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ef ficient nethod of manufacturing an electro-active
| ens. SUMVARY OF THE | NVENTI ON [ 0002] In an exenpl ary
enbodi nent of the invention, a nethod of manufacturing
an electro-active lens froma |ens bl ank is
dlsclosed The Iens bl ank ofe! prises a fr surface
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r ef ractl on. An eI ect ro- act ive elenment may be pl aced
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The nmethod further conprises formng a covering |ayer
it N&IONhe | ens bl ank containing the
el ectro-active elenent. [0003] In another exenplary
g0boLi THRNpresean dhVeationetlaed tofannefficfeat methadgofamanufacturing an
el ectro-active lens is disclosed. The nethod conprises
r@é&{ﬂonégm@e[eggs bl ank having a front surface, a back
surface, a thickness and an index of refraction around
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w be described in nore detail

j ef erence Lment s .t here i
T ARG A A A T D&%C&Hfmg an
THE DRAW NGS [0005] Figure 1 is a flow chart of
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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.



[0007] Figures 2A-2F illustrate a |lens at various

stages in the nethod shown in Figure 2. [0008] Figure
w@200kbouwrs ates a top view of a sem -fini shed fPYFESEY3/026290

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 nol d

gasket of Figure 3. [0010] Figure 5 is a flow chart

of a nmethod of manufacturing an el ectro-active |ens )

40001 diigiges 3AMD lHsHate e IS 4 yaERBo digentt Be PREgod shown in

invention. [0011] Figures 5A-5F illustrate a | ens at

\Fgire@s stages in the nethod shown in Figure 5.

[0012] Figure 6 is a flow chart of a method of

TBO0S] Feutt | NElREaeh Ctopovieet bive dedridinished ofl paway tomolyt easket
anot her exenpl ary enbodi nent of the invention. [0013]

Ei - j : i ous stages in
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f art .o t hod of nyf Jd

PR 3Rk el o Sk e R 6 Ml 95, 1y gway mold gasker
enbodi ment of the invention. [0015] Figures 7A

iAfFig¢ 4t e an el ectro-active | ens manufactured by the
method described in Figure 7. [0016] Figures 8A-8C .

i 0D LY tHigure Scisradilaw chast pilia method i snanvifastyieorgelegira-estive lens
alternative enbodi nents of the invention. [0017]
Ficgetdmgdbaféhed dxesiptaay embodisrenngflthe inventbmdi nent of an

el ectro-active |lens having conductive bus

Qo0 fNIas®RRs SA-5P Gt SusR & O0Ariols WelgEate hedmfeidd shown in

vi ew of "a spectacles frane having an el ectro- active

I nuf actured according to an exenpl ary enbodi nment
o]f%Q?rﬁgai nvention. 2

[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 Figure 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.



WO 2004/ 019078 PCT/ US2003/ 026290 [0019] Figure 10B
illustrates a top view of a spectacles frane having an
wWebk@entwss acti ve | ens manuf actured accordi ng tPCEHINS2003/026290
exenpl ary 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 nmanufacture according to an
exegﬁlar enbodi ment of the invention, [0021] Figures
rieure 80P Mlysiates & tomh viemt ef hapsaieslesnisee hexing gp electro-
the spectacles franme of Figures 10A and 10B having an
ekt leos mamifactutednscording ft@et exanpay erbiodgnent of the invention.
exenpl ary enbodi nent of the invention. [0022] Figure
186201 3nirkd UBA raall € 1B illadtifs ¥n aldrashresthbotbmsitest the sguctacles
near a rame hinge according to an exenpl ary

.foﬁ gﬁreg’flo}\rb‘id' 1OveRvi R n él@(gl?o'slctl%b QHs8ndithfacture according
[ ustra es int egrat ed electrical conponents for use
n__manuf.act ur ﬁth%ci{w %ﬁggt ive lens according to

a’iﬂ ag%wlg}yf i nvention. [0024]
dietrigars e {43@%31 gt g et R aetaey G pecacle

el ectro-active I ens according to an exenplary
divimorlDiBigres flOAad; iPelravingnan ¢logmsictivedensemaimfpaiurg according
flow chart of a method of finishing and nounti ng
itotargrahgldry ehtedimentiof ttedmpamtient s i n manuf act uri ng an

el ect ro active lens according to still another
9% eelmomImﬂMSttﬁlfe 4 bateky¥@thheAt mbHééJonFirgiehes frame
16A- illustrate a Il ens at various stages in the

rfﬁﬁ%"é’ccﬁl'a%ﬁﬁgégﬁ% SRl 2 2 1 o
IR, . TEEASL ISR SLEEEH BRIb I8 we i
Irggneu%cltl?r?ng 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 illustrate 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.



3 WO 2004/ 019078 PCT/ US2003/ 026290 [0028] Fi gures
17A-17E illustrate a lens at various stages in the
woregohotozhown in Figure 17. DETAI LED DESCRI PTR@MUSI03/026290
PREFERRED EMBODI MENTS [ 0029] In 1998, there were
approximately 92 mllion eye exam nations performed in
the United States al one. The vast majority of these

exani nations involved a thorough check for eye

pathology both internal and external, analysis

N8I Bigubesi Bied 7R AlusHiateor 1fns of ¥iousetiRgss mg 09 [feown in
cornea and, in many cases, the pupil, and finally a
Fefurat1.i ve exam nation, whi ch was bot h obj ecti ve and

subj ective. [0030] Refractlve exam nations are

R PR R Pl ERatln gt sivBonRRIES C°, TEC

of refractive error that are currently able to be
d|a nosed & measured, are i a, hyperopia

QQ20 b P Ymthezn ersy PPERRALE] S milkioR CyeaEEaasions performed in
(phoropters) attenpt to correct one's vision to 20/20
dhes tGmied Sraths ndeme. VIlxi oast majosioyreofc thesss exapinpgons involved a
di stance vision can be achieved; however, this is by
fidrotidte cleckedt ie9d pafdbdy] bdth imbmal dnbexpoialt achlysis of muscle
that the theoretical Iimt to which the retina of

ity OBt B8 {Het@rydaSin@Nin & the pupil,
%%%P%&?ﬁgﬁgﬁaﬂzo 08. Tﬁls 'S fgr 6e{%er ?%aﬁn¥cmws PP

g ﬁln?lg% % §&CPV &g}g}lﬁado% %’H{(}.‘«B %% lt%tho 13@ Qn(? yll VQ f

s re ors or opt ers conve onal

&ﬁﬁaﬁﬁ%f%ﬁé%”é%%@%ng' B SRR 18 Ew?iﬁré@fld@agmse the

non-conventional refractive error, such as

abagnitads anstype of Bgurirctiveerighak prss eysr Lok tHpss of wfiastive error
irregularities. These aberrations, irregular

abati geeatirsmilyantlt oo be uliagnobaly & mc%eg:dl ar¢ trhyapisvalyypseopia,
a result of one's visual systemor a result of

n%rh@tisinﬁ) ad @@éﬂﬁ%nb)&ﬁ@ﬁv&nhttoﬁadphemp@ha&&empt toQforr@ct one's
i nati on of both

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.



4 WO 2004/ 019078 PCT/ US2003/ 026290 [0032] In
accordance with exenpl ary enbodi nents of the

w0 poogo190e81, net hods of manufacturing an el ect POFES1003/626290
| ens are disclosed. The el ectro-active |l ens nmay be
used to provide vision correction for one or nore
focal lengths, and may further correct
non- conventional refractive error including higher
order aberrations. [0033] To assist wth understandin
460323 im asemidaticastitls es¢mplaey pmbediments, of @R ﬁP‘é“ﬁ%‘PFoﬁ@t}@%S of
various terns are now provided. "Attaching" can
intlutdaringrei lestro-abtipe dértsi ang diseldkeet. | Tgg elactb-attiverlens may be
wel | - known attachnent nethods. A "controller"” can

1REd W BrovidePision ordesbn foraoner@?G6ROfocalalengths, and may further
m croprocessor, an integrated circuit, a conputer

' C . chi i i " .

S BT Rghlrochyc ROCHERING 1 RpeRIREhY,
l.ace t.o angt her ace. "Near di ne refract| .

SO RE S B e B 0k ShObaPREy P PRSI o
error needed to be corrected for qQne tq see clearl .
caxpHations o€ Vaews, torp R IBLPRVIde S (HACENS sfanae e bonding,
error” can include the degree of@gfesbyo ia needed to
biepesiting edleatingnanidotbemeell-fnewn ditachmegemaiadsing "eenieller” can
refractive error needed to be corrected for one to see
Gh@laad yr batintlodear iredi mbeesshirs baniveoprodeasords tinegmted circuit, a
refractive error"” can include any refractive error

NeagRtkr R GngoF b AL JAl RbnaRevE BuFeepethBatd Yorduct @dta in the
di stance. ™ Conventional refractive error" can

ifgﬁlnu%e axm?e%kr RYRET PRLR onB S iaﬁSﬂlelaBﬂxjch "Near distance
n- re

presbyopi a. onvention ractive error"” can

include irregular gsti tis aberrations.of the
e syt cFan Rl uash i AoRFS AR T difgded to be
and spherical aberrations, as well as any other )
Hiogiseted dpiere ibwserckearyny nsar diskpetet pterapdiae Qigfpnce refractive
included in conventional refractive error. "QOpti cal
refarcan inelude rthy degremof prebywpisarepdedtr bacoreeted an intermediate
associated with a lens optic. [0034] In certain
edifxasderaatmy other sPatiac le@'or aedded ne beiderremel foeae té see clearly

ot her

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 lens 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



enbodi nents, a "spectacle" can include nore than one

lens. A "multi-focal" lens can 5 WD 2004/019078
weEanABRE3/ 026290 i nclude bifocal, trifocal,PCT/US2003/026290

quadr af ocal , and/or progressive addition lens. A

"finished" |ens blank can include a |l ens bl ank that

has a finished optical surface on both sides. A

"sem -finished" |ens blank can include a | ens bl ank

that has, on one side only, a finished optical . "

goeladabifochdrifpeal paadsalvesl, andder, pragissviveopsidition leys. A "finished

finished surface, the |ens needing further

el Bladatdnandnds a tdnsddankftbat hex arfilished gpticad isngacerdy lgoth sides.

polishing, to nmake it into a useable |ens. An

"AnEdnilENGRa" 1628 Dldtkanlk ihaadde 1s Higietlaishusf asenoside only, a
either side. "Base lens" refers to the

L}grg%h%b hE gﬁ% oggggﬁttfé aCIslﬁeé |ae{:ﬂ§1n9¢tﬁﬁﬂ y ANhEN stidsce, the

ncl ude gri ndi ng’

nd/ or excess rlal 5o

Aef queﬂﬁ@rfaﬁﬁ%aﬁ?%@satw - el %{ndﬂ*ﬁr@ﬁ?% ghshing.
| ens bl ank. The |ens blank my al s fini ys 1%%
fto@pakedt whnBIcAbledens: Aar Hpigpised ﬂ%ﬁs 25 8 Wﬂ%%ﬁ surface on
been adopted by the ophthal mc |ens industry. Free
father niget e@nse densd 1aferoie the sonpleerenstivgr mrtlplarof/ asleap dlank
to be placed on the lens blank that may be used to

coniph Bhebeeamuashtd.onal error correction, but may al so
be used to correct higher order aberrations to

p[ro@.%]de FQUirfR Y0 taf QR EIY Etiiihg BEd/6K pRAIMGWIT et diaterial to
['ead to vision correction better t han 20/ 20.

Ff’lmtslpg bntflﬁ?slheg NSt (lfeer X ogefﬁﬁsﬂceﬁ%rr ﬁhﬁﬂecp | S géﬁknﬁ“he lens

ens wa er tortorma

@Bﬁke%%ma ﬁgﬁéh?ﬂigﬁ%ﬁ'ge%ﬁsm Befiine s e dyel fave recently
unfini shed, or sem-finished, may initially
 basni adeped %Fh?gowhtlé@mtlfo #%Stléé‘i‘ﬁ‘iliyq deee %%‘mélb% Feé?g{“q’fl%% allow a

either or both of conventional and non-conventi onal

r edmpletelyv erbérarprshape0 086 phaaedtdiotheolensritankadet maggbeatsed to
el ectro-active lens is disclosed as shown in Figure
1coniplete wehveadon Epior sesecuibaybulinny dAsd Enssed tandrrars higher order

shown in step 10. The

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 any 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



| ens bl ank may be any type of |ens blank and has a
front and back surface, a thickness, and an index of

wWo edoractoron. I n step 20, an el ectro-active el ePenUS1083/026290
pl aced 6 WO 2004/019078 PCT/ US2003/ 026290 on either
the front or back surface of the lens blank. In step
30, a covering layer is forned over the surface of
the I ens blank containing the electro-active el enent.
This covering |ayer protects the electro-active | i
@ineaibar thaitpnt Dkb@){q ag¢ elcthe densclanke Ingfepnathe coverpg layer is
| ocation on the |l ens blank. The material used to
doeaddovieh theoxfadd afghe leay Blankragntaihig, thé electohitivatelemment. This
with the lens blank, provide a fixed distance vision

CRVESES 14Rr tp}ot@ct\é\/e@l%eéle&fo hdirve| €Bmend @B Axeshtde clectro-active
el ectro-active element may conprise one or nore |ayers

[

efl%ﬁén? %F qucaglf)c o\ﬁgtthgﬁélfs 1?111]?:' mﬁgﬁezéa?lusgit ﬁUe d'@l{aatsecg% covering

| ied Iectrlc volta de 0
AR s i combinatig e Rog A, ARBGEH s gisppge vision
electrical volta e appl ied to the electro-active
rRRFEEQN to a Wresr oh thelsR®r vi ews through an area of the
el ectro-active Iens containing the electro-active
di0eddrthe ¢heravaciiver clemyntamhy epapyiss iosn wompwclayers of electro-
based on the index of refraction of the
elcE6é hataial,isweh ad epehimervdel afid/omljquié crystatedethichpwhemactivated
vision correction provided by the non-el ectro-active

E@f bih Qppida d18&riéRNRtagY)] ﬁr@cﬁic@ @ B8ék Of réFfecti¥i® which is variable
terials include various cl asses of liquid crystals

CEh e, %H%{ndlg Stgﬂ? {%@&ﬁal % 'hQ(‘fltB' dfe ré 'a%tlve material.

YL eric I|q rystals
I uid crystals, lf mer d|s rse
9

B yReE sie RSl o gl P}Fs(?j]ﬁft& et cggtainmg the

electro optic polgners [0038], If liquid cry stakf %

adleqientetive eloment, i Woaeamay &?IECYFslél&lO%OFﬁ‘émn ased on the index

el ectro-active material, an alignnment |ayer dy

r efueifraeidorb o€ dbis elegtromctive alechentanyhich gy Ibe goi addition to vision

crystals, are birefringent. That is, they display two

dédrfeefien brdvited| byl B8 glohs:lastreractive 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



exposed to unpol arized |ight absent an applied
vol tage. This birefringence gives rise to double or

wo ewzpldomages on the retina. To all eviate thi SPCT/US2003/026290
bi refringence, a second |ayer of electro-active
mat eri al nmay be used, aligned orthogonal to the first
| ayer of 7 WD 2004/019078 PCT/ US2003/ 026290
el ectro-active naterial In this manner, both
pol ari zati ons of ght, are focused equall both
tefRetioAGHYS; maé%ﬁlal In thisy praner, fhogh, Pelprizatiqng eOfsé
l ength. [0039] Alternatively, the use of cholesterlc
| dqqaiilydbycbath bétte, layens, ahd W lightas Feouegal af e same foertpengént |
may be used instead as a preferred el ectro-active
Me03Y]i Akernddielyk éhe ude WA thaleasit hiuie trys@mgromidhi towe e large chiral
crystals, cholesteric liquid crystals do not have the

%hﬁfoh%lﬁ RfayGTRkdC 1ﬂsteg&' i £YFLRE eleB¥@attiveg niafé%al‘ eqUlike
for t1pl g ayers of electro- active nmateri al
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present i nventjon are descrjbed in P 3/
qu?@&YRBPPlFla@%hq‘.@éd@’ R OKE Bf Ge 95 BY BB%%%@&S i electro-
reference inits entirety. [0041] The | ens bl ank may
astisipgpateyisk of | ens bl ank and may include, for

exanple, a seni-finished blank, an unfinished | ens

bloamd], Vaidus nelested-ective alagemsf whivkd mapt be wed an flienelebiea-active
| ens. The covering |ayer may be formed by confornal

SRR GF %ﬁfbbd@&n&yof tHOhbs&1Y iVentioh hRCRsEeRIiNPCTIUSOY 12528
covering the lens blank with a I ens wafer. [0042] In

aﬂg E’P h8I3608 '&F‘H&i ﬁ%@lteupfcnc&?%ra'téa\@mefe%hce @fits entirety.

0- aCtIVE ens 1s actured froma

ni s ank, with a verin

R R R A S S
placed Qon elth r the front or a surface of
seRrustinished amRaf lnﬁﬁ@désffﬁla?fﬁh P lensayafer, Fr?gefaﬁned optic or a
protective covering |ayer over the surface of the
| Bmishddl lapsk ‘The opnecing dapst araycher formed by sorfoapelntealipgguch as by
pl aced, burying the electro-active elenent within the
| moRlingorgurfece2cdsting onbwcovering the lens blank with a lens wafer.

used

[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 at various stages of the method illustrated

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



chart which illustrates a nmethod of manufacturing the
el ectro-active lens using conformally seal ed

wa@egoit/0fdoms shed bl anks according to an enbodi nePCT/U820031626290
invention. Figures 2A-E illustrate the lens at various
stages of the nmethod illustrated in Figure 2. At step
100, a sem -finished blank 230, having a back concave
surface 8 WD 2004/019078 PCT/ US2003/ 026290 202 and a
front convex surface 204, nmay be selected, as shown in
R0y and axont monves; gpsfagq 04.mpybe seleciod; avgshoya in Jigyg 2A. At
the front convex surface 204 of the sem - finished
lstepnki 02 A0recass 2M5omnay iba dat guitle BBt Adnvsk eprfa&0204i0f the semi-
el ectro-active elenent 200 may be placed in the
TR&RSS bRAR 23008 $Hotmain Bigurd 280 nAtisteh 20 batseldditb-active element
connected to the electro-active elenment 200 may be

%ggﬁga;é,o'e%&a ih BEER8es€9P5. Rﬁgftﬁhaw,xgcomﬁme BALUED b¥ifhected

be constructed of an optically
transparent,. fl exibl t erd al S ) t
o TSR Rl s S e AR BjeRby. the
whi ch has been coated with t rapspar ent con%r?gti n .
PaPEICHS bu 20 ey PhepRFHPIFIeR ob3n BeHCHN BRSPaEgh R AlG daterial,
pol ymers. The conductive bus 210 may have a plurality
oficlapent gxtreded eth¢ashpelsipep fibasd opbirinee gatedinatgrief whigh has
conductive bus to the I ens blank 230. [0043] At step

136h codheal efithal timspatntweondhaing nhat@®) sactdag indivnotidtoxidevand/or
bus 210 can be conformally sealed into the

BfludivBippligtrd! amk 23uctide bRROW rhey FRveUs plullity of HipBures,
a nold 220 ‘contai ning a seal ant, such as an optically

fxlgﬁ?tg o thlot@’%Et‘Eé} boHﬁi‘ﬁf; oF ﬂ@'o%n&l?c%igéﬁué t;&dcﬁé %e‘ﬁE blank 230.

n near or equaf to the index of refraction of

t lens b 0044] The.ele -active el ement

G0 S e e o S 2h 2R b S ffbus? can
and capped with the | ens bl ank 230. The reshn naX]Pe

cher eanigspnalysealed igteaths| ssmikiniphed, plank o730 s shew gy Figure 2D,
l'ight energy, or a conbination of the two. Light ) )
goingcesnoidy220h contdivingny sorlentofsudy ag apovpiicAly icgenlr ggsin, which
visible, ultraviolet or infrared

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-



sources. [0045] At step 140, the sem -finished bl ank

230 can be denol ded as shown in Figure 2E to provide
w@2®e/19078 ni shed el ectro-active | ens bl ank 235pCT82003/026290

cured resin creates a covering |ayer 215 over the

front convex surface 204, which has the effect of

burying the el ectro-active el enent 200 and conductive

bus 210 within the electro- 9 WO 2004/ 019078

PCT/ US2003/ 026290 active |lens. The el ectro-actiye )

legiiee Isnsnkhe skciersctiveclsneblany 233 s 60 VBB PR R 2GS having a

radi us of curvature equal to that of the nold 220. The

radtlugisf ofrveresequat o dfat bfithe molde?20h g Theirddieseo0@vitnre of the

conbination with the radius of curvature of the back

conGamesiitick a2ms 2D 2opbhvticie svittheéhef radikk optcupaturpmfethe back
[0046] A hard, scratch-resistant coating may

' Y. shown in ste
PSR S tec R frdd BT, By ol ppi g, or

b coat | he l.en ri.0r Lni Shi
I Rvich Sl T RO 4, bRl S RBed 1q g fogs s
be appreciated that the hard coati e applied to .
ZROVA Al pteB dﬁPaé@aréfomgdm@ge aﬁ@rfeiﬁ%h?rz%{ B}Pgﬂf&g%f W} goating
with resin and curing the resin to the front convex
ghe feas griopEvfimishing thel sepd-Tipished clegiie-activedensplapk 282 It should
resin has cured and the covering layer is forned, the

herappeonted thatathe dadycoating may be appliatgtosmriime sud@&: of mold 220
[0047] At step 160, the sem -finished el ectro-active

| 1RRSe BIIRAK thé3RokieRith @esin Bh® B@thg the rasiflesithieeffont convex surface
prescription, as shown in Figure 2F, by surfacing the

SJRACH R R ibF'a%kl G thiY @g@ﬁl RS %Sgﬁﬁ ggsn%d %ﬁhﬁi QHE3ng yer is

produce an e ectro-acti ens ctro-

tive |l ens,240. ubsequent ly be. ed to fit in a
3%58‘?@&1}6 i F%a??és.nﬁ{eaéﬁgﬁl ﬁ%tcog?{br{% S&r%%eg(g%r eci ated t hat
the front convex surface 204 and hack cqncave . surface
094 YAk tiep [[hhohe, P%lkflly%drﬁéiﬁtwwevawsgﬂar«i&%@né@ ished
curvature, which nay |ater be applied through various
staraf desirethpresariptioguassshoen de Figuee Piarhy wifaging fypelectro-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

10



has been conformally sealed to bury the el ectro-active

el ement 200 and conductive bus 210, the final degree
w@Ro0ogn19028 ure i nparted to back concave surfaceP@DBSENE026290

the ~covering surface 208 after finishing, not the

front convex surface 204, determ nes the optica

characteristics of the electro-active |ens 240. [0049]

In an exenpl ary enbodi nent of the invention, the

manuf acturing of the electro-active |ens uses

singlovigen leps: for exaamleastignie 6 HBwsirptes magihed OémaHUfaCtufmg an

finished, or 10 WO 2004/ 019078 PCT/ US2003/ 026290

S:ilemgbmctﬁ/slenm frloans Jen§ blank xduighl is .2 sfigiuvisiod lend wdng aceformal

a met hod of manufacturing an electro-active |ens from

RehlRipSappkaHak sihileoithat AleSdrivgl @byVeSinoR1dtivn To Ty 2&o create a
conformal sealing approach simlar to that descri bed

ac%%’rﬁlét Dy kR lehMin fhe +196{foeac%vE oel&fl@rﬁt RitRin HRVIEAd. "However,

l'ayer T o“contain the ectro actlve element within the

Fbmev n

JE0R; R rﬁsnﬂé”b&enﬁad A B %ﬂbé%?*édzn Fgure 2,2
single V|S|on | ens alread has a escrl nd lpes

eI Bistpns lgns plegady has a&r%érlPt&n @9@6 élOf ‘ﬁﬂ\r&‘@éf acing to
flxed optical power to a wearer of the Iens
Awovide thegloyrect fixedropticalqretse iove fitearer hbthedpsor Aggordingly, in this
sealing is preferably done in such a manner as to not
cdmetgéméhrethe aoaforafal tdatingis giefeahblf idons e dudte asnanfhi gs to not
may be acconplished, for exanple, by using a nold to

thgﬁ%éc the@pdvad &1Sthef orfifal Fniihed abns. NThiEOME zlﬁéga&dmfpﬁ%d for
of he coverl ng |l ayer equal to that of the front

iC Q('g}{ﬁiéeu ﬁg [11%1 §6 1d tt(bgrtoﬁﬁ Bdingof bl?f(}?tluf‘éq?cl} the dOVEMR surface of

e appreC| at even i ni shed

S | e vi |on |l e he ap al

dheRgainen e enra o b HERRgront AEPERbERes ce“&g%y"lggn lens.
covering layer having a coverin urface |ch h

ddawesa i Shold be aDpreriaed AR everhfha ﬁ%lﬁh%‘f Singlpaisiqrolps 1 used,
convex surface of the single vision |ens. [0050] As
sthewnti¢al ppivgumey e changsd éipdeped by using gl roldi teipseruse §eovering
| ens 800 can be selected, as further shown in Figure
BlhyerAMaviigepcoidflng surfaee edsciBiB desirbé coawhturedifferent 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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the front convex surface 804 of the single vision base
| ens 800 shown in Figure 6B. Alternatively, the

W@ Rgleovs si on base | ens 800 nay al ready have BCT/ES®8¥026290
810, such as may have been fornmed in the single
vi sion base lens 800 during its original manufacture.
At step 720, an electro-active el enent 200 and
conductive bus 210 may be placed in the recess 810 as
shown in Figure 6C. At step 730, the electro- active
epating mayooptendlly ke 2nplicg e Iewf@%wmby %@&F%@%&%C%ﬁt is
resin-containing nold 820 as shown in Figure 6D. At
staaplerdd ,frdnh ehermicdd 8Rfing she ennfpedalaswmiling.halndthis] gasgp\@he inner
2004/ 019078 PCT/ US2003/ 026290 coating may optionally
Renédelsugtke dfthE pbldnsed eohrditeiht Sohves doatingaatact 808 of the
transferred fromthe nold during the confornal

ﬁg&ﬂﬁﬂ;ﬂbggyéﬁgﬁlﬁ%ﬁéaﬁ%uc —cb!&@@ KwithCP H%Vc%aﬁfé%fnatﬁ§t Rfcured and

08 of used to t he COHVGX coverlng surface
| d
IR B A LN IO 6

in the conformal seal in rocess. . Because t
\deseréed ja dhis | e3pgplefpay rsagid ‘?%fslfuﬁh a]é‘ﬁ'ﬁ d?&eﬁ optical
al ready be finished to have a desired fixed optlca

ower ppiol 60 corfounalfssaling, thee tinen gurfackof the arold 2P de pregerably
the nold 820 is preferably concave with a radius of
Ciohy@ieUngh agadils dOcurhattirecdquiblhte thatostt the dronexorsx fsadace 804 of
804 of the single vision base lens 800. This yields a

Ctﬁ@‘éﬁfglé:%‘éﬁh' tide Hasfgvoe BES yiddNa chbavBRVedveRhg slgace 808 upon
singl € VISI on base | ens 800 fromthe nol d 8% after

C%Hlfog 8?%16 "RQSl}SIH l:ﬁa@e g&ssétibsh%ﬂi bl hﬁélq‘ @Qﬁtdf@ﬁlcohi%rmal

curva ure at o ront convex surftace

shown in.Figur . ng inlittle n

e sk osenial” ke i B t%en %o%ﬁ
| ens 800. [0051] Use of conformal sealing in )
e 8P € SovenineFigute BB areeTIee 18 lile 40 nor“é’&%eemt the fixed
nunber of stock-keeping-units (SKUs) to 539, a

somical poseenof thedingle vision besedanse?0® o t he nunber of SKUs
commonly required for conventional |enses.

[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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[0052] To understand the significance of this
i nprovenent, one nust understand the nunber of

wa e@diotgossral | ens bl anks needed to address nDSPCT/US2003/026290
prescriptions. About 95% of corrective prescriptions
i nclude a sphere power correction within a range of
-6.00 diopters to +6.00 diopters, in 0.25 diopter
i ncrenents. Based on this range, there are about 49
commonly prescribed sphere powers.
pKiss cpinponeshs hpwaveri rtbéradareambogstldg nﬂ@g@% ©br pgtigmagp, axis
about 90%fall wthin the range of -4.00 diopters to
‘blieh@tioh, aplicdr &e typicdlyAbediibpd ar 1 idegree iemementBabed, thare are
this range, there are about 33 comonly prescribed
q%bldgﬂ@a&ﬁtcasﬁ atfcYdxdi gch pemers. Because astigmatism

has an 2004/ 0190 PCT/ U52003/ 026290 axi s
0 f
j@?@ﬁ %&OV%X}Q@{ estgﬁ?ﬁcﬁsglﬁgluﬂp %UIB AL oo %1?6?12 t® )(/:orrect for

be 1d t Th
e R W fg]ﬁgc%oﬁo i 95% fal
I\/br eover, nmany prescri gtl ons i ncl ude a bi f oca

cwiBibntangs otk to 400 ¢ipRigHy ép02S HPePER &%ements thereby

prescriptions that have a presbyopic correction, about

ab&klfimg i abuitthéammbly peasgrbedfpresbyopictpewes: 00 di opt ers,

in 0.25 diopter increnments, thereby resulting in

E[EQSH] Fhi€ TR in\th pessibilith e 2510509 g9 & 3povEBlsx 9] diffssnt lens
is results in the possibility of 2,619,540 (49 x 33

ey £y I8 Iﬁﬁascﬁrsmyg RS lefsSAbMuThdMe® This
é%%%pg?‘g% eg]urng; ofrySKgﬁnuor a lens rranufeact urer.

lﬁrlegsé %urmab o gr1s b @%Hﬁfﬂegsedudﬁeh ﬂenfﬁrfe@f of 18 emh@rials

m;na eri a aval Ia ens

SR T

tlntS By providing nost vision correction

einelosion i denis ey as PhEOG P tings. BXUROYiding mggt yjsion correction
reduced. [0055] In another exenplary enbodi nent of the

i ¢lsaent-activelyt the netnbet of SIS is\gredtlynediced. manuf act ur ed by

attaching two I ens wafers together, wth an

el0es 5T B-a6theY Exédh@a®¥mbodiment 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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sandwi ched between the two | ens wafers. [0056] As

shown in Figure 7, at step 1000, a front and back | ens
wowdoeni1gesy be selected to have the desired ope@TEE2003/026290

characteristics for the fixed distance refractive

power to match a wearer's vision prescription. As

shown in Figure 7A, a concave back |ens wafer 900 and

a convex front lens wafer 930 are sel ected. The front

lens wafer 930 may have a radius of curvature of R1,

wbsultingt hase keas h%orlr@ldsbyxmaehm@d@ Ivas wales/asz Fispdi Quiicak power of

curvature R2. The fixed optical power of the Iens

wafoer s equals (n- 1) x (1/R1 - 1/R2), where "n" equals

the index of refraction of the material used to

TBo a6t WitR Jike the BRcElatlive 1eHRRr R sbitied RlciaNepilRal power for
parallel to one another, the 13 WO 2004/ 019078

é’??a?ﬁ%g%%ﬁ?ﬁg%ﬁ%%@&b B2 oy ERe Al HOEPr I ixed gprca

zero. 7] A act.ive |

PER Bga:?l iy’ bied 8%|°P88§EP°W 716 pdiag, 1 oNARE vision
internedi ate vision correction results fromt

agueetionn phys theeopticab @owpt PeidedyByHeWiig] BIPUE parncélfeF‘yOf the
provi des optical power to provide far distance vision
cdectreedction Jenplcustatnieg thetdlestio-gstive elopreoti Heshobld ba appirerdpted,
through an area of the electro-active |ens containing

tHv @b Ehdt On @ GérsViBae be imtifactured fobilvd DEixepppiai abwer; which
hovvever that any lens may be manufactured to have a

q@ﬁg QIBt§uEl§ haPélY\@fsmWoﬁjactmﬁqg gi'o‘iflge%r@/ \ﬁé‘&ﬁgttﬁk@hg@{hﬂe area of

l'on correction is provid y view'ng throught

6},?1% Cellercgro agE Zengl con?a1@ﬁ§ tM{e e%ﬂ'8 L0 8eflene tLhEew1ﬁe Y%ewmg

enen vvlse Vi ew ng throu

PR O B2 B NG GRG0 GG ERT BT AT Digvide

error, including correction of hlgher or der

atesieetier ohron-geaweniiqnal AP YeeHE hcludipswmyTertion Abhjgher order
further be appreciated that through the use of

cabstrativrsefbr al $odahipngths.

[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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free-form manufacturing, or light initiated refractive
i ndex changes or light initiated refraction changes,

WO 200®190%si bl e to correct for non-conventi onaPCT/US2003/026290
refractive error using the base lens only or in
conbination with the electro-active elenent. In these
enbodi nents, the base | ens may provide correction of
non-conventional refractive error independent of the
el ectro-active el enent, which may correct for
sihadyi heapresepbinethe dafjs retfers R0Q, BP. baving beeaguepesl e gregfeg nsuch
conventional refractive error such as presbyopia.

[20@b8E titef ef mhmdfacigei Figuwe Fidgillngrafes, tha froecless watey 986 having
cut into either one or both of the surface opposite

then OB FNiA BfeSsubtacd Hishokit®the coensk Weflabd 0B fivadichh@afer
surface opposite the concave side of the back |ens

er ,90 ' e : :
) O TRl B ko8 SRRIE YopdbiVObus 920 may be
t he |.ens wafer 0 93 Vi been, previ Qu
el DR ofF Bak Tebs piter ORAG AP ER RS (a8 30, the electro-
7TA illustrates the front | ens wafer 930 having oy
Fichye elemeat 840 9nd the flexbleseanduetedhisodt gtuaed oo wichin the
surface of the front | ens wafer 930. An
abess B40.adtsi descrdied in stepoliI30athd frortt |lensi wafer 2 hant thehack lens

bus 920 may be placed between the back | ens wafer 900

apslet 900 fna gk Hogdal waber K30 antihdexemeichedadirsive,me produce an
el ement 910 and the flexible conductive bus 920
siitddtRevE Rpkit Within the recess 940. As described

in step 1030, the front I ens wafer 930 and the back

| 89801 1Al b JMerRE BOUASHLOGR! RAE ' AlndiRGE%d from

esive, 10 produce an ro-active lens.
[.0060] In certain. odi nents, the electro-active |en
HaRPIghe 0, PRt T PG e WSROV PR BOyp AR e
the back |ens wafer providing cylinder power and the
comltiraion s the badkeanddepat dens Wallstst commletingihe sphere power of the

conpl eting the sphere power of the |ens.
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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[0061] It should be appreciated that in certain
enbodi nents in the manufacture of an electro-active

wo eqvg/01®9rep 1010 as shown in Figure 7 is opti opel/uszed3/026290
no recess is required for the conductive bus and
el ectro-active elenent. For exanple, in certain
enbodi nents an el ectro-active el enment and conductive
bus may be sandwi ched between two | ens wafers, while
mai nt ai ni ng the proper relationship of the tw wafers
468064 Incatfwl%ér exemplaryacTppodimght of fsvierentionean electrpgctive lens
desired to address the particular vision needs of the
veza reermarfiadturdé b ynmoldingdthe ghtitealens erogndide elestivractivmylement,
be applied between the layers and held in place by,

VWalvicRfis @ipodeldeinOfhk Youlle of B fipdlesladiroadasive tiensnpiodueiir Bigure 3
at which point the gasket could be renpbved resulting

i I =act jev. NG ) 9 ;
RS B3 g0 € sufDinip, MRy SaRh Bkt 610 holding an
e di nent of t | hventio ect.r Q- act. I

B ahe R meb (R B RS SRR 20p may
an el ectro-active elenent, which is disposed jnt

the Rlegiricalie cpppggtede [ dpiioconduree bases ﬁyf@d‘?ulclv A1 g4ﬂre*e The
3 illustrates a top view of a sem -finished fly-away
naindugivelbesesgil0, 4bl, dlhgnd 413 ekiend fromaibe elestredaetiearglemens 200
and buses 410-413. The el ectro-active el enent 200 may

badalle cutwadltd v molingskeding42®uiFignendulitstiatesh sess-sectional
410, 411, 412, 413. The conductive buses 410, 411,

Alidw ANfe ehdi-BbIRadTy-ARRy Hde ?ﬁsﬁ@tt 6fOFig6tel 3, @néth AR Me electro-
200 radially outward to a nold gasket ring 420.

Fi ' [ I [ f th
A B b s LR et 07 Figure 8,

i nel uding t el ectro- .active el.enent Q_and.t he .

o0 B8 i st nrshas T G oF SceC R e e yine @

manuf acture of electro-active lenses using a_. fully .

il aroldechsentirfiished dlankaasrordigdp dp o At Sffisdryion. At

of the invention. At step 500, a nold assenbly which

i siep GOk s moldossarbly véideh mntides & tapt waldhe)jagipbottom 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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and a fly-away gasket 610 having a gasket top cavity

640, a gasket bottomcavity 650, an el ectro-active
web@memo7and a conductive bus may be sel ect ed, PE@FUSIVO¥O26290

in Figure 5A. At step 510, the gasket 610 may be

pl aced on the bottomnold 620, as shown in Figure 5B.

At step 520, a resin 660 can be added to the nold

assenmbly, which when cured, will formthe Iens. The

resin passes into the gasket bottom cavit

650
tand oy wedbhkeavib ephibalmic smsimpeteriglsesAt sfep tSé@ the top mold 600
conductive buses. It should also be appreciated that
trhey bopabitimsé oixdnythes hasket top chiigusdd, sOshowml id Foguré SDL élthe resin
with a resin through a seal able aperture in the side

Pethft8 883K LhofilE00 hRDEHonORIMId BROTiCBéd BestE SO SassU6Hn in

as t hose used in conformal sealing nmay be wused. These
I I Hehy
JARETT AL SO S0 T B0 RA S0 o 00 b Mibred
P| ttsby Penn ani a,,-hi gh i.ndex .
e Wit e éw%%%a@/% BoicE st e fons
ophthalmc resin materials. At step 530, thetoF nol_d
gdank, mdjctmap daan beowbiecisddp waﬁeubﬁglﬁ@pg fieshnianes {q,pregduce the
as shown in Figure 5D. The resin between the top nold
cifistedatldsoptaotiverlehsl 620 is cured in step 540, as shown

in Figure 5E. At step 550, the top nold 600 and

bos M kBduld 62 AppRyiakd thenwhids thiabmbgdimehhdésbabesuhe molding
gasket ring 420, to produce a sem -finished

r%@ésﬁ Gnoeihy of| GBS mochhﬂQ kmjé@ﬁbﬁ? hno@ihgt BRH 416 be used in the
bjected to various finishing techniques to produce

fln(%}e%n qhiyve gltsfgféh
appr éf%(fué g]te&véﬁ?é]%t]%l S errg{%g? r?iél(r%tg eoc lggt%tlﬁl ®
nol_di cess i n ter of cast n ecti.on
Gy RSBl O E sieqtRE ol Piect i g FLigH Hound an
el ectro-active lens. In these enbodinents, a mater
seledtrosactivp slejsar Berh aprductivy besceaniined wilinghe dif f@cﬁlﬁl&ﬁaﬂure
nol ded into a die and cured around an electro-active
edreetecito-amicde damaduct i ve bus contained within the die to
manuf act ure
[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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an electro-active lens. [0066] Various conductive bus

arrangenents nmay be used to manufacture the
web@entw7acti ve | ens of the exenplary enbodi neP€BUS$003/026290

the invention. Typically, a bus or group of buses may

be placed in any manner to conduct electricity

radially outward fromthe el ectro-active el enent. As

shown in Figure 8A, the electro-active elenent 200

may be electrically connected to a single conductive

lwosduttioe buFsel 180s 11111 A0 12 x tAsnwith thedsiagleycopdeaiive dus raf digure

the electro-active elenent 200. Wien the bus extends

aut, wadtdoff tuzes 1 1@, el HGtin 12 acy ibéeletriatiptcontectedyat ahs end e the

utilized as an electrical |ead to connect a power

Fl’ééfr% Schld @Efﬂeﬂt 20 ddadhiweeiibid f2Qidlfouel&atffcn @ed Elv@ro-active

2 ment 200. [0067] I n another enbodi nent, as shown in
ur | f
eilegla @ P}qurgﬁ kggatcflg)f %ﬁgésvﬁllﬁr aqﬁfnﬁllzfz (c:lkél%srély around

buse Such as 2 04/ 078 PCT/ 003/ 026290
dB% ﬁ%ﬁﬁ%@%ﬁ@ 1% &%fffpfeﬂ?t?ﬁﬁt P UIRRE o buses

conductive bus of Figure 7A each of buses 1110
maylbe arranzekdy exiend puziard Sam the elssiewrare demepc2i0a a fyil or

the electro-active elenment 200 and may extend
rigtiza| wagonuviveet doffigmatidne &oeeasing- tietiwpaber eif dmsps imdoles an
Preferably, each of buses 1110, 1111, 1112 are spaced

A BN, dg@(ﬁf%tﬁdidnigﬁﬁla@eﬁ flimhBerastipoviciond niith l8€trordit components
shoul d” be "appreci ated that any nunber of buses may be

uF:l'i1 A9 %drél%%efﬁ?ﬂ&e 8n u (?ﬁ g(fv@é'r" stuﬁﬁlyerlnﬁf bé ‘i)‘l&%@& ity Qctivate the

errent In a rtial vvagon-

eﬂgcftl J u@?{{: Ig 8.‘168{[ ar@:pgg\%' { gleEtr &W@ﬁsﬁoﬁ’ {;r%lpét':ﬁ&? i ncl udes

Y RG & arger

positions at which el ectronic _conpon

Qb Pl ancithr FEPAGenior PR L f}'ﬁglrrg Sy gt &teBrro-actve
pl aced to activate the electro-active el enent. and
pelovent @08 neayt hecelenttidally conrscisd te 8 diskeharad. copdiediap bpp 1120 that
yet anot her enbodi nent, as shown in Figure 8C, the

ehtdedst aaizily \wacircles 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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el ement 200 may be electrically connected to a disk

shaped conductive bus 1120 that at |least partially
wepmintdoes t he el ectro-active optical el emrent PODUSZ0E026290

conductive bus 1120 may conprise a plurality of

perforations or apertures 1125. These perforations

1125 may be advantageous to allow resin to flow

t hrough and around the conductive bus 1120 | ock the

el ectro-active elenent 200 into the lens blank during .

ruafer 4240, rah rigtegratecheonsioler/tapgedinder, £230s Asbasp densal230 and drive

enhance bondi ng between the conductive bus 1120 and

| el baee1340.i f the el ectro-active lens is

manufactured wth the use of |ens wafers. The

COOAYICEHY ?an%b‘ﬁncﬂe%zlga%%oﬁipﬁ% i GahdnYitt60RAG CdeRtidit cdpied to a

i nner  periphery of the disk to the electro-active

otf&ll[ ?ﬂér %ea'ﬁgﬁlt(:f engoq%%gp Usi énéy Hé\ﬁcegégl b fﬁ%h[: L&% A4 in dual

Fo-active a conductive US

TRl B thie rr%%?%ﬁ?m%ffe&ﬁéé R R lecBBligfie o

el ectro-active el enent 1205, an el ectro-active

sl08 ¢tk Bheecontrgliesmanbap DIPIESPEF. PUYIODKSSOTSY- ABi62rgtyd ciggpigror chip
1210, an integrated controller/rangefinder 1220, a
bthstecdngaiss 20 B@staomt theinory ceporeht. b (e scon@rdller §0EY @hformation
The rangefinder may conprise a transmtter and

deick Gk @rvision predriptionathatC@ny illderthe WeaRigtpaescription for several
enbodi nent, a single device can be fabricated to act

| e heat v1e%%ed1§t§n&9t h‘h@c&r{tﬁfﬁff}ﬂa %E a20fhpdRLR GF, er 1ntegral with,

connected to the controller. The contro | er
btﬁle ra%gehof? G gt "fl&ﬁ&’ plge]o %gél%&ated' rﬂfo%%@é}t etﬂa lébﬁtrqlﬁerr and
| contains at nenDry conponen
controller stores i nformation . .
CRBECIISE Y RGPy (OB A A apt Do “lodkled at identica
prescription for several different view ng djstances.
Tieeatéasnt poly| @t ey coniroler eng sarastingsr, by .equ%tCéJéY gonnected. It
with, the rangefinder. It should be appreciated,
hshmwealso bhappretieted dhatrathdreieva detectoas gadh agda mipuytilbewitch to
separate conponents and need not be | ocated at
| @erintie@h 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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| ocations, only that the controller and rangefinder be
electrically connected. It should also be appreciated
wao bab/ootorer vi ew detectors, such as a mcro tiPCT/BESE00I026290
to determne a wearer's head tilt or an eyetracker to
determne a wearer's line of vision could be used in
lieu of, or in conmbination with, the rangefinder to
deternm ne what object a wearer is view ng and how t he
el ectro-active el enent should be activated to provide
aeffactine indenghimgechatdsspitsedfi ayint eombivatis] wigh other rfractive index
viewed to provide the wearer with proper vision
¢RifgRs kudBras pk®Adet] byTthe fiked ggtfdanpleveriof thebase tamt maH ipovide the
conmuni cation with the electro-active elenent, either

iRl \%ﬁﬁoﬁ rcoffé&wtnh el“lﬁ? RrfRtilendek Rhais8ms) 88 @k&l to correct for
Istributed through the conductive bus. Wen the

rcﬁlg e& ag gg& %Cér?ort lﬂﬁéon Fﬁs(ﬁl% ?Egr%ﬁoegteﬁog &xg%ﬂtctgg D¥active

4cti ve el enen e swt

vide a different  focal n the. ran i nder may ..

Xt SRR ESPeerihi SomescEBt ot Ning: & PRClisegeg detive
thls signal, the controller adjusts the voltage
afaphangd of oa tdeenbinasionr ef Roth venseniioanl ang m%%@@ntépnah gerror
WO 2004/ 019078 PCT/ US2003/ 026290 refractive index
changont bialier by bothsef Whicloareiconsisiensi wight & visioni priscoiptien stored in
refractive index changes such as provided by the

fthé( REnPRf bEAE cBAWEIler OfTht Rewha®s dfesBadtioh lpreduerd the app@priate
desired vision correction. This refractive index

cc%?l oWRY irPfie YRERo b&iRAEAEH LofrBpond BINAE RhhfRah focal length

t ive error, unconventi onal ref ractive error

i MR Gy RRA e ForTE BB BrBred guty by the

el enment, or _a conbi nat th t
OO B B Bt DERueh JBE IR Sl EpTb e niques, 2

whi ch are consistent with a vision prescri pt| on stored

i pixilaterbelreinpastivefelerhent do Hsade | Ner-comeationah refiagsiye gfror may be
refraction produces the appropriate optical power in

tdogreeteé ciy applgingve vodinge to thoriespeotve elanmwat,civhishecreates a

focal length. [0073] In the case where

tﬂﬁﬁa&%‘&ﬁﬂ@)ﬂ ke @b phEhlityeofeiitd, dodtabRarewlie dhe sleytrdyctive

e

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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el ectro-active elenent and not through the use of free

formlens techniques, a pixilated electro-active
webk@aemo78 s used. Non-conventional refractive BCT/US2003§26290

be corrected by applying a voltage to the

el ectro-active elenent, which creates a refractive

i ndex change to a plurality of pixels, contained

within the electro-active elenent thus creating a

grid or pattern having a variety of indices of

r pefeadlé aangrfindds toj keepothii lavg ietihgtically ddeasipe, simee it could be

correction of non-conventional refractive error.

[ ROFpbrafddeintoathe &hi brlfamanyithee bemginotiseabieur ces such as

| asers, light emtting diodes, radio-frequency waves,

rrLo@risy\Ré‘f@ﬁl 5% 14l e 3 R HicH PAEBES sdcBoh QA FHoRE the top of the
j ect and term ne its distance. The |i ght

t r 1.1t 1 eq e
feﬂ@ §ﬁ8‘x{7§1’£§ﬁ¥ % O e \éggﬁdt)lﬁe?)r?l&@ﬁitl&%frlgzg rﬂfl?tg}t:ger @5&}%&1&({‘ Writhin
nall and rofile of. these devi

* et e roesepts T2l At e cfgftF%frPfO‘ffi»?se {1 RATCE an clectro-

enbodi ment, an organic light emtting diode, or

i actiygdensas Viasel 90gmey $esee to P&W%%le?talﬁ@leqqnﬁa%wn t?hfércultry

advantage of this device is that OLEDs can often be

f himiddciatteel base lanswkdB0t hEtte auterysudines abibe|bpse leand B30 exay then be

Thus, an OLED nay be a 20 WD 2004/019078

PEJatd IS0 GhikdaraOcorduebay B98e129nglkith oalebe tiedke egke RRectrical

| ens aesthetically pleasing, since it could be

| BGRAR Wi §‘i§oélﬂ‘§/@ afdBed £INE tQinifdl YFRD MidrRAWowRSIsBErce, so that

not 1 ceabl e. 75] Referrlngto Figure 9B, which is a
c secti a 0 s
'h&gégugél 9%8 éhe?gn% ol re Igg(g%(&lvr?der T?;tg rlr%(élso ‘Q’End the

cont ai n el e tro active substra

C RoR gt ke ¥ padbe 4 TRienfRb B R NEp EEPg: surfaces
active Iens Vias 1290 nmay be used to provide

ePEdedensal connection to circuitry buried in the base

| ens 1230. The outer surface of the base | ens 1230 nay

t [AO76b&he coatreliermtgefindern$r enty bo mdostateds td 2BS elecROBictive
whi ch can be used to nake electrical contact with a
pehichy E2081s) #e@adsi ofeohéuotive duse’f suth a8Xhennalf tiov@itigurations

source, so that
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 serving 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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power can be applied to the el ectro-active el enent

1205 and the controller/rangefinder 1220 by appl yi ng
w@2@enents al across the two exterior surfaces POF/US1983/026290

| ens. [0076] The controller/rangefinder 1220 nmay be

connected to the electro-active elenent 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

f Fﬂ%ﬁ?k%krégtlwﬂy, ti Ceripa embogiments pe clackicel eprdlueting surface may

el emrent serving as the hub. The wagon whee

cl steduast shownpinoligtes9€.hdn ape¢seamiafdimbes a conducting penetrating

control | er/rangefinder 1220 bei ng nounted on the |ens

120hahiR3nd siehd3edr cl@inp hiating raefivkt jalWwoIRDI 00 %-seddif jaw 1284 may be

control |l er/rangefinder 1220 nay be connected at any

PR-At any, j : ' er t

el eé&ﬁ 39& attfl&%éﬁg%ﬁ%dgxﬁtebﬂéﬁn&ﬁlg%ffﬁﬂ%\*’/éo@ﬁﬁ{eh eﬁ*&! FavR'1282,

a periphery o S near t

c roller/.rangefinder 1220 .alternatively ma e

o R B GERE 2 W iR ERR T R BRI g gurtace of
bus 1240 via | eads. This wagon-wheel conductive bus

c R leRgu2RL 08 ptherdise makeicapachith ithy wfage g (rapspategt conductors
apply a voltage across the electro- active el enent

11285, 12 hosneondsioimg electpical\gowzo dennd the@psver source. In Figure
PCT/ US2003/ 026290 [0077] Alternatively, in certain

epOpdiemesinsctive wac1282¢ all284 oarel hibivAgors wppesite sidys obehe lens.
used as shown in Figure 9C. In these enbodi nents a

CROHEEdr] i ShdRRABS fprédided TREPGR AN 1282C msasmgy pérRifRte the same
having a first jaw 1282 and a Second jaw 1284 nay be

S350 o S0 Tk HROE US4 PR Al i B o o

such.thPt a portion of the jaws nay penetrate the
sﬂﬁ?ﬂg%egp' the I ens 1200 or otherw se nmake cont act

with the surface of transparent conductors 1293, 1296
a9 78 hinsyet gRethes sARPdimeRt ¢fithain Vet ther ¢mfacketopolsyer supply,
source. In Figure 9C, the connective jaws 1282, 1284
asushgihebatteny, mpy be imounteddar ekart hisame 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 battery 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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However, it should be appreciated that both jaws 1282,
1284 may penetrate the sane side of the |ens,
w@eavoded t hat t he proper insul ation separ at esP€TES2003/026290
positive and negative |leads. [0078] In yet another
enbodi nent of the invention, the contacts to a power
supply, such as a battery, nmay be nounted on or near
a franme hinge 1305 of a spectacle |lens which may
contain an el ectro-active |lens 1200 manufactured in
deadidsuppliedvby ha batiery h3dthattrshetb sx thetfsamed3€0. n Figuirepul @A and
10A illustrates a rear view of a spectacles frame
woBhillh&ieas en teabbdiniedt tihevidehviie upietsy13tHutot thel battergr1320 are
near the hinge of the frame according to an exenplary

SRR br b tﬁ@;ﬁ%ﬁfeilﬁﬂge BEs: Bl bishe @&nfisle Eréaocﬁ the

view of a spectacles frane with the contacts to the

attery, munt ed . r i nge '

Bk Xy BBl A e 11 T B, BEREERL #1000 the
enbodi nents, the power. supply, su s a hattery 1320,
FaJBd 350 b b be FE poueh hecback b s cen iR o sshtE R 310
lens by drilling holes 1330 to the power termnals
1380 be 184S fromt fanspaient, ¢ORGjve maiesings sHefbdisnEHY sor other
the controller/rangefinder 1220 is nounted in the |ens

1208@ucaine okides qromigh a trandphrent cntdoclivegrolymergef i nder 1220
and the electro-active elenment 22 WD 2004/ 019078

RE0407320Re 928290 1282 ARstidteSatpPkdradiveYerfbdiahérarof thd20ntacts
attached to the frame 1300. Figures 10A and 10B

it ]:'?ll 5% ﬁ?%?%}ég% S%&tg?fgﬁﬁ@& on"brWEhF fhel f2né 8iHeAABE5 1348 doftacts

€ bat mount ed on or near the frane

' 130 f l.
85 S G e L PR B2k e g, 20
P Thash A2 b Son s LS helahS 568 Z4RPRE 120 wi

1310 rmay be made from transparent, conductive
rswoerondicive stripsabatl Ao elactrisalE solaeh s Preawpthards igpede the
Wi th a transparent conductive pol yner.

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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[0080] Figures 12A and 12B illustrate an alternative

enbodi nent of the contacts 1310 to the battery 1320
worewaved7on or near the frane hinge 1305. The PORUSZIN026290

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 |ens

1200 with two conductive strips that are electrically

i solated fromone another to inpede the current being

si3pp Imedbe ceineddavieptced Matheutcdisehgeging dhe tseieps 14y from the

provi de better surface contact and reduced i npedance

fratedyhapyet tingeidei ng supplied to the electro- active

el ement 1205. [0081] It is also possible to use a

. | :
;[gg%']’y"ﬂ{&gco%ﬁgﬁ@fir gﬁﬁgg‘ﬁlﬁeﬁ aHE%(vePEhﬁﬂ%‘ & ﬂﬂ@te%]egﬁ%&lve lens may

n sone enbodi nents

ontraoller may als e t r [ IS
it TPt S R0 TRIARL Ibhe, B, Sjacle B! & {RY Smay be

attachnment nounted on, the_frane hinge. The batter
dftegrante Mo cd n%‘?g(?% dgodplear Fignie 1l4o SiMTaiEs A dteegiilqbattery.
support ring 1420, a frame screw 1410, and frane hi nge
1®0Bollerhandyangesindeswibish form 2 single rantgolrpgdulefor yseintasgordance
in the frame hinge 1305 to receive the screw 1410. The
switle ex il Arynaybddéments ef thedntdutiong f'he lventiolamediie ngy comprise,
1305, which may be threaded to hold the screw 1410.

H’b;g%g of FamPRVEnIRAN 8éhesitaldr thofIBAEitERETI0N ddMisedi-circular
t he attery attachnment may further conprise a battery

S ERIBBEPASRSEN L ALy M B0 oo
t 3
l“‘zrgﬁf?ﬁodﬂeﬁé‘“??%@ff %ﬁ%ﬁ%ﬁévp%%ﬁ&efgh% U AR o form
S RO COBBMDEN ARG ool RFPh tGY| LMD BRY dckiiesd pehind the
frame or they may be integrated into a single nodule.
FéagtnoBer1 47201 | Astshewedn é’liglirﬁhtlégﬂlaﬁta@prbmrp@is)i%rm a single control

controller, and rangefinder which forma single
cootulel 1810dwhiehf cin bis eatiachedc wotldankeetro-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.

[0083] 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 wea¥er’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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wi th exenpl ary enbodi ments of the invention. The
control nodule may conprise, by way of exanple only,

W@ 2®e0190¢s r cul ar phot o-detector 1700 and a PCT/US2003/026290
sem -circular light emtting diode 1710 which
together formthe rangefinder as a first conponent of
the nodule. A controller 1720 may be positioned behind
the rangefinder to form a second conponent, and a
di sk-shaped battery 1730 nay be pl aced behind the
otinter mirtien ofl e GensAsAtsstapatP20ntheilensrtdanks] 975Haayebe surface cast or
conponents forma single control nodule 1810 which

GRdundero §irbdd athee@ed Bigtable ples@iptiohi fvetiel womat. AB3@pviad0, a
a conductive bus 1820 to provide power to the

%c%gst 1&1 ?H}t\’(ﬁ rﬁ&lﬁéﬁeﬁﬁo A8 3QrtAR %ot Reeifgithd eI@:@t@@Jactlve element

I'engt t he ens 00 to provide the required
I'—1|92JZJ r(a)ugd %%t{ 1ve I&@ I%uﬁ lae? %?ﬂrpl %t%(g ﬁlf‘alj[] s{ego%gb is optional,
Ao g%ig}g@}ngge é&’%ﬁfy It§ e iRt & 181340 3%%?@%50 active

spectacle frame taking into consideration the |en

eleandat sihd @onduttia Hus.t #eWelb eaei ntrefer/rapgefinder é?Slsare inserted
pupils and the di stance between them At step 1910, a

| veirtsin ihearekest Q18 confohmally sealedtty pucatheye benponenesfwitine dhe lens.
optic or sem -finished blank nmay be decentered based

OrhettiR r8dyZeRiatly Be bdged i locatish thhetheeadgefinderniidi dontroller
alignnment.” In sone cases, decentering may also be

%%ﬁ 'be%g?cteg RLAH ‘é?%eaofd[ﬁé 'sfé)e%glc 'fl.sd?{%t fer&hbI§ Hear ﬂ&@%mple of a

my a be rotate astigmatic
correctlon is provided by the non-electro- 24 WO
206%7"019078 PCT/ US2003/ 026290 active portion of the
| ens. At step. 1920, the lens hlank 1975 be sur.face
d99$4]dﬁowafeéuﬁors%ldplawpafémateﬁ i s ' p s SmbOCimeNtS, the
prescription for the wearer. At step 1930, a recess

rapptrbleroud rengefintictettei mobbe heriast witbipahi dams; s dhai aiger one or
the electro-active elenent 1977 and conducti ve bus

1619 mak tlatshiosihdtiebesuah ps by iphicedertiata speefacle® B@miesor on the lens

optional, and that a recess may previously have been

CduBREEL Gind AberSt18RidAB0cdnReetéd fCthe @oadidtive 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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el ement and conductive bus, as well as a
controll er/rangefinder 1981 are inserted wthin the

w0 emenw0zd conformal |y sealed to bury these cP@pUS®NG/626290
within the lens. The bus may preferably be oriented
in a location that the rangefinder and controller can
be pl aced near the edge of the spectacles frane,
preferably near the tenple of a wearer. [0084]
However, it should be appreciated, that as with other
ditishitigremt disparisimg «lons MOthl @ rangefindeanbpsterdar aneandrobler in the
be buried within the |lens, but that either one or
Rptdiadiay filaeer Abestésdedo, suaﬁmasm@/ bpl sbezpsint Amnstap 2010, a
spectacles franme, or on the lens surface, and then

% frﬁécpﬁﬂ)t cy?rcapgeﬁﬁqin%e& BldnR@af B8 dEGdntored BaBrEa8d & §RFn in
ens. At step 1950 the lens is edged into

h
ERCN bno 8% RERAR D ¢ Pl éﬁef’%&é%ﬁa@% PRFRE placed
g thercptiFaiguer GG 1EROCE bROPEF AR SATGRLS (GTPHF st

do not contain the electro active el ement. FlnaII¥ at
SAtegier 962, thee lepamayrhe ground tnm éxricetnd heresh@phRsdipsieated in
bus. If the controller was not preprogranmed prior to

iFighra! 1174, | Dins lent nmyybetrelgpd, cayrinstopd2030, foorplaiement in a spectacle
information particular to the wearer, such as the

VBAh& ShownY insFlgﬁ‘repW CAL Bep 2048, Qhe ﬁ’dn%faﬁﬂc&lﬂtbdtt@@@and controller,
| engths. [0085] Alternatively, any one or all of the

o%latg]ﬁf dsngles t%%‘?cg ?Mr(ﬁr mo@lgg 286 fhy (;ﬁ?%loulﬁgd IFRAURE Qfectacles

e spec rame connecte
ectro active lens thro Si
%‘E‘f 1B °8’&’Ple\/eethglpé?f"§ﬁst as %i%ﬁvlﬁ’rlg%a | Iqle}%st f gﬁr}l&vte i gbggld be
of 25 WD 2004/019078 PCTF(§SZOO /026290 finishing and 1
HPPEREHGh 1ah theelbesigiech cant b mopRieq ongthy spectacles
controller in the spectacles frane ﬁu step 2000, a
| fagroe dunvey/(rivee gwheloctare. At step 2010, a prefornmed
optic or a sem -finished blank can be decentered and
r [@08slel raguisddofon the) wehiegw rvésidiy lneedsf ptibre they e haded during the
toric power and the electro-active elenent is placed
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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over the optical center of the lens, the bus nust be
oriented relative to the toric axis. At step 2020,

w0 b@4loer3s may be ground to a toric and sphere BECEHPS2003626290
illustrated in Figure 17C. The |l ens nmay be edged, as
in step 2030, for placenent in a spectacle frane
shown in Figure 17D. At step 2040, the rangefinder,
battery, and controller, shown as an integrated
control nodul e 2060, may be nounted on the spectacles
f (098] Aﬂ@psehqélaétléeﬁlmvg codgsmay apMisgdrioithe Kingyueithen before or
Alternatively, it should be appreciated that the
| aitergdgingd Tooavidodutrmskih @ wiieh they omun tiedng applicetion of the anti-
spectacles frane during frame manufacture. [0086] If
I Rt RLoh@hig, theeIEAT-8dtive elntin® BhodEEHS complefelly SakdbRithin the
added during the various enbodi nents of manufacturing
afa gl ectro-active lens. For exanple, if a
sem -finished blank is used, prismmy be added and

into the | ns as g t he vision
pt@?ﬁ@% BHep TG ontl B e SRt i aroise b8 the, sppeiti
y the decentration of the lens relative to the

m@a\?%}mﬁnﬁ% néesFubsshibprely y Hidsed nyasioup omgdificafions| a? |the present
ot her nmethods of nodifying the electro-active |ens
dimventipn, imeaddditiont tatleoserdgschibedibéreiny wall beieppasent iy thoseef erdinary
the lens after surfacing, but preferably prior to

hekild i dad and dron the foegsingatestitptivhsaadrmdempioig diasvdngsc Thus,
by conformally coating the lens with a photo-chromc

| ﬁiéﬁrm&ﬁfl@atf&ﬁ 8fel AtentiGtRio fafl WaSih lihe sddpBidPaRk ﬂ’ﬂfok’vn?g appended
phot o- chrom ¢ dye Alternatively, the'tint may be

t t
e e BT PSR Tl G o o
el S 5ol BRSSHSF O BE By

An optional anti-reflective coating may a plled to the

| BHgOsep thase of pedipary skill iptheeqrt @&g]é,r@@gnrg@ tgqﬁoqtsdusefulness is not
out - gassi ng which may occur during application of the
ahmited thefdte end thet tho atdsen intemtior cache benmbicially implemented in any
shoul d be conpletely sealed within the

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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| ens. [0089] The present invention is not to be

limted in scope by the specific enbodinents
waele®enidoesl herein. | ndeed, various nodificati oPCT/U8200$1626290

present invention, in addition to those descri bed

herein, wll be apparent to those of ordinary skill

in the art fromthe foregoing description and

acconmpanyi ng drawi ngs. Thus, such nodifications are

intended to fall within the scope of the follow ng

abbMMSd claims. Further, although the present

i nvention has been described herein in the context of

aWdait tsictaninad isi npl enentation in a particul ar

envi ronnent for a particular purpose, those of

or diAnaétiod b thmiffcthh®s &1 dleobtd-Active g RbAMrikiAgE 1ts

usef ul ness i s not I|n1ted thereto and that the .
resen
o e b IR B0 A R REeL I PR SBRA S,

PHL ROSES Acco the clains set forth bel ow
ﬁ’éﬁﬁ“&ssﬁé‘d efgl?ggef?/aﬁtl\)ﬁl ’ew of the full breath -and
spirit of the resent invention as _disclosed herei
27 \ID DeaE 67 5780 PEETVeLSISTORTH 0D 980 Sbthe HORE REDARk A¥TTiGs Of the

claimed is: 1. A method of manufacturing an
eleassblank;zewti ve | ens conprising: providing a | ens bl ank
conprising a front and back |ens blank surface, a

t hi cknfeemirpocaprinnthgxr ®fer tefsufadd cfithe inadlanl cadtaining the
el ectro-active elenent on one of the front or back

SpleéarectRE eldagent | ens bl ank; and form ng a covering
| ayer over the surface of the |Iens blank containing

the electro-active elenent. 2. A nmethod as in claim
1, wherein the lens blank is selected fromthe group

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 blank.
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.
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consi sting of a sem -finished blank, an unfinished
| ens blank, a lens wafer, a prefornmed optic and a
wo povswlads | ens bl ank. 3. A nethod as in cl ai mBCT/US2003/026290

further conprising the formng a recess in the front

or back surface of the lens blank for receiving the

el ectro-active elenent which is placed on the |lens

bl ank. 4. The nmethod of claim3 wherein the recess is

formed by one of machining or nolding the surface of

t hreAlmagtieodnisan klai® 5, Khewsirhibe bassisiflexdlai m 1, wherein the

el ectro-active elenent is connected to an electrical

bus. 28 WD 2004/ 019078 PCT/ US2003/ 026290 6. A nethod

as in claim5, wherein the bus is flexible. 7. A

et ROSERS] dsin €lah ™, heiMhe bis &th@asb?ﬁ'uﬁﬂ y biRdgles the electro-

partially encircles the el ectro- ive elenent. 8. A

”&tub@gleﬁl%nﬂ n claimb5, wherein the bus is connected to
a transparent electro- active lead that reaches into a

peri phery of the electro-active lens. 9. A nethod as

in claimb5, wherein the bus conprises a plurality of

transparent electrical |eads that radiate outward

f $.ofnrpgieodasda clam e howinethe hhis compecterl tRtFrngpaagntietectro-

claimb5, wherein the bus contains at |east one

patifve teatl it reaclids. inth apsripberyad theneledtai-mtive lasiser ei n t he

el ectro-active elenent is connected to a controller.

12. A nmethod as in claim1l1, wherein the electro-active

el enent is connected to a power source. 13. A nethod

ag, Af}ﬁl &héd 58 ﬂ%m\fl\ﬂw YhRrebl e PAVESmBIRE G LirdliG YR RAEIREknt

to a nge of a spectacle frane.

electrical leads that radiate outward from the electro-active element.
10. A method as in claim 5, wherein the bus contains at least one perforation.

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

controller.

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

power source.

13. A method as in claim 12 wherein the power source is connected to a hinge of a

spectacle frame.

14. A method as in claim 12 wherein the power source is connected to the temple of

a spectacle frame.
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14. A nmethod as in claim12 wherein the power source
is connected to the tenple of a spectacle frane. 29
wOD20007919078 PCT/ US2003/ 026290 15. A net hoPICEHES1003/026290
claim12 wherein the power source is connected to a
hi ngescrew of a spectacle franme. 16. A nethod as in
claim 12 wherein the power source is contained within
the electro-active lens. 17. A nmethod as in claim1,
wherein the covering layer is forned by nolding. 18.
A method as in claim1, wherein the covering |ayer is
formed by surface- casting. 19. A nethod as in claim

15, v efegtiod ok xeclaiay €2 ivhgreiratie powsr §oukdeds cinneced fion tialgescrew
sealing. 20. A nethod as in claiml1, wherein the

QQ%%%E&QﬂéﬁMﬁ@_iS formed by a lens wafer. 21. A
method as in claiml1l, wherein the lens blank is a

finished | ens bl ank having an optical power equal to
a wearer's distance vision prescription. 22. A nethod

ik B T PG b Pt LB PO SPLF oS BB B

WO 2004/ 019078 PCT/ US2003/ 026290 23. A nethod as in
adledtioractivedessei n t he el ectro-active el enent provides a
refractive change. 24. A nethod as in claim 23,
wherein the refractive change corrects for higher
order aberrations. 25. A nmethod as in claim 23,

WTer £ ik ifdinsif tlnk il | WBereiangEovedinp e6fesisffofmed by molding.

18. A method as in claim 1, wherein the covering layer is formed by surface-

casting.

19. 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.
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unconventional refractive error. 26. A nmethod as in

claim 23, wherein the refractive change corrects for
weemwnemoronal refractive error. 27. The net hodP@f/Us1083/606290

1 where in the electro-active elenent is connected to

a view detector. 28. A lens manufactured according to

the nmethod of claim1l wherein the |lens blank corrects

a wearer's conventional and non-conventiona

refractive error, and wherein the electro-active

ePBndmietbwt asgs chimHe wherginethe slesppractieadleaent provide. a rafractive

met hod of manufacturing an el ectro-active lens froma

| ezgghl ank conprising providing a | ens bl ank

conprising a front and back surface, a thickness and

an index of refraction, the front or back | ens blank

surface having a recess; placing an el ectro-active

R R G A R

coveri,ng | ayer over the surface of the |ens bl ank
c%‘??ﬂréflﬂg%g the electro-active elenent. 30. A nethod
as in claim31l, wherein the covering layer is forned
by way of a lens wafer. 31. A nethod of manufacturing
an el ectro-active |lens conprising: formng a |ens
b2ankA hakodgp ia claimrt3, svheeactbe refrdctivk clsngé acegctsafor

t hi ckness and an index of refraction around an

elighventdahl téRa@lverdeit, and a conductive bus. 32. An
el ectro-active lens having a front curve, a back

curve, a thickness, and an index of refraction
conprising: a base |ens;

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

conventional refractive error.

27. The method of claim 1 where in the electro-active element is connected to a

view detector.

28. A lens manufactured according to the method of claim 1 wherein the lens blank
corrects a wearer’s conventional and non-conventional refractive error, and wherein

the electro-active element corrects the wearer’s spherical error.

29. A method of manufacturing an electro-active lens from a lens blank comprising
providing a lens blank comprising a front and back surface, a thickness and
an index of refraction, the front or back lens blank surface having a recess;
placing an electro-active element within the recess of the lens blank surface;

and
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an el ectro-active elenent; and a conductive bus. 32

WO 2004/019078 PCT/US2003/026290

forming a covering layer over the surface of the lens blank containing the

electro-active element.

30. A method as in claim 31, 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.

32. An electro-active lens having a front curve, a back curve, a thickness, and an
index of refraction comprising:

a base lens;

an electro-active element; and

a conductive bus.

32



