THI NNED AND FLEXI BLE SEM CONDUCTOR ELEMENTS ON THREE DI MENSI ONAL
SURFACES CROSS REFERENCE TO RELATED APPLI CATI ONS The present
invention clainms the benefit of U S. Application Serial Nunber

61/ 674,887, filed on July 24, 2012. BACKGROUND OF THE | NVENTI ON 1.

Field of the THYRNEDOAND FLEXIBLE SEFEECUNDUCTOR WLEMENTOON THRIKS

to forma device that includepfyRXiSPORAICRURFALLLEOr el enents
| ocat ed upon el ectrical interconnections. Mre specifically, 15 the

fl exi bl e sem conductor el enents nmay be defornmed or bent in order to
attach to three-di nenSRQSE REFERENEE T@REINSTED AP MBCAGdONSescr i bed
herein g e useful, for exanple, in the field of energized ophthal mc
devices. 2. Disc i f: : Re I T idi :

opht hal m ¢ devi czl?é?ﬁ%ﬁrﬁalg%;ﬁl((:)gn%l%%ﬁdﬁhér%e?g@n&?ﬁtgf a%cgt\rrofgﬁ%alolﬁurgber
punct al pl ugl/6vBRiY ddiedoorbluby DqPdXi2bl e device with a corrective,
cosnetic or therapeutic quality. A contact |lens, for exanple, may
provi de one or nore of vision correcting functionality, cosnetic
enhancenent g aaidsk HenapestTge elii/esigonEach function is provided by a
physi calg characteristic of the T'ens.” A design incorporating a
refractive 25quality into a |l ens nmay provide a vision corrective
function. A pignknfFigldobthedneaneidni nto the | ens may provide a cosnetic
enhancenent. An active agent incorporated into a | ens may provide a

t herapeutic functionality. Such physical characteristics are

acconpl i shed wi tfiutbreddd®invERforCdtsEil A dndifi t@’fbrﬁf‘@&@)i&ﬁi:laﬁhgﬁ&s Aiile
recently, it has been theorized that active conponents may be 30

i ncor por at egmiggndugtor dumgsts ldatest upSo slectroapiahmeinnectionsi Mireseecifically,

sem co ctor .devices.. Sane exanpl es have, sho sem conduct or devi ces
mbedded | nig A irBogr SRR S Tty BE R ER RS OHAE e 66 e
descri bed h@veeldifeadbndlls sEAHATBEBHS TRY BB W& FRhefdid arGlERALBA i N
nunerous manners within the lens structure itself The topol ogy and

si ze of thecxapwde indpifiskdofgpergieed aphthafnicdevigee creates a novel and 1

2. Discussion of the Related Art

20 Traditionally an ophthalmic device, such as a contact lens, an intraocular lens
or a punctal plug included a biocompatible device with a corrective, cosmetic or
therapeutic quality. A contact lens, for example, may provide one or more of vision
correcting functionality, cosmetic enhancement, and therapeutic effects. Each function
is provided by a physical characteristic of the lens. A design incorporating a refractive

25  quality into a Iens may provide a vision corrective function. A pigment incorporated
into the lens may provide a cosmetic enhancement. An active agent incorporated into
a lens may provide a therapeutic functionality. Such physical characteristics are

accomplished without the lens entering into an energized state.

More recently, it has been theorized that active components may be
30  incorporated into a contact lens. Some components may include semiconductor
devices. Some examples have shown semiconductor devices embedded in a contact
lens placed upon animal eyes. It has also been described how the active components
may be energized and activated in numerous manners within the lens structure itself.
The topology and size of the space defined by the lens structure creates a novel and
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chal I engi ng environment for the definition of various functionality.
In many enbodi ments, it is inportant to provide reliable, conpact and
cost effective nmeans to incorporate conponents within an ophthal mc
device. In sonme enbodi nents, it nay be advantageous to include
conponent s tHallengiay elvdrdnivienn éut tieendkffnlitod df variodsTuactiasililit. , InSnanyv el

net hods and form factor .sol uti ons t hat allow for, the nni n nd
flexibili tyeIB?O BRI Ib I BIeHAR t providsielatiessrpapiznd; tr%fﬁéhﬁ%%l&%rﬁ

the productj eiat%}ﬁ]gtﬁieﬁ%s%qﬁﬂ b BphtBchié A&vitd e[n%ﬁ%reﬁiboﬁﬂf{éiﬁ& SRR
of incorporati g el ecttoni c components on non-flat applications. It
i s inportanbe acb/antagamsh@smludmmpenem élatmayybe ttdnmeandrﬂemble As aresult,

ht_hal | | e. that
ot nods e HeyebEEIds B (O aaPE CL SN M TIRROn i appRIR by
requi rement §¢ @end dogponBhtd bR dedir€d Bsth ff&lﬂhﬁ)t&ﬁéfﬁéﬁfﬁﬂ&& duction of

t hr ee-di mensi onal substrates. SUWARY OF THE | NVENTI 15The t hi nned
and fl exi bl eplskatindodeyices ond &rdhegensral ﬁdm@naarﬁ@lmqﬂatmeelmf@@%t

i nvention overcone t he ad an .age S

as briefly HEERHPR dmé.‘%q%% écal lgsszﬁﬁ i%g’ ﬁit:%(gﬁw tetg%s?gl BS mstﬂtgéﬁay

and devi cesfihdade 1h%bﬁ&)@hﬂ1@lrﬁ1|ﬁﬁppﬂﬁ¢a|t1bﬂ§§s WELL Ot i ibndsitable €t heghods be

conponents. I n sone exenp Iarggﬂenbodl ments, the 20 resul tlsnt% devi ces
ay

may be ithcoggsraiecsie address aphtaaargrndsrpnopiiipkinig reqwigsracnys 1 ERL3tE Bhal
funct i oral ! Lteu ! cSHATREE on' i BNEelda Astuf@lPonent s my be

i ncl uded i n"an energ |ze Ht ens that conprises a variable
optic portion capable of changlng the optical properties of the |ens
in discrete manners. Furthernore, the present invention teaches

met hods of | d flexible sem conductor 25devices
and el enent UM 5 i : d/ or functional structures. In
sone exenpl ary enbodl rrents there may be non-sem conductor el enents
that ment be Wikl ikl ai§ AeRR! schiiCorddIYBPbMAnts i hecRibl i, Some
exenpl ary embodi nents It nay dse3| le to include a thin flexible
si licon di opiesknt mven@ommtdncomasthadlsadvaatagmsociﬁedl withdheprorearpisaimiefly
enbodi ments .these structures will have regions within themthat are
not pl anar & &¥®re have three-di mensional shape. In these

enbodi ments, theThegians lmnu&@ar&cﬂ%%ah&g ARtdalicks Ght@lateRnhact s
and el ectri cal routing features upon the conplex surface. The thinned

and flexi bl etllmtmnoﬁdhmumdﬁbxxb@mmstm@ysom@ewmlam@mh@dnmm the
nmet al | ;ﬁ i cal 1on%acts ctrl cal %‘éf F ng eeate o%ﬁa 1cle Sovr‘}ltﬁhe
conpl exsur F5EE88 %C'%f'tl?%’& pcarbpratsd oA ensTied! onhihligIc Jens w ray
someti mes ngRftidiRl RfchelitRr FélekampRd tHified fldrelé ccﬁiﬁpdiﬁhtsﬁﬂ@i beigchided &
in order to conformto the conplex surface. 5Many different designs
for the spaseenfsgived erhtkalmirciens bgt eavaprissyr yaaable@pt portion capable of

changing the optical properties of the lens in discrete manners. Furthermore, the

present invention teaches methods of incorporating thinned and flexible semiconductor

25  devices and elements into space-defining and/or functional structures. In some
exemplary embodiments, there may be non-semiconductor elements that might be
within the scope of the invention. For example, in some exemplary embodiments it
may be desirable to include a thin flexible silicon dioxide piece with vias as an
element.

30 In some exemplary embodiments these structures will have regions within them
that are not planar and therefore have three-dimensional shape. In these embodiments,
the regions may have deposited metallurgical contacts and electrical routing features

upon the complex surface. The thinned and flexible semiconductors components may
2



may exi st depending on the desired characteristics of the device. The
different designs may result in conplex three-dinensional surfaces
within the regions that nay sonetines require flexibility of sone or
all of the device conmponents. For exanple, in cylindrical designs
model ed to P@aﬂcii%ﬂh b e ﬁét&lﬁﬂ%c@l%oﬁ&'&%shaleéﬂﬁalq@ﬂﬁ e SAR AN pon 1A
flexible surfa may be contoufed around at | east portion of a

radi al pat hcafipleheurfgshs. WBb attachdiew fleabledepioes the. deW\aesnnIabwothEMesnﬂeﬂace

is turned ound a upo th radlal h to for i.ndrij c
Shaper o b 6E PRt HR e EniEo et RS et Ot 1o g ot complex
per pendi cul @ipfaderection to the radi al path. Nunerous met hods and

designs that may be used to position thinned and 15flexible
sem conduct or el Meandifagnt desigay fop thedipadeedadming sirugtire and egionmtherein

and oxanpl @y gCaf RBRHERE of fredfGreLsnsitienshes Mud i ies e Rt B fhs

present i nveayr&alt it Bemprex Roes diaishsidasl sUfBcdBYitHH theél regoﬁmlaﬂdayt i onal
or inproved functionality of the device itself, i.e. design features.

In sone exeﬁ?@neém}%é%w thilityrofisamp ey all af thadevien campensnisp ion axamele, in
| enses, t

scartor i ng BT HLA DeBBATHEed B, deuRhe Bdlnd B DRRARS. o8B component,
requi r efent $ﬂ@f1bleh&rfdm/ma:ﬁbe tomduredd sroand yi llemmpoﬁiondﬂ‘alr@ma]gmh of theed
around a co for exanpl e, vari abl e optical conponent, with
its axis pof ﬂﬁfalq dpViFeOPBeRFn “?}F?&‘tth%ﬁf‘tl YHEceis pred gropnk andypran the
proceeds t i

Mo the eyatdffudio KRN oJATRASNS, Blole Bt e LR LRI, Bliined
pat h. Addi tbpﬂlametppp@sulaf didesiion ¢o thhaachelt;mth stics may di ct ate the

surface region ere flexible d |ces ched SO

exenpl ary enbodi Qus fr}‘?gwélﬁfuf‘ %Slgnééga%’?yﬁﬁp £ Rpsiio é@’i“&g;ga‘iq'nat
are conjiscal fi@fible QRIS RARES el cHut LW thindr bﬁ@hffé}@ﬁlt&@efd%ﬁ&ﬂﬁcﬁm SHBLEs will
some simlarity to cone features; however, they differ in that in a

cone 30f eatherappeteat i anenkillsd imthetariefrarn ;therladhadis qav@ltha@nb:s dhesribed irotris

radi al path,of the ent &S dif feren Thi

nerst pot ot RSB SR e bRk vebford i B0 antieSient may oo
cone wher e @oeidemst ddﬂltﬁ)ﬁ’fﬁﬂ dré gtcﬂreﬂ@ﬂicﬁ%mé]ﬁ?ﬂfﬂi&@le@ﬁ:@ﬁﬁdf , Tleeddstinnned
sem conductor devices may be bent into a cone; however, unlike the

cylindri calfeeﬁéqugﬁnﬁ%%exe@mIW@mbpﬁ@@%ﬁel@ng I%Hﬁ'ﬁi@mfibtolﬁ’hﬂlahmc lenses,
fl bl deyv t
exi 20 Sﬂq{'@éﬁ%&%}%ﬁgr?eéﬁgégﬁa?ge\)a%;l%nﬁlgtgﬁclleld'l %@gcaﬂeﬂ@y i slar‘iuc(a Fctdlo

have strai or curvi | near
si des. A didlé&eerantnd gmﬁomﬁng eadpacereysieenerms aftho dbtibg lindleded e\dytiadiidaat
may describe the 5 sur eglon where flexjble ¢ onent{s nmay be

attached mEYSEBROSEORTLHPEHLEUPUREh FUFXPBPIEsa FIRS ORfeabcompecnt
regions whigdy ﬁ?%@%ﬁﬁﬁ%ﬂﬁ&ﬁr&}tﬁa S A%iHEDG PN Fa;(%%&l%ﬁ%dt}%eseeeé the

opht hal m ¢ devi ce aps may e rlat” or non- : e case of
non- f | at f Ithpmghtahbaﬁuomacperts ofiibé oplythalini¢ Heviéd apl inmythe ayey This malytbiepl e

dlrectl i cas uld occur with variation in both
a radi & ng&\gﬁX %etaﬁg gﬁﬂ?ﬂ%‘faﬁpt\{ﬁl Odevice and in a direction
per pendi CU| arly Qadinessyples 6N dhaftichlrisiés By diefte thk SXRleSegion where

flexible devices may be attached. In some exemplary embodiments, the surface

regions may include designs that are conical or cone-shaped. The cylindrical design
features share some similarity to cone features; however, they differ in that in a cone
30  feature the dimension of the top radial path and the bottom radial path of the bent
semiconductor may be different. This is understood from a review of the
characteristics of a simple truncated cone where one end is smaller in radius than the
other. The thinned semiconductor devices may be bent into a cone; however, unlike
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devi ces may be depl oyed upon the surfaces of these flaps and

i nterconnected in nunmerous ways including by the use of interconnects
whi ch are formed upon the larger surfaces of the flap features. In
rel ated aspects of the invention, different flap designs can be used

in an opht hgjetylindeal @@IgrptyFs%aaﬁa ahé bartiigehspets Head a SR d&icelinfd he
present disclosure may enabl e nunerous advantages in varjous types of

devi ces whepenefip agi xﬁctllmeyr it dt dersaet hyysstrgighhperiharad siden Rather Hdas

generally e devi ce includes sem conductor devices
with integr a@%d%ﬁ%rhgﬂl:i Qﬁgﬁéeﬁt upon and within them There may be

numer ous seni condudiffarentigpe o€ featune isediingn bpletkgintiadeviod that inhg desctibe thes
various forns, including crystalline, Eolycrystalllne and apor phous,
20 al on® wi BuiTase ﬁ%&l%@hﬁr@ékad%% gerapensats may ke gtiachyd may ﬁ%rh‘ﬁﬁﬁqlaﬁhﬁpes

alliumars I
?orned fronﬁ%% t @? 41” %%gg%ﬁ@%%. g?%?@g@gé?ﬁbﬂ%ﬂg&ﬁ%m%?muﬁce
significant ‘shap'e bf meaipﬁthfaliblmdeaicedmerﬂammwrbe fldtat ngai-8ae In theansd affmoaf

an i nsul at or Thi nned versi ons .of such
seni conduct Qat 51 th% avréft%rtomc’i tﬁﬁ{}a}? gay vary, i nalgpierdivegtionsy hewevst 2

and rel ati velpical (A8 mlmcum%%h%ﬁwb% PRRIR IRt AR Ytndhnic

light inter Ion, with either sem conduct or
seni contflict devicmandiinsulimttion pl@perrdefsl.larlmgutWal\de ﬁ@ddihﬂlrmha]l digsicton. filexable e

for device per.formanc or ,exanpl e ary._enbodi ,
o Croner BRI aeniied FE0H Ths Sytoss DR Erese AR Al R TRE e i
ability to gefbbaywaydR¥ess Byhak uE@NﬁntéI-dohhédfs &ﬁrchlakegf&mb@hg@@mtewger
signals. 30 BRIEF SCRI PTI'ON OF THE DRAW NGS or egoi ng

and ot her fsafasncse@f thﬁﬂaa&ﬂmrmgb@el@fedtaﬁeed&ﬂiém inyantygn, diffrserd glondesigns

f he fol] f
ermboai mont ot oSG i Rl SRR Yota P REHP LI B B BIEEs, i ng

drawi ngss Fh@presélﬁdﬁﬁlﬂ)sﬂ@ rhiyl éiﬁbl’e&ﬁlme%us@ﬂemh@s)m various types of
t hr ee- di nensi onal substrate that may be used in sone ophthal m c

devi ces.  devices whergflexbilippnmgy aezévanfag&@@sf %‘@é%‘%@éi?ﬁﬁ%‘?s gsEllySxst.
hi nni f
thinning tog,s Wpe%gpgg&feé g{/ghgf%g %@éﬁﬁ&%%%&&f with 1ﬂt§%ﬁﬂe§E9FTlta?pbullt upon

substrates. ustrate an exe
structure i abwiihinahed. Tltdr@n_mg be mhtigedusisemtendutor devices inelugling thdscanalic

O Lol e e ST STLAY 83, S5RhR oo,
exenpl agy gehg Hith i S0 RUMEES shAFALRthoHReAN AT i GhH (e8Riug] arddhide. As
opht hal m ¢ devT ce.
well, a complicated device structure may be formed from substrates where the
semiconductor layer may be significantly thin and fabricated in manners that place it
on top of an insulator layer. Thinned versions of such semiconductor-on-insulator
layers may result in significantly thin and relatively transparent characteristics where
25  the nature of light interaction, with either semiconductor bulk or semiconductor-on-
insulator devices, may have additional significance for device performance. For
example in some exemplary embodiments, additional significance for device
performance can include the ability to configure devices that have utility for light-
interacting signals.
30



Fig. 6 illustrates an exenplary radial trench design feature | ocated
upon structures of an ophthal m c device. Fig. 7
illustrates the optic region of an ophthal mc device with an
exenplary 20 inplenmentation of transparent semnm conductor el enents.
Figs. 8A - BRIkt DISICRAPEIGN X PARIBR X WRRigsent ation of flap,
vertical, radiral, trench, and conical designs static bendi ng aspects.
Figs. 9A - 9D illustrate exenplary interconnection aspects for

di fferent design es. .25Fi g A - 10C il lustr exenpl ar )

Ciroui ¢ and ol r cHNY REResifind Sherdiitives gndady et Ge BRETIon Wik o
Figs. 11A -gapbhfent EolShe 21RvAXE TR hYrtitulas Héstcriizaﬁér%ﬁ%féﬁ%@l efuBbdighintd dty
and desi gn aspects thereof Figs. 12A - 12D illustrate an
exenpl ary hileiieesntign, rag diusiratei e thepoeampanyingt dsawingg0opht hal mi ¢ i nsert
devi ce. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
present invention relates to nethods and devices useful to the
utilization of SFighiim antlB hiaxtrieeneRompRAFhEdOin8YbE2 SubsDart Bat HPON
t hree- di nensi onal surfaces. In the follow ng sections detailed

exenpl ary desesef jn ponsoRithadmbodivisit s of the invention will be given.
The description of both preferred and alternate enbodi nents are
exenpl ary enbodi Figat2A and 3B illustiatetexémsplandespstts ofithirmng foo s¢rhisseductor and

skill edIOi n s’gehe (iardtct hat . var i ati]g)nst nodi fications and alterations may
be apparent SHPFOHIECORAR WSEAOTSEPHERS) ynder st ood that the exenpl ary

enbodi nents do nqot Ijmt scope of the upderlying. invention.
GLOSSARY igs. 3%%4#@%@% BT EAP RaTen SrkiTeinearoRed Bia an
present ed i@ Revi@r i ous terms 15 may be used for which the
followi ng definitions wll apply: "Cyl i nder Shape" as used
herein and sonet: r g Walelcy . hd a
generally fl at slﬁ%?éesi(ﬁe%? S%ar&gg%%%ﬁéh{%g%%#%srl dﬁegr (r)eusr%géag{é‘ll%)ast a
portion of srucamkésadf apaphthalnoib deiat. i n a cross section, a circle,
circular ellipse or oval can format |east a portion of a rectilinear
cylindriscal shapgg. 34 af®8B iGyshiatttxictiplars bARES dedipn ZQaxéslodted figon

cylindrical design nmay be defined by the perpendicular direction to
t he structures of an’ophthalmic device.

Fig. 6 illustrates an exemplary radial trench design feature located upon

structures of an ophthalmic device.

Fig. 7 illustrates the optic region of an ophthalmic device with an exemplary

20  implementation of transparent semiconductor elements.

Figs. 8A — 8D illustrate an exemplary representation of flap, vertical, radial,

trench, and conical designs static bending aspects.

Figs. 9A — 9D illustrate exemplary interconnection aspects for different design
types.
25 Figs. 10A — 10C illustrate exemplary circuit and circuit element reliability and

design aspects thereof.

Figs. 11A — 11C illustrate exemplary circuit interconnect reliability and design

aspects thereof.

Figs. 12A — 12D illustrate an exemplary helical structure incorporated into an

30  ophthalmic insert device.



radi al path. "Energi zed" as used herein refers to the state of
being able to supply electrical current to or to have el ectrical
energy stored wthin. "Energy" as used herein refers to the
capacity of a physical systemto do work. 25 Many uses within the
present invention nmay relate to the capacity being able to perform

el ectrical actions in doing work. "Energy Source" as used herein
refers to dBE'I?ﬁLED HEYERIP TN DF FHE 2REPFER RHD SWARODIMENRET gy OF

pl acing a | ogica electrical device in an energlzed state. "Energy
Harvesters" as used herein refers to device capabl e of extractlng

ener gy 30fron1th enV| nmen converi it to electri

R o P T Pk o b hodstank BB el 3 e {ilon of
able to @erﬁﬂm@ﬂéﬁa@%bﬁmh&@&md@@eé RicaRd AP threBipic@kivahl sQrfaces. In
activation, or control. ap" as used herein refers to a

surface r egth@rfoumms SEGUORB ﬂp@l@cbwwﬁéﬁwemw@@s eft aralaséments gf the |
di ff t ]
the cace of TR YA ERkT™ Pleecslrin STBYuORsls 2l aR pllics shibodinflars

in mltipl ealdlekaﬁplaqnanbémmmron@, hij(cpit(tsalhndémdmhhlﬂtd thxsseukﬂluﬂﬁf the art
variation would occur both in a radial 5direction and in a djrection

per pendi cul Bat yarstionampdificasiens ard #lissmtions may derapparentr Ibisithgratopeipihee s
may be pl

o e s et ROt BE cEHbn R SmRaihRs B ho PR Ml ecole B ERNRRGL TS
f or med uponinvagtidnar ger surfaces of the flap features. For exanple in
vari ous designs of energized ophthal mc device, flaps my be used to
provi de for inproved oxygen exposure to the 10 ocul ar surface on

whi ch the oghijkalafi€ device can rest on. "Flexible" as used herein
refers to the abifity of an itemto be spatially defornmed or bent
froma state w tin thisfdesaiptivh aeé cldimedigicted4d ﬂ@lpxmnted invention,eyanpustcsms

second d dlf erent.thre nsion shape ein the deforned
i tem doel %E%Bﬁ%&@ﬁﬂ%ﬁﬁv %%PFHEQEQQSPﬁﬁtlon 15" Lens" as
used herei n and @ﬂﬁfd’ef@l@ap'éeﬁﬁﬁsfeﬁ%eieﬂlﬂﬁi obRkiblea kéfegedRMsCEYIIA@IQL tO
any ophthalnlc device that resides in or on the eye. These devices

may provi deSkape? sefers éop gmalbhﬂairswffw flreitdoeerpponent qatousscharpied atdepst a

termlens t 0 [

| ens, ocul gﬁé’l1ﬁ1§8f ad?al?l car Ek?%lgternta &?SS Sgﬁéo?l gﬂﬁ]@l An% E\W@ E‘%Jﬁr oug

V\Ihhi ch ?/l Si OforinSat LAkt eq&ﬁrﬁﬁh of a readiifidae dyliraltichlshapg in \Mme bylédeical shapes, an

physi o %gy
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axis of the cylindrical design may be defined by the perpendicular direction to the
radial path.
“Energized” as used herein refers to the state of being able to supply electrical
current to or to have electrical energy stored within.
“Energy” as used herein refers to the capacity of a physical system to do work.
25  Many uses within the present invention may relate to the capacity being able to perform
electrical actions in doing work.
“Energy Source” as used herein refers to device or layer, which is capable of
supplying energy or placing a logical or electrical device in an energized state.
“Energy Harvesters” as used herein refers to device capable of extracting energy
30  from the environment and convert it to electrical energy.
“PFunctionalized” as used herein refers to making a layer or device able to

perform a function including for example, energization, activation, or control.



20 is cosnetically enhanced (e.g. iris color) wthout inpeding
vision. In sone exenplary enbodi nents, the preferred | enses of the
i nvention are energi zed generally soft contact |enses nade from
silicone el astonmers or hydrogels, which include but are not Iimted

to silicone hydreggls,s ABHhELMAERINERAARES reglof ReheFOf ERiPIG c%ﬁ%ﬁ@n?s" mey
"Reactive Mxture" or "RMW' (reactive nononmer 25 m xture) as used

her ei n r ef ebe attachedromaiverent exemppuoy ymbodimentsy flags mépabe fatyor ben-dlat. elh the

ahod nont sCRES P BRSPS h R PE S e B Gl gfE i Seions,

addi tives speficvaba Wit eadearduld bédik vheRhakaiM WodldQcEuWots A Aladfl S,
and other additives one mght desire in an ophthalmc |enses such as,

cont act Sor dimctignend ara diseesies perpendiensrlyevtviands fGun theredial difestiontJexible
surface that_j t I ns. exenml ar odj nts,
oy auen odedcs RS theldiolOLS ufbd 8 Sureldls BPIES AN o IRRAITRT >

i ndi cates thgherbiis mSnisedd ncluidB1ptHyyths 0806 fHinRAGnHEWHich @rd fodhedupdinge
surface fashioned by the polynerization of a lens formng material in

cont act wi trgenarfaseaphige Tlap fealiges.i Korgpampls ip yareussissigns of encrgizeder |
( . J o ‘ .
Goonatry t i IR RS diay b el €0 Brol e o A T BT e RS S

opt i cal10c hasatdr enifadel answhich dleugphtig]mepleerce cal resa@pher i cal and

cylinder power, wave fJont erration correctiopn, corneal taopography
correction and t HaHiPlRe ausediereinefegs fo,thca ﬁ’ﬁYﬂ%ﬂ%‘H&“«i%?@BFly

"Li thi um | ofusGeldd or BentUs&H aRERS N %qfra{tlﬁre%éaiﬁenﬁdrﬁpgﬁage Wﬁtﬁé'wiﬁﬁé '

where Lithiumions nove through the ce generate ectrica

energy. Thiscaidadrdiitreni thede-dimiehsiona) phapa) whersin thedleforinad itemydocsragt be
reenergi zed or rECha@YQE%ﬁ%B I.ts t%&i_l(%al forms. "Substrate Insert" as
used her ei imPEpoRIcAlly Brepk dppmg defgimation; (" sypstrate capable 10 of

suppor t{isng an engledy’ $AIseE Berdint AWdoaRtiRRE FdTakdd 16 ak €OPhthhihis DWice” refer
exenpl ary enbodi nents, the substrate insert al so supports one or nore

conponent s.to any ophthglmic dexjceidetirepidesinproaftes eyer d'hase deyiies gray provide
sem -rigid ogjl?llcécc;[onleg% Fa A 5 n%qssg‘l%tiE.OF{)ra%(g&r{p V\%%t?estfa%ﬁ Pt ﬁ]a%(#'refeﬁ]ton a

formul ati on one preferr s Inc no par 0

front curvecontdkctieps lifitravaolatldagavetlaly leas, elir e, oplidal Ghdertcatlothed Binilaas
used herein refers to an _area of an ophthalmc |ens through which a
wear er of tdfaicsseRgh which visian scarrectegpmpditid, ordbipugh pdich evepBysiology

wor k deoge qg c@sri'&rtﬁ}ﬁl)t LRSS (e?ir&%oldﬁ]with%t ing@ing vision. In some exemplary

embodiments, the preferred lenses of the invention are energized generally soft contact
lenses made from silicone elastomers or hydrogels, which include but are not limited to
silicone hydrogels, and fluorohydrogels.

“Lens Forming Mixture” or “Reactive Mixture” or “RMM?” (reactive monomer

25  mixture) as used herein refer to a monomer or prepolymer material that may be cured
and crosslinked or crosslinked to form an ophthalmic lens. Various embodiments may
include lens-forming mixtures with one or more additives such as UV blockers, tints,
photoinitiators or catalysts, and other additives one might desire in an ophthalmic
lenses such as, contact or intraocular lenses.

30 “Lens Forming Surface” refers to a surface that is used to mold a lens. In some
exemplary embodiments, any such surface may have an optical quality surface finish,
which indicates that it is sufficiently smooth and formed so that a lens surface
fashioned by the polymerization of a lens forming material in contact with the molding

7



"Rechargeabl e" and also referred to as Re-energi zabl e" as used herein
refer to a 20 capability of being restored to a state wth higher
capacity to do work. Many uses within the present invention my
relate to the capability of being restored with the ability to flow

el ectrical gifacenioplicaldy s@eptable. Fatierfifkome ekahplary @glsddibits hkellehsne
peri od. "Reenergi ze" and also referred to as, "Recharge" as_used
herein ref eformingsesiages may havet g5Pniesryhatia nECeRFarn e to a%f' fuytace the

do work. Ma lrgég tl%éf(l) ElE'Af;'QctEIJ&%c ﬁ@ﬁ@hg,ﬁsﬁ#&&ﬁ't gﬁb e Ca{d fiher Bwer,

restoring a evc e capabi ow e urrent at’ a
certain ratwa¥efrodt aberritiincorfeett, abinesihtopodrapiey ererideh and the like as well as
"Rel eased From a Mol d" as used herein neans that a lens is either
conpl et &1 y dupmtiedions §iete nold, or is only |oosely attached so

that it may be r‘i 13 égl’nasllge@ﬂél%?ltrbféps @rmmﬂgglﬂléal%lﬁ Qhereswab.

30" St acked" as use ereln neans to place at |east two conponent
| ayers in pLiohiium 1b1ys mov@amdsughtthmcel]stu@enctrhiatel@trldaba“ferg)aTptsrdiéconclmﬂmigade
surface of one of é]ll‘%yers conta s a fi.rst sur

f d
layer. In stet PAliGE: Fﬂ?ﬁ' Trecqefgipeg) or f&ﬂl@f&?@ﬂo t%%’p‘g?gﬁg’gl?lﬁn

or other functi oRgLERMe HRSIIS RBH WERM fehSs {IPfoANINE 31 ﬁ?ﬁtsuﬁé’tﬁté dhpable
contact with each other through said film "Stacked |Integrated

Conponéift Defisuppsrting sn energy bered Wltblndnmh’élﬁlmm denselspmedxemplasy

"SIl C-Devi ces” ef ers pr o cka t echnal 0g i es that
may 5assembfBOY ﬁnﬁmls’a@%%bsg?teﬂﬁg t Sgtsggp \ﬁhongﬁ’r ﬁg’re E%ﬂ?c’é}eﬂ el ectri cal
and el ectromecharmggib afl ayédcmem keTER tO ReTgad d)N&mlﬂig@cgblﬂéﬁ:dhﬁ@NdyQ&SJsb& to
means of stacking at |east a portion of each |ayer upon each other.

The | ayers mlmﬁpmr@@ AeRlatinsi Serge prefersed molds inghde two mold parts
materi al s, rﬁ%p 8‘1'{'[ u%erﬁ aHrahQ%g)gg%guwgp% Y§rs may be made of

vari ous dev UCt I'on O| (o] e ] assune vari ous
contourtg as i t wxdalezd&mas m@ulereﬁ[héfele t@mmmloﬁmbplﬁhalﬁackmé tlasugh

used herein, refers to a property of a surface
which a wearer of the ophthalmic lens sees.
“Power” as used herein refers to work done or energy transferred per unit of
time.
“Rechargeable” and also referred to as Re-energizable” as used herein refer to a
20  capability of being restored to a state with higher capacity to do work. Many uses
within the present invention may relate to the capability of being restored with the
ability to flow electrical current at a certain rate for certain, reestablished time period.
“Reenergize” and also referred to as “Recharge” as used herein refer to restoring
energy to a state with higher capacity to do work. Many uses within the present
25  invention may relate to restoring a device to the capability to flow electrical current at a
certain rate for a certain, reestablished time period.
“Released From a Mold” as used herein means that a lens is either completely
separated_from the mold, or is only loosely attached so that it may be removed with
mild agitation or pushed off with a swab.
30 “Stacked” as used herein means to place at least two component layers in

proximity to each other such that at least a portion of one surface of one of the layers

contacts a first surface of a second layer. In some exemplary embodiments, a film,



at a macroscopic level to be non planar in portions of its extent.
The surface of a sphere or a human eye, for exanple, would be a

t hr ee-di nensi onal surface since the points on such a surface to do
not generally reside in a single plane. The surface of a 15 typical

el ectroni ¢ Ghee for AARERHNTRGIRE fithcBYA] AGPrdsiiRbelwecl e ﬁo layers that ate in
t hr ee- di nensi onal surface since such boards are typically %ﬁanar in
nat ure; eveegontéct atitheeaphh othesthopigh serMidin.t hey are not perfectly planar.
Thr ee- Di nensi onaj, vi.ces Wth. |l ncorporat.ed, Sen cqnduct or Devi ces
20nmer oUs. novel BT dS R TR RCRRYIFS o e RS Ao and
f1exi bl e pi ggasedb a§ eSIEDRAEES OfcFerk I Qxe‘b%’ﬂix@f‘@ﬂ'}ia%k?g?ﬁ% feNidiSsed Ml may
require certain three-dinmensional shapes. In an exanple of one such
devi ce t9ypeasseiphbleithindiyeraiefdubsteates, swhighayay enaidain cleatrisaldndslgctrauterhamical
conponents are consi dered. .Referring. to Figs.1 ng. 1B. . an exenpl ary
hr bo- di monS Giea1 MR T e g f P %iss s BB Ging kIR TR v
i s depi ct edeachil{yfee upit edepbtHRl THeOa pRY 12§ cORBASH ohefidevires bPvdrRAs
upon the exenpl ary three-di nensional substrate and nay be )

f unct i onal i B&es: (siteriads, geppearind sizes cFurBietnpisgths laweenmay rpmagde of vasious
focusi ng deyi.c . } LlLe iqJ.zi t

stored in o%ée&%rﬂmn%urcféﬂdg?}%clrhg?lg%% &)onﬁgz%dg r#g%{ngegva?:{rbgé génté%ghas{’fﬁ%naﬁ?ﬁe

t hr ee- dilnendggsitadl substrate nmay be used to provide a good 30 base to
form energi zatiop elenents_upggﬂgnd upon which tg affix, attach or

support seni conduldtes-DIMmeRsiRnabpieaes  asisee BersinyEgfels o 8 grapery ok pyiface

thinned to Qavg,3eBpRAEH to/bd forbRalf M oﬂgn%ﬂ?srée& . RL QLR or kO
fit in more conformal nmanners upo thrBe-di nensi onal” surfaces.

Addi t i onal | sphegenmarmimaasyechs exdmps,enplldby a three dingknsionsl wnate syt thes,
met hods, apparatus, .and resul ti ng exenpl ary. devi ces rel ated to.these
Concept s wi IHEENSUILS PISEAFS (¢ 10 PR-BRaIgFEndy 1B AIIeA] MRS, dLiA LEagf of
Fig. 118 heyphbirfediofRNG AN oakHRa) bah SurPiRYhdt e hdAahRe @b R orkl Qirface
that is optically active. If the device is a focusing el ement, the
regi on 110 siwse suelpbeardnarcdyiealin plenar impaiuist evan if algemicrersopic devichthey are
conpri ses tQﬁ Eregfiqgnglenent t hrough which |ight passes on its way
into a useflspeye.yéh Side of this region, there nay typically be a
peri pheral region of the ophthalmc device that is not in an
optically rel evant path. it may be appropriate to place
10conponent EiregDimgesionsl s WithdneoiporatedSemigendugior Dgvicesh a

peri pheral region. In sone _exenplary enbodi nents, these conponents
may be 20or med f ridwmenons nayd deviess e adserfiwn Hipdotesrasion A tiin prshBesijle

t he conpone I ; ch her t al
or ot her  canauser e RhEEH LiStodnGRRREh oy kS BRI HrelulRas
support f ordiinegsibndt ghgpes.aln anexainpdhef GiezuclgdSli@n®pé, HphihiaBnit ldevices that
opht hal m ¢ 15devi ce. In sonme exenpl ary enbodi nents, the

ener gi zat | JRARINEAMRFateBlsciRAcH vy eamnentspag; Codsideisde  the battery may
be a solid-state battery or alternately it nmay be a wet cell battery.
In either of themefe@atdFas.14 Ael BB MexbRpRryihnédI¥imeabionil sibaste 10Mfor
traces, which are electrically conductive to provide for an

el ect ri?®al agxeEwiary ppRthaangdevce igdepicted. Different ophthalmic device

embodiments may be formed upon the exemplary three-dimensional substrate and may

be functionalized to include an active focusing element. The active focusing device
may function while utilizing energy that may be stored in one or more energization
elements. Traces upon the three-dimensional substrate may be used to provide a good
30 base to form energization elements upon and upon which to affix, attach or support
semiconductors. Semiconductor devices may be sufficiently thinned to have some

ability to be bent, or otherwise deformed, to fit in more conformal manners upon

9



20 anode of the battery and a cathode of the battery. The battery may
provi de an electrical potential and current to other active elenents
in the device for their energization. In the exenplary device of Fig.
1, one battery connection nmay be defined in the region of an

el ectrical {HfRCEmbRfondfQrfidee RUBRRASIR emtaIMbests f Geinpl@athrbs-ace
150 may be the anode connection and represent the (-) potential

connect i on dfneasiopdsngens,2aetheds, apnaming, and respkivgssemplary dwiges selaigd tor
devi ces. Ant%t her battterﬁ/ or, enﬁr i zation el ement connection 160 may
be i ncl udedPEKFOPREP FiH pedess %gse of exanpl e, such a connection nay
represent the cathode connection. This connection 160 may al so
represent the (+n thotemplaly apbtinbuicidemicofof Hig. dntbe dlirgertlinoenssinehibstrate

i ncorporated devices. 30A 0,.it be. ob ved .t hat el ectri.cal
{races iy B8 GHecisond 1§ i opigiinea8o 1Y SPvithE o BeRi 83
respecti vel §e rddiod Y0 RBy ehp@kiedirbitairfed 6f ' iasesdel i@ thandmbriesmy be
isolated traces that may l'ay in proximty to a neighboring trace. The

nei ghbor i ngfocwsing clementitheughywhieh ligo passesion Ke Wagiinh Bosemyee: Lusiflepf

170 may be 180. .The.nei ghborin races .13 Lepr

opposite ba Sel'F%loBhtgﬁ‘ieé’??'%/tyBlrcagY é%?PSla%he{@ﬁggg éﬁ%ﬁa t{tgfl @E)lgl%éﬁg% sa??s
are produceghtypan op @9 réledie pathT MUSordindy,dt haP bb apmypridte eoplaect ed to
a chem cal layer that can make it fiinction as a cathaode of a battery

cel | béOweerpmpanents related to thegsve fogpsing Hmeon Hespch aprapkerglgegigan In

ot her throu I ] | i :

enbodi nent SS%E%J %%%ﬂ %('i:'%r% é&'(la) d %%2%%%?@%% g@gﬁ@%@ﬁg&mﬁ% th1naa§lg rs.

Lt may t herﬂépgblﬁ,seﬁlw@ﬁﬂli;]@mrsaadahiloﬁhlmghé aﬁhpdmhtemm;meezdttdtmallfylwnnmtéd
e apparent 10that in this exanple, there may he two pair

L ectr cal ORHSOBHPY BAILET ALoLPHU e oAy (T RRTARE B ot

| ayout and %ﬁf&@uﬁﬁlﬁlﬁ‘@ﬂlﬁé ih;@ﬁaﬁw?pﬁ{&%ﬁfﬂg%wﬁ{bﬂ% iR th€®phthalmic

connecti on. e tota ectr per f or mahce acr oss connections 150
and 160 5myddvie: ef ore be consi dered a conbi nation of two battery
cells. At 190, a cross section may be depicted of the region al ong

the dotted line. ﬂ%ﬂe%%%&gla%b&ﬂmeﬁ ??{%%%ﬂe%gzaﬂgn élggrenﬂngyﬁpg%a@éry.

features relevant tot I scussion O m conductors” are
depi ct ed. | Fortdxemptce geritatteryanpy be y sditbaaticvatitry canltdBbtel yohmaybetahvecttoald
ener gi zati on connect.i ons tgescri bed apove i degll cted an

th
ener gi zat i oPAtECBhNEEhERQ thesgexprplss, tere fagy HemEH © cf'?lesaigtﬁg" FEAGFhd

ener gi zat i opLCRNRCAELABALAQnddetRRID pfRAdB B 2k cREMIFIQUERET B6w b8tween the
represented as 191 on the figure. For illustrative 20 purposes, the

sem corgfuct arodemy thedattonrradtacdthede nfthediatiery. Haiclbatierysegydurevide @nepoxy

connections to.cqgnduct.ive .el ements_on_a.senl conduct or c .. Wthin
the sen con%lﬁ%jflg‘ﬁ prggeg&tglga@dw eﬁtgo Io&eéfl_gt e @%@?ﬂnptég g 8\21? %}r%?c i, or
the seni conghssdioationiIn tHPkeRPldy Bavice 6f Big. Fldne-betérp cohectibl atly bery be
used. A device of this type may function well for the purposes of the
exenpl ary ogefied limfhe ragion eban clagriesldrace il A0.oFpicthe purpaps vt exgmpli sleehicak
may be extra thickn ea dj ' 1 ohYrGK
e conduct GchT g ces AR Bnft FEAR RS L 18] foufifictang o
sem corghlict @ferdi@ation element to incorporated semiconductor devices. Another battery or
energization element connection 160 may be included. Again, for the purpose of
example, such a connection may represent the cathode connection. This connection
160 may also represent the (+) potential connection of an energization clement to

incorporated devices.

30 At 100, it may be observed that electrical traces may be connected to items 150
and 160 and items 140 and 170 respectively. It may be observed that both traces 140
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the three di nensional substrate nay allow for the use of |ess device
t hi ckness, the incorporation of nore sem conductor device and ot her

i nprovenents relating to both the thin formfactor and the flexible
nat ure of thinned unpackaged sem conductors. 30 Although, thinned

pi eces of s gﬂﬂg i Jat: i, m Eﬁﬁﬁ'ﬂ] t
type of chi %{Hl 1, hjﬂr)\%{sgt ertpa?f/gp@é{%?yis a{g g&gﬁgygﬁ} irlrg%l |ons%rﬁ‘ga)§e'bgﬁ¥
practical whdghtidnmgfttaex fdyl 160 matybreel 3@f andhihn nsighbartimpotreze dors] 10smay be 180.
consi der ed. X As a matter of reference, at 192, there y .be an
area of thelBpREEAING Tees BY apdiBl r%ﬂsfrrﬁslﬁﬁené@ﬁ PppriteRatigy ‘g’gf:ﬂl%’fye?{
in the top §egtddeRyY whdPdiRYy H8mbmt BRDbrbMRd RAGHK HRRY irfeell B, trAle 130
192, a portion of a back opti'c piece iS depicted wth region 192

bei ng t e cwapbeatimeatedfto & kkerhicallayaphit camndke ddunaiphias awathhde ofl ogy
t hat may prt())v' de fﬁ; 5 one or a set of features to seal conponents
bet ween t heP3 i &Pt TEVRTLEES: The set of features in this region
where the sealing will be made is referred to as a glue groove. As
further di scussefraces L3fcamdi 1180 neeyr dominédiéo gdchetig tovegh egionnl 20a\Reglomd 20
be rel evant in, other exe Iar¥) nbodi ments where thi rhned )
seni conduct BAY a’eaﬂ%@iem%sm REBISHET BRI CPYRIE Gtitially covered by chemical

three-di mengi.ggalt 54y me{eﬁgg,sﬁz_métﬂﬂaiamié&gicq inRe B rinREHAC 1Qkil e 5&%12‘5

Referring nowto Fig. 2, 00, the general nature of process
thin sdfi cothduotthis edauplecthetehaty ety domming o€ dleticalswiie caxfegupédaasybatteries

enbodi nents of .t rese i nventi i.s depicted. At . a. .
Fepr esent at PEbBa BB BV <of feviBnralisris Fife o Peieiedio 4 Fiics nas
been pr ocesgedtinoUdhe fotSIQNREORM Peiforn aBO adrast dehhétdiohd 18D ol 160 may
15depi cted. Typically, such substrates, not shown to scale, may be

500- 900 mi cthenséore b eknsidgpedhairorabipation eftmedatiety st ors known in the
art. Substrate 210 nay be a nonolithic or "bul k" sem conductor type

substrate. As anaexgTRlcfoss 8cdiBh Hdyive débicftéaﬁofttﬂé fé'g[lﬁq_sﬁor@ the UBRdd @€ In
210 may be conposed of highly puré, doped, crystalline silicon where

onl y a ohi rths lovweraeprefentation ot b®, raatenltiea of thetviresaslesand to thealisrussiercoithin
upon it. 20Far. a variety.of reas it i.s_generall st.a din
Phe" naust iRt abickd o B e plekert e ARRER e mBaRoR0 wlelor,
the substr ahe tis endigieationfondefions dBEBEEMovE @s ddpidied Agl the BRerglxBsdH at e
may assune a thickness that may be a fraction of the starting

t hi ckness. cpnnectipag thag Hgpyr at 45¢ aray bewinhoksitsdrehind energixation epmgriyon 16k

t hi nned mat gr.j.al i n. . " Lfied: gr eGl | .
Fepr esent at Sh R 658 SRy fckd 5 BresBREEkS L6ton BEMRE P Hol Mhsuaive
very tiaon pruppeset, thesumitendober ayihe cemiichg dshigadonizs Baldbr ¢dndugihedpoky

may be as thin as 30 m crons eif{]ick or even s&mller are currently
avai | abl e SHEMRGHERA toxcondpeliverelgraends on f gemiconductpr package  mWathi they,ch a

thinned pr %@Hﬁ#cndﬁ&‘ér g%@g%egﬁﬁgf P% %gteg%r&?g%dg?tﬁfﬁﬁip}&itg? : ionductor

sem conductor [ayer 2 e met zation or
i nt er conneathsp &3% bk abatehdie. ddip-dopdiscittach ohey be @sed3 Rsvareraf tigs typemagur e

2. & S MIAL AN On) DO pr 0cese deserl tLon Lo e BUL LU 25 e
substrage, fBlBRINEhel@may be extra thickness and area dimensions that such a packaged
| thick semiconductor chip may require. Direct connection of a thinned semiconductor to
the three dimensional substrate may éllow for the vuse of less device thickness, the
incorporation of more semiconductor device and other improvements relating to both
the thin form factor and the flexible nature of thinned unpackaged semiconductors.
30  Although, thinned pieces of semiconductor may be formed into the similar shape as
they type of chip 191, many other types of shapes and dimensions may be practical

when the flexible nature of thin semiconductors is considered.

11



| ayers 250, 251 and 252 a sem conductor-on-insulator substrate is
represented. As known in the art, there are many types of

sem conduct or-on-i nsul ator substrates that nay be possible. One
exanpl e may include, a bulk layer 250 of very pure crystalline
silicon upon whi gh,$hk@r 8f feRIERR, &T100NGIAHSS be S1/6Ea @ﬁhe%ﬁhﬂ‘lﬁmc device
di oxi de 251. Upon the 5insulator region, 251 nmay sit another

seni conduct whereayfent 2ptic piged ardepfated imtherivpesectirmofddfpndydie jained tph back

hundr ed- angst.,r om t hi er of siklicon. .The conbinatio . -

or ovi dos aroeieie. o 182¢Eharbn aht bAR putifect B RipRAH, 8l Raip £Y6 Being

(silicon di @sice@binatihsbf tikgronBbpecaridick epii€ @il tsiddbgy(that thepprovidefor
be very thin, nunerous 10 net hods nay be used to thin the

|

eﬁ%/?; emgbs@lﬁmréi sesoffeaiieisdo seah campencattcbveantBe By RPIG Pipessn Tibgyefrof
250 b d i indi ' ' i dual
Chi cknoss. i SafitBiln BReddh SndkAIOORATBE b, 1 3oNREE o bd Pl e

oper ati on nay filkehee dizedssedinfupcoiniigsarisnheglaa groand régi@t ayalgo be réleginois
of residual silicon on the_ backside. As a result, additional
processi ng, Oher exsmplasy embpdimsntsnvhcae HHinned seEroafeHPTEFVIsER PP 5used

to selecti v&lcg B&%Viﬁtotﬁﬁeﬁh}&&f?zﬂeﬁs‘i‘& oude§epve the silicon dioxide.

After the processing, e remai ning substrate 260 may be a very thin
conbi nati on of the device |layer 272 and of an insulator |ayer 271,

whi ch 19 whEhinhingQGfSemigondyoler Eloments jpon t he t hin oxide | ayer nmay be
the thin sem conductor layer 272 (fornerly 252 before the depiction

of thinning). UpR@feHHg%dvaWigf@,Bét b6, thegdmtaA hhiuZpdfiRBccBes to thin
i nterconnect | ayers 20 275 of "the sem conduct or device. When a

devi ce is tsanreeiuger deieasdbatimeay heused dorerriecaemplany erabedimenpts®f thend

235 or with_ the, layers 271.. 272, .and 275 ther be,. Epﬁr f

properties P Plevéﬁtll(fn. 15 Idﬁplzﬁ%fjl |Ast'? lﬁrﬁa}rg re&?@%tgoglg&y&rp Ogté‘?nn{}fj er gf%,e 0{ he
thi n subst r glli@hitRicss SE AEs Beet @adREse@lthibligkh bérhicbyducttmdnafarairidepedal
of full thickness substrates. Wthin certain limtations, the 25 thin

subst r dfe neégpitied. dEYmsatyasuch subHraEsnMetshoVn &t sele By erBRi08microns
substrates i i .

def ormat i Onﬁ?@@gﬁéﬁ%&%&ﬁg@ﬁé lgfga%élfs(]eeﬁ? grgt1€1\’€/l}e¥al§/‘€0$.{b§ ﬁ%égég{r%ag,bev@ni ch
anongst ot hebnelshieci Shulk yerhieoadifctoreypesubsttate.hAs de graeplof a nejoditngf thad
the nature of the circuit sign. In so eppl ary enbodi nent s, ...

i orent - dRiSHgRaLavEATale HOMBLDS FEBRGEN af BaT DLy ABBG DB AU WisoRe
degree of 39}4&%%@[% NP BEE 8B HeXubSfard MR RPRE SRILRFcHASYS higord . any
smal | but tolerabl’e increases in defectivity. Anot her

i nportant aspect_of thin substrates is that th egree to i ch

light, 4ven in theayasieh & T§%§é’6§=rlh%gﬁ&‘§}'alil¥lﬁétﬁ5‘§rgm the ne%trm?rm{%?ssed

substrat es. i : r } u thi S
wibf{ /bR s‘c@?ﬂﬁ%ﬁ‘%&’&% tfre H%}ﬁce%%scﬁé Q.Eb%térﬁtg TERRGUak 950, gsm)ééﬁﬁ@lﬁ

after thinning may e enough to absor I ncident 1
radi ati on, wshimaingbthetshbstmsesmanbgshmeanythick@30 thas umly be 4 figetionnf\thGstiwding

a significant |evel_ of photocurrent. from such absorptio hat ay .

require qesfhbfr]@ﬁfﬁa r?&éssmg\‘ resplh dp va@&tpwg%t@t%&cp@%% tﬁe %la%qum%/t%%

interacti onpi, b8 fhun@h the “MnniRi ckdts 5édtign g4ERhAtioh nalBYp BE 153e583138! €

to shield at Teast portions of the design through the use of sone of

t he i nt28r commiZ0i dvictheds toragkicyhuery dlrie praxiiet tpdts whese theranding] thiskadse nél

Is:iugst rlat ©S &R plrcgdurgP%ajt() e %sh it 8 mfic%nset %ﬂ%lr %Venvgélaqle]; &4 glgr?en%l;%vlairl.'able
and known as the state of the art. In an example of such a thinned product, the two
layers may represent a very thin bulk semiconductor layer 230 and a layer comprised

of the metallization or interconnects 235 for the semiconductor device.

30 Referring to Figure 2B, a similar thinning process description is made but for a

case where a silicon-on-insulator type of substrate used. In the substrate, formed by
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10Referring back to Fig. 2B, layer 272, which is a thin sem conductor
| ayer that sits upon an insulator layer 271, may be transparent to
incident light. Further, it nmay be possible for a significant
fraction of the incident light to proceed through both the insul ator

llayer 271 apderh60 BT 4nQP9Y G sehidof¥RtorddiRinshiato? R@Gstalel i€ RpréBARYE] WEaY,
as for exanple forned fromIndiumTin Oxide or other "transparent

met al s, " wekmvwsiedh¢ art,tBenrare banyptyped off ssmiendndat-en-insitlata|salestratasitioat

| ayers which be.flexible and use sen conduct or-0on-i nsul at or .
Subet rat e VREPEPPRI S cHNE BRRIILT B g BYe. A Sutr YAl At 4ty pofé statine
t ranspar entsili@gdigonQREELH ¥its Akebidd of MstlatotPsachlas tlidondnckidd 2515 Ndpithe
device, it may be possible to attach electronic layers in Fortlons of

t he ophtthal mF@atgetdgian, Ahkmay|sitghethamsenpesnstuetor bigih 2hwhinbhios gkample,

oo nns ) Cobbe FraB PRSP RPE N S L5Y S58chpRon o
di scussed ilay&®povidestah@xhmpie i b ¢embhdig@sgkiicolyemeansiabesgticoh desxide)
may be sone limtations to flexing the devices or alternately there

may be soneSURslEtei onal defect nodes that occur in devices when they
are flexed. Therefore, although sone of the depictions of flexing of

the devi ce sem CUiREkIG@EmitBMQuRUsilichn) t8Pidyet @b Phe $&ithiANSurR&ous
referred to where there is a significant degree of bending, the back

suppor t10f ormethedymay beneedds thiajhaxmtirapbstrataes p wholte Inralskanplg: the hagk
P eV co it . T : ek "
R o R ek

exenpl ary efiuRfésstnbdminallpkérs ghitines$) elnfprasticoguoh atghiadingiopa@ton may have
sem conductor elenent so that it matches a_t hree-dj nensi onal surface
feature, 300GTHEL ilieq ighersnd @Wr%éﬂb? s of pesrdiigl sicqngrithe hackside:

configurat iﬁﬂ% ;}jééhf?, a‘&i'dﬁfb%aleérﬂcégi 3% EXIM AL %hl(;%lﬁgggéa " -1on ett(!h‘ﬁ‘r%%’a’y%%

may be attac using 1 nterconnection techn r exanp
sol der 18al Isedrrysdbeetivelydemnoveiiibsilicor omd aattremove theesilicopdidxlide. After the

sem conduct or el.enent to.matchi ng contact, features which .can_pe . .
ocat od on HRESHARIES HIRGE SRR A0 EE bq 4V asan g gl,aﬂ%egtgw device

contact poiigye 27 ¥n@bP¥i HRudidr 8lyeE 71 Cahich Wiwhdt et 0T 18/eh©51.Ca366h the
they may be present for providing neans for attachment "of the
5f | exi bl e ehmmside lagerdnaynbssthie thin gerhisonduntedayer B3y (Teayenty 232 ekfotschd

Lt ons. URISTAP Wil W e 5SS BAINA pf kbl

under coat | s Fthatiasondactsbdeig. caused to flow into the vacant space
bet ween the flexible element and the three-di nensional substrate. In

SOTE oKD 21V QOO B 1 AERL e, L SORRGELL O PELNES! B oo
performed hgtyReReIfRrSIAXDEL andeY$ BRre may be a number of properties that result. In
a first major discussion point herein, the thin substrate may assume a degree of
flexibility that is not typical of full thickness substrates. Within certain limitations, the
25  thin substrate may be deformed to conform to other three-dimensional substrates upon
which they may be affixed. In the process of deformation, there may be some added
defectivity of the device, which amongst other aspects, may be a function of the degree
of bending and the nature of the circuit design. In some exemplary embodiments,
different design features may be incorporated to compensate where the degree of
30  deformation necessary for the application results in any small but tolerable increases in

defectivity.
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surface and its corresponding surface feature on the three
di mensi onal substrate, adhering the flexible substrate to the
t hree-di nensi onal surface with an adhesive may be a neans of affixing
the el ement. Nunerous bondi ng and adhesi ve techni ques can be used to
affix and stabi | pAaethar inhxiaht sspedtioffdd sssfre idtat the dpgree & whish light,
Opht hal m ¢ Three Di nensi onal Device Rel evance to Flexible Elenents
Ref erring nevents the yaiblesneehum s@y wieraghyith thedhpwpd sybsirates.g Exghisl i)
device for [ | ' " j :
materal - wings e RSB oA fes R lingthap il od Hbueh g
opht hal mi c aevitcthe imyddne liglrmeidtidn, amnmay dediepeast edth 1Ayeri238 gsuch a layer may
i ncl udi an el ectractive optic region 303 y be included w.thjn 20
the pol yter [6d HgHrERevRbe GrtohcuTEn: g sich %‘@Hﬁér{lﬁ‘t Ry Jedhireglesign
301may be %mg@sdoraﬁﬂéf%ﬁ&momﬁ (R thf8y &S 86k RRFidibA vART light] RSEhén-
In sonme exanpl &s, the interconnection device may fully wap around
t he insert, limitingexetipby, itewanipd pessibhetoishiehl g deastpertions dfishe desigrahrawghp
around a poption of the.insert. The ipterc ection device nmay be a
thr ee- di menedRa Pt RTINS RmCEIon Felrib Apiee PRRLRE MR cts 25
nmay have begihASBARIshBHrds BUNBEYHS thelc@sdTRS - ex NI, Wid fRitBeE 7@@&Fi%$ 1.
formed, it nmay be formed wth features that nay be described as fl aps
304. The flaps 304 may al so he served _in crqQss-section at 306 i
Fi gure 9B, Mereﬁsfefﬂmw&ﬁ&?}aﬁgi texer %@sWB}‘r‘E’%St@HF?IBI?H MG R e
. . infstl ,/may be transparetfto'i tHHt. er, it may
with the el gelfRAGhINRIASMLFE 239 /may p Ehetoflih@Bsntade thRther, i
deposited interconnects may form good surfaces upon which 30to ‘attatch
and connect bé pasgibbd for & lsignifsant fraciducit tre ideidemtdight #sprdegsiddbmdgh hoth the

fl exi bl e sem conduct ox,devi ce 341 be a ati vel.y.l ar evi ce

that nay bemSUAREHGAT S0 GRaToroPTT iy P Lh becigearFaliERy, 5€ o
sone exenpl gfanRERAMABLS IHAUIR TaOxidRioR offet HBasPireHaRbERMIPAMEE Aked it

device may be connected on a flap type feature as shown_at 321 and

322. | il%eacmapbe phisihde tnereafe thineloconip dayersexinish may\pedtexdde and e f | aps
and the el ectr.oni Vi .G i I: Lnto .a
hr ce- di mendr Do gk ESaiRnyb RS HE fER T SRR e R TRt el
to be occurfrimgaeat. osditivmllg] eng ihispe b Othircamingpdrepdrentiierig) iahlay bien
the direction radiating out fromthe center_ of the ophthal m ¢ device
and al so i nPessipls iaifasieelpeirords lagersiip Rortigng afthe gphthplnye fevies wheredight e

the flap feﬁfa@ia%% tﬂx%\ﬂﬁh ?eﬁﬂ&#ﬂaﬁﬂﬁtde%ﬁ@%ﬁd +s§1ﬁ%§t hensel ves, anot her

characteri st suc port and asse ign may be that the
ophthalmic I ens may include a significant 10 portion of its body made

from ox8fyen per nﬁaﬁn@wi@g@cmﬂ@rimbemm@Hii%ébemwba@m%ﬂe%&lygE Ais
PO . . | ot g

D200 PPRAFL b3 b lisbusibin some of HEEILUAY ahthefdfloNens dibre

f1 exi bl e deiag®s sdifie tepiaddscto fleririghths devdosanp hheryiatdbpthedei mashe donees t hi n

and fl exibl e, devi may be attached gl gng portjons of a ht hal m c
| ens i nsertaqqﬁtl%fgefla%idﬁ%ﬂesﬂé?é RFGH 1 %chqss}"’}fel‘iéll?ﬂ %‘?%Si“%‘l?sﬁfﬁr@g%uct or

may be wrappad, QﬁiyA{ﬂQoP@hﬁgﬁéﬁéﬁoﬁ%ﬁﬂé&e JrdTaNGee deficdRBBE Bavedind will

tube-1li ke feature when t exi conductor 1s long enough to
reach f2%m bdgiensdctignd loe efioiredAd whtds thercds asigndmant degede afdpndisgrihabadkn

depi ct ] he flexible thi i t or. d . d
and adher edsisoR forihe bETnisses o Be TORPRIRE: e AN Koo PRECIPLEE PHodve
(see for r efe@,ﬁﬁ;e%gr)igia ?{Ecé QRdr iPhasheeR e 0P b itereRdBREsiGHAESthRfure.

reference item1 n another simlar exenplary enbodi nent, at 440,

the flexible sem conductor my be apped around a. nore exterior. edge
450 thereby all omwﬁé%@%ew alafreé%POSynmf%l%rwﬁlﬁeﬁ?w &d

di amet er ang;HRAGEmRbhEWIHEI&AGR so that it matches a three-dimensional surface feature,
30 the flexed device may need to be adhered to Jock the bent configuration into place. In

some exemplary embodiments, the device may be attached using interconnection
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When sem conductor pieces are wapped in such a tube-like manner, the
25 bendi ng of the sem conductor may be characterized as happeni ng

al ong one di nension. The depictions of Figs.4A and4B nmay be descri bed
as being oriented in cylindrical-like features where the

sem conduct Qeh&ilbSy. | F‘br%xé(rﬁﬁie' §o@tﬁer QLNERMEADE Afkd BladBERY cHREAS off B RRiNE
a point along the surface of a flexible sem conductor in this

vertical orbemcenductor ehh‘@nswrﬁagbngpbmac’tefms Wwhidhaan ibm ltazat.edroml thathree-
direction byt _in the t h na d|r tion, the.30surface.is di ng.
The degr oe SmepmentSniiey Ha0Re chisteiitns Bhtapr i ayeronos i 5 o
the surf acefiingén, iM6theLEHsER ﬂ@gﬁﬁ@rbmﬁs&em@%\mﬂg hiRan@ R atth@nRIObLthe

at 420 the seni conduct or nore "bent" or flexed or stressed

t han at ﬁsoﬂembleélqu,@@dotpstdl othexeases, theafrr@ayrm‘gmgg bg@fnngms c Subsequent
tresses that ondi
Siresses L NalnRBR L ot cAE ORI RE, Bk RDE b SRS RERARRS

Ref erring nowlef@afih@sIn inflerostiiBan a&ihé@&h nﬁa.@raieibaﬁseﬂy@ﬂowfmtfoltﬁe(véu:laﬁt
nount ed semi conductor is depicted. In both the orientation depicted

at 520 in cyessbeeeen Bs fbmlﬂs@ﬁ@emrﬁnﬂﬁlée Brecedimensional qabstiatee dn gems 50
in CI‘ 0SS-Se

o oo b MR ALE SIS ARUESNURL 520, B REARIIA A
cone nehD beelemrmal lintaeanndcat inelic ddvive is ﬁo:ltpekfonaed betWeen thedleeiblofevice

e, P LoD P s i B2
However, si aﬁﬁl%nﬁé" BB RAS siitfsBate Y5 M- tﬁﬂ%@ﬂﬁﬁe&%ﬁ[ Surfd2e WithQR ananR gl

the nature of the bendi ng at a mcroscopic level wll be different
and in sorrebee&mnpisaafwf@nbgmermn@lt nﬁjamrmwb@edmgdad edltesivevadhniques can

advant age. tribut dvant a coni cal

ol ncomen | die FeER Bs B RhERea i e Ml SRR T o
exenpl ary enbodi nents of a three-dinensi onal obj ect that receives
t hi nned 5 en@plethauit Ghred ®iimeasiond] evire Reddviantdiioditeralle Hidmete t hr ee-
15di mensi onal object, including both the support and the attached

devi ces, may be I l.ap- i ht
of the attached %%mlg{n:gg{%}”ctg I!tq%éé %‘eangi}l?%tatreg@gqfs ng&tdﬁr%rfé Eﬁn&g%gl (Fb%&
some i npl enfentiset in@phthiatmis devicesmldepibiedk e 362 atieliratevial, wayctbh@ag paseably
the thickness of the electronic_ device. In fI antatlons t he

| i mi tati onsCOBPrisRE hyfogelpplynet t@atstﬁwplith@rrg%ﬂ?vema&sb orged ifiogn, is
20pi ece ”aydéﬁmtecp AnIRYET i‘ﬁclu@hg aﬂ%lé&rh&'{tg@%ggc ré n ?0301)% pdchAka ShdRe

fl exi bl e senm conductor, 1n ossible to ave an
enbodi @&nt thbgolem‘teheccthyct'ogn} mmgdrial 302, An interconnection device 301may be

wrapped around the edge of the electroactive optic insert. In some examples, the

interconnection device may fully wrap around the insert, or in other examples the
interconnection device may wrap around a portion of the insert. The interconnection
device may be a three-dimensional formed polymeric piece upon which interconnects
25  may have been deposited or otherwise formed. When the piece 301 is formed, it may
be formed with features that may be described as flaps 304. The flaps 304 may also be
observed in cross-section at 306 in Figure 3B, where a formed cylindrical design 305

surrounds the insert with the electroactive device 307.

The flaps and the deposited interconnects may form good surfaces upon which
30  to attach and connect flexible thin semiconductor devices. As depicted, a flexible

semiconductor device 341 may be a relatively large device that may be attached upon
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add of thickness to the ophthal mc device since the effects of device
t hi ckness and interconnect may be radially distributed. However, in
sone exenpl ary enbodi nents that include a radial piece

i npl enentation, the maximal width (arbitrarily chosen as the 25

di mensi on i gnd dfRheERp FRALEs. VAREhealy, Ti JHBTRSdxempl@Y elnbedikdthiznreherous thin
sem conduct or device may be significantly constrai ned; being |ess
than 50 ni c#tepsof mieptidaglor 3%1%@3%%6@1%‘}%1 onilapAyec foaRFaet oM cs
of these ty

There may. b BHE Zadnge iy BRI D A AR RERh B B e

on the angl ée¢forihi@eviari] the Retrbmio de&omn@j bé bent tidto caklmes-shmeﬂsionabihabe
30di stributed radi al li%lc Alternatelg by the sane, effect of the angle
13

of the oniHmaydighsipful heonpidensugh W%@mewﬁ%@g@ﬁroaéwwnw&?% dor
be wi der t h I [ t

mpl ement at I@)%R‘?plé’%tﬁ er@?iéﬂjhle ggeﬁ%\%lv I'fg%lﬁﬂllz .utg%}ﬁlgﬁ%%g,@r gfn the ophthalmic
orientati ondem ad diensinbgeerpeadicsleadire@iohdo tIQIadﬂabdﬁréutibag Ratce thediap ces

in prior di c res of he sane i nventive entit relevant to
r evipew int o836 OB BCT RG] DRIV PR e CETAIcED o
devi ces. ﬁ#gb}t ah@ a&eRBly (tlé%lg?ﬂﬁaﬁgé {hhede th&Qﬁ‘m@'lénsfrﬁ@"ih&lhﬂéa significant

di scl osure t of tHe exenplary 5 enbodi nents that have been

di scussHl t pursiof: af 1t$1ho)dy medieaﬁrammygen mcklﬂd hyérodenatenpdlovhdelt mey priyide
but for easg of descri tlogb np % rrtgnts with a single |ayer have be
used to des pgggetnrpgn PPBFIS A HRG%ht i on. Neverthel ess, there
should be no limtation of the art related to these descriptions and

i npl enent at i ons Réfesimrtodigd dhi aestBy ned@) nglifftrent exeinphary hgpeaf mounting

10Referring back _to, Fi t 610th re may be an insert ortlon
that mmy 1 oessder i i feith R reniaee, b ey et obeed
by thin andthﬁﬂﬁiﬂ@é}@bl@%@h@@ ?%Q[ta&@ﬁ'afcﬁlﬁ RRELIR RS _I_Eﬁﬁﬁalpdfic lens insert in
energi zation el ements with ht hal m™¢ devi ce. of

i mpl enetfi at & oadidl rf¢9hm éEh@tilsathe 8oablespméidogdudser may be Peabped amné cirg@dpic h

t f at t hi
evbadt ment SI=hRE eate 2 chfbBient SERIRE Rk LIy Aot e ieontiriande

are encl osefnpRnéugdiBdiréach Tk be@rfing A efilb At 4110, 5 6RMs-8stiohdlauprosedtation
sem conductor device are represented. In these enbodi nent types, .the

seni conduct apisiag pagivoms the HeullRIthinseraicopdugioranappet 4f@‘|*ﬂdaﬁlidcﬁﬁlh§f§d itg a
b d
T b e A B2 S O

over al |2 phfrba ofitic pitee i(ee . foRfdrawevrm lﬁogrlnrainmhmi;ummpmlﬂaryt he
ophthal m ¢ deV|ce the width, in this case of the annu

seni conduct BROdigeRt at %ﬂ'{?eﬂqxilw BB OGRS Wyége‘ﬁ‘ﬁpﬁ? r@ﬂ%ﬂ%t s,
it may be pa&éﬁ@i e‘agé a0 gieﬁ%g% Bemglgg 8460 o a8 VAR rmR Rttagdd | |

not significant 1ons of the overall ophthalmc
device. It dmmetvpandhmcetctrcmufmextchat in alternate enbodinents, a
st acked di e approach may include conical structures with 25

d/
| ol oot ot ons ongyRreonfidh AU Bl e ERME R e e

di ced @5 cuberifgorfehe srsmadnhduag)rmnyd)etcﬂmraommzmmappdang elengpae dimension.
curvilinear not rectili whjch is e .co n.in sem.conduc
devi ce i npl Eﬂ%ﬂ%ﬁ tomn st Bresiideanc ’B%‘?ﬁn‘g‘ﬁg‘ﬂ?ﬁ ingugpated in Gylindrical-

i mpl ement at ;008 RIACEHRE AR REhiQhndh&tsr ﬁﬁqh ﬁQf@Hi&ﬁf HenPROnN At 28 fd#al feBion
t hese types of enbodi nents, there may be | ess

of a point along the surface of a flexible semiconductor in this vertical orientation, the
surface will “appear” flat in a vertical direction but in the orthogonal direction, the

30  surface is bending. The degree of the bending is a function of the radius of curvature
of the surface that the semiconductor may be mounted to, and therefore, at 420 the

semiconductor may be more “bent” or flexed or stressed than at 450. At a microscopic

16



30stress-induced effects in the substrate. In the follow ng
tabl e sone reference estimations and representations for sone typical
aspects of the various types of inplenentations are given. These
nunbers are 18 representative and should not provide limtations for

the scope ofe i ﬁl@ié\ﬁ?ﬂgé gﬁ@giéétric SRUEYEhat JREYinTRY sl bo2b8ik and other

di fferences befween I ment types and rel ative advantages in
| i ght of cecdredspogmgetements of Bikaleliee llike fAoeaarls dhsmefal thtdré@mectt,
i npl ementation types for thin flexible elenents on three-di nensi onal

surfaces Type StRgss;StIseR ek BN a0 SSASLDMETR LY 0f HollBh ARG

semiconductor is depicted. In both the orientation depicted at 520 in cross-section 510
5 and in the orientation depicted at 550 in cross-section 540 the flexible semiconductor
can be arranged into conical arrangements. However, starting pieces of silicon to form
a cone may be curvilinear rather than rectilinear. The degree of bending of the
semiconductor layer may be similar to that of the radially bent semiconductor devices
that were mentioned above. However, since the pieces are curve-shaped before they
10  are applied, the nature of the bending at a microscopic level will be different and in

some exemplary embodiments may provide a defect level advantage.

Other physical attribute advantages of a conical placement of flexible thinned
electronics may occur. In some exemplary embodiments of a three-dimensional object
that receives thinned semiconductor devices, the overall thickness of the three-

156  dimensional object, including both the support and the attached devices, may be
important. In flap-type embodiments, the added height of the attached electronics to
the substrate flap may be minimal, in some implementations this minimal thickness
addition may be close to the thickness of the electronic device. In flap
implementations the limitations on the size parameters of the semiconductor device

20  piece may not be severe. On the other hand, for a cylindrical-shape flexible
semiconductor, in fact it may be possible to have an embodiment where there is no net
add of thickness to the ophthalmic device since the effects of device thickness and
interconnect may be radially distributed. However, in some exemplary embodiments
that include a radial piece implementation, the maximal width (arbitrarily chosen as the

25  dimension in the mentioned vertical dimension) of the thinned semiconductor device
may be significantly constrained; being less than 50 microns. A conical shaped
embodiment may have characteristics of these types that are in between the two
mentioned embodiments. There may be some added height to the ophthalmic device
since, based on the angle of the conic section, some of the thickness will not be

30 distributed radially. Alternately, by the same effect of the angle of the conic section,
the width of the semiconductor device may also be wider than a purely radial or
cylindrical shape type implementation.
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nm Oxygen Cylindrical 7 mmradius 0.15 0 Variable Rectilinear -110
-0.1 -11 Better Cylindrical 9 mmradius 0.12 0 Variable Rectilinear

10

15

20

25

30

Referring now to Fig. 6, at 600, an orientation, which has been an example for
stacked integrated devices in prior disclosures of the same inventive entity, may be
relevant to review in the context of three-dimensional, attached semiconductor devices.
It will be clear to one skilled in the art from this disclosure that all of the exemplary
embodiments that have been discussed thus far have relevance to stacked device
implementations, but for ease of description embodiments with a single layer have be
used to describe the nature of the invention. Nevertheless, there should be no
limitation of the art related to these descriptions and implementations of stacked

devices are consistent with the art,

Referring back to Fig. 6, at 610 there may be an insert portion that may |
represent an active ophthalmic device that may be controlled by thin and flexible
semiconductor devices and energized by energization elements within the ophthalmic
device. The type of implementation illustrated at 600 may also be referred to as a
trench type of implementation in this disclosure. In some of these embodiments, the
active clement and the thin semiconductor devices are enclosed in a media insert 620.
At 660, thinned and flexible semiconductor device are represented. In these
embodiment types, the semiconductor may assume a roughly flat or planar orientation
as it may be attached to nearly planar surfaces in the ophthalmic device. The thinner
the device is, the less height that may be added to the overall ophthalmic device.
However, for minimal impact on the ophthalmic device, the width, in this case of the
annular semiconductor region, may be limited. In some exemplary embodiments, it
may be possible for pieces to achieve widths of 0.25 mm and still not significantly add
to the dimensions of the overall ophthalmic device. It is important to note that in
alternate embodiments, a stacked die approach may include conical structures with
increasing and/or decreasing diameters. Like the cone type implementations; however,
the raw pieces of silicon that must be diced or cut before installing into the ophthalmic
device are curvilinear not rectilinear, which is more common in semiconductor device
implementations. Unlike the previously discussed implementations since bending of
the semiconductor may not occur in these types of embodiments, there may be less

stress-induced effects in the substrate.

In the following table some reference estimations and representations for some
typical aspects of the various types of implementations are given. These numbers are
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-250 -0.1 -25 Nom nal
Best Coni cal

Flap -0.15 -0.15 Near Zero Nor nal
6 mMmradius 0<X< 0.15 0

-4 -4 -16

representative and should not provide limitations for the scope of the inventive art.

However, they may demonstrate differences between the embodiment types and

relative advantages in light of certain parameters.

5 Table 1 — Comparisons of different implementation types for thin flexible elements on
three-dimensional surfaces

Stress | Stress . Length | Width | Area

Type ”.X” “Y" Helgh[ Shape wmm mm mm2 Owgen
Cvtindrical 1645 1o | Varigble |Rectilinear [~110 |~0.1 |~11 |Better
7 mm radius
Cvlindrical o 15 1o | Variable | Rectilinear | ~250 |~0.1 |~25 |Nominal
9 mm radius
Flap ~0.15 |~0.15 | Near Normal ~4 ~4 ~16 | Best

Zero

Conical 0<X< 19 Variable | Curvilinear | ~110 | ~1 ~25 | Better
6 mm radius | 0.15
Trench 0 0 Near Curvilinear | ~110 | ~1 ~110 | Better
6 mm radius Zero

10

15

20

In the table a “Stress” parameter is given. This may be a figure-of-merit for
comparison purposes. Generally the parameter is meant to indicate how much bending
a substrate may have when deployed in the given type of implementation, where the
measure of stress is, for a given movement of one mm in a direction, how much has the
substrate been bent from its normal and flat condition. It may be best to consider a
first direction as “X” where the maximal bending occurs. A second stress parameter
“Y” can be based on the same measurement as mentioned for “X” but in an orthogonal

direction when referenced to the “unbent” substrate.

The “Height” measurement is meant to imply how much additional height may
be added to the ophthalmic device by the orientation. The measure is a relative
measure as the actual impact on height is complicated by other factors including how
much height other components in the ophthalmic lens demand. If the width of the
semiconductor piece, for example, in a cylindrical shape type orientation is less than
the needed height of an active ophthalmic component within the lens insert, then the
semiconductor piece may not add height to the ophthalmic device regardless of its

width.,
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Variable Curvilinear -110 -1 -25 Better Trench 6 mmradius o O Near
Zero Curvilinear -110 -1 -110 Better

10

15

20

25

30

The “Shape” parameter indicates the nature of pieces of thinned flexible
semiconductor as they are diced or cut out as product. Rectilinear type cuts may be
more typical of semiconductor devices as opposed to curvilinear cuts where a bent but
straight line may represent the nature of dicing or cutting of the substrate to form the
device. The “Length” and “Width” parameters are estimates for ophthalmic device
type implementations of how long and how wide a piece of thinned silicon may be to
be consistent with a given type of implementation. The area estimate is a simple
calculation of the area of a piece with the length and width estimates. In the rightmost
column, a relative estimate is given of the degree to which a particular design may
interact with the ability of oxygen to diffuse underneath the ophthalmic device, when it

is worn, to the central region of the optically active portion of the ophthalmic device.

Special Cases Of Relatively Transparent, Thinned And Flexible Semiconductors

As mentioned herein, some methods may be used to produce a relatively
transparent device including the use of silicon-on-insulator substrates and transparent
conductive or “metal” films for the metallurgy of the device. When such a device is
employed using the techniques included herein, it may be possible to place some or all
of the flexible device in a region of the ophthalmic device in the optic path or a portion
thereof. In some exemplary embodiments, the flexible device of this type may be
located, in a non-limiting example, on a trench type placement where the trench now is

located within the optic zone at depicted in Fig, 7, 700.

In Fig. 7, at 100 a three dimensional surface representation, which may be the
front optic of an electroactive optical component for the ophthalmic device is depicted.
Now, in addition to the elements discussed herein, a cylindrical like feature may be
located in the more optically active region 710. There may be numerous means to
locate a flexible substrate, as presented, including configuring the piece as a cone-type
shape or alternately molding the three-dimensional shape 700, to have a flat region for
support 710. As mentioned, with special techniques to render the flexible device
transparent, it may not interfere with light in the optic path . Such a thinned and

relatively transparent device may not significantly interfere with vision.

Stress After Bending And Attaching Flexible Semiconductor Devices
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In the table a "Stress" paraneter is given. This may be a
figure-of-nmerit for conparison purposes. Generally the paraneter is
meant to indicate how nmuch bending 10 a substrate nmay have when
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stress is, for a f i [
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cone therefore to a certain degree may vary across the flexible semiconductor piece.
25 Thus, the stress condition may be somewhat more complicated for this type of

orientation.

At 840, trench type orientations are depicted. In these orientations, the
substrate will typically have a cut out that allows for flat mounting of the
semiconductor piece 841. In this type of flat orientation, the substrate may not be

30  subjected to bending stress like the other orientations. As has been mentioned in the

table, this type of orientation however may require the semiconductor pieces to be
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20l ocated within the optic zone at depicted in Fig, 7, 700. In ~
Fig. 7, at 100 a three dinensional surface representation, which may
be the front optic of an electroactive optical conponent for the
ophthal m c device is depicted. Now, in addition to the el enents
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and 1B, that it may be possible to deposit electrical interconnects upon the surfaces of

20 three-dimensional substrates. In this, it may be somewhat more complex since
electrical interconnects may be made to flexible semiconductors along its periphery or

its area.

The exemplary devices depicted at 920, 930 and 940 have a similar location for
interconnects to be formed. These locations are shown at 921, 931, and 941
25  respectively. For cylindrical shape type implementation similar to item 920, a piece of
flexible semiconductor may be connected to an underlying substrate connecting to
features along the radius. In this case, interconnections may be made anywhere along
the periphery and/or over both the top and bottom portions of the thin flexible
semiconductor as desired. Therefore, some additional embodiments may be derived by

30 the stacking of thin semiconductor layers upon each other.
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20simlarly there may be bending stress in directions tangential to
the radius of the cone 835 and al ong the perpendi cul ar the cone can
be flat and not bent. However, there nmay be sone subtle differences.
For exanple, the cone actually has two different extremes for the
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surface and other features may be necessary.

In the example depicted at 940, a flat trench type implementation is depicted.
25  The interconnects in flat trench type implementations may generally be more standard
when compared to semiconductor industry packaging norms due to the flat topology
of the thin flexible semiconductor device. Furthermore, while the flexibility of thin
devices may not come into play as much in trench type implementations, the reduced
height of the thinning may create significant advantages. For example, when there is

30  more than one device stacked.
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The exenpl ary devices depicted at 920, 930 and 940 have a simlar

| ocation for interconnects to be fornmed. These | ocations are shown at
921, 931, and 941 25respectively. For cylindrical shape type

i npl enentation simlar to item 920, a piece of flexible sem conductor
may be connected to an underlying substrate connecting to features
along the radius. In this case, interconnections nmay be nade anywhere
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addi ti onal enbodi nments nmay be derived by 30 the stacking of thin

sen conduct or | ajensbepofipradplensitinnovative concepis hakebeapl dismissedan
shape type of orientation, the_.thickness of intercqnnects that .
occur upon E?ﬁ’?élo&?h%&{ \Eilet Emfllgé’lﬁtge%’rco?‘ﬁ%%oﬂéi@wcﬁ% mfﬁlgmtghtﬁﬂr eniidnced ability
sem conICt rpdRKk&EInELHEA Alekdbnd And MHeirGBIIY tPBY ﬂeﬁbl@!‘%ﬁjcﬁ%ﬁré% providbe
overall thickness of the ophthal mc device, which may be an advant age
in some enbfidiaveriety.of Fovelexthedinecnts andsconenmduoeter plagemens gh dire@dimengipnal
i ncl ude a nunper oﬁf{ tdi f%lerent tgc# es _Jincludin ol der .b l('tl con actn%l be
conduct i ve BPBXFRest WP EhERGC E@{‘%‘Eé%m%?ﬂ 9 Paydapdg pow they may

i Nt er conneclidéd by heRiM¢izetoh WithBizht. OREEl restl, 15 Q6B c X% &fiPlady dnbodiments,
enbodi nents the interconnects may be directly deposited upon a.

t hr ee- di menticdpatacion piHleght with thelserpicoriuctos dgvines Bax ke used asiapgctive aspect

flexiblg in C S [ . . € g
thr oe- ditrenth SRRTOEGops ¢0F bathe e Fe BIBE Y bR bl ucie by o pepse
device is alaechtdng the Bdek S(nbijdevied) ddedhitheseniibenduceyipidce may be

sem conductor device may then be attached to_the interconnect

substrate. TEn&cHly ipwrenods Ehernmayhsh umebes gErasensdpithis (8 eammnl et

t he fl exi bl ] : i i

Hoposi tot ubaER SHRHAEPSY SbESe L PR End h hPLRICAHINEGState from
exanpl e depimakiagd itetb tRSHontaftioendevate. iWhérethiemed suificicntydéeght partidulailief

15situation may be simlar to cylindrical. B shape type. inpl nt.ati ons.
| n general , ™ W%erlﬁ%ﬁ th@s“%f““t%ﬁ?%ﬁéﬁﬁ‘&’@ﬁﬁ‘ﬁﬂ% @Pﬁpﬁﬁg%thﬁﬁngbﬁ%g&e ﬁi‘?r e
area in thegu{igfndc@t Hl%lng?é#e}‘& 1k SibstaeQRdyCabo AMRE IEIML&HLON .

However, in sonme exenplary enbodi nents, thi's configuration nmay cause
t he opht hal eliacactiistice The ddapingdenelsdspanodifies e distange dhay charpecagries created

avail abl e t i conductor devi.ces may be limted b he thickpess. of
The 20 opht RafERASHRDHEL Sy LRMH SR el sfe pVob Sagiled o s sl i B
devi ce to oOfhiygled C AIMBARRE Mctort B raleSsht Be datbdtingad lighe sighel thawdh atlcident on the
i mpl ementation types; however, due to the angled surface that, woul d

resul t ,2Cicclarktof g thned peraicenfisttsrbiigts fagtar ¢ rglevange; dkat £id
her f i .
other Teat “{ht%%)g?ixf t‘%ﬁ sSEARSPhete xﬂeanﬂe/%%sc gﬁeégsf&%egi #ﬁgls:sﬁé’m@ﬁlat%%%d a

flat trench enentation i's erconnects in
flat trenchmiiafizatiopleainTaticdaselsByvegeiigh dédrye SEintebaction athdiacidenttizght.
conpared to_sem conductor i ndustry packagi ng nor due to the flat

t opol ogy of S¥Re thtpackside of quéue%ﬁ%@ﬁnaet?we these ?rsFﬁﬁaﬂlhl%}er?E]rl’éY to

while the f L Phlyl ' [ Nty Gk NEANRY BY pSiblaseh
in trench t%/eglgé? tlt%r%rrg% gl{efﬂgﬁléﬁﬁ}’/ﬁg‘?@gﬁ%%dﬂ%\erl ght Slf)’f’ th?t thnli ng
may cr e e sangmlightclantgladitantagesbotkolre e mpd ¢he belok sutfies evhies 180 nore

}DE g? oﬁ nEf ](cj Zéibgt%atgtlsascul%ggéntly[)‘c%\{nln%g ﬁgggﬁaily,qhegg{u?g Iop 1%6 -geonglet?}/ gp t(l\ig dgrice

compared to ambient light sources may enhance the effect for both flap and trench type

implementations as they tend to have the most perpendicular profile to the expectable

general direction of illumination.

30 From an opposite perspective, the ability of sensing photocurrents due to light

incident on the back of the semiconductor devices may indicate that the same effect
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A nunber of principles and i nnovative concepts have been discussed in
relationship to the thinning of sem conductor devices including their
enhanced ability 5to be packed into small regions and their ability
to be flexible, which thereby provides for a variety of novel
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Numerous manners of altering design aspects in embodiments of thinned and

flexible semiconductors may be possible to mitigate certain effects, including transistor
matching, oxide stress, threshold voltage and the like. Referring now to Figs. 10A-
30 10C, at 1000 a number of exemplary approaches are illustrated. At 1010, a

representation of redundancy is shown. Redundant copies of the same element (1011,
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In sone exenpl ary enbodi nents, the thinned sem conductors discl osed
herein may be formed of nono-crystalline substrates. As the substrate
is thinned, the ability to deformw thout fracture of the crystalline
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Helically Shaped Thin Semiconductor Pieces

Referring to Figs. 12A — 12D, item 1200, another three-dimensional
30  embodiment for the placement of semiconductors on substrates with three-dimensional

shapes is shown. A thin piece of silicon may be manufactured in an annular shape at
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depicted at 1130 where nultiple lines, 1131, 1132 and 1133 may be
connected by crossing lines 1135. Such a network may offer resiliency
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ef fective cross section of conduction) as well as 25 those related to
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therefore al; i fr I i I A i .
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Sem conducidied vemicnolBraREc B3k R R R e s aionys when

i1l ust pat e PERAGS ierts ANBMeli¥Aly3hhpddiuafatdiGo kpgodant alde@ kéRRonductor.
nmet hods of formation, and apparatus of formation that may be usefu

ful
Lo form Tunct] ongll sod oo, Suoh 26 SIerBLant o L prens, upor
are i ncl udegdiafifg to the formation, methods of formation, and apparatus of formation that may
be useful to form functionalized elements, such as energization elements, upon
electrical interconnects on three-dimensional surfaces. The examples are included to
30  serve to provide enablement in conjunction with the description and are not intended to
limit the scope in any manner. Accordingly, the present disclosure is intended to

embrace all embodiments that may be apparent to those skilled in the art.
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30serve to provide enablenent in conjunction with the description and
are not intended to limt the scope in any manner. Accordingly, the
present disclosure is intended to enbrace all enbodi nents that may be
apparent to those skilled in the art. Al t hough shown and
descri bed i n whatltheughshbenedd tlgsctibed rewhasss belieaed todtzd thanwstpreétesar et

enbodi nment s arent . t.hat res fr de5| s and
met hods des@?i%eﬁr@ SR ERR iV PIPP‘% S‘E’iﬁe SR S0 be S ail || od
in the art ﬁe&omesbﬁbéaﬁﬁﬂ sShb ¥ QI sd%wﬂlhﬁgeﬁzé&mtﬁ&@ sRiPled irf theRet and
scope of the invention. The present Sinvention is not restricted to

t he parti cuhay beusashwitlequt dq@f@r@&embb@lsmmamﬂ jcope eidhe énventien. shprasape
construcgted. to cohere w.,t.h nDdlfl ations fhat DRY, faII h e
scope of ¢ BVl aag EhiRiedo m R RiehPRiocbe Aol taged, bl
produci ng aghoaldasd dopinectEHEM cﬁﬂet@@ﬂﬂf allsinﬂmﬂcb@oﬁttﬂﬂ%@ffaﬂ wWitknrihRGcdpe of
first substrate with at |east a surface region, wherein the surface
region i s nibeappesdad clagpt-aching el ectrical contacts upon the surface
regi on; and attaching an el ectronic el enment conprising a

fl exi bl e sem conductor to the electrical contacts, wherein the

fl exi bl e sem conductor is bent to conformto the non-planar surface.
2. The nethod of claim1 further conprising the step of placing the

el ectronic device within an ophthal mic device. 3. The nethod of claim
2, wherein the surface region conprises a curved surface formng a
support for at least a portion of a cylindrical shape electronic

el enment. 4. The nethod of claim 3, wherein the cylindrical shape

el ectronic elenent is oriented with its radial axis along an axis of
the optical path of the ophthal mc device. 5. The nethod of claim4,
wherein the design of the electronic device is perfornmed to include
at | east one redundant elenent. 6. The nethod of claim4, wherein the
sem conductor conprises crystalline silicon. 7. The nmethod of claim
4, wherein the sem conductor conprises polycrystalline silicon.
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8. The method of claim4, wherein the sem conductor conprises

anor phous silicon. 9. The nmethod of claim2, wherein the surface
regi on conprises a curved surface wherein it forns a support for at

| east a portion of a cone shape electronic elenent. 10. The nethod of
claim9, whergeAT IS ltg Alemepghape is generally oriented with its radial
axi s along an axis of the optical path of the Ophthal mc Device. 11.
The nmet hod of claim 10, wherein the design of the electronic device
is perforned to include at | east one redundant elenent. 12. The

met hod of cl aiim & m&hed 6f frolitkens b ElRGEori €838 &Q{H?fsir%qﬁeﬁeﬁ%fved
surface wherein it forns ‘a support conprising at least a portion of a
non-flat flap shape. fgmingefintsubstiatofwit afilenst Suliﬂt@rreglnn,t\hherélhahﬁ
shape is orient eéj sy ft’;\clf/mV\hose surface normal is in the
direction of the u5¥)¥t°?ﬁe£'mb15tnﬁ Bf"¥he opht hal m ¢ device. 14. The

met hod of claim 13, wWaekRBing olddaiddbsd@attPhipdnhtBe Q.lrﬁﬁ%!’r@g"'d)& aﬁ@Vl ceis
performed to include at |east one redundant element. 15

opht hal ni ¢ devi ce con@tachinggn electronig elanient eernprising hﬂalilbl@&mlccmductm‘ to
surface region, h r.fac i

ot pranar acr ose S R lon SR W BRP e R oo LR ED G B Bt o
surface region; tedon-planapfurfaeast a first el ectronic el ement
conprising a f1exi bl e seni conductor device attached to the el ectrical
contacts, wherein the flexible sem conductor confornms to the non
planar surface. #f mifieaPRLRAN Fufind SRSk o ARATaciitcldabiie
first surface region conprises a curved surface ereln forns at

| east a portion ddfvie weiylin adopkthhinsbdpece. 17. The opht hal m ¢ devi ce of
claim15, wherein the first surface region conprises a curved surface
wherein it forns at |east a portion of a cone shape. 18. The

opht hal m ¢ degi cendhebabPtiimm 2V‘@ﬁér%inrihé Aerlck "r\%loﬁé’cfnfqﬁ%s h @FheH surface
conprises a curved surface wherein it fornms at 1east a portion of a
non-flat flap shiapaingeosuppert it krabtr portievd Lecdmdprilshags: electronic

pol ynmeri zed opht rial m (C devi ce encapsul ati ng and shapi ng hydr ogel

| ayer;

4. The method of claim 3, wherein the cylindrical shape electronic element is
oriented with its radial axis along an axis of the optical path of the ophthalmic

device.

5. The method of claim 4, wherein the design of the electronic device is

performed to include at least one redundant element.

6. The method of claim 4, wherein the semiconductor comprises crystalline

silicon.

7. The method of claim 4, wherein the semiconductor comprises polycrystalline

silicon.

8. The method of claim 4, wherein the semiconductor comprises amorphous

silicon.
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a substrate with at |east a surface region, wherein a portion of the
surface region is planar across its extents and fornms a flat flap
shape; electrical contacts fornmed upon the first surface region; and
an electronic elenment conprising a flexible sem conductor device
attached to the electrical contacts, wherein the flexible

sem conduct or conf or € non a rface. 20. An ophth
devi ce of cI ai9h1 {he me H’éP aHBRpWPgﬁe tﬁaﬁ“ ?@6?%18%8?1?1%3"661“1"‘6"3% surface

conponent. 21. Awﬁa%pﬁ@faﬁsersqm ?ﬂgﬁgzgfﬂr gftmmfca S¥ishshe@dBRoh) NY

the steps of ormng a wth at | east one
surface region, ehkmesin the surface region is planar across its
extents and forns a flat flap shape; attaching electrical contacts
upon the surface region; and attaching an el ectroni c el enent

conprising a thi né hﬁﬁioh'o?cﬁﬁﬁ@cﬁﬁé‘éﬁh% cbﬂe §Ha %ﬁé@uyaheﬁ@@mtxfs
22. The nethod of claim 21, wherein the th exi bl e sem conduct or

conprises a seni wdidaxis elongayaxiswsdre @ilcahmlh afﬂir: Qréhalmicddevicrne
device of claim 22, wherein the flexible sem conductor conprises a
sem conductor |ayer upon an insul ator |ayer.

11. The method of claim 10, wherein the design of the electronic device is

performed to include at least one redundant element.

12. The method of claim 2, wherein the surface region comprises a curved surface
wherein it forms a support comprising at least a portion of a non-flat flap

shape.

13. The method of claim 12, wherein the flap shape is oriented with a surface
whose surface normal is in the direction of the optical path of the ophthalmic

device.

14. The method of claim 13, wherein the design of the electronic device is

performed to include at least one redundant element.

15. An ophthalmic device comprising:
a substrate with at least a surface region, wherein at least a portion of
the surface region is not planar across its extents;
electrical contacts formed upon the surface region; and
at least a first electronic element comprising a flexible semiconductor
device attached to the electrical contacts, wherein the flexible semiconductor

conforms to the non planar surface.

16. The ophthalmic device of claim 15, wherein the first surface region comprises a

curved surface wherein it forms at least a portion of a cylindrical shape.
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17.

18.

19.

20.

21.

22.

23.

The ophthalmic device of claim 15, wherein the first surface region comprises a

curved surface wherein it forms at least a portion of a cone shape.

The ophthalmic device of claim 15, wherein the first surface region comprises a

curved surface wherein it forms at least a portion of a non-flat flap shape.

An ophthalmic device comprising;

a polymerized ophthalmic device encapsulating and shaping hydrogel layer;

a substrate with at least a surface region, wherein a portion of the
surface region is planar across its extents and forms a flat flap shape;

electrical contacts formed upon the first surface region; and

an electronic element comprising a flexible semiconductor device
attached to the electrical contacts, wherein the flexible semiconductor conforms

to the non planar surface.

An ophthalmic device of claim 19, further comprising an electroactive optic

component.

A method of producing an electronic device comprising the steps of :
forming a first substrate with at least one surface region, wherein the
surface region is planar across its extents and forms a flat flap shape;
attaching electrical contacts upon the surface region; and
attaching an electronic element comprising a thin flexible

semiconductor to the electrical contacts.

The method of claim 21, wherein the thin flexible semiconductor comprises a

semiconductor layer upon an insulator layer.

The device of claim 22, wherein the flexible semiconductor comprises a

semiconductor layer upon an insulator layer.
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