MULTI - PI ECE | NSERT DEVI CE W TH LOCKI NG SEAL FOR OPHTHALM C DEVI CES

FI ELD OF USE This invention describes nethods, apparatus, and devices
related to sealing and 5encapsul ati on aspects related to ophthalmc
devi ces and, nore specifically, in sonme enbodi nents, the sealing and
encapsul ati on aspects in the fabrication of an OQphthalmc Lens with a

Ml ti-Piece | nservMUMTIEPIECR ISSERT DEVMICHWIITHRLEO(GING SEKES FOR
BACKGROUND 10Traditionally, an ophthal m c device, such as a Contact

Lens or an intraocul ar Lens, i QFBHEEALLMICRBYHESDl e device with a

corrective, cosnetic, or therapeutic quality. A Contact Lens, for
exanpl e, can provide one or nore oﬁﬂﬁkﬁjgpiﬁﬁgrecting functionality,
cosneti ¢ enhancenent, and therapeutic effects. The physi cal

ot on | ncor por af AU EEE0Y A PR BB, AR pBe SRRl sbipgand

can pro\d decrapdutdtion-agpdctsaelatadeo foghthbingo defice dEMbrd specifipglyiesbmdt 0
the Ophthal mc Lens can provide a cosnetic enhancenent. An active
agent i ncor gabedimants,{hesehingapd pegapsEationaspecninghe {abdeation ef@napeut i ¢

agent_ i ncot Ao P Galle éhape
i thout ¢ ne RAPHER KR PLEEMENGAR Mo WaR i SRRSO 12" 20vor o

recently, iComhasndneen theorized that active Conponents may be
incorporated into a Contact Lens. Sone Conponents can include

sem conduct or devi ces. Sone exanplgééﬂaéﬁ iﬁﬁgﬂ sem conduct or devi ces
enbedded in a Contact Lens pl aced B eyes. However, such
devi ces | ack a freestandi ng energi zing nmechanism Although wires nmay
ext end 'O om an Chrdkignaie a}}@ﬁgthﬁlgma dpyee.spsh a5 Santagh\leps Qantraocular

sem PO”dUCtl(r’éns,dﬁ}ﬂiuﬁééa Bi’b@o'rﬁ%"gacﬂﬁé d%@{wﬁtﬂ%%hé&%} heﬁi@%r‘i’ﬁéf%ge%ﬁ may
be wirel essly powered, no chanismfor such wreless power s been
avai | abl e. quality. A Contctkeaist fblegarhpley @hqirevit @ofmarenaddif tvistomatorraetihgds

and apparatus congducive to the fornmation of ht hal m L%nse t hat
are Energi ZGBHOALR. EIXTHE BUTICEBIR: PR DEPBGHIA S1lFond NePhKbrd
functi onal i dhrdchiigti &b RO OPRthAIntic L RSP RV CadH fuﬂtﬂidlﬂ%ggﬁﬁgﬁcbﬁlorating

optical characteristic of an Ophthalnic Lens or other bionedica
devi ce.18l n a tsfraghivsopwltydhtof s phthalimig Lensodan ppdwidead nisionsnodrebiicnfidctooal.

devi ces, there may.be nu QusS nents. where t he nature.of the
Component s BIRFATS HICOHRELEd Ny L8 OGBS L Bk Plodile § HOFBHE, my be
i mportant . dnaYiRleni¥at. NRAlSctivde\sREScorpiidtcdRRB A0 IRIMR) Bdns REn pRVIdM:
seal ing and encapsul ation of various Conponents in Energized

opht hal ni c therap®itisisenticanlitye vuelephystaal ehvsrcgristies ingp be pegemplished without

the Ophthalmic Lens entering into an Energized state,

20 More recently, it has been theorized that active Components may be
incorporated into a Contact Lens. Some Components can include semiconductor
devices. Some examples have shown semiconductor devices embedded in a Contact
Lens placed upon animal eyes. However, such devices lack a freestanding energizing
mechanism. Although wires may extend from an Ophthalmic Lens to a battery to

25  power such semiconductor devices and it has been theorized that the devices may be

wirelessly powered, no mechanism for such wireless power has been available.

It is desirable therefore to have additional methods and apparatus conducive to
the formation of Ophthalmic Lenses that are Energized to an extent suitable for

providing one or more functionality into an Ophthalmic Lens and controlling change in

1



SUMVARY Accordi ngly, the present invention includes innovations
relating to the sealing and encapsul ati on of vari ous Conponents

i ncluding, for exanple, inserts that can be 10 Energi zed and

i ncorporated into an ophthal m c device. Exanples of such ophthalmc
devi ces nay optil drractérostic @X amplphthaimicdrna ot othensiomediaal dmtaeacm tliear

o1 omedi cal | BEVPERE TP gk REh AP A APt SLASS: DERSHRAGent | on.

I'n additi Onnuﬂ&foh?@%nﬁﬁﬂerﬁ@&ﬁé@tth@nit@fe JrUECHS %n@%ﬁf@éd%ﬁd LSl
with a seal ed or encapsul ated Miulti-Pi ece Insert are presented. In 15

some enmbodi mehtien, arieckitbetieal, nuyde ibpertgitz dvst methods dc‘ap@abued qiparatus

powering: a of dr a current ent s

oot ude D bulae idie FARE i fsar ot it hon R T PaR el

sem conduct gphtASYIi€ frd FbhediRalafdvicss aRth@refsd Mepdaget roni c devi ce.
These Conponents may al so include the ability to be activated by an
external signal of various types. Sone enbodi nents can al so include a
20cast - ol ded silicone hydrogel Cont8W¥MMARY with a rigid or formable
Energi zed insert contained within the Ophthalmc Lens in a

bi oconpati bl e fadktwdingly, the pragnpinysatinn ihdvéﬂfstihmvatihmwi@img t¢ el sedlig
met hods for _the for IIO of. an.insert by .s i at | east Fr ont
Gt e pi eceihineatigiton v i B ey SR R nlimn e o e

steps fry dehérdiAgagd Rebipofaéd ink & SHARARISIANE. Txhaplstd seVohitalii
t he 25i nterconnects and/or to the curve pieces. The devices that

resul t fronflevieespraydasyin doneianple idsentant Ly aaretrageslr Lees. udem a more

In some alt gér{é%‘% s %p?&ﬁ&? A HRbSs oth % fr 1819 QSm%dﬁ?l%%@%e?&%& bgfélt\é\_‘?anlt .

Pi ece that he previously Iece rnser

t hese caseswithiheths elpe g thefintdigionaln adtktigi, ectisodsnayd epeites ot foinphg an
cavities. The nethod steps to .include additional 30discrete pi eces to

inserts eit Q@hfhfi}mlgé&ﬁ%mfhaseﬁ%eé%%@laﬁﬂ%ﬁ MyltsBiesp ﬂl&eﬂﬁm)ﬁr@%ﬁ%
steps aff C&gﬁé ShESimphdstnk B{%dfh%%%%ﬁ J&%tdt@iéedﬁgé%ﬁigoﬁ% wif{8l n-

In some enb ments, iInserts may cont al electric onent’s. Sorre
or all of tﬁemo@mnrpﬂmblmsf drayinge dunehiudesnpanetisengypacedd, vat ajesiot
internal to,.sealed cavities. V\tthln the insert. Qher .enbodi nents nmay

resul t froniHEd i adareble optEc Hens clementy § sempicssipon dnics: aAd an pefE%qron

that is extgikiQb efeRirbhlg dEﬂEé’fP’@h&é‘Coﬁﬁlﬁﬁentk ha®HRQdhABM eWbiifly to be
S5exterior nponents, it may be useful to enCapsul ate the Conponents

in their omtyatcd;bymn@atwl mgnelrdfafarious types. ﬂv@lmandlmsnts laent alae enclude a
f or nmed the v t al so..cont a aJﬁf s of vari. ous
i nds. b SRt S HP R oY £ Py PRl Bsomite et iR
cavity | ocat®fhinéd WRRG!thé OpR@akmic meamlmlb@cﬂhpaﬁ@lwfag{m@n opht hal m ¢
insert may contain
The present invention therefore includes methods for the formation of an insert
by sealing at least a Front Curve Piece and a Back Curve Piece together. The method
may include steps for defining electrical interconnects and attaching devices to the
25  interconnects and/or to the curve pieces. The devices that result from the processing
using these methods are also included.
In some alternative embodiments, there may be a second Back Curve Piece that
is added to the previously mentioned two-piece insert. In these cases, the sealing of
the various pieces may create multiple cavities. The method steps to include additional

30  discrete pieces to inserts either in sequential processing or in parallel processing steps

are consistent with the nature of the inventive art herein.
2



10liquids related to the formati on of Ophthal m c Lenses. In sone
enbodi nents, the liquid may be placed within the region that defines
the cavity before or during the sealing process that defines the
cavity. In other cases, the liquid may be added after the formation

of a seal ed cavi lrysonfeXdmEO6AABIS, indeyts miliyeohtadieleétribdllddnjdneme dk6se or all
t hrough one or nore regions in either a Back Curve Piece or Front

Curve Pi eceof@psedvraragnispeayissiopledediarthe spage thagisinternabto seglef cavigies
penetration_in. t.he. Kk I r [ he
e b " i B BRE O KBRS e RO e BB o it
i mportant a€pepbsentd invaocaion tearioektemuitts thd onfel@avaiseoth abddimehRGvith
seal s include_preformed materials that are forned into shapes
consi st eht RitePERGraNRANSEISGEBIY boiseiyl tiesrnramsulste the Soswopays trikelr pyn

ot her errbod'é&%@ﬁ,at- eglisifiey be fornmed in place by the application of
seal i ng agents upolrlll%a sur%rgce of one or both of the Back Curve Piece
and Front Curve Phecwiticsltimtaonieroéd b teeradnboehbetimsnts e abjoplontatch

seal i ng agept..may be allowed to cure.before the assenbl f multiple
o ecess | DUARPvattus kidhe P or SaROLE SEA MG HERRE BPe O R SR
processed t g, a53s0Rlda:t [@d'stltih Rh# iﬁ)hﬁ@%ﬁaal 23h8 o?ﬂipﬁ%%tﬁﬁﬂﬁcgin‘é\éﬁ ﬁleﬁ F\%&sfn

pre-cured sealing material s or uncured sealing ertals, t

pi eces that liguids rebtddetd the fonmathesel Qplttbalia¢ Eenses.elaclonetendrodimagnty ¢hdel d
in place or,.pressed together.to formpgh al .. In sone. enbodi.nents,

t he surfacelécﬁltl‘ﬁﬁjtaygleé’?%?‘ig’{[@ﬂl @86@%&13?%&%8? Hhe abﬁ?ﬁ/g&eﬁl Or(‘,iblﬂf‘&gie f or
the seal megealigs Sobee abe Abliveshied hvith, Dh 8d8r Bied, AR IRJLAC RARBL 2@ edBifter
adhesive material spanning the two pieces, which, after 30curing,

per manent | ythafgrmagien phe sealpsl eity.doeexample|badajeatinn ofeilingneadlasirough

i . ' : _
T sons ai 1arestiore PR ol 8tk AR PRC b EpblCuBk PR culoped by he

t oget heis megnbseubmaksling cfehd reselthi pendimaban heBadbcuse!Hie®erIFrétg Curve
mechani sm may | ock or self-lock the two or nore pieces together and
mai ntai n prig&&ure on the sealing material, which in turn naintains

t he physical co : i RS i y
Si ol ude. addi 1 onal " Faog LR ag e spERnd i PRl sl ey IR WOt
exanpl e, grapsasofariothenpédmensnin sfmseabodigient} the seils magdinclude

kni fe-edges in the surface to raphy to better enhanpce the
per f or rragcé’r@%nfﬁcgn@?éﬂaﬁsﬁgat @é‘gﬁgﬁ?g itto Sh&?ﬁ%c‘?r@hgf%f %tﬂtﬂF%Wbé‘?"élem
attached upgin&idnfifsefEd RRIIhsOtn bier glﬁ%mgﬁtﬁ,vs%algh?gg)le%gn@iﬁ@@é@{re

Piece may al so have enbodinents relating to their ing or
10encapsul ghe applicTten elnedling dgentstupan esurfesesnfging at bath of HerkavkuremBicoe

the el ectraoni onept s have_.seal i r encapsul.ati ng. mater.i al
deposi ted RN GrRGPiras ohsUBaRT PRe BRtv et abe e SO AesH oy
el enent, orbeGuBRRA &Eure bBRIEMeRSscalbl P MdlHHRS pie@R! AT hd hawe &he Ligired
encapsul ati ng and seal i ng) material on either 'end and the Front Curve

Pi ece or Bd&iingpeterivaidleoefirtberpipcessedto asseablg mpkiglawitess- Pi ece

and nofal ot hodt PRPdy Pl BRET RECRsR st Rl RLRBIMT Rl SHUEG .

formati on. rhatesaseheraosicoBhs arddtaled SEH theRymieriglh acedh Wiebinay®e held
first Mold part where a snmall anount of ht hal m ¢ Lens body form ng
mat eri al ndl) PEEe popisesed togedich & Tosmdbe pebninssomagrebodanents dhgdusfices that

Mxture may,d ﬁ%géég%geftﬁ& SRR &ysical contact for the seal may be subsequently held in

place by the placement of an adhesive material spanning the two pieces, which, after
30 curing, permanently affixes the two surfaces in place and maintains the sealing aspect

of the seal material between the two pieces.



20 hydrogel -formng materials. Additional Lens-Formng Mxture may be
added before, during, or after a second Mold part is noved into
proximty to the first Mdld part. The novenent of the second Ml d
part in proximty to the first Mold part may forma cavity in which
the insert and Lﬁﬂmﬁﬁlt&vaexﬂ)udmemmﬁMurMasehhtiampremed@xgmdre’rmay

o e beqdedariiatss o Sl B A1 o H A FACE B GRENisg MR QA or sl ock
encapsul at eg} <TRORPARAL FiedRdb éth&odﬁﬁ‘?ﬁ%ﬁﬁ'ttaﬁl ﬁrslﬁhrer&%eleedhag%%éﬁﬂ which in

regi ons. tionally, the | ded Lens-Form ng M xture, Which in sone
enbodi ment stummaﬂumnmt]mdahyheahma'am to fomy ﬂimese@lan@gdta'r &dtharmechanisms may
i nsert-

| at {. t h t
oy o el B Bet e oSSR el g BB b AT
devices i anu@lérﬂan of Q¥alif AR aﬁ@mr@gdg%g @dth@sﬁﬁwettgpogmlyastbw@
optic elements including, for exanple, |1quid nmeniscus Ophthal mc

Lenses. DE@@anh@ne@srmanEeMsmwg;onl illustrates exerrpl ary

Some ombodi ment &7 BY ReNBe TG f ot i e SPodlRE s iyl R EPREL hh?

exenpl ary ERe&lgC#Hee P%BHE@ dﬂcﬁhdv@réﬁlﬁdtﬂnﬁbn@s Mg *t(ﬂh%ﬁ'%edllﬂfg&frt 5
enbodi nent FIG 3 illustrates a cross-sectional representation of an

exenpl &ty sewdapsidatingy ddicrenductize tracouenargipationes] gmends, @nd/pr the elggtronic

illustrates [ &

i nsert enbogglrl’rlgg{fenq%ﬁgykﬁl T %%&Iénlg Sgra‘tuﬁE fg%% gﬂi%ﬁ F ust rgtg1 g%anger o
cross- sect i gnalthe epire aacd, ahérgizaidn elementeoplamyorieng-therefoee alftseng for
enbodi nrent of a Multi-Piece Insert. FIG. 5 il Ig%trates an alternative

embodi ment egntad Beipiser femsersufaiag ppd seading it PR Atk opfand hertpnt y
device in FrGeABece or Bacftﬁ‘rvcﬁPIE(l:é Mgt es an alternative enbodi ment

of the Multi-Piece Insert sealing region of 15 the exenplary device
in FI G1#B. FI G THe rdshltlsg MuilePiere labdredavides myéwtfodhmcbceeﬁedtthéonn
seal i ng regl i.n.the.exenpl ar |II trates

d
an al ternatf haé%‘b Vﬁ‘éeﬁtan f‘OYeﬁé“‘gVI ﬂﬁ&%@%ﬁqeﬂw@ﬁgf& aS],mlc
device in FH&lcegfonﬁQchnGIngoinUeHﬁJoHﬂﬁ&ﬁs @:ﬂnﬁbﬁ%’id}ade'ﬁlﬁ:eﬁ'mﬁﬂh AERdt Mbld

the sealing region in the exenplary device in
part where a small amount of Ophthalmic Lens body formmg ‘material may be found.

In other embodiments, this Lens-Forming Mixture may include, for example,

20  hydrogel-forming materials. Additional Lens-Forming Mixture may be added before,
during, or after a second Mold part is moved into proximity to the first Mold part. The
movement of the second Mold part in proximity to the first Mold part may form a
cavity in which the insert and Lens-Forming Mixture may be molded into a composite
Ophthalmic Lens with high quality optical surfaces. The insert that is embedded in

25  this resulting ophthalmic device may have encapsulated Components and/or
Components that reside in sealed regions. Additionally, the molded Lens-Forming
Mixture, which in some embodiments may surround the insert, may be considered an
insert-encapsulating layer. The Components within or upon the insert may include
electronic traces, energization devices, electronic devices including, for example,

30 integrated circuits, and active optic elements including, for example, liquid meniscus

Ophthalmic Lenses.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention

i ncl udes net hods and apparatus for manufacturing an Ophthal mc Lens
wth a Milti-Piece Insert where portions of the insert and
25Conmponent s conprising the insert may include aspects of sealing and

encapsul ation. I n addition, DERERIPESENOF TNEMRAWINGS udes an
Ophthalmc Lens with a Multi-Piece Insert incorporated into the

Opht hal m ¢ kRS jiast4cl Aembhey BRI adsems] @%ﬁﬂah&%oﬁﬁ@n&ﬁf&@%b%é Békful
According to the present invention, an I%,nergl zed Ophthalmc Lens iIs

formed wi t hineimpderbendicig doinm smbodiarentsant tnpresgnt Boent®). such as an

el ectrochem cal cell or battery as the storage neans for the Energy.

| n some enbBHL.Reitsratéshen axametaraEscrged OphilaimiclenknéthgyMEhiuPiee: Bisat
encapsul at ed ﬁ&dd i solated froman environnment into 5 which an

Opht hal M ¢ FBAIMEA| aced. In some enbodi ments, a Milti-Piece

Insert also_includes a pattern of circuitry, Conponents, and Energy

Sour ces. VaFidsilastntes axspissscaiagnal represeriationeo finm exemplasy sealing empodiment

I ocating thg R3LR c9ef1n§é cuitry, Conponents, and Energy Sources
around a peri phery of “ah pti cal ~ Zone t hrough which a wearer of an

Opht hal m ¢ uld 10 see. O her enbodi nents i,nclude .a pattern
PR £ b Bt ea O R BB s B T E R AN BfE B e gh {0
not adver se¢nfbafimestoftanduBiigibte Bker@ Cont act Lens wearer, and

therefore the Multi-Piece Insert can |locate themw thin, or exterior

to, an{@otiggwi @qnastrétegl atgggggsgbﬁorapfe@;e&mgtiwo%eg@mpiVU@Ef&e Biselthe

present invention, a M Piece Insert 1s integfrated 1nto an
Opht hal ni ¢ ¢mebhsliment datMwiéiPioce Inbert. pl aces an Energy Source in a
desired location relative to a Mold part used to fashion the

Opht hal m ¢ Eléh$.illidetanhatienetivsermbalimphtafehd Malti-Ridce iseCooimgeadion of

into the Qphthal mMmc Lens na oy one or nore steps where
Conponent s g?@’“’é’éﬁf“é’o‘?eé{ml%ﬁé;%d into place or where Conponents are

encapsul ated. 20l n some enbodi ments, an Energy Source is placed in

el ectri cal Blombilnmtesdn aiFmative aabsoneriof thraluliRiose [nsert seadinggegipn of
comranq5andta%%€%ﬁa?lgllye&wéqukg§wﬂent fromthe Energy Source included

wi thin the m'c Lens. Conponent may include, but is not

limted to, i.conduct.or devic an _active qr passive.el ectrical
devi ce. or Eif DBRERRCHT AR E Poa il Rt tné SeftinaREPRYT P SPELIRD) o,
m cr oel ect raRehariGal. 25 systens (MEMS), nanoel ectronechani cal
systens (NEMS), or m cromachi nes. Subsequent to placing the Energy

Sour ce and gganPaRRRhtes AMAdMMiH e RAbbdMmAAt SHARGARY PAbY rihk 28erfplary
Reactive Mxture to formthe Ophthal mc Lens. Inthe tollow ng

sections, dEvieliedl@escriptions of enbodi nents of the invention

20  FIG. 9 illustrates an alternative embodiment of the sealing region in the exemplary

device in FIG. 3.

DETAILED DESCRIPTION OF THE INVENTION

The present invention includes methods and apparatus for manufacturing an
Ophthalmic Lens with a Multi-Piece Insert where portions of the insert and
25  Components comprising the insert may include aspects of sealing and encapsulation.
In addition, the present invention includes an Ophthalmic Lens with a Multi-Piece
Insert incorporated into the Ophthalmic Lens including the aspects of sealing and

encapsulation.



will be given. The description of both preferred and alternative
enbodi ments are 30exenpl ary enbodi nents only, and it is understood
that to those skilled in the art that variations, nodifications, and
alterations nay be apparent. It is therefore to be understood that
sai d exenpl ary enodidivernd shalgressnt idventidn, th Energiyed Qfhthdhaicubabsid formed
i nvention. G.OSSAR . Iln this description_ and clains
directed t owtﬂﬁsénﬁégesﬂ?de&_sm%% lgreﬁrgsogwra%uf i %emﬁﬂalcals@&i For
which the fghkowhdtheQtirhdd hbARFoMhE End! Yo some emb&BEHEn{sUhY Sndd BEE:
as used herein tefers to a solid element of a Multi-Piece Insert

t hat, when sgspnbhgtheilinengyt Parewird encaperlnted wind isobdesLifygman|eoviatrinent aro
the side.of the Ophthal.m.c.Lens that is on the back. In an ophthalmc
devi ce, %ch%éc‘?ﬁ“e(?@q%ﬁlllﬁL%IFB]E?ﬁ?CL\d on the side of the insert that
woul d be closer tPsdi€eBaifents, £VRIEPIdcaGRertlalokBcI6 QR R fRhissy,
t he Back Curve Piece rra)]/ipcont ain and include a region _in the center
of an opht h&ompenedyiase Enprgyphireshi Yaripusghnbadiypenys gwadeaclidn the Midti-Piece
wearer's eye. This.reqgio : I i .

enbod ment & e ABE ey B 3y, ComBPn R, s Epd el Sopl o BHUFE

contai n or hagheeeoS®ptidal Zbhe Mikodghevliclgh arsrer Bf aNOEhthusk Léan@oulkin
sone enbodi nents of an ophthalm c insert, there may be nultiple 15

Back Cut¥e Fieedeler amipdiinents may Hastidrd/ Palise) HaeruHE), Qomroaentysid Energy
whi | e ot her QoY t@%{ﬁ‘@ Q]!ﬂ%ﬁl%n ‘51128 'thg{ %:R/Srsglfy AtecAE lé{g‘ﬁ?%% a gontact Lens

Conponent: as used herein re evi'ce capabl®e rawm ng
el ectrical osarenhdthoofosnthEMultyPiGeUnseet daa lgpeutd hem witdnoor extarier af, aa
change of | qgi.cal_ state or physical state. 20Energi zed: as used
herein ref eMBUEH 4RE state of being able to supply electrical current

to or to have el gCiLjefAl acER@NEYoShRAE SAbWETEND of the presER E@YoRS MR
herein refers to the capacity of a physical systemto do work. Many

uses W thi nPiEa¢ fsertvemtdgoatedranyo aeDphibalnoc flees viaiadtooegtiavithal phetsan abl e
to performel ectrical .actions i n doing.work., 25Ener our.ce; .as used
ner bi n ref ePSSES SquE A & deTAnTuoS R i MERERE BY B ARG G
bi onedi cal dpKineRnicNeA8 ERCEAbIBEheft M place the EABHIToHPONEE @ESthe AS
used herein refers to device capable of extracti ng Energy fromthe

envi r onnent Ophthabwisiens may emplas] enetarineqrp sEphgre (ameprneis eyescpicd gad
as used her g&l‘@r@%ﬁo&ﬁfl%e?or%pﬁe% bgm BSAIR@%TF%L%&%[‘S]PM!GE! - Pi ece 30l nsert

t hat, when asse 0 e sald inse occupy a location on
the si d&) of the Insomeembodiments, an Energy Source is placed in electrical communication

with a Component that can be activated on command and draws electrical current from
the Energy Source included within the Ophthalmic Lens. A Component may include,
but is not limited to, a semiconductor device, an active or passive electrical device, or
an electrically activated machine, including, for example, microelectromechanical

25  systems (MEMS), nanoelectromechanical systems (NEMS), or micromachines.
Subsequent to placing the Energy Source and Component, the Mold part can shape and
polymerize a Reactive Mixture to form the Ophthalmic Lens.

In the following sections, detailed descriptions of embodiments of the invention

will be given. The description of both preferred and alternative embodiments are

30  exemplary embodiments only, and it is understood that to those skilled in the art that

variations, medifications, and alterations may be apparent. It is therefore to be



Ophthal mc Lens that is on the front. In an ophthal m c device, such a
pi ece woul d be |l ocated on the side of the insert that would be
further fromthe wearer's eye surface. In sone enbodi nents, the piece
may contain and include a region in the center of an ophthal mc

devi ce t hr oygHerstbdCihal dadhdx ciitarp cRHBEEGhdnf & A BnhERE 8Epe YR unlililSing
region 5 may be called an OQptical Zone. In other enbodinents, the

pi ece may takent:m. annul ar shape where it does not contain or include
some or all of the regions in an Optical Zone. In sone enbodi nents of
an opht hal ”hids%ﬁﬁi , there may be nultiple Front Curve Pieces, and
one of them—rrﬂy—rmiude the Optical Zone, while others may be annul ar
or portions of an annulus. 10Lens-Form ng M xture or Reactive M xture
or Reactive MonolmehisNexdriptien aiMihimsakircoieddo therpedsented ideatidr) variciBnansr

or prepgl yner paterial that can be cured and crosslinked or
crossl i edmﬂsb?B?%fghwgﬁﬁtt%ﬁ%ﬁwmg&?énﬂ%?W&ﬁgp ¥bodi nents can

I ncl ude Lens- For &Q?Mé‘f’fé&é%s%édme%ﬁré}érs@@ﬁ§olﬁpéiéﬁ1{elﬁ%?amﬂgf}§caehf or

exanpl e, UV blockers, tints, photoinitiators or catalysts, an er
addi ti ves uledrtithat, whep htdealbhidintbShe sese msetiopillascyr lacitioaron the side of the

i ntraocul ar Lenses. Lens- Fqrm ng Surface:. used herein refers
to a surf acglﬁtﬁajfm? Lenidhg g gn %ﬁ@%nﬂ@fﬂf{lﬁﬁaﬁ“&a‘%@ﬁ& Suf]ﬁag’(?ﬁ%womd%e
embodi ment sjocREY o tHeltideWrHRCBsGARaNRMRd BB cRREE Mle ﬂé@%ﬁéé&e%%fﬁ&? gn

finish, which indicates that it is sufficiently smoth and forned so
t hat ari 00phsommed emkodinaenss,$he BackeCursie Riegaady lsyntaineind dhcluderd tegionamthef an

Opht hal m ¢ Leps 20f or.m .materi.al i,n _conta with the din ,
surface 1 5 SO ehit SR TG Brogel WERR R oik PehiEalbh By fave
Lens- For m nphiStdpidtaag BélcdIRd @n D@iesliinkY T Habr drfbdURGERS, Ahy/ pikee tAPRkE
to the Ophthalmc Lens surface the desired optical characteristics,

i ncl udi ng vinaRelar shage tdereihdoasbeantain or lshe seiaa Pt alheaf by regiensiin an
pover, waveglfant, .qﬁrs&h%(%ﬂltbﬁgﬁﬁe% tdf%ﬁ;opﬁﬁ%l%?gnﬁ %eﬁﬂigl{e%g@ybe rméltiple

correction, Or conbinatrons ereo ium use

her ei n 16ef eBakt@uranPrteac indalasfitioah neeglihclvdeahe Optitdl iAohe, I viiiR: oilstemay be
through the ce]J]l to generate electrical Energy. This el ectrochem cal
cell, typi PP rE%qugﬂn%Pf@&taP%‘ﬂly? may be Reenergi zed or recharged in

its typical for . 1Bl - | to
a formabl e or r{%Ilépoggrﬁté%ggteghggegg%#éggﬁaéet}/ﬁ)%?ra Péﬁgogﬁﬁ%%@r%y %Er ce

wi t hi n an Quiehiafror en Beegzy Sonrcedopedmioocianemtas of hehdRe MildgicaPitae ®r
I nsert al so sulg%ortts one or nore Conponents. Mol d: as used
herein ref dMYSEY S gid or semi-rigid object that may be used to

form Oplt hal i ¢ HRASAN: he Q¥ WBH Rekrf @ tHsiale FB8ing 2B RS FEkSF cal
Mol ds include two | d parts formng a front curve Mdl d part and a

back curve aukudt toar to haysteldrationl Energpistosed withis: as used herein refers

to any ophthal mECneggey\:/ LS Fseh r111‘?31;[ein refers to the capacity of a physical system to do work.

Many uses within this invention may relate to the said capacity being able to perform
electrical actions in doing work.
25 Energy Source: as used herein refers to a device capable of supplying Energy or
placing a biomedical device in an Energized state,
Energy Harvesters: as used herein refers to device capable of extracting Energy
from the environment and convert it to electrical Energy.
Front Curve Piece: as used herein refers to a solid element of a Multi-Piece

30  Insert that, when assembled into the said insert, will occupy a location on the side of the

7



resides in or on the eye. These devices can provide optical
correction or may be cosnetic. For exanple, the term Ophthal mc Lens
can refer to a Contact Lens, 5intraocular Lens, overlay Lens, ocular
insert, optical insert, or other simlar device through which vision
i s correct edphthai®idilfeh©hat 8lontthe RHh I 6FhtBalmhiPINstePbRBY Pigce would be
cosneti cal | g] enhanced (changi ng ap?ear ance of iris color) wthout

i mpedi ng vi Hicated onghessdeolkthe byerttnt wouldihe favteardrone thecynat i 3 oyF swifsss 43
of the invept] t jol J

ol astomer's. SropoaPidRlts: RN A iy CBRARR AR ARG obloRh So (ehBEGen
area of an gphhilalieidehfouih Moidiight el pocsedings thefwdahe’s@yht Mhisrégion
Lens sees. Power: as used herein refers to work done or Energy

t r ansf er® edmgsbe galled ax OpticehZongs dp gihys swbedigienisels @regr Ry teke Aanpulay
her e 1 1 ef elmpb QiR B8R ot bayifih oPRIcRAISERE BF B of fhe Fetbrlif allCipical Zone.
hi gher capacity to do work. ny uses within this invention 15may

rel ate to thesonapabhbddimyntebf eopighalast ioseeq theoe mag batmltiple Rranh€urve

ability to flow electrigcal current. a certain rate for a certain

oest abl | shBiots el B oifem ey g e PiCH FBehBlGrthSS by TR aBRU or
herei n ref epgibRs ffarPfhulRb, restoring to a state with higher capacity
to do work.” Many uses wthin this invention nay relate to restoring a
devi ce t a st at bemi-Férmihg Moaipadot ReagtivoMixtow wlResttivaldonomer Mintuzgt a

certain rat or a rtain, reestablished ti eri.od,

el eased 1 OVRDVGH thed Rt ierh i SRR R Py PriRg RE Rt G pa cap be cured
Opht hal m ¢ h@Né&rokstinRed HedrossARRddED Fhivn &€ OphaaBAicileam Vhgodntbodiméss can
only loosely attached so that it can be renoved with nild agitation

or pushed ofrclugictliengrFemaing Mixaukewith aneor mewrddsives pedhtas Joy pxaaple, UV
(SI G Devi cegy.....as .used, her el f t r,Qd: 1. NG:
technol og) oBoPRgS LA PuOBlHiflorE: Bhiphf onf e RN EL o B BEREARAG
cont ai M & eCédes ahchaRC ok bf drecduddiileatesdevi ces, into operative

i ntegrated devices by neans of stacking at |east a ga'%rti on of _each
| ayer upon each bemeFormppg Spucs: as gy hewprelas laopthIGe Hat atprd Eymgid an
various typ erials NAReS, i : 1
may be mde%?th\ggélﬁ&ggé'dglvﬁ%ce- pré)gggig}t%r?ﬁ g%%}ﬁﬁ%g?gﬂagefa %ltla ﬁ%%ﬂﬁﬁ%ﬁy
assune var i surface dinfshuwhich @rtidats thhiGt 1sENSES:ntHrowmeddampforoed-sqihatan

t 0 to f ht.hal m ¢. devi ai ni | ed and
encapaul at cQPMEENELRESHEEP CEDInedhE CASBUTRCHE P OF HAQBGAER SR ar y
front cyy Vefdﬂh:%l%agt?eriﬁﬂﬁ BnfaBl ik NG RAathpGUFHE: i%bﬂclzall@:'acc HlaSkUrther,

104 and a body of the ophthal mc device nay be |ocated inside the

front curveinveime embodiments, the Lens-Forming Surface can have a geometry that is

necessary to impart to the Ophthalmic Lens surface the desired optical characteristics,
including without limitation, spherical, aspherical and cylinder power, wave front
aberration correction, corneal topographv correction, or combinations thereof.

25 Lithium Ion Cell: as used herein refers to an electrochemical cell where lithium
ions move through the cell to generate electrical Energy. This electrochemical cell,
typically called a battery, may be Reenergized or recharged in its typical forms.

Multi-Piece Insert: as used herein refers to a formable or rigid substrate capable
of supporting an Energy Source within an Ophthalmic Lens. In some embodiments, the

30  Multi-Piece Insert also supports one or more Components.

Mold: as used herein refers to a rigid or semi-rigid object that may be used to

form Ophthalmic Lenses from uncured formulations. Some preferred Molds include
8



5102 and the back curve Mol d 101. In sone enbodi nents, the materi al

of the body 103 may be a hydrogel material, and the insert 104 may be
surrounded on all surfaces by this material. The insert 104 may be
one of many different types of inserts. In Figure 1, there may be at

| east one sgal REIEpHrTsABANHER fidht theeMSI8 phrt hd a bRKNGvENRMEpAENt S MRy

10 include different types of seals and éncapsul ations, sone of which
are discussed i nophﬂléhmg é@m @rnlsensmelsa@ bergm refees t@m@a oghibelntio cdewag/ that

create a no

Comaomeat 8 Tl Al bRt el e RS B Ble SRR BR I Bhupe
exenpl ary eeﬂmd:nerenbr SQehphd, tiseatietn OphelahBRiTidiaka efdey b CRntast Defy ct ed
in cross section. An ophthal mc device shell 230 nay 15 surround the

embodi nmeht  PiBoCUTad copetvieriZgbensa gl INgRTERtie) inspd, st sivbidaideeia
eo!
100 depicte @:édgh%ﬁclfvﬁf&ﬂ lgg%rrééé Qfﬂ%dlﬁé‘ oPIhr&}gﬁ%%%@ g@é@l@&%

i ncludi ng, ftor “exanple

200 may al Smsmﬂballjeenaﬂnaeﬂsiel’(dng&@&ppd:aiamrﬂifnﬁ‘dw@ﬂ) methbst, intpe@ing Mistdrd. In

240 may be conpri sed Ofﬁgﬁ pleces and it may utilize seals of
et e%él

various 20kiomyserpbpdyaent qdr{JpiythalmigLenses of thﬂrm‘@n%@eﬁﬁ% fonggo
may i ncl udey g @Mﬂ%ﬁ&lﬁ‘éilﬁ:@néé‘iﬁ%m@%r%? mgei@y i nclude, for

exanpl e, activation elenents, processing e nts, energization
el enentld, and sebgticayZeh® aensesl. heidumesters so mnmaqneﬂira@phﬁalsub érpsthnayghbe

relevant to i ncl usi f Conponent devi ce |layer 210. In sone
enbodi ment s% ﬁ?ﬁé‘“ﬁ?ﬁPgaff&ﬂﬁﬁynﬁgEﬂﬁ”ﬁﬁhered to other Conponents,
such as, for exX e ;s as%e@ﬁérbﬂﬁerefé%tb%rk dend &‘%n%?é}v trRRTPre8 pbhihit of time.
resultlng insert is then fixed into an ophthal m c device as depi cted

in Figure 1. Thkebeigesblopt Reclergiznbie: s 220 havein teéeratd 4 eppability of being
i t th fill with t i ff .l qm sci bl
rent scus- {Yase SHIA LD G Rtel B R A S S TSRS

GROOVE15  may rePit@ &el6 cayibilly 6f Béih€rediordll toRaGRd WaH (16 D5i5ty $€ Abivlechical
t he edge 300 of an exenplary optical device 220 is shown. For

exanmpl e, t HATERLEGFSIIpRASE fas0Casian, resstapletigd tivswsripthase 350 may
represent the two, c'h@g@?g%& %E? agﬁsédhe?elﬂ?d&bé?&&n Eéf%gre%%r%g J)g‘at%te

Lens. The front sur he "acti ve devi ce

5separ at e pwiickighat @padiiyab deardrbuMaal @sdsrvaicten g ﬁnlveﬂtamen@ ke foave
been deposited. Thg nol ded Front Curve Piece 310 may have a gl ue
groove, redg¥ering} deyies togorgate Withdhe Gapebilibyig Hlovhelesigi copeatt 9 f@tain rate

mol ded pgbuts,s£Ra%AL %es%%ﬁghe@{fn‘{ fiQce 340. This glue groove 320 may
serve as a receptacle an ad esive, sealant, or glue, as exanples.

Released from a Mold: as used herein refers to an act where an Ophthalmic
Lens is either completely separated from the Mold or is only loosely attached so that it
can be removed with mild agitation or pushed off with a swab.

Stacked Integrated Component Devices (SIC-Devices): as used herein refers to

25  the product of packaging technologies that can assemble thin layers of substrates,

which may contain electrical and electromechanical devices, into operative integrated
devices by means of stacking at least a portion of each layer upon each other. The
layers may comprise Component devices of various types, materials, shapes, and sizes.
Furthermore, the layers may be made of various device-production technologies to fit

30  and assume various contours.

OPHTHALMIC LENSES




After the Front Curve Piece 310 and the Back Curve Piece 340 are
brought into 10proximty to each other, either before or after the
fluids 350 and 360 fill a cavity fornmed by the two pieces 310 and
340, the Back Curve Piece 340 may be advanced to firmy register into
the glue groove B2fReccdheteRituRrl, aRBpmakes i 0ktoI3fn bphthhieniddpdsdst ed
into the remaini ng space of the %Iue groove 320 to create a seal ed
regi on 330. coHaigEEscelabar proapshlatediingery is depictsdy d he sprasatys peludse a ed
around the | ' ] ' inGe

Numer ous med RO EryE BRYE A 102 Gnd b SRINHAD, BAck ohFRAVBIHAAT Ad fiker 104
320. Sone eafmbabodni(® oftle opithalohéc dgvidd may bolvchipd dpideytha fival @sye s®ld

thf | . OREL : | )
Geposi ¢ B nt 604 e tye Racigrust Moo b Brsmpeared oty S8 MR P APLORHeH 3
ei ther caus ﬁﬂgt’og ff4}}g¥8 r%@f'ﬁila{%ﬁgld abty 138 Rderd li(ﬂhﬁvgf BLsubloBRAM & alPhurPlBely

standard nean ng seals and bonds. ny types of adhesives
may form t hthismategdl.r egi on 330. Table 1 |lists sone exanples of the

types of materials that be utilized f this sealin ..cation
and possi ble. r eopheiioet 0B onane of Aty tered) i Binsfif A8 Taig 1) Bre
repr esent at {40 b RATAGIRE ksdidEsurfke 305 BIREHA0S. DcR3BodindnkEmay

cat egori es. e ordinarily skilled in the art will recognize that

25mat erl@l sinstudedifférant typrssd sehlsandsensapsulagioas, somgef whadh ate disepssed i
t he scope of .the clains. Ta 1 - Parfial Listing of e lary. .
soal i g mat a5 arafondy The uskd e dpretill o parihisBehe P AR Rigeyice
Materi al Exesfpidded ofaRembshabbn bf Chimp¥ndaOwith BUSERINS séalel fegivhonent -
hi gh tenp cure, excellent adhesive, bi oconpati bl e Two Conponent -
fast cure at anbPeeeeding cligwsts Br pranyolagygmniodimenig00 of said novel

ophthalmic device is depicted in cross section. An ophthalmic device shell 230 may

15  surround the embodiment 200. The shell 230 may be formed by the Mold embodiment
100 depicted in Fig.1 and may be comprised of numerous materials, including, for
example, hydrogel compounds.

This embodiment 200 may also include an insert 240. In some embodiments,
the insert 240 may be comprised of multiple picces, and it may utilize seals of various

20  kinds to assemble the insert 240.

This embodiment 200 may include a Component device layer 210 that may
include, for example, activation elements, processing elements, energization elements,
and sensing elements. Numerous encapsulation schemes may be relevant to the
inclusion of a Component device layer 210. In some embodiments, the layers 210 may

25  be adhered to other Components, such as, for example, an active optical device 220,
before the resulting insert is then fixed into an ophthalmic device as depicted in Figure
1. The active optical device 220 may be a liquid meniscus-type Ophthalmic Lens
filled with two different immiscible fluids and then sealed.

SEALS AND ENCAPSULATING FEATURES — GLUE GROOVE

10



Silicone Systens One Conponent - resistance to humidity, high
flexibility, Insulation, Optical Clarity Two Conponent - Strength,
Superior Flexibility, bioconpatibility UV Curable Systens Fast Cure,
grades with Flexibility, vapor free LED Curable Systens One

Conponent, Low TepResdgiosrigRR!3) ﬁ@izﬂFﬁﬂ&dBﬁis&’Hée@%ﬁ%ﬁﬁﬁ ¢dRt BO@bfan
Carity, Insulation, Flexibility Polysulfides Underwater cure, high

Strengt h, hexpinRaeepteddsviane?0 Byhawac For exaew] Bitlcasiwpeus thiake 3@3/and the

R (D R

Pr ef or m abi Obhthaln€ix Cehd. ETHe i ghihded 0T A0 Hotit€HalBE a Mallled

Systems Fo Ogepggl?c;[ I?igée oGrntéi %(lalischLv%E'igl)l(s fﬁggtz'o%gsmetal layers may have been deposited.
The molded Front Curve Piece 310 may have a glue groove, recess, or slot 320, which
will then intersect with the molded, but separate, Back Curve Piece 340. This glue
groove 320 may serve as a receptacle for an adhesive, sealant, or glue, as examples.
After the Front Curve Piece 310 and the Back Curve Piece 340 are brought into

10 proximity to each other, either before or after the fluids 350 and 360 fill a cavity
formed by the two pieces 310 and 340, the Back Curve Piece 340 may be advanced to
firmly register into the glue groove 320. Thereafter, an adhesive 330 may be deposited
into the remaining space of the glue groove 320 to create a sealed region 330. In some
embodiments, this glue groove 320 may be located around the entire periphery of the

15  Ophthalmic Lens device itself.

Numerous methods may effectively apply adhesives into the glue groove 320.
Some embodiments may include application by spray nozzles, as with, for example,
printing equipment, or other embodiments may deposit into the glue groove 320
preformed adhesives, which are then either caused to flow and bond by heat light,

20  pressure, or other standard means of forming seals and bonds. Many types of
adhesives may form the sealed region 330. Table 1 lists some examples of the types of
materials that may be utilized for this sealing application and possible respective
embodiments. Table 1 also describes some representative characteristics of some
materials in each of the categories. One ordinarily skilled in the art will recognize that

25  materials other than those discussed may also be included within the scope of the

claims.

Table 1 - Partial Listing of exemplary sealing materials, encapsulating materials

and coating materials

Material Exemplary aspects of utility

Epoxy Systems One Component — high temp cure, excellent adhesive,

11
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atex Systems essure Sensitive

gpf)ahcatlons Food Contact Grades

Polyimides Photosensitive, Preform-ability, Flexibility
Parylenes (Vapor Surface Treatment, Insulation, Conformal Application
Phase Film Dep)

Figures 4A and 4B illustrate a different embodiment 400 with a glue groove

495. This embodiment may be comprised of a two-piece assembly with a Front Curve

Piece 410 and Back Curve Piece 492 with a cavity between the two pieces 410 and 492

used to house an active optical device, such as, for example, a meniscus-type

Ophthalmic Lens. The Front Curve Piece 410 may be molded or formed to be larger

than the size of the active optical element wherein the extra dimension creates a

support area 415, which provides a mounting surface for Components, interconnects,

12



attached. An exenplary Conponent 491 may include, for exanple, an
integrated circuit attached to the connection point 460 by conductive
epoxy as an exanple of a conductive material. In sonme enbodi nents,
the attached Conponents 491 may typically be adhered to a support
area 415 of atd&chfvany ndMenas Bipessr fk&ﬁnga%oétbenguMA ilBRirhte hIEIGnIQIfged
adhesi ve underneath, or in between onent body and the
attachi ng sﬁﬂmh@éﬂmébﬁﬁﬂdgﬁnﬁiK@dﬁ@@lves may al so subsequently be

applledtothel C qr. ot

encapsul ate it antebEiel [ietbnRbabl He e A Bued Ya0sRe Ao masie
in the croskcsedbn dils enlaged Fi:—dmeoanr@ﬂeml@. A eéme emvediiRatsiheset 93.
The nature of the seal deS|(8ns that derive froman enbodi nrent 490

with thi% ptgkcoosefouvres 480 aed 485may Fennset tgiegeigtaten plaments. sush pevibhg
sections in
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surface for the glue seal region 515 hi s enbodi nmen t he Back
Curve Pi eceﬂnmlaﬁa@rf@ettbﬁicﬂ@ta@taﬂ@ gremeéntg The nsawmay inghideforntiag def i nes

an interior Vi 5 nd_an Qr._region 0 o

Mesult§ ng. el hbigheRTont S Ao BisE e ardrite TP P ool
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Curve Piece 510.is located into pl ace, cau5|gg t he adhesive to f| ow

around t he SRediBENtS. e ensgpaiaiionzoatigmagaccy elormeitdtice ppplicatien of arber
seal regio Vi d before the Back Curve Piece 510 is
noved |ntoQ§?§%gﬂgﬁggﬁg{k¥%§ 15 Front Curve Piece 540, allow ng the
adhesive to fl ovFlgmreuﬁdepﬂeeemsaaldﬁ'@ctlbﬂrolﬁbﬂ:gs hmmhna) foeralthalothed chenskctibn
sone enbodi.nments, %gg Iue seal ion 520 fill d with an
adhesi ve i iT2SS &P tpé“d“?fﬁé’ﬁle ‘ien%qnﬂﬁj%m ‘Pfg1“§ dedpqef(@flg?ﬂt
materi @by f rgfutelauth hs trolCddhipye, bl al's of
Table 1 may be usgd in %aldhgfaogbﬁgﬁggﬁ %%t T ?%@ﬁﬁ mm@ﬁ%ﬁ% IS
not |i nitedttachedt Hen mmpiﬂry é‘@h&wnmﬁgwﬂ ana‘yundud@rfomamquﬁ amqﬂwansd
conditions or th relat fornmed seal ants t

Che gl ue sdeup afiRe alhe Suieisy pdiof ol Sx SsirRrey B st

syst em 515,condibtive dfhterRk Oln sohfd éﬁ%bdlﬁﬁeﬂt@(%ﬁé @t@hcﬁé@@@ﬁ‘lp&&nk}"@l%ﬁﬁr
edge 560 of the Front Curve Piece The m ni num di st ance between

the gl ue sdmpicalbpcoadhsied teaduprost am—:t é}S efthe Femo Conel Ricesl 418wsa themungdére

25 houskng 491 ch_as r e

ot ogr apod it Ot G Sacn B i, ineT SR fekf B8 MDA kg e
a flap, eth&ffScteOrCoaﬁhgﬁ@mﬂhéﬁ@@ BPalthatbs@yicaN be ihiRicBaS theGhile dal ece
510 to as far as the outer edge 560 of the Front rve Piece

Thi s append#geit seihppGompensat 30 liigamcinsklsbnis and capnediiorbnlyogt Cﬁé’egl ue
seal regi Ofp; é:%qil ng&s sH%Hé‘[th@r Fc;sgg dtﬂg nIthgeég? %gg%% é%r ve'ﬁgé ?eaﬁlr ur €

6, anot her exenp ary e inclu I ece

of a Milti 4PBedhe hawerdf thmdeahd%is i desvdiremeanGbibodimerdt BDS with this back
enbodi t he gl ue sea |on may .span the interior CaVItY 620
bet we eﬁBt heursdratue 493 willde 1 sggﬁﬁeghlat}{eﬁgllowmg sections in some detai

Proceeding to Figure 5, this embodiment 500 includes exemplary sealing

features of the two-piece insert embodiments in Figures 4A and 4B. A Front Curve
13



14 Front Curve Piece 640 froma fornmed feature 625 to the outer edge
615 and nmay be nodified to include the Conponent 491, such as, for
exanpl e, interconnection and integrated circuitry. The forned feature
625 may have a dual purpose of defining a glue seal region 620 from
625 to 615 fiwde p4®yT dMudti-Piaca ngeg, Sisoirecefodiméms, e th theloae thode snay

In anot her alternative, enpodi nent, the design of the Back Curve_.Piece
650 feat ur eCEHHHNAAIdedQ igracd a%%%ﬁe that @é&ﬁerff%&e&ﬁlagm?%ec%ds’é@ﬂgo

615 may be anégi@@!%a ;@@g%ag ﬁeegg&g?daﬁ}dtﬁ}hﬁd %@Eé’gﬁfmicﬂ‘éf&ﬁro&e@%ay

interior cavity 6 |"ap feature 660 and a sealing
f eat ur e 610be depositdtefoghagowgairpasey i lnrsof2@nfbodim@RS like tiéit Showdr) thehléront

mat eri al s of, Tahl.e rovide exanples. of_the materials that.,may be
effoct VB | FUSEalitisg D e HEHES A PIRIBIRCT. SO EoT hEu, ORRODHEHAE B BANS
general per sRerdiones20! ITHEBAcRTRRYPRESS E(PofRRE VAN P QM Thidrdhgy Rivk at hat
nunmer ous enbodi ments of the glue seal regions and the Front Curve

Pi ece and BawkdedtatercPhasderniscthe mratisg mejadsdoptha ghuesadl regind Sdfichn this

devices are | l. within t scope o e claips. 15 SEALS. AND . .
ENCAPSUL AT REBPERF e ARG REEBReEr) A Lt Purd o P PEY Sipigh then
al ternate egbmtsaRMteridiadaviti fdgisess (Pandi ahfeR te@iat rdoydres W ofIB@tesElYiaS glve
745 and 720 that may seal a Miulti-Piece Insert device 700. In sone

embodi nEht sseal.he nature of at | east one of the seals may involve a

conpr essi on seal 1. Eﬁ'&e td\ﬁ%er?t r{‘l %'se-[j: 0 qi'nﬁ% Qoe'ﬁl?cjd%'ﬁ‘?an
an exenpl ary Back QIS GRS Wt surface hat
conpr esses adtekive beHeadhe Biick €akvs Ried28L,0 inb cated ity pheef @iugiag tlksadhesive to

deposited seal from various _adhesive_materials, including, for .
exanpl e, t hBovKAhetwq seeking regions 528 agd 530. Altemngtively (b g seal region

embodi ent, sidig,s BakiDILLBAI HEBaIRRURRIPIDS A0 iELRILOIRS bacOrdhindihat

is placed into a groove /50 I1n the Front Curve Piece
creat esla 2Brohpunsdietel WOasliowing dre adhesivetml flawafoend theawvifP (romm Hotb 2

When pressure, i lied to the Fron rve Piece. 3 and th C
G ve. Pt ecessihgid SO0k IR seBeHoolRenin e s 1o Diehisd 20 Tauurd Hyed Vit an
feature 745;qpsithen 5@&&@&&&1@5&% if4NeARE sdrh@oSd BticRImbRAA L 6m 1RO

in the groove 750. In“sone enbodi nents, an adhesive may be pl aced
into the re§steodvityHdlisgsiep.nghevotans nragiaoof Table 1 haybeased @ueie Pi ece

310 and the ck 30 e Pl ec 40, i.nt o t.he, gr.oove 750 n.thi .
orbon ment - ebemep Sy T hsduddDpiel Rot il BKE wloSr adhBel Il 8 fonction
a fl ui 2ihasesticr hgubods bR r edediomeditivelynsodidigefoaibDstammnits filtthe s
type of seal may be used for sealing needs in the Ophthal mc Lens

envi ronnent glusseah reg@on $Hk exanpl e, the sealing system denonstrated in
cloure o SCALS MROGAESAAL Y SET g s 08 SISty sy
located closer to the outer edge 560 of the Front Curve Piece 540. The minimum
distance between the glue seal region 515 and the outer edge 560 still allows for the
25  housing and support of a Component 491, such as, for example, integrated circuitry.
Other alternative embodiments may include a flap, extension, or appendage
550 that extends the Back Curve Piece 510 fo as far as the outer edge 560 of the Front
Curve Piece 540. This appendage 550 may serve a dual purpose of strengthening the
glue seal region 520 and further protecting the Component 491.
30 In Figure 6, another exemplary embodiment 600 includes a Front Curve Piece

640 of a Multi-Piece Insert and a Back Curve Piece 650. In this embodiment, the glue

seal region may span the interior cavity 620 between the Back Curve Piece 650 and the
14



seal a Multi-Piece Insert device 800. In said enbodinents, the nature
of at |least one of the seals may involve a knife-edge seal 845

bet ween a Back Curve Piece 840 and a Front Curve Piece 310. An
exenpl ary Back Curve Piece 840 may have a sharpened surface 845 that
can | ock i nFnatahRaie&a0ifgn b EairsddefidR-625M0 Mt&rébgéiésrsemd,mwme
10seal ing feature 820 may be forned as a deposited seal using, for
exanmpl e, t hBoddiedde ncludstthe Camgonant $3bsuchias, fareapmplepingireanneeiiongpd

i nclude an Q1] 2 r .into
"ar oove 50 el HRRcR" Fhe ey bERLEEs HED sheh abRbuRB P bR iShuld
into the segluksenl tegdn6H) BaM.624lté 6t haid previdingfiostiiiglsatfacy fof freddd
adhesive. material may be applied to the groove 850 to create a
seal i ng ¥ eatl§FtE?9820 i nto 15 which the knife-edge feature 845 may be

forced. In enmbodjeRis WhELE; I . j :

adhesi ve, the Fr%nt g%?ve pggggﬁgggﬁg%gﬂ?ggé%§£§ﬂ§§§3g§gﬁ§§gﬁ§%gsgay
be seal ed afedtuselfidsthaeleyided hithegubyed hepicubItaftemfeas nedl Hinay be a single
kni fe-edge surfa 45 into the sealing feature 820, |n other

enbodi ment s Caec 61y 5 G tomla R ey &t teaan carisy _ﬁ@%wﬁjﬁwdtweé Bep
seal i ng feaehiuge §RPanda &Hﬁﬁffé‘dﬁ% 6 RXRPIhR lpYueSeRRe SBY 626 fole25Ab 335 NI
an adhesive into the rest of the sealing groove 830 to |ock the Front
Curve HileceTllmatgrialsofidabgdiprexide exdPidesof3u@miatiriolsphatoeay Wereffestise in
speci fic enbodi nen t he kni f e-,edge sealing, system 845, 820 nd 850
Th Che opht TN S nsheiall of LEGatiegiren i AuRhuaLar g ey be
meni scus enggdu¥RAbne JiHiled IntA@a1@ that Bdhbdds SYiBbEMARDS t28ue safreBRMs
could al so be 25effective in other types of sealing need in the

Opht hal mi ¢ 4nsriBe Brpt Foriredtiece and Beck Eurvediicesdaaiyres mavHe peticalh gndsuchhe
type denons i I Figure 9 illustrates an
aIternativékéﬁ%ggﬁwgﬁrkgﬁ&ghgﬁppgPgtSéﬂ#§%é seal in an ophthalmc
insert device 900. In this enbodi mrent based around a fl ui d- based

l'i qui d 19eni SEAES ANjo ENEARSUBA FING FEAFVRER-0@MPRESSION SRALI - Pi ece

Insert and a Back 30 Curve Piece 940 are | ocked together using a
sel f-1 ocki ng nmechani smtao seal and . encapsul ate said Mil{i-Piece
Insert device Qgg.gurﬁsfsmf"?tfqt?f&iﬂi@”ﬁ@c@?ﬁi’ﬁ?@é@“d‘?@ﬂqeﬁééj"léerﬁ?tcqu of
lip 970 extadivagn 74k knitheyadas Veal-tlte Blor aBvitdeoBagkofdr ve

Piece 940 and a slot groove 960 on the Front Curve Piece 310. \Wen
t he Front Cubadirpeidsdh@nauegrod at leestBae kf Begrseals Piagdavod6a enneprpssinettal

t oget her, th raofile li 0 and .t he t oove 96Q create.a .
poai t1 vel y TERREIoeerSn T i TP o IS B Fasteplagi it Gy Pisss
nmay al 20 cre@twittaa SeiRe g9s Han chffbded BndtBer sehlitteleatt S TI0e whit may be

kni f e-edge feature 945 into the sealing feature 920. It may be cl ear
that any offormed ase dapesitesiessnl fran anibensi adbemive weleanlst inglndingkior prarepigehe
may constit AL W DA e inventive scope herein. 10Anot her

opti onal fég%ﬁ?%gg$%gﬁ?zagégbdinent may include a recess 930 al ong
the entire peri gherspedfic tinbodialeht, titcdehlng: feakd TE0 e bam slast02@ric 84ng

970, 960, aﬁd_950. Sai d recess_930 can accept_.an adhesjve or seal ant,
such as, fdratdBigprdeinta :,gropus &3 i the Frombfrunis Pregs 3d 01 whiehicesatsiiodi ment
900 depigct ' | d I i . i .
Fequt 1 2omu ST SELREARA bPthe AR Bihuite Ja0 Bl 188, el BROGHERpIRY
i n Fi gure 4k Feons€hfvelRiedei 31§ agé did BapkrBohaRiese’7 9 @, coBpbessiOi Bcal D,
and 950 may, provi de addi.tiqnal djyersjt f _uses.for the concepts
embodi ed by ¥uIeER frscalier e 48 theck GURE Pires g SukBRdrars;
seal i ng t heedthidi B0GR MABHWT7 I Th 9lRe BfbbiithchRNELhaHbivE Hﬁ%@le@ml@a W&

Lens, while a second annular ringed piece my be subsequent pl aced
wi t h an i nrikg reshefitheseabinagraamd 730 toolotle thedimontl Gurve Bikce 8 10 amicthe Back he

Qurve. Aecd s FisEe TaPEie BRrsl REhER o B oh R swe prees i
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METHODS AND MATERI ALS FOR | NSERT- BASED OPHTHALM C LENSES 25Referri ng
back to Figure 1, a diagramof an exenplary Ml d device 100 for an

Ophthalmc Lens is illustrated with a Multi-Piece Insert 104. As used
herein, a Ml d device 100 includes a plastic forned to shape a cavity

106 i nt o whigbplahdiensddvdtedonerind xfiuitdasadlidied ﬂieﬁnaﬁlﬁ@ﬁbcﬁuﬁéhti inattharpon
reaction or cure of the Lens-Form ng M xt ure, .an Qpht hal Cg§1 8 s of a

dﬁSl red shapebedmspidiliedpe ThisavbryBe b fbyeglingneads imthei lcgens
bi eces 101 ARG R T B SuplR) Bo 0RRe 3N etoRAh S BFMER.  her

in a manner that forns a cavity 106 between the Ml d parts bland 102

i n whi ch anSEALRSHaNDI ENCARSUEATING FIdA TERESThKNIEIGHNGRASEAR. of Ml d
parts 101 and 102 is preferably terrporary Upon formation of the

Opht hal i ¢ Lens, _t he art and,1 n.5 n _be.s ted
for rendval of th&Y &u/bq‘fgi alvﬁten}bé’a rgﬁgam?%abwb g‘g ﬁcf
102 has at E&F§Mﬁtlﬂ‘i’éée'lﬁ§brﬂeviée%ogu'Iﬁ A€ emBoGiRI¥hACthe\Watude bR least one of
Lens-Form ng M xture so that upon reaction or cure of

t he
Lens- For ni n@lel\s’ﬁads orag invndvesukaise edgersouli 46 et esagi Basl @ﬁ&%@lea%&”rq i t o
th t L
ame' 15 truBegt et i piapiath ek i fiber ol b Bsharndite

Thus, for exafaek845 tit 84h JO¥EIMb afdth@Ebatigeatred 20|18 soiw ef®odi@iint, She
formed from two parts 101 andl102, a fenale concave piece (front curve

Vbl d) 11D arreling fsiwe 830 may heifered 3sadepesited scalsimg. fP@fXWE B the adhestvg
106 f d
nmakes OE: gﬁt aglt(?1 e‘@ﬁfs']n tﬂﬁe ns -E%o reﬁl&?lﬁddﬁﬁx@l% P%Qﬁgéé@{kgﬁvﬁ rﬁ%&@@ﬁg E(glﬁlo t he

front curvefafurat2hat hay b plalcechmtd o) gﬂxavasﬁmiudzeﬁm the iknefe-obgaifediewe 845

100. Said portion is sufficientl d forned such that the
surface of Hi¥YbpRPRAN iptorige S%ﬁ&%@%g o PR ugly g e or cured

Lens- For mi ngqht Elfa?er{ﬂﬁ{ay'b% do ll&fptﬁttﬁ@ér()%é Bsd ﬁ%r%@ﬁ@é’ﬁné%éfnﬁ@%?zo '11%0
optically accepta In Sonme”enbodi nents, the front curve Ml

can al stb hamlchnhahmfﬂ-aigea‘éatﬁtmgenayhee@rm fio cmhadisgntsoviredé thg Saahng

circular cirgcunf ntial d tha n u

1920 noa pl g gl plfesirte o g kA LT md e prft i ghed
(not shown) g40 ma bé\séa@étﬁmﬁogdﬁbﬂgel§ufﬁ@a %y@l@@sﬂrﬁ@é fihed byURd Hﬁﬁ:—@dgﬁeh
an opti cal - qual |¥ surface finish, which indicates that it is

sufficientl wr@mﬁﬂﬁlréﬂ&lefsﬁﬂhmf%@rﬁtm an Ophthal mic 25 Lens surface
oh oned o af et HEIGRhERD 2Rk nIRE RIS i Sk b AR A
U i

with the rmldlngs yaccepta I n sone
enbodi nEnt Ssealifg fda@ids -SE@ ra’@ubgeqSUﬂitfﬁempla@j' st hﬁyﬁhcﬂmplﬁ.ﬁﬂg ain adhkeiR e et

have a geonetry that is _necessary to inpart taq the Ophthal S
surface thetlv@ergstpéaiecﬁﬁalﬂregagroewaﬂ&)c é?qlgtgﬁ Eront Cyeye Riesrg’ | %ﬁ%ﬁa&
limted to, cﬁ%%éééaém i e?cre' Cf hls H%‘Eiﬁﬁerﬁotﬂ@kmf % Je‘él%g

30aberration correction; cor nea g{%gr apéhy correction;
conbi nat i onsystdne 843511‘820,@1&1 &50dn Moplhjzhaﬂ;md desdtei800tihieasad bn wﬂu[d Based liquid

ol ed i PR SpET o T gPs RvihirbRsen 945, 836 R 30 TR be®
25  effective in other types of scaling need in the Ophthalmic Lens environment, such as,
for example, the sealing of the type demonstrated in Figure 6.
Figure 9 illustrates an alternative embodiment of a knife-edge type seal in an
ophthalmic insert device 900. In this embodiment based around a fluid-based liquid
meniscus embodiment, a Front Curve Piece 310 of a Multi-Piece Insert and a Back

30  Curve Piece 940 are locked together using a self-locking mechanism to seal and

16



18 An Energy Source and a Conponent are nmounted on a
Mul ti-Piece Insert 104, which may be conprised of any receiving
mat eri al onto which an Energy Source may be placed. In sone
enbodi ments, the Miulti-Piece Insert 104 may al so include, for

exanpl e, Ci gfddpdulatdig MEPAMERAAEE dANE VDN sASREEHE ntteRid#dm DBO utilizes
pl aci ng the Energ Source in electrical conmmunication with the

5
Conponent a ﬁrcxfﬂ%xﬁp PA¢ cxtaeditg froonba knife cdgednatare ¥Seut the Batk Curviedtiece
fromthe En OY[.C vel -sealin nd C ul atin .
i nnovat i onsgéf?%lcdt%sésiétog% R%‘E-erejftsr?? O%Stgg ﬁmé@ ,Eu orﬁg‘gg r(’;eb,eﬁf‘;{l @82@’8 CYGHEe
105, all ow $1yaml theBatk Codlke RSt atopRRedRiguthag thy e fileNipiotanalige slot
pi eces and then reliably assenbl ed and seal ed for eventual inclusion
into an phBRAYHYE0 eredtr ad@osijimely dpgked dinstion.i t the example cbpdiarent, ¢he t he
opht hal m c ' ' i NSi t i ' i
0Tt uge t r Bosre FpEhidy 22 Sl Sodnitb o DG RIT AR YER GERRR ge
enbodi ment sfeatus®94 Nintadhe sqlmgifeagu92Bnergyy Socleaehatring ofitheliblated el
Insert 104 prjoy to placing the Miulti-Piece Insert 104 into a Mld
portion us eembaslimgRts Ot é&%@ﬁ@v%@giwg congtigutgartoyithen thednygatizg scopga
may al so ingl.ude one or nore 15Conponents that will receive an
el ectrical charge via the Energy Source. I n sonme enbodi nents,
an Ophtal ni ¢ LeAsothert dptiandllicatiuzeRifeltie embedintent Ody drarudernalecede 930 alogg d

ter, f ki.rt desi i ral rigid ical el ti
T ect cBREE RO AR BRI e i 851, 985 D o na ' °
respective @9t Saidfec@RD3INQEE 8édept anséélhfeﬁﬁ@&- sealaft, S&ittasSol Ié%(ani%sle, the

1
Ophthal mic Lens material (typicall g a hydrogel QOma_t erial .
attached t onatepelrlisgasdnylable k. hehis pbediment 0 depiatmesinglewkililg lo¢asion §69.s

as a Multi-Pege Lnser. ovi di ng._Ene and functionality to t.h
Mosul ting CoNORE HBSGneB N iR EPEliRle Mhne RS o tante.of the
encapsulsant devad08 e FigutdBA od li-1pIinE 88ling mechaniSAMR0EG HT®IED, and
enbodi ments_include a Miulti-Piece |Insert %04 that is a rigi )
Opht hal i ¢ 93982y prexide addidiongl| diversifycaipisen e the cpneentherbodiert byye claims.
matrix. A Mild.i.- Ri . Fqld - ) ns
i nsert nayl\%gltr étngﬁ%?lgcsltu ﬁ?gedﬁl Qfgé Eseeégfrff))'lt %%‘Eéﬁlﬁgh{ﬁ‘# gérlg?lr%%ggpg élﬁlgér:rfot %i ng
t echnol ogy.cehtebofliheedilshatiaic Leas) whids a §e@onéx@mddraingad piece may be

pol y(4- rret% ent-ﬂ#ﬁ%n%)& c,oI?oI yner re inaxvi%(r a dianeter of between
about 6 m ayenthin'asrd Vet pinpeisapnpias scal gay Lo HEpiaeasr! dbensloss than
and 1020M 3ARr@nhER erehlitABR ahddicbSont CBRIORENS 2PRLUB

and a center {hi ckn’e%sk%f 30 bet v"\:/ee% aboﬁ{p 0.0550 mﬂ%%d@&g@p%%é%égr?g
exenpl ary dnboetl imesntlsaimacherde eatend asend pivée dvedalh thetregiond. Whithutul8ple nm
and a front surface radi ys about. 7.9 nm and a.rear . surface radi us
o Cabout 7. 5HiA G OLIB erRRRbieds T VBt e S SOU R a Db age
profile of kmitedbr@B& madhlkple 1SBiogxeNpl ary m cronol di ng machi ne can
i nclude the Mcrosystem 50 five-ton systemoffered by Battenfield

Inc. Sonme or _all of the sealing features, including, but not limted
to, grooveMEJHARS ANDYMATBRRIAS IS BASED € p s RENS
nol di ng process or forned | ater by subsequent processing of the

Sresul pgof the I : J =P ;

pl ac edhlsn a Mol 3@ E%JP {'ﬁ g J]_a%ﬁl?fg)ﬁlﬁ&lrgzl ’ ﬂtd }a[gl;ra?lg %%Hoé%egﬁ %ﬁgﬁd%@)ﬁg {1%? %@{Zfol?%n

Lens. Ml d Qyarthalth@dlands iREtraed edthal MokirPicaclngete 1 04.0A s exametain, aMold
| yol efi f f fql | gwi ng: I I

B& ))Cgt §r Lzéi?ev#ggﬁggﬂw.}r%%g p?astig oerm68 to g}\gpg % ca\rf)i?y Y(%r i% oywl?irc]:ﬁ’a Lens-Forming

Mixture can be dispensed such that upon reaction or cure of the Lens-Forming

Mixture, an Ophthalmic Lens of a desired shape is produced. The Molds and Mold

30  assemblies 100 of this invention are comprised of more than one Mold parts or Mold
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pol ynet hyl nethacryl ate, and nodified polyolefins. Qher Mlds can
include a 10ceramic or netallic material. O her Mold materials
that nay be conbined with one or nore additives to forman Qphthal mc
Lens Mol d include, for exanple, Zieglar-Natta pol ypropyl ene resins

(sometimes pief&rine dnll POBSTH BN pats 10aEAd n@zica&ﬂfmfmgmmemm 4 Gianner
cl ean nol ding as per FDA regulation 21 CFR

copol yner (ﬁlﬁPfD)mﬁtCthét HiA @ﬁ@e@rtba plold gt f@laﬂdurl%e}whwh ag&?bthalmlc
nbodi ment f h
ol vor opyl ok S e A st AR IR SO PRAFRIGaRHGT oS

modi fi ed pOiey@o@fry Neip6R mrmanbm gfﬂia G;inﬂcaymid Icerzpihe tWold partt$) 80 Inaridnl 02 can
chain, and cyclic polyolefins. This blend can be used on either or

both Mol hadajiehe SW@@EFWO‘P@@%%@&!@ICJ@& on the Back Curve
Pi ece, and the Fﬁ?[gastgﬁ \ﬁolﬁ' E‘;‘tﬁlo‘f‘a $163 tléa €a Iah %Yﬁé hﬁface in
co- pol yners. I'n erre ing Mlds 10
accordi ng t coritdue mﬂﬁheh&na Mnng bhxturms}oethamqmnrmﬂcdomgr cwge of thlmsl-

according tQ known tech nts can al i ncl ude Nbl

et onod bRPTRG Mt BEnThe QHaass TOTIAEH GEevr b i i poigjon of the
di amond t ur aLRGalndt ﬂe%%ﬁth%éﬂ % 1n%§ﬂ-ﬁé&' eﬁie sme AN A dast ARSRFerar €
formed on at | east one surface of both Mdld parts 101 and 102.
Howeverl0 i nMexddrpare hpbaiidhElRX s, one surface of an Ophthal m c Lens nay
be fornmed froma art 01 and 10 an not he r.face

Opht hal mi ¢ Lens Eg'r?ls’g o™ For BRI PR O%WE édq%‘;flﬁmﬁe l(ﬁaltg orgled
I'n sonme enbaginitsurts 20 MHldl'OQPa aefuld BsREVe Fi06: (TRt bave Mi)lii)r @andumisle
surface 30 410 with an Opti cal Zone that includes a variable optic

power ed by mnvgn@regy(ls@&m@eM@ld) IFowith agavity 406 tomaicd Berweer Hieed O
the Multi-Piece ert 4 The I i I .
include a & 8’%8 eéf@fcaQ/s gen? fhce Mf‘%érkegcgﬁg?t Vﬂﬁ% Pelﬁoﬁ’ lgfln?tgfﬁ I’%ars Y,
to cont1®l iHaeumakirabf thedhint 6uﬂv8©f mdeghuhalnﬁlhaeﬁptd maqirome in fhe l\t[djl‘tids
di scussion, a variable optic can_he considered a

Ener gy Sour devige D0 Saidhpartian 5 ULgientn el 414 BHG FW%éh%é%%H@ﬁ? ofan
491. The Co t@l@ﬂlci%& ,g@@é%ﬁ &b@ﬁ'ﬁ&{%ﬁgﬁ\éf I.helﬂélt}?,()fhﬁg%ﬁﬁlr& ﬁla@ﬂ; in

el ectrical c arge wt state, suc exanpl e,
sem conduct conticy pathcthe poncavqosurﬁaicaeis eptieallyiacedptabdesi ce, or an opti cal

devi ce such as a cryst ht hal Lens cifli

enbodi nents, an @Sntﬂfg] ﬁﬁ%td’ur‘ﬂwc’ldlll?@ Caﬁ‘r‘?gs% EIF‘H'@%YS
for exapl eﬂaxtg% 1{1@:@‘&1 & arlt DSl kdiBS b RENEMifRIntERhtial cA3PRGE £Qénds from the
ul tracapaci tor, supercapacitor, of other storage Conponent. Some

specific enfronli euevrt Motk 20 inci pletes roomal todhe atiy andbalse extenss feom the flange
Mul ti-Piece,l ns]ert ;400 on the periphery of an Ophthal m c Lens outside
of the Optl

A Lens-Forming Surface can include a surface with an optical-quality surface

finish, which indicates that it is sufficiently smooth and formed so that an Ophthalmic

25  Lens surface fashioned by the polymerization of a Lens-Forming Mixture in contact
with the molding surface is optically acceptable. Further, in some embodiments, the
Lens-Forming Surfaces of Mold pieces 101 and 102 can have a geometry that is
necessary to impart to the Ophthalmic Lens surface the desired optical charactenistics,
including, but not limited to, spherical, aspherical, and cylinder power; wave front

30  aberration correction; corneal topography correction; and combinations thereof. One
ordinarily skilled in the art will recognize that characteristics other than those

discussed may also be included within the scope of the invention.
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In sone enbodi ments, an Ophthal m c Lens type can include an

Opht hal m ¢ Lens that includes a silicone-containing Conponent. A
silicone-containing Conponent is one that contains at |east one
[-Si-01 unit in a nononer, macromer, or 15prepolyner. Preferably, the

total silicone apg Iﬁieirg%@'tﬁﬂc@%ﬁﬂ%@oﬂﬁ&wﬁf S8@untdd dEMulti-Piece Insert 104,
silicone-containin Corrponent i n an anount greater than about 20

wei ght per ceich malcbawsmerrised pbanipiegeiying aaeral nate Bochen GnergpSouramast
the total HBJ: ﬁ]%&'é(f"r] \éﬁlng thb%ﬁomrlé}l?s ﬁ{el I\I/Iﬁl? Teds 0@%9& Tb!—p 91&%@%?&19&6 for

Usef ul silicohé-contarmin nponen era conpr

pol ymer i Zabé}enﬂp.lﬂ(ﬁrb@llﬂphthgr@lﬂ{ﬁ)nﬁﬂt@mlﬂé‘oﬂ@&rayﬂe%tsajsemtd‘lplﬁélﬂg &eSEnergy
acryl am de, 20 nethacrylam de,  vinyl, Nvinyl lactam N-vinylam de,
and styry| Pees moeﬂ%ﬂm@ql6alﬁ§wnlqatl%whé%6amwganqﬁ@ liph this L omponent

e, 961 ety ap e SRR R0 et s

the insert may be conprise ens
for mul at i onencafsutatiplganyovatibey disdussedi Hebeing, Baciaay, &rrlaminpk b belledsmyface 105,

provi de an etabematchto unmeroys insert erials |ncl de
but are not A3 o 9%0‘%08&1 R QeRan Wrﬁim mygﬁircma%ﬁsﬁg AFlfab

A and Nar af é%&ﬁﬂe@hnd ?é&?’edtigﬁe@nﬁfa'l irﬁﬁﬁxJna}HEolaXﬁ mé)ﬂﬁ{aﬁﬂfc%vf:@a\;/ﬁér&ﬁn A)
A nore technically 1 nclusive discussion on the nature of

mat er i dlGs cma@rlslselmthwammerttlmétlwrdphﬂaimlcrdevﬂaand)matemmm ihsidsthiclihsed demice
the art may reco ze.t hat .ot her her. n those di scussed
may al so fo?W%%‘gﬁJE%etho éheelrl?ﬁffrb’%’ﬂ E‘a Prﬁaalhts?aa"f @ﬁcl osure of the
seal ed and encapvli@iseehbodsfédtSalan theRide ppidtiE rié?%ﬁS&ﬁE@ﬁlt&@N/ﬁjlt%-ﬁ’?é&E
and included within the scope of the clainms. Sui

si | i cone- cobeeit iWhpriadaplasnstbe Midtidise daveyd @ datosf Mplsipaution wsed Ry Rirm
Rl-Si-O Si- %é{)ht%n%(? i,el%l ﬁljé l\\ﬁhﬁl{ﬁlece ﬁs (%4 rn%ég 50 gl(fcgl]ﬁj n%go:r ?ﬁ:otrg d

from m)nova? reacti ve groups, m)nova

monovaliént @siyiborgheths:, willigcdfe M1edm@a¢hérgé taghe EAEBY ISS6rce.
functionality sel ect ed from hydr ox am no, oxa, carboxy, alkyl
carboxy, al koxy, InSemiessnbodpeisman Ophgipinisaans witha MylnPisee Inseit 104 can

combi nat i ong.it,AEh GRfd ceARPWHH it d&llérp%ﬁé}an a central rigid optical element is in

direct contact with the atmosphere and the corneal surface on respective anterior and
posterior surfaces. The soft skirt of Ophthalmic Lens material (typically a hydrogel

20  material) is attached to a periphery of the rigid optical element, which also acts as a
Multi-Piece Insert providing Energy and functionality to the resulting Ophthalmic
Lens. In these embodiments, the function of encapsulants and seals 105 are important.

Some additional embodiments include a Multi-Piece Insert 104 that is a rigid
Ophthalmic Lens insert and fully encapsulated within a hydrogel matrix. A Multi-

25  Piece Insert 104 that is a rigid Ophthalmic Lens insert may be manufactured, for
example, using microinjection molding technology. Embodiments can include, for
example, a poly(4-methyipent-1-ene) copolymer resin with a diameter of between
about 6 mm to 10 mm and a front surface radius of between about 6 mm and 10 mm
and a rear surface radius of between about 6 mm and 10 mm and a center thickness of

30  between about 0.050 mm and 0.5 mm. Some exemplary embodiments include an
insert with diameter of about 8.9 mm and a front surface radius of about 7.9 mm and a

rear surface radius of about 7.8 mm and a center thickness of about 0.100 mm and an
19



chains conprising 1-100 Si-0 repeat units that nmay further conprise
functionality selected fromal kyl, hydroxy, am no, oxa, carboxy,

al kyl carboxy, al koxy, am do, carbamate, hal ogen, or conbi nations

t her eof ; where b is 0 to 500, where it is understood that
when b is otd@sprbfiRrof@bol 0.650araditsli Ohe bbaiﬁﬂ:l@lfy rhiagxinng diag mabhiregpaa indwle
a stated val ue; wherein at |east one RI conprises a nopoval eglioﬁhe

reactive gr thepMisresysten Lbie-Onsrdieiabtesed clgrlac-aReme RF
compri se MOAvAL AkukE e HuPHBimited to g@%?eaeﬂo{agﬁfgé d FRROUREy

reactive groups~are groups t %at can un reég ra

cationic pobyMeddnnmg\theMmidimgmrmaeegoxa%anpd ger bfy sibsequerd giraeassing of the
reactive. 15group |ncI th)acryl ates, styryls, vinyls, vinyl
ethers, T . Bark 9? rPg‘P%SEs (et h) acryl am des,

Chol kyI (et h)acr Th@ﬂﬂﬁ@uec@' Iﬂéeﬁydah?a@%z%ﬁd i\ Mol aﬁ'm@leéld 102 utilized to
C2. 12al kenyl s, C2_12al kenyl phenyl s 12al kenylnaphthyls

C2_6al kenyl ﬁirm*@rﬂmhtﬁdhko;/Lsns lendrwtrtdélﬂbiaddﬂ%matmhcan include, for example, a

0- I b t t t

ol ude.vi orDbiER oL 55 otfite dan SRR Al ni ke ERE PRI
20embodi nenpollhRtHy ﬁf%tHa@ﬂ‘lé%é"anﬁ%ﬁﬁﬁﬁéﬁeptﬂfr&Hﬂ& C@t’l’(@ﬂr MBRIs can include a
(met h) acryl ate acryl oxy, (rre h) acryl am de, and m xtures thereof

Sui t abl ¥ mmi@ﬂm%tﬁﬂklylmaémﬂlaryl groups i ncl ude unsubstituted

monoval ent G . ma?f%-é tl\%{./lﬁ %Paie%rh ?6t‘hat mgr y? (9:891?18(? wnﬁ%ﬁh 9310%’?@(“1\%8? t&hrm

and unsubstitute I OX

propoxypr opyh Ophtlabieic MeheMROK m@hﬁleyﬁor e%ﬁplatmaght-mﬁa pé’l@pl@pfﬂeﬁé\ﬁbstﬂ@e
i ke. In one enbodinent b is one R is a nonoval ent reactive
group, and €omelgss refpredtorys zaPP-) §d%€1€€daﬁqomﬁ%mlf%ﬁﬂle% 1Riding as

roups havi r e“ﬁg
?mnO\F/)aI ent g?(k%?‘&g?%u@aptfs&h%w ng %ranhﬁ%lgééﬁgl gm%h%lgr{e%%w
exanpl et of sili Saﬂéurthmpnrsembambbdmﬂﬁnm, dreiddideefitheiimadntide may contain
2- et hyl -
hydr oxy- 3- [ Bealmr%sush pEPelRPKFIe Popetishe: PRIV LY ICpH el tRY BBy IR iSy

opoxy] pr Opy{no@ﬁhﬁ oﬁéiﬁ%'(')ﬁt’almng an alicyclic moiety in the main chain, and cyclic
2- hydr oxy-3 (? oxypropyl oxypropyl -tris(trinethylsil oxy) sl | ane,

53- et hacr ypadyybﬁopyﬂnls bad cambe hsedsinl aithy) ari Hotinblold T#yvS: )Preferably, this
blend is used on the Back Curve Piece, and the Front Curve Piece consists of the
20  alicyclic co-polymers.

In some preferred methods of making Molds 100 according to the present
invention, injection molding is utilized according to known techniques. Embodiments
can also include Molds fashioned by other techniques including, for example, lafhing,
diamond turning, or laser cutting.

25 Typically, Ophthalmic Lenses are formedl on at least one surface of both Mold
parts 101 and 102. However, in some embodiments, one surface of an Ophthalmic
Lens may be formed from a Mold part 101 and 102, and another surface of an
Ophthalmic Lens can be formed, for example, using a lathing method.
In some embodiments, a Multi-Piece Insert 400 may have a front curve surface
30 410 with an Optical Zone that includes a variable optic powered by an Energy Source
420, 430, 440, 470, and 480 located on the Multi-Piece Insert 400. The Multi-Piece

Insert 400 can also include a Component 491, such as, for example, integrated
20



3- et hacryl oxypropyl bi s(trinmet hyl sil oxy) nmet hyl si |l ane, and

3- et hacryl oxypr opyl pent anet hyl di si |l oxane. I n anot her
enbodinent, bis 2 to 20, 3 to 15 or, in sone enbodinents, 3 to 10;
at |east one termnal R conprises a nonoval ent reactive group and

the renmai ni gigeuRly, 16 a61erd ehevadria]f dpaidimaniedah eRtORIdsY F oy, QU plsis ARvhfpnl
to 16 carbon atons or, in another_ enbodi nent, from nonoval ent al kyl
groups havi dyariablgomiceanhssontidersd a Gempenenot her enbodi ment, b is 3
to 15, one term Ral i e i

ot her term nal (%1@ i sesééa&grg)ﬁgl\l/g% g%\églaﬁ%%?ﬂng?ag%%\(ﬁggé %19‘5?0‘{‘%?%91'

car bon at onfhe @oshpdimit #@reaminolydRany devitd thet respoastaioedteledthaal clgargel@ith a
havi ng to 3 carbon 15 atons. Non-limting, exanples of silicone .
Conponert s ehange Incstalpysyah A% AT §%3mplgy @ semiconductor-type chip, a passive electrical

nono- ( 2- hy 5135 : < ; er m nat ed
Dol v 1ot hy S e S RETS Y (o OBaRHO Bl
nononet hacr yl oxylwrope speafimembvdichambn en Batrgy $hutce Had,30e440, 470, and 480

pol ydi net hyl sj I.oxanes (800: 1000 DVB) . 20l n, anot her enbodi nent,
071 25 o Aol tieBl Bﬁjﬁ%bP%%ggﬁfﬂﬁf’?fﬁﬁcaﬂellc?ﬂPﬁFIF%e‘%FFBWW%}F%nt
reactive grouppgapAitdr, P 8tHee Mt THniPoRSRP SRARNLLY O HSBENHRAS! ¥n include
sel ected from nonoval ent al klyl groups having 1 to 18 carbon atons,

whi ch iy habaitesy losatefl onlkddeldi-Biecavnsert 46 vothepeoplerg nfamBphthaimindens

conpri se hal n..kn-one qodi ment, where a silicone hydrogel
Opht hal m ¢ ‘t“gﬁgef’étlhaég’.t%l he 25 Opht hal m ¢ Lens of the present

invention will bk ssB@enivodihéntReaGphvieliodtdns @pé%ﬁﬁﬂ&ﬁd&gan@dpﬂt@aaﬁﬁc
approximately 20 and preferably between approximately 20 and 70

percent wei ks teatindesies AasHiPOBPRPHBINETEPORRMESL. b sdigorhcergeiaingwei ght

f acti : - fr [ ' - '
'n ot her - GuBRAEALs SRR Bl ORHIE L st-08) B8 M EhondndR ieromen oy
30 car H&mat@epdlyior. rkferdbly, tBe td2CslicOf-i)dnrifckeddxygen are\phsest in the

denotes 0-, .S- or NH-; and R denotes hydrogen or nethyl; dis 1, 2,
3, or 4; anuigpnegoptajiing Compppent i FL YRR SFRaler thangbontAf weghtRssenk agd
vinyl carb L khcalk i :

(L o DSBS UM Sosph ) S A e o el o o e

3- (vi nyl oxystlardneirphtahing Compaonydnt.[ Uséfsl (ilicineephipimng Cxypsehdnanmpieraly

[tris(trinmethylsiloxy)silyl opyl allyl carbanate; .
5[t s tr1OGT RPDBIEp e Direlinhd) sytbns Sigh S aspiadhghacrylate, acrylamide,
trimet iyl sidyhedivmidd, Ritlyl, Q0K REN BlcBim, IN-L I 1aA%HS iahd kiR ThctiohMYdroups.
10car bonat e, and _ )
In some embodiments, the Ophthalmic Lens skirt, also called an insert
encapsulating layer, that surrounds the insert may be comprised of standard hydrogel
Ophthalmic Lens formulations. Exemplary materials with characteristics that may
provide an acceptable match to numerous insert materials may include, but are npot
25  limited to, the Narafilcon family(including Narafilcon A and Narafilcon B), and the
Etafilcon family(including Etafilcon A). A more technically inclusive discussion
follows on the nature of materials consistent with the art herein. One ordinarily skilled
in the art may recognize that other material other than those discussed may also form
an acceptable enclosure or partial enclosure of the sealed and encapsulated inserts and

30 should be considered consistent and included within the scope of the claims.

Suitable silicone-containing Components include compounds of Formula I
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0O CH3 CH3 rI3 0 H2C=C-OCQ(CH3)4-Si-0 (CH2) 4000-C Si Si -0
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R1—-Si—0-SiH0-Si-R
R'"| R! R
B 1p

wherein R! is independently selected from monovalent reactive groups, monovalent
alkyl groups, or monovalent aryl groups, any of which may further comprise
functionality selected from hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy,
amido, carbamate, carbonate, halogen or combinations thereof; monovalent siloxane
chains comprising 1-100 Si-O repeat units that may further comprise functionality
selected from alkyl, hydroxy, amino, oxa, carboxy, alkyl carboxy, alkoxy, amido,
carbamate, halogen, or combinations thereof;

where b is 0 to 500, where it is understood that when b is other than 0, bis a
distribution having a mode equal to a stated value;

wherein at least one R comprises a monovalent reactive group and, in some
embodiments, between one and three R' comprise monovalent reactive groups.

As used herein, monovalent reactive groups are groups that can undergo free
radical and/or cationic polymerization. Non-limiting examples of free radical reactive
groups include (meth)acrylates, styryls, vinyls, vinyl ethers, C;_salkyl(meth)acrylates,
(meth)acrylamides, C,¢alkyl(meth)acrylamides, N-vinyllactams, N-vinylamides,
Cs.2alkenyls, Ca.jpalkenylphenyls, Co.zalkenylnaphthyls, Csr.galkenylphenylCy salkyls,
O-vinylcarbamates, and O-vinylcarbonates. Non-limiting examples of cationic
reactive groups include vinyl ethers or epoxide groups and mixtures thereof. In one
embodiment the free radical reactive groups comprise (meth)acrylate, acryloxy,
{meth)acrylamide, and mixtures thereof.

Suitable monovalent alkyl and aryl groups include unsubstituted monovalent
Ci.16alkyl groups, Cs.14 aryl groups, such as substituted and unsubstituted methyl,
ethyl, propyl, butyl, 2-hydroxypropyl, propoxypropyl, polyethyleneoxypropyl,
combinations thereof, and the like.

In one embodiment b is 0, one R! is a monovalent reactive group, and at least
three R are selected from monovalent alkyl groups having 1 to 16 carbon atoms or, in

another embodiment, from monovalent alkyl groups having 1 to 6 carbon atoms. Non-
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CH2 CH3 CH3 CH3 -25 Wher e bi onedi cal devices w th nodul us
bel ow approxi mately 200 are desired, only one 121 shall conprise a
nonoval ent reactive group and no nore than two of the remaining Rl

groups wi || conprise nonoval ent siloxane groups. 15Another class of
si | i cone- conininy éxa BRibSe CHRPLHEIRE Qb ehRblate: RIS rz%&hgg% he
a

following formulae: Fornulae |V-V (*D*A*D*C_;?, *D'D*El;, E(*DFG
* D* G* D* E1 Ohyer@E(‘S*[M}sqﬁﬁgit-;)qtran@tw-y[ﬂpmethylm yl)oxy]disiloxanyl]propoxy]propyl

ester (“SIGMA™),
2-hydroxy-3-methacryloxypropyloxypropyl-tris{trimethylsiloxy)silane,

9  3-methacryloxypropyltris(trimethylsiloxy)silane ("TRIS"),
3-methacryloxypropylbis(trimethylsiloxy)methylsilane, and
3-methacryloxypropylpentamethyl disiloxane.

In another embodiment, b is 2 to 20, 3 to 15 or, in some embodiments, 3 to 10;
at least one terminal R’ comprises a monovalent reactive group and the remaining R

10 are selected from monovalent alkyl groups having 1 to 16 carbon atoms or, in another
embodiment, from monovalent alkyl groups having 1 to 6 carbon atoms. In yet
another embodiment, b is 3 to 15, one terminal R} comprises a monovalent reactive
group, the other terminal R' comprises a monovalent alkyl group having 1 to 6 carbon
atoms, and the remaining R' comprise monovalent alkyl group having 1 to 3 carbon

15  atoms. Non-limiting examples of silicone Components of this embodiment include
(mono-(2-hydroxy-3-methacryloxypropyl)-propyl! ether terminated
polydimethylsiloxane (400-1000 MW)) ("OH-mPDMS"), and
monomethacryloxypropyl terminated mono-n-butyl terminated polydimethylsiloxanes
(800-1000 MW) (mPDMS).

20 In another embodiment, b is 5 to 400 or from 10 to 300, both terminal R’
comprise monovalent reactive groups, and the remaining R' are independently selected
from monovalent alky] groups having 1 to 18 carbon atoms, which may have ether
linkages between carbon atoms and may further comprise halogen.

In one embodiment, where a silicone hydrogel Ophthalmic Lens is desired, the

25  Ophthalmic Lens of the present invention will be made from a Reactive Mixture
comprising at least approximately 20 and preferably between approximately 20 and 70
percent weight silicone-containing Components based on total weight of reactive
monomer Components from which the polymer is made.

In another embodiment, one to four R comprises a vinyl carbonate or

30  carbamate of Formula I1
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wherein D denotes an al kyl diradical, an al kyl cycl oal kyl diradical,
a cycloal kyl diradical, an aryl diradical, or an al kylaryl diradical
having 6 to 30 carbon atons; wherein G denotes an al kyl

di radi cal, a cycloal kyl diradical, an a:kyl cycloal kyl diradical, an
aryl diradical or an al kylaryl di r@li cal havi ngCi)l to 40 carbon atons
and 25 which may contain ethe hiQ ¢ I n lén_k ges in the main
chain; * denotes a urethane og_i?u(tr:ei@o(ipﬁgi&g@ i‘g at least 1; and
A denotes a dival ent polymeric radical of formula: Fornmula VII -R11-
R11 Il -(CH)y-SIOSi-(CH)y- 111R11 - -p R12

R13CFC- ( CH2) w ( XvKereif) ¥ dekutgsyyORBA-or Wikl aidR Renotedeplesgbani hyetlddndisels 2,
an al kyl or_fluoro-substituted al kyl group having 1 tol0 carbon

at ons, Wwhi C%C}’Fﬁy%ﬂ]_fsaqwjet her |inkages between carbon atoms; y is at
Sleast ¥ and p pfouiideR-Rnt@ii %Vin%bﬂﬂéna@éo 1tQrbhthalBon&R&l of E
and El independently denotes a polyrnerizabl e unsaturated organic
radi cal r epspesdcblibinbinded3rbisE-WinyloxywerbenyloRy)bat-1-vllepimsied-dmiloxane;
nmet hyl ; R13_i s hydrogen, al k radi cal, having..1 to, 6 carbon atons,
or 5" bo- v~ TSRSy HRR Brapb S (e @ogRudigls" 0 e o o
di val ent r agligaimOaylisiikydsity?] frép RNy PErBdrRATE; 3-Pri S@NALBSisH&E)siBN] propyl

- 000-;
vinyl carbamate; trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl vinyl

10  carbonate, and

O CHs CHj CHa 0

H2C=(H3—OCO(CH3)4—Si—O Si o Si (CH2)4OCO—(H3=CH2

CHs CHs CHs
— =25

Where biomedical devices with modulus below approximately 200 are desired,
only one R! shall comprise a monovalent reactive group and no more than two of the
remaining R groups will comprise monovalent siloxane groups.

15 Another class of silicone-containing Components includes polyurethane
macromers of the following formulae:
Formulae IV-VI
(*D*A*D*G), *D¥*D*E';
E(*D*G*D*A), *D*G*D*E! or;
20 E(*D*A*D*G), *D*A*D*E'
wherein D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl
diradical, an aryl diradical, or an alkylaryl diradical having 6 to 30 carbon atoms;
wherein G denotes an alkyl diradical, a cycloalkyl diradical, an aikyl cycloalkyl
diradical, an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and
25  which may contain ether, thio or amine linkages in the main chain;
* denotes a urethane or ureido linkage;

. 1s at least 1; and
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Z denotes -0-- or -NH; Ar denotes an aromatic radical having 6 to 30
carbon atons; wis O to 6; xis Oor 1; yis Oor 1; and z is 0 or 1.
A preferred silicone-containing Conponent is a pol yurethane macroner
represented by Fornula I X CH2:C-000H1CH; CH, al, cH,000cH,

9999410) 11 1 1 111 I Il den&¥edNa RivatdnF Xt CA2EENuE: ci | CqCH2)  Si
Si - (CH2) m OCN- 12, , - NCOCH, CH, 2 OCN- R16- NCO- CH, CH, C00=C142

|1 -1HHH  pl HHHH Bormsledk ei n R16 is a diradical of a di i socyanat e
after renoval of the isocyanate group, such as the diradical of

i sophor one diisocyanate isuitabl e silicone-containing
macroner is a conpound o a X (inwhich x +y is a nunber in
t he range of 10 te—3@IH§ S Sb¥UDH )Leactlon of fl uoroether,

hydr oxy-tenniiiated 20po hyIS| oxane i sophorone diisocyanate
and i socyanat oet hyl net hac Ia Formula X 00

ONHOCH2CF2- (0CF2) - ( OCF2CF C&ZFZCHZO 0
-1..y4---r"NHILQO( Si | Ne_gQ) 258EVI e20' | NH

RIBCH=C—(CHolw—(Xh—(Z)z—(Arly—R 14—
wherein R'' independently denotes an alkyl or fluoro-substituted alkyl group having 1
to10 carbon atoms, which may contain ether linkages between carbon atoms; y is at
5 least 1; and p provides a moiety weight of 400 to 10,000; each of E and E!
independently denotes a polymerizable unsaturated organic radical represented by
Formula VIII
wherein R'? is hydrogen or methyl; R is hydrogen, an alkyl radical having 1 to 6
carbon atoms, or a —CO—Y—R"° radical wherein Y is —0O—Y—S8— or —NH—;
10 R is a divalent radical having 1 to 12 carbon atoms; X denotes —CO— or —OCO—;
Z denotes —O— or —NH—; Ar denotes an aromatic radical having 6 to 30 carbon
atoms; wisOto 6;xisOorl;yisQorl;andzisOorl.
A preferred silicone-containing Component is a polyurethane macromer

represented by Formula IX

° ° 9 9 T 1h P i
CP&“?'EOGEC{ OCN‘Rm“mO:HZWZOCHZmZOWRW'quHz)n{?‘ ?I (CHz)m}OCT-Rm-']\'COCHzCHzOCPEWZOOT'—R‘B—Il\BO-O-!zCHzOOOC=mz
CH, H H A
CHy Gty H H H H

a

15
wherein R'® is a diradical of a diisocyanate after removal of the isocyanate group, such
as the diradical of isophorone diisocyanate. Another suitable silicone-containing
macromer is a compound of formula X (in which x -+ y is a number in the range of 10
to 30) formed by the reaction of fluoroether, hydroxy-terminated

20  polydimethylsiloxane, isophorone diisocyanate and isocyanatoethylmethacrylate.

Formula X

25



O her silicone-containing Conponents suitable for use in this

i nvention include macroners containing polysil oxane, polyal kyl ene

et her, diisocyanate, polyfluorinated hydrocarbon, polyfluorinated

et her, and pol ysacchari de groups; polysiloxanes with a 5 polar
fluorinated grafteor side group having a hydrogen atom attached to a
t er m nal Adi Lua&gm%ubspk%%gggmggﬁbgﬂ0 QA hydrophilic sil oxanyl

nmet hacryl ates containing ether and sil oxa % BES— @d¥0,— (OCE,CF,),— OCF:CH,0
crosslinkabl e nonomers contai ni ng pol yeth and polysiloxangl gr oups.
Any of the foregoing polysil oxhnes canjal s be used as the

si | i cone- cont ai ni ng CDnpOnent4$%r%ﬂﬂ7§H#hV@thUﬂh@&@@ﬁﬁbVﬁEf%ﬂi
present invention, as describedcabove and as further defined b NH
cl ai ms bel ow, provides nethods for sealing and encapsul ati ng
conponents within and upon Miulti-Piece Inserts and apparatus for

i mpl ementing such nmethods, as well as Ophthalmc Lenses fornmed with
the Ml ti-Piece Pthespilisonerepntanimgiomponntyspitablefos gee nfhisdinvegdon giclude

for an Ophthal m.c -conpri sing. i.r i t

b ccer ot | BagPrers R IBEN3 e BonRAtuhd! Slsok FRELS pold ot
mat eri al uppRroagb&t, pbBiothattd ethéd, asd polpsecliarfde @pdupSpol gsifox e vetida
first insert Back Curve Piece; an electronic cong&yent .
at t ached t op@lalerringidrereft of fde graupthaying ey dmesn ptopypiiaches aterpigal

first inser Hiﬁﬁgﬁ:ﬁs fitifed dafifcy atéfmeﬁ)’%f.{(g)al{@l?b Slokatyl m%@a@gﬁltﬁhir}g%

in part to the conductive nmaterial Irst se Ing feature
whi ch fi xedhyd dilokkaisyl linkariges athd trossimkatBa clonGoeysecoRtatmeg polyatheedrsl | ve

osition to the first insert Front_ Curve Piecg, wherei conbi ni n
causes the PRIVSIOxaRYErpwsy ATy Tehs (Fesoing Raluioyades car atia e et anths 1 or

to the combinatiebninihB€ohigodtntiin 88§ InvBRgdn, Curve Piece and the first
insert Front Curve Piecé, resulting in a first ophthalmc insert

piece. 15 2. The device of claim1l additionally conprising: at |east
a secontl i n€eneluPack Curve Piece; a second sel f-1ocking

feature which fixedly holds either or both of the first insert Front
Curve Piece and Thepssovmicntienras dezecikedabore apil ag &urthghdefiiod by the claims

below, provides methods for sealing and encapsulating components within and upon
Multi-Piece Inserts and apparatus for implementing such methods, as well as
Ophthalmic Lenses formed with the Multi-Piece Inserts.
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20 a conbi ning causes the second self-1locking feature to seal a
second cavity interior to the conbination of the first ophthal mc

I nsert piece and the second insert Back Curve Piece. 3. The device of
claim1l1 additionally conprising: 25a first sealing material upon a
surface of either or both of the firsgriamgrt Front Curve Piece and
the first insert Back Curve Piece, wherein a conbining causes the
first sealing material to seal the first cavity interior to the
combi nat i onlof tAdvpltrBiecahist deiicatfoppe Sphthalinichens comprifmgnt Cur ve

70 304, The dev ¢ B g RSBl felg 51 G211y contair
at least a first insert Front Curve Piece;
5 a conductive material upon one or both of the first insert Front Curve
Piece and first insert Back Curve Piece;
an electronic component attached to one or both of the first insert Front
Curve Piece and first insert Back Curve Piece, wherein an attachment is made
at least in part to the conductive material,
10 a first self-locking feature which fixedly holds the first insert Back
Curve Piece in a relative position to the first insert Front Curve Piece, wherein
a combining causes the first self-locking feature to seal a first cavity interior to
the combination of the first insert Back Curve Piece and the first insert Front
Curve Piece, resulting in a first ophthalmic insert piece.
15
2. The device of claim 1 additionally comprising:
at least a second insert Back Curve Piece;
a second self-locking feature which fixedly holds either or both of the
first insert Front Curve Piece and the second insert Back Curve Piece, wherein
20 a combining causes the second self-locking feature to seal a second cavity
interior to the combination of the first ophthalmic insert piece and the second

insert Back Curve Piece.

3. The device of claim 1 additiocnally comprising:
25 a first sealing material upon a surface of either or both of the first insert
Front Curve Piece and the first insert Back Curve Piece, wherein a combining
causes the first sealing material to seal the first cavicy interior to the

combination of the first Back Curve Piece and the first Front Curve Piece

30 4. The device of claim 1 wherein;

the first cavity contains the electronic Component.
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20 9. 25 10. 11. 30 The device of claim1 wherein: the

el ectronic Conponent is exterior to the sealed first cavity. The
device of claim1l wherein: the first sealing material is preforned
into a shape to formthe seal. The device of claim3 wherein:

the first sealing material forns a seal by the physical contact of at
| east a portion of either or both the first insert Back Curve Piece
and the fir8t indbededepeifclam yahpfedte to the first sealing naterial.

The device of claim 7t}?ede(fécttﬂog{z:%(%r}e{??q'%ﬁp{ggﬁfeﬁgr to the s a?ebe lgp&quit .eal i ng

mat erial which fornms a secon esive sea ween at | east
a portion of both the first insert Front Curve Piece and first insert
Back Curve Piece; wherein the second material adhesive seal maintains
the phys?caf con"tTaEtie‘GFe‘éffdi“é’akf"’h&reﬂﬁrti on of either or both the

first insert Back Cur ' ]@ﬁ £ ' t HE Lece
to the first sealing Mrr‘%tfgﬂrsf%ﬁl.l g{e glvllfs?g&%?ﬁéglsig{or% glffagggﬂ ti o\rﬁlgﬁ %Deb
conpri si ng: a sealing agent that is applied to at |east a

portion of the eh_ ctrani c. Conpgonent .after attachnent of the

el ectronic &orr_po_ gﬁfie‘flge %‘gg‘gfg_“&’ﬁ@“bonducti ve material. The device

of claim1 additional iy £9NRIi%s Blterial forms a seal by the physical contact of at least
10 a portion of either or both the first insert Back Curve Piece and the first insert

Front Curve Piece to the first sealing material.

8. The device of claim 7 additionally comprising:
a second sealing material which forms a second material adhesive seal
15 between at least a portion of both the first insert Front Curve Piece and first
insert Back Curve Piece; wherein the second material adhesive seal maintains
the physical contact of at least a portion of either or both the first insert Back

Curve Piece and the first insert Front Curve Piece to the first sealing material.

20 9. The device of claim 1 additionally comprising:
a sealing agent that is applied to at least a portion of the electronic
Component after attachment of the electronic Component is made to the

conductive material.

25 10.  The device of claim 1 additionally comprising :
a sealing agent that is applied to at least a portion of the conductive

material.

11.  The device of claim 2 additionally comprising :
30 a sealing agent that is applied to at least a portion of the conductive

material.
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a sealing agent that is applied to at |east a portion of the
conductive material. The device of claim2 additionally conprising :
a sealing agent that is applied to at |least a portion of the
conductive material. 12. An Ophthal mic Lens device conprising the
insert device of claim1l1 additionally conprising: an insert
encapsul ating | ayer, wherein the insert encapsulating |layer is forned
fromthe pol¥ner Analpbthabhica [Resicdéwes Nomipusiegbédtewdsertt devibb| of pdaits 1
while the insert ‘ﬂf\li ce of claiml is |ocated between the two Mdld
parts. An Opht haf 1%“@§H§°W@9ﬁ85'conprising the insert device of
claim2 additional |y goimRekhPsbsulating laydP wie&hthENRERIULAhiREng BXRF is
wherein the insert encapsulating |ayer 'is forned fromthe

pol yrerizat i on oformeRégst the @olimearizatorbef aBeartivodliMirelbgmeers twihMobd pares

i nsert device of_g¢lajm.1 is. |ocated.bet.ween e two Mol dparts. The
dovi ce of ol ai m Y3 EHEdiehrieyRE MeSHlun T TRl BB e BB s, e
hydr ogel . The device of claim 13 additionally conprising: an

energi zation conmponent. The device of claim 15 additionally )
conpri si ng: 13 | i 40i @rhiainicudenp ravidenicempesisg etheminsert hecelenfl claimf 2
claim21 additiongj isi:ng.. at least a first liquid within the
first cavity. Thgddg%ovn%gggéﬂtnﬁ%ﬂgg'm 3 wherein: the first sealing
materi &0 i s an epoxy adhesi egcapihiatiteltyes wiferdih ahgrinkert agdétipnlating [ayer is
conprising: a l itqui d. nmeni scus, Opht hal m ¢ Lens el enent .

ormed from the polymerization of a Reactive Mixture between two Mold parts

while the insert device of claim 1 is located between the two Mold parts.

14. The device of claim 12 wherein:

15 the Reactive Mixture comprises or forms a hydrogel.

15. The device of claim 13 additionally comprising:

an energization component.

20 16.  The device of claim 15 additionally comprising:

a liquid meniscus Ophthalmic Lens element.

17.  The device of claim 1 additionally comprising:

at least a first liquid within the first cavity.

25
18.  The device of claim 3 wherein:
the first sealing material is an epoxy adhesive.
19.  The device of claim 12 additionally comprising:
30 a liquid meniscus Ophthalmic Lens element.
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