METHODS AND APPARATUS TO FORM ELECTRI CAL | NTERCONNECTS ON OPHTHALM C
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application clains the benefit of U S. Patent Application Serial No.
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1. Field of the Invention

The present invention relates to methods and apparatus for forming a
10  device whereon electrical interconnections are configured to connect and
physically support attached components or combinations of components.
More particularly, the present invention relates to methods and apparatus for
forming interconnects on the surfaces of three dimensional substrates,

including ophthalmic devices incorporating one or more electrical components.

15

2. Discussion of the Related Art

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

20 provide at least one 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 quality into a lens 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

25 provide a therapeutic functionality. Such physical characteristics are
accomplished without the lens entering into an energized state. Punctal plugs

are devices which are placed in the lacrimal punctum to treat dry eye. Punctal
1



25provi de a therapeutic functionality. Such physical characteristics
are acconplished without the lens entering into an energi zed state.
Punctal plugs are devices which are placed in the lacriml punctumto
treat dry eye. Punctal plugs nay conprise reservoirs for the |ocal
delivery of » : LG
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25 interconnect and attach the components upon form factors consistent with the

ophthalmic environment.

15

Given the area and volume constraints of an ophthalmic device such as
a contact lens and the environment in which it is to be utilized, the physical
realization of the device must overcome a number of problems, including
mounting and interconnecting a number of electronic components on a non-
20  planar surface, the bulk of which comprise optical plastic. Accordingly, there
exists a need for providing a mechanically and electrically robust electronic

contact lens and a method and apparatus for forming the interconnections.

SUMMARY OF THE INVENTION

25
In accordance with a first aspect, the present invention is directed fo
electrical interconnects upon a three dimensional surface. The electrical
interconnects comprises forming a three dimensional substrate base from a
first insulating material, depositing a conductive film upon at least a portion of

30 the surface of the three dimensional substrate base, and forming electrical

2



In accordance with a first aspect, the present invention is directed
to electrical interconnects upon a three dinensional surface. The

el ectrical interconnects conprises formng a three di nensi onal
substrate base froma first insulating material, deposi ting a
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present invention is directed to a 5 nethod for formng electrical
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25 In accordance with still another aspect, the present invention is directed
to a method for forming electrical interconnects upon a three dimensional
surface. The method comprises forming an essentially planar first substrate
from a first insulating material, forming masking penetrations in the first
substrate by removing regions of first insulating material, forming a mask

30 template by cutting said template out of the first planar substrate, folding the
mask template to join its end regions wherein the folding creates a three
dimensional mask, placing the three dimensional mask upon a three

3



opht hal m ¢ devices of the present invention overcones the

di sadvant ages 5associated with the prior art as briefly described
above. The present invention includes nmethods and apparatus to
define or configure electrical interconnections upon forned three

d renst onal gpiaRea Ry By IBELUAIRY 22ohBIEH i boh i biMBhed

opht hal m ¢ nportaht to note althoug e i nvention
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I nt erconnections may be sinultaneously included during the process of
formng the insert. In other exenplary enbodi nents, the 20
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I nt erconnection. . CAn i nportant equi pnent aspect of fhe nmethods
and appar at erhthalntig devicescthe RrgsentinyeRtishaayi nifalppidized to make

di mensi onal irqgégéémioﬁgybni @Sﬂlﬁlgea ehﬁ@néﬁ&%ﬁﬁ%{?s@ ooling. In sone

exenpl ary e Iments the er tooling may useful to ablate or
renmove regions of a netallic filmor an insulating filmin a

troll abl d b . Ip oth | di ment s,
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creating nask entities for defining the location of interconnects. In
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that may besmpbsingsRs!theiihterdtifieetdofe ARy Bd Simuliahebudiyngcluded during the
process of forming the insert. In other exemplary embodiments, the
20 interconnects may be formed by depositing the various films and then
processing them to result in interconnections upon the surface of the insert.
Still further exemplary embodiments may be realized when interconnects
fqrmed upon the surface of the three dimensional inserts are encapsulated
with insulating materials which are then opened in defined locations to form

25 connection vias for the interconnection.

An important equipment aspect of the methods and apparatus to form
electrical interconnections on three dimensional surfaces may include the use
of laser tooling. [n some exemplary embodiments the laser tocling may be

30  useful to ablate or remove regions of a metallic film or an insulating film in a
controllable and programmable manner. In other exemplary embodiments, the

laser tooling may be useful to ablate material in appropriately defined three
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metallic films, dielectric filns, high-k dielectric filnms, conductive
and nonconductive epoxi es and ot her conductive and non-conductive
films which may be applied in any suitable manner including a
sprayi ng process. In other exenplary enbodi nents, the masks nay be
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configuring interconnections upon three dinensional surfaces. In.
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AN . _ ) ;
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by netal |inhés upon ace of "t ert, an appara
for formng an ophthalmc lens with electrical interconnections

defi ned upon three di nensi onal surfaces, and nethods for making the
sane. 5  BRIEF DRSGRIPEXERPE:Y sAbqsmaniscthe inferconnections Upon the insert

15 may allow for the connection of a component which may exist in an energized
state which is capable of powering other components capable of drawing a
current by connection through the defined interconnection. Components may
include one or more of a variable optic lens element and a semiconductor
device, which may either be located upon or in the insert or otherwise

20 connected to it.

Other exemplary embodiments may include a cast molded silicone
hydrogel contact lens with a rigid or formable insert upon which
interconnections have been configured and which may also comprise an

25 ophthalmic lens.

The present invention includes a disclosure of a technological
framework for forming and defining and/or configuring interconnections upon
three dimensional surfaces. In exemplary embodiments, disclosure is made

30 for an ophthalmic lens with an insert upon which components are attached and
interconnected by metal lines defined upon the surface of the insert, an
apparatus for forming an ophthalmic lens with electrical interconnections
defined upon three dimensional surfaces, and methods for making the same.
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The foregoing and ot her features and advantages of the invention wll
5be apparent fromthe follow ng, nore particular description of
preferred enbodi nents of the invention, as illustrated in the
acconpanyi ng draw ngs. Figure 1 illustrates an exenplary
substrate with three di nensi onal surfaces upon which interconnections
may be configured in accordance with 10t he present invention.

Figure 2 i | BRH#EF &IESCRIPHONDIFATMESDRAWIAIESt hat may be useful for

i nclusion in ophthal mc devices and the surfaces upon which

i nt erconnections may be configured in accordance with the present

invention. 15 Fifug ?e%%6@§%ﬁ%§?n@1u@§%e€&%$%ﬁs§% btthe iM@%ﬂ}ion will

surfaces that have ated with a bla 1 on of
met al | i & | dyzappareat Gomitheceliowing, e pastiaiar desceiptionof pedeirgdre 4

illustrates a xenmpl a substrate er,e .sel. egted surfaces have been
boat o i ¢ reaPafiisis Chi eV eMid s S i e S iodt S i Aing
with the present invention. Figure 5 illustrates an

exenpl ary substrate where a netallic layer is 25 deposited upon
portions of the Eigufeatdlustratessen esemplaipsubatralecuitiiinee ditnensional

P or connocUHasES upen waish AABrReCioNs ! iRl I accordanoe i,

7 i1l ugoratigs presetitshvaitdnaf ter | aser ablation has defined el ectrical

Figure 2 illustrates an exemplary substrate that may be useful for
inclusion in ophthalmic devices and the surfaces upon which interconnections

may be configured in accordance with the present invention.

15
Figure 3 illustrates an exemplary substrate with surfaces that have been
coated with a blanket deposition of a metallic layer in accordance with the
present invention.
20 Figure 4 illustrates an exemplary substrate where selected surfaces

have been coated with a blanket deposition of a metallic layer in accordance

with the present invention.

Figure 5 illustrates an exemplary substrate where a metallic layer is
25 deposited upon portions of the surface in a select shape in accordance with

the present invention.

Figure 6 illustrates exemplary interconnections and insulative layers

upon flat surfaces.

30



i nterconnects upon its surfaces in accordance with the present
invention. Figure 8 illustrates a detail ed perspective of inmaged

el ectrical 5interconnects where an insulator |ayer has been applied
and subsequently had via opens nmade through | aser ablation in

accordance with g i i i iJ
exenpl ary mask eﬁt:@ﬁ%eg? g‘%% ég’rlé% ﬂ%éﬁélr&basfgeé J%Snefrl ay gitg)ltﬁ tl??slggééﬂgjl %biél%@{r%%is
shadow naskisitdroontiduts debhnistsupfaces inmatedridance nitarthe pressrt irention.

insul ators on flat surfaces. Figure 10 illustrates an exenpl ary
substrate with three di nensional formin accordance with the present
i nvention. 15 Figure 11 illustrates an exenpl ary shadow nmask

mati ng w th t he RigurgpBallustiaigssa datalledpaispestyarrfdnaped eleddri¢alesent

. Cian. . % t ' o
coat i ng % na"egRnesS WS afiriu oty B R el SinPaRRte b BRaBERErRoG
covering shddowensskadattacagh e abltioh ih ecpridapestwviihnhepresent

Figure 13 illustrates resulting interconnects which have been defi ned

by the depoBveéntl.of netallic filns through openings in a shadow mask
and onto 25 surfaces of an exenplary three dinensionally formnmed
substrate in accordance with the present invention. Fi gure 14

the sur face of o0t pfi Bt PRar R MBS e s iFRL AR O RLREREN Y,
accor dgpce wlizbd thachassradow MyasMsifonthe definition of metallic interconnects or

insulators on flat surfaces.

Figure 10 illustrates an exemplary substrate with three dimensional form

in accordance with the present invention.

15
Figure 11 illustrates an exemplary shadow mask mating with the

exemplary substrate in accordance with the present invention.

Figure 12 illustrates a metal deposition process coating the combined
20  exemplary three dimensional substrate and covering shadow mask in

accordance with the present invention.

Figure 13 illustrates resulting interconnects which have been defined by
the deposition of metallic films through openings in a shadow mask and onto
25 surfaces of an exemplary three dimensionally formed substrate in accordance

with the present invention.

Figure 14 illustrates how electrical components may be affixed and
connected to the surface of an exemplary three dimensionally formed
30 substrate in accordance with the present invention.



Figure 15 illustrates a first exenplary set of states of interconnect
formation in accordance with the present invention. Fi gure
16 illustrates a second exenplary set of states of interconnect
5formation in accordance with the present invention. DETAILED

DESCRI PTION OF T tion
rel ates to net hod ulF)éQgglﬂooar a%fg use%%lary Sﬁet Ogg{r%rtra Sﬁﬁ%rgbﬁt’(@&

el ectrical jonnationimectardapodwithrihapessdaatvertioa. t hr ee di nensi onal

10t opol ogy. In the follow ng sections, detail ed descriptions of

exenpl ary enbodi nrents of the invention will be given. The description
of both preferred and alternative enbodi nents are exenpl ary

enbodi ment s onl yFigarel 16 llysiratpiie sseodi exermplany sehekwatds qfll@@rcpqmeﬁ.é

s er qebeteh T aB b e b B BT RN .7 enbo ment s do

not limt the scope of the underlying invention. DEFIN Tl ONS

In this detailed description and clains directed to the present

i nvention, 20various terns may be used for which the follow ng

def i ni ti onspETAlL PDMESCRIPTIONDRFEE PREFERREDEVMBODIMENRTSI zed”
refers to the state of being able to supply electrical current to or

to have el ectrical energy stored within. 25As used herein, the term
"energy” refers tie bh&<p@Rachtivn @éiaﬁegqbwﬁeﬁ@dssahﬂmé@mmswmn trﬂ\éany
uses within the present invention may relate to the capacity of bein
abl e to perfoonatien o electinal iderconsedts Wpenrayriaser that have thregndimgnsipna

Sowhi c% « okBlel. B @alRPESechifng osp Rl adatintn? by Bxebly
el ectrical glavb@endrits antrenigenticdwilkied given. The description of both preferred

and alternative embodiments are exemplary embodiments only, and it is

[

understood that to those skilled in the art that variations, modifications and
alterations may be apparent. It is therefore to be understood that the

15  exemplary embodiments do not limit the scope of the underlying invention.

DEFINITIONS

In this detailed description and claims directed to the present invention,

20  various terms may be used for which the following definitions will apply.

As used herein, the term "energized” refers to the state of being able to

supply electrical current to or to have electrical energy stored within.

25 As used herein, the term “energy” refers to the capacity of a physical
system to do work. Many uses within the present invention may relate to the

capacity of being able to perform electrical actions in doing work.

As used herein, the term “energy source” refers to a device or a layer
30  which is capable of supplying energy or placing a logical or electrical device in

an energized state.



As used herein, the term"energy harvester"” refers to devices capable
of extracting energy fromthe environnment and converting it to

el ectrical energy. 5As used herein, the term"functionalized" refers
to making a | ayer or device able to performa function, for exanple,
energi zation, activation, or control. As used herein, the term"| ens"
refers to any ophthal mc device that 10resides in or on the eye.
These devi ces maks psed ihdecinpthiedaim Cenargy hiaovestart fefersrimyd ddcesosapaible of
in nature. For exanple, t{he &@rn1Lens may refer to a contact |ens,

i ntraocul ar eﬁéﬁ%‘,“&ﬁﬂ@rf%bo% enydgnaent ABd conveniing dep qleEErs! eseray.
other simlar device through which vision is corrected or nodified,

or through which eye physiology is cosnetically enhanced, e.g. iris
col or, i thout iApeadedberisjthe.teinn ‘fUbciamaizedergiérarty neaibog arteyersyr t he

f d | the j ' ft tact | .t hat
e R R T
hydrogel s, g§drdil uorohydrogels. As used herein, the terns "l ens

formng m xture”, "reactive m xture" or 20 "reactive nonomer m xture"
(RRM) each refers to a nononer or prepolynmer material which nay be

cured and crossljnked, or crogssl,inked to form an ophthal m g |.ens,
V;ri ous exenpl ar’bsé‘ﬁﬁggﬁeﬁ%ﬂtier}lﬁWi %E%ur éeqsghsar}yochlhtﬁén}w §Fﬁ'§83h% th
one or 1or ereaftilstih\eon theGyedi THedd\ddliek@bg prévide DptipAdRidtibh dnar s

or catalysts, and other additives one mght desire in an 25ophthal mc
| enses suchMay becenanaetic iornatute: dofiexampleniederm lens may rgiasdo megastact

the term"| ; ) f " r r ' -
ol d a1 ensenynALAG: Bt 86riay BhEl dodif RS OBfE i doEt iy
an optical gmate throagi deh Visioinsis cowetidd omebdifiedsot thedudh whith eye

suf fici entlg 30 snooth and fornmed so that a | ens surface fashi oned bx
the pol ymerPh¥iolegy i copmelically Snnaneetved - er N8ICOIY. WERPWIMARRAiNG Yigion. |

b a5 SO SE RSB AR URO o e S KRR 3o
necessary taoritagtdensaothahare arslesfiorhadizone elastomers or hydrogels, which
include silicone hydrogels, and fluorohydrogels.
As used herein, the terms “lens forming mixture”, “reactive mixture” or
20  ‘“reactive monomer mixture” (RRM) each refers to a monomer or prepolymer
material which may be cured and crosslinked or crosslinked to form an
ophthalmic lens. Various exemplary embodiments may include lens forming
mixtures with one or more additives, including UV blockers, tints,
photoinitiators or catalysts, and other additives one might desire in an

25 ophthalmic Ienses such as, contact or intraocular lenses.

As used herein, the term “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

30  smooth and formed so that a lens surface fashioned by the polymerization of a
lens forming material in contact with the molding surface is optically
acceptable. Further, in some exemplary embodiments, the lens forming
surface may have a geometry that is necessary to impart to the lens surface

9



the desired optical characteristics, including without limtation,
spherical, aspherical and cylinder power, wave front aberration
correction, corneal topography correction and the |like as well as any
conbi nati ons thereof. 5As used herein, the term"lithiumion cell"

refers to e r ' - i th4m | my e h the
cell to gen rea({iésqug%}ﬁ:%l §ﬁérg§gérr 'gyw’ﬁlhﬁgh@&'ﬁ%ﬁgﬂ@ﬁﬁ %pserf]s[(rf&léﬂ
typically caspiestical e colindermyvdrewaee fiong abedation cegbetiwt, ¢ormedlt S
typical forms. 10As used herein, the term"substrate insert' refers
to a formbloPographyrecivsast Wedisan webas amysombingtions Bsedly
source within an ophthalmc lens. In sone exenplary enbodi ments, the
substrate insert also supports one or nore conponents. 15As used
her ei n, & he t er nAS meéd'heraihethe teom dlithiugn bnocells esfiers fogart elelsfreciterhicat
may be used to form,|enses fromyncured fornul ati ons. Some preferred,
moi ds i ncl ugfll ¥ r%LW%W@@B? "H\jgféﬂrer%?i tocﬂﬁr\%aﬁ?tﬁ'%dﬁﬁ?lte%’i@’-a?h's
back curve : H t y | ; y
efers to antayahioaf AR LHIEH YRRy & batkfy, [BhP kb Gtz Fecharged
opht hal m ¢ indtsstypieakforms. As used herein, the term"power "refers
to work done or energy transferred per unit of time. 25 As used
herein, the terns "rechargeable" or "re-energi zable" are utilized

i nterchigngeabl y godss@hersinlBedemdPaltidiiaty indbribpifees toastRreBid 6r fyid
state with higher capacity to do work. Many uses within the present

i nvent i on neybstratecapakieai supp@dibplangnesgy seuitg widyn @neephihalmic leas. In

Feest abl | sHEUE ey SO AUEB, 1R slhsiriE i isg SEphflie Byf SLIRP
"rechar ge" @drﬁpd’)mgﬁgphang_eabl e and refer to the ability to restore to
a state with higher capacity to do work.

15 As used herein, the term “mold” refers {o a rigid or semi-rigid object that
may be used to form lenses from uncured formulations. Some preferred molds
include two mold parts forming a front curve mold part and a back curve mold
part.

20 As used herein, the term “optical zone” refers to an area of an

ophthalmic lens through which a wearer of the ophthalmic lens sees.

As used herein, the term “power “refers to work done or energy
transferred per unit of time.
25
As used herein, the terms “rechargeable” or “re-energizable” are utilized
interchangeably and refers to a 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
30 certain rate for a certain, reestablished time period.

As used herein, the terms “reenergize” or “recharge” are interchangeable
and refer to the ability to restore to a state with higher capacity to do work.
10



10 Many uses within the present invention nmay relate to restoring a
device to the capability to flow electrical current at a certain rate
for a certain, reestablished tinme period. 5As used herein, the term
"rel eased froma nold" neans that a lens is either conpletely
separated f [ t i

e rempved Vehh uas i R isReBhtohRRERay rBbleR SR Mpvibe e
herei n, thecdpbility & Boketdctiesnsiment at acertain rbafer atoantaird, teestaplisierd

| ayers in proximty to each other such that at |east a portion of one
surface of WA PSFiothe | ayers contacts a first surface of a second

| ayer. In sone exenplary enbodinents, a film whether for adhesion or
ot her functions nmay reside between the two |ayers that are in contact
wi th eadh ot her Afiusedheszindhkitbmm “ieleased fromdsa mekl] nheares that aHens s m

"stacked int, ted t devi " [,C- Devi f tq t ,
produst of PHBE ST ORI -ELoide Rl LR RosRM A Epsoghat
substr at es, mahielrefRy eI hitl &iReibhidrPushBd ofvaed A 2XRphani cal

devices, into operative integrated devices by means of 20 stacking at
| east a portion of each |ayer upon each other. The |ayers may

conpri se conmponepnt deyices ariQus types, naterial sh , and
sizes. Further nd&%?s?%befedQ’ng%m %@C%é"%@ﬁ/@r?lgg%%&@ﬁsi@%.

pr oductyigon écﬁﬁb@%rﬂ%y@swﬁfdﬂmﬁ?@o B88H BEheralLich UBatCatNE st 5 padiohtof B
be desired. 25 Form ng A Three D nmensional Shape The present

i nventi on isurticecaftang efdhedaywg sontastsppiastaurace of arsaoenddayer. In some

inter Connec%ﬁe[rﬁggﬁh{]%mg%fn%ﬁs% i Ko P?&%i&%%lons&b&héft Inttions may

i ncluding o evi ces incorporating one or nore € rrca

conponent s. reBrfechbdtivegnttfe fivg ldyeerd thathareen confakct with leaich dtiaer texeugh sdig
t hree di nensi onal 30 substrate 100. The particular structure, may in
sone exerrplfél'i“y enbodi nents, relate to a portion of an insert that my
be inclygded in an ophthalmc | ens. The figure denonstrates a nunber
of attributes of the three di nmensional aspect of

As used herein, the term “stacked integrated component devices” (SIC-

Devices) refers to the product of packaging technologies that may

assemble thin layers of substrates, which may comprise electrical and

electromechanical devices, into operative integrated devices by means of
20  stacking at least a portion of each layer upon each other. The layers may

comprise component devices of various types, materials, shapes, and sizes.

Furthermore, the layers may be made of various device production

technologies to fit and assume various contours as it may be desired.

25 Forming A Three Dimensional Shape

The present invention is directed to methods and apparatus for forming
interconnects on the surface of three dimensional substrates, including
ophthalmic devices incorporating one or more electrical components.

Referring to Figure 1, there is illustrated an exemplary three dimensional
30 substrate 100. The particular structure, may in some exemplary embodiments,
relate to a portion of an insert that may be included in an ophthalmic lens. The

figure demonstrates a number of attributes of the three dimensional aspect of
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the defined substrate by depicting a cross sectional cut across the
| eft portion of the substrate. Elenent 110 may be characterized as
the outer nost edge of the insert shape while elenent 120 may show
the central point of the shape. In typical exenplary enbodi nents of

such a shapg f or. ] C | t ' 1 ' ' :
the conter 15 (ERBanBRNEL Lo AR 5' fGar sChior P Surbls DRLERndHER,
three di mengfithaalubstratenl Elghagee 1 10mayldetcharactaszeshasvthebyutel enmttedyd @f
there may occur |l ocal features within a three dinmensional ape t hat

al so have tiRedasert saaRe sidle dlepenblsl may shovsthesentia) PPHIt SEtNg 8haRR-e
al so have_t . LU e B eS¢
o on T 1 cant oA @EmBry BbEOIhERs df Sofenibi ol Bofik AR (lices, the

?nd t he 55| oglifesncelin mgm\fmlnia megemﬁeatoEMeb?g)gd;mayaarwupm foayr (dary
romtwo (2).t0 pinety (90 r LT I ment f th
exenpl ar y(f él'ﬂ'_[l?t%s ﬁiﬁvmgg %@é‘?e%pﬁﬁ%n%?@ii?% Sbggﬁsi'? gﬂg'itt@ﬁ’sg? spRwn

present i nVﬁPé%%nth%ﬁ?ﬂ?ére Aty %@%Jr%cé}@@ﬁh?ég witRin hré& irh&8sibAalt he

rel evant art” there may exi st a e diversity of three 15di nensi onal
subst r at es ghrapet that alsarheyedhiest diorensionah éopolegy. fasdbis lobalty raised feature

istent with t d | pti I ded. .Such an obj ect
Com 100 etonigs. dhesSRaeRsriabe R EH iRt nay van m e i Rl e
when deii ni Ay hizaREI0RBEEAILADhERAIIIEH P01 ke 0BImhA&Ad He BldpeefARe
di mensional |y formed substrates. Neverthel ess, while exenpl areéo)

enbodi nent ssifevakgengratetbbythehtsadurgsdanayppanydten twe (Rpionminety

opht hat i o J9d8Re- PR RO AR ERIT BLhesh FErBATT RERE by ¥ Fiftyrio
shoul d not providing Seleseattorodf theeresatetnhverdicnt hodevemay raspberapparent

shaped three dinensional substrates nmay be 25 processed with the
met hods andodfsisastaiassindbs celenant & thers may exisha ide divenslty oidbge s.

e T8y ST B SuORARSs ARG B LR RRLPIG! rddsthafare ||

di mensi ona orned s rate of t own as el ement

sone 30 exeampistynientiotiendedcsiptians pnpvddéd.on nol di ng t echni que may be
used to formthe object. Qher exenplary enbodi nrents may be defi ned
by form ng of various materials, like plastic filns, for exanple,
where thermal heating of 12

Such an object as item 100 defines many of the key characteristics that
are important when defining interconnection features on the surface of three
20 dimensionally formed substrates. Nevertheless, while exemplary
embodiments focused on the methods and apparatus to form interconnections
upon surfaces of a three dimensionally formed ophthalmic insert will be
described in detail, these descriptions should not limit the scope of the
inventive art as many arbitrarily shaped three dimensional substrates may be
25 processed with the methods and apparatus described herein to form functional

results.

There may be numerous means and methods for producing a three
dimensionally formed substrate of the type shown as element 100. In some
30 exemplary embodiments, an injection molding technique may be used to form
the object. Other exemplary embodiments may be defined by forming of
various materials, like plastic films, for example, where thermal heating of

12



pl astic sheets and pressure fromnold form ng parts formthe plastic
sheets into three di nensional shapes. O her exenplary enbodi ments may
I nvol ve the stanping of netallic filns or electroformng of netallic
materials into three dinmensional shapes, for exanple, and then

el ectroal PRE? SRSt nrds e Ml Subi Ry B s e SEUESRERRL
may form t higetriegenfieénsiohdlshabase Othepduehplary kmbaldanentsirhbp gnepiy
and voxel -based |i thograp{la)(I may be consistent with the art descri bed

herein. |t thestaapispeleatalicfimsoralestrafarmingafenatalic marialiiptairedd
t hat defi ' i , . . /
02 et nar PR sHhBB TP ORImpRERRg HUE Lol s ppsleedheedh

el ectri ]tcf;al IhiyisUIaﬁnd; atatedalnst #at discrety @mt?c?l?mewdnmmﬁnaymmvmeb t he
scope of t present invention. A representation of an
exenpl ary tHEECI QH?%iRS%@SS@%E%"r@%for\m\ﬂé'ﬁerﬁjdige%'oﬂ@@f #ftangd groducts
conponent pi ; ' € ' [~ ki

mp pl|k%csefeFgothﬂizboq&gﬁﬁgﬂéﬁﬂrbﬁxéI%?%Sédgﬁ@tggﬁ]rtar)g}/ n%zé(n))ﬁ@é cah&isteh with the

Figure 2 as el enen e piece e 220, which in
sonme exenpl at gesoiimatl heneirs raypap deradpmrent tooorensidied o the metsahatany

opht hal m ¢ deyi cge ere |light ipcident t he piece traverses
Chrough t nengtickmaldelivas,? HteedBeironal St uRiehos sbbSrEag8af anas
vel |, the IoéIS@l‘i@‘ic:HFIﬁ)/in@élléﬁi_v@?ﬁélt@ﬁﬁé\4 ma§ Betatddivith A SlcBtilcailgmsulfive
optic zone and may be primary |ocations for 20 interconnections and
devi ces whimhtaray ney conprss ad coosisterd aviththerssona e the peesemhwmvention.
peri pheral regions are represented by elenment 210 in Figure 2. In
exenpl ary enbodi nents related to ophthal mc uses and inserts into
opht hal m ¢ devi ces, the typical dinensions of a three di nensional

pi ece of the typkfdhmpnesentalienefan egempiaryitireleutimedsiamat substite, which

D vt onal MaRbelBer 4 S eBbbEnt HEaE ob SR aTHEIC g iabar isgfiustiated
three disnengirmgalel Y aé @IdmENtOTt MhkSiSEe hAS ataplratieons bed, whichlif ¥Biie

200 may be bl anket coated with a 30 netallic film There ma?; be |
numer ous nedesRRlanoembadineh maysbe rRataddtoan aptic zone of an ophthalmic

device, where light incident on the piece traverses through the piece and into
the eye of an ophthalmic device user. As well, the piece may have peripheral
regions which are outside the optic zone and may be primary locations for
20 interconnections and devices which may be connected to these

interconnections. The peripheral regions are represented by element 210 in
Figure 2. In exemplary embodiments related to ophthalmic uses and inserts
into ophthalmic devices, the typical dimensions of a three dimensional piece of
the type shown as element 200 may include diameters of between six (6) mm

25 and sixteen (16) mm.

Metallizing A Three Dimensional Shape

Referring now to Figure 3, element 300, a three dimensionally formed
substrate of the type depicted as element 200 may be blanket coated with a
30 metallic film. There may be numerous methods to coat such a structure with a

metallic film, including vapor deposition, sputter deposition, chemical vapor
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metallic film including vapor deposition, sputter deposition,

chem cal vapor deposition processing, and plasma enhanced chem cal
vapor deposition. In additional exenplary enbodi nents, conductive

pol ymers or adhesives nmay be applied to; printed upon or sprayed upon

the Surfacedéﬁ%éiﬁ’d ﬁbde%ﬁp, éﬁ@?ia%h?é‘énﬁ‘%ﬁébofQ{éﬁ&éggﬁepo?'r?“e%éiti%ﬁ'_ In

I nt erconnects by subsequent’ processi ng. ment " 300, the
uni f or m depadditidoal exeneplayrenbodivents,|condaygtive pplymersier atihesives may be

di mensional |y formed . substrate may be made to qccur in a planket .
fahi on_ acr eMIed ; BT EAAST AT SievFoLPan dre Sutece loviolmas BB Gogsistent
enbodi ment syAR féiming W bREAT AP InteRBnPLER K sibdddient dioveasihgnal Iy
formed substrate. Under 10 these conditions, for exenplary

enbodi ménts of an ophthalmic insert, the conductive filmmay be
deposited upon regions in the optic zone of the lens insert, item

320, and also in | r LARfercli IRk :
In an exenpl ary ?ys}ﬂ?@ﬁh{? e tﬁkluﬁqﬁpﬁp%ﬁbgiﬁghﬁ?% éF| gurgv%ﬁinngy be u%@,ﬁ
deposi t ed uthiel thienginensianely dormhedi spbatrate onayeheinpainto dycus uattdankey a

fil f ld, . 15 i | f 0..25 t 1.0 m
i cknes o UBsHOPAETR S8 ol butsfed SAMERA8 B iR Zohte cxcmPlaRt Sboryents
a three di ngRg|0Fhcsd8PEnESIdeeHT L£these Hﬁn&ﬁﬁ?‘?ﬁgﬁprﬂeé stpgirge!l Ynddrgh

conformality of such a deposition process w ow for thickness

vari at ilén ohesaeooditionst ferl exempiaty iewebddimentsoofan ephihainziednsgrt. dbe t he

ai monsi onal Ry 1 s BE eebSled IGuBhatPs BB TRubRar TS e
simlar to jhbertsite®r0, 438 AN the Peyiptird tBAE G tiRd RinkVSsdr) dergehe 1.
Al t hough sputter deposition fggé be described in an_exenplary fashion,

t he nuner oud!Gradh@nexeMmplast feafion. tenfdocillvsteatedyr Fiause s mayi Resited
substrate sud ﬂﬂg . ' Ity Of: i ' . rise
t he conductl;])twezﬁ(@:@er S n&?ﬁal%éb&%%@io@teecﬁ.[ip@gbﬁﬁyf %éété%%gﬁ%rﬁeﬂﬁ )réf gg@ri bed.
| N sond 5exemgrhiiayly b odnge from 0.28eto clod ehictdnedn tthitkme ssaypomther dosrvex
with the optical qualit f alens device in the region of the optic
zone, and t%ﬂ%ﬁdﬁ:@ PigcRLE AUERS W%ﬁﬁ'ﬁﬂﬁ'%ﬁttgfe@f‘ﬁmﬁn IonahehapRa% i | min
the entire ' ¥a)=h ther o | h ebsiRmbIie? st I{%ﬁg- be
removed in (ﬁs %%gd@gg&g?oées@ygc%gﬁﬁ% tﬁe pr oé@ss Sz()yy'rae Vi rl;[gﬁ he
filmfrom sprobess willghllow fariicknesovariatasey thédeposites sorfudiive dith tto ive
the film evr(ralpnir?w?zfe%réacrbgs l[hse trh?gé) \c/j%qenr?gnéll%urface both for the global center to
20 edge dimensional change and for the local geometry changes which may be
similar to the element 130 previously discussed relative to Figure 1. Although
sputter deposition may be described in an exemplary fashion, the numerous
manners of coating a conductive layer upon an insulative substrate surface
and the diversity of materials which may comprise the conductive layers are

25 consistent with the art herein described.

In some exemplary embodiments, the conductive films may interfere
with the optical quality of a lens device in the region of the optic zone, and
therefore in exemplary embodiments of this type the film in the entire region of

30 the optic zone, element 320 will need to be removed in subsequent
processing. Since the process of removing the film from such a region, and in
some cases the process of depositing the film even before it is removed may
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result in a degraded optical performance of the surface region,

al ternate exenplary enbodi nrents may be derived by maski ng portions of
the three di nensional device while the application of conductive
films is perforned. In subsequent sections of this disclosure, the

generation frabyr 4 ' : ' @%ﬁr | of a
three di rrenge%%glgalt %S%%gz'%\gg(tﬁ‘gﬁlﬂgaﬁ e?gfﬁégggioﬁﬁ{di%%&@é Less '(?g%gﬁ](é;at ed
masks may bexersplany etmbadiroektsrragy bagiasived ihyphasking pestidriskef thadhrept i ¢
zone of the exenplary device in the region ideptified by el enent 120
st at eqdFRFTRH Seyeenifii fhg 4 ERter Bt aondicuie flims oSerfainich st
of maski ng Rt 383tidry ST IBIS RHB adheSy-HErE 862 aRY FARRIEH O T
10appl i cation of conductive films is illustrated. In region 410, the
vari ety Sof dedeentp paretdlygvssipragivmuel § threadivassionalsutsiiate is described

¢ whi : ¢ . . -

ke the oxialy Gae e e BrRei e acbh B W05k Feailrt St

i s operant, shdrResslikef iag@pizope ofiiaé EREmMPIaPYclite RTINS BSEi6en iddhtitibd gat

the three dinmensional filmwth 15conductive filmand be clear.

Ref erring telemeniricOsliusrates it Figore 1t Harpngdrifigurerd, elgmept 40G.dbe ons
£ th ¢ ' . . : . :

exerplary. | BoRltan e A SOt O Rioe PR RhaL L oSt 8 By

deposi tion applicagon s cohdddtivelfimihs glesttateein dnasgionsh) ebenayictyesiul t
in optimzation of the subsequent material renoval processes that are

used to defFRINORIEFREIATREVIMSHERENNRE] MY TEPHEY BiEAGeRNICh Fran
o e T e f . t AR
PXOTPLATY o GVl by the LBRALEANEIARIAT Ineqldi %ﬁfﬁegﬁ%m@g Bfticind

limted portion e substrate su tion
may be |i m degcted as elegiemt 4205 wharedinagkingds operdritpithe Blidasnimaydsk) and

530, in 25 Figur represent such.a c ere.the coafjn curs
Tt he shadutiastd by B PiRESseS BT Loret e Jireediberraal FBUMERC ! ke
t he exempl agdhdrtiVe fikR28d Bl @ggpt 520 and ot her surface regions

el enent 540. As opposed to nore

Referring to Figure 5, element 500, the blocking of multiple regions of
the surface of a three dimensional substrate is depicted in an exemplary
fashion. In a general sense, simple masks which allow deposition in regions of

20  the three dimensional shapes may result in optimization of the subsequent
material removal processes that are used to define interconnection features
like lines and pads. [n an exemplary fashion, if the interconnection features
are limited to a limited portion of the substrate surface, the thin film deposition
may be limited to a region surrounding that portion. Elements 510 and 530, in

25 Figure 5, represent such a case where the coating occurs in the shaded region
but does not occur in other surface regions like the exemplary optic zone,
element 520 and other surface regions element 540. As opposed to more
sophisticated masking apparatuses to be discussed in later sections, where
interconnection features may directly be formed in a masking process, the

30 type of masking process for which the results are depicted in Figures 4 and 5
globally mask out regions while leaving deposited regions which may be
subsequently processed to form interconnection features.
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sophi sti cat ed naski ng apparatuses to be discussed in |ater sections,
where interconnection features may directly be fornmed in a masking
process, the 30 type of masking process for which the results are
depicted in Figures 4 and 5 globally mask out regions while |eaving
deposited regi ons which may be subsequently processed to form

I nterconnection features. Laser Ablation O Filnms On A Three

Di nensi onal L&epblatiore Ot fhilos Ondt Thresubinneresidmalrfhapet o shapes t hat
may be useful as interconnection features, a useful processing
technique may in . r ' : ld I ons
comercially avaﬂ %tﬂﬁgpﬁgalcgggp&% @ﬁsdh{bpr 0 esgthgts@g%a? %:?%ﬁ%%gmr ed

| aser beam mmmrllmm%tgmnafeawré@,caeu@éfufipmb(sjsingttecmﬂd@&s n‘ftiygihc[imnedmer:‘
conmput er_ control |l ed operatjion to t and vaporize materi al at e,
surf ace.® ThaP!aligR+ he nﬁagﬁ Wﬂinaégﬁrmﬁﬁ COBYH @aﬁ”w@vgﬁﬂlal@hﬁrh@%?ga lation

configurati %cb?%‘glsgng hg;ﬁ%lﬁlgﬁw%i'ﬁ%sép egﬁyto‘?ﬁ’@)gﬁrﬁgr {:1) l%m["fﬁ%éna’l"g dub8trate

pi ece in three ser head to
char act er i standa logh sheed asmpubearasordmded tpeditivadbi roealb et wapasizé aatsrial

the | bl ation. b h face of the three dimensional
Subst rate. HPSURSSba NAMBSUAL EEMINRERI BRIGAT GBI & AT UADor <
rel ating tocdiiRyupltct In3P hBIJRRRE Diekdl &Y ARy MRALBIIHRGVE hedsieteimtriee

process to determne I nterconnection featdres. The paraneters may

i ncl udd015 dimensions. ehiaser headde coptribktberchiagaciadstingt of tbg taser dearhand
| aser beam . As well .optics nay, he controlled to sel focal
charact o | st Sebicnaifyank e n8 aSeiiidioiPedil JiBaRk shfale of thess
wel | as confiéd Hinéhditveal GRBBREAID. CTHa1eahaPDBE rtimdrbas Sohfiutét orarlablee
various directional aspects of the |aser beam conputer control may

sel ect t he PRMDWeireflingds the ablagion preeess whishanawpeiselgded foBaFeGH
20 N '
as well as g}cft?ﬁ?gft{a%e?émﬁﬂ% gr{l?k%ﬂné oﬁ%fe%‘t&g@ﬁﬁg[%r?@%gértsgﬂ% (il Sde

nove in spac aser on systens an

commer disal | heavardiaidth, pawer, palldeatdte andyhite opclony tiad lager beamnuAsvals

control aspects tha% may bﬁ (}jrggortan‘t in the formatjon of el ?ctri ?al

i nt er connecRETINEN berHoBEOAsR i selsabioca|shafasteristics like depth of focus, focal
plane, and spot size. As well as controlling the geometric locations of the

substrate and the various directional aspects of the laser beam, computer
control may select the number of pulses that will occur in a particular location
20 as well as the rate at which the substrate and the laser controls move in space.
The laser ablation systems and adaptations to commercially available laser
ablation systems may allow for numerous control aspects that may be
important in the formation of electrical interconnections on three dimensional

surfaces.

25
Referring to Figure 6, element 600, an exemplary processing flow to

form interconnection features on a more typical flat (non-three dimensional)
substrate is depicted. In step 601, a substrate, element 610 may be formed in
numerous manners. [f the substrate 610 is formed from an electrically

30 insulating material then it may be directly used; however, it is formed of a
metallic or conductive material, then an insulating layer may need to be

16



25 Referring to Figure 6, elenent 600, an exenplary processing
flowto forminterconnection features on a nore typical flat
(non-three dinensional) substrate is depicted. In step 601, a
substrate, elenent 610 nay be formed in numerous nanners. If the

substrate 6 tegy f [ hcal | ¥ jcal
then it my&g%‘%' r gf:)tFF ga@gg%”e?ﬂg\%t\e/ﬁd h-l%? dldsf‘n@%ré:régé @ilhggﬁeﬁﬁ}ﬁﬁﬂf or
conduct i ve plattc lilkd polypthylene tenspihthalabg giyagkecopadyestec(PE TG pe

applied. For exanple, elenent 610 nay conprise a form ng conpatibl e
plastic |ike polyethylene terephthal ate glycol copol yester (PETG.

conbi nat i on of - nirsreding BEEEPRe) fitsbrual a0l Blalid Wulay or
enbodi mEnt , cémpr@tibh loftnatBiialsne koide [ayetab20 ahele3et rintan eirmplapgduct or,
pi ezoresistive, piezo-electric or therno-electric nmaterials for

various pur@pBbedimeryy thesadine may ineliste wetpldiglestic semiepsipciat RiegPt m
d it f:d ' |

Gepos 1 on SeivECbEo I BHEBP oo bR RAERRIOD ol & pBrfdRX. For
sputtered ugcmplesepehtfddonmag bdebimed biylthinGBo. dégosition dfea gplafilent

that the many material choices as well as the punerous techniques to
deposit or YRHhe Eﬁf%ﬁgb%r@t%éf@ sm@wnem@wﬁ@nﬁwwm {P@UE?FW lim of
her ei n.1gl5PLRSEEE t pQ@t’é ' Hebskr |

pr ocess?gé UéSII ng ?@g@lea@g?tbgﬁ ati (r)%d p g%imé&%gl.aqgﬁqgont rESIf | EBgSOt? hlgﬁ?gy
abl ati on priozappa@nt tsdt théenany mhatariabthoibes sslvetlr ag theomemercusot h of

e ™ AR S BT B Blo RS A Bl
condi tions m@gilave been controlled to ablate 20both filmlayers upon
that location. In other regions, as indicated by el enent 640, the
abl ation conditions may be controlled so that only the top exenplary
15 Proceeding to step 603, the film coated substrate is next processed
using the laser ablation technique. By controlling the ablation process across
the surface of the substrate one or both of the films may be ablated from the
surface. In some regions of the surface, as in where element 610 is
indicated, the laser ablation conditions may have been controlled to ablate
20  both film [ayers upon that location. In other regions, as indicated by element
640, the ablation conditions may be controlled so that only the top exemplary
silicon dioxide film is ablated. [n still further regions, like that depicted as
element 650, the laser beam may not interact with the surface and leave both
film layers in their formed location. It may be apparent that an arbitrary set of
25 shapes and combinations of regions with one or more film layers removed may

be possible within the state of the art.

Observing the processing result of step 603 as a whole, it may be
apparent how such a processing step may yield interconnect related features.
30 The features that are illustrated as a result of step 603 may comprise metal
lines to conduct electrical current to components that may be connected

through the via type features in the insulator material. As well, lines and
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silicon dioxide filmis ablated. In still further regions, l|ike that
depicted as el enent 650, the | aser beam nmay not interact with the
surface and |l eave both filmlayers in their fornmed |location. It may
be apparent that an arbitrary set of 25 shapes and conbi nati ons of
regions wt i | r i hd Ak N
R e S R e L L Gl
a whol e, i tupay other dypes efrgubistrates, als far exaroples thrge sirepnsiapaly foirehed

i nterconnect related features. 30 The features that are illustrated
as a resul tSYt@&Sep 603 may conprise netal lines to conduct

el ectrical .current to conponents that may be connected through the
via type features in the insulator material. As well, lines and
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I nt erconnects ugon ot her types of substrates, as for exanple, three

di mensi onal ¥goR Hienmgtalized substratdessninad,as elemeid®07in Fgweehimayde a

I f ] i . L Li :
Goscri bed et 4R CkarRle 188 Ao BroFBE ok FEfhov I Sidiftcantly
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t he deposited conductive filmfromthe substrate In the optic zone,
i|lustrat edﬁ'é%tr%tﬁér?érﬁ'emﬁﬁ’,ﬁ 7phe émgéﬁﬁl%ﬁkﬂ & hasn E%HV?@rriNBaY Pt

Yy be 1§0apaataBhy, thedtaf that rddioh 8O ScINeR Troht haFREAnE BRNBKIAm
t he conductiVe Til'mupon the optic zone region int Irst place, as
is illustratpzh the eptemeorte gibroin thedinstepldce, tdsds dlustnatdabby eEmoerirdit: of
both in the.rate,of processing as well as.the quality of the

subst rat e SHPRURA TG RGN MAOVREI&Rs Poth i Toe Ste griotRessing assiles
si gni fi cantyhB{UAIBNSF tAE suBBtraRPAFTdRAN the TediBM. D&s WD Geripher by
15 the type of ‘region 730. Again, it may be apparent that a screening
process, | itegiarsagignifiearnd] pariens goibei dapesited fika may e gemeved agtshewmiy

requi rdg ey T8 of fGT 520 AR LBk R R AROREE b eGP RESS
there are ilKeathapforeddmont ERNUsRStcdlAFiguUre 5, avties nRsy Blotledepbsitbnt he
| aser abl ati on process regardl ess of which type of coated substrate

(300, 400 dforsdangs aregsaderesnarannest fatides dag npbrespdredy By result iy
exanpl e thgoérf'c?rHéfn%eiiH%ir&?én‘?Qntgy el ement 720. As well, pads of
es

various ty

20 Nevertheless, there are interconnecting features that are formed as a
result of the laser ablation process regardless of which type of coated
substrate (300, 400 or 500} is used. Conductive lines may be observed, as for
example the feature indicated by element 720. As well, pads of various types
may be formed. Element 710 illustrates a large connection pad, whereas

25 element 740 may show a contact pad location as may be useful for
interconnection to electrical components. The features and the routings of the
various interconnect lines are shown in an exemplary shape and may take
different forms for a variety of different needs for interconnection of

components along the surface of a three dimensionally formed substrate.

30
Laser Ablating An Insulation Layer Over Metallization
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may be formed. Elenent 710 illustrates a | arge connection pad,
whereas 25 el enent 740 may show a contact pad |ocation as may be
useful for interconnection to electrical conponents. The features and
the routings of the various interconnect lines are shown in an
exepl ary shape aRd: fRYallKe ok HeAhEd bs IO 1B pfoRbsded BEd ok dtierein, it
di fferent needs for iInterconnection of conmponents al ong the surface
of a three ohaydresiusefal inysonos eremelarg endioslimattsliaseat Hid tréeadimensional
I nsul ation Layer Over. Metallizatio . . ter nmetal |lines are
def i ned s PRGSO Lo L8P et iralveisnlals et Btgrcarmect
sone exenpl \%ra}’urﬁgfoq’ﬁ'trﬂ?'&b§e,tégé?ﬁ,ﬂhséﬂ”'§oléﬁ6r¢?rdiﬂe@gi'ﬂg'rﬁQﬁ‘beRJs%ﬁﬂ iNsbe
an insulating filmto electrically 1solate the conductlve

i nt er conecembedinerts. Precigelslocatas] penglirations as edasablthe insulatingcilss ng

Tras i n & netewdth Bffeq RSS! A5hGh of hEmETy medERhSTRa IR sdke e '
covering i nslehdrit800f hloBse p bf Bl Rghn & SHENINGROANEctRIsRIdip the t he

region of small| interconnection pads in the previously described
regi on of epreXiwslyzdesaribediregionrefialement 740 isdlustraiad arifieg aniinswlaking

o0 L., e TR ety O OEB5R, i

| aser algl at prenicushcfesmettyicspsamant 8RO, Aol epacds, \El@tehtoB TRT & Mser
I nt erconnection points as defined by elenent 830. |t may be apparent
to one ski | 3RiatigmPraressanay apen 4ptthe hglesRimdas i dena BéRrcennedion at or

filmdeposigtd; ; i~al | ' i '

may b oSt SRBrEs e TIe hl Creo G0 4 e 5 padent BEMELAIEY I P
Usi ng Masksrelevabit adgdhbinifoenusmethoasiddhstiaiat lime geposition andsnuméemily
mentioned in earlier. sections, masks, which create regions that ar

b1 ocked andTAEIA REOIRS O IHER M IS FY Loah st Jsamatiads 8ndo
suppor ty5t heggpt-hRRYdihetdidibinit er connections on three di mensi onal
surfaces. In the previous sections the uses of nasks were of limted
sophi stication; namely, to block or expose | arge regi ons. However,
particularly with formati on techni ques of high resolution and

preci sion, GsiRRMadRYTE iR rhficdPect Features.

As briefly mentioned in earlier sections, masks, which create regions

that are blocked and regions that are open, comprise a useful apparatus to

20  support the methods to form interconnections on three dimensional surfaces.
In the previous sections the uses of masks were of limited sophistication;
namely, to block or expose large regions. However, particularly with formation
techniques of high resolution and precision, a mask may be formed which may

be used to directly form interconnect features on the surface of substrates.

25
For illustrative purposes, Figure 9, element 900, depicts how a mask,

sometimes referred to as a shadow mask in this perspective, may be used to

directly form interconnect features during a thin film deposition process. At

step 901, an appropriate substrate, 910, may be formed by any of the means
30 already discussed. As mentioned previously, if substrate 910 is not comprised

of an insulating surface material, then it may need to be coated with an
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be used to directly forminterconnect features on the surface of
substrates. 25 For illustrative purposes, Figure 9, elenent
900, depicts how a nmask, sonetines referred to as a shadow mask in
this perspective, may be used to directly forminterconnect features

during a t hfn@ufaitd)rrﬂlggeg%? g% '#ggt cﬁrtﬁé%i%% AneXddfiRe ﬁ@%traﬁx?b thﬂé ingdtBrial,

substrate, 910, may y any of the neans 30al r eady

di scussed. RETmaphedspddoiauselgmarntt H@bstrate 910 is not conprised
of an insulating surface naterial, then it nay need to be coated with
an insulator nmaterial as part of the step The sane illustrative

substrate materi
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y location of the mask, 920, relative to the x and y | ocation of the
may be formed.

15
The formed mask may then be utilized in a next process step, 903.

The mask is placed upon the substrate 910. In some exemplary embodiments,
this placement may be required to occur with alignment to the substrate, that is
the x and y location of the mask, 920, relative to the x and y location of the

20 substrate, 910 may be important. Once the mask is aligned as required, at
step 903 deposition of a thin film by the variety of techniques that are possible
to form them may occur. In an exemplary embodiment, a gold film sputtering
process may again be applied for this processing. Wherever the mask has cut
out regions like 915, it will allow the gold film deposition to pass onto the

25 substrate. In regions without cut outs, the deposition will occur on the mask,
and the mask effectively blocks or “masks” the deposition from occurring on

the substrate.

In a next process step 904, the mask 920, is removed from the surface
30 of the substrate 910. In the removal process, the regions which did not block
the thin film deposition from attaching to the substrate will now have features,

930, in the shape of the cutout features in the shadow mask 925. It may be
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20 substrate, 910 nay be inportant. Once the mask is aligned as
required, at step 903 deposition of a thin filmby the variety of
techni ques that are possible to formthem may occur. In an exenplary
enbodi ment, a gold filmsputtering process may again be applied for

this proces h i
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regi ons wi t @leatricaliintencosnedtfeatdesosi tion will occur on the nask, and
the mask effectively blocks or "nasks" the deposition from OCCUrT | ng
on the substrate. In a next process step 904, the mask 920, is
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features appr oxI mat 1 ng he ed features. i gns
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th II wh ted Lty t
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when the defpre@ef&d ftﬂeéwus@aﬁaéaenmmat%hferpﬂm éiﬂ:fstr@&dthal'h@éeéﬂiﬁe it
may be apparent that when the substrate that needs to be nasked is

not flat bunaskgdhisrnaidiat but edhen hasbiremdimengionadopelagy thaiddditonal 15
conpl exll ty m%@mﬁ,‘tﬁr olgl?u%?%gy ?% Referring to Figure 10, el enent
eat ure, whi '

1000, a three ich may in sone exenpl ary

enbodi nents be consistent with a conponent part of an ophthalmc |ens
I nsert or an ophthalmc |ens body is displayed. The 20 feature has
the sinmlar aspeReferig tookigurand, geotemt 100004 dygeaimehaibndl featissed i n
reference to Fjgure 1. This three d| mensi onaé subst

bhys! cal f ofioh SR P8 SxpMAATY G st e HPS Rt Wi poBpapenly
2, Shadow, i 60an SRRIAAN s el of 41 SprcrNRE!EnsBas, I splyLac Trel
| ocat eaﬁverfyamrei'esyhe emmlsarraepeamfrlecai and glsbalgerology astthabgiserssed
apparent t hn re ert];.r%e 0 Il-'lgurepli OCTRRs ttt'nrr]éfiet difensional substrate has the physical
form referred to by reference to element 1010. [n preparing a shadow mask
for the definition of interconnects upon the surface of element 1010
considering the principle that a shadow mask should be located very closely to
25 the substrate it is masking, it may be apparent that a formation process that is
nearly identical to the formation of the substrate piece may be useful. Without
a loss of generality, there may be numerous processes that may be used to
form the structure of the mask including forming, electroforming, thermo-
compression molding, injection molding, stereo-lithography and voxel based
30 lithography. Furthermore, while in some exemplary embodiments, the design
may benefit when the mask closely resembles the topologic shape of a
substrate it will be used to process there may be numerous embodiments

where a mask need oniy approximate the three dimensional shape of the
21



nearly identical to the formation of the substrate piece nay be
useful. Wthout a | oss of generality, there nmay be numerous processes
that nmay be used to formthe structure of the mask including formng,
el ectrof orm ng, thernoconpression nolding, injection nolding,
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may define a useful processing alternative to form ng the non-nasked

regi ons. | rdepasitedort thetinsierlyingmsidisingls inoerenisgi leeatinnsd Theresnay bace

materal 1 7re sdRgedt BRLAGy BB EarEDEper BBl Spown for
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set ups, 20pr ogranm ng options and eql_;)Ji pment diversity possible for
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present i NUGAL{ 14 been discussed in reference to step 902, the laser ablation tooling
may be used to ablate material in precise locations of the mask body 1110. [t
may be apparent to one skilled in the art that the numerous parametric setups,
20 programming options and equipment diversity possible for laser ablation
processing comprise art within the scope of the present invention.
Furthermore, it is also possible within the art herein to define the mask

penetrations by means other than laser ablation.

25 Once the mask 1110 has been formed with its associated penetrations
1120 and is then aligned and placed upon its matching three dimensional
substrate, the shadow masking process may be performed. Referring to
Figure 12, element 1200, an attached mask and substrate entity 1220 is
depicted in the environment of a thin film deposition environment 1210.

30  Although deposition environment 1210 may comprise any of the numerous
discussed techniques for thin film formation, such as the sputter deposition of a
gold film, it should be noted that there may be numerous films that may be
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Furthernore, it is also possible within the art herein to define the
mask penetrations by means other than |aser ablation. 250nce the mask
1110 has been fornmed with its associated penetrations 1120 and is
then aligned and pl aced upon its matchi ng three di nensi onal

substrat e, : | S; - f . Kk to
Flgur e 12, Sl SISSAOH FRRREON DSBS ifERING RENRIATEE, dRfeic i,

i s depi ct edhigh-k thielezinic filorveyenhdodtive ard nom-cbnddetpesepixies end ptherment
1210. 30 Although depagsition enyiragnment 1210 C ri se any of the
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5di versity of consistent naterials that apply to the fornmation of

useful fil manapatiicies aedeoplbers.this art, without linmiting this
general scope, sone materials of particular interest may include
Indium Tin Oxide (I TO, G aphene, and carbon nanoparticles and
nanofi bers. 10After the deposition process has been perfornmed to
deposi t10an appr opitérhe depioskivagyooessbhgibeen pedatoed he dapesit Body and

to th bstrat.e i.n.reqi f .Lh k wh trati h .
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substrat e i9f & sighraie Wity direaily dewoeth sdeoanectis may tierrredueed psr
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15 three dimensional substrate in regions where interconnects are not required,
as for example in the optic zone location depicted as element 1330. Inthe

regions of penetration in the shadow mask, interconnect features may be

formed upon the surface of the substrate, as in element 1310.

20 After interconnect features have been defined in the manner described,
in some exemplary embodiments laser ablation processing may again be
used. If the features defined by a shadow mask are not of a precision that may
be obtained with [aser ablation, the defined features may be “trimmed” or
further defined through the use of laser ablation. In some exemplary

25 embodiments, such trimming may result in improvements in throughput, since
features very close to the desired finished product may be formed by shadow

masking and then changed in small manners by laser ablation.

Another potential use of laser ablation consistent with the art herein may
30 beinthe repair of substrates that have been formed by the various methods
herein. If a defect of some kind has been formed or created during processing

and is detected in a manner after production is completed, in some exemplary
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regi ons of penetration in the shadow mask, interconnect features may
be formed upon the surface of the substrate, as in elenent 1310.
20After interconnect features have been defined in the manner
described, in sone exenplary enbodi ments | aser ablation processing
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under|yi ng regi on where a conponent interconnection is attached and

el ect ri cal |Whefermeempgneat interconnection is attached and electrically connected to a

20 formed electrical interconnect on the surface of a three dimensionally formed

substrate. There may be numerous means and methods to connect a
component interconnect to an interconnect pad on the surface of a three
dimensional substrate including solder interconnections and conductive
adhesive interconnections.

25

Additional Methods For The Deposition Or Definition Of Interconnect Features

The description above has focused on particular exemplary means of
forming interconnect features on the surfaces of substrates. Without a loss of
generality, it is important to include a number of other techniques as consistent

30  with the formation of interconnect features which may also derive benefit from
the technigues discussed herein or may define alternate exemplary
embodiments of the art. Ink jet printing, where a particle, typically in liquid
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20 fornmed electrical interconnect on the surface of a three

di mensional ly formed substrate. There may be nunerous neans and

nmet hods to connect a conponent interconnect to an interconnect pad on
the surface of a three dinensional substrate including solder
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exenpl ary ns of formng . ipterconnect featfures gn, the suyrfaces of
SubsLr at bs. GamarpRtEIEaLdEe KORANESt foATFS SPAbAEEE Stso el ude
a nunber of; echmn I3 A td
interconneclt dﬁ“ﬁ&ﬁ%%ﬁﬁﬁg?ﬁﬁ pzltgrﬁﬁ%gﬁ%é%mgff??& ro%#%’{@ df Horfilzed
t echni ques pariciesde dirketedi agaimstraguldfate ey he congisteakeitplthe art herein.

enbodi nents_of the art . Ink jet.printi . e.a particle pically
T au d- 2380 PR others MG ke atondl $rinbre S it e 7 e
conducti ve @Rtbripihat0Bseate\Ray aRbWIMet Mathdid\cd nereshtWifitihesad hbfein.
directly sprayed upon the substrate in a defined pattern may defi ne

i nterconnect features and characteristics of inportance. Simlarly,
aerosol jet printing where a focused streamof atom zed 5 particles

| s directed agai PdvicusSHBSIdsRifs IV B0 CRARIBEE Abwithbdy dI8GH hay be
herein. Pad printing, ere a two dinensional printed feature |

t r ansf éilr eduses! @ dirgatly rdmoyesiondattineatist materiatepnddhes daéne mderosnhedts
consistent wth the ,art herein, Previous disgussipns have al so. .
descr i bed HEMESen I TAVAF ALY BLOCEOTREY e B aerBa: PYCFemBYG fims in a
conductive diplilar FRrdier @lhidnhalybescelafidtant with eie aRRSEribeRhbfes. Ahere
may be other processing nmethods that process such films in a sim|lar
manner whi charkeylapexampls Beyme Mechssing vig focdeed iameearmdniding. |A this

Phi s oase, St binElivtel ShEGRE BEH el AT Eo D R BT Byl "
erode g f apatelial mstesd af thenstotatk that ke upbfol Priasehablatis®. [tsehybei n

| aser ablation. It nmay be obvious to one skilled in the art that
nuner ous prefRERUR G eklledin berrtthat nygraus PRGasses ¥iigh (nay erode

cont rol | abl @ £a5h GPRRMBIY S6nPSiatROPRHRPEMPILS akB SRS RV the

her ei n.
invention herein.

20 Forming A Three Dimensional Shape Simultaneously With Electrical

Interconnects And Post Processing With Laser Ablation.

An alternate set of exemplary embodiments may be described with
reference to Figure 15, element 1500. In these alternate exemplary
embodiments, a set of conductive features which will after processing become

25 interconnects on a three dimensional surface are formed while base materials
are still kept in a planar shape. Proceeding to step 1501, a base substrate,
which in some exemplary embodiments may be consistent with forming a part
of an ophthalmic lens or lens insert, is formed. There may be a large number
of materials that would be consistent with a base substrate; however, the

30 material may include PETG as previously discussed. Should the base

substrate be formed from a conductive material, it would need to have its
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20 Form ng A Three Di nensional Shape Sinultaneously Wth El ectrical
I nt erconnects And Post Processing Wth Laser Abl ation. An
alternate set of exenplary enbodi nents may be described with
reference to Figure 15, elenent 1500. In these alternate exenplary

enbodi ment Sq @y &EEofkd W%Hs\g%téle@b’fgr%f MR lnvﬁdpgls?éﬁt%t Hacessi ng

become 25 interconnects on a three |nen5|ona surface are forned
whi | e base foameationlo$ irdersoanetls doeift sunface. pl anar shape. Proceeding to
step 1501, a base substrate, which in sonme exenplary enbodi ments nmay
be consistent with formng a part of an ophthalmc lens or |ens

insert, is formeds thReyidsial hescislfarasr ﬁk@%’@@ée@fm @.Pép91'5@ @ éditductive
woul d be consistent with a base substrate; however, the 30 materi al

may i ncludefilPES@Rpdieg Lpendbs basdissbatated. Trghwaiietl diversitysd conduetive @m

curf ace. coddBH° RoR PRI, feaumbae Bo Pl ok i o,

the formatigreff défiferl. CONRES éx@rﬁ\glatr? eﬁ#ﬁdcﬁ;ﬁ@nts%wicb&hé 'd:bﬁtmﬁtv% ﬂﬂﬂﬁe
is further processed, in step 150 conducti ve mis

upon the ba¥dl bageiormed asthe ﬂa&suléﬂraie\b@ﬁ@u% @rmedclatmaéfﬂrﬁegfmﬁnmonal
types discuy &?o%‘ijrg‘?egl ne@H?bw\r%yr[??eyfo?rﬂg’ﬂrdf%emﬁhé%ggggbﬁﬁu@%sﬂnﬁ{e'mﬁ ?ﬁ’gtot?a

the art herein sone exempl ar srnce

conductiiove $ufficient thickpessl ¢ avmiﬁdneamém@alffélatreﬁumgrtaé ¢atbafoemirsg f or med
into a three dinensional substrate the fjilmnmay be forned of ? _

mal | eabl e cCRIREERIGSy e MANQMET AS AR @XBMPLE. 108 fifM NqkrMPpHse Rha geld Him.
avoi d nechanical failure during the later form ng processes. However,
as an exanple, the filmmy conprise of a gold film In step
1503, the conductive filmmay be patterned into a shape that w |

forma desired sRagiep éﬁpﬁrthﬁﬁ@nﬂpﬁﬁ\’%f"@éE@YQ%D@E@W@@ '“'i‘i’t%s'f‘%‘?%ﬂ‘at will
di nensi onal
ref erence to}qﬁ ?&EQ‘% %E%%%%stﬁ{eha Ene%esgmfaor m % Eff’ﬁ? ﬁ{}gg{ ddﬂ%r?asn[gp%lnal
desired?sr essﬂapesTﬁ'dTeedemyteﬂeshatpaferawmemamlwfm r@ﬁemtesthabsaajft er n
t he gol d conducti,ve | ayer, y._.conduct |
layer. In & S| that wpHg f@ﬁﬂ§|ée gﬂ@?gfm?ﬁ L‘ﬂ‘?ﬁ rﬁSB e '?,%{? reRY ?ng
may conpri sr‘?urﬂgro‘i?é éﬁs Qﬁd %H&ébs%eg%’ QﬁéﬁﬁtheCéélﬁﬁBﬁélﬁ‘étWe IAASCor in a
abl ation may be used 1 n the manners previousl
more general sense any conductive layer. In a non-limiting sense
photolithography with chemical etching may comprise an example of such a
20 process. Alternately, [aser ablation may be used in the manners previously

describe to create appropriate shaped features during this step.

In step 1504, in some exemplary embodiments the stack of the base

substrate with overlying conductive features may be encapsulated in an

25 overlaying material. [n some exemplary embodiments, a forming material, like
PETG may provide an exemplary film that could be used in this manner.
Since the stack of films may be deformed in a forming process to result in a
desired three dimensional shape, in some exemplary embodiments the
encapsulation of the formed features may result in necessary stability of the

30 features during forming processes to create three dimensional shapes. In
some exemplary embodiments, a first planar forming process may occur as

part of step 1504 to seal the overlaying insulative material to the underlying
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describe to create appropriate shaped features during this step. In
step 1504, in sone exenplary enbodi nents the stack of the base
substrate with overlying conductive features may be encapsul ated in
an 25overlaying material. In some exenplary enbodi nents, a formng
material, | \ | %‘ﬁfa@ﬂl I I e used
in this rran%@?s.tP%er?gga t%@%%%g{t@d | nse%g%fe%é'{ gagféﬁrgeu%ﬂ?é\ﬂgﬁ'form ng
process to Additiohally) sinatetherahtitahoptic cigiem siaynsdricrhrapetter witlsaure
exenpl ary enbodi rrf formed features ma

nt. he encapsul ati,on of th
result in nERPESE %h@fﬂbsmw%ﬁdgtp PHR ltB&rfeé@mFﬁ%@wPPﬁ@S poURYidor the

processes teergﬁ'% ic 20 %eregfog"iggﬂi&%ie@@ﬂ@noﬂ-@hé&é@c@ﬁﬁmiﬁﬁ

enbodi nent s, st plnana rmng process may OcCcur as plart of step
1504 t o eategidre overl aying insulative material to the underlying
substrate base and also to the defined features in the conductive
film Additionally, since the central optic region may perform better
W thout a conposite filmbeing used to formit, for exenplary

pur poses a cut ouln $tep 1508, dhetstadk affifase mateeial, dginoed tendldtivetfeatuess by
t he non-shadegl central circular 5re(glon In step 1505, the stack of

base mat eriahd OVEHAA0 epRapsYiiRg ardinsualinglayenaay by sipiected to a
e . At _ . T ek
encapsul a 'mmﬂfquu pt‘d&‘égé?(?Jé&lﬂﬂdﬁﬁéethré@éhn%%el%@mbﬁﬁ v{l[ﬁﬂ thel sHalbeithd

process to re in a three dinensional s e shap
10i ncorffbr ainedrpsiratedrélectricalnittercaments esuting fromghé foming erécessi rg

e R TR SR P IO S B TR gt
formed i nt oodiind'meLRitindayer flasdhay hBed t¢Be I6%ed IS thdr@Biating

di mensi onal shape with incorporated electrical interconnects iIs
processed i materiakneptepol Wit thethwpe dimessipnal shape with incorporated

electrical interconnects is processed in a manner to create electrical

16 conductive vias and openings at appropriate locations. There may be
numerous means and methods to create these vias and openings; however,
laser ablation processing may be used to precisely create openings by ablating
the top insulator layer thereby exposing an underlying conductive film area.
The resulting three dimensional surface with electrical interconnects may be

20  significantly similar to that produced in other manners discussed herein.

Forming A Two Dimensional Mask, Folding The Two Dimensional Mask Into A

Three Dimensional Shape And Forming Interconnect Features.

Proceeding to Figure 16, element 1600, an alternate method of forming
25 interconnect features on three dimensional substrates through use of a
masking technique is demonstrated. In analogous fashion to previous
discussions relating to the formation of two dimensional masks in step 902, in
a separate formation process, step 1601, a flat substrate may be formed info a
mask template 1610. There are numerous techniques known in the art that
30  may be used to form the mask product of step 1601, including photoresist
lithography followed by chemical etching, photoresist lithography followed by
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15 conductive vias and openings at appropriate |ocations. There may
be nunerous neans and nethods to create these vias and openi ngs;
however, | aser ablation processing may be used to precisely create
openings by ablating the top insulator |ayer thereby exposing an
underlying

surface w1 o0 agcet Garpsicf diRRorebF RO ULPERRYIETRAN Offbtcring
to that produdsinilar knolher prosessessfod s igsmetioh ef dapershoithrimagell features

Di nmensi onal Mask, , Fol di ng The_ Two, Di mensj.onal Mask Into A Thr
D e ool TS, ANBOEBT Hem ! IR BPEDAMBON PEesRRgAN PrAYIBaUR futheo

Fi gure 16, ft’)'ﬂ%%ﬁﬂﬁ ot GPksan Iﬁ'séleé atién &Y ooél nfuﬂéfg H\%terha] wathhn the

25i nt erconnect features on three |nen3|ona betrat es rough use
of a maski n@bﬂﬁt@imt@atmrgswelnbmelamedt 1611 ame&an@tu*lgsmlaals lwithna good level

previous dis uss: ons. r to the.formation of two dipensional
Tmoks i st aPiaaion B BeShpRRard Ipeeian ptiheFaes maY s i e thers o
substrate ngyy tPférfn@h tbﬂél@, tﬁaﬂi‘ﬁ% HeetBHstdtenthoilt9 thelfopfatiah @f BUABSIOUS
t echni ques knovvn in art that may be used to formthe nask

product of @t@atﬁaﬁheutm delmlﬁtydpaﬁ)ﬂ@‘r ichding thio dilrap B nradall aswdastisy In
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and si nig aroﬁﬁmmfmd@@@\ﬁm@at sighifichat lbear@siodioroér beyding. Wi th i maged
features renmoved. Another use of the |aser ablation process again may

result in the formation of masks. |If |laser ablation is used to
elimnate naterial within the 5substrate in features such as el enent

1611, a resulti ngrg¥agling tbhstép a80g, ﬂh@\/rﬁhslpferﬁrwafé @'f@ﬂnécﬂllﬁtb%tﬁlc‘éhoe
and | ocation of the features may be forned here may be nmany

materi al s tdiEensignabamaskiy joining tha wo end piasesdtlgranst 1%137ma single

or Bl asti o. TS EutiiRey” S aeBral bbbt dhbos Bl fiepd T e
| ayer afs5 I\/ytherermpabmes &O@fhrbeldmeﬁgbdaﬁovmtdmhlé ned s efanseantt1 G16caNhen
di stortion or bendin Proceeding to step 1602, the mask

tenpl ate i sprﬁSESﬁB’od‘?Sﬂgréﬁ(b thﬁf%@'@“@w@*@?%ﬁ@Skr%@l@ewaY Qﬁrﬁ‘i‘ﬁée ioneosely fit
end pi eces *g?&?@q&)é‘\gaéyb%qhée H‘%l[:%lo(f'l% QﬁﬁétF‘aﬂeent' ty 1614. The
e

deformation o mensi ona ape o join 15 the ends results
in a three dinmensional formof the nmask, elenment 1615. Wen precisely
desi gned, the resulting fol ded mask shape may be made to closely fit

Lhe ol obal topol ogbeBlind (b&F 180 3TASIRRGY 1ot ALG o B SfghaPahe

step 1603, the te ‘may now be to a

cor r espondi mgtdmmcdnremmdbm@threa ivhensionalladirald) e 628s KThesmpkkéed
upon the subst%gte 1620 sone exenpl ary enbodi nents, this
pl acenent rRIGCERUPRY e é@bst@tgééap \MHSH”Q PRMRIATY ebodinenissiist e,
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1620. Once % Ard wﬂedaatloen atkd griebrodstion of the mask, 1615, relative to the x and y
location and axial rotation of the substrate, 1620. Once the mask is aligned as
25 required, at step 1603 deposition of a thin film by the variety of techniques that
are possible to form appropriate films may be utilized. While the previously
described diversity of materials that may be applied in a masking process is
consistent with this step, in an exemplary embodiment, a gold film sputtering
process may again be applied for this processing. Wherever the mask has cut
30 outregions 1611, it will allow the gold film deposition to pass onto the

substrate. In regions without cut outs the deposition will occur on the mask,
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25required, at step 1603 deposition of a thin filmby the variety of
techni ques that are possible to formappropriate filns may be

utilized. Wiile the previously described diversity of materials that
may be applied in a nasking process is consistent with this step, in

| ; A o1 !
an exenp aré{?ﬁﬂwma'gﬁ%tﬁecﬁv&?aﬁad‘kbdp ﬁ@%&&%é%@ﬁ@ﬁﬁﬁgﬁ?&:aﬁ@ e

applied for I'S processing. erever mask S I ons
1611, it wifihe saldstratdé.he gol d fil m deposition to pass onto the
substrate. In regions without cut outs the deposition will occur on

the mask, and the mask effectively blocks or "masks" the deposition
fromoccurring on the substrate. In a next process step 1604, the

mask 1615, is r ey adxf progesdetepsisdatiee afasknes 15y stenadvedlfoad.thén t he
renoval process, the re%i ons which did not block the thin film,. .
deposi t ifon $yirreRfithesubgtrate 1640.s ibihe mreoval progrss. Hig/egiens whieh did
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any of the Igt her 10Br o%g_'iﬁign steps .that have been described rel ating

to a subst r&MAYRRAPRRTAR REPEBES? deatures RY sap@seat g end e feRitieRd,
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subsequent 0} Vi a connectl ons my deSCI’I e consiStent art
wi t hi n tOhe procpssiog stépssthahbhave bean wesorierhtelating toi 3 bubsteatprupoasshinh

1601, ,1602,..1603 d,1604, 15 h h dd i bed..i
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it is appargmbvédang mtbﬂﬁmaﬁa%mw@@%ﬁtidpeﬁ#@hm;ia @Bﬁlné@ﬂdﬁ@%a%e

descri bed and shown wi Il suggest thenselves to those skilled in t

art and maydessripea@naisteriart ddien thengcaneoph thisdnegintian whaa coowirgsbwih
e | v ent | prdbesdihg SRS 6b4eTBbaM 663 ARA 166! 11 cted to the
15
Although shown and described is what is believed to be the most
practical and preferred embodiments, it is apparent that departures from
specific designs and methods described and shown will suggest themselves to
those skilled in the art and may be used without departing from the spirit and
20  scope of the invention. The present invention is not restricted to the particular
constructions described and illustrated, but should be constructed to cohere

with all modifications that may fall within the scope of the appended claims.
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constructions described and illustrated, but should be constructed to
cohere with all nodifications that may fall within the scope of the
appended clainms. WHAT IS CLAIMED I S: 1. A nmethod for formng
el ectrical interconnects upon a three dinensional surface conpri sing:
formng a three di mensional substrate base froma first insulating
mat eri al ; depositing a conductive filmupon at |east a portion
of the surfay§orf 1S GeAIMEERIS]i mensi onal substrate base; and

formng an electrical interconnect line fromthe conductive film by

| aser abl ating surrounding conductive filmmaterial . 2. The

nmet hod accordingqto cl Ezla‘\ fdurfégﬁtférﬁtaﬂgg%'lﬁég'&g, e@%ré&

a second |nsulat|ng ma er| upon r|c I nt érconnect
li ne. dinensidreal satfhos cangeisitigng to claim 2 further conprising
the step of opening electrical contact vias into the second
insulating material by laser ablatio 4. met hod. accor di ng
to claim1 furthi&miéhs itBrasy dclrnenglp@al Sstbptiater ;!s»arsat frag @ndirsth insetating
di mensi onal rate with electrical interconnects into an
opht hal m ¢ devi c€. 5. The met hod according to claim1 further
conprising the step of incorporating the three dinensional substrate

}M th electrical gepsitranaeohadubtMeofilBNupois et leadewi Retideof die opifadabnine
ens.
three dimensional substrate base; and

forming an electrical interconnect line from the conductive film by laser

ablating surrounding conductive film material.

2. The method according to claim 1 further comprising the step of
depositing a second insulating material upon the formed electrical interconnect

line.

3. The method according to claim 2 further comprising the step of
opening electrical contact vias into the second insulating material by laser

ablation.

4. The method according to claim 1 further comprising the step of
incorporating the three dimensional substrate with electrical interconnects into
an ophthalmic device.

5. The method according to claim 1 further comprising the step of
incorporating the three dimensional substrate with electrical interconnects into

an insert device for an ophthalmic lens.

6. A method for forming electrical interconnects upon a three
dimensional surface comprising:
forming a three dimensional substrate from a first insulating material;
30



6. A nethod for formng electrical interconnects upon a three

di mensi onal surface conprising: formng a three dinensional substrate
froma first insulating materi al; formng a three dinensional
mask froma second material, wherein the three dinensional nmask nmay
closely fit upon the three di mensional substrate; creating
perforations through regions of the three dinmensional mask by | aser
abl ati on; foraiigg thi'ese timesisharenasiofram asskongonateriel, thierein the
di mensi onal substrate; and depositing a conductive film upon

t he conbi net!i"r%F’E@%ﬁ'%ﬂ@%ﬂ‘aIm%§'@sﬁ|ﬂd‘twp@éh@|”ﬂf€ﬁs‘1"8ﬁﬁﬁ'0§'§b%lﬂb~°é'f9ée
7. The nethod according to claim®6 \/\herel n the first insulating

material is i den&ﬂeﬁ@hg tp%{ﬁﬁpﬁno%%ctﬂ% (lﬁ of the t e%imgn&ogﬁf ltr]I%g{( oy

according to claim conprising i nicorporarti ng

t hr ee di nenigsenablaioistrate with dep05| ted conductl ve filminto an
opht hal m ¢ devi ce. 9. The nethod according to claim®6 further
conprising the step of incorporating the three dinensional substrate
with deposited cPagingt ithe treen dimensignalnsrask ddpincdheothrga dimensional

opht hal m c 10. A nmethod for formng electrical
i nter connec%@ﬁ'@(g %{“{ hree di nensi onal surface conpri sing:

form ng an essentially planar first substrate froma first insulating

mat eri al ; deposi dépﬂﬁltﬁng‘ & béhd@éwétmm MsorBHeEEdrabine@ ARrde @infdnisfinal mask

insulating material formng electrical interconnect features
by renovi ng@ndfireadimensipnaksubsiralesti ve materi al :

7. The method according to claim 6 wherein the first insulating

material is identical to the second material.

8. The method according to claim 6 further comprising the step of
incorporating the three dimensional substrate with deposited conductive film

into an ophthalmic device.

9. The method according to claim 6 further comprising the step of
incorporating the three dimensional substrate with deposited conductive film

into an insert device for an ophthalmic lens.

10. A method for forming electrical interconnects upon a three

dimensional surface comprising:

forming an essentially planar first substrate from a first insulating

material;
depositing a first conductive material upon the first insulating material;

forming electrical interconnect features by removing regions of first

conductive material;
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pl acing an overlying layer of the first insulating material upon the
el ectrical interconnect features; formng the first planar
substrate, electrical interconnect features and overlying | ayer of
first insulating material into a second planar substrate; and

formng the second.pl,anar o§é‘@ﬁé%ff5§eli Ot ffthSﬁwsh[HgﬁE ﬂid?&‘i‘éil@ﬁéﬁrhtge

substrate with incorporated rical interconnec

met hod accoeldchigat intercannedti@edturédier conprising the step of opening
el ectrical contact vias into the first overlying |ayer by |aser

abl ati on. 12. The method according to claim 11 further
conprising the stoaping thedisstplpaai sybstrie: wlacdrical feiestamnact Japlsrenaad

15 'Tho- et hed 5 BYEF RENEEInsl B TRRRRE] g 8 sBofa aRtch SNt Cuhae

i ncorporating the three di mensional substrate with incorporated

el ectrical interfoannecthei sdcondn plaieer suisierits eint®ra dhisopiceadimensional
| ens. 14. The method according to claim 10 wherein the nethod

to form el et4bsticig withtiseerearated efeckiical #¥eiceengaSs | aser abl ati on.

15. The met hod according to claim 10 wherein the nethod to form

el ectrical interconnect feaures involves optical |ithography.

é_6. A net hf)d fo][ﬁ.ornThn@ medthod raiccaﬁdirhm%ceclrzafimn&bfmhﬂumnqorrsrgemle step of
i mensi onal surface conprising:, . rmng an essentia nar
first substQRANNg FeEA £Patact Hasinipithg Thekayerng laver by pgehablgtion.
maski ng penetrations in the first substrate by renoving regions of
first insulating material; formng a mask tenplate by cutting
said tenpl ate out2.of The niéthed astamig s bkeim atiefurthenfcommrising the stepkof
tenplate to _creat

di mensi onal NARORF Blagntt (rate génﬁlﬁséﬁgqa@ggﬁgﬂﬁ% ?@itﬁ?in%ﬁgoc}rg{e%e electrical

interconnects into an ophthalmic device.

13.  The method according to claim 11 further comprising the step of
incorporating the three dimensional substrate with incorporated electrical

interconnects into an insert device for an ophthalmic lens.

14.  The method according to claim 10 wherein the method to form

electrical interconnect features includes laser ablation.

15. The method according to claim 10 wherein the method to form

electrical interconnect feaures involves optical lithography.

16. A method for forming electrical interconnects upon a three
dimensional surface comprising:
forming an essentially planar first substrate from a first insulating

material;

forming masking penetrations in the first substrate by removing regions

of first insulating material;
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depositing a conductive filmupon the conbi ned three dinensional nmask
and three di nensional substrate. 17. The method according to
claim16 further conprising the step of : depositing a first
insulative filmonto the three di nensional substrate over the

deposi ted conduc}] Ll ' Al | £ Vi
nto the first | S r/EReR Rinplats by dRANC Gl BiHiaEBut 67 the hatpifar
The net hod aglesiradeéng to claim 16 further conprising the step of

i ncorporating the three di nensional substrate with incorporated
electrical interconnects into an ophthal m c device. . 19. The
net hod accor di ngc@IOETEIgHheeNasl ienmlaiedapireatieny thrae dipepsional mask;

I ncorporating the three dinensional substrate with incorporated

el ectrical interconnects i,]nto an insert device f(ﬁrn an .o%hthal rn % .
| ens. placing the three dimensional mask upon a threé dimeénsional substrate;

and

depositing a conductive film upon the combined three dimensional mask

and three dimensional substrate.

17.  The method according to claim 16 further comprising the step of :

depositing a first insulative film onto the three dimensional substrate

over the deposited conductive film; and

opening electrical contact vias into the first insulative film by laser

micromachining.

18.  The method according to claim 16 further comprising the step of
incorporating the three dimensional substrate with incorporated electrical

interconnects into an ophthalmic device.
19.  The method according to claim 16 further comprising the step of

incorporating the three dimensional substrate with incorporated electrical

interconnects into an insert device for an ophthalmic lens.
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