enses. Both the conpliance
i ndi cator and the inversion marking of the present invention may be
fabricated with liquid crystal materials that are engi neered for

ool 1 anco PR SiestbelEanted WinT Ry nsBe ik kBY FAAHAE 1B bt AR
accor dance gitéinihBevisreeriplddevigein and dies siafsly iWead them ded &irg. Yéung
Contact | enses need to be thin and flexible for confort. Such

f1exibilityadviy mayopt even byie semenbies whepdheirgontad tensasashosld be

Accordingly e 3 in e t | me
formof i nd‘Pglfaggéug r@r%a@ﬁ@geeé ﬁ{a or r’%leﬁe %’r\lé%o%ﬁﬁ%v%?% g%@?’ gﬁ%ﬁgr?g;a @g
easi |y gi sttheigpasdrednay arsot foegetn\Fartalbf 2Wesd afadonk mnardere, tioé present
af fect the aesthetic_and o&i cal properties of the contact |ens, _the

i nver si on rfaY&tieg ipslirgetackinnd Fomplianshindicateiothat Brovidasseme derp el
series al LRGchRG BT it iF%CAbspgg@}igtI%ttgyggr%ceH‘@r BREG ot BnEBE kI Ng

barely vi si hus requiring rt and/ or adequate

i I'lum nati dfontact lenst® asndisodizsigried tohse thim kad flaxibley @his thinness kkindg

i n accordance th the present iOi nventi naﬁa{ﬁi s highly visible and
radle

easily ide l%x%hwﬁlﬂlnéa SRRt AenRas AR WER. Sk a0 RTRBEdG e
but is {hnviisi onNet S ithd {

presentlbi n\}i\#%}lg%r? gﬂcﬁﬁ?ﬁ‘ﬁ?ﬂfﬁ?ﬁ ??b@m? bg%g!gﬁﬁtaé%tel%n%’;o %‘%l rﬁ?ﬁﬁnvge r’g[erc]ie
phase tr angirtingide o dorag daexhind and dléaning.qhs dainyrwsarer knewey ¢aritact The
liquid crystal state is a.distinct phase of trer observed betyween
the sol i d dPneasCeLErd ReStOReL o RYSIRE NYeHEh Siatr BB CIde GPUmal
There is tRgsigeBEreetiGYNaR8/or AR, ThefdiBraGh aictdRfAneY Wil &ssthes t hat
have no positional order, but tend to point in the sanme direction,

t he snecti @spesakdhe pregant invemdionds dratied tddmmigionanarkingseijetareglearly

Lhore 1 anisiiedRt whaferidl ZoRHcTidrseRe Hilhaft ARERREe TSRl A e
angl e wi t h jnesBRAtMAKISHBf BropleeEnt AREntidieney! B RdrcARBRItiMIgGd drestal

10characteri zed by stacked colums of nolecules. Particularly,

nemat i c-i sdbalgpals hat arpeeginesras fos speefic eumRESs. thanet forbhbelvwceettes
are enpl oy | f i en.di i

Scattori ny yeiSioiidAthat 8Rg o0ERbhCe oty Pird ML LY technoloay
crystal natieacabtlangsdvitir thesjresent inoastid e defdribetliimeetall. t r anspar ent
states.i.s the case of cholesteric liquid crystal materials. Utilizing
1511 qui28 crystal materials in contact |enses for the purpose of
creati ng mar ki ngBorthteleasas nestiés befthimthrahflegele, for osinfeit.n§uek flexibility
liquid crystal materi al )fers may be utilized to, obtaj

| a ) in high .
contrast,  tRH8Y FRUENGORRAGHeRhINVErRN HPaR BapFing.ofiraon #qgix,aﬁere is a
T ery TS B A T OGS PIRAERYE S
st at es, andazflal quhdnémyeste state eriydicseasily distirauistetd/frometop dmes rtas
25 state. In order not to affect the aesthetic and optical properties of the contact
lens, the inversion marking is presently made in the form of a small number
series at the periphery of each contact lens. This makes the marking barely
visible, thus requiring special effort and/or adequate illumination to locate and
identify the marks. An inversion marking in accordance with the present
30 invention that is highly visible and easily identifiable when the contact lens is

out or off of the eye but is invisible on the eye is highly desirable.
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Figure 1A illustrates a contact |ens 100 conprising an inversion
mar ki ng 102 incorporated into a peripheral portion of the contact
| ens 100. In this exenplary enbodi nent, the inversion marking 102

i mpl i the letters 25 A B and .C, \hich 1 d.only be.. .
Vo bl e ot 1 he TBYES Prevertideiten suebiastcraliday BB achie st Ve
pal m If tRhgelAEEE tEnitiohhdrdYigrsd SxhiBREKIM Lﬂ@%rygﬁerﬁét?ﬁ%g.phe liguid

illustrated, the cont act I'ens 100 1s not i1nverted ace
on the eye.crygtgustatelB 4 dististtrphiase affmeattemobmsrved hetw@d the sdlidwoul d

e Snolt g A5 S SR e T il R
i nventign, WHien @@@b@feyizég?b@rrﬁb@eur&rthhﬂ@a\féilﬁﬂ Pgbhaﬁér@h@ﬂ ng'DuE égﬁcig%& e

1A, conprises a |layer of polymer dispersed |id | crystal
t he form ofPORHAIN thegamerdirentipnsilie sreetipplnass in which ithelnmdlecutey be

utilized sq;l 0 |en rer I ecoqgni ze .t he pattern
s i ndi cat g Ete? FRACEEH e BRE o0 ThY cHole SRATRF ' Refite
inverted. Ahagbivhererh thereishaligniteriiavith RspdBCo tBe nAdcaleBEbut 4tcH Slight
as set forth above shall be construed to nean either that the pol yner

di spersed 1angig Witd rospeqat to ana/anothery asdithepelbimnardhase whichig/si cal | y

shaped {jnt - ' ri 1 P . .
i spor 40a 1rar elzlpPbiacked Birind B FOlEE, PErEHy. PR dsotropic
dropl et s 2@2 cholsspsid-gbtrdpicrphaspatatsitiompiocbssetsaid émployatiad induce
Figures 2A and_2B to form i nversion marking 200. The |iquid crystal
mcro dr oplt'@P§f°ZG‘?t'ﬁ’ﬁ§%@@"’%W ditise lioht aeatisTigyand Hapsparent siates in the
exenpl ary ' trs ' ' : ; :

o 1 i o AeeeT et i 3L MGl R pahefmaliofi? fin KiBctiRlo
Fi gure 2A; traaspasgnt statesiis Thegtesesafathiodasterde liduid lenshalwaateriaissi Utilzing

o S Ry Rkl b A BTG e
materi al abgRrds MimifGaiftRivantdg@at irklu ?F%ﬁ%iﬁ@i%ﬁﬁ&@%ﬁblﬁé@%l 190ers

the order of 151000 cm 1 or higher, an sparent w't
appr eci abl @ayt be pitiizacoie efitain ljph contrpatythé phastbtrassitioo tempature of

il in Fi B. whi ch shows. an.invisi bl . Th
strong di £ 1948 vl RefSilai s S8Rl SEbR RuPaleh hsnt efifratyre.
of the optiigaid cryétal Satdriz@s prelidds aclivs tvaksatmtyesf agh conghétf KaRRL and

droplets, the msmatch between the refractive index of the polyner
and t hé0| i favid cystst matertiaa reativwhpiespensivgd/ or bot h.

Figure 1A illustrates a contact lens 100 comprising an inversion marking
102 incorporated into a peripheral portion of the contact lens 100. In this
exemplary embodiment, the inversion marking 102 simply comprises the letters
25 A, B and C, which would only be visible off the eye, for example, when on the
wearer’s fingertip or palm. If the letters of the inversion marking 102 appear as
illustrated, the contact lens 100 is not inverted and may be placed on the eye.
Figure 1B illustrates the contact lens 100 as it would appear on eye. In other
words, the inversion marking 102 (Figure 1A) is no longer visible.
30
In accordance with the present invention, the exemplary inversion
marking 102, illustrated in Figure 1A, comprises a layer of polymer dispersed
liguid crystal (PDLC) in the form of ABC; however, any suitable pattern or

11



Figure 3 graphically illustrates the exenplary change in the optical
state of a polyner dispersed liquid crystal filmas a function of
tenperature. More specifically, Figure 3 illustrates the change in

th tical;.s: f _pal ' i, CLLL t '
| ow ¢ anam 0GERL a0 e izRA'TBhg 23 EHRGECRNs e fOUR BooGhizBihe o™
t enper at ur epdttern Berindiseting whedser the coatdct tamptdtisunat.inverthor iavesed.

heating the liquid crystal droplets in the polynmer matrix _tg their

i sotropic AW fem,ﬁ%e?qrsp ALABE B anﬁp%%ﬁﬁg'ﬁﬁ@éﬁ%fwgwﬁms
t ransparent ' ' i : td
refractive sih?yg)}(ee%%rgs;tr@;% Ir}lﬁ%%ﬁ%ﬁg?r;@tagrwwgﬁlgﬁeéIoflslﬁré?tg%(gtlél]lggtdrr%%?lc
st at e nmét crewl/ohany shitaidée invaterialde phgticalhe sipabgaito an ABC or printedoare

mb f djff t hnol ogi es/ met hodol ogi f ft ai.ni o
ol yrer i SPRIeSleR Py AGCIRRTET RIsParSed Lo sty e 80P g Pedibihe
for 1 NCOT PIpdhNGidrd tREpIBE 203 BheapdUistediihPpdfines HHAL b ifitrated in

£h
production systens. In accordance Wth one exenpl ary enbodi nent, -
pol yner i zatFigureisridfiaed Ahtsiordsppension warkirg 2SP. e lispidichyistaledicta

obtain the polyne i spersed |iqyid crystal terial,..

Pol yrer | 2o TR T ARE SRV PG SeronRt 16 EPTH HBLoEDGhdR this X TR, st a
i's mxad Wdhbadifrdre! 4 hin firAforemansttier oPabsietBRl(YORIm ih Baitkhass, Mk two
yet undergone polynerization. Once a honogenous solution is forned,

t he pol ynerdigtinat epticalztatesras Bustrated dn Eigura2A; inemelndatiang ljghd geatierrg

continue + SHGERwPORE VoRElsTRy AP AhGaRERE FER EhT e HhetRP. he
t he nol ecul@hstdret dr tia® Peslaeedineton RoetfiigR is BEONMEasutemsmbef holv Statigly &

i nfl uence the sjize of the |i ?ui d crystal droplets in
pol yner i zatMateriahabe@s s ssatiaspighhet agivemwrualength rmegelpnige order of

the 15471 1 o Hidtrs b ranRFafe? ikl BOpCRINE Bho il dfidnt e

pol ynmer, thgopagatirs) therethrduyh asifliusatedghtFigaed2B hdricthsiowsbn invisible

conposi ti Oqetct)ér .h?'hréasttl?orr{gaéiffﬂgcie |Ii(i:;l%tesd(‘,'a’ttering is caused by the random orientation
of the optical axis of the liquid crystal material in different droplets, the
mismatch between the refractive index of the polymer and the liquid crystal

20  material droplets, and/or both.

Figure 3 graphically illustrates the exemplary change in the optical state
of a polymer dispersed liquid crystal film as a function of temperature. More
specifically, Figure 3 illustrates the change in the optical state of the polymer

25 dispersed liquid crystal film from low transmissive/high light scattering to
transparent state as the temperature is increased to near corneal temperature.
Essentially, heating the liquid crystal droplets in the polymer matrix to their
isotropic state transforms the material into an optically homogenous
transparent state, as demonstrated in Figure 3, if the effective refractive index

30 of the liquid crystal material in the isotropic state matches the refractive index

of the polymer.
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Essentially, these factors can greatly influence the size of the
liquid crystal droplets which in turn affects the diffuse
light-scattering features of the polyner dispersed [iquid crystal. 20

Al | | t d t t | d
' aecor danve i tIBTe HES gadahet ORI desnp Ko B oasaTes Tor nunber
of steps agpighl Iyrh@rﬂlsfp'erféd ﬁdﬁ@crﬁtﬁﬂgﬁ%ﬂéﬁ%l%&% fofvldle?};r Kag@de
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f h I h 6
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approxi mt a0 HiERSH 4 et amds ABEEPFR: At nasast ve

thirty (30ungeegurdsp@pshepizstidrl) OncBW ﬁomégéﬁb@sgs@lhﬁé@ |§)F2erh'§€r th’é‘t i on
was enpl oyed. Polynerization may be performed thermally or cf/
qui d

ot her sui t &9henerdation raaciign is injkipted. néséme;/reaq@@nmreésgaethgélaw

i xtur 001 caqA o RBUIG R SRS ARSR, HE g BERAT BN SR ntighe
down or af pelynsed biader B@c&pﬂé@ébl@enbh@ saitphe magnaes aﬁtpﬁgpﬁed and can

I ndi cating that phase separation has occurred. The p may t hen
be Speel ed "EfIPNG 'Qof’?eé\ RYHRAEY Agfactarminfiuenss taetsaer@‘ttéeélﬁémraﬁtﬁl

enbodi ment d(%ég?tsmﬁl};mrﬁefﬁéﬁo%o%hbé@f)ﬁﬁgé%&é@%ﬁ% PRl RMg AR QR 5CB

and thirty percent prepo
4- cyano- 4' tq:mpegdtll;nﬂeplmdfﬁryh affectanbe specdeirttie polynmuuzeltlm pstwall anather i al .

;%t | ?5' m?jc#usnon rate and solub: ovfw?he ?qmg ‘éﬁ'netﬂg lymerg qﬁe inrt]ér?srlltsylc}fy

the curing light, and the chemical composition of the material utilized.
Essentially, these factors can greatly influence the size of the liquid crystal
droplets which in turn affects the diffuse light-scattering features of the polymer
dispersed liquid crystal.

20

An exemplary polymerization-induced phase separation process utilized

in accordance with the present invention may be described in a number of
steps as follows. In a first step, a mixture of forty-five (45) weight percent of
nematic liquid crystal E-7 or E7 (manufactured and sold by Merck, Poole, U.K.)

25  and fifty-five (55) weight percent of fresh NOA-65 prepolymer is prepared.
Norland Optical Adhesive 65 or NOA-85 is a clear, colorless photopolymer
curable by ultraviolet light. In a second step, the mixture is continuously and
thoroughly mixed until it becomes optically uniform. In a third step, a cell is
filled with the optically uniform mixture and exposed to a UV lamp with a three

30 hundred sixty-five (365) nm wavelength and approximately 10 mW/cm? light
intensity for a period of between thirty (30) seconds and one (1) minute
assuming photo polymerization was employed. Polymerization may be

performed thermally or by any other suitable method as well. Alternately,
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period are specifically set forth for the above described exenplary
process, the wavelength, light intensity and the period may be varied
for different processes and to achieve different results. 15The
optical an 1 G ' i d
crystal meaitpEORRARe Bbl SaiBlieR WU BE SR TT AN D

contrast, nampbeatiopt fromzeittareeid lighid gostbband apobyreer. f After curing and
application by varying the materi al paraneters, thickness and

pol yner i zatGosHng auin Praafter WW@PP'@“%&W@P@S@&?S?T 9BaHHe type

of the pol t he
it ure Tigentng e pdsd SEpurkPh (B 6o freckthe ptindrhapieh 9 |00
be char &ct graetatiofiyasaa freeatamding élrpematanraéteimajb@xemmMserabdaimbmptm

tenperature and equal to or |ess t(%p cor neal

| mpor t ant lﬂB"‘HH?é”%Y\S?“‘PHée sBveRy (70} wRight @@f%ﬁgﬂ Sty SobReiant
| Sperse éﬂ&ﬁ%ﬂ Jﬁéﬁ%ﬁ(ﬁi ess b@h-%l}{gﬁa @‘fﬂe‘i‘@ﬂ%ﬁ?ﬁéﬁ |§ a%%r%ﬁ”latlc

t enper at ur an o 25(1) as shown in
Fi gure 3. Hgeid chstahma‘tem@erature ri ses snoothly, the change in
optical transm ssion can be very fast, for exanple, in the
mllisecond to second range. This feature results fromthe

exponefqpi al depﬂﬂ%ﬂﬂ%r@ht ﬂpﬁét@aathaf \Fvﬁﬁé S Wa08leABtH, m?hﬁmér{%'éﬂa
coefficient of the material In an alternate exenplary enbodi ment

of the pregetiod areapeciically pet fpﬁhe‘nstrtmalmve(de@:r@edaemmnlam proeass.ith§

bandgap | n WAEGTARId et AR peBl fis e Vhiite Rt biRssres

4. Figure 4rifevscHide digblagtreanispectrum of a cholesteric liquid
crystal material which nay be utilized as an inversion marking

centered at green wavel engths. The chol esteric quui d crystal

i eri gl can | 056,d b h8She bR ETASREL 1 RohRISIEhIEE  HhaRe

to the enper at e Ccor nea ere

to a wavel thl matwtalabndadmggmfuﬁwqdrcﬁahrﬁ(g&@mpermum ahélcmwtrbewmay
hundr ed (40 nm  which is invi 5| bl e to the hupan, eye. Since the
sensitivit wnttrn@eaﬁg meaetihggealsef 3 seerilicapeliciigntyY YkeihsBateris!

o o SRR s S ARSI E Tk it RiSiBs e
mar ki ng. comprise the type of the polymer the liquid crystal material and their ratio in
20 the mixture. Thin films of polymer dispersed liquid crystal materials may be
characterized by a clearing temperature higher than standard room
temperature and equal to or less than corneal temperature. Itis important to
note that the optical transmission state of polymer dispersed liquid crystal
materials can switch sharply when the temperature changes by less than one
25 (1) degree C as shown in Figure 3. Even if the temperature rises smoothly, the
change in optical transmission can be very fast, for example, in the millisecond
to second range. This feature results from the exponential dependence of

optical transmission on the extinction coefficient of the material.

30 In an alternate exemplary embodiment of the present invention, the
inversion marking of a contact lens may comprise a cholesteric liquid crystal
material with a reflection bandgap in the visible range of wavelengths as

illustrated in Figure 4. Figure 4 shows the reflection spectrum of a cholesteric

14



10l n yet another alternate exenplary enbodi nent of the present
I nvention, the inversion marking of a contact |ens may conprise a
cholesteric liquid crystal material that loses its reflection upon

heating it to.pa tenperature close to t erature of the cornea due to
phase tr andiiGHYERT mﬁeaﬂmg@ Biaxbe Pﬁﬁf%ff 2% gadayersippdnar fEETET
state. The 4Reb&sWakbengtiui thé ENSkaler® Ul ﬁr%s%?ﬁﬁéi@ﬁéiaér% Ityueé titﬁgCh

functionalit%/ may be baSed on these major conponents; n
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preferably chosen or selected such that 20 the material does not
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Lo Coror | o2k Ahit e, BH e RV Fon R0 ebh Puftie PR IR 55 R e
corneal tempuepeday 6f the ihtehtsd bpbReation; Naetdlg, 4n inteasitrenfarkiRgws t he
change in the reflection of a cholesteric I1quid crystal materi al

utilized for an inversion 25marking froma reflective state with a

fi hypdred (5 . .
the. tenger at ur o el FREELARLE SRBhRi? oThuddMISRER (e SbFHEAWFon
still yet aneirtversiahhesminigeofexesmtber enemogiomptisot dhateeds ifhid 30

I nvention, two | erslﬁgg?holesteric_liquid crﬁstal mat eri al s of
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pitch is nearest the |l ens inner surface and e secon C yer is
near est t hentstalgnioutreisofropicastates oT hdehslesfaricdiguat erystal evirldires dbsighed

differept colors.. It .is inportant to note that in alternate exenplary
enbodi rent 407 SR TURBIREY T e bperct P dhete el comROTRtys i e

surfaces ohehificl IR civRlaPhoSt, 98 BRI RRINESThdule dhdRsAcCiylid¥Rfstall S

prevented by the use of a simlarly thi'n and tenperature responsive
pol ymer di spuckise withi\isible reflgsticn, anat @ comipodnt fto sdjusp ueclegtinged

bet th ' I ndividual .cholesteric |iquid t al

‘ayers i n Sambsefledt 4 i st bR onthe Sorfess. (B SiilaSiels
to exhi bit g6t pdtapmatdrizs pRsidribs GRITBRITERIbYY ERoHHObESHIe ttBd RRICAthaed
light within the cholesteric liquid crystal reflection band gap with
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di spersed I'I'qui d crys
colored to colorless transition for a small change of temperature near the
corneal temperature as illustrated in Figure 5. Figure 5 shows the change in
the reflection of a cholesteric liquid crystal material utilized for an inversion
25  marking from a reflective state with a five hundred (500) nm Bragg wavelength
to a transparent state when the temperature is increased to near cornea

temperature values.

In still yet another alternate exemplary embodiment of the present
30 invention, two layers of cholesteric liquid crystal materials of different pitches
and resulting reflected colors, for example, red and blue, may be integrated
into a lens so that the layer of one pitch is nearest the lens inner surface and

the second pitch layer is nearest the lens outer surface so the surfaces are
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spacer filmmay be less than ten (10) pmin thickness.

Referring now to Figure 6, there is illustrated a block or |ayer or
mar ker material 602. More specifically, Figure 6 i I | ustrates the
action of i Li I dent
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bei ng bl ocked by t pol ymer dispersed liquid crystal material spacer
25| ayer 608un-polavized fightavithio the Chbka@temquuld ghystdl rreihetttkml kancegap with

| 604 | ho
ayer o4 viotvEnEpBERiciRy HomiTANR Seatele dhnfE AR BRI T el o rom
chol estygri %HdLﬁ%rﬂ&‘Fﬂ)Xé%buﬂﬁ@@' (b pgﬁ:)enberheﬁs@[w@rr@ﬁ@érséu ﬁq@d%rmlae

polymer matrix with the cholesteric |iquid 30crystal pitch,

resul ting repacet il may ke lessibagiterny (1¢)amm imehiekrass. to t he back of the
resulting film Figure 7 generically illustrates cholesteric liquid
crystal droplets on a polyner dispersed |liquid crystal material. The

oval s 702 repr esReferiienol e €3G aei6; thérus diustrasdchh biickdrahger dr mbtker
pol ymer 704. Spirals 706 represent_cholesteric liquid crystal of

di f f erent ﬂﬂ@@lﬁ'ai #02. hMQi?@[ﬁ’F"&f@amOf'gW &'éﬁﬁatqséhﬁé@t'@a ncdentdigh
| at t |
the snart et CFuPL 8% maRfrnatehie] 682, lghilioht Boglof B tafdth, e

pitch, spi rthan ﬂﬁ@bed edil@ bbﬂw«:hdléﬁewa\hquElrtgyé;tabbam@gbpq:irepladjatgblthroi]gh

front and 5t he bac h a filmshow differen coo
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in the dropeicsriayer 608. The incident light 610 of a shorter wavelength is strongly
20 reflected by the cholesteric liquid crystal layer 604. The reflected light is
represented by vector or arrow 612. The second film or layer of cholesteric
liquid crystal 614 has a longer pitch, represented by spiral 616, thereby
reflecting light of longer wavelength and transmitting a shorter wavelength, the
latter being blocked by the polymer dispersed liquid crystal material spacer
25 layer 608. Accordingly, to an observer, light from cholesteric layer 604 wouid

appear blue whereas light from cholesteric liquid layer 614 would appear red.

In accordance with a different aspect, cholesteric liquid crystal droplets
may be incorporated into a single polymer matrix with the cholesteric liquid
30 crystal pitch, and resulting reflected color, changing from the front to the back
of the resulting film. Figure 7 generically illustrates cholesteric liquid crystal
droplets on a polymer dispersed liquid crystal material. The ovals 702

represent the cholesteric liquid crystal droplets in the polymer 704. Spirals 706
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10The pitch gradients may be obtained and stabilized, for exanple,
with the aid of a polynmer network or having chiral dopants in the
conposition of the cholesteric liquid crystal that irreversibly

ohetPEul arpotient She oSl RBuT P4Sle oy Rnih ot el Ak Lty
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nmay be realgharsbtanid glity cRBtali Rk iptiepaaisd. t hrough a mask and
projected onto the m xture of a nononmer and the liquid crystal

material. The polynerization process perforned at a | ow tenperature

ol ymoiOconpost TP CR AR il PBrathaReRtatii R, R el iie il
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pol ynmer 30di s%%nsed_l i.qui d cr%ast_al in the formof the desired pattern
of strong Ihgiastaricliquid chgtal thatimexersitly shapge theair heligabivistingpewet.ne

cell hol di :he: reci-Stl AGe -fiv -

degr ces C. Ui S £ fis d AERELDy AP it WL a'eherghlg of the
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to light at, the first ste ets, polynerjzed as a transparent polymer
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5t enper at upEocESH$si ti ve pattern intact. This polynmer dispersed liquid

crystal technol ogy provides the advantage of easy and i nexpensive
manuf acturing, and wi de view ng angle due to diffuse |ight

scattering. The Thaabffdeatufe réspéndive materials described above may be

20  patterned to show numbers, figures or signage that would facilitate
identification of the normal orientation of the contact lens. Patteming may be
realized using different processes. In a preferred exemplary embodiment, the
patterning of a diffuse light scattering polymer dispersed liquid crystal material
on a transparent, temperature insensitive background may be realized with UV

25 light propagated through a mask and projected onto the mixture of a monomer
and the liquid crystal material. The polymerization process performed at a low
temperature such as fifteen (15) degrees C for the liquid crystal material and
polymer composition described above (5CB in NOA-65), under constant
nitrogen flow to avoid water vapor condensation, results in forming polymer

30 dispensed liquid crystal in the form of the desired pattern of strong light
scattering. In a second step, the temperature of the cell holding the mixture is
increased to above twenty-five (25) degrees C, for example, the mask is

removed, and the whole sample is subject to the UV light. Thus, all the
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crystal technol ogy has the advantage of mrror-like reflection that
may be visible even at low light conditions, and the feasibility of
different colors. 10 Simlar transitions between visible and
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| materials are preferable also due to their speed as Coh'lpared to processes
taking place in ambient light.

20

The present invention is directed to a contact lens comprising an
inversion marking layer having a mark that is visible when the lens is off of or
out of the eye and becomes invisible when the iens is on the eye. The optical
properties of the inversion masking layer, which may include color, light,

25  scattering, light diffraction and light reflection, may be patterned, at least in
parts, for easy and unambiguous identification of the normal and inverted
states of the contact lens. It is important to note that any suitable pattern may
be utilized and that the inversion marking layer, which is incorporated into the
contact lens in any suitable location that does not interfere with the optics, may

30 have different opt_ical properties on opposite sides thereof. The transformation
from a visible mark to an invisible mark may be induced via a number of factors

or processes including by heat from the body to near cornea temperature, by
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utilized. For exanple, the inversion marking film may conprise a
polymer, a liquid crystal, a dye, a gel, a conposite of polyners and
liquid crystals in a formof polyner dispersed liquid crystals, a

conposite of pol rs and liquid crystals in the form of polyner
et vor kea apiRa BiYer i chabde hubuiE S it beyastactisis Bgliared from
crystal s i mg §eadesduabnpol ymer-1iquid crystal s-pol ynmer sequences and
conposites conprising nanonmaterial s. Additionally, certain

optical properties of the material form ng the inversion marking
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achi evesvardreugst foHrchérndlit i’%}h’hﬁbf‘tﬁﬁi ® ndieth&XaTPhE@mbEPBE M aRE A ridyase
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one t housartilizadobpr axempleatiye yaraion markingifivg rpay codiptisela/polymedond y

or any conhi ' f r..self-orderin rocess as_i.n
chol egt er FJ@QP%%@%&% :b;é’?éa)llasgé{g%%%g@ Sét poipgﬁ)grgﬁrqurgjcg%lgégryga% né fF)rm
pol yner di syfgoseder digpérded niyaidadrystath el cothpdSROGIHAIgMBIPSRS FeGdas i n
hol ogr aphi ¢ pol ynmer dispersed liquid crystals, polyner-llquy

cryst al - polojyatalsdn the forgy olpplymer nebwarkad daeid siystalsag cusnposite of

odal af Pon o008 HERE ERSEE i R oA G S iaper 1

i nversi on msegkengesrayd bempiositep compeidingrnarainsatdribls. a nunber of
processes and/ or comnbi nati on of processes, including decreasing the
contrast of nodul ation of the optical properties of the inversion

marking | ayer uldddiiiiy, dih 08iitA RBpaRIEL R nIRERAGHAR ShEuCt ur e

and changi ng of the spa al e of l'at1on o opti cal
properti es ifersine rakegliayar, imcliding refigetivetindexaatisarptidang piptiedl y bel ow

ngf eEy ?gégfso ?Ifrlr(t%?/)anrclslnarieonrtalgioanr 81? cr)pth\%Y%L(%?ﬂ'}a@Sbe E:grﬁ)tlrglféldl gr n%glqla%og{g
achieve various functionality/effects. For example, these properties may be
modulated in the spatial scale of three hundred (300) nm to one thousand
(1000) nm in any manner including periodically, randomly or any combination
thereof. Molecular self-ordering processes as in cholesteric liquid crystals,

20  phase separation processes as in polymer dispersed liquid crystals, optical

recording processes as in holographic polymer dispersed liquid crystals,
polymer-liquid crystal-polymer slices or polymerization gratings, as well as

printing and lithography may be utilized in optical property modulation.

25 The change between visibility and invisibility of the inversion marking
may be precipitated or caused by a number of processes and/or combination
of processes, including decreasing the contrast of modulation of the optical
properties of the inversion marking layer ultimately leading to an optically
homogenous structure and changing of the spatial scale of the modulation of

30  the optical properties of the inversion marking layer to shorter, typically below
three hundred (300) nm, or larger wavelengths, typically even eight hundred
{800) nm.
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The inversion marking |ayer may conprise a thin filmas set forth
herein and al so include one or nore protective |ayers. The one or
nore protective |layers may thenselves be thin filnms. The inversion

marking |ayer mep, > | f ' rd @b Seqh QG :
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| enses shouhdrapeetiercgkhis.be di scarded woul d be beneficial to the
wearer's safety, health and confort. Therefore, in accordance with
anot her exenpl ary enbodi nent, cholesteric liquid crystal materials
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including initial 20 transparency and conpatibility with contact |ens
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contact |lenses are renoved fromthe packing e |l enses are clear;
25however, ||§Ptde¢ry§tabmﬁéﬁf@érm@wbBﬂ”th%eériﬂfoe@(‘?fB@Gtr'@nﬁ%s eitizingany
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The compliance indicator may be in the form of a discernible colored spot or
marking appearing at some point or region of the contact lens, for example, the
peripheral region, after the lapse of a specific period of time. In other words,
when the contact lenses are removed from the packing, the lenses are clear;
25 however, after a given period of time and exposure to external stimuli, such as
visible light, a colored mark appears indicating to the wearer that it is time to
replace the lenses. Essentially, the materials may be designed and
constructed so that the reflectance of the material is initially found in either the
ultraviolet region or the infrared region of the photonic spectrum, both of which
30 are invisible to the human eye. Exposure to visible light, for example, causes
the period to change so that the peak reflectance shifts over time to the visible

region of the photonic spectrum, producing a colored appearance clearly
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the manufacturer's recomrended usable tinme and are sinply discarded.
Color is typically obtained due to |ight absorption. A nmaterial such
as 5red ink appears red because red ink absorbs all incident |ight
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colorless state. Referring to Figure 8A, there is 10illustrated a
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terial t fl ' d t absorption. Referring to
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h I hs of .light 814, .1t is.i ' t t hat | ors
due 1 o phot s st e thie sxothets ) FR0AES ed et i 26 or
the scal es cphariites fohl thedisoe SMBbeRARKBLEO0. O éorﬁfé@%,tahoﬁon@%and gap
descri bed above, are ghotonl c band gap systens. 25 Chol esterTc
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materials are due to reflection and not absorption. Referring to Figure 8B,
there is illustrated a layer of a photonic band gap material 808. The material
808 has a periodic structure with spacing on the order of a visible wavelength
20 (0.4-0.7 pm) and reflects red light 810 from incident white light 812 while
transmitting all other wavelengths of light 814. it is interesting to note that
colors due to photonic band gap structures may be found in nature such as on
the scales of butterfly wings. Cholesteric liquid crystals, as described above,
are photonic band gap systems.
25
Cholesteric liquid crystals, as described above, are photonic band gap
systems. The photonic band gap structure of so-called cholesteric liquid
crystals is illustrated in Figure 9. The orientation of rod like molecules of
cholesteric liquid crystal materials rotate in space between different layers
30  forming a helix or helical structure. In other words, cholesteric liquid crystal
materials 900 and 902 comprise elongated molecules that are oriented parallel
to each other at each plane of the material 900 and 902. The direction of this

orientation, indicated by arrows 904 and 906, rotates in space forming a spiral
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30forming a helix or helical structure. In other words, cholesteric
liquid crystal materials 900 and 902 conprise el ongated nol ecul es
that are oriented parallel to each other at each plane of the

material 9 Then di ' i ' at i i gl b
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represented by spiral or helix 910 and thus reflects light of longer wavelength
914 and transmitting a shorter wavelength, appearing red to an observer

viewing the reflected light.

20 In accordance with one exemplary embodiment, the cholesteric liquid
crystal material comprises azobenzene moieties. However, it is important to
note that any suitable material may be utilized that is comparable with the
ultimate use. Azobenzene molecules exist as two isomers; namely, trans-
isomer, which is thermodynamically stable, and cis-isomer, which is

25 metastable. Figure 10 illustrates the structure of the trans-isomer form 1000
and the structure of the cis-isomer form 1002. Transformation between the
trans-isomer form and the cis-isomer form may be induced by light. Typically,
ultraviolet light induces trans-cis photoisomerization, while light in the visible
wavelength spectrum is capable of inducing cis-trans photoisomerization. The

30 lifetime of cis-isomers may be varied from milliseconds to years by molecular
engineering that affect the energy barrier between them as illustrated in Figure
11. Figure 11 is a schematic energy diagram of the azobenzene molecule

which illustrates or demonstrates the process of photo induced trans-cis-frans
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note that any suitable material may be utilized that is conparable
with the ultinmte use. Azobenzene nol ecul es exist as two isoners;
nanmely, trans-isoner, which is ther m)dynam' cally stable, and
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15chol esteric liquid cr%ﬁtal materials, as illustrated in Figures 12A

and 12B. AlSO5Rer qastent atf-‘lyﬁﬁt@rmlm%ﬁwtl”@epﬂeﬂﬁlcrregobheAselfuséar@tedarm

The’r ot 1 ool 1A a2, 2R R 1212 4R he HERSTRmHL MR hEeuufiE ot TBres
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which jn tur flects a | onger wavel ength light. In Figure
20part 20 PRE qf dsroenars J08r arei i iy sisgemes §??é? (foldad Wdhaé@)"ow a

thus pr Odugﬁoﬂ‘er pitch helix 1208, which in turn reflects a shorter wavelength light. It is
important to note that other suitable materials exhibiting similar properties to

azobenzine may be added to the cholesteric liquid crystal material.

25 The particular color of the material is obtained as a result of exposure of
the cholesteric liquid crystal material to an ultraviolet light during a certain time
period. The color may be changed throughout the visible spectrum, depending
on the ultraviolet light exposure time. The states with different colors may be
stable for various time periods depending on the materials utilized. As

30  described herein, this time period may range from or may be varied from
milliseconds to years by the structural modification of the material. The original
color of the cholesteric liquid crystal material is restored after expiration of its

time period. These materials may be modified to switch the color completely
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shorter pitch helix 1208, which in turn reflects a shorter wavel ength
light. It is inportant to note that other suitable materials
exhibiting simlar properties to azobenzine may be added to the
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conpletely off (invisible) upon exposure to ultra violet light, for
exanpl e. Thd toeir ceflactien bapdeganswheaierpase@io ditiavisdeitandipnéaible light.
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phot ol s28”‘9r|:§a\zraa;[nie ot V:Irf'rl}gh léirep g}éfgrsab%]; controlled to achieve the desired results. All
of these parameters are essentially controlled by the use of one or more
dopants. In one exemplary embodiment, the one or more dopants may
comprise azebenzene moieties, which may include a trans-isomer and a cis-
isomer form.
25
The width of the cholesteric liquid crystal material band gap is
determined by the optical anistrophy of the material and the periodicity of the
material, i.e. the pitch of the cholesteric liquid crystat helix. Pitch gradients
lead to a widening of the band gap. In a strongly ultraviolet absorptive
30 material, cis-isomers are generated only at the front surface of the material,
thereby creating large gradients of cis-isomer concentration, and consequently,
cholesteric liquid crystal pitch. Thus a cholesteric liquid crystal material with a

reflection band gap 1400 in the invisible part of the electromagnetic spectrum
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i sonmeri zation, photosensitivity and the magni tude of the band gap
shift are 20paraneters which are preferably controlled to achieve the
desired results. Al of these paraneters are essentially controlled

by the use r - . ] r i ren t
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conf i gur at iRSAC31Re boundary between two chol esteric liquid crysta
dormains is highly visible and may be utilized as a usage conpliance
i ndi cat or.

The compliance indicator of the present invention may comprise a

20 number of cholesteric liquid crystal materials as set forth above and may be
incorporated into an ophthalmic lens such as a contact lens in any suitable
manner as described above, including stamp printing, ink jet printing,
embedded film, or any other technique for incorporating a pigmentation
material into a contact lens. In one exemplary embodiment, the material

25  comprising the compliance indicator is embedded in polymer structures
adapted for use in a specific lens. In this embodiment, a narrow droplet of the
polymer structure with the material may be injected into a particular section of
the lens, for example, the peripheral portion of a contact lens rather than the
optic portion of the lens.

30

The exemplary usage compliance indicators of the present invention
may be realized in a number of different embodiments. For example, in one

exemplary embodiment, the usage compliance indicator may be resettable or

25



The conpliance indicator of the present invention nmay conprise a
20nunber of cholesteric liquid crystal materials as set forth above
and may be incorporated into an ophthalmc lens such as a contact
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It is important to note that while the present invention has been
described with respect to contact lenses, the material may be utilized in any
30 other type of lens or an optical window. The material of the compliance
indicator may be utilized with any device where compliance is required or
desired. Also, alternate band gap or refiective materials other than liquid

crystal materials, such as block copolymers, that change color from exposure
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It is inportant to note that while the present invention has been
described with respect to contact |enses, the material may be
utilized in any 30 ot her type of |lens or an opti cal w ndow. The
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bl ock copolyners, that change color from exposure t0 an external

stinulus rejuBeeref passitde sHmadusofaciors dhaii may cruse thesdesirachealnr thanga. t

nanber of | ULbEpROd PR B S0E b, Sl Rln B ol ey

change. 5W tdisd especds 49 eRBrhAIGStInh NS &8 they Rt totUiRlNup bRt a fairly
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the 'nvers'ﬁascawrgaeg G Ad SRR A Ema) e eng&%@%r%t§§9@4obqeﬂeg%g%ne

set forth here e I ncor porate

structure cparaefmermme stratiune boag sepiftbstrduiuagd.on of tinme or tine
period over which the conpliance indicator changes frominvisible to
visible varies with the product in which it is utilized. In general,

the ti period i d
other d8vice, TS QEERO Gt oXmiRRl oyer Gy ifecthotdite ffigar
set or suggbsngds fiipnt Myisieledd attibieearies withethprovddadt. in 3dhich it is utilized. In

Al t hough shown escribed i s what elieved to be t

e, ERReAther (738 nabg dioneapends fo M WSATal itk Perigio! dan NS Ates
from speci fdtﬁerd@es}u%ISTﬁ@%mmﬁ@Eeﬁsa%é;b@él ﬁﬂ%o‘fﬁ%\é@sé’!rll* seyggest
thensel ves to those skilled in the art and e used w t'hout
departing fsuggested kyptihei manuiacRoecopdegirodbiet. i nventi on. The present

invention is not restricted to the particular constructions descri bed
and illustrated, but should be constructed to cohere with al

modi fications thathotgh shalwn ahd Bescribe iseaRe i9beldiRdapRINRAMBLAI NS.
practical and preferred embodiments, it is apparent that departures from
specific designs and methods described and shown will suggest themselves to
those skilled in the art and may be used without departing from the spirit and
20  scope of the invention. The present invention is not restricted to the particular
constructions described and illustrated, but should be constructed to cohere

with all modifications that may fall within the scope of the appended claims.
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VWHAT IS CLAIMED IS: 1. An ophthal mc |ens conprising: a
contact lens formed froma first material and having at |east an
optic zone and a peripheral zone, the contact |ens having a useful

life peri odwﬁﬂq- Y HPARRESQEP! | ance indicator enbedded in the contact
| ens, the usa g npl'iance I ndi cator conprising a material that is

changeabl e bet ween an invisible state and a visible state over a
predeterm ned period of tine en subjected to an external stimulus,

the predeterni ned PBAPSEIAMIG [ens G RGual to the useful life
period of the CO&PE b I%H§for4=|9<gtil froRfa PPt Jﬁﬁﬂe’?“aFaII\@ﬂﬁvﬁi Cé%ﬂé’éﬁ%ﬁ@ptlc

Claim1, wherein t e usage co Iance 1 ndicator is enbédded 1 n at
| east a porzoneraraf atpeapperai abee,aﬂhemméa@iﬂemmbav:lngtaamefulellfe period; and

3. The ophthalmc | ens acc rding to, . d ai (Jj (i/ne elnth sef life
T5 pori od of t ne eoRESEeTpIIce ekt anBy dued PHinel forteh ERS, s dsete,
the range fdopipiRiee |ﬁt§lc§f€fr‘h8ﬁ1pnsmg a mé‘tenﬂlﬂaﬁ%@%ﬂg@h%lé S&tveen an

according to aim1, wherein the material conprises a photonic band
gap materi dhvisie state and & VISTb@ sipta h‘a¢rrﬁ pradsiermioedperiag af ding when4,

ther 11 e Bkl baL ASPLIRLER! e SATBIGATnBNRL BT Sohd el

ori ent at i ong RS GseflffcopHidtpbiihe datitactaes®rding to Caim5, wherein
the material further conprises one or nore dopants. 7. The

ophthalmc lens according to Claim®6, wherein the one or nore dopants
Compri G aZObenzfn?hg%'pﬁ{Ha?rﬁlc lens according to Claim 1, wherein the usage

compliance indicator is embedded in at least a portion of the peripheral zone of

the contact lens.

3. The ophthalmic lens according to Claim 1, wherein the useful life
15 period of the contact lens specified by the manufacturer may be in the range

from days to months.

4. The ophthalmic lens according to Claim 1, wherein the material
comprises a photonic band gap material.
20
5. The ophthalmic lens according to Claim 4, wherein the photonic band
gap material comprises a cholesteric liquid crystal material having a

predetermined period of molecular orientation.

25 6. The ophthalmic lens according to Claim 5, wherein the material

further comprises one or more dopants.
7. The ophthalmic lens according to Claim 6, wherein the one or more

dopants comprise azobenzene moieties.
30
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30 8. The ophthalmc I ens according to Claim?7, wherein the
azobenzene noieties include a trans-isonmer formand a cis-isoner
form 9. The ophthalmc lens according to Claim8, wherein

the t - f t f th b
ot et | e undor o6 (S GRBTERld RS AEghRE e SR A wisT i g obenzene
10. The Ophﬁb@hésmdlma%ﬁé@@fl%mﬁrf&n{%ﬁd@c@sté@i\%rﬂ‘b the external

stinmulus conprises visible |ight. . The ophthalmic |ens
according to Claim 10, wherein the Ilght corrprl ses anbient |ight.

L2 oot oo STHE BB REIERS LB B P somer
anbi ent 511 gbim ahbiehe Ris-BbirRiriftien bh ehePaasiRireeRE tesictied aﬁuéﬁjcr: period of
the cholesteric liquid crystal material.

opht hal ni c i$igpraeqzat rblf"ﬂ@' the exteynal SMUilSerein the material is
20i ncorporated into a polyneric structure. 14. The ophthalmc
| ens according to Claiml, wherein the material conprises a

chol esteric |iquiod Thy sphthamicdensbeberdirgtocCiain deivhioningde Bxteaal ar

orientation an(il a command | ayer.. 15. The ophthalmc

| ens accor &F'%‘ YSHCQMRIES MiS@ gkt n t he commnd | ayer conprises

azobenzgne noi eties configured to change the predeterm ned nol ecul ar

orientation of the cholesteric liquid crystal material when subjected

to the external 14t iThd uphthalmic lens &6cordirigenClabmyiQi sihegein tihié light

material and _havin usef life period and a usage conpliance

i ndi cat or QHBU?(E'&@E%"%” tel'g ns, the usage conpliance indicator

conprising a material that is changeabl e between an invisible state

and a visible state over a predeterm ned period of time when

subj ected to an 1éxtTdfre1faﬂ)hthalnmiullem acmdhngddéﬁlemmﬂﬂeWhpesihcblnb of tine
to the usef life t he .l en 17. An

Ibglnrs]gc(gﬂgr iagpla 1zene maole 'eS undergo phg msomenzatlon when exposedoljﬁc)aht hé‘ mt ¢

light, thereby altering the predetermined molecular period of the cholesteric

liquid crystal material.

13. The ophthalmic lens according to Claim 12, wherein the material is

20 incorporated into a polymeric structure.

14. The ophthalmic lens according to Claim 1, wherein the material
comprises a cholesteric liquid crystal material having a predetermined

molecular orientation and a command layer.

25
15. The ophthalmic lens according to Claim 14, wherein the command
layer comprises azobenzene moieties configured to change the predetermined
molecular orientation of the cholesteric liquid crystal material when subjected to
the external stimulus.
30 |

16. A lens comprising a first material and having a useful life period and
a usage compliance indicator embedded in the lens, the usage compliance

indicator comprising a material that is changeable between an invisible state

29



a contact lens forned froma first material and including at |east an
optic zone and a peripheral zone, the contact |ens having a useful
life period; and an i nversion marking incorporated into the

contact le ol [ ' | S ; erd al
cont 1 qur ed 115 RIS SEHE s FUELORAERT bePoRuRELARE SRbEER 0 an
eye, and a «xdaphkil etmalushthecpteaietemiired peribd ahtime melihg @&oqoel tonthleudieng a
material that is changeabl e between an invisible state and a visible
state over /&e pEHEGLCER I888- peri od of time when subjected to an
external stinulus, the predeterm ned period of tinme being defined by
the useful life period of the contact |ens.

17. An ophthalmic lens comprising:

a contact lens formed from a first material and including at least an optic
zone and a peripheral zone, the contact lens having a useful life period; and

an inversion marking incorporated into the contact lens, the inversion
marking comprising a second material configured to be visible when off the eye
and invisible when on the eye, and a compliance indicator, the compliance
indicator including a material that is changeable between an invisible state and
a visible state over a predetermined period of time when subjected to an
external stimulus, the predetermined period of time being defined by the useful

life period of the contact lens.
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