FULL RINGS FOR A FUNCTIONALIZED LAYER INSERT OF AN OPHTHALMIC LENS The invention
relates to an active layer insert for an ophthalmic device formed 5 from multiple functional layers which
are stacked and a method for forming the active layer insert. More specifically, various designs for full
rings that comprise the functional layers. BACKGROUND Traditionally an ophthalmic device, such as a

contact lens, an intraocqi@jl_lgrﬁ%@pé@lﬂlg@h@g}g@ﬂ%ﬂ%g Qigchﬂgq\q@epﬁqyigg\with a corrective,

cosmetic or therapeutic quality. A contact leng; fpI-8XaAMpiec ¢aaovide one or more of: vision correcting
functionality; cosmetic enhancement; and therapeutic effects. Each function is provided by a physical

characterisftic of the Iens.ﬁ@eﬁ}gntiaﬁ(}gwé@iﬂgam r@ﬁ[al@tim@magymg%pﬂmmm@méd@m@i@ion
corrective function, A pigment incorporated 15 into the lens can provide a cosmetic enhancement. An
active agent irclécor&r)?arﬁeﬁdulﬁ%fea? Fenﬁg%%%qpa%%%&’ A ear'éep%%ﬁgﬂﬁ\%tmﬁ%\ﬂi{%ﬁ%nﬂ'ﬁgsic%lac%'élﬁacteristics
are accomplished laigroungeet lenslemtesiregiitallsin endryzatesigng. Allpumgal lag temprsditideally been a
passive device. Mqﬂ%éﬁgﬁgmygrgas been theorized that active components may be 20 incorporated into
a contact lens. Some componeénts can include semiconductor devices. Some examples have shown
semiconductor devices embedded in a contact l%ﬁ'ﬁg@%&” animal eyes. It has also been described
how the active components may be energized a | in"numerous manners within the lens

|
structure itself. The topolqgg(oﬂng@l?saﬂf &ﬂtﬁaﬂ-ﬁﬁ %%('/ﬂ:%d by, W%%‘%&ﬁ%&%%ﬁ?&géﬂﬂ%’% and 25

challenging environment for the definition of various functionalities. Generally, such disclosures have
included discéte deivieeRUMENSVEE 1REILIRS o PIOSRBIPAEIRIRr SIREFRS B r GRFEREBIe. diesreRiieidices are

not necessarily conglbiGived feaUsionantariiemicens s WRsmpR@ hremas exe-or WdMAIR YWidfimccording

to a first aspect of the invention there js provided an ﬁctive lens insert for an gphthalmic lens. The lens
comprising: annuldi SIEAHB8 TIPS L A BPE by BPRSR  RlaLr b g ton

Functionality; whelisiprthédsid dysthapgsical characteristic of thesler design incorporating a refractive
guality into a lens can provide a vision correctiuaction. A pigment incorporated

15 into the lens can provide a cosmetic enhancem@&ntactive agent incorporated into a

lens can provide a therapeutic functionality. Suyglfiysical characteristics are

accomplished without the lens entering into an gmed state. A punctal plug has

traditionally been a passive device.

More recently, it has been theorized that activenmonents may be

20 incorporated into a contact lens. Some componeats include semiconductor
devices. Some examples have shown semiconductizedeembedded in a contact

lens placed upon animal eyes. It has also beerrided how the active components

may be energized and activated in numerous mamigrs the lens structure itself.
The topology and size of the space defined by ¢ime ktructure creates a novel and

25 challenging environment for the definition of varsofunctionalities. Generally, such
disclosures have included discrete devices. Howyéve size and power requirements

for available discrete devices are not necessegifducive for inclusion in a device to

be worn on a human eye.

SUMMARY

30 According to a first aspect of the invention thé&seprovided an active lens
insert for an ophthalmic lens. The lens comprisanghular shaped full ring substrate
layers with one or both of electrical and logicahEtionality; wherein the size, shape
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and stacking structure of each of the annular shaped substrate layers is based on the thickness around
an optical zone of the ophthalmic lens; electrical interconnections between substrate layers. The active
lens insert encapsulated with one or more materials for bonding within the body material of a molded
ophthalmic lens. 5The substrate functional layers may be adhered to insulating layers forming a stacked

feature. The a””U'ﬁhé@%grf%)"sﬂﬂgtéi@é?r%%?cf%?rtﬁé“%n*ﬁ?a[;%%ﬂ&ﬁa‘f@fﬁgers is' Pas¥dorehape and

stacking structure of each of the annular shaped substrate layers may be further based on the base curve
of an ophthalmic ISREKIEFHEGHBISARRPHFR Rk bRueHiYOIrEaCR B iAb ANBISPAMEIOAS Ubstrate

layers may be furtheithasedsonduatbelsiarseteriod acpphthalniadensesulatébevathe oaBape anmlestacking
structure of each of the a nlfllar sh,arJed S bstErhatz)la ers its f.uqt%ﬁrlgaaed ﬁtn q ergcagsulation parameters
of the active lens ifSart. 1 e%rc%% SA eIt 1R 39 %‘Fé@a gnceapgﬂ aﬂﬁg‘b‘% %'E')mpatible polymer.
15The biocompatible polyinersidrstétatepsotditon e isenaayodgsiidiosre dgslatingolgyees. forminigea
encapsulation of thg activerlensinsert may maintains a minimum thickness between an edge of a

substrate layer and an outer edge of a lens of less than about 150 micron thickness. 20The active lens

insert may comprise thred ¥t Atrdaisnare Shalpsubsirate layers MawidipBtaaitsert may comprise a

full ring annular shape. The size, shape and stacking structure of eacheofibnular shaped substrate
layers may be further based on the base curve ophtihalmic lens.
10 The size, shape and stacking structure of eacheoahnular shaped substrate
layers may be further based on by the diameten afpdothalmic lens.
The size, shape and stacking structure of eacheofbnular shaped substrate
layers is further based on by encapsulation paenef the active lens insert.
The active lens insert may comprise an encapsglatocompatible polymer.
15 The biocompatible polymer for encapsulation mayab@olysilicone based
polymer.
The encapsulation of the active lens insert mayntaais a minimum thickness
between an edge of a substrate layer and an alderad a lens of less than about 150
micron thickness.
20 The active lens insert may comprise three or moraular shaped substrate
layers.
The substrate insert may comprise a full ring aansihape.
One or more of the substrate layers of the actéws insert may comprise one
or more individually functionalized layer.
25 One or more of the individually functionalized laganay comprise a metallic
layer which functions as an antenna.
One or more of the substrate layers of the acews insert may comprise an
energization source.
One or more of the substrate layers of the sulesinaert may comprise power
30 regulation source.
The power regulation source may comprise at least semiconductor layer
with electronic microcircuitry capable to controleetric current flow from the

electrochemical cells.



One or more of the substrate layers of the active lens insert may comprise one or more individually
functionalized layer. 250ne or more of the individually functionalized layers may comprise a metallic layer
which functions as an antenna. One or more of the substrate layers of the active lens insert may
comprise an energization source. One or more of the substrate layers of the substrate insert may

comprise power 30regulafion sEEfEHric mid/giRANSS W@i%&%%ﬁé&&@%%ﬁ%@i%%e

semiconductor layer with electronic microcircuitry capable to control €lectric current flow from the
electrochemical celf§'S compraeNbuitbfdhRieRIEIRITS/ B8y be electrically connected to an electroactive

lens component within theephibabniedgmation diherkowemiegsatipsnei@nay@hineie sHpatiateiayers may
be capable of receivingq \power from external sources. 5The power regulation of one or more substrate
0

layers may be capé%(f 'Pgrpaor\évf?\rg e B)étt?é?? Ig%ﬁjes' The power regulation of one or more substrate
layers may be Tapable ofl¢entpolvey thgulaoof pbwee wiiemone spbstrateitleayidaotapabharging
environment. 10Thg, Ay {@HQ{QQ I%E/Qﬂe or more substrate layers may be capable of controlling the
use of power when the ophthalmic lens is in a charging environment. One or more of the substrate layers
of the substrate insert mal'6oRPYRE E8litedicRe Y@y Yollteee Substrath SYPRYORE ofMR8YB_trate

layers may compriggrtisiiegirendnute detepbheaciasionistonaistil e astvedenminseghargingecording
to a second aspect of the invention there is provided a method of forming an active lens insert for an

ophthalmic lens is HRLPREE The method comprising: forming annular shaped full ring substrate layers
with one or bath of electrithé apeiteyiozdHatmtiovfabitye vehersretsisitete hayeegntiestasaigestoficture of

controlling the use of power when the ophthalmitsles in a charging environment.

One or more of the substrate layers of the sulestnsert may comprise solid
state energy source.

One or more of the substrate layers may comprisgogircuitry to detect

15 actuation signals for the active lens insert.

According to a second aspect of the invention therprovided a method of
forming an active lens insert for an ophthalmicsles described. The method
comprising: forming annular shaped full ring suatdrlayers with one or both of
electrical and logical Functionality; wherein thees shape and stacking structure of

20 each of the annular shaped substrate layers isl lmasthe thickness around an optical
zone of the ophthalmic lens; forming electricalencbnnections between substrate
layers; and encapsulating the active lens insdht @ae or more materials that may be
bonded within the body material of a molded ophtfiallens.

The method may comprise adhering the substrateifunat layers to insulating

25 layers to form a stacked feature.

The annular shaped full ring substrate layers neagut from a wafer.

The size, shape and stacking structure of eacheoahnular shaped substrate
layers may be further based on the base curve ophtihalmic lens.

The size, shape and stacking structure of eacheofhnular shaped substrate

30 layers may be further based on the diameter opathalmic lens.

The size, shape and stacking structure of eacheofbnular shaped substrate
layers may be further based on encapsulation paeasnef the active lens insert.

The active lens insert may be encapsulated byatipatible polymer.

3



20 each of the annular shaped substrate layers is based on the thickness around an optical zone of the
ophthalmic lens; forming electrical interconnections between substrate layers; and encapsulating the
active lens insert with one or more materials that may be bonded within the body material of a molded
ophthalmic lens. The method may comprise adhering the substrate functional layers to insulating

25layers to form a stackegjeaily&nt &gl YEFRAAGH E‘HEQB&J%%V%Q}’%S&?@WOH@ Pasgm a wafer.

The size, shape and stacking structure of each’of the annular shaped substrate layers may be further
based on the baseRANWREDS an ophthalmic lens. The size, shape and stacking structure of each of

the annular shaped substratecispparatinayomdustive hase thesrthegitaae e hohiaruaptiiahpvislens. The
size, shape and stacking structure of each of the annular shaped substrate layers may be fu tg based
o encapsuiation RERBILRL S e chou BN et FHS AR IO B bl N T by o
biocompatible polymieron thickhessiocompatible polymer for encapsulation may be a polysilicone based

polymer. The encapgylatioh\f [BRAHAEG: GRS RIHLIRY MO EINARIMM UM JAIEkDaRE SRfween an

edge of a substrate layer and an outer edge of a Iens of less than about 150 5micron thickness. The
active lens insert rﬂ\%)fﬁé?)mprise three or more annular shaped substrate layers. The substrate insert may

comprise a full ring annularskRapstrate inseAMBaYdNRIRiSE BreuBuipSfEaifsiRyess of the active lens insert
may comprise one 10or more individually functionalized layer One or more of the individuall
e s TR Rt e | a4

functionalized layers ma &Wr@grg i ?}é?t\?/ felf AR AR COMBIRE S ¥ore of
the substrate 18yersrohthie adiwduealhs finsgivmabgecdmy@ise an energization source. 150ne or more of the

substrate layers of the SUBﬁEa&F&Fbﬁ%rBF{% W\)ﬂfiﬁ.ﬁl)p%%fionalized lagenay comprise a metallic
layer which functions as an antenna.

One or more of the substrate layers of the acews insert may comprise an
energization source.

15 One or more of the substrate layers of the sulesingert may comprise power
regulation source.

The power regulation source may comprise at least semiconductor layer
with electronic microcircuitry capable to controleetric current flow from the
electrochemical cells.

20 The electronic microcircuitry may be electricallgnmected to an electroactive
lens component within the ophthalmic lens.

The power regulation of one or more substrate &yeny be capable of
receiving power from external sources.

The power regulation of one or more substrate &yeay be capable of

25 charging the battery layer.

The power regulation of one or more substrate &yeany be capable of
controlling the use of power when the ophthalmiosleis not in a charging
environment.

The power regulation of one or more substrate &yeany be capable of

30 controlling the use of power when the ophthalmitsles in a charging environment.

One or more of the substrate layers of the sulestnsert may comprise solid

state energy source.



regulation source. The power regulation source may comprise at least one semiconductor layer with
electronic microcircuitry capable to control electric current flow from the electrochemical cells. 20The
electronic microcircuitry may be electrically connected to an electroactive lens component within the
ophthalmic lens. The power regulation of one or more substrate layers may be capable of receiving

power from external SOUrERR or mord N6t RAWELEREUIRIRE QORR P IRIAL i SYBGIAIRAYS §eRRY be

capable of 25charging the battery layer. The power regulation”of one or more substrate layers may be
capable of controllfg4REIEBAHRE FIRGHYREEHSHAFMic lens is not in a charging environment. The

power regulation of one ox MPkRishbIstEatedpyerasm)Re eanaieaic3gianmtiadbngoiagedsimef aawer when
the ophthalmic lens is in a charging environment. One or more of the supstrate layers of the substrate
insert may comprisP LT S He 05 QOTTOEEN e OB HE B IR ) Eamprise
microcircuitry to detdittactoayiohaignaisifoethisizdivelgnsivrserach |dy@nciterakitiedyayoniedert that
can be energized apghingamoraiadinio ArRPhalic devies i desribedirainiddis:iasers may be
formed of multiple layers 5 which may have unique functlonaléy for each layer; or alternatively mixed

functionality but in PRERENEYEDRE MR RIKSISOMEAN REUMaBoR & dERALEtR {9 tKarEid @fiZdfieliPBathe
product or the activaiigsoatHie Riehigicokfey semirol of functional components within the lens body. The

component capabie of bl 1 CEAFAKE SARAr R ALy HUAIAG: FEPERaTRBIE S oAy o

variable opticllens isleayitleanidpa\se nmgan daotpocavicapablie o bguitherdnd |dcatgebirethie stagked layer

oo SSEORE T4 OB A1) 3 DR A oS o

semiconductor device, which may either be locatedhe stacked layer insert or
otherwise connected to it. Some examples may ialdode a cast molded silicone
hydrogel contact lens with a rigid or formable insaf stacked functionalized layers

15 contained within the ophthalmic lens in a biocornigatfashion.

Accordingly, there is provided a disclosure of gohthalmic lens with a
stacked functionalized layer portion as well asows designs for rings that comprise
the functional layers. Full ring designs parangetam include, for example, thickness,
shape, stacking structure, etc. In some examgdessgn parameters may be influenced

20 by one or more of; the thickness around an op#icak of the lens, the base curve of
the lens, the diameter of the lens and encapsnlpicameters.

An insert may be formed from multiple layers inigais manners and placed in
proximity to one, or both of, a first mold part andsecond mold part. A reactive
monomer mix is placed between the first mold pad #he second mold part. The first

25 mold part is positioned proximate to the seconddmuart thereby forming a lens
cavity with the energized substrate insert andeastl some of the reactive monomer
mix in the lens cavity; the reactive monomer mixeigosed to actinic radiation to
form an ophthalmic lens. Lenses may be formedhg&acontrol of actinic radiation to

which the reactive monomer mixture is exposed.

30 DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a three dimensional section esentation of an insert formed of

stacked functional layers which is incorporatechimitan ophthalmic lens mold part.
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15contained within the ophthalmic lens in a biocompatible fashion. Accordingly, there is provided a
disclosure of an ophthalmic lens with a stacked functionalized layer portion as well as various designs for
rings that comprise the functional layers. Full ring designs parameters can include, for example,
thickness, shape, stacking structure, etc. In some examples, design parameters may be influenced 20 by

one or more of; the-{CkNGRRALANOGAD BRICALZANSH AT 1ad et PSR ERIdIS e B dkgydiameter

of the lens and encapsulation parameters. An insert may be formed from multiple layers in various

manners and placéHqﬁiBF&kiWﬁf ?d%?é??f@%ﬁvgﬂi%tﬂf% ' SF@BQHegﬁhoﬁtgé%iﬁd%ﬁﬁé-part. A reactive
e o g g S TR, A

positioned proximateo the s cavi yV\S/it energslze Substrate
insert and at least #omgoohtheyesctivempaatedenithix inthiddmandesity|thalifeexetivencapout@iromix is
exposed to actinic gadiation to form an ophthalmic lens. Lenses may be formed via the control of actinic
radiation to which the reactive monomer mixture is exposed. 30DESCRIPTION OF THE DRAWINGS FIG.

1 illustrates a three-ainengiosRhRRCHAD reRRSestalRAl abpretariiformed e Shaeked binstieraklayers
which is incorporated within an ophthalmic Jens mold part.. 5 FIG. 2 illustrates twg cross-sectional

representations of HEEIEVR) IRUET o SLLUULRABROLNE My T Bl o P Enaped
ophthalmic lenses.lens¢S. 3 illustrates two cross-sectional representations of inserts formed of stacked

functional layers incorporated within ophthalmic lenses with different encapsulation Sparameters. FIG. 4
illustrates two cros5!Se&fohaBHRIES BRIYEOYIRYSSFta IAFREWE Sf5RRERMEAERDAAI Re¥anHg: different

layer thick i d within ophthalmic lenses. FIG. 5A illustrates a top-down view of a waf
with an, anrangimer o WG A e, 80T 4L o OIS U GRSl e

die with center cutout. DETAILED DESCRIPTION The present invention relates to an active lens
insert device formed through the stacking oPalibleRUAERSRIE® Myers. Additionally various designs for

a wafer including rings that may be used to make up functionalized layers in a functional I%r 15insert,
for incorporation into an dptPARRFOTEREIHOR /Rl an Aefys #Srﬁdﬁ%vﬁc{%ﬂ?ﬂé%ﬂe Beriptions
of embodiments ofdiaeKimgseitrinkipidi dumetilb haligice fayEhe daddiiptipvariouvi es sgnisoidimeniafenly, and it
is understood that § i th lations, I'Si Icat] lterati apparent.
T raoes o o ST SHUER Ao AT O e iRne AL
15 insert, for incorporation into an ophthalmic lems provided.
In the following sections detailed descriptionseshbodiments of the present
invention will be given. The description providesnbodiments only, and it is
understood that to those skilled in the art thaiav®ns, modifications and alterations
may be apparent. It is therefore to be understbatisaid embodiments do not limit

20 the scope of the underlying invention.

Glossary

In this description and claims directed to the gnésd invention, various terms
may be used for which the following definitions apply:
Active Lens Insert: as used herein refers to aatmric or electromechanical
25 device with controls based upon logic circuits.
Arc-matched (or arc matching): as used herein seterthe design of a Ring
Segment which includes an identical External Radn Internal Radius, such that the
curvature of the External Arc matches the curvatiréne Internal Arc. Arc matching

is used to efficiently nest Ring Segments on a Waf@ximizing wafer utilization.



20the scope of the underlying invention. Glossary In this description and claims directed to the
presented invention, various terms may be used for which the following definitions will apply:

Active Lens Insert: as used herein refers to an electronic or electromechanical 25device with controls
based upon logic circuits. Arc-matched (or arc matching): as used herein refers to the design of a

Ring Segment which inclegigs a8 denigapf-x4e el Raciti 20R 1018 it iU oR JiRE i gurvature of

the External Arc matches the Curvature of the Internal Arc. Arc matching is used to efficiently nest Ring

Segments on a WaRACAEKIMPARJIRIEIRRIISiHE. On apiaiRy NASBWRItRINE JeXiP® &FeeiBRY:s to the

width of a thin nondanekesialcapace nelwerioiiiagiaied DléCWItﬁ(ﬂﬂﬂaWﬁéQhe/\dmg saw or other device
or method can safely cut the Wafer i |nd|V|d¥aI Dtle wit lrl( @c%e CII’CUI'[ Die; as,used herein
refers to a block of semic ndu%squ rﬁaﬁSW i Ghwhich® 8?v R KAl faoorlganeH Die are
created on and cutdinem fanyiziesl CIrth'e@bedatesi usnel ar@eiadefemobcwtérstate Widfeing able to supply

electrical current to or to ﬂﬂw%faz'@&tré‘?‘h?@&rﬂé(réﬁ?rr%‘ﬁe%tmr}he stat@?:%ﬂ%ﬁl@?o@&ﬁbﬂ?@&ﬁ%&lrs to the

capacity of a physical systemto do work W}v} uses within herein may relate to the said capacity being
able to perform eleR4fieat 1DQEHBHAYR BlaRG bRy EiREpgY™SBurce: as used herein refers to device

capable of supplying Energyrgypiacinga hiveiedigaldayigr isapadipargiEred Soétem to dbXiemal Arc: as
used herein refers to the extern% or convex ed of a %%Slg ment Whl%&ls ag rtlon Zf the

circumference of theat¥ e ety M&‘?E[Fﬁ'g Ete tﬁé?? ASTRENS %C}{g{:gm refers

to the radius @btheacitiolestinad@efiveskhe external edge of a Full Rlng or Ring Segment. The External

Radius determines the cyryafire-of the. Extemnal ﬁ\é?em refef4bRIBGCARHBR dUHp f %'% I%gpg}n f multiple

complete ring-shaped layer in"a 20 Functionalized Layer Insert. A Full Ring may ompr
Ring Segments or RiR§SedHaMedieardayce in aifirsaEeEbefalss used herein refers to making a layer or

device able to perform a fuaetied) InEludin@gden axaeIR!fefeREL Y TRbI AN AHAGHAEK @HEENSFO: Ritactionalized
Layer Insert: as usggghrﬁé%[[n Vrv%fe Slgoaa[r)]olrrt]l%%rgt g r(l;l(r) uhnt1 grlgg]gmefcwcle defined by the External

15 Radius.

External Radius: as used herein refers to the sagfithe circle that defines the
external edge of a Full Ring or Ring Segment. Ehéernal Radius determines the
curvature of the External Arc.

Full Ring: as used herein refers to one completg-shaped layer in a

20 Functionalized Layer Insert. A Full Ring may bemgised of multiple Ring
Segments or may be one Intact Ring.

Functionalized: as used herein refers to makirayearlor device able to perform
a function including for example, energization j\ation, or control.

Functionalized Layer Insert: as used herein refeem insert for an ophthalmic

25 device formed from multiple functional layers whiate stacked. The multiple layers
may have unique functionality for each layer; dewmdatively mixed functionality but
in multiple layers. In some examples, the layeesrangs.

Intact Ring: as used herein refers to one complietg-shaped layer in a
Functionalized Layer Insert which is made of a Engtact Die.

30 Internal Arc: as used herein refers to the intemratoncave edge of a Ring
Segment. The Internal Arc may, be a single arensed, the curvature of which is
determined by the Internal Radius. The Interna may be comprised of multiple arc
segments of different curvatures, defined by déferinternal Radii.
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25 device formed from multiple functional layers which are stacked. The multiple layers may have unique
functionality for each layer; or alternatively mixed functionality but in multiple layers. In some examples,
the layers are rings. Intact Ring: as used herein refers to one complete ring-shaped layer in a
Functionalized Layer Insert which is made of a single intact Die. 30Internal Arc: as used herein refers to

the internal or concave efige,fARINASSENER: TN AHE AR AFING I A BSRUBERL the

curvature of which is determined by the Internal Radius. The Internal Arc may be comprised of multiple
arc segments of difféPEMR! RHO8tGF3 RAETPIR @bl aiffipEnR || REGBATHERINO Or|RiBh SERAGs: A8%ised

herein refers to tharkadiig REthescisie thiat defiwestRalirdemaeaggam. a portion of the internal edge of a
Full Ring or Ring Segment. The Internal Radiu ghet rmines.the curvature of the Internal . Lens: refers
R argeminapcrietes G i

to any ophthalmic deviceLtﬁ%?ré%%trass % P yrB!CT 2Ys5S GaViceERY BrnO\t/l(fe%lﬁtica Birection or
may be cosméiic. Eeviegampiepihade optiealscoarectder 0o makatttiens ontewoplar leaseovdelasy lens,

ocular insert, opticabinggah e siriiaRdaKicE IR W ighISI o5 SoESied ioagRilisdopr through

which eye physiology is cosmetically enhanced (e.qg. iris color) without impeding vision. The preferred
lenses are soft corRH¥e"ISHBEA HaWes BHP YAt sHucOI vzt decormy gFonerdifiednatidhraital ouitht are not

limited to silicone hydreaokioRay Rucsomedtedslsnhanddalfk Wi i atigidiopeamigidebees that may
be used to form lenses from uncured formulations, Fome p@rrgg&r%nolds include twog;%d Ela]rts forming
a front curve mold %@n%gﬁg] JfBSSE &lrve 8@1&% Phvarmn st ré‘?e%af‘é?g?grtso% KGBRE or energy
trgnsferred p@uniM&bﬁ&hﬂecl&ﬁdengafB@gméimitag ts[sgiddoeaehygefarartq thm@imggb.may be combined.
with other Die to construgh & £yllRIng, Asidees mlﬁiaﬁuS&ffe@E?Ehﬁ 10 SEBABHIT BREELAHNL{lat and is

formed in an arcuate shape. Stacked: as used heréin means to place at least two component layers in

proximity to each d{REVIQSCIPERBYai{qBast 20BHRIRTBITEHTRIfR dec B B thrrtajRi¥ing Boeatts a first
surface of a secondaxemdidiban Wheheatk agtesiomqiaether functions may reside between the two

layers that are in contact with each Oth(fbthrouﬁﬁ% said film Substrate fJnse(r]‘lt: as usedf herein refers to
a formable or rigid subst a?gvsgipa&oﬁg% 8[)%'3 %I%FP@%‘F@{PQ%BFC%%W 1 dbeﬁtHﬁ'lmct'fQﬁs. The
Substrate inséB may alsdR2gsbpgodrinesonsadreerempefeesii® one \Nedevniag bsecbhdrieadrafiérs to a thin

slice of Sem‘COF‘dUSIR%FﬁT@Q@'céHQPLﬁ% éi'iﬁﬂﬂﬁfﬁ@a' %%%H‘i?@?d@&‘%ﬁ?ﬂﬂﬂf‘ _&’Hﬂ’i%%%@ﬂeﬂf%“s and
other microdevices. The wafer serves as the substrate for microelectronic devices built in and over the
wafer and undergoeeeiay taicrorhisriestiet précedsuaenshabeApparatus

Stacked: as used herein means to place at leastctwgponent layers in
proximity to each other such that at least a porabone surface of one of the layers
20 contacts a first surface of a second layer. A filmhether for adhesion or other
functions may reside between the two layers thatracontact with each other through
said film.
Substrate insert: as used herein refers to a fdenmlrigid substrate capable of
supporting an Energy Source within an ophthalmisleThe Substrate insert may also
25 support one or more components.
Wafer: as used herein refers to a thin slice ofisenductor material, such as
silicon crystal, used in the fabrication of integi circuits and other microdevices.
The wafer serves as the substrate for microelectrdavices built in and over the

wafer and undergoes many microfabrication proctegss

30 Apparatus

Referring now to Fig. 1, demonstrated as item 19@& ithree dimensional

representation of an embodiment of the presenniive of a fully formed ophthalmic
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Referring now to Fig. 1, demonstrated as item 100 is a three dimensional representation of an
embodiment of the present invention of a fully formed ophthalmic 8 lens using a stacked layer substrate
insert formed as a functionalized layer insert 110. The representation shows a partial cut out from the
ophthalmic lens to realize the different layers present inside the device. A body material 120 is shown in

cross section of theARGANSYIAUNG-AYETSRE BiRSHARL S T6Redd RN IR 1Rl b fhiSer GQRfained

fully within and extends around the entire circumference of the ophthalmic lens. It may be clear to one

skilled in the arts tHASHERERAAIRESRANSe FapaIiAseH L1 R EBRIPRIEUC IRNP dAniREIF T 6r other

shapes that still mayfasistelajghin thesean stadrisied thevrige of bmiealpazhabmiadensin-ayess 130, 131
and 132 illustrate three of numerous layers.that may be found 1Q i fupctionalized Jayer insert 110. A
o loyor may Sk b BF ehra sy A oETare 8F 0 ot oS Bo e adenel 3R
electrical or pHysicaebpiapedtits!yc anidthiciard @stgyas culzumputipe smtircuiftagacd 30 tnappptiainaity include

an energization solue, s Be QIS ATBIR: SARATTRE Mt REUER P GARRFIAL 2N, B Fgier within

the layer 130. 15 Item 131 then, in a non limiting exemplary sense, may comprise microcircuitry in a layer
that detects actuatib SRRARCHPEFEaR VS RHYIIASERI 20 O oNERRBIAHTBAYAPSIIE3?ithiAySe included

that is capable of reggéittamiyrEidIame eXepplcsPdftthaphiaiging the battery layer 130 and controlling
the use of battery power from layer 130 whenp the lens is ngt in a charging environment. The power
regulation layer 132 may eé?si Orig&l %’lﬁﬂgaggtg?%%rgg?eﬂ%ﬁgrg}?%ﬂ%}%ﬁﬁ&Q@th@(} l?ﬁ Eﬁg% nter
annular cutout®f the dnotitoadizet | yer imsert 110. A simyipsegraly infinde omalige chtagerfirssitel 10 is
embodied within a aphthalmicdsns yia AdtamaanwhichiNases ARERRIDP YRS Adseariacation
relative to a mold part l?stfre%l to fash%_nh%e lens. gST‘he sizcla, ﬁgg;e, and sta((:)king strcucﬂljﬁr%élsoﬁlhe die that
may be used to forfRMEVEPESIGch RATICHEIIBIIRARE 132 in a functionalized layer insert 110 is influenced by

several factors, as showmnindyigs. B3 aR§ bdtishAljlustiates Hie effeeialtlsasehagaddn dse figsign of a
functionalized layer insert. The base curve, digmeter, and thickness”\gf an ophwaln]jéc I%&s di%{?]e a 30
IS

maximum size and"SRIFE% AN iREITYE ﬂjh&i %té‘ﬁ%oalﬁ%?ﬁ@ém Fge."éeé% ple, the
impact of difféfent base IRirvesn|tema200A |oheip rgisex ergsargexdims®gl momprise microcircuitry in a

layer that detects actuation signals for an adews insert 140. A power regulation
layer 132, may be included that is capable of kéegipower from external sources,
charging the battery layer 130 and controlling tise of battery power from layer 130
when the lens is not in a charging environmente power regulation layer 132 may

20 also control signals to an exemplary active leiselin140 in the center annular cutout
of the functionalized layer insert 110.

In general, a functionalized layer insert 110 isedied within an ophthalmic
lens via automation which places an energy soudesaed location relative to a mold
part used to fashion the lens.

25 The size, shape, and stacking structure of thettdie may be used to form
layers such as 130, 131 and 132 in a functionaliager insert 110 is influenced by
several factors, as shown in Figs. 2, 3 and 4.

Fig. 2 illustrates the effect of lens shape ondésign of a functionalized layer
insert. The base curve, diameter, and thicknessnofophthalmic lens define a

30 maximum size and shape of an included functiondliager insert. Fig. 2 shows, as
one example, the impact of different base curiémm 200A depicts a cross sectional
view of a portion of an ophthalmic lens 205A witlora curvature than the ophthalmic
lens 205B, depicted in item 200B, which is flattefThe flatter lens 205B can

9



view of a portion of an ophthalmic lens 205A with more curvature than the ophthalmic lens 205B, depicted
in item 200B, which is flatter. The flatter lens 205B can accommodate a functionalized layer insert 201B of
greater width 202B, as compared to the narrower width 202A of a functionalized layer insert 201A that fits
within lens 205A having greater base curvature. It should be apparent that a lens of smaller diameter

(203A indicates a lgns,diarpates) veHididnizes bé{é%‘hﬁ&tféﬁfﬁ%?éi?m'%%i%@owﬂhﬁéj'RPS with

larger diameter would accommodate a wider functionalized layer inSert. Likewise, a lens of less thickness
(204A indicates a IB%s MRIERNEEY HHLIPRMiPtHR: MRlieabzesynertd RtAdRaliZie P iRt as well
as the width of a furggienaizag lgyerénseatevtie airickat lemsummigphampedatnorenaysirsaaddayers of
greater width. 10Fig. 3 illustr the effect of encapsulation par ers on,the design of a functionalized
yer msert, Encap S {ar A oA e g A P B TS LAk Sl RN S mimem
100 micron thibkndsgdretwemh thbikdge dérsdigitndatgeoutérneeige ofbulmesnafiedothe aizeiderd shape of

2 functionalized layer 50 AP Rcehesienand shane sldndiiduadausis, [RRA0A depicts &

cross-sectional 15 view of a portion of an ophthalmic lens 305A with a functionalized layer insert 301A

and encapsulationhisiREa?Y WOl ik HEHHEIRAE M ARYSES B deitienstzedtsyesims el as

functionalized layefHeasgidiB0dBaanthetitslalivedy 14feeirreapsHirtiaoKeeussamigisBlpsaAmRaeed to
boundary 303A WT:h IS na(gﬂ:)wer. Itgan be seen that the wider encapsulation boundary 303B

necessitates that tHe FiR&BnaNZET 9&?‘6}}%8\% "301B be narrower in width 302B as compared to the
functionalizedltayer inserEB0 1A MitiratekhtBO 2 fect dDepictpdutatiig. paxehe @ffabeofi¢sivrtiona layer

thickness on the d?gir%ﬂ afﬁzfga%ym%%&.'aﬁﬁ&é%gﬁragﬁﬂ%4&%@%%5@%3 & _{/Oérsﬁ%‘ﬁ%ﬂ‘aﬂﬂ view of a

portion of an ophthalmic lens 405A with a functionalized layer insert 401A in Ing three ayerg 25 with

material, such as, RfPEXRIMPRAINSINAGRY TAEFIBHNLBYCIRE HitkiBaBYeSRe RdeR GichaizaRdayer

insert may contain o leggehsratives layessHhsiapAtplbipiensA0RRitePicird indtetAgOB
includesafunctionﬁlize layer insert 401B with &ela i.veqm tﬂck r layers 402B.as comgared to theL<Iayers
4 H¥HiAnE

402A in the function&ized9ay&r ISt ol AR ! ! S LrDGE HORRSEHI8 amples
allows 30 theMsidthviefthed baitotiotaybesn 4Qibvhaincici @28 89 s&nvaititthetisantiezetitayevarsearcdnlde seen that

the increased height of ipnal rihsert 0.4Q: inedAnith the lens
curvature, causes ﬁbef? tgtﬁglaa eﬁ%%%@%ﬁii?ﬁ% vﬁﬁ%h%@ﬁ(@%lc ar@sgsé o‘?%ega&é% (ﬁ}q{?%)ﬁrl;ﬁ _a)llger impacts
other dimensions, ¥15d%dgs fanbirsinaNzadyiave taei I SRABitaRceR PRl raidRingReaPefalPRulation

parameters. Thickeyolay@ip \etaip HiechinpHrnatz &d lavarynasthwitieRuBer eRtegiend thahat
dimensions, such as widéh, in order to remain within the confines of the lens geometry. 5The example

depicted includes & fuftHBHENZBRTEPThRH RN S URE e 6P 2o AR SRSt G L A AR TGS aped die.
Full Ring Lay2at 30RBfberingrmove tanFigdthA3 (hEp erdecba@atop-doive ioealioé de§anaiserafed 1301A with a
layout including fU'M{H%ﬁq%ﬁ\With center cutout 503A. The figure shows
Depicted in Fig. 4 is the effect of functional laykickness on the design of a
functionalized layer insert. Item 400A representgoss-sectional view of a portion of
an ophthalmic lens 405A with a functionalized layesert 401A including three layers
25 with material, such as, for example, insulatingelsy between the functional layers. A
functionalized layer insert may contain more osldgn three layers. The ophthalmic
lens 405B depicted in item 400B includes a funalmed layer insert 401B with
relatively thicker layers 402B as compared to #ngeis 402A in the functionalized
layer insert 401A which are thinner. The lens atuve in these two examples allows
30 the width of the bottom layers 402A and 402B to aemthe same. However, it can be
seen that the increased height of the functiondllager insert 401B as compared to
401A, combined with the lens curvature, causestdpelayer 402A to be limited in

width. The thickness of each functional layer ietsaother dimensions, such as
10



10 the area required for each full ring die 502A, but only illustrates an example of the center cutout 503A
for one full ring die 502A. Full ring die 502A are positioned adjacent to one another, with at least a dicing
street width separation between rings. The most efficient layout includes full ring die 502A arranged in

concentric circles around the circumference of the wafer. In this design, significant areas between the 15

individual full ring g, aR2MA g aCt HRARIe 1A% Wall 37 RRIRANIAE CHIALPAIA PRrioR A GREMHRG- A layout
including full ring die 501A results in inefficient utilization of a wafer, Iproducmg 255 full rings and utilizing

only 25.9% of the WafeMeigterial TiICkREfEYRI§ ¥y M. BISCHOTHABYRT diortud/llich of @RIl ring die

502B is depicted wigaieieriencutagt B0RErNYhe st cenigaeLrigst DU3mhisn enteivedetberiledring die
502B is defined bytgg Iouteré)enrqin%reter 504B and an inner perimeter 505B. The center cutout 503B is
unusable after removal oM eath ull ring die 502B produced on a wafer, and is therefore wasted

material. Conclusion The rexaleeteipépictobireladdsas furtbicyradifind ddygeHarcitienshsglewf provides
25various designs rflﬂ"g,rmﬁ%aém%fégttnﬁ _lélﬂ(é%%laadié_ed layers in a functional layer insert, for

incorporation into an ophthalmic lens. CLAIMS 1.An active lens insert for an ophthalmic lens comprising:

annular shaped ful riP substrate layers with one or both of electrical and logical functionality; wherein the
size, shape and stacki of each of the annular shaped substrate layers is based on the

thickness around an optiggéfépmggq{&@e[cpp _hg@&ﬁ%@ﬁggt{%hmm%?m%ﬁ vieep substrate

layers; and the active lens insert encapsSulated one or more materials Ing within the body

material of a molde¥tBhtR¥HideHdinpHelheageierd s et CERAHQULARSRAInTThe Bawsehewsnctional

layers are adhgredite ingdaidogildvers feERinaiR strckrRddearentlBRtiedens éxeeiprf Glata 1 or 2,
wherein the annular shaped full rig(gﬁ% bstrate le’ll)(ers ar ecuéfrom a wafgﬁ. The active lens insert of Claim
0

1, 2 or 3, wherein 'S WRLRR a&dRg Ctrlletl 4th of W09 LR 3Fendise AN  layers is

further based on theljzaeatcturenefaroibehtvdtmiat [Eest a dicingestwidth separation between rings.
The most efficient layout includes full ring die Z® arranged in concentric circles
around the circumference of the wafer. In thisiglessignificant areas between the
15 individual full ring die 502A are not usable, aslvas the center cutout 503A portion
of each ring. A layout including full ring die 58Tesults in inefficient utilization of a

wafer, producing 255 full rings and utilizing or2%.9% of the wafer material.

Referring now to Fig. 5B, a top-down close up viefaa full ring die 502B is
depicted with center cutout 503B. When the ceateout 503B is removed, the full
20 ring die 502B is defined by an outer perimeter 5@ an inner perimeter 505B. The
center cutout 503B is unusable after removal fracheull ring die 502B produced on

a wafer, and is therefore wasted material.

Conclusion

The description above and as further defined bydhems below, provides
25 various designs for rings that make up the funetiaed layers in a functional layer

insert, for incorporation into an ophthalmic lens.

11



The active lens insert of any preceding claim, wherein the size, shape and stacking structure of each of
the annular shaped substrate layers is further based on the diameter of an ophthalmic lens. The active
lens insert of any preceding claim, wherein the size, shape and stacking structure of each of the annular
shaped substrate layers is further based on encapsulation parameters of the active lens insert. The active
lens insert of any preceding claim, further comprising an encapsulating biocompatible polymer. 8. The
active lens insert of Claim 7, wherein the blocompatlble I\(/Jbl%mer for encapsulation is a polysilicone based
polymer. 9. The active lens insert of any precedlng erein the encapsulation of the 5active lens
insert maintains a minimum thickness between an edge of a substrate layer and an outer edge of a lens
of less than about 150 m hICk 10. The ctive Ien ert f any preceding claim, wherein the active
lens insert comprises thr oa}c 1 HEISE&’% §b %yer 18%1. The active lens insert of any
preceding claim, wherein the ac&mwlensmged ﬁdm@esmﬂﬁuﬂml&y@mn&lﬁr shépth 0P elEoriastive lens

insert of any preceding claim ’lWﬁu%%&n%&‘%é%fem‘?rfla5§1!95£rﬁéﬁéaé’1%@<ﬁﬁfgt§ﬁﬁﬂy@d?@édﬂse”

comprises one or more individually functionalized layer. 13. The active lens insert of Claim 12, wherein

one or more of the individialfEf@RELRTafiPaRady 8 LEH IR S hdaRrh@biGkReSs FAFRYIShAs an

antenna. 20 optical zone of the ophthalmic lens;
electrical interconnections between substrate fyerd
10 the active lens insert encapsulated with one oremuoaterials for

bonding within the body material of a molded ophttia lens.

2. The active lens insert of Claim 1, wherein thbs¢rate functional layers are
adhered to insulating layers forming a stackedufeat
15
3. The active lens insert of Claim 1 or 2, whert#ia annular shaped full ring

substrate layers are cut from a wafer.

4, The active lens insert of Claim 1, 2 or 3, wiretee size, shape and stacking
20 structure of each of the annular shaped substagerd is further based on the

base curve of an ophthalmic lens.

5. The active lens insert of any preceding clainhemin the size, shape and
stacking structure of each of the annular shapbsdtsate layers is further based

25 on the diameter of an ophthalmic lens.

6. The active lens insert of any preceding clainhemin the size, shape and
stacking structure of each of the annular shapbsdtsate layers is further based
on encapsulation parameters of the active lenstinse

30
7. The active lens insert of any preceding claimrthier comprising an

encapsulating biocompatible polymer.

12



14. The active lens insert of Claim 10, wherein one or more of the substrate layers of the active lens insert
comprises an energization source. 15. The active lens insert of Claim 10 or 14, wherein one or more of
the substrate 25layers of the active lens insert comprises a power regulation source. 16. The active lens
insert of Claim 15, wherein the power regulation source comprises at least one semiconductor layer with

electronic microcirguitry cgp@bégtwecmgoh%gﬁtrgg %%ﬁ?tﬂQthéPéTht%ElﬁﬁHQPHE”HSWrﬁéﬂ%ﬁo 17. The

active lens insert of Claim 16, wherein the electronic microcircuitry is electrically connected to an
electroactive lens compoRBRERAHAHRSGHRENGIHFENE12S88 AW RR%ive lens insert of Claim 15, 16 or 17,
wherein the power regulation source of one or more substrate layers are capable of receiving power from

external sources. Eng.Th%ﬁctiv%nggnigsl%t Ptf any one %f Silr?im? I1r%to i%%hwre]:%reain tq%@%v%?rtﬁegulation
source of one or more subSfrat layers are %apab &YoP'&%& glrggctﬁe e“\?tery %ye?. DS SLHVE lens
insert of any ohe of Clainsst\&tdels, wiereiméiegposver Toiraguiatitncsmaseveeonanoedagredubstrate

layers are capable of contrplingthe vise,AfiRAviRTIYRER NS QRBMRAIRAISISRS i 19 [ Ahawing

environment. 21. The active lens inSert of any one of Claims 15 to 20, wherein the power regulation
source of one or more substrate layers are capable of controlling the 15use of power when the ophthalmic

lens is in a chargingoenvirpRengativé Aendiengeivereny ipaass @ihgriiaphelaimméOaaivd |eviieriedaene or
more of the substrate layers of the active lens insert comprises a solid sta]te energy source.
comprises three or more annular shaped substyaesla
10
11. The active lens insert of any preceding clawherein the active lens insert

comprises a full ring annular shape.

12. The active lens insert of any preceding clawvherein one or more of the
15 substrate layers of the active lens insert comprasge or more individually

functionalized layer.

13. The active lens insert of Claim 12, wherein onemore of the individually
functionalized layers comprises a metallic layerohHunctions as an antenna.
20
14. The active lens insert of Claim 10, wherein onenore of the substrate layers

of the active lens insert comprises an energizamce.

15. The active lens insert of Claim 10 or 14, whreme or more of the substrate

25 layers of the active lens insert comprises a paegulation source.

16. The active lens insert of Claim 15, wherein tph@wver regulation source
comprises at least one semiconductor layer witlctieleic microcircuitry
capable to control electric current flow from theotrochemical cells.

30

17. The active lens insert of Claim 16, wherein &hectronic microcircuitry is

electrically connected to an electroactive lens poment within the ophthalmic

lens.

13



2023.The active lens insert of any preceding claim, wherein one or more of the substrate layers

comprises microcircuitry to detect actuation signals for the active lens insert. 24.A method of forming an
active lens insert for an ophthalmic lens, the method 25comprising:
substrate layers with one or both of electrical and logical functionality; wherein the size, shape and

stacking structure ggeachifttheRnWAL ShanehevlsRtelayersisihaserh ARdhSOITkRERFARHINd an

optical zone of the ophthalmic lens; 30forming electrical interconnections between substrate layers; and
encapsulating the active RHEGRSRIORRPOTBRBE Rl AR G B ARIHEI SRR ehBWeRly FRBterial of a

molded ophthalmic lens. external sources.

5
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19.

20.

21.

22.

23.

24,

The active lens insert of any one of Claimstd518, wherein the power
regulation source of one or more substrate lays¥rscapable of charging the

battery layer.

The active lens insert of any one of Claimstd519, wherein the power
regulation source of one or more substrate layersapable of controlling the

use of power when the ophthalmic lens is not ihaging environment.

The active lens insert of any one of Claimstd520, wherein the power
regulation source of one or more substrate layersapable of controlling the

use of power when the ophthalmic lens is in a dhgrgnvironment.

The active lens insert of any of Claims 10 19 ®herein one or more of the

substrate layers of the active lens insert compssolid state energy source.

The active lens insert of any preceding clavherein one or more of the
substrate layers comprises microcircuitry to destuation signals for the

active lens insert.

A method of forming an active lens insert faragphthalmic lens, the method
comprising:

forming annular shaped full ring substrate layerthwne or both of
electrical and logical functionality; wherein thézes shape and stacking
structure of each of the annular shaped substeaterd is based on the
thickness around an optical zone of the ophthalemis;

forming electrical interconnections between substi@yers; and

encapsulating the active lens insert with one oremmaterials for

bonding within the body material of a molded ophttia lens.

14

forming annular shaped full ring



