WO 2004/ 019078 PCT/ US2003/ 026290 METHOD OF MANUFACTURI NG AN ELECTRO ACTI VE
LENS FIELD OF THE | NVENTI ON [ 0001] The present invention relates to an

ef ficient nethod of manufacturing an electro-active |Iens. SUWARY OF THE

| NVENTI ON [ 0002] In an exenpl ary enbodi nent of the invention, a method of
manuf act ukdaodieogl ectro-active lens froma | ens bl apkrius208@6le9sed. The

| ens bl ank conprises a front surface, a back surface, a thickness and an

i ndex of refraction. An electro-active elenment nmay be placed on either the
front or back surface of the |lens blank. The nethod further conprises
formng a covering |ayer over the surface of the Ilens blank containing the
el ectro-active el enent. I n_anot her exenpl ary enbodi nent, anot her

net hod of nanuf¥ ‘ EACTHRING; AN BLE(TRQ-ACTIMELENS The net hod
conprises nolding a |l ens blank having a front surface, a back surface, a

t hi ckness and an index of refraction around an electro-active el enent.

[ 0004] Aspects of the present invention will now be described in nore

detai wﬁthEEﬂéi@EéKﬂ@iﬂﬂﬂﬁRﬁﬁblary enbodi nents thereof as shown in the
appended draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [0005] Figure 1 is a
fl ow chart @0004] Fet hresknbfinvientirf winasriorag efficientemetbed A€ mapelagtifee A ccor di ng
to an exenpl ary enbodi nent of the invention. [0006] Figure 2 is a flow
chart of a ektined:tietlamwnufacturing an el ectro-active lens according to an
exenpl ary enbodi rent of the invention. 1 WO 2004/019078 PCT/ US2003/ 026290

[ 0007] Fi gusenamMARIFOF THEsSNVENTION] ens at various stages in the nethod
shown in

[0002] In an exemplary embodiment of the invention, a method of manufacturing an
electro-active lens from a lens blank is disclosed. The lens blank comprises a front
surface, a back surface, a thickness and an index of refraction. An electro-active
element may be placed on either the front or back surface of the lens blank. The
method further comprises forming a covering layer over the surface of the lens blank
containing the electro-active element.

[0003] In another exemplary embodiment, another method of manufacturing an
electro-active lens is disclosed. The method comprises molding a lens blank having
a front surface, a back surface, a thickness and an index of refraction around an

electro-active element.

[0004] Aspects of the present invention will now be described in more detail with

reference to exemplary embodiments thereof as shown in the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 is a flow chart of a method of manufacturing an electro-active lens
according to an exemplary embodiment of the invention.
[0006] Figure 2 is a flow chart of a method of manufacturing an electro-active lens

according to an exemplary embodiment of the invention.



Figure 2. [0008] Figure 3 illustrates a top view of a sem -finished
fly-away nol d gasket according to an exenplary enbodi nent of the
invention. [0009] Figure 4 illustrates a cross-section of the sem -finished
fly-away nold gasket of Figure 3. [0010] Figure 5 is a flow chart of a

met hod of wmsnwi@edénri ng an el ectro-active | ens accor geigsions@gshher

exenpl ary enbodi nent of the invention. [0011] Figures 5A-5F illustrate a

| ens at various stages in the method shown in Figure 5. [0012] Figure 6 is
a flow chart of a nethod of manufacturing an electro-active | ens according
to yet another exenplary enbodi nent of the invention. [0013] Figures 6A-6E
illustrate a | ens at various stages in the nmethod shown in Figure 6.

[0014] Fi gui@07] Figuigs 2AREF diviiate éflens sietariows spestdRdhaethor moyhn

el ectro-active lens according to an exenplary enbodi nent of the invention.
[ 0015] Fi gufFemreZA illustrate an el ectro-active | ens manufactured by the

met hod described in Figure 7. [0016] Figures 8A-8C illustrate conductive
bus arr angef@08kFigoeo? dilsgattoa tap tvisvnaf iavensdinctedéytasapfmelbgatkevent i on.
[0017] Figure 9A-9C illustrate an exenpl ary enbodi ment of an el ectro-active

| ens  havi ngeeameitetah keerilsry ambangenen tie.intedGdB] Figure 10A illustrates a
rear view of a spectacles frame having an electro- active |ens manufactured

accordi ng t a]gppg@lml i8hraRIR R IRRE oSS thd&enli TiteRbd flawdy M61d2A04( 019078
PCT/ US2003/ 026290 [0019] Figure 10B illustrates a top view of a spectacles

franme havi ngﬂaﬁgmglg,(_act ro-

[0010] Figure 5 is a flow chart of a method of manufacturing an electro-active lens
according to another exemplary embodiment of the invention.

[0011] Figures 5A-5F illustrate a lens at various stages in the method shown in
Figure 5.

[0012] Figure 6 is a flow chart of a method of manufacturing an electro-active lens
according to yet another exemplary embodiment of the invention.

[0013] Figures 6A-6E illustrate a lens at various stages in the method shown in
Figure 6.

[0014] Figure 7 is a flow chart of a method of manufacturing an electro-active lens
according to an exemplary embodiment of the invention.

[0015] Figures 7A illustrate an electro-active lens manufactured by the method
described in Figare 7.

[0016] Figures 8A-8C illustrate conductive bus arrangements according to
alternative embodiments of the invention.

[0017] Figure 9A-9C illustrate an exemplary embodiment of an electro-active lens
having conductive bus arrangements.

[0018] Figure 10A illustrates a rear view of a spectacles frame having an electro-

active lens manufactured according to an exemplary embodiment of the invention,



active |l ens manufactured according to an exenplary enbodi nent of the
invention. [0020] Figures 11A and 11B illustrate an alternative enbodi nent
of the spectacles frame of Figures 10A and 10B having an el ectro-active

| ens manufacture according to an exenplary enbodi nent of the invention.

[0021] Fi guts ssyhdPAsand 12B illustrate an alternative egpegiyipntef the
spectacles franme of Figures 10A and 10B having an el ectro-active |ens

manuf acture according to an exenplary enbodi nent of the invention. [0022]
Figure 13A-13D illustrate a battery attachnent nounted on or near a frame
hi nge according to an exenpl ary enbodi nent of the invention. [0023] Figure
14 illustrates integrated electrical conponents for use in panufacturing
an el ect r o- {A1PL/BerendBaidlugragts rgiop yieh ok spgsiasley femsduviesip edcctehe

i nvention. [0024] Figure 15 illustrates another enbodi ment of integrated

el ectrical edivpdsentagufaftord aserding tran afagiay embodimest| of denoveaten. ve | ens
according to an exenplary enbodi nent of the invention. [0025] Figure 16 is

a flow char {00a0] Bigires hna and 1B flwshitagn alanaivs Rinbodinient ghaspecacled ect roni ¢
conponents in manufacturing an el ectro-active |lens according to still

anot her exefphna by FRIROJOARAY 108 hiigy hdeddolRAve 8O2@ufings e@SrdfA- 16E
illustrate a |l ens at various stages in the nethod shown in Figure 16.

[0027] Fi gufoean]&e&léla@r dbWntnastindhvaggt hod of finishing a lens wth

el ectronic conponents in manufacturing an electro-active | ens according to
e TR e FERORE R ke AT PR DO O,
stages int rgmg%}‘ pl%greg QB,X\Qn(I:I Tos having an electro-active lens manufacture according

to an exemplary embodiment of the invention.

[0022] Figure 13A-13D illustrate a battery attachment mounted on or near a frame

hinge according to an exemplary embodiment of the invention.

[0023] Figure 14 illustrates integrated electrical components for use in

manufacturing an electro-active lens according to an exemplary embodiment of the

invention,

[0024] Figure 15 illustrates another embodiment of integrated electrical components

for use in manufacturing an electro-active lens according to an exemplary

embodiment of the invention.

[0025] Figure 16 is a flow chart of a method of finishing and mounting integrated

electronic components in manufacturing an electro-active lens according to still

another exemplary embodiment of the invention.

[0026] Figures 16A-16E iltustrate a lens at various stages in the method shown in

Figure 16.

[0027] Figure 17 is a flow chart of a method of finishing a lens with electronic

components in manufacturing an electro-active lens according to another exemplary

embodiment of the invention.



Fi gure 17. DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENTS [ 0029] In 1998,
there were approximately 92 mllion eye exam nations perforned in the
United States alone. The vast mpjority of these exam nations involved a

t hor ough check for eye pathol ogy both internal and external, analysis of
muscl e baldaesoagyd bi nocul arity, neasurenent of the gefp€AsaAREkoei N Many
cases, the pupil, and finally a refractive exam nation, which was both
obj ective and subjective. [0030] Refractive exanm nations are perforned to
under st and/ di agnose the nmagnitude and type of the refractive error of
one's eye. The types of refractive error that are currently able to be
di agnosed & neasured, are nyopia, hyperopia, astigmatism and presbyopi a.
Current ref 0823]drigurep higk-bpt dhsyate e densyit vetioug slagescin thheethod hefiolf t o 20/ 20
di stance and near vision. In sonme cases, 20/15 distance vision can be
achi eved; hBigeed7, this is by far the exception. [0031] It should be

pointed out that the theoretical Iimt to which the retina of one's eye
can process def ine visian s app i L 6 2() This is far better
than the | ? PIARRISE 3112t .' by way of both

today's refractors (phoropters) and conventional spectacle |enses. Wuat is
m ssing fro %ﬂ S nventional .devices is the abi.lity t ct for
non-convent&b ﬁhﬁ8?$§%¥?W@méP?FﬁﬁﬂmﬂﬁﬁéPﬂﬁiﬁéysFFE??%H%?P%?%@éﬂﬁhr
astigmati sm or ocular |ayer jrre ulari1i§$. These ,aberratiﬁqf, i rregul ar
asti gmat i smbeadeiesr Siey| done) dhervadl PREERA T (1PeE FAPIREOR IRANFY 2 of one's
visual systemor a result of aberrations caused by conventional  eyegl asses,
or a conbi népiosgh ehedsdioh eye4paNmig0lyth igernel puTYREDE0BEE2Y0N032] I n
accordance with exenplary enbodi ments of the invention, nethods of
manuf act ur i bejange ard binpeudarigy trheasuréraens ofithe cdinse pisk érlmamheases, detigilact i ve | ens
may be

and finally a refractive examination, which was both objective and subjective.

[0030] Refractive examinations are performed to understand/diagnose the

magnitude and type of the refractive error of one's eye. The types of refractive error

that are currently able to be diagnosed & measured, are myopia, hyperopia,

astigmatism, and presbyopia. Current refractors (phoropters) attempt to correct one's

vision to 20/20 distance and near vision. In some cases, 20/15 distance vision can be

achieved; however, this is by far the exception.

[0031] It should be pointed out that the theoretical limit to which the retina of one's

eye can process and define vision is approximately 20/08. This is far better than the

level of vision which is currently obtained by way of both today's refractors

(phoropters) and conventional spectacle lenses. What is missing from these

conventional devices is the ability to correct for non-conventional refractive error,

such as aberrations, irregular astigmatism, or ocular layer irregularities. These

aberrations, irregular astigmatism, and/or ocular layer irregularities may be a result

of one's visual system or a result of aberrations caused by conventional eyeglasses,

or a combination of both.



used to provide vision correction for one or nore focal |engths, and may
further correct non-conventional refractive error including higher order
aberrations. [0033] To assist with understandi ng certain enbodi nents of the
i nvention, explanations of various terns are now provided. "Attaching” can
i ncl ude begrfHebgersogeposi ti ng, adhering, and ot her wel belomm@idoachment

nmet hods. A "controller"” can include or be included in a processor, a

m croprocessor, an integrated circuit, a conputer chip, and/or a chip. A
"conductive bus" operates to conduct data in the formof an electrical
signal fromone place to another place. "Near distance refractive error"”
can include presbyopia and any other refractive error needed to be

correct ed f 033l acoordawe ctidaedeypkry auhedigens o dee inventioar medPay &f di st ance
refractive error” can include the degree of presbyopia needed to be
corrected amahwfbaurimtinadletrodictealnnearadiclased. Oftieadlecirefactinctlensemast boor needed
to be corrected for one to see clearly at internediate distance. "Far

di stance refigeaabipysvids vigion cogdrtibmedusie @mnyore bt ddngths, adrmay furtheded to be
corrected for one to see clearly at far distance. " Conventi onal

refractive gitef nonGRRvdnRhdl AgraBHRRERr inOXPRE BRihes ordétabgmibhsm  and/ or
presbyopia. "Non-conventional refractive error” can include irregular

astigmatis LGNSy @ R bredY SLEIIEAGHY B Nhe C QBaticANT oMt i ¢
aberrationgpxgggfip g&i?ﬁ gg%%?%tl ns, as well as any other higher order

aber rati ons g0 LAGHLNE, SLERT Nl ACLICTA Dy CORKERULANRInarg!  act | ve

error. "Opt F’ﬁ% racti error e any-aberrations ssoci at ed

with a lens opti.c. [[0034] I,n _certain enbodi nents "SSP @"_. can include
one lens. | ﬂ%ﬁ’ﬂ% ah]é%éoarnﬁé’me’s f”cg"kn%‘ﬁ%%tfagféﬁngﬂ n&%hr?%ls'n% I gggl%%lrg han one
lens. A "nulti-focal” |ens can 5 WD 2004/019078 PCI/USZ&%SLOZ.ZQO i ncl ude

bi focal , trifBEaor bguselrdldlA Prossiaor BICHEFUEsPy S0 JAERRIE A 1 *8lis® A

"finished" |lens blank can include a_|ens blank that has a finished optical
surface on bemnpitesjchips and/or a chip. A “conductive bus” operates to conduct data in the

form of an electrical signal from one place to another place. "Near distance
refractive error” can include presbyopia and any other refractive error needed to be
corrected for one to see clearly at near distance. "Intermediate distance refractive
error" can include the degree of presbyopia needed to be corrected an intermediate
distance and any other refractive error needed to be corrected for one to see clearly
at intermediate distance. "Far distance refractive error” can include any refractive
error needed to be corrected for one to see clearly at far distance. " Conventional
refractive error" can include myopia, hyperopia, astigmatism, and/or presbyopia.
"Non-conventional refractive error” can include irregular astigmatism, aberrations of
the ocular system including coma, chromatic aberrations, and spherical aberrations,
as well as any other higher order aberrations or refractive error not included in
conventional refractive error. "Optical refractive error” can include any aberrations
associated with a Iens optic.

[0034] In certain embodiments, a "spectacle" can include one lens. In other

embodiments, a "spectacle” can include more than one lens. A "multi-focal” lens can



A "sem -finished" Iens blank can include a | ens blank that has, on one side
only, a finished optical surface, and on the other side, a non-optically
finished surface, the |I|ens needing further nodifications, such as, for
exanpl e, grinding and/or polishing, to make it into a useable |ens. An
"unfini shegdy 0bpisoARl ank has no finished surface on epth@L208i/6@6200" Base

| ens” refers to the non-electro-active portion of a |lens blank which has
been finished. [0035] "Surfacing" can include grinding and/or polishing off
excess material to finish a non-finished surface of a sem -finished or
unfini shed | ens blank. The lens blank may al so be finished using free form
machi ni ng techni ques that have recently been adopted by the ophthal mc

| ens i ndust includebifecd drifscalgauaduifiosaly aedonprpgrssive adéitiph ok 4 "Biict ary shape
to be placed on the lens blank that may be used to conplete conventi onal
error cor r eddns dienk batt inctage alesoblosk thaelths tadindsbed epticaliughesrondradiesidesaber r at i ons
to provide for a non-conventional error correction that nay |lead to vision
correction Petstgifihigesa" 204 Bk Ear inblde 2 tdne blamk shab hasykon canside ofilgha i cat ed by
bonding two or nore lens wafers together to forma finished lens or a

sem - fi ni shedish@nsptichl s8fikoe, hdd shaY lothePSidappidcipat 2l fididkd bireack.ahs bl ank,
whet her finished, unfinished, or sem-finished, may initially be

fabri cated F@s N8l LRh R BARGNMAURE ab FoLHRRE! gxfiﬁingoﬁidﬁdﬂ%ﬂshﬁngbot h of

conventional and nonh-conventional refractive error. [0036] A nethod of

: . . ) ! ‘ o i : B Ei .
manutacturi g(gﬁ%i?e:l 12&2(9 ‘Ib [ 2afts fe'né%arJ ﬁgﬁnfs}gﬁda'rl]%@ Ibf%ﬁfﬂas% SR siirfhce FhQure 1

The net hod rovidin S as shown in step 10. The |ens

bl ank may be, any.type, of | ens bl ank. and has a f.ron a ace, a
Chi ckness,  SHIPTSe ne ST EPady hhRon AQ syt ol o 4ol SHb Ve
element is placed 6 VK)§004/019078 PCT/ US2003/ 026290 on either the front
or back sur ¥ 3s beedinjshsts bl ank. In step 30, a covering layer is forned

over the surface of the |lens blank containing the el ectro-active el enment.
Thi s [0035) "Surfacing" can include grinding and/or polishing off excess material to

finish a non-finished surface of a semi-finished or unfinished lens blank. The lens
blank may also be finished using free form machining techniques that have recently
been adopted by the ophthalmic lens industry. Free forming techniques allow a
completely arbitrary shape to be placed on the lens blank that may be used to
complete conventional error correction, but may also be used to correct higher order
aberrations to provide for a non-conventional error correction that may lead to vision
correction better than 20/20. Further, the lens blank can be fabricated by bonding
two or more lens wafers together to form a finished lens or a semi-finished lens
blank. It should be appreciated that the lens blank, whether finished, unfinished, or
semi-finished, may initially be fabricated using free form techniques to correct for
either or both of conventional and non-conventional refractive error.

[0036] A method of manufacturing an electro-active lens is disclosed as shown in
Figure 1. The method comprises providing a lens blank as shown in step 10. The
lens blank may be amy type of lens blank and has a front and back surface, a

thickness, and an index of refraction. In step 20, an electro-active element is placed



covering layer protects the electro-active elenment and fixes the

el ectro-active elenent at a location on the |ens blank. The material used
to create the covering |layer may also, in conbination with the |Iens bl ank,
provide a fixed distance vision correction to a wearer of the lens. [0037]

The el ect iy sidiversel enent may conprise one or nore | ayex§00d026l9gCt r o-
active material, such as a polyner gel and/or liquid crystals which, when

activated by an applied electrical voltage, produce an index of refraction
which is variable wth the amount of the electrical voltage applied to the
el ectro-active material. Wen a wearer views through an area of the

el ectro-active lens containing the electro-active elenent, the wearer nmay
achi eve vi siopwithes theefeart onbasksedacsrof thedensridenk. Tostep 30.raebie lvertine

el ectro-active elenment, which may be in addition to vision correction
provi ded by férhed ool secfhdem aetlenselgpi containingfthe dietib-anisve eBmienph bltés el ect r o-
active materials include various classes of liquid crystals and pol yner

gel s. Thesecowkiag S@ﬁ‘eripi@tbud&h@%ﬂm&b-@cti\&ﬁﬁexhbiﬁ, arfn flxesh tleesltarolative qui d
crystals, polynmer liquid crystals, polymer dispersed |liquid crystals, and

pol ymer st abjetreged o ib@blt'i'oﬂ RS 1Al BlaAle THEkiatchis] #e@ed ERaNkd Coveahy Mer s.
[0038] If liquid crystals such as nematic liquid crystals are used as the

el ectro-act g R (5'1&‘!00111@9%@ 'Vgllﬂ{rﬁgtlens%l’a%k }Sggﬁdpﬁ fik6fHished haepuUSe

nemati c and ny ‘ot "1 qui crystals, are birefringent. That is, they

di spl ay t\/\ocgjg&lgﬁ%naltwga%g%lf ¢ngt hs when exposed to unpol arized | ight
absent an app tage |s blrefrlngence gives rise to double or

fuzzy i mage retin eviate t.his bi refrl enc econd

| ayer of el i@g?lﬁ ecF‘F?e} "?"Fg‘?'%re eg}en Y FEREE P P alr%e elishogg%%gi% to the
first layer of WO 2004/ 019078 PCT/ US2003/ 0262 c

material . | ﬁ“’t"ﬁl”%at%r?é? aSb%P‘ﬁyrBB‘”l %?Cllr?‘%g i?lF &’I’?{C a‘r” enf‘?f?‘u 8% equal Iy

by both of the |ayers, and al |l Ii ght is focused at the same faqcal |ength.
by an applied electrical voltage, produce an index of refraction which is variable

with the amount of the electrical voltage applied to the electro-active material.
When a wearer views through an area of the electro-active lens containing the
electro-active element, the wearer may achieve vision correction based on the index
of refraction of the electro-active element, which may be in addition to vision
cortection provided by the non-electro-active portion of the lens. Suitable electro-
active materials include various classes of liquid crystals and polymer gels. These
classes include nematic, smectic, and cholesteric liquid crystals, polymer liquid
crystals, polymer dispersed liquid crystals, and polymer stabilized liquid crystals as
well as electro-optic polymers.

[0038] If liquid crystals such as nematic liquid crystals are used as the electro-active
material, an alignment layer may be required because nematic and many other liquid
crystals, are birefringent. That is, they display two different focal lengths when
exposed to unpolarized light absent an applied voltage. This birefringence gives rise
to double or fuzzy images on the retina. To alleviate this birefringence, a second

layer of electro-active material may be used, aligned orthogonal to the first layer of



[0039] Alternatively, the use of cholesteric liquid crystals, which have a
| arge chiral conponent, may be used instead as a preferred el ectro-active
material. Unlike nematic and other common liquid crystals, cholesteric
liquid crystals do not have the polarity of nematic liquid crystals,
avoi di ng LkeohgashEor multiple |ayers of el ectro- actpygus@isniad. [ 0040]
Various el ectro-active |ayers which my be used in the el ectro-active

el enent of enbodi ments of the present invention are described in

PCT/ US03/ 12528 filed April 23, 2003 which is herein incorporated by
reference in its entirety. [0041] The | ens blank nmay be any type of |ens

bl ank and may include, for exanple, a sem -finished blank, an unflnlshed
lens bl ank, elactremtivevatatrial.a Ipribis onenser, dtli polatizagonst o jighiede Ifesrsed The
covering Iayer may be formed by conformal sealing such as by nolding or
sur f ace- castqualjy bpbothyf the Veaeisnapdtali dighiein Sochied nkthewsanie facdl dmgthwaf er . [0042] In
an exenpl ary enbodi nent of the invention, an electro-active lens is

manuf act ur eghaBppAIt@naRsly; the niesdtetolstatkliqu dristads, caydrliatg a layechifbr med by
conformal sealing. An electro-active elenment nay be placed on either the
front or bagkpsesd ame 1R udedani@li asl & Prefhird ddcdblactiveaenl olUitke seal forns
a protective coverlng | ayer over the surface of the | ens blank on which

the el ect  onaghioRe SheMRHmolRRiRLARAS chOUkH IR PICSS dpnaRiy e el enent

within the lens. |gure s a fl chart which ilTustrates a nethod of

man_uf actur ' g%albt{} of %eﬁ:igﬁc 12 uglc&zéf?s A h@geed%g%?ﬂﬁ 1£%rssﬁﬁél€tﬁo—

sem -finish anks acco an e od| nmen I nvention. Figures
2A-E i || ustre%te t he ] ens at various stages of the net hod illustrated in
Figure 2. AFCSESR™8b, a semi-finished bl ank 230, haV|ng a back concave
surface 8 MD 20 4/019 78 PCT/ US2003/ 026290 202 froont canvex surface
204, may be (4B ¥ riyys SCUerRstve 1Yot Jaice BH bﬁtuse tlép%flﬁec%??‘gg%ss 205 may

be cut in the front convex surface 204 of the s
element of embodiments of the present invention are descnbed in PCT/US03/12528

filed April 23, 2003 which is herein incorporated by reference in its entirety.

[0041] The lens blank may be any type of lens blank and may include, for example,
a semi-finished blank, an unfinished lens blank, a lens wafer, a preformed optic or a
finished lens. The covering layer may be formed by conformal sealing such as by
molding or surface-casting, or by covering the lens blank with a Iens wafer.

[0042] In an exemplary embodiment of the invention, an electro-active lens is
manufactured from a semi-finished blank, with a covering layer formed by
conformal sealing. An electro-active element may be placed on either the front or
back surface of the semi-finished blank. The conformal seal forms a protective
covering layer over the surface of the lens blank on which the electro-active element
was placed, burying the electro-active element within the lens. Figure 2 is a flow
chart which illustrates a method of manufacturing the electro-active lens using
conformally sealed semi-finished blanks according to an embodiment of the
invention. Figures 2A-E illustrate the lens af various stages of the method illustrated

in Figure 2. At step 100, a semi-finished blank 230, having a back concave surface



finished blank 230, as shown in Figure 2B. At step 120, an electro-active
el emrent 200 nmay be placed in the recess 205. Additionally, a conductive
bus 210 connected to the electro-active elenent 200 nay be placed in the
recess 205. Preferably, the conductive bus 210 may be constructed of an

opti cal | ywio pogpasent, flexible material, such as anpexusieless®s cast
polymer film of ophthalmc grade material which has been coated with a

transparent conducting material such as indiumtin-oxide and/or conductive
pol ymers. The conductive bus 210 may have a plurality of apertures, which
may pronote better bonding of the conductive bus to the |ens bl ank 230.
[0043] At step 130, the electro-active elenent 200 and the conductive bus
210 can be2@owidor Frant opneasatugiace HMomen be selpgied:; jah POveGinEHR 2830t as shown
in Figure 2D, wusing a nold 220 containing a seal ant, such as an optically
cl ear resi nstepil@he repesef266 atlyybdas ianhd frdexcoofex sfifaae 2040 fheasentr equal to
the index of refraction of the |I|ens blank. [0044] The el ectro-active

el ement 200figisltbdtthakcs0dascshbwe ibBu2 B, | At gb@t2 an Blettheactivolen2B0 and
capped with the I ens blank 230. The resin may be cured by way of exanple

only, by thego@hy BOEIRGY in theF¥essCIVB! QMditidhal By, & OsHAuARE YR 200 cdnhecttdro.  Li ght
sources may include any one of or a conbination of visible, ultraviolet or

infrared SQUKEERcud A4 kcAnSI®PndAth pibha lﬁgr(@rééés@ hed1eprelaMK @30 can be
denol ded as shown Iin Figure 2E to provide a sem -fini shed el’ectro-active

 ont "cansel R TAB el lunl SR SoRe Byl SR SRRt Lhe

| ect t I 00 d d 21 t tro- 9 WO
2004 019078 e BR300 38550 PoSERT ¥ Xﬁgﬁ’tﬁi Gl blsal PROB RS L ank
235 has a c verln%h &face 208 haV|n of curvature e 9I to that

of the nol do®3Foat adranspapsht cqpauct grnéa %tfag ?‘WE as indium-tin-0x1d€ an

conductive polymers. The conductive bus 210 may have a plurality of apertures,
which may promote better bonding of the conductive bus to the lens blank 230.
[0043] At step 130, the electro-active element 200 and the conductive bus 210 can
be conformally sealed into the semi-finished blank 230, as shown in Figure 2D,
using a mold 220 containing a sealant, such as an optically clear resin, which
preferably has an index of refraction near or equal to the index of refraction of the
lens blank.

[0044] The electro-active element 200 and the conductive bus 210 is placed in the
mold 220 and capped with the lens blank 230. The resin may be cured by way of
example only, by thermal energy, light energy, or a combination of the two. Light
sources may include any one of or a combination of visible, ultraviolet or infrared
SOUrces.

[0045] At step 140, the semi-finished blank 230 can be demolded as shown in
Figure 2E to provide a semi-finished electro-active lens blank 235. The cured resin
creates a covering layer 215 over the front convex surface 204, which has the effect

of burying the electro-active element 200 and conductive bus 210 within the electro-



covering surface 208 in conbination with the radius of curvature of the
back concave surface 202 provides the fixed optical power. [0046] A hard,
scratch-resi stant coating may optionally be applied to the lens as shown
in step 150. Hard coating may be acconplished by di pping or spin coating

the | ens gp¥g fwa/d199781 Nni shing the sem -fini shed el ectropagikrgsd6n8 bl ank
235. It should be appreciated that the hard coating may be applied to an

i nner surface of nold 220 before filling the nold with resin and curing
the resin to the front convex surface 204 of the |ens blank, such that
when the resin has cured and the covering layer is forned, the hard coat
is already on the covering surface 208. [0047] At step 160, the

semi - fi ni shadivelleet The sleeiwective faps blaak 3285 wenvenes Miare Heuhaving & desi red
prescription, as shown in Figure 2F, by surfacing the electro-active |ens
bl ank 235 byadknmimuiventmequalk® tha qfrtbhdmokl 229. eThectadios af twuvauleeddsh40. The
el ectro- active lens 240 nmay subsequently be edged to fit in a spectacles
frame. [ 0048jvetihg shdatk Rdseinapmitecitiat ewlttt ket ratitne dfrantatcorieke dack ace 204
and back concave surface 202 of the |ens blank 230 may have any or no

degree of cudnéateltaSace\¥OD pfoviddBihe Fiab@bptieel aet.i ed t hrough various surfacing
techni ques. Once the | ens blank 230 as been conformally sealed to bury

the el ectrop@aki X&aki, %E‘f‘i{éﬁ-rc%%@a.n@egatﬁlgQﬂé’jpcgﬂti\éﬁallybbbga;fp%igd i g fehdad degree of

curvature inparted to back concave surface 202 "and covering surface

208 af ter T bt AR, 1301 HhCcdiifhef SOUEKRINILAGE i ARpErILARS (e

optical characteristics ctro-act

exenpl ary epbadi nent Lhe inventdon .the manufacturi f

el ectro-act El\t%geqsé)ﬁlgr E?gfférgShéngp Bfor h%%?ile@osabc e geél% H]grﬁl?g%%tn %]lkb?nﬂc{ ed to a

finished, o 10 VWO 2004/ 019078 PCT/ US2003/ 026290 si ngl e .vi §i | ens, for

exanpl e. Fi é‘“u?ﬂi’r@‘ﬁtqdi tg%ttt(lealﬂaé COPURR Y SB?P?f‘r‘?gﬁ%?rh@Pffrsiuﬂrgceaﬁ mojj!lg ro-active

|l ens froma |l ens blank which is a single vision Ien§ usi ng a confornal
before filling the mold with resin and ctring the resin to the front convex surface

204 of the lens blank, such that when the resin has cured and the covering layer is
formed, the hard coat is already on the covering surface 208.

[0047] At step 160, the semi-finished electro-active lens blank 235 can be finished
to a desired prescription, as shown in Figure 2F, by surfacing the electro-active lens
blank 235 by known techniques to produce an electro-active lens 240. The electro-
active lens 240 may subsequently be edged to fit in a spectacles frame.

[0048] It should be appreciated that the front convex surface 204 and back concave
surface 202 of the lens blank 230 may have any or no degree of curvature, which
may later be applied through various surfacing techniques. Once the lens blank 230
has been conformally sealed to bury the electro-active element 200 and conductive
bus 210, the final degree of curvature imparted to back concave surface 202 and the
covering surface 208 after finishing, not the front convex surface 204, determines
the optical characteristics of the electro-active lens 240.

[0049] In an exemplary embodiment of the invention, the manufacturing of the

electro-active lens uses a preformed optic such as, but not limited to a finished, or
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seal ing approach simlar to that described above in relation to Figure 2 to
create a covering layer to contain the electro-active elenent wthin the

| ens. However, unlike the sem -finished bl ank described with respect to
the method in Figure 2, a single vision |l ens already has a prescription

and does majaap@do7kurther surfacing to provide the cegtesiodided optica
power to a wearer of the lens. Accordingly, in this enbodinment, the

conformal sealing is preferably done in such a nmanner as to not change the
power of the original finished Ilens. This may be acconplished, for

exanple, by using a nold to produce a radius of curvature on the covering
surface of the gpverin? | ayer equal to that of the front convex surface of
the single vingleaisionelaes, foriagampler Figure & HbIrgehemehod OF Mppiacttisg @even if a
finished single vision lens is used, the optical power may be changed if
desired by eltctgaciiverEhsifibm qlemchiad whicosersingly visiay lens hng meprgorgsler i ng
surface which has a desired curvature different fromthat of the front
convex surf sg@in®bpprbeeh Sionigh o thasdestriled mbove] iQ&afionN® Bporesd torureBiegur e 6, at
step 700, a single vision base |l ens 800 can be selected, as further shown

in Figure 6fpvefhy 3418P to/ tbntaift the @RES0-BckVe MBIdMARE witiin tHet lons. t MRdwleva@nt convex
surface 804 of t%le single vision base I ens 800 shown in Figure 6B.

Al t ernati velyiotiie sethiltfided bEhOBeRAGR WD RsSHRP1IMY ntiicRadFidiay e, & recess
810, such as may have been fornmed in the single vision base | ens 800

during its %égltgIV&%%IS@%%&P%%;&E%E&}‘Pé&De d /oy %&r}leg(!l RihEOsAGthY & el ement

200 and con ive ptaced in the recess 810 as shown in

Figure 6C. At st 730 he el ectro- . .activ .210 are
confor a1y Peik B BRI AT oBERPOR s WeE SufRR Sy e s T2
6D. At step 740, the nold 82Q is§. renmoved and a har 11 VWO 2004/ 019078
PCT/ US2003/ 63 enfc@atCPﬁf@ffPr“gymg%i% R?quﬁ})?!bgo%‘?p‘& %“gfﬂ.a IR0 t8i“|%’9

enbodi nents the hard coat is _transferred frgmthe nold dulr.i ng fthe
conformal seBhge pover i dhe grginglfdnishgd dens. This may be accomplished, for

example, by using a mold to produce a radius of curvature on the covering surface of
the covering layer equal to that of the front convex surface of the single vision lens.
However, it should be appreciated that even if a finished single vision lens is used,
the optical power may be changed if desired by using a mold to produce a covering
layer having a covering surface which has a desired curvature different from that of
the front convex surface of the single vision lens.

[0050] As shown in Figure 6, at step 700, a single vision base lens 800 can be
selected, as further shown in Figure 6A. At step 710, a recess 810 may be cut into
the front convex surface 804 of the single vision base lens 800 shown in Figure 6B.
Alternatively, the single vision base lens 800 may already have a recess 810, such as
may have been formed in the single vision base lens 800 during its original
manufacture. At step 720, an electro-active element 200 and conductive bus 210
may be placed in the recess 810 as shown in Figure 6C, At step 730, the electro-
active element 200 and bus 210 are conformally sealed using a resin-containing

mold 820 as shown in Figure 6D. At step 740, the mold 820 is removed and a hard
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concave surface of the nold used to produce the convex covering surface 808
of the <covering |ayer woul d have been pre-coated with a hard coat resin
that is cured and transferred in the conformal sealing process. Because
the single vision base lens described in this exanple may al ready be

fini shed wwp hayeossdesired fixed optical power prior pepuenpd@Essgl sealing,
the inner surface of the nold 820 is preferably concave with a radius of

curvature equal to that of the front convex surface 804 of the single

vi sion base | ens 800. This yields a convex covering surface 808 upon
removal of the single vision base lens 800 fromthe nold 820 after

conformal sealing which is substantially identical in curvature to that of
the front copaiag may cpauellBdw, appbied hdwncaripinFpgbedimers thedadt¢adh s n littl e
to no change in the fixed optical power of the single vision base |ens
800. [0051] trasdercfl fromftor mald sedlg thg donforha sralingt adt thie cask tha inner

el ectro-active lens can reduce the nunber of stock-keeping-units (SKUs) to
539, a si gnicHicaadurfaetiflid mold waihmogreidced ihe thevex vodeeing odrfaBKBES efaheronl y
required for conventional |enses. [0052] To understand the significance of

this inprovesRhihg 1:98€woMNE hakt ek icafdeied REth IMiRDesat edsir thadis tiredahd | ens
bl anks needed to address nost prescriptions. About 95% of corrective

prescripti 0ﬂ%néfé}féhqﬂ%@co’%@&ﬁx_&?se‘ﬂﬁ%ﬁm%ﬁf eebdued M GO vRichanRgeled - 6. 00
di opters to +6.00 diopters, 1n O. di opter 1ncrenments. Based on this

range, ther ﬁes@{iﬁeé:lt iﬂ.b(ﬁ)ﬂ tex%gplg ?}ﬁgyg{sf{e%{d eeﬁz%ﬂegecg hﬁpeh? HEGRAWRES ogtg% those

prescri ptions inclu mat1sm correction, about fall

within the range of -4.00 diopters to +4 0 dj gpt vonl | opt er

cr enent 5. PRAGEROb A Earteil SEEEE T pe Pudtndes B PR 0A sob s Ref R 00! P
astigmatic (or cyljnder) powers. Because, ast.i tismhas an

2004/ 019078g%?7%§%6§?‘%‘%§§6m% %qug]ofﬁﬁ%éﬁfﬁ%nfﬁ%é%"re? Sphse éatél\lé\g about 180
degrees of astigmatic axis orientations, which are typicall g prescribed in
| degree i n et gl_smtrma@, lep 890 Hhig vields a convex covering surface 808 upon

removal of the single vision base lens 800 from the mold 820 after conformal
sealing which is substantially identical in curvature to that of the front convex
surface 804, as shown in Figure 6E, resulting in little to no change in the fixed
optical power of the single vision base lens 800.

[0051] Use of conformal sealing in the manufacture of an electro-active lens can
reduce the number of stock-keeping-units (SKUs) to 539, a significant reduction
compared to the number of SKUs commonly required for conventional lenses.
[0052] To understand the significance of this improvement, one must understand the
number of traditional lens blanks needed to address most prescriptions. About 95%
of corrective prescriptions include a sphere power correction within a range of -6.00
diopters to +6.00 diopters, in 0.25 diopter increments. Based on this range, there are
about 49 commonly prescribed sphere powers. Of those prescriptions that include an
astigmatism correction, about 90% fall within the range of -4.00 diopters to +4.00
diopters, in 0.25 diopter increments. Based on this range, there are about 33

commonly prescribed astigmatic (or cylinder) powers. Because astigmatism has an
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180 different astigmatic axis prescriptions. [0053] Moreover, many
prescriptions include a bifocal conponent to correct for presbyopia. O
t hose prescriptions that have a presbyopic correction, about 95%fall
within the range of +1.00 to +3.00 diopters, in 0.25 diopter increnents,

t hereby epubidin@si n about 9 commonly prescribed presByppiogseers. [ 0054]
This results in the possibility of 2,619,540 (49 x 33 x 180 x 9) different

| ens prescriptions, requiring a very large nunber of SKUs for a |ens

manuf acturer. This |arge nunber of SKUs is further increased due to the
variety of raw materials available for |ens manufacturing as well as other
special features available for inclusion in |lens such as photochromc
tints. By pmayia@impgnentshowewt,otherorreabpon 18@| degteen-efcastigalalic e nunber of
SKUs is greatly reduced. [0055] In another exenplary enbodi ment of the

i nvention, bhetRbes khichaat typiallepesdribed imhdéged incediehy. Etubabéeng t wo | ens
wafers together, with an electro-active elenent sandw ched between the two

| ens waf er s1gd 88861 ASgrdtRWRisipRstriptivie 7, at step 1000, a front and back
| ens wafer may be selected to have the desired optical characteristics for

the fixed dt(ﬁ)@%gﬂ&el')@érf &%ﬁ&%}ﬂﬁzscr@%\ﬁsr intRABHERCE WBRPOENE So ¥brSdcOor

prescription. shown inFigure 7A, a concave back |lens wafer 900 and a

convex f ronhrggbg@ﬁia.\’@f & se?p%&ci?‘ﬁt&lﬁﬁl\lﬁﬁ?aﬁgg Pﬂeg%gtcrk& ctlofNhout/¥op 11930 may

have a radi curvature o C ens wafer 900 may have a

di f r vat R2. . T fl Ll . . t |
(e 2) % (PR ot or 0l Er00RMER, (IESS ke PSS TS T

mat eri al used t.o . nuf acture.the l.ens fers. Where both RL and R2 are
paral | el tof HB%W%EW&@,CO{H&‘&’“&WW%@E&%&%@W%/ US2003/ 026290

resulting base | ens forned by attaching the | ens er s a fixed optical
power of J 7 £j0§4] This results in the p}é)ssibility of 2,6?9,540 (49 x 33 )\c,\%OXS) tﬂpferent lens P

prescriptions, requiring a very large number of SKUs for a lens manufacturer. This
large number of SKUs is further increased due to the variety of raw materials
available for lens manufacturing as well as other special features available for
inclusion in lens such as photochromic tints. By providing most vision correction
electro-actively, the number of SKUs is greatly reduced.

{0055] In another exemplary embodiment of the invention, the electro-active lens is
manufactured by attaching two lens wafers together, with an electro-active element
sandwiched between the two lens wafers.

[0056] As shown in Figure 7, at step 1000, a front and back lens wafer may be
selected to have the desired optical characteristics for the fixed distance refractive
power to match a wearer’s vision prescription. As shown in Figure 7A, a concave
back lens wafer 900 and a convex front lens wafer 930 are selected. The front lens
wafer 930 may have a radius of curvature of R1, while the back lens wafer 900 may
have a radius of curvature R2. The fixed optical power of the lens wafers equals (n-
1) x (1/R1 - 1/R2), where “n” equals the index of refraction of the material used to

manufacture the lens wafers. Where both R1 and R2 are parallel to one another, the
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[0057] As with other the electro-active | enses described herein, optical
power for near and internediate vision correction results fromthe
addition of the fixed optical power, which typically provides opti cal
power to provide far distance vision correction, plus the optical power

provi ded ko abemwirg t hrough an area of the el ectro-asgtwgehensogoNnt ai ni ng
the electro-active elenent. It should be appreciated, however, that any

| ens may be manufactured to have a fixed optical power which equals zero
such that all vision correction is provided by view ng through the area of
the electro-active lens containing the el ectro-active elenent. Likew se,
viewing through the area of the lens containing the electro-active el enent
may provi deresgting baseilon fofmed bn atohinghd lenmivafersthag e fixedomicalaower ol udi ng
correction of higher order aberrations, for all focal |engths. [0058] It
shoul d furthae. be appreciated that through the use of custom zed casti ng,
free-form manufacturing, or light initiated refractive index changes or

light initigalosd A¢ efithagidr it SBARIREVe Ichsds SeR@B6d Rreinf optival paed: fhor
non-conventional refractive error using the base lens only or in

conbi nat i onpy il fRemedige Msﬁm%fr&éﬁ%n elsBRPRdm thdaddiiRaer e Thedbpmat s, the
base | ens may provide correction of non- conventlonal refractive error

| ndependent ,gfert Wi el H8VE. ShElPRbwer MY GlbvIRYEF Adidhed vidin SPher cal

power adjus MEnt S OF aSSOCI ventlonal refractive error

such as preshb Q5 rri 7 r S may be

cut into ei f?‘Pé P(g'hé)l%s[%ﬁ F’}"ﬁlc %ieﬁé)? &g%ég S’%ﬂ)cgs%?&%{lh@ ?:lg?]\?giﬁezurface of
the front | ens wafer 930 and. t urfac osi te .t he .concav i de of the
back | ens wararo-SH0S o8 f@}tww% %ﬁeafa-%cg%ee@gl% e S

PCT/ US2003/ 026290 already be present in the le fers 900, 930, having

been previ obi&¥§yer taaiapy leng may begaangfacupgd to; age @Jf QL POVE WhEtyure 7A

illustrates the front | ens wafer 930 havin L
equals zero such that all vision correction is provided by viewing through the area of

the electro-active lens containing the electro-active element. ILikewise, viewing
through the area of the lens containing the electro-active element may provide
correction of non-conventional refractive error, including correction of higher order
aberrations, for all focal lengths.

[0058] It should further be appreciated that through the use of customized casting,
free-form manufacturing, or light initiated refractive index changes or light initiated
refraction changes, it is possible to correct for non-conventional refractive error
using the base lens only or in combination with the electro-active element. In these
embodiments, the base lens may provide correction of non-~conventional refractive
error independent of the electro-active element, which may correct for spherical
power adjustments or errors associated with conventional refractive error such as
presbyopia.

[0059] Referring again to Figure 7A, a recess may be cut into either one or both of
the surface opposite the convex surface of the front lens wafer 930 and the surface

opposite the concave side of the back lens wafer 900. Alternatively, a recess may
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a single recess 940 in the surface opposite the convex surface of the front
|l ens wafer 930. An electro-active elenent 910 and a flexible conductive
bus 920 may be placed between the back | ens wafer 900 and the front |ens
waf er 930, the electro- active element 910 and the flexible conductive bus
920 sit uabp@shoOotbdis W thin the recess 940. As descri begdukivosienol1030, the
front lens wafer 930 and the back Iens wafer 900 nay be bonded toget her

wi th an index matched adhesive, to produce an electro-active |ens. [0060]
In certain enbodi nents, the electro-active | ens nay be manufactured from

| am nated |l ens wafers, wth the back | ens wafer providing cylinder power
and the conbination of the back and front | ens wafers conpleting the
sphere powerligily bheresdng sthe [epo@afers 400598 havitgbeap presiongy egatethgtci n certain
enbodi ments in the manufacture of an electro-active lens, step 1010 as
shown i n Fi guatahe/tims obphiudavalre. afigund A Blosssesitbe frmedmismaﬂerﬂa@ hevieg conduct i ve
bus and el ectro-active elenent. For exanple, in certain enbodinents an

el ect r o- act h\¢RgRheFRd40aM the GOMEHY Gphosate BieTofBy shiffacs an theifenedns wakmeen two
| ens wafers, V\ﬁl | e mai ntaining the proper relationship of the two wafers

so as not t93@r@§1t@e&rcpf[chmfehﬁntp%%dﬁﬂfﬁﬁﬁﬂé EorldSctBe Huk &do treayasldr ess t he
parti cuI ar Vi si on needs o the wearer. An index matched ophthal mc grade

resin ﬁc@dp@t\!vgeg QBhst PR tﬂ@ﬂo%tq:ﬁjs Wit PORC treWectiay of

exanpl e onI a peri p era gasket unt| cured, at which point the gasket

coul d be r e ég%ben%[ngg%gfﬁ Hlerheﬁ !:oen%%tﬁfe%%ts 98 sit nLl?zg@d to]{ft ’MQQ‘” 019078

PCT/ US2003/ 6 exenplary the inventi on,
round. an e EERA0ad acr@?%?iﬁ?pa%ﬁzﬁ Ff&aengiea?&,’é%géé@%@ Fﬁé’%%‘{t ot “The
final elect Ev%fe?%tt)(l) \141%3; lbg rlla(smcglc‘ggo%%hter w1t|h%n mde?i matched adhesive, to produce an
electro-active lens.
[0060] In certain embodiments, the electro-active lens may be manufactured from
laminated lens wafers, with the back lens wafer providing cylinder power and the
combination of the back and front lens wafers completing the sphere power of the
lens.
[0061] It should be appreciated that in certain embodiments in the manufacture of
an electro-active lens, step 1010 as shown in Figure 7 is optional and no recess is
required for the conductive bus and electro-active element. For example, in certain
embodiments an electro-active element and conductive bus may be sandwiched
between two lens wafers, while maintaining the proper relationship of the two
wafers so as not to create a prismatic power unless it is desired to address the
particular vision needs of the wearer. An index matched ophthalmic grade resin
may be applied between the layers and held in place by, way of example only, a

peripheral gasket until cured, at which point the gasket could be removed resulting

in an electro-active lens.
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illustrates a top view of a sem -finished fly-away nold gasket 610 hol di ng
an electro-active elenent 200 and buses 410-413. The el ectro-active

el enent 200 nay be electrically connected to four conductive buses 410,
411, 412, 413. The conductive buses 410, 411, 412, and 413 extend fromthe

el ectro- agid weebegent 200 radially outward to a nol gcg,ggigggmmg@g 420.
Figure 4 illustrates a cross-sectional view of the sem -finished fly-away

nol d gasket of Figure 3, including the electro- active elenment 200 and the
buses 410-413. [0063] Figure 5 illustrates a nethod of manufacture of

el ectro-active lenses using a fully nolded sem -finished blank accordi ng
to an enbodi nent of the invention. At step 500, a nold assenbly which

i ncl udes a @92l eho8BO exgmplary @mbpémﬁenbpﬁtlﬁzwvenu@mcﬁnapiﬁcrryﬂamleg%s ket 610
havi ng a gasket top cavity 640, a gasket bottomcavity 650, an
eIectro-actbmebehamﬁmnmamﬁyamﬁ@ngﬁmumﬁﬁzhmsmnmmimEdaememﬁedﬂma@nshown in
Figure 5A. At step 510, the gasket 610 nay be placed on the bottom nol d

620, as shewichi B dipgssdeinTBe bhtk &tBP fiRA0cledrorBvanlendProdast. bBigadded to the
nol d assenbly, whi ch when cured, will formthe lens. The resin passes into

the gasket bafshom actaiylvle\w 6pQ &Hﬁ%ﬂﬁb@ﬂ%@@ hejiavaaiket 610 APRIdeUsES i N, the
conductive buses. It should also be appreci at ed that the nol assenbly

shown in Fi gure, 50 gggpe?ﬁ@ofahak Wi s aken:Bobliaud: SRAaP! ©

aperture in the si gas [ 0064] Ophthalmc grade Tesins such

as those usgglel%t%c B bR 109 ag%aﬁ&\% blgggd%m?f% pesigs infel ude

dietilengly 1'carbona a\ial abl e from PPG
2004/ 010075 “PRAFURAIP tf%%é%ﬂzp%@“%‘ék%%”%&?m%%&%”deﬁﬁiﬁrﬁ%”‘éﬁﬁ%s.”n‘ "
e i S R AR ) PRGBS sty 72 ke
and bottomnold 620 is cured in step 540, as shown in

view of the semi-finished fly-away mold gasket of Figure 3, including the electro-

active element 200 and the buses 410-413.

[0063] Figure 5 illustrates a method of manufacture of electro-active lenses using a

fully molded semi-finished blank according to an embodiment of the invention. At

step 500, a mold assembly which includes a top mold 600 and a botiom mold 620,

and a fly-away gasket 610 having a gasket top cavity 640, a gasket bottom cavity

650, an electro-active element and a conductive bus may be selected, as shown in

Figure 5A. At step 510, the gasket 610 may be placed on the bottom mold 620, as

shown in Figure 5B. At step 520, a resin 660 can be added to the mold assembly,

which when cured, will form the lens. The resin passes into the gasket bottom

cavity 650 through spaces between, or apertures in, the conductive buses. It should

also be appreciated that the mold assembly shown in Figure 5D could be filled with

a resin through a sealable aperture in the side of the gasket 610.

[0064] Ophthalmic grade resins such as those used in conformal sealing may be

used, These resins include dietilenglycol bis allylcarbonate, such as CR39™

available from PPG Industries, Inc. of Pittsburgh Pennsylvania, high index polymers
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Figure S5E. At step 550, the top nold 600 and bottom nold 620 may be renoved
along with the outer gasket ring 420, to produce a sem -finished

el ectro-active lens blank, which nmay then be subjected to various
finishing techniques to produce the finished electro-active |ens. [0065]

I't shoul dwagepRbegi ated that while this embodi ment dﬁ@ﬁﬁgﬁ@ﬁn&ﬁ@ ol di ng
process in terns of cast nolding, injection nolding nay al so be used in the

manuf acture of an electro-active lens. In these enbodi nents, a nmateri al
such as polycarbonate, for exanple, may be injection nDIded into a die and
cured around an electro-active el enent and conductive bus contained wthin
the die to manufacture an electro-active |lens. [0066] Various conductive
bus ar r angerehbtienusi! beovuseghthabmicantf aetetiele. tAetepe]ddethedomawld/e00 ens of the
exenpl ary enbodi nents of the invention. Typically, a bus or group of buses
may be pl aceghyibe padigonsdovee thet gusieo topuwatityedd@cdsrshewt jn Figae aDl yhe oastowar d from
the electro-active elenent. As shown in Figure 8A the electro-active

el ement 200 pB@ied e @bembkil 608! dnl 6@ @EIE S 8 cBrediinglep S¢ONEYURswY M bus 1100.
The bus 1100 extends radially outward fromthe el ectro-active el enment 200.

Wien the bug, MWHQ&@@BS@&& fob Q1 1360 ShEKIHoRr RE1I 620 @dyEBRoldd MRy al so
be utilized as an rical |lead to connect a power source directly or

indirectly Eﬂmé Qﬁth%lllee&{téfr%a%t h}{%%ﬂ? lt(ﬁgﬁﬂl}ce%osgml-hggégcﬂ elécﬂoaa@f?@ehl@ﬁs

enbodi nment , shown | ectro-active element 200 may be

electrlcall Rlur ct s 17 WO
2004/ 019078 VB g“?%%@é‘“m%c (ePby RRENE tjiﬁb‘ﬁ%i%ﬁog‘ﬁ%ea As with
the single g};{)}}nsgedc%l ve bus of Figure 7A, each of buses 1110, 1111, 1112 rmay

be electric FTHEREEE 1 one end to the electro active el enent 200 and

may extend radlallg outward fromthe electro-activ
[0065] 1t should be appreciated that while this embodment descnbes the molding

process in terms of cast molding, injection molding may also be used in the
manufacture of an electro-active lens. In these embodiments, a material such as
polycarbonate, for example, may be injection molded into a die and cured around an
electro-active element and conductive bus contained within the die to manufacture
an electro-active lens.

[0066] Various conductive bus arrangements may be used to manufacture the
electro-active lens of the exemplary embodiments of the invention. Typically, a bus
or group of buses may be placed in any manner to conduct electricity radially
outward from the electro-active element. As shown in Figure 8A, the electro-active
element 200 may be electrically connected to a single conductive bus 1100. The bus
1100 extends radially outward from the electro-active element 200. When the bus
extends outward from the electro-active element it may also be utilized as an
electrical lead to connect a power source directly or indirectly to the electro-active
element 200.

[0067] In another embodiment, as shown in Figure 8B, the electro-active element

200 may be electrically connected to a plurality of conductive buses, such as
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el ement 200. Preferably, each of buses 1110, 1111, 1112 are spaced evenly
around the electro-active elenent 200. It should be appreciated that any
nunber of buses may be arranged to extend outward fromthe el ectro-active
element 200 in a full or partial wagon-wheel configuration. Increasing the

nunber of wRUsES1bgIs! udes an advant age of providi ng apdpi@Risaseper of
positions at which electronic conponents such as a rangefi nder,

controller, and power supply nmay be placed to activate the electro-active
el ement and provide el ectro-active vision correction. [0068] In yet another
enbodi ment, as shown in Figure 8C, the electro-active elenent 200 nay be
electrically connected to a di sk shaped conductive bus 1120 that at | east
partial |y ecsidnaivesdusdae 160,eldt t,0kld8t i Asewittpthiecsiilgleet@duaitve 206 of Figgreconduct i ve
bus 1120 nay conprise a plurality of perforations or apertures 1125. These

per f or at i onga 1eh2bonBiedE 160MANL HOL NS be @ledirically dorséatedtan ohd emd tolireough and
around the conductive bus 1120 | ock the electro-active elenent 200 into

the I ens bl gpl o Q454 BEmERME0 8d Hial RGeS ralifiBy 84hQatd RoraCiid dlectboangveand may
enhance bondi ng between the conductive bus 1120 and | ens wafers, if the

el ect0-act Lig}iofa pRrRRYIAc dintds WA N 1110 Y9 GelhudeBRberiphliz The

conducti ve Is electrically connected at the inner periphery of

R

iIIustratesﬂgn rvé a conductive bus

arrangenment copnected,to a rangefinder.and cont.roller e tive bus
ar r angenent n@gﬁﬁpﬁr@@gd Hhexé?“gélﬂlg’&r%gﬁofn\}ge gfe%t’f%%#wiﬁlﬁg{emaér@lael ggpggt-cact ive
substrate 18 WD 2004/ 019078 PCT/ US2003/.026290 wafer, 1210,. an i ntegrated
control | er/ PEHYeVIgasTheeloomiigurakions  loggsing n‘éfﬂ‘&erdﬁi Ryiges g’icjé'ﬁ%sl Mhuses 1240.
[0070) The rangefinder nmay conprise a transmtter and detector coupled to a
control | er. advantaproefineeviding 8 dirgas spmbey of pagiiens gbyhish cleelfPIECIPIiSt ed to act
i n dual

such as a rangefinder, controller, and power supply may be placed to activate the

electro-active element and provide electro-active vision correction.

[0068] In yet another embodiment, as shown in Figure 8C, the electro-active
element 200 may be electrically connected to a disk shaped conductive bus 1120 that
at least partially encircles the electro-active optical element 200. The conductive
bus 1120 may comprise a plurality of perforations or apertures 1125. These
perforations 1125 may be advantageous to allow resin to flow through and around
the conductive bus 1120 lock the electro-active element 200 into the lens blank
during manufacturing of the electro-active lens and may enhance bonding between
the conductive bus 1120 and lens wafers, if the electro-active lens is manufactured
with the use of lens wafers. The conductive bus 1120 is electrically connected at the
inner periphery of the disk to the electro-active optical element 200.

[0069] Figure 9A illustrates an electro-active lens 1200 having a conductive bus
arrangement connected to a rangefinder and controller. The conductive bus

arrangement comprises an electro-active element 1205, an electro-active substrate
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node as both a transmtter and detector connected to the controller. [0071]
The controller may be a processor, mcroprocessor, integrated circuit, or
chip that contains at | east one nmenory conponent. The controller stores
information such as a vision prescription that may include the wearer's

prescri ptiw@mehQromsgveral different view ng di stancespelb&usanine! | er may
be a conponent of, or integral with, the rangefinder. It should be

appreci ated, however, that the control | er and rangefi nder may be separate
conmponents and need not be |ocated at identical |ocations, only that the
controll er and rangefinder be electrically connected. It should also be
appreci ated that other view detectors, such as a mcro tilt switch to

det er mi ne a waearl@i0, sinHetagrateil| contonllestrangafimtieraldRr a basedensel2iD mad axivear er ' s
line of vision could be used in lieu of, or in conbination with, the
rangef i nder sighaldedeenpdne what object a wearer is view ng and how the

el ectro-active el ement should be activated to provide a focal length

correspondi r[@)’l'OPTﬁé"%x%E!hﬁﬁf | Sinptis€VHe Srardsehithd OMiddetédi® coMpREEH i th proper
vi sion correction 72] The rangefinder is in electronic comunication

with the el %&f {0981?0131' hBtheClriTahent, ea" ST adidoRah by fé?ﬁmé’tb@tc; zﬂ:@np&ﬂl roller,
als distributed th

t hrough sign rough the conductive When t he

rangef i nder nf&gggcgo%gp%n%@% aE@ge%ciA &gltegk ‘foocgéf'&ﬁx ﬁé{ t he electro-active

el ement shou 0 prOV| erent focal | engt h, the

rangefi nder | ect icall the contro to this
signal, the [(%?i]nﬁ? 0?%&81?5&}3&;%3 (%SSSVOFP%&%O%?B%I 13§gliat8d%ﬁculéppaﬁlr?o active
el enent to produce a 119 WO 2004/ 019078 PCT, U82003 026290 refractl ve i ndex
change t hat U4 coniaipy At legst ong TEMBY SIPPYIETini TP EROHEHCT EPres, IIpRRatip, gox
changes such as provided by the fixed optical power of the base lens wll
provi de t he SuGelsiar BHOK PSPBiption flabBey Bﬁmdffﬁlesw?aé‘?rrsaﬁf?ﬁCVBﬁ‘?%@é)?eV@Wénge may be
used to correct for conventional refractive error, unconventional

refracti ve @iffeomt ibwingtdissances. e cpntzoller may be a component of, or integral with,

the rangefinder. It should be appreciated, however, that the confroller and
rangefinder mdy be separate components and need not be located at identical
locations, only that the controller and rangefinder be electrically connected. It
should also be appreciated that other view detectors, such as a micro tilt switch to
determine a wearer’s head tilt or an eyetracker to determine a wearer’s line of vision
could be used in lieu of, or in combination with, the rangefinder to determine what
object a wearer is viewing and how the electro-active element should be activated to
provide a focal length corresponding to the object being viewed to provide the
wearer with proper vision correction.

[0072] The rangefinder is in electronic communication with the electro-active
element, either directly or via the controller, through signals distributed through the
conductive bus. When the rangefinder detects that the focal length produced by the
electro-active element should be switched to provide a different focal length, the
rangefinder may electronically signal the controller. In response to this signal, the

controller adjusts the voltage applied to the electro-active element to produce a
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i ndex change is generated in a prescribed pattern using a pixilated

el ectro-active elenent, or a conbination of both conventional and
non-conventional error correction, either or both of which are consistent
with a vision prescription stored in the nenory of the controller. The new
i ndex of kafs@gébem produces the appropriate optlcalpgﬂwgmmmﬁﬁghe

el ectro-active lens to correspond to the change in focal length. [0073] In
t he case where non-conventional refractive error is corrected only by the
el ectro-active elenment and not through the use of free formlens
techniques, a pixilated electro-active elenent is used. Non-conventi onal
refractive error may be corrected by applying a voltage to the

el ect r o- act refiactilecnaixtchangai thdi byrileif, @s imcomtdfiatiac twitheothan defractiveaingex t o a
plurality of pixels, contained within the electro-active elenent thus
creating a @ianSesQlctPRtpr@fidedd\thdiked op@dial pivier of the beedes wifl prozfdealet i on whi ch
in conbination provide for the correction of non-conventional refractive

error. [ 00d4}d hRichaRaed iondemhideiadds inier tRise BRYHeaSeBcmea thaser s,
light emtting diodes, radio-frequency waves, m crowaves, or ul trasoni ¢

i mpul ses toc$nQ,8ﬁB)ﬁajt Dfiacifll &, B AR MG oeSerl ShACSe rdhgritd ght

transmtter a vertical cavity surface-emtting |aser (VCSEL) is

used as t hegtldpg 81%&%{3 ?SP Mt Er i & Bl%ﬁ?ﬂ@d %at e.lrrf'%?ﬁ‘%q p1{( fkd Q&% bldcgyPf these

devi ces mak Ve is applica enbodi nent,
an organic | ht emtting.diode, OLED as the ource for
t he rangeflﬁ@ FobL Pl HPH@%‘gfg@%l§mH%WP@ﬂ f Pﬂ%PmELEﬁE cgﬁgoften be
fabricated in a _way, that the are nostly transparent. Thuys, OLED may be
a 20 WO 200@.?1@329@178@1’@! beb @ B’Pt‘}b@%@nﬂ%?%fv@thé‘b‘f%o‘t Bt 1%%?’?3‘?81 keep the

| ens aesthetically pleasing, since it could be incorporated into the |ens
or frames whemsmorpef fig corsidlee abieaiew[iplrrsy rekaren PREEHIRRBRIPEIAE, which is
a cross-sectional view fromthe top of the |ens shown in Figure 9A, the
cont rol | er / pgtivgledawed ey thd #20raveyi vblencionoméspert! taitheibange in focal length.

[0073] In the case where non-conventional refractive error is corrected only by the
electro-active element and not through the use of free form lens techniques, a
pixilated electro-active element is used. Non-conventional refractive error may be
corrected by applying a voltage to the electro-active element, which creates a
refractive index change to a plurality of pixels, contained within the electro-active
element thus creating a grid or pattern having a variety of indices of refraction which
in combination provide for the correction of non-conventional refractive error.

[0074] The rangefinder may use various sources such as lasers, light emitting
diodes, radio-frequency waves, microwaves, or ultrasonic impulses to locate the
object and determine its distance. The light transmitter may be a vertical cavity
surface-emitting laser (VCSEL) is used as the light transmitter. The small size and
flat profile of these devices make them attractive for this application. In another
embodiment, an organic light emitting diode, or OLED, is used as the light source
for the rangefinder. The advantage of this device is that OLEDs can often be

fabricated in a way that they are mostly transparent. Thus, an OLED may be a
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an electro-active substrate 1250 that may be further processed to produce
an electro- active lens. Vias 1290 may be used to provide electrical
connection to circuitry buried in the base | ens 1230. The outer surface of
the base lens 1230 nay then be coated with transparent conductors 1293,
1296 whi ckycranheysed to make el ectrical contact w pfrgsiaesizkloye and
negative term nal of an external power source, so that power can be
applied to the electro-active elenment 1205 and the controller/rangefinder
1220 by applying a potential across the two exterior surfaces of the |ens.
[0076] The controller/rangefinder 1220 nmay be connected to the

el ectro-active elenent 1205 by a series of conductive buses, such as in
any of the quefbisbarangefinder tddeep iteltng eesdieticalyr pleasingblsince tiheowlidemay be of
a wagon wheel construction where the buses form spokes of the wheel, with
t he el ect r o-iagtporedinenhalensarfvanrg witholtbeing hoticeallae wagon wheel
construction provides the option of the controller/rangefinder 1220 bei ng

mount ed on the7s KBfdR00 Higur@ 9B Uik isof crdist deeticial view agoat thensp ofTine
controller/rangeflnder 1220 may be connected at any point on any

conductive hug chedhQ iRPuteS DRI %n%@ﬂléf/r eﬁn&@rmmwﬁwbeﬁoﬁtmed ®MmEnnear the
frame, or the control ['er/rangefi nder 20 alternatively may be attached to

the frane, %E&-ﬁ&gvetsgbstrgt@ lﬁﬁ]ﬂﬁ'ﬁﬁ%ftvlfeofﬁﬂgﬁr;p%oﬂbgss}ﬂ r@cﬁfé@an Bt

wagon- wheel uctrve I gur o0 provides nmultiple |ocations

sour c6. 2 nb \ﬂdg w5585 017 oher e‘“%?ga%ﬁfﬁv%c%%%%%@ﬁgicﬁ?ﬂ}g p°“”h
fﬁfé?;,ﬂri oiF i e B e s SUER s i s 200 MY %?ﬁaﬁ?s% -
such as a clanp_having a first jaw 1282 and.a se ond 3%&2 be used,
each j aw at t°aeR&HiR 8a@)3156'€9§t| ‘ioéd‘tci,or”rﬁ%?él £29§whic ﬁf{ﬁ‘émf ws 1282,

contact with a positive and negative terminal of an external power source, so that
power can be applied to the electro-active element 1205 and the
controller/rangefinder 1220 by applying a potential across the two exterior surfaces
of the lens.

[0076] The controller/rangefinder 1220 may be connected to the electro-active
element 1205 by a series of conductive buses, such as in any of the configurations
described herein. Preferably, the bus may be of a wagon wheel construction where
the buses form spokes of the wheel, with the electro-active element sexrving as the
hub. The wagon wheel construction provides the option of the
controller/rangefinder 1220 being mounted on the lens 1200 in a number of different
locations. The controller/rangefinder 1220 may be connected at any point on any
conductive bus 1240 and is preferably at a periphery of the lens near the frame, or
the controller/rangefinder 1220 alternatively may be attached to the frame,
connected to the conductive bus 1240 via leads. This wagon-wheel conductive bus
configuration also provides multiple locations to apply a voltage across the electro-

active element 1205 from a power source.
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1284 may be tightened such that a portion of the jaws may penetrate the
surface of the lens 1200 or otherw se nmake contact with the surface of
transparent conductors 1293, 1296 and thus conducting el ectrical power
fromthe power source. In Figure 9C, the connective jaws 1282, 1284 are

shown on QRPAGIEG78i des of the lens. However, it shopbﬁngﬁoﬁﬁ%@m at ed
that both jaws 1282, 1284 nay penetrate the sane side of the |ens,

provi ded that the proper insulation separates the positive and negative

| eads. [0078] In yet another enbodi nent of the invention, the contacts to a
power supply, such as a battery, may be nounted on or near a franme hinge
1305 of a spectacle lens which may contain an el ectro-active I ens 1200
manuf act ur ed09TY] ddieupdatic én wertain embodimenth onlsleddissd cotbdtinpsefape MBy gur e 10A
illustrates a rear view of a spectacles frame wth the contacts to the
power suppl yemsehteshoowm iarFigea9Ct hia thesegentaiithdae £ camectingoeneteiting t o an
exenpl ary enbodi nent the invention. Figure 10Billustrates a top view of a

spect acl es friehEnish,tshcit Re Tont Bet 4 Brst 6 1288 beT ¥ sorpnda@d 28N nRy beear the
frame hinge according to an exenplary enbodi ment the invention. In sone

enbodi m‘mt5mséd’%adh%%ratt&é!@@'td/opp%%ﬁ@te%ﬁmﬁlsbﬁtatw dode, Wa@@ jggnected to
the lens through the front of the I'ens by drilling holes 1330 to the power

termnals 1

controll er/ﬁggdég?ﬁﬁggﬁht%gggfﬂsﬁ%% %7 % ﬂﬂﬁsﬁﬂ%o %iét he povver to
the controll nder .122 ndthee I ive eI 2

004s 01005 B { BB ISRt R0 %%B]Sﬁ“gg“eb@%&“%’%’iefl H‘i“ﬁé at t ached
to the fra Fi res OA and 1Q0B il te an enbo i n which
t he contact 2%%)01%9? ES‘E? fdipg © %%%gé’r‘)@’er Vﬁeﬁs‘é}‘frc%d%‘rﬁ¥%8 frane

hi nge 1305, for exanple on the tenple area of the frane. Alternatively, as
shown in Fi gbr e $AReEHE AT, 12§%e%ﬁn%réépgwﬁiﬂlooﬁpﬁmﬁeh‘édes of the lens.

However, it should be appreciated that both jaws 1282, 1284 may penetrate the same
side of the lens, provided that the proper insulation separates the positive and
negative leads.

[0078] In yet another embodiment of the invention, the contacts to a power supply,
such as a battery, may be mounted on or near a frame hinge 1305 of a spectacle lens
which may contain an electro-active lens 1200 manufactured in accordance with the
methods described herein. Figure 10A illustrates a rear view of a spectacles frame
with the contacts to the power supply mounted on or near the hinge of the frame
according to an exemplary embodiment the invention. Figure 10B illustrates a top
view of a spectacles frame with the contacts to the battery mounted on or near the
frame hinge according to an exemplary embodiment the invention. In some
embodiments, the power supply, such as a batiery 1320, may be connected to the
lens through the front of the lens by drilling holes 1330 to the power terminals 1380,
1385 in the lens.

[0079] In some embodiments, the controller/rangefinder 1220 is mounted in the lens

1200 and the power to the controller/rangefinder 1220 and the electro-active element
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battery 1320 can al so be made though the back of the |ens 1200. The
contacts 1310 may be nade fromtransparent, conductive materials such as

| TO or other conductive oxides or with a transparent conductive polyner.
[0080] Figures 12A and 12B illustrate an alternative enbodi ment of the
contacts whxhfydis74 he battery 1320 nounted on or nearpdpgshiaaeehi nge 1305.
The contacts 1310 may extend through the side of the frame 1300 into the
side of the lens 1200. 1In such cases it may be advantageous to coat the
outer edge of the lens 1200 with two conductive strips that are
electrically isolated fromone another to inpede the current being
supplied to the device. These conductive strips may provide better surface
cont act andi208dseaplicdpedantey 1820 tiwehebio thy érabei1360.s Higuras @At @dt he

el ectro- active elenent 1205. [0081] It is also possible to use a screw and

frame hi ngeigp el aRBmBadigemah woMethe @uagk M3101d fhe bhitamd 320 rresone
enbodi nents the controller may al so be nounted to the franme in this

manner. Fi gubgRedlGforlmiar el fihd BhEe 230 IS SimpllAChiBRMiplRUREtheon the
frame hinge. The battery attachnment conprises a battery 1320 with an

attached s r j 4 fs kg 1bivae 1305. The
battery sup%%?% K}%ﬂgé{%ﬁyﬁ?%@mg&%ﬁﬂgﬁvﬁiﬁﬁgﬁé‘gﬁlﬁé hi nge 1305 to

i nge. 1205, PURPO A9 B TPl M ReF B Rt IO B R AL a0 Showe
compr i So a BAL U8 95 JFb IR oRNATER BAEVEP U3 W oba BTb07E
PCT/ US2003/ 026290 1320 nay be renoved or, repl aced wi thout disengaging the
screw 1410 $qngnstivaaxidesr faty: tEensngesnt CWH@“’EE%@?‘G‘['OOBZ] The control ler,
rangefi nder, and power supply of the electro-active lens may be separate
conponent s [08Rddzwes 13 3!1&%‘3 dHusgplecanadicmai v pmbglimei & thipfoneets

1310 to the battery 1320 mounted on or near the frame hinge 1305. The contacts

1310 may extend through the side of the frame 1300 into the side of the lens 1200.

In such cases it may be advantageous to coat the outer edge of the lens 1200 with

two conductive strips that are electrically isolated from one another to impede the

current being supplied to the device. These conductive strips may provide better

surface contact and reduced impedance for the voltage being supplied to the electro-

active element 1205.

[0081] It is also possible to use a screw and frame hinge to mount an external power

supply to the frame. In some embodiments the controller may also be mounted to the

frame in this manner. Figures 13A-13D illustrate a battery attachment mounted on

the frame hinge. The battery attachment comprises a battery 1320 with an attached

support ring 1420, a frame screw 1410, and frame hinge 1305. The battery support

ring 1420 may be inserted in the frame hinge 1305 to receive the screw 1410. The

screw 1410 may be inserted through the frame hinge 1305, which may be threaded

to hold the screw 1410. Figure 13D shows an alternative embodiment in which the

battery attachment may further comprise a battery cradle 1322 from which battery
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integrated into a single nodule. Figure 14 illustrates an integrated
battery, <controller, and rangefinder which forma single control nodul e
for use in accordance wth exenplary enbodi ments of the invention. The
control nodule may conprise, by way of exanple only, a sem -circular

phot o- det @& RbachdB® and a sem -circular |ight em tti pgrPiRe2426d0 which
together formthe rangefinder as a first conponent of the nodule. A

controller 1720 nmay be positioned behind the rangefinder to form a second
conponent, and a di sk-shaped battery 1730 may be placed behi nd the
controller 1720. As shown in Figure 15, these conponents forma single
control nodule 1810 which can be attached to the el ectro-active el enent
1830 via a 1820nnug be vandigd ot §2fladed withowt dieenpagiey the actelel Al0elzem dhact i ve

el enent 1830 and to swtch focal Iengths of the lens 1800 to provide the
required vi gh‘[@y@ﬁp@rﬁﬁﬁ d pppof or - wearer of the lens. [0083] Figure 16
illustrates a nethod of finishing and nounting an integrated control

modul e i nt o[doRe] TiRNSntrdMer Sﬁa@géfﬂt@é?Oandé})obv@b’ﬁlgglyrﬂme%cﬁelae@&eaensfxﬁﬁ a desired

spect acl e frarre taking i nto consi deration e lens blank size and al so the

| ocation of 5’?‘&5[( %‘%‘mﬁnwééeé ANgle blg & %&Q&@ thle\Gefhed e Al step

1910, a lens ch may typi cal be a prefornmed optic or

sem -fini she l’g bl a%g%gaélg n%le IHO%Fl%e %ij%lre %Ee‘ﬁu&&tﬁtshﬁ'l §ﬁt§§at9& ﬁaﬂ@r | ens bl ank

and the wealer* F’ niten Oone ca y al so be

desired to prod desi ITB.tIC. ffe y al so be
rotated if 8??“%9 t'”i"gfhﬁ%trr“g‘&#‘ W?gné??ﬁﬂ 19’6'0%@ t%é‘seﬁf}ﬁc é(agn?o- 24 WO
2004/ 019078 PCT/ 52003/ 026290 active portign of tap %}ﬁ At step 1920, the
| ens bl ank rohsxemplayembodiments of Sy ingmtiony Samepnirs! mp ?H’éyéi‘“ﬂ@%ﬁfed di st ance
prescription for the wearer. At step 1930, a recess nmay be cut or nolded
into the subyawe of srample onli Agemieireilas dbpig-datectpy &7Q) @}?efhﬁcnvfgrﬁ? Bnd

conductive bus 1979. It should be appreciated that step 1930 is optional,
light emitting diode 1710 which together form the rangefinder as a first component

of the module. A controller 1720 may be positioned behind the rangefinder to form
a second component, and a disk-shaped battery 1730 may be placed behind the
controller 1720. As shown in Figure 15, these components form a single control
module 1810 which can be attached to the electro-active element 1830 via a
conductive bus 1820 to provide power to the electro-active element 1830 and to
switch focal lengths of the lens 1800 to provide the required vision correction for
wearer of the lens.

[00R3] Figure 16 illustrates a method of finishing and mounting an integrated
control module into the lens. At step 1900, a layout may be selected for a desired
spectacle frame taking into consideration the lens blank size and also the location of
the wearer’s pupils and the distance between them. At step 1910, a lens blank 1975,
which may typically be a preformed optic or semi-finished blank may be decentered
based on the size of the lens blank and the wearer’s pupil alignment. In some cases,
decentering may also be desired to produce a desired prismatic effect. The lens

blank may also be rotated if an astigmatic correction is provided by the non-electro-
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and that a recess may previously have been created. At step 1940 the

el ectro-active elenent and conductive bus, as well as a
controller/rangefinder 1981 are inserted wthin the recess and conformally
sealed to bury these conponents within the lens. The bus nay preferably be

oriented b ame@ki on that the rangefinder and contr ett@&00HBEebe pl aced
near the edge of the spectacles frame, preferably near the tenple of a

wearer. [0084] However, it should be appreciated, that as with other

enbodi ments, the controller and rangefinder need not be buried within the
| ens, but that either one or both may |ater be added, such as by placenent
on a spectacles franme, or on the lens surface, and then electrically
connect ed t activhgorciomdfidie ilans. Biister dPR0athadehs hankilf73 mey bé ewrfce gast et ep 1950
the lens is edged into a shape for placenent within a spectacles frame and

then nount egrowhd Wi frotili@h deedariistiiee preeetpiiog férhie hemsr.t attskp 1080, & he
spectacle franme, the |l ens should be edged to renove only those portions of

the lens Wal.h 109 vBeh: £AHMARUIND AR GIRCHOeaGihY hetlceiBattivekicArhl y, at step
1960 the battery is connected to the conductive bus. If the controller was

ot pr epr 00} G (BE,Bhvd Qe 167! BlshiHd RapghdeidEVRY OG0 HWHGadi0 cont ai n

. . ia .
information particular to the wearer, s as the wearer's "vision

e o ST P ey o o

all of the ntro e nounted on the
spectacl es frame and connected to the el ectro-active i s th | eads
passing to f’lﬁ’@erglaélatc%&)“ﬁﬁﬁ E/‘? & gﬁ@ﬁf a Cﬁf’té?}{eg r@geflilr}d% a%rééﬁsgh!%t hod of
25 WO 2004/ 019078 PCT/ US2003/ 026290 finisﬂ%ng and disgﬁgfiﬁg alens with a
r angef i nder Withiatthestegess gpdicopferanily seajedrto PRryithese coypenents Wil s At step
2000, a layout may be selected. At step 2010, a preforned optic or a
sem - fi ni sh&be Wisank wefirably kecwisnied iroalloasiion that fec@ngedind¢iARA CPHOURS gure 170.
If the lens has a toric power and the el ectro-active elenent is placed

can be placed near the edge of the spectacles frame, preferably near the teraple of a

wearer.

[0084] However, it should be appreciated, that as with other embodiments, the

controller and rangefinder need not be buried within the lens, but that either one or

both may later be added, such as by placement on a spectacles frame, or on the lens

surface, and then electrically connected to the conductive bus contained within the

lens. At step 1950 the lens is edged into a shape for placement within a spectacles

frame and then mounted within that frame. When edging the lens to the fit the

spectacle frame, the lens should be edged to remove only those portions of the lens

which do not contain the electro-active element. Finally, at step 1960 the battery is

connected to the conductive bus. If the controller was not preprogrammed prior to

installation, it may be programmed to contain information particular to the wearer,

such as the wearer’s vision prescription for different focal lengths.

[0085] Alternatively, any one or all of the rangefinder, controller, and battery may

be mounted on the spectacles frame and connected to the electro-active lens through

leads passing to the electro-active element. Figure 17 illustrates a method of
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over the optical center of the lens, the bus nust be oriented relative to
the toric axis. At step 2020, the lens may be ground to a toric and sphere
shape, as illustrated in Figure 17C. The lens nay be edged, as in step
2030, for placenment in a spectacle frame shown in Figure 17D. At step

2040, thew@ngeipbnger, battery, and controller, showacepsagsizpdeegr at ed
control nodul e 2060, may be nounted on the spectacles frane, to conplete

the process as shown in Figure 17E. Alternatively, it should be
appreciated that the integrated control nodule nmay be nounted on the
spectacles franme during frame manufacture. [0086] If required for the
wearer's vision needs, prismmay be added during the various enbodi nents
of manuf act Ginishigg and éispaking-adensi with kemgefiksr, teftemyphng 2 téntrgllesiarthe f i ni shed
bl ank is used, prismmy be added and surfaced into the lens as required
by the visi gfecptiesfanpl | a0 sep 20005 anayaasesy bhaclpeted m Aasepe0td.eat ed by the
decentration of the lens relative to the wearer's inter-pupillary distance.

[0087] Simi basdried 8pthedr dRhnadSheal blamdah pé BeehBRAIGhE eI ited &cdhowe il ens duri ng
manuf acture may be achi eved such as by tinting the lens after surfacing,

but  prefer @@u% Pl Oﬁfﬂﬁcoleﬁ%f‘fliﬂ LBk ?Bger ahiend @l@&r&@dﬁv@@leﬁieﬁpism&i

phot o-chrom ¢ by conformally coating the Iens with a photo-chrom c |ayer

or a materigl. tiedl BRAS dne IR RS Wulibed RRCH R14HE AMHE tShSmis.
, tll’l? may}kl) pr o uceﬁh

Al ternative e y an electro-chromc tint created

by th I - i by . addi Pt | f

oY et o ey P §eRaDAY uflebRRh Pl PEE DR O bt Db S2UBESB 010075
PCT/ US2003/ 02629 083] A ti | .anti - | .ect,i ti li ed
T he oae e e HBr Ebuy OSBRSS BeS0R LRI SR Lh Ty
occur during application of the anti- reflective coatin

, .th
el ect r o- act figae ghostietFighe d7l. K s B iy S?“&f‘é‘éfi"édbwcfw%ﬂd P‘Pfgmu?rens.

shown as an integrated conirol module 2060, may be mounted on the spectacles
frame, to complete the process as shown in Figure 17E. Alternatively, it should be
appreciated that the integrated control module may be mounted on the spectacles
frame during frame manufacture.

[0086] If required for the wearer’s vision needs, prism may be added duzing the
various embodiments of manufacturing an electro-active lens. For example, if a
semi-finished blank is used, prism may be added and surfaced into the lens as
required by the vision prescription or in some cases the prism can be created by the
decentration of the lens relative to the wearer’s inter-pupillary distance.

[0087] Similarly, other methods of modifying the electro-active lens during
manufacture may be achieved such as by tinting the lens after surfacing, but
preferably prior to hard coating. The lens can be also made photo-chromic by
conformally coating the lens with a photo-chromic layer or a material that is easily
imbibed with a photo-chromic dye. Alternatively, the tint may be produced by an
electro-chromic tint created by the electro-active element or by adding additional

layers of electro-active material to the electro-active element.
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[0089] The present invention is not to be |limted in scope by the specific
enbodi nents descri bed herein. |Indeed, various nodifications of the present
invention, in addition to those described herein, will be apparent to those
of ordinary skill in the art fromthe foregoing description and
acconpanyiwwg20d4/eb8gs. Thus, such nodifications are ippreegesotoef al |
within the scope of the foll ow ng appended «clains. Further, although the
present invention has been described herein in the context of a particular
i npl enentation in a particular environnent for a particular purpose, those
of ordinary skill in the art will recognize that its useful ness is not
limted thereto and that the present invention can be beneficially

i mpl ement ed [OABH A\ ontigp) aptiveflestivg qostintermes aindied sn{herdensbeithenbefprgrgsoses.
Accordingly, the clains set forth bel ow should be construed in view of the
full breath adisdedgbig iTo obid dud-gpsmgeriich maywenti dmingsipplictdnstabe ei-ei n. 27
CLAIM5S 1. A nethod of manufacturing an el ectro-active |ens conprising:
provi di ng a refeasivbtarikg, cengiedtsiaagveselémann thoalithdxaelpldten seadanikhis thef ace, a

t hi ckness, an index of refraction, and an outer peripheral edge; placing an
el ectro-actilyg, el enent on one of the front or back surface of the |lens

bl ank, wherein said electro-active el enent includes electro-active materi al

and wher ei n (56890 T8E Sfbdefr aGkhiR & QBB wONRILPaR bafr ic placing
sai d substra{t esgqli nt ggi gr to said peri rt)her al etdge o%c %iqﬁ ﬁlen?egﬁlgnk; and

form ng a coultnls MRERRUCorle SHLACH:Bl: WRAGASOLATS: GRALAI N ng the

el ectro-active el enent, ereby said cdvering layer covers's el ectro-

2ct e, oo, s WIRORIE R e Tk R L2 i shec
lens bl ank, s%lll i Ihe %]}r%{n’ ithg1 foregoing description and accompanying drawings. Thus,
such modifications are intended to fall within the scope of the following appended
claims. Further, although the present invention has been described herein in the
context of a particular implementation in a particular environment for a particular
purpose, those of ordinary skill in the art will recognize that its usefulness is not
limited thereto and that the present invention can be beneficially implemented in any
number of environments for any number of purposes. Accordingly, the claims set

forth below should be construed in view of the full breath and spirit of the present

invention as disclosed herein.
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preformed optic and a finished lens. 3. A nethod as in claim1, further
conprising the formng a recess in the front or back surface of the |lens
bl ank for receiving the electro-active elenent which is placed on the |ens
bl ank. 4. The nethod of claim3 wherein the recess is fornmed by one of
machining or nolding the surface of the lens blank. 5. A nethod as in

claiml, V\@rﬁ;gst he el ectro-active elenent is connected to an el ectrical
bus. 6. A as in claimb, wherein the bus is flexible. 7. A nethod as

in claimb5, wherein the bus at |east partially encircles the el ectro-
active elenent. 8. A nethod as in claim5, wherein the bus is connected to
a transparent el e%rg- active lead that reaches into a periphery of the

el ect r o- actli ve BFE0C 9f mANRREHERZ 38 cichireaglivh Isns ¢HBRESIRE t he bus conpri ses a
plurality of transparent electrical |eads that radiate outward fromthe

ol ect ro- acti vePalidiahia 18 tlonk Komerinsg adtdnt Eidabsks coanlash Ui, Hus

contains at |east %?%n@?sggﬂn%%k 8??51‘&%%0“3%11@%%??% ﬁgrriéﬂéiagl-eg'@ 1, wherein the

el ectro-active el enen connec met hod as in
claiml1, wherein the electro-actjve elenment_ .S connected tp a .power

source. 13, A RerRBA" SR EHSF omsnhReras nf iR e aE b dot e’ rt hedfirect e
to a hinge of a speskachdeihrsaidPeleckib-achiviRidnQoht akclidis ¢leairiaditverigleghin t he
power source is connected to the tenple of a spectacle frame. 15. A nethod

as in claimi12 whedus wherpia spevidactiongiveclegicaiomurisestvtosudstiiteigescr ew
placing said substrates interior to said peripheral edge of said lens blank; and

forming a covering layer over the surface of the lens blank containing the
electro-active element, whereby said covering layer covers said electro-

active element.

2. A method as in claim 1, wherein the lens blank is selected from the group
consisting of a semi-finished blank, an unfinished lens blank, a lens wafer, a

preformed optic and a finished lens.

3. A method as in claim 1, further comprising the forming a recess in the front or
back surface of the lens blank for receiving the electro-active element which is

placed on the lens blank.

4. The method of claim 3 wherein the recess is formed by one of machining or

molding the surface of the lens blank.

5. A method as in claim 1, wherein the electro-active element is connected to an

electrical bus.
6. A method as in claim 5, wherein the bus is flexible.

7. A method as in claim 5, wherein the bus at least partially encircles the electro-

active element,

8. A method as in claim 5, wherein the bus is connected to a transparent electro-

active lead that reaches into a periphery of the electro-active lens.

9. A method as in claim 5, wherein the bus comprises a plurality of transparent

electrical leads that radiate outward from the electro-active element.
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of a spectacle frane. 16. A nmethod as in claim12 wherein the power source
is contained wwthin the electro-active lens. 17. A nethod as in claiml,
wherein the covering layer is forned by nolding. 18. A nmethod as in claim
1, wherein the covering layer is cured by light radiation. 19. A nethod as
inclaiml, wherein the covering layer is fornmed by conformal sealing. 20.
A net hod ad0i nAcinaihod bs indd eine 5 nwltdreinalwieud cogtdimyaledssorfeqrenfoeation. a | ens
wafer. 21. A nethod as in claiml, wherein the lens blank is a finished

| ens bl ank 1haviAngetnd aopt ¢lgial 1 pov@éineltiéekcttOadiveadingdn: & dnstant® &i si on
prescription. 22. A nethod as in claim1, wherein the lens blank is a

fini shed | ens BPHiHChavi ng an optical power equal to zero. 23. A nethod as
inclaiml, wherein the electro-active elenent provides a refractive
change. 24.12A Aempibad asin elaist hiwheran thihdeeinastive chastana it qonpaedtrhioge correct s
for an higher g&gregufaclgerratr on. 25. A nethod as in claim23, wherein the
refractive chaR ge correct s for unconventional refractive error. 26. A

nmet hod as i.n clai e refractive chan e corrects, for

Convent s ondr- “A35PhaT st b bifele Do Srufein Soreelcdinn PIRgRatE | n (e
el ectro-acti veslﬁkgmrﬁames connected to a view detector. 28. A lens

manuf actured according to the nethod of claiml wherein the | ens bl ank

corrects ajyeapgheol aEMihPIANhaRE, MO gg@e%%%e 9 e&{ner«,féﬁ &@ﬁre t(\!ﬁgﬁzr&or , and

wherein the el ectro-active el enent corrécts the wearer eric error.
a spectacle frame.

15. A method as in claim 12 wherein the power source is connected to a hingescrew

of a spectacle frame.

16. A method as in claim 12 wherein the power source is contained within the

electro-active lens.
17. A method as in claim [, wherein the covering layer is formed by molding.
18. A method as in claim 1, wherein the covering layer is cured by light radiation.

15, A method as in claim 1, wherein the covering layer is formed by conformal

sealing.
20. A method as in claim 1, wherein the covering layer is formed by a lens wafer.

21, A method as in claim 1, wherein the lens blank is a finished lens blank having an

optical power equal to a wearer's distance vision prescription.

22, A method as in claim 1, wherein the lens blank is a finished lens blank having

an optical power equal to zero.

23. A method as in claim 1, wherein the electro-active element provides a refractive

change.

24. A method as in claim 23, wherein the refractive change corrects for an higher

order aberration.

25. A method as in claim 23, wherein the refractive change corrects for

unconventional refractive error.

26. A method as in claim 23, wherein the refractive change corrects for conventional
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29. A nethod of manufacturing an electro-active lens froma |ens blank

conprising: providing a lens blank conprising a front and back surface, a

t hi ckness and an index of refraction, the front or back | ens blank surface

havi ng a recess; placing an electro-active elenent in the recess of the

| ens bl ank surface, wherein said electro-active elenment includes

el ectro-act i verefedceve efroand wherein said el ectro-active el enent conprises

two substrates independent of said |ens blank; and form ng a covering

| ayer over 27he Thumfetias] aifcldite Weas iblrkectonicalaélBgehtie cotlceel toa arhi ve

el enment, wherehy said el ectro-active elenment is covered by said covering

| ayer. 30. A meERE8as in claim29, wherein the covering layer is fornmed by

way of a lens wafer. 31. A nethod of manufacturing an el ectro-active |ens

conpri si ng:28f ofnicaymanyiaetsrad) aapiedivatp tlag methodof cloim fl adherein thysleks blank ace, a
round an.el ~active gienent and

hi ck d i . f >t i .
oo and, Bkrod L0 §8aRhs LENEARR Iadh o BRyFIE Ei i A i

el ectro-acti vewhetei ihelel@nd-acihelemenis@ir@c8ltBE WedeaciphégcdlegdBNt conpri ses
two substrates; and placing said substrates interior to an outer surface of

sai d | ens bbanly @sflo@bf maasfactudng af eRE5 AUV ORnEREA DbnSHhsk SHRBlidias.es Wi th
said electro-active material positioned between said substrates. 3 An

el ectro-activeplRRBnParEGb18nd EQRbHSHE Y Grond af?@%gcl{;ﬂfrg‘%g, @ttﬁ@n@@éﬁﬁaﬂ and an

i ndex of refraction conprising: a basé |ens; ctro-active el enent
posi ti oned on sai dindas ef tefmstjoniier eomt oz back keheblrnbsurficeilveinglagreass; | ncl udes
el ectro-active material and wherein said el ectro-

placing an electro-active element in the recess of the lens blank surface, wherein

said electro-active element includes electro-active material and wherein
said electro-active element comprises two substrates independent of said

lens blank; and

forming a covering layer over the surface of the lens blank containing the
electro-active element, whereby said electro-active element is covered by

said covering layer.

30. A method as in claim 29, wherein the covering layer is formed by way of a lens

wafer.
31. A method of manufacturing an electro-active lens comprising:

forming a lens blank having a front surface, a back surface, a thickness and an
index of refraction around an electro-active element and a conductive bus,
wherein said electro-active element includes electro-active material and

wherein said electro-active element comprises two substrates; and

placing said substrates interior to an outer surface of said lens blank and at least
one electrode on each of said substrates with said electro-active material

positioned between said substrates.

32. An electro-active lens having a front curve, a back curve, a thickness, and an

index of refraction comprising:

a base lens;
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active el enent conprises two substrates located interior to an outer
surface of said |lens blank and at | east one el ectrode on each of said
substrates with said electro-active material positioned between said
substrates; and a conductive bus. 33. A nmethod as in claim12 wherein the
power source is connected to a nose pad of a spectacle frane. -31

an electro-active element positioned on said base lens, wherein said electro-

active element includes electro-active material and wherein said electro-
active element comprises two substrates located interior to an outer surface
of said lens blank and at least one electrode on each of said substrates with

said electro-active material positioned between said substrates; and
a conductive bus.

33. A method as in claim 12 wherein the power source is connected to a nose pad of a

spectacle frame.

-31-



