METHOD OF ARRANG NG RI NG SEGVENTS ON A WAFER FOR FUNCTI ONALI ZED
LAYERS OF AN OPHTHALM C LENS A functionalized |ayer insert for an
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The topology and size of the space defined by the lens structure creates a novel and

25  challenging environment for the definition of various functionalities. Generally, such
disclosures have included discrete devices. However, the size and power requirements
for available discrete devices are not necessarily conducive for inclusion in a device to

be worn on a human eye.



10The internal arcuate edge and the external arcuate edge of each arc
segnent may be are matched. The radius of the internal arcuate
edge may be different than the radius of the external arcuate edge.
The two or nore arc segnents may be generally of the same shape.

15Mul tiple of the two or nore arc Se@@ﬁ/ﬂ\&i ?{f the ring design may be
generally positioned in concentric r MARY  The arc segnents of the
ring design nmay be generally positioned in interdigitated col ums.

At Teast a porti8fcasfingnoat dirsfeasheditointy preioy) thewnidrigeided (hmethod of

interior ar ' ' :
oo o e BARRE S8 L oANRLGT PR, SPRRRb Ty B kSR
exterior coconeponefiges aaf opbalmin dersegThat methbdagehprgalg: tdddmegningact afng
the wafer may. be facing towards the outside of the wafer. The intact

ring may bed¥i&ps QEHIS GMPODRRLE B1p Q) O5 BIGHRHE SSEDeTh MEierdR ghlsatte Rortiqmf

mul tiple diyjdedsi tc!@ﬂﬁ; %'Qﬁf' rrdP b @ N&a’ ntQﬁ ﬁ]ﬁf‘ﬁf’c{l @fedge;
the wafer vméltcﬁ c%r%c ntri é) |r8 eslo arc segne 'Fs ar%un et e therleee &%
segrent s of gankemting | the dhyoudi for diedd semicanductinggeatefitlewafer dot arangngrile be

G v ded 10 Lol TLARSEATEN dest s, The arg seaents ol LD SinG.
interdigit age%glems_t h one of the edges of each arc segnent.

10 The internal arcuate edge and the external arcuate edge of each arc segment
may be arc matched.

The radius of the internal arcuate edge may be different than the radius of the
external arcuate edge.
The two or more arc segments may be generally of the same shape.

15 Multiple of the two or more arc segments of the ring design may be generally
positioned in concentric rows,

The arc segments of the ring design may be generally positioned in
interdigitated columns.
At least a portion of an arc segment may be positioned near the interior arcuate

20 edge of another arc segment.

The intact ring may be divided into two ring segment designs.

The apex of the exterior convex edges of two ring segments placed near the
center of the wafer may be facing towards the outside of the wafer.

The intact ring may be divided into three ring segments.

25 Three segments of the multiple divided intact rings may be positioned near the
center of the wafer with concentric circles of arc segments around the three segments
of the multiple divided intact rings.

The intact ring may be divided into four ring segment designs.
The arc segments of the ring design may be generally positioned in columns.

30 The columns may be interdigitated with one of the edges of each arc segment.
One or more of the ring segments may include curvature designed to match the

external arc of the fully arc-matched ring segment with arc-matched ends.
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One or nore of the ring segnents may include curvature designed to
match the external arc of the filly arc-matched ring segnent with
ar c- mat ched ends. One or both ends of the one or nore segnents
may i nclude ends designed to the interdigitation of colums of arc
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of an opht hikagterdigitagion ThHeolwmns obiare segnénss orya wafadef i ni ng arc segments

proxi mate to each _other .on a sem conductin terjal .wafer,with
i ci ng st reet wi AP HBEMS o R aREoCdt e tedTieR chle Prsiad 4 dhehod of
segnment s f omanefactieng @npenedthpetieg: WhehebghtiMimic &gk, aTROmdtRl ebmpasihg:

arc segnent conprises an internal arcuate edge and an external
ar cuat e Sedgeelinipg dicdiagents proximatel taspeic other Of Hesqmpigentiucong mpgrial jwafer

provi ded a i 1.0g,: o) .Sl nd. r
Pegments prigh aRafy GheE 8t eleeh (D HMAG Wil B offhoft e seament
at | east a faftd dia compedthard whe@fn@néasc o pprtioses each atsegmalt campriadsean

edge and an, external arcuate edge and wherein two or nore are
segment s f offaBal arqygtegidge aphpordnmal aprterdscei n the | ayout conprises

a dicing street wtdifinbes W‘%’l’ﬁth]%J@@ct%f‘i%éﬁ%ﬁmnstheﬁﬁgﬁ@%d%h%gé %ﬁc&ldgctimg

functionalized |ayer i1nfsert can be energize I ncorgorat e
i nt o anlCophwhizl ntamptesuige ea | layaids of | dvedsegiientsi pseximatearo ach osthed oof the
haye uni qgue functionality for each |a

mul tiple |ayers ich ma er:
or alternat %%‘78?%:“%%‘”1“ cPREHE P4 AFat) pqrﬂom?‘tqa @19 sapEpegt cepﬁénses an

layers may Ravgall AYers ﬁgggiaﬁgtﬁldeit@m;agrﬁrc%%r Qi%%a%r%d)ﬂfh@ifeiﬂ h&o lFUroﬁllHFet arc

or the activation of the product or contro functional 20

conmponent s seemients fohe alringsdie odyponent; and hvéieféin tlot lapowt| compes¢segy dicing street

insert may contain a l.ayer in an energi zed state which is capabl e of
powering a %Bﬁb ?‘Fgﬁ?n@ﬁﬁé%’fewgdraw ng a current. Conponents may

i ncl udeys for exanploRdingRea BinchiBrAized layer Maért ﬁﬁ{@anodbtén%rcgiﬁéﬂ%n@ ement ,
and a sem conductor device, which nmay either be |ocated in the

st acked | ay@forpaead intgranxmithadinig desice dhdrselead. tThejinseriSgadedaaind ofs

can also in : il ) A : a
7o a or T oP bl R Ny TR R R e GRS or Bt

wi t hi n the @pkdfahdionalitgbat innmaltibledawsrp alhdlagert asdyilane layers dedicated to the
Accordingly, an ophthalmc lens with a stacked functionalized |ayer

portion as wsrgizaionpd thepradur or isactivation;of ghesprgss o farcantrel phipnciignal
the fungfi OEb?ﬁ%\fgl?thr\ﬁmiiéth%Qeﬂ%ﬁ ibed. The arrangenent of ring
er t

segnents on a 0 optim ze fer utilization is also described.
An insert may beTlofuretdbifatioed layértingptenbagyertsniafayeain ausnenginetestate avhdch
pl aced in proxi rlr)ilt&.to one, or both of, a é(l rst nold aré and a
Second ol dSEAPTPIC Of ROBEEREAEOMBROTE CARACIE § lrpN iedce B R P eI Py
mol d part apgdiiBeos&GRe, Bak @r BRE of: a variable optic lens element, and a
semiconductor device, which may either be located in the stacked layer insert or
25  otherwise connected to it. Some examples can also include a cast molded silicone
hydrogel contact lens with a rigid or formable insert of stacked functionalized layers
contained within the ophthalmic lens in a biocompatible fashion.
Accordingly, an ophthalmic lens with a stacked functionalized layer portion as
well as various designs for ring segments that comprise the functional layers is
30  described. The arrangement of ring segments on a wafer to optimize wafer utilization
is also described. An insert may be formed from multiple layers in various manners
and placed in proximity to one, or both of, a first mold part and a second mold part. A

reactive monomer mix is placed between the first mold part and the second mold part.
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3 The first nold part is positioned proximate to the second nold
part thereby formng a lens cavity with the energi zed substrate
insert and at |east sone of the reactive nmononer mx in the |l ens
cavity; the reactive nononer mx is exposed to actinic radiation to
form an ophiRafing mol®pat islpRSitieRed ProxReatd wtﬁegecwh@rﬁéie &0 MHeFbly 18fming a
actinic 5 radiation to which the reactive nonomner Fure IS exposed
DESCRI PTI ONemcaFiE vORMIE eSS gized subpstiate lmsqrﬂ dndst i@sf@@na: thhhce@actlve

di mensi onal _cut sect.i 02 Fa}}e etn @_itl on g t
stacked fun®PPYRE PSS RRFTHY erﬁ%"&‘P’%B’r"&f’%‘Sr %"i ﬁueﬁp%ﬁ*? SpAT H’é‘f mc
I ens nol d padtatiofrkéForr dnl dphialicd8nd VInSdsQHSy SO Aa the control of actinic
representations of inserts formed of stacked functional |ayers

i ncor poriat ed@digiionihwhigh thg repretirnonhRgsRixBish isteabased- | enses. FIG 3
illustrates two cross-sectional representations of inserts forned of
stacked functional |ayers incorporated within ophthalmc |lenses with
di fferent encapsul ati on 15pPESTRIPTION BFTHE DRAVANGE es two
cross-sectional representations of inserts formed of stacked

functional pgyarifudiddd éjthfé(eet'fﬁﬁ@ﬁmér?a}' @ﬁt s%&i&lﬁ@ﬁ%%addﬂ(&raﬁ%s‘éﬁ%ned of

wi thin ophthal mc |enses. lustrates a top down view of
one- quak erstagked funvgiosd dmeng wbrchas mdonpptduedmmuhfaeroehthalmécmsamid qmter
radii, as well as nesting of ring segnents and a full ring conposed

of ring segrREnCslludtiafEs thoicdrdssstetiinabrepresapattbasmnf tisets fofrmad ofistacksdr t er

arc ring segnent eated with hlngl er nd oute rad , as wel |
as nesting YRS faéfeamorawga Wit o qi afrl&@mys@eaht flpic fegses.
segnents. 25 FIG 7 illustrates a top down view of a one-quarter arc
ring segnentlGRdinstesitwh cEesstseetionahiepreseniatisms o serinivamed pbstackedi |
as well as g
cognont s, AL EoP | brsih B RRT Iy B Bk lebds At SRERAP AftaBrul
shapes & onpdragstersS- 7 for conpari son purposes. 30 FIG 9 illustrates
a top down view of an eight-inch wafer with one-half arc ring
segnent s arFlaNdqtudtitARendssisectmaiiepAeeRittind @f iReAdfodmBe of stadketiNe

present i nventi on.
functional layers with different layer thicknesses incorporated within ophthalmic

lenses.

FIG. 5 illustrates a top down view of a one-quarter arc ring segment created with
20  different inner and outer radii, as well as nesting of ring segments and a full ring

composed of ring segments.

FIG. 6 illustrates a top down view of a one-quarter arc ring segment created with
matching inner and outer radii, as well as nesting of ring segments and a full ring

composed of ring segments.

25  FIG. 7 illustrates a top down view of a one-quarter arc ring segment created with
partial matching of inner and outer radii, as well as nesting of ring segments and a full

ring composed of ring segments.

FIG. 8 illustrates a top down view of various ring segment shapes from Figs. 5-7 for

comparison purposes.

30  FIG. 9 illustrates a top down view of an eight-inch wafer with one-half arc ring

segments arranged in concentric bands according to an aspect of the present invention.
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FIG 10 illustrates a top down view of an eight-inch wafer with
one-half arc ring segnents arranged in a nested |ayout including nine
concentric bands according to an aspect of the present invention.

FIG 11 illustrates a top down view of an eight-inch wafer with
one-third apgs.nonfusSseaEBh doRhVEEEEad de-RESivattr hathUhe-Haltdr & Hh g
ten concentric bands according to an aspect of the present invention.
FIG 12 ill mneatseze:raag@dm adeated et gicludingagne eanceftrighardsgiecoidingtio an
wafer with one- l%g}h E‘, rmttched ring segnments arranged in a |linear
| ayout accofdr 3> %{Sf)eél V6 The present |nvent| on. 10 FIG 13A

illustrates p,.down vi ew.of a.se nt. of. an nch, wafer.with
one- quar t er FIi- BRRTI 4IPRgoURgHRT N Tiektiarhy et it ateneis gt
arranged | nse%ﬂehﬁ%?{anéécﬁﬁgﬁ{e%éd'1@6@1\.~'fncﬁﬁ?d§tgh B&qc%ﬁtrﬁrbaﬁésoﬁ%rc@ﬁ foh@
present invention "'ustrates a close-up top down VI ew of
a segnent odSpaﬁ@nmreamthwmcar with one-quarter arc nmatched ring
segnents including arc matched ends arranged in a |inear 15staggered
| ayout accoFii.ng illestaresasppdownfvidwhef psegamnt of avegtitiinch waBEWhlORE-
DESCRI PTI ON The present invention incl udes a substrate insert
devi ce for n@4rich ?@d%cleqsiems& Scewen'g agAngEd i P dingar layKt peseafling @ apReskefs
The inventiga ?éséﬁhh@éﬂh%ﬂes arrangenent 5 and design of ring segnents
on a wafer to optlmze wafer utilization. Said segnments which can be
used f fu

mcor portat i oS 1A Bhishas abE i el e el e s MBS R wl@ione
detail ed de@mﬂephﬂc(mﬂchﬁd rﬁfmgmﬁﬁt@ﬁﬁcl@dmgb]lemmmmwnﬁs\amﬂgedb@agnmn.
The description of both preferred and alternative enbodi nents are
10exanpl e eHBERSIGAEAY dRTayding fRyan aspeat Qi ikRPISsRHG HIVERER t 0 t hose

skilled in the art that . .
Fig. 13B illustrates a close-up top down view of a segment of an eight-inch wafer with

one-quarter arc matched ring segments including arc matched ends arranged in a linear

15  staggered layout according to an aspect of the present invention.



vari ations, nodifications and alterations nmay be apparent. It is
therefore to be understood that said exanple enbodi nents do not limt
the scope of the underlying invention. 3 ossary 15In this description
and clains directed to the presented invention, various ternms may be
used for which the followng definitions will apply: Acti ve
Lens Insert: as used herein refers to an electronic or

el ectronechani cal device with gonixglgp basegkppamn! 0gic circuits.
Arc-matched (or arc matching): as used herein refers to the design of

a Ring 20 SegmeniyubiechheltidehcrAel dstihRlnErleuneididivuanthe

I nt ernal Radi us at t e curvature o tern
t he cur vat usteckifig dfweultiptecfunetionAtiged 18y&s. nﬁh@mvanmdnSalmadluties arrangement
efficieﬁtly nest . Ri ng. Segnents on a Wafer, pmaxinm zing wafe

utilizaty onand design f@ﬁﬁﬁg@f”ﬁ%@{’ AWAGRTHO OREMIrSQURIRGHUTANIO RBidseEmeTiie
wi dth of a micﬁceeﬂehgea%fﬁﬂl ioi2e€1d Q%Wﬁﬁguﬂc%ﬁﬂﬁ?e?ﬂls‘éhrﬁ“ ts on a

Waf er, where a saw or other device or 2bcan y cut the
Waf er into inedipeiatioalintDiae ophthhloit le:imnagl ng the circuits. D e:

as used herein refer a bl ock . conduct i .erial, on which
2 ahven funct  onth e talliine Fectprin S lsSCtitions p b Patimens of tia o
froma Vf el be given. ENRE GséBtiorPst UoBEFreGFeliand raﬁ&%ﬁﬁvet é?nﬁcﬂﬁméﬁt%ﬁ of
being able to supply electrical current to or to have el ectrical

ener gy Kt or exinyile finhodigeEsentyy andig inwei¢rdendethat todlicse skilled tméle@aﬁhatl ty
of a physical . system 0 _Work. ny uses nm reI e to

capach (. bel it aradiBed i ety 135 badprrE: ThS dedrhg
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Energy or placing a bionedical device in an Energized state.
invention.

Glossary

15 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
device with controls based upon logic circuits.
Arc-matched (or arc matching): as used herein refers to the design of a Ring
20  Segment which includes an identical External Radius and Internal Radius, such that the
curvature of the External Arc matches the curvature of the Internal Arc. Arc matching
is used to efficiently nest Ring Segments on a Wafer, maximizing wafer utilization.
Dicing Street Width: as used herein refers to the width of a thin non-functional
space between integrated circuits on a Wafer, where a saw or other device or method
25  can safely cut the Wafer into individual Die without damaging the circuits.
Die: as used herein refers to a block of semiconducting material, on which a
given functional circuit is fabricated. Die are created on and cut from a Wafer.
Energized: as used herein refers to the state of being able to supply electrical
current to or to have electrical energy stored within.
30 Energy: as used herein refers to the capacity of a physical system to do work.

Many uses may relate to the said capacity being able to perform electrical actions in



External Arc: as used herein refers to the external or convex edge of
a Ring 5Segnent, which is a portion of the circunference of the
circle defined by the External Radius External Radi us: as used
herein refers to the radius of the circle that defines the external
edge of a FgdihgRiopg or Ring Segnent. The External Radius determn nes
the curvature of the External Arc. 10Full Ring: as used herein refers
to one conpl et e Eneigy Sorrpedhs usgddrer¢in refers o devienedpable @f buppdiring Heeey or A

Full Ring be conprj.s of nultiple Ring Segnments or nmay be one

I ntact R nglglgcmg a%lor}lg—?ﬂﬁ%ailg%wéff'inzaéloén%é%zﬁ?ssé%é'her einrefers to making a
| ayer or device Bhefal Arfek LusidReReih veteisito thd dxedriidlioR Qo AXEOPA RirpNe
or nore of; enerrgi zation, activation, control, and 15| ogi cal

processihg o¢gnang whirh & aypratien ef the girgumieience oo gl dirgleiefingd by thedéternal

as used hergig. tefers to an insert for an ophthal mc device forned
frommultiple Flinct i onal | ayers which at |east a portion of themare

stacked. The mul Extetral Radias:ssnesd asie refisqd ehd radik iod tie! difcle thardegiaedthe
| ayer; or alternatjvely nixed functionality but in multiple |ayers.
Pr ef er abl y, e¥%t¢igal elge 062 FyH Ripe opRinggegment. "Therdprdermaliiasdius desorpdiesg the

herein refe I ng-shaped | ayer in a Functionalized
&ﬁ«vvé]tﬁreodﬁh&ﬂ‘%e%% d,

Layer Insert Ich'is m a single intact Die. Internal Arc: as
used herki n ref eFdl Ring heusedtheraratefas te amcanepled gmgahagedRhyeg ilBegnent .

The Intern Ar.c e a single .segnent, the curvature_of which
is 25 det efiﬁwaamgf%@ R‘éyﬁ“ﬂp 4y P Ringamavrbrecormrisert af m}a{ﬁtaﬂﬁﬁylgb%egments
conprised ofr i bé PASIMBIERARYMENt s of different curvatures, defined
by different Internal Radii. I nternal Radius: as used herein

refers to the radinggondlizedies ubeddiesein hefbrs de friaking atllger ion tlevicedbletgerorm
AT NPT TR R N R

15 logical processing of digital signals or data.

Functionalized Layer Insert: as used herein refers to an insert for an ophthalmic
device formed from multiple functional layers which at least a portion of them are
stacked. The multiple layers may have unique functionality for each layer; or
alternatively mixed functionality but in multiple layers. Preferably, the layers can be

20  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.

Internal Arc: as used herein refers to the interal or concave edge of a Ring
Segment. The Internal Arc may be a single arc segment, the curvature of which is

25  determined by the Internal Radius. The Internal Arc may be comprised of multiple arc
segments of different curvatures, defined by different Internal Radii.

Internal Radius: as used herein refers to the radius of the circle that defines the
internal edge or a portion of the internal edge of a Full Ring or Ring Segment. The
Internal Radius determines the curvature of the Internal Arc.

30 Lens: refers to any ophthalmic device that resides in or on the eye. These
devices can provide optical correction or may be cosmetic. For example, the term lens
can refer to a contact lens, intraocular lens, overlay lens, ocular insert, optical insert or
other similar device through which vision is corrected or modified, or through which
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30Lens: refers to any ophthal mc device that resides in or on the
eye. These devices can provide optical correction or may be cosnetic.
For exanple, the termlens can refer to a contact |ens, intraocular

| ens, overlay lens, ocular insert, optical insert or other simlar

devi ce t hr ogigphwhiofdyMs SdsakticallFhaREdd]E. eOlrisBB ] WhHout Gmpbdin® Yiibn,
which 7 eye physiology is cosnetically enhanced (e.g. ifis color)
wi t hout i npBafangdignsesare spitepoiagtdanscs arsanader from efliconpelasiemerisen bpdrogels,

made from sjlicon l,ast oner.s. 0 dr.agel.s,. whi ch i pclude, but, are not
T ted to: EhieRI R Enfleqd¥ MR Ryl rud Ao’ ®, 0%
rigid or sem -rimgloth: @kRGH atribad or@hi BRzidISEctitRathedyhd wa8 esfonhdeises from
uncured fornul ations. Some preferred nolds include two nold parts

formi ng Sa fyusmreddorpdationsd Soara prafvered meddsinelyde Bvaorsioll pratstfornmpgeedrongs

used herei ng[rgé l%rOfd 1539’[ Mﬁaﬂﬁrﬁﬁrﬁﬁnﬁﬂgﬁﬁy transferred per unit of

time. Ring Segneén as used herein refers to one Die which may be

conbi ned with otPwrerDisuskd hereimstfencio veorkidbhe & ddgrgyAtanyfeadd ber@iitof tane.
Ri ng Segnent isdﬂ_enerally flat 10and is forned.in an arcuate_shape.

Stacked: as usedREErsERchE anEsaddicainedergio praRie Whish dmydsirembinedyaths
i n proximt : . '

sur face of ShaDEFKaRNELs PR %hs ReanbiRR) (R APSLERGyT, Rl fa
| ayer. WA fidmlisWéretellen ah ercuatdisbgieon or ot her functions nmay reside
between the two |ayers that _are in cant ith each other thrqugh

ct
15said film  Stacksdhgs ysef bejsmens tgfie af SARTEP (FOBPRAS [aygrsdn
formabl e orplbkﬁmlf& t_%%lﬁlé‘ﬁ 5@%&%%@%@1@9& aJOPRA 4f 3 saffa{enﬁfo&x oPRIN&fers

wi thin an ophthal'mc I ens. The Substrate insert nay al so support one
or nore conpotastr sfirstdifréice ofig sewod ldyer.eArdilme vbethet for adhdsion slotlee of
sem conductr material . ..such as ,20sil.icon.crystal, used.in th

Fabr i oat ] ontuBp oty EbidE BEMERR VR o ogh ot SR Pty Peuchon b hroneh
serves B3 thei gupstrate for mcroel ectronic devices built in and over

t he wafer and undergoes many m crofabrication process steps.
Substrate insert: as used herein refers to a formable or rigid substrate capable of

supporting an Energy Source within an ophthalmic lens. The Substrate insert may also
support one or more components.
Wafer: as used herein refers to a thin slice of semiconductor material, such as
20  silicon crystal, used in the fabrication of integrated circuits and other microdevices.
The wafer serves as the substrate for microelectronic devices built in and over the

wafer and undergoes many microfabrication process steps.

Apparatus

Referring now to Fig. 1, demonstrated as item 100 is a three dimensional
25  representation of a fully formed ophthalmic 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 the encapsulating layers of the substrate
insert. The body material 120 is contained fully within and extends around the entire
30 circumference of the ophthalmic lens. It may be clear to one skilled in the arts that the
actual functionalize layer insert 110 may comprise a full annular ring or other shapes

that still may reside within the constraints of the size of a typical ophthalmic lens.
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Apparatus Referring nowto Fig. 1, denonstrated as item 100 is a
t hree di nensi onal 25representation of a frilly fornmed ophthalmc |ens
using a stacked | ayer substrate insert formed as a functionalized
| ayer insert 110. The representation shows a partial cut out fromthe
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may conprise a full anpular ring or other shapes that still may
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si ngl e | ayenomiayitingekeniplagnsense, mayr @ngirise adtioviecwiry ipakyerthat detects

conponents and portio with structural,, .electrical .or physical
pr ggert i es %06??&15 i> aﬁio a“paoﬁI‘tVFi?ﬂsé?seadﬁBoée?o%%YP%S}%I}Oﬂﬂg%%r,}ég, may be

include an peRded #at sRApAAEHER ceitiEHodRr bR ex®rRARbErced RRarBIngTRE BatRly
a battery, a capacitor and a receiver within the |ayer 130.” I'tem 131

t hen, i a lwer 130rind icontrekingficarsy of battoay poraigr foomparies &3 thrivbew therlensiis ngt
in a layer that detects actuation signals for an.active,|lens inser
190° A povel TLatHg ebnoRaaf TEboR doleioR AT kPl RupRfalsp
recei vi ng payedenipla@taciécletins &0 WM CRShe 6886GnAGlat ARoRAtIRS findGorlaByar
130 and controlling the use of battery power fromlayer 130 when the

| ens i s notlayeripseshldOgi ng environment. The power regul ation |ayer 132

may al so_cont ol 1.sj.q0al § QAR BAATRRtkeRY D Ee G0Red MRRL an Hglatnic

t he center annul ar®cutdut o tionalized I'ayér I nser

| n geneldal , leas fianatortitiah iwigch playsraniensgl tsodit a idssissatiochtiod rtativd to aanold
opht hal m ¢ 15| ena vi,a_automati on which places an energy source a
desired | ockrt ¥§d fxfashiopdhe l§n% nol d part used to fashion the |ens.

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

20 Fig. 2 illustrates the effect of lens shape on the design of a functionalized layer
insert. The base curve, diameter, and thickness of an ophthalmic lens define a
maximum size and shape of an included functionalized layer insert. Fig. 2 shows, as
one example, the impact of different base curves. Item 200A depicts a cross sectional
view of a portion of an ophthalmic lens 205A with more curvature than the ophthalmic

25  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 (203 A indicates a lens diameter) would limit the width of a functionalized

30 layer insert while a lens with larger diameter would accommodate a wider
functionalized layer insert. Likewise, a lens of less thickness (204 A indicates a lens

thickness) would limit the number of layers in a functionalized layer insert as well as



The size, shape, and stacking structure of the die that nmay be used
to formlayers such as 130, 131 and 132 in a functionalized | ayer
insert 110 is influenced by several factors, as shown in Figs. 2, 3
and 4. 20Fig. 2 illustrates the effect of | ens shape on the design of
a functi onafticzgdth chacindtibnalized 1IN iMRBREWRNE ¥ thicld BB hfiLht s@ﬂﬂort more

t hi ckness of an ophthalmic | ens define a nmaxi num size and shape of an
i ncl uded f ulayeis epalayeesdileaspser Widdlert. Fig. 2 shows, as one exanpl e,
the inpact of differe C I 00A i C C )

ecti onal  view of > COFPTER BrHEtPE bR PadiRlsb fo el SR ot
curvat ur e thadtibléizephyfiahsere Eivhpdidatidn PRrantted@s Guell ad, byiviAm1200Bimiting
which is flatter. The flatter |ens 205B can acconmodate a )

funct i oral | PENnlayeaintaipieg & mgmynyi 0y hisknegs beteon ths edge ok v Aisand ghe

to the narr i i | i | - t hat

fits withi n%%&gﬁgggl‘ﬁ’%ﬁ% tghr%esg#g?lhts)g 5 déé%%‘lftg%gﬁzeld?%%nﬁ%’g% e

appar ent t htheredork dinssiad arﬁirmw)@dg]f id}iiarhﬁlfhbrayéra.OBé?li 3@013&&3@&?3 @crogdiscctional

dianmeter) would Jimt the width of a functionalized 30 | ayer insert

while a | en¥eWiqfi RORqRent %i“&g@laémlcvlﬂlﬂ o AckidhAdenctionalizzd dyer insert 301A

¢ g i : . . . A
uncti ona '%ﬁpeﬂcé’%’s%[atﬂoﬂ%ﬁﬁﬁda%a?%&q §he oﬁ;{t‘ﬁﬁﬂﬁc %%se g@%[f d.%ﬂ?bte& Efcn 6664

i ndi cates a |l ens thickness) imt e nu ayers in a

funct i ol | mebidesy bmciimsdized kyevimbdrt 331 B 4rivea sl aditvhlyokider dneapdulaival | zed

| ayer insert il t hi cker .| ens m ghf support. nore |ayers . and
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encapsul at i 8 vRA&RBAR IR bbiRIafe S0 Qb ssRafel Bt HRTBhétZRI2A8Yer insert
i nsert. Encapsul ation parameters,” such as, by way of non-limting 5
exanpl e, rraﬁﬁtBabmimg)vwrm wildth 302B s pemparhd trkihe Sendbienalezed lasieringeit 80 b
a die and thq Olilé r Oﬁfg{ge of a lens, affect the size and shape of a
functi onal i‘%]a“i \§e3r sert and therefore the size and shape of

i ndi vi dwal | ayer Bepitfeein BROA ig@Rictlest oF fedivhald Sk tidBidlesy bieWeesign of a
portion of an ophthalmc lens 305A with a functionalized |ayer 1nsert

301A and enBapéenatizedlayerdnseariensoGR represcats iptoressseetiqneheiew@d g portion of
Ser cong enct ( ) . | e
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encapsul ati on bounda 303B necessitates that the functionalized .
| ayer inser ngmﬂﬁ?é{%é‘?rﬂ%m?}‘lcwtﬁﬁW‘%@QBleé%théB%ﬁ‘? Byers o The gphthalmic

functi i . g i i . j el g.
| IR, AL BB O WA Bl B LR EA SO
f unct i onal | m&divelyytbickemsgars 4028 eswoifisied phe byatssi0aAdn dssfusetidriabnal

view of a porti.on o n thalmc |ens 405A with a functional,z

ayer 1 noer BYSrGTRe ARG BT ol ke R B hesF v GEHIBISS g

exanmpl e, i nguhAlthT theé®Riotn 1a0EWEEA dhAQ0P B RAG tdnRiiRthel sAY@! $lowhver, it can be

functionalized | ayer insert fmy contain nore or less than three

| ayers. Thesesp ktah Hlenhereased height of the functionalized layer insert 401B as compared to

25  401A, combined with the lens curvature, causes the top layer 402A to be limited in

width. The thickness of each functional layer impacts other dimensions, such as
functional layer width, that will fit within the required lens and encapsuiation
parameters. Thicker layers within the functionalized layer insert will be more

restricted in other dimensions, such as width, in order to remain within the confines of

30  the lens geometry.
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20 |l ens 405B depicted in item 400B includes a functionalized | ayer
insert 401B with relatively thicker |ayers 402B as conpared to the

| ayers 402A in the functionalized |ayer insert 401A which are
thinner. The lens curvature in these two exanples allows the w dth of
the bottom RawessmftdeBesgl 402B to remain the sanme. However, it can
be seen that the 1 ncreased height of the finttionalized |ayer insert
401B as conpar edyd §e i d&H&RL ned, ML ihe ol L MAt - ISes
the top | ayer 402A Fo égﬂﬁé? m&?ed in V\A}%‘gt h.ﬁTngts |1(?Elﬁlg%e? 1%5f;e?géscﬁqssﬁ
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span di f f er Bmcti¢rabiaed leper inseotund t he circunf erence of the
functionalized | r insert. . Factors contributi to dj.e cost
may i nol ude, by GESCBFORBRUTIER i LukpRdids hy st Ngr-ipying Sxample
substrate ngkebitf tidibbthte HAtEAl af the heRSer dMtbpshelehQeRrd R thhd®st,

cost, 20associated with the fabrication process. Die created on an
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waste of wepreducedtifbilék effiuidnt loucagh aFBilEfh@. FRildides Bésutah s1@RifloaNt
make production of full rings feasible for some |layers within a
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25  die created on an expensive substrate, such as, for example, silicon, with relatively

more complex fabrication effort including many steps and details, may be architected
in multiple ring segments such that the number of rings created from a single wafer is
optimized. Figs. 5-14 will show that specific ring segment designs and their layout on
a wafer significantly optimize the number of rings that can be produced from a single
30  wafer,
Other factors are considered when optimizing the layout of die on wafers. For
example, photo etching of die, if necessary as part of the fabrication method, is a

process typically performed in rectangular blocks on a wafer. When photo etching is
11



nore conpl ex fabrication effort including many steps and details, may
be architected in nultiple ring segnments such that the nunber of
rings created froma single wafer is optimzed. Figs. 5-14 will show
that specific ring segment designs and their |ayout on a wafer
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significantly inpacts optimzation of wafer utilization. R ng segmen
desi gn Ithy W age majsbing (Fig 6),nd pagiehancanatdung (Kigi s Differeat ingrsegoienhg
(Fig. 5), 10frill arc matchinag . (Fig..6 n arti.al..arc.matchin .
(Fio. 7). ot o o eREe g ntn ol fgheo g BRnelifi A iR v ghes o
| ayer of a Jiffefsht Rpadsiof aduncdivBilidcd 3B/t insa®. Wel | as in different

| ayers of a functionalized |ayer insert. Referring now to Fidg. )
5, depicted is aRelesingiow wiFigi hdepstpeontsexiolepbdngsagments designed with

mat chi ng, s | - roLi £ ' i.fferent
interior an%%%%@??%%@%@%ioﬁ e.ﬂﬁgn%)%g‘gsﬁgﬁwﬁégfe&%%dvm (Er}g%reﬁlylné?r%og Iagd
501 i s Igr eadgxeridrivadii. t Tie: éxpéraslradiug aefined beefidcleesd1by gateg liein 302intanal
therefore external arc 503 has | ess curvature than internal arc 504.

R ng segneni2dBggetingd by eifcte pdk and iheesfersrexioraal aprat03dig Lesk cumvaiye thami |
I tem 506 degppstt t j : filci -y,
wi th significant agéaﬁgl' bﬂelta g\ksréeéﬁ t ht 26?%%?%3%? dﬂ?eéaﬂ\t%t?l?%f ?@S%ﬁ%%}gzﬁ?%&ﬁf
wast e when lemd06dagodstetaiha ringfsegme® 503 dombtQiest effieiahidy, Wit sifdficant

ring segnents 505 may be copbjned fo, produce a frill ring with a
Ciroular i rés Peweghte Indiviouak o hEh G GHY Wats Yhemprodhtiag difgres wrter
full arg W&ﬁBOﬂrév&al%@l?&Woﬂrﬂﬁngé@gﬂgntQB@S Hﬁ?rbfe%m'biri%ﬁ téEEﬂﬁEﬁ 2 full ring
created with identical interior and exteriof radii. The external

radi us def i wljalsyrcwar iplesiosedgd. s i dentical to the internal radius
defined by circl l%eferring now to Fig. 6, an example of full arc matching is shown including

one-quarter ring segments created with identical interior and exterior radii. The
external radius defined by circle 601 is identical to the internal radius defined by circle
25 602, which is offset rather than reduced in size to define the shape of ring segment 605.
Therefore external arc 603 and internal arc 604 have identical curvature. It is shown in
item 606 that ring segments 605 can be precisely nested, leaving only a small dicing
street width required for cutting the individual die 605 from the wafer. This design
significantly minimizes waste when producing die on a wafer. A full ring composed of
30 fourring segments 605 is depicted in item 607. Since the full arc matching design
results in die 605 that are slightly tapered on the ends, the interior edge of the resulting

ring in item 607 is not perfectly circular.

12



25602, which is offset rather than reduced in size to define the

shape of ring segnent 605. Therefore external arc 603 and internal

arc 604 have identical curvature. It is shown in item 606 that ring

segnents 605 can be precisely nested, leaving only a small dicing
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of die 705 1 nclude ing ina g
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20Referring now to Fig._ 8, a conparison of the ring segnents

descri bed iwoﬁi“dg?te‘??-’gnrs shown. |tem 801 shows the nesting of ring

segmentg) 505 cr ept@eind dd il € aB }iftﬂrof*tﬁgﬂhggggménitslﬂfé%%dqﬁﬁéétS

nesting of full arc-matched ri'ng segrients 605, and 1tem 803, partial
ar c- mat chedS+iisshogeg ritam 807 e wslthenes@0g of Hirgs¢tgmeioi® apdtedaithmesitd ng

of full arc-matched ri nents .605. It i | so_evident fromijt
803 that 2SRRI apS i lERERe Prnig Deuine et Dol ed kel e et 6O,
ef ficientl yaddigdh 803)patRIRM SR deBmRRtsa08. MRACII2Tearly showd bffihal
804 conpares the area of fully arc-matched rhag segnent 605 with ring
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with no arc matching.

Item 804 compares the area of fully arc-matched ring segment 605 with ring
segment 505, designed with no arc matching. When 605 is overlaid upon 505, it can
be seen that 605 has tapered ends, reducing the surface area available on the fully arc-

30  matched die 605. Although full arc matching supports the most efficient layout of ring
segments on a wafer, it does so at the cost of less surface area on each ring segment.

Item 805 similarly compares the area of partially arc-matched ring segment 705
with ring segment 505, designed with no arc matching. When 705 is overlaid upon
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30mat ched di e 605. Although frill arc matching supports the nost
efficient layout of ring segnents on a wafer, it does so at the cost
of less surface area on each ring segnent. Item 805 simlarly
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al | ows spac¥afesOntimgizaféti t i onal hal f-ring segnents 902 which are not
included in a concentric band 905. The outer row of ring segnents 902
in each band 905Réfaying my toeltigehtatog@awposdw bhHaredHikb waftho@lheidepicted

external_ arc.iowa t.he outer e of the wafer. 901 e .ends of .
The ring seibATETE85RE shitps RO afheat TororeRurRaREr D51 ThedEaRa pf bis
ring segnenfay@d3ndlsded hiertaBdReMicdBn@U0B! niiA¥ered 19 3§&&H%Bhsimﬂgmm

band nunber 13, the outernost band on the wafer 901. The i nner Trow of

ring segrendepbdomw ¢f @ediiliyingsegosnisPOLudbe centerpidkeyweater sll@ppspace for
88?_' t ![ gged m()t ﬁd&t%%iaf h'ﬁf(—lﬁgé Qgglm&%rtsc 9022 \X@lrclq a ehn%t GRMRE i fa cgr?c%n%'r\%fb%ld 905.
The outer row of ring segments 902 in each band 905 has ring segments 902 positioned
20 with their external arc toward the outer edge of the wafer 901 and the ends of the ring
segments 902 toward the center of the wafer 901. One-half ring segment 903 is an
example of an outer row ring segment within band number 13, the outermost band on
the wafer 901. The inner row of ring segments 902 in each band 905 includes ring
segments 902 positioned with their external arc toward the center of the wafer 901, the
25  ends of the ring segments 902 pointing toward the outer edge of the wafer 901, and
each end of the ring segments 902 placed near the internal arcs of two adjacent ring
segments 902 contained in the outer row of the same band 905. One-half ring segment
904 is an example of an inner row ring segment within band number 13, the outermost
band on the wafer 901, one end of which is placed near the internal arc of one-half ring

30 segment 903. Separation is maintained between the ring segments 902 within a band

905 and between bands 905 for dicing street width. This layout on an 8-inch wafer
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25 ends of the ring segnents 902 pointing toward the outer edge of
the wafer 901, and each end of the ring segnents 902 placed near the
internal arcs of two adjacent ring segnments 902 contained in the
outer row of the sane band 905. One-half ring segnent 904 is an
exanpl e of i8IS K06 BV Fih GO GA GME Bhe Wbl hing s oo ahd didlizdsA8.7% of
out er nost ban on the wafer 901, one end o ich is placed near the
i nternal artesfafgieatp@slf ring 30 segnment 903. Separation is

mai nt ai ned bet we g i.thi

bet veen bands. S0k BT R SETEIhSwR 5A Sb A AP Bt Firargrer 109y

waf er 901 witﬁbdehél(f@mguégméntmg@oz‘ afrﬁﬁilggd-ﬁl a)ﬁ&%td’d&h)ffoult irfethdB0iBe tenddfiic
and utilizes 40.7% of the erring now to Fig.

10, showh i angs 1805, @@Wﬁewﬁé\nﬁ? oTh%l?FWIQf élhe Wﬁé}OOﬂG@lP“wsme(fﬁé%| f
Condent ri o AR AEFBR9G e RPETER P elddi8 P ELRRY UGBS Eagh ptthe

al | ows spacsiné bandsiG0Adctilides nalngheatofv ¢f ong- I&Egn‘grﬁegmkﬂt@z 00k iveikth afeeenﬂQif

i ncluded in,a band 100 ach of, the nine nds 100 |.udes
singl e row BF riggscHmeRt IPPE gﬁ‘ﬁﬁ‘%ﬂﬂﬁ‘é‘?op\%ﬁwf@ﬂ@ L48d Hre thi epﬂﬁéﬂle

segnent  1002,4 QuR(Al: i iR @%de@@aﬁeloéfth@@af@f1§m b0k thenat fetr

end of the ring segnent 1002 toward the center of the vva
with thd extachmal sagmelufloml’,)neacxhnearﬂg:mWatc of(aﬁzdjaesrttenhgrsegnenthvdthin

i nt er nal of a e rin withint nd 100845.
For - exanp! e giiaé Rt | @5 os GxnE. G e aastent (OBt B e s
such that |jgte@shen Mt itd6:Gerndl £#8 & ndahthelifeRiala@k oRadjabdnt 3HE-AFIEBhg
one-hal f ring segnent 1003. Separation is maintained between the ring

segnent s 10®2mght HIO3. Hepimtorisunzidtaingdbebragn et vrgsesnntcdn “bﬁmds

1001, “The i REpHd FroBRTERbGn e Tbiudii O of i e {0 B

428 fulls riwmgdicéd Romibéwatee1b@d. fTﬁdmmﬁ@gqée@nbﬁﬂ&mgMéegldf@fﬁfFlg 10
utilization of 42.9% Referring now to Fig. 11, an i nch_waf er

1101 i s depievides #28 Eulkrings deomm 8% eng-half ﬁn&ﬁ@m&ﬁlﬁr H0R; yih sesdgrassilizationod
arranged |n%9@ested | ayout including ten concentric 20 bands 1105,

nunbered 1 “The center of the wafer 1101 all ows space for three
addi tional one- t Réfeting mogv ®afpent, an 306eh whfee 1 @lr is depictedris b tsiedown view

concentric band 11Q5, .Each of t ten bands 1 ncl udes, a single
Fow of ono- ¥k pRe-RtiInE RIS | %%zﬂ"aw TR peslghlsv Rt inflsiondsn seentric

ring ST Mandd 9703, %ﬁfBQreH he1QURRS cREIBT B W dTE: 1R g.imﬁ&@%ac@%& th
ot her end of the one-th ring segnent 1102 towar enter o

t he wafer mn;onahohaﬁﬁhtrld rnigesegmems 02 ehwhefe vetciclodee- lnlalqodcenltmrgband
t 110 i,thin t ' I . f dj t. -third

" ng seqneniiditanchpf et pinds 4 Biies fh8eRsp S hrah THEl tee Seairgice

i's one-thirpgnl Aho868ENbS tlaé%e#lﬂr&@ﬁl@sef'gﬂféhﬂlohOco{%ﬁﬁitﬁQ oafer Ed“g%tof'ﬂEéB

external arc is near the internal arc o ne-third ring segnent 11
Separ at i on Waferhl it anidribelother erslert thhene:ﬂverdtrmgrsagmﬁmgl 198 goreardghel gepger of

Wi t hin | e 3 nd ,1 et.ween, adj acent b

Vo al 1 o PGt A RPving Wil uf Bttt o for R SR e B i D g0
Figs. 10 angitfih thddterfdlerd &f dochdjidegt SROARAtiRg %%ﬂeﬂ'ﬁ?zm f@héh the same
efficiently than one-half ring segrrents 1002. t hough creation of a

full ring readildes Prrvidedgsanerinpleds pre-thitd rigtsegman2 104 én byplogweber 40
only two Onl?es{%als];) tl'idt " external arc is near the internal arc of one-third ring segment 1103.

Separation is maintained between the one-third ring segments 1102 within a single
30  band 1105 as well as between adjacent bands 1105 to allow dicing from the wafer
1101. It can be seen by comparing Figs. 10 and 11 that one-third ring segments 1102
nest more cfficiently than one-half ring segments 1002. Although creation of a full
ring requires three one-third ring segments 1102, as opposed to only two one-half ring
15



segnents 1002, the nore efficient nesting of the one-third ring
segnments 1102 results in increased full ring yield froma single
wafer 1101. The one-third ring segnent design of Fig. 11 yields 517
full rings from1,553 one-third ring segnents 1102, utilizing 51.6%

of the waf esegnieRef 100D] the ntRMetRidnt Sestihg of HRRINGIEIE Hfg SednfiRitAIPMI2 rédubly
of a portion of an 8- inch wafer 1201. center line of the wafer 1201

i s illustratndgciggsed falbringgidd femipgesle watdd 101 glheonsahdoiigrasment

one quar t o PSP 3 b RERHN TrssH'ohdulblle RGP g

fourteen cohtilivisg 126%, ofherwefeed 1- 14. Each of the fourteen col ums
1207 i ncl udes fuII arc- 10 matched one-quarter ring segnents 1202,
the external arcR n‘mwt% Figekd dapigied i # taprdowmyiew 4l partionyst amr$-inch

dj t f

e ol urm s 20T REERERGT AL Rek 201 RAGERIRYy Jddieatink 106 e

one- quar t er figurag Apegnimbtely2aw- quartelodﬂthwﬂﬁamem ils@op&l&teddw&ﬁil]ljr&ﬁc its
ear the internal arc of fully arc@gatched

external arc i
one- quar t er ™ Cﬁ@c{] eRfyAREARter 1D seements R aragabin A nesied layoybiscludigelgurteen
such that tgg,aRds@f nﬁﬂﬁeﬂé&tlelw‘%acﬁ ?ﬁle%ulftéé!fzcé]}ﬁﬁlﬁ 185 ¢ es fully arc-

one-quarter ring segnents 1202 in one col um are near t ouchi ng
t he endd of matmhecbmteeqlmﬂer ang segnientul 202, thecsxrmmﬂ hmd)fovtﬂeiqlsa]e‘sted withirgthe

segnents 1202 cent | um 12 eavi n ener al | | ampnd
Shaped ar eaQ TSR p R s AT B Ne ST PR TS S L A ghin the
bet ween t heggind daturdh @zmtmeﬂe@%axﬂ%ﬁ;ﬂé is" Mg aRSERRRASo 8 LN a
single colum 201207 as well as between adjacent colums 1207 to

al | ow di ci ns;gfmntﬂ%ﬂ‘ien\mlmm mmgter 10mesthded thabids exderoa artiistnear thglihternal

8-inch wafer near| fo r ot rres

or oot o g RS ar P Eheteta BRE Bl e e 5305 DAY soldind 1307 e

par ti al15naf gisitichdd sedh thitthe d@dsWitldexit&nalGhrcsSETWly Mlﬁla&cmﬂea%&ﬂer he
optim zation provided by this layout on a full 8-inch wafer

results in meﬂiﬁllﬂm iThee cope 1£9baeeantn toughing therends pEthgtextesepl arcs of

one-quarterg) t 5 —%?%H@{é}ig-&%ﬂ%& Blﬁ%%%ﬁ@{t? EZdﬁtlhlah%@t {:8{? Bun Z%g) leav1ﬁg

Ref erring no ew of a ion o

waf er 1301Agdnsratiy@iemoridshtpedsareasalZ0b @f uapied @oafemaltzel y Swmﬁaﬁ @int@ihed
t he wafer 1301A |%ﬁ§l§) ul at ed W|th fully arc-matched one-quarter rjng
segnent s wi RHWEFL grigaiehed mmaﬁ?rrm&nﬁws%%g@tbw 3 gipglgcolumn

i ncl udigpg f{ :;;dved%%ms%re%&hfa %shtfceidfﬁ}gmb?r?é@ ow JicHER&h ¢k datkP1201.

Each of the tifteen columms 1305A inc y ar c-mat ched
one- quar t erlt shovjd be goted tist wiftlh 8-anch wafec vedldandsdd 324 folnreirsest ?fsrmaiy

R MR CA T T e R

Wi thin the TR repd UIMyHidPRAOt i 889 B ul@fbdem%hﬁmiz%tlt)ﬂbf&hded by this
arc-mat ched one-quarter ring segnent W|t arc- mat ched ends 1304A

col utm nu nbleyomgnr@efgﬂédmslmwafmﬂ%t geselts irdfal fulk riogs, snade drom BEOP rﬁmlér ara4

SR T I Tt R RO

that the ends OfRéf@ﬁ'n%XﬁoW fodtig 32 aQbpldolvhWid 6f AP EOE A BN 8-inch wafer
1301A is shown. In this example, approximately one-quarter of the wafer 1301A. is
populated with fully arc-matched one-quarter ring segments with arc-matched ends
1302A arranged in a nested layout including fifteen interdigitated columns 13054,

30 numbered 1-15. Each of the fifteen columns 1305A includes fully arc-matched one-
quarter ring segments with arc-matched ends 1302A the external arc of which is nested
within the internal arc of an adjacent fully arc-matched one-quarter ring segment with
arc-matched ends 1302A within the same column 1305A. Provided as an example is
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5 quarter ring segnments with arc-matched ends 1302A in one col um
1305A align with the ends of the internal arcs of fully arc-matched
one-quarter ring segnents with arc-matched ends 1302A i n adjacent
colums 1305A, elimnating the unused area depicted in Fig. 12 as

general | y diaRonénthhbe dnéfeater HAQ2eghert R SR Rt @ed EAGsL1303APRA Al
i s maintained between the fully arc-matched one-quarter ring segnents

with arc- 1oumberdReysied de thegie axtainghira issnear thylieteowl anerwf adiosnt dgl st

houtd o rPiey Rt s iR earit il RP gl AR R g jposa

tinmes as mamy ihtetdigtabddcsudRtieh 6@ pdeofhakkRmal kit oS RUFRNE-Fawdhed one-
arc-mat ched ends 1302A as are depicted on the partial wafer 1301 of

Fi g. 13A& whedster 5ngsegmagnéinnith arcripatehed gnds d 402 Acimpma gpduman 33954 gligy with
- mat ched j ' - At . A
Tt s 1 aybaenos St ik dbe RIS Choth R R Rl g s,

i s achi evedmatthehendsc362A\in hdjatdnt soldmss §BOSA, elimindeieahe umged amvatdepicted
Fig. 13B, a cl.ose up vi of a sectiqgn odeigg. 13A is provided to
0

show t he pr’é‘cﬁig-elzrﬁs%eP%FngfilwnWh%ﬁﬁ% vreused gates A 291 ndeparation
" : ' e | b . : '

;(rag\r/r? Se: \z,im %F%agétglrn%gkam nIzlati onH%]% t Egtcg%?(ggg%agﬁelf ﬁﬂ%\;]%ntgsh‘g&%%& of

an ext erlhal matrchedénds IBORA ywithic a sagkhetinom &3 ¢fiaant well as bejweagosming t h

ar c- mat ched 1303B.,.i.n col 1305 er. 2 align ith e. end

o “ani nt o FAP Ak AN einE R BT oG rtogihe e i Slghine

Wi th ar c- mag,efaedoMidaclbdd ey ToadtiRESAim &) f11Y al3RaBhedSeiuadter gﬁg

al i gnment occurring at alignment point 1304B. The interdigitate
col um | ayosegmghisovith arhenaseltbdeshds U302A afr are depicted on 25opestiaj oraterct3 0 iofg

segnent w th argr: mt ched ds 2B to align wt tion of, the

external ar clgbif‘? lr‘}i%f%‘ '3 ng%gwg#ﬁ@y Bﬂ%u? ﬁ%‘r ?@Pi%ﬁgﬁgﬁu% ﬂliC-Wt{:hG(POﬂG—
ar c- mat hedqendsridgpeni Wit helBatchal &iak i1 BOZL i@sd 1&{?&1@893@, fM¥ings can
efficiently use space on a wafer, the ends of the fully arc-matched

one- quar t erbe praguasdg Mnzation 9B 7al% ineshiaved oa e wasppihithie design.
curvature speci fy i - 3 .
Ful |y aro- 50 mok Rl EPiet e e s TRSE Sl 614 S8 oBF G, Pia iioyiged
Al t hough Fi gssho®-tiSHesibonesting @f Siehyneohttsketl ohe-guarta@nirgtathetts &Athiure-d,
and one-quarteL?F[i ré%s si m | ar approaches may be used for ri_ng{_s whi ch
are segnent®atchef endsrldPZRe Thedenrionnding 138 BPYErs # eleyst srnyaatiparl the

utilizatd ONjecion ; : I f 1 i ng
mat er | al) vl S A B g P Al g SRELE A A
conpri si ng: segimentiwiily aicanatched ¢ndg 13638 gneolumh d 305® nombend digos evith the end
segnents, rein at | east ortio f each ar.c segnent.conprises,an
hternal ar i eamyarcana ty Bfras Rl cpeciane Ca R Wi ARG ch: ¢
5 segment s GBS f 4G RACHIGhEE5058 ndmB&™, AR iphhieRtod¥akfld @ lalignment
waf er, and providing a"dicing street wdth between the arc segnents.

In so far apriet36dBndie dntarig tatdsleadlurholayoutr alowsheensiidully atc-hetebed i n
part, i ng_sof

P2t BRI S SO L5 L L BLPEERS R RRRERL it
and a transdgt&ihlQie ob iy AGEMAched BY-quarter ring segment with arc-matched ends
1303B. Therefore, to optimize nesting and most efficiently use space on a wafer, the
ends of the fully arc-matched one-quarter ring segments with arc-matched ends 1302B
include curvature specifically designed to match the external arc of the fully arc-
30  matched one-quarter ring segment with arc-matched ends.
Although Figs. 9-13B show ring segments which are one-half, one-third, and
one-quarter rings, similar approaches may be used for rings which are segmented in

different denominations in order to optimize wafer utilization.
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10 nmedi um by which such a conmputer programis provided are envi saged
as aspects of the present invention. Concl usion As descri bed
above and as ftirther defined by the clains bel ow, various designs
for ring segnents that nake up the functionalized layers in a
functional |ayer Al fe@bl off Phindink YO RO bRLEARhMBInE MmABRAI NRAET $orl £QR
are provided. The arrangenment of "ring segnents on a wafer to optim ze
waf er utiliguepaent of al ephthidsir lehs dhe methad vemprisingedinslingintage nieg desiges
a layout for optimzi the use of sem congductijng terial fer for
2 d s conpoth VB i SEH e HESTeEhal Agieh P BRI apas: e seiHen
di vi di ng i ngcagfrises R@ idesndnscfe 6@ SUATRORQHT iaibatd YD ardREi8g ARE arc
segnents, wherein at |east a portion of each arc segnment conprises an
i nt er nal® ar tagacatsauepematrtoacierther e senicopdustiag gaterial wafergadarrayiding a
the | ayout f.or t ] | rial wafer by arranging the arc
segnent s pr%gﬁﬁﬁpgaﬁﬁggg%%gg%ﬁgg%Pan%%ﬁé%Viding a dicing street width

bet ween the arc Begimiits. enlhlifeith dds@ibe@ladbre dre WReRemed, N 1eat & patt,
arcuat e edge and the external arcuate edge of each arc segnent are
arc mat chedusingh&owaeagpniplled dath Brocoisie ppParHes, rihdvills befabprrgiated that a

internal ar ' I); | e

arcuat o edgS e ThepatpropiE Eh i Phtelffed A U3 imis B b EER, ther
two or Ifor emadionstggwhith sudr £cgapeceproyraaf istphevidahare shapezed Th espreetsod the
of any one of Clains.1, 2, 3 or 4, wherein nultiple of the two or
nore arc seffiEit ¥V6U%he ring design are generally positioned in
concentric rows. The nethod of any one of Cains 1, 2, 3 or 4,

wher ei n t hecgdgus@pnents of the ring design are generally positioned

in interdigitated col ums. ) ) _
As described above and as further defined by the claims below, various designs

for ring segments that make up the functionalized layers in a functional layer insert, for
15  incorporation into an ophthalmic lens are provided. The arrangement of ring segments

on a wafer to optimize wafer utilization 1is also described.

18



The met hod of any one of Clains 1, 2, 3 or 4, wherein at |east a
portion of an arc segnent is positioned near the interior arcuate
edge of another arc segnent. 8. The nethod of any preceding claim
wherein the intact ring is divided into two ring segnent designs. 9.
The nethod of Claim8, wherein the apex of the exterior convex edges
of two 5ring segnents placed near the center of the wafer are facing
towards the outside of the wafer. 10. CFAdMmet hod of A aim 1, wherein
the intact ring is divided into three ring segnents. 10 11. The

met hod of Ol aim 10, wherein three segnents of the nmultiple divided

I ntact rings ar eApmsihbd arfegeneating thayoenfer opimiking thafuee ofi semiconducting
concentrjc circles of arc s gnen%f around the three segnents of the
mul ti pl @ di vi dedMpisAak (Wale §& a18ig2 copRONgat 115 gatbfopafhgimics lengy Hiee mppthod
the intact ring é&nﬁﬁﬂﬂ.ed into four ring segnent designs. 13. The

met hod of Claim12,” wherein the arc segnents of the ring design are
general ly positioned dinidimg untmg.ring designs of die components into two or more arc

segments, wherein at least a portion of each arc segment comprises an internal
arcuate edge and an external arcuate edge;

10 generating the layout for the semiconducting material wafer by
arranging the arc segments proximate to each other, and

providing a dicing street width between the arc segments.

2. The method of Claim 1, wherein the internal arcuate edge and the external
15 arcuate edge of each arc segment are arc matched.
3. The method of Claim I, wherein the radius of the internal arcuate edge is

different than the radius of the external arcuate edge.

20 4. The method of any one of Claims 1, 2 or 3, wherein the two or more arc

segments are generally of the same shape.
5. The method of any one of Claims 1, 2, 3 or 4, wherein multiple of the two or
more arc segments of the ring design are generally positioned in concentric

25 rows,

6. The method of any one of Claims 1, 2, 3 or 4, wherein the arc segments of the

ring design are generally positioned in interdigitated columns.

0 7. The method of any one of Claims 1, 2, 3 or 4, wherein at least a portion of an

arc segment is positioned near the interior arcuate edge of another arc segment.
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20 14. The method of Claim 13, wherein the colums are interdigitated
wi th one of the edges of each arc segnent. 15. The nethod of any
preceding claim wherein one or nore of the ring segnents 25i ncl ude
curvature designed to match the external arc of the fully arc-matched

ring segmeng, W t ffh@hfethvatsrhad g@él@&ing Lim [ WBereRt thednt@ét rdipyis RiGeaDnAGtwo
claim wherein one or both ends of the one or nore segnents include
ends desi gned t orlag Feananhdesigisgi t ati on of col utms of arc 30segnents
on a wafer. 17. A method of manufacturing a die conponent of an
ophthalmc lens, the nethod conprising: defining arc segnents

proxi mat e t9, eacTheuletiodasT @laiie®] ¢hadincthe Agexrof el exdtterivalcfiven ddgcdof two
dicing street width between the arc segnents, wherein twg or
nore ar @ segment §ng srgmaatoplaceddiepiome senteref thpwatsr grefacing fewards frautside
of each are segnpph.GAfRIises an internal arcuate edge and an
5external arcuate eage. 18. A sem conducting wafer conpri sing: a
| ayout of are segnents proximte to each other on the sem conducti ng

Fhter nal 104 cuats SetoEal Clineol ST dredaes e deUaere Wer e
or nore arc segngnhgnforma ring die conponent; and
10
11. The method of Claim 10, wherein three segments of the multiple divided intact
rings are positioned near the center of the wafer with concentric circles of arc

segments around the three segments of the multiple divided intact rings.

15 12.  The method of Claim 1, wherein the intact ring is divided into four ring

segment desigus.

13.  The method of Claim 12, wherein the arc segments of the ring design are
generally positioned in columns.
20
14. The method of Claim 13, wherein the columns are interdigitated with one of the

edges of each arc segment.

15. The method of any preceding claim, wherein one or more of the ring segments
25 include curvature designed to match the external arc of the fully arc-matched

ring segment with arc-matched ends.

16. The method of any preceding claim, wherein one or both ends of the onec or
more segments include ends designed to allow interdigitation of columns of arc

30 segments on a wafer.

17. A method of manufacturing a die component of an ophthalmic lens, the method
comprising:
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wherein the | ayout conprises a dicing street width between the arc
segnents.

defining arc segments proximate to each other on a semiconducting
material wafer with a dicing street width between the arc segments,

wherein two or more arc segments form a die component and wherein at
least a portion of each arc segment comprises an internal arcuate edge and an

5 external arcuate edge.

18. A semiconducting wafer comprising:
a layout of arc segments proximate to each other on the semiconducting
wafer, wherein at least a portion of each arc segment comprises an internal
10 arcuate edge and an external arcuate edge and wherein two or more arc
segments form a ring die component; and
wherein the layout comprises a dicing street width between the arc

segments.
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