ELECTRO ACTI VE DI FFRACTI VE LENS AND METHOD FOR MAKI NG THE SAME BACKGROUND
OF THE I NVENTION Field of the Invention 5The present invention generally
relates to | enses. More specifically, the present invention provides
encapsul ation of a liquid optical material using a solid optical material
Wi th inproved structural integrity and reduced visibility of any liquid
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optical material often resBAEKGROUNR QF fHE IS¥ANTIONg on the Iens indicating
the positioning of the liquid optical material. These visible seal rings
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| ens. As such, conventional nethods for processing such | enses (e.g.

conventional methods for 20 cuttHgg and ﬁdglng a lens) can cause
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are not dommmaguaied yr obmatatcemp(ru@dumb;s solid, transparent optical materials. Conventional
methods and structures for containing the liquid optical material often result in a visible seal
ring on the Iens indicaling the positioning of the liquid optical material. These visible seal
rings are cosmetically undesirable to consumers.
In conventional liquid crystal displays (I.CDs), sealing features can typically be hidden
I5  behind an opaque frame or bezel. Such structures, however, are not viable for ophthalmic
lenses and spectacle lenses in particular,
To date, methods and structures designed 10 reduce the visibility of any liquid optical
material seal in an ophthalmic lens often compromise the structural integrity of the lens. As
such, conventional methods for processing such lenses (e.g., conventional methods for
20 cuiting and edging a lens) can cause containment of the liquid oplical material to be disturbed
and can also disrupt the ability to alter the refractive index of the liquid optical material
electronically.  Consequently, many prior ant electio-active lenses are not commercially
viable products.
Accordingly, what is needed is an elecuro-active lens and method for manufacturing the same
25 that encapsulates liquid crystal using solid transparent optical materiat such that the visibility
of any liquid crystal seal feature is substantially reduced, while simulianeously providing a
stracturally robust lens that can be processed to fit a spectacle frame without disrupting

containment of the liquid crystal or the ability (0 alter its refractive index electronically.



Accordingly, what is needed is an clectro-active |lens and nethod for

manuf acturing the sanme 15 that encapsulates liquid crystal using solid
transparent optical material such that the visibility of any liquid crystal
seal feature is substantially reduced, while sinultaneously providing a
structurally robust I ens that can be processed to fit a spectacle frane
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DRAWNGS/ FIGURES FIG 1 illustrates an electro-active sem -finished |ens
bl ank ( EASFIFE). lilkusagesan daeisecine sehigmishgenstlaok (RAMLPY e sentdaicpwéhtd on

FIG 2 illustrates. an. aded cross-sectional view of the EASFLB depicted
in FIG 1. é%griog ?%&@?’3}3 g)g a side view of the EASTIB depicted in FIG 1.

FIG 4 ill udt@ dtibstrdgeseh ogpdduperess-entiofl vdevorl dsdi SETH idepictadfin Fle . EASFI T

depi cted . n Fl G.. 3 along a ragial,direction. .Fl 5 provides a flowchart
that ill usst ri g( '?sluug%%’r&é‘*tﬂ%(%ﬁlév{}gt%“é}ﬁgﬂflﬁgr&%&r?]ul éc(f'u%ri ng the EASLIB in
accordance Wi .l iAntaspeddsc-of vitwel gures antion di e MASONE diddG 6. Priord des a

fl owchart that[.,'clj.l.\qstrat es operational steps for generating a front
substrate of'”%(f'flje 'EASE: LB in accordance with an aspect of the present
invention. PIGS plovileo¥ floeSaihbl iovwehardpetdahi sichd 148 haaifRerigpat ahsianal st eps
for generating a back substra} of the EASELB in accordance with an aspect
of the pr esé‘k#“i“rlf‘&‘éﬂn"tlpld‘ﬁ.‘we“ﬁ ‘%pigsefil"ﬂ\‘??‘%s a flowchart that illustrates

oper ati omal Fg} eRsovidet a Gbf@Rk NG ARGk@NERAlibHA0HE Sor Lof MRS « BUPSt@ie and the
back substrate of the EASH1, 11 in accordance with an aspect of the present

i nvention. ©f & ESSIBBGY peseidange pilbiicree tof R AtesInl iPYRstienat es oper ati onal st eps
for applyi ngimgltdvRlbe: HAXREShd MubiRs bieRbn.ffiths RAGKnRURSI .8l @8s@k of he
EASIRIMto forma portion of a dynamc, clectro-active, diffractive optical
power regi offciliSHelk rageprisecowiifiian axechelecareseft invbidiopr esent i nventi on.
FIG. 8 provides a flowchart that iltustrates operational steps for cleaning and annealing the
15 fronl substrate and the back substrate of the LASILB in accordance with an aspect of the
present invention.
FIG. 9 provides a flowchart that illustrates operational steps for applying multiple layers to
the front and back substrates of the EASIHLE to form a portion of a dynamic, electro-active,
diffractive optical power region in accordance with an aspect of the present invention.
20 FHFIGs. 10A and 10B illustrate an exemplary deposition of conductive fayers of the EASFLB in
accordance with an aspect of the present invention.
FIG. 11 provides a flowchart that illustraies operational sieps for applying an adhesion
promoter 10 substrates of the FASFLB in accordance with an aspect of the present invention.
FIG. 12 provides a flowchart that illustrates operational steps for applying alignment layers to
25 substrates of the EASPLB in accordance with an aspect of the present invention.
FIG. 13 provides a flowchart that illustrates operational steps for formulating clectro-active
material in accordance with an aspect of the present invention.
FIGs. 14A-D) illustrate an exemplary process for aligning a front substrate and a back
substrate of the EASFLE.

30 FIGs. 15A-D illustrate an exeniplary carrier {or holding a substrate of the EASFLB.
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FI Gs. 10A and 10B illustrate an exenplary deposition of conductive |ayers
of the EASH., 13 in accordance with an aspect of the pnsent invention. FIG
11 provides a flowchart that illustrates operational steps for applying an
adhesi on pronoter to substrates of the EASH., 13 in accordance with an
aspect of the present invention. FIG 12 provides a flowchart t hat

il lustrates gper | onal St ¢ I ay 25substrates
of the EASl]I.?(\)S’emﬁ’ owdu, A 8{2};}&8?11}&[ USSBLS (éualg{nal *L%% E)‘raax Psem ﬁlts__m}mrx]}géimrl on. ElG

13 provi des chsublows hﬁaihet LEakians o |l3]llld$t()lfuatl§‘$ inopanénccondl ansitpepsf theprebat mul at i ng
el ectro-act |H§/emr§at erial in accordance with an aspect of the present
i nvention. ™™M%4A-1) illustrate an exenplary process for aligning a front

substrate an; aﬂp&ﬁl{iuGMb@i}mﬁt Batofiustrhie dpA&ldnalBiepSOHasemblibArdd khd Hasit r at e an
exenpl ary, carrier for holdin q a substrate of the EASFIB. FIG 16 provides
a flowchart SYRECSS U8 e el Thp areqidpnsh th &t asprst i PEXPOSYHE Ml i gnment

layers of suiist rsA€s i1kudd 8isfeIpL Bt gmgsmmﬂrgvaaluelmivhghae;im wakigohdance with
an aspect of the present invention. 17 provides a flowhart that

i | 1 ust r at es "OPEFRastpElancs R an pspeet ofdiedise HCTiPBnt and back 5substrates to

form the EASRL, 1331isRuaCCQliPNGEr Ml @MoRSRESHcQF HeHASRLE $ERLodiR¥ENt | On.
18A-C illustrate dispensing and encapsul ating el ectro-active materi al

wi t hi n he EASERR SPichofsheovsetae@init h an aspect of the present invention.
FI G 19 jgl | ygtr a@/?? ﬁlu{tﬁrﬁ 1h‘tﬁad9umr?ldﬁd" H% &1 Qb afneit O mﬁu‘:’x@sf%‘h@&n%l £ tshe

EASFLB i n accordance wth an aspect present invention 20A-C
il lustrate bybstravd@tt BASHATN suepidarge wﬁlmsmwﬁlcmmqnomanih@r e front and back

.SUbSt r .at €s { Pg Eﬁlﬂzl‘a%;s[ B&Lﬁlﬁﬁ&r ﬂ&h‘ﬁl‘%b Y‘Mﬂ If;g d&%plle{f e w;tL 3 gugf& ent
I nventi on. f ustra Irst exerrp ary alter I’latIV é
accor dance ictent iaveng@pect of the present invention. FIG 22
Ialslpg(s:z I’g.]'E es f’% %nglg[gdmes)gtesc ond ¢ un[?]dry a Lcr}r?'}tilvyﬁf\%%lm dcc()l(!anu wﬂ%%% g%g&%f with an
I35 the present invention.
FIG. 23 illustrates a third exemplary alternative EASFLB in accordance with an aspect of the
present invention.
FiG;. 24 provides a flowchart that illusirates operational steps for final processing the
EASFLEB in accordance with an aspect of the present invention.
200 FIG. 25 illustrates an exemplary placement of a new peripheral edge of an EASFLB in
accardance with an aspect of the present invention.
FIGs. 26A and 268 illustrate an EASFLB processed to have a reduced diameter in
accordance with an aspect of the present invention.
FIG. 27 illustrates a top view of an edged spectacle lens that can be formed from a cribbed,
25 surfaced, and coated EASILB in accordance with an aspect of the present invention,
FIG. 28 illustrates a {inished and edged spectacle lens in accordance with an aspect of the
present invention
FIG. 29 illustrates a portion of the dynamic, electro-active, diffractive optical power region of
the EASFLB in accordance with an aspect of the present invention.
30 TIGs. 30A-C illustrate exemplary surface relief diffractive structures in accordance with an
aspect of the present invention.
FIGs. 31A-B illustrate additional exemplary surface relief diffractive structures in accordance

with an aspect of the present invention,



15t he present invention. FIG 23 illustrates a third exenplary alternative
EASFLB in accordance with an aspect of the present invention. FIG 24
provides a flowhart that illustrates operational steps for final

processi ng the EASFLB in accordance with an aspect of the present
invention. 20Ha 25 illustrates an exenpl ary placenent of a new peri pheral

edge of an EASF1, 13 in g dance Wi AsNE f ~fhe present invention.
FI Gs. 26A and 2613 |||ﬁf‘ﬁ@g@ﬁgﬁwﬁﬂ%ﬁ3¥@@§i‘g‘d’%5f lave a reduced

di aneter in accordance with an aspect of the present invention. FIG 27
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| ens i n accangarnrddiqwitchys@anscaspeat. dfic {chiefcpregenty ichwenti ehibFG! BO
illustrates a . portion of the dynam ¢,  electro-active diffractive optical
power regi:aor]fq%l? “Pﬂtélpé’ﬁgfﬁlg“ilﬂ dﬁ@&"’éj?@é‘hééu )"’t”ﬁ“’glhmasg%’cst(’dlo WK BF%sent
i nvention. 3@kl r@OA-sGehi thd ustereatk®acexeiopl cal ye godcksace Mmealspefacldiz-hif acti ve
structures in accordance with a S ec} of th “Joresent i,nventjon. FIGs.
o By i 0 of

31A-13 i | | uStPAE Ehefury FiEmeEy i it TR Qrrgiey gk
structures icthnd&&Ry danegend dshll ANal@s PR GEfrRfivet iNxPirase Muid BNaAt Ry DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Aspects of the present invention provide an
el 60t 1 0- act U GHEICANE OnbEHUPOF RHnUIHE VN IS
1G As used herein, an electro-active lens can be an unlinished lens blank, a semi-finished lens
blank, a finished lens blank, an edged lens, a contact lens, an intra-ocular lens, a corneal inlay
or a corneal onlay.
FIG. T illustrates an electro-active semi-finished lens blank (EASFLB) 100 in accordance
with an aspect of the present invention. The EASELB 100 can comprise a first substrate
15  {eg., atop substrate) and a second substrate (e.g., a bottom substrate). [YIG. 1 depicts a top
view of the EASFLB 100.  Accordingly, FIG. 1 shows a view of the top substrate of the
EASFLB 100.
As depicted in FIG. 1, the EASILB 100 can comprise a progressive addition optical power
region 101 in optical communication with a dynamic, electro-active, diffractive optical power
20 region 102. The dynamic, electro-active, diffractive optical power region 102 can comprises
an electro-active material such as, for example, a cholesteric liquid crystalline {CLO)
material. The electro-active material can be encapsulated within a volume by the two
bounding substrales (i.c., the top and bottom substraies of the FEASFLB 100) and an electro-
active material seal feature 1)3.
25 'The dynamic, electro-active, ditfractive optical power region 102 is shown as having an oval
shape but is not so limited. The dynamic, electro-active, diffractive optical power region 102
can be of any shape (e.g., round, flat-topped, scmi-circle, ete.) and can be blended as
described in U.S. Pat. Appl. No. 12/166,526, filed July 2, 2008, which is hereby incorporated
by reference in its entirety.
30 FIG. | shows the progressive addition optical power region 101 overlapping or positioned
within a boundary defined by the dynamic, electro-active, diffractive optical power region

102 for purposes of illustzation only. The positioning of the progressive addition optical
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the sane that encapsulates liquid crystal using solid transparent opti cal
material using an inproved |liquid crystal seal feature. The seal feature
greatly reduces the visibility of' the 5 liquid crystal seal feature in an
assenbl ed el ectro-active |lens. The seal feature is also structurally robust
such that the electro-active |l ens can be processed to fit a spectacle frane
wi t hout disturbin ai nnent of the | nd w thout disrupting
the ol ect r1 CIMaBnaBlIOVRE PooShahehgh Sttt P AP pheFBbef Ve haex
of the |iquireirystal thd henebycensutivaglifadit caidopovaf rqicaonmeichal |y

vi abl e el ectro-active lens. 10As used herein, an electro-active |lens can be
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or a corneal onlay. FIG 1 illustrates an ele,,ctro-active sem -finished
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substrate) and a second substrate (e.g., a bottom substrate).
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102 can conprises an o0-active nate
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can be encap s (1.

une, by th undi n ubs
the top and A5k PR P JaY S Rtests SR B8 T B IRLR B B2 o
mat er i Ia| sealll 1L§1aﬂ(tdu e sub3utia kg l(d}hﬂ&ir”]ﬂdﬁtwe eldeed sfanact linMe pf tgt bdunaiag i ve
Optl ca pOV\Br avli e ut iis.not so
P o, P e B B0, §Be NG e Rl D5 BT BB e Db rEe on 102

can he ofs a@ynpﬁ&]@ne the 190S1LE ognd, ‘rifel @Ecub(iﬁlﬁ@dmdi&ﬁimscaqlHéa&h@&ﬁ?k@n »e and can
be bl ended as descrl bed in U S. Pat. EI. No. 12/166, 526, filed July 2,
2008, whi ch SPSiIHES HRP anrrlesasesiiag wHe) sebtararcldli Ainildy. dhi adpestrg seor g 1
shows the pff&ﬁﬁ@i@ﬁtéﬁ%%&ﬂldﬁ&@ b@%ddﬁ@lw@&lf\@{uuﬁn%gbpn 101 overl apping or
positioned within a bound arégﬁe ined by the dynam c, electro-active,

diffractive hbpltﬂpcé apnlasnep apdklfi7oEn sy ¢ @@ltagmodzssv@ehuéﬁo ihe dypicaeiedi®- onl y. The
posi ti oni ng,Qfye tdlfadk O 8S HhVE @i (B2 Qs APLiloGAkiivation of the dynamic, clectro-

20 active, diffractive optical power region 102, Electrical contact can be made between the
electrical contacts 106 and 107 and the dynamic, electro-active, diffractive optical power
region 102 via transparent conductors. The clectrical contacts 106 and 167 can be applied to
the inner surfaces of the two bounding substrates and can therefore be embedded within the
EASFLB 100, As shown in FIG. 1, the electrical contacts 106 and 107 are positioned within

25 aboundary defined by the adhesive seal {eature 105 but are not so limited.

Semi-visible fiducial marks 108 and 109 can be included on and/or in the EASFLB 100 (o act
as guiding or alignment marks during manufacture of the EASFLB 160 (i.e., to aid in
manufacturing the EASFLIB 100). The semi-visible fiducial marks 108 and 109 can be
[ocated on the anterior surfaces of the bounding substrates for example,

30 Anexploded cross-sectional view of the EASFLB 100 (not o scale) is shown in FIG. 2. The
EASTFLB 100 can be constructed from the aforementioned bounding substrates - in
particular, a back substrate 201 and a front substrate 202, 'The back substrate 201 can be
thicker than the [ront substrale 202. The back subsirate 201 can comprise any lens material.
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power region 101, however, is not so limted. Overall, the progressive
addition optical power region 101 and the dynam c, electro-active,
diffractive optical power region 102 can be positioned in any orientation
with respect to one another. To that end, any or all portions of the
progressive addition optical power region 101 can overlap any or aII
portions of thnu{dm P] g bkr-{ lo active, dlffr?ctlve L tlcaLL

region 102. “THI$ EREDNs & s E}‘Od S8 PPN GHEP S PO AR R P g| on 101
to extend bé)(ﬁﬂﬁht&h&htbibwlﬁdﬂ]r Shelgdit aeelrapy20L e by Dase ag @S tioriACh: Ve,
diffractive opti Cﬂ powe @g 102 while still overl aﬁpi ng a \_s‘ubstanti al
portion of ASYPKaRT Om&bél 207 SOCPYRTISe sl RAgSE 18 B SEWEHE r egi on
102. An adhesi we. caniradhereud he éammﬁpmgwau @ ma@fiall hﬁmﬁﬁ%}ﬂiﬂnm&t t oget her

and can he applleq 10 via one or nore ports 104. The adhesive can be
cont ai nec? i AU Fmsang etE S ToB i “b‘bﬂhldﬁ“r&g B bk roabsEdc of 1 1A EASELB
100 (i.e., thepds@priRR@ nbetd gmm&mwe%feﬁéa As%llﬁdﬁuﬁk&ﬁl&%ydﬁ@s}{f%%{' al seal

feature 103 and an adhesi ve seal feature 105. The refractive index of the
adhesi ve caibEleeiibatsatefgursy g ghdracegsiche! thefifoat tubpeate HBi avé sheofeckone or

nore of the i E he .adhesi ve seal
feature 105&?%,:{%6(}1'9%%%?3&%5% “%th“ ﬁw% hgﬁ’ “&g'gpc %?m?rﬁvgﬁ Bhsr113 100.

The el ect r o-Tae i eulyigie 2Glaind gedlack ‘@a‘tﬂutu@( IL©® @amdrheiwimrhﬁiide%ed/\b‘ ot be an
el ectro- et 'A’d‘?} E@%@Yﬂ&hé&% dtﬁ%l{)slﬂgstga’%%() %céofﬁ ‘be § tmen%r() i aﬁdhl% (ﬂqlﬂ%\%gve seal

feature 105 carI|j be consi dere esive seal structu re
El ectri cal donbigots ol 06 flamdautjsﬁétc @@hcaalbk bawesnvic magted fzﬁnble tppniced, t o t he

dynam c, a‘gt\ix smfa&,t(lthuémq(I subs &Ct’t;]l 8{{1 Opntcli Cglb u]?g O—dL[ Ve :gﬂuf(?ﬁﬂl s:!', %bd?o as 1o

aIIowactlv I'on ro- eV opti cal
power regi onG30R2 adlishieckli aaa]lc Osnhdciuraanel laedlffﬁdemb@kwmzt he el ectri cal
contacts 106, and. 107 and the dyn ctive, diffractive optical
power 1 gt oD el S s SRR St Brbh e hiEt eP G PrEAT gy 8 106
and 107 1sanabgcaaptive il tdebd hgled sikichages piate thQaloner ROUREiag isubst rat es
and can therefore edded within the EASH, 13 100. As shown in FIG 1,

e e
the el ectri 8%1”“3&‘8'#%%{3‘% eV i} 2355 O4 S PRERST 10V IHEY MRk AT HNE B0 indar y

defined by theu hﬁ&ds\bﬁnﬁg@ of eaf, t&hl%ml@mhmmaﬁﬁy MO tedS@d lahdVink @6k ace
Sem -vi sible fijducial 108 and 109 can be |ncI uded on and/or in the

EASTI T 100 f&elaiiiragive gireiernd’ Bry b dheacieied srarrdi-ondensigpopishieiidifedive of the

EASELB 100 (ducRire /tc@m@l'ngy tht m‘&flaféﬁ WA Gt sﬂ@clﬁ@‘sﬂ-@]@aﬁ bg-gﬂ?)lum-ghg asa |
sem -visible fiducial narks 108 and 109 can be | ocated o he anterior

sur f acegVof MukieoTdsd HiFaTgliod tifgci atsmectirors descaimgliell.S3tnt ek pibolddds 226,

t h FIG 2.
The: Eactl 117 100" Yah "R bNS) FAR O e G ST ElskEa houndi no

substrates Thd antcpar edneed sarfyce af brak kubswbs%ﬁ atrealp@dmpand addifongrntmisatige r at e 202.

The back su b t han t he fr t su rate 202. The
back substrg érigg%k%g(i‘) %i)}rl:ﬁalsfe( a knpu]pow (Q cudu]g nmnuPacturlnc Process.

The posterior, concave surface of the %)at,}\ substrate 201 can be substantially featureless.
25 After assembly of the EASFLB 100, the posterior, concave surface of the back substrate 201
can be further processed o form a {inal ophthalmic lens for a patient.  For example, the
posterior, concave surface of the back substrate 201 can be edged, cut and/or free-formed in
accordance with a patienl’s vision prescription. In particular, a progressive addition optical
power region can be free-formed onto the posterior, concave surface of the back substrate
30 201. This can obviate generation {e.g., either by mold or by free-forming) of the progressive
addition optical power region 101 an the front substrate 202, Alternatively, a progressive
addition optical power region can be formed on both the front substrate 202 and the back
substrate 201 (e.g., either by mold or by free-forming). This can allow the progressive
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As an exanple, the back substrate 201 can conprise a material having a
refractive index of 1.67 such as Mtsui MR- 10. The front substrate 202 can
al so conprise any lens material. As an exanple, the front substrate 202 can
conprise the sane lens material as the back substrate 201 (e.g., the front
substrate 202 can conprise I\/R—lO material). Alternatively, t he front 5
substrate 20 ri se a ens materi

substrate 20t EaTeESTRNERePr Tl B} R i T derb Pt PorR 53 s
wll be appmelouzmt@dmbymmne,u@iuuhh Gﬁhddﬁtd!h‘@ ihelpexanive aidlison bRl gatetir es and
characteristics o “i substrate 202 and the back substrate 201 can
be interchaﬁ‘d”é"d‘si) “a]c/é% dite with an aspect of the present invention. The
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thlckness As an l10exanpl e, the thickness of th substrate 201 can be

bet vieen 5. 0 PFHTAREPTIUD 28 et BB GRS §owrhaHend o “Bliodt r at & 202
can be betweenaf. R HI® @nge 2okl MRl a0k 81 QFuanGAPVIEXSEL T 28R @fn the back
substrate 201 can contain the eleetro-active material seal feature 103, the
adhesi ve seaPPsFaaiiren sgscomgnt e nshadl ppe (04 T 1dheshiedihnenstihset ure 213.
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t he surfaceC@l@nseﬁauaﬁhbﬁveddltmmel{étructure 213 may be characteri zed as a

mul ti-order . surfac ' Mdiffractive str rdi.ngly, the surface
ol et a1/ ekeel Eaf Sk fal UL RGN Bu TR pL BTG RS e hE 51 e
surface rel s@bai Iflrdagig ;u&u&tlnluahM£s&11ﬁJ$y @ietﬁﬁtzk*b@ﬁ 00 CheSdgPatibe Bgpl . No.

12/ 118, 226, file e or.por at ed ref erence
inits enti rs@t“&/"““ %ﬁ‘ﬁédm(é?ﬂnﬁw k&?ﬁﬂv&m %‘#f“é@e'ra&?’}/“ﬁé)gﬁ] B‘s‘t”& ‘la[é%%)l can

al so compr i S&rﬁﬁﬁ(&hﬁ{hd&ﬁaﬁnd%@ﬂhblybi&htb|@blﬁJBd@G' al marks 109 (shown in FIG 1)

for the purmil ai ding the manufacturing process. The posterior, concave
surface of Rk lé"%hﬁ@ﬂl%éb"fefi be afplighlodbyopumneiacs 9 Pehichsupeads. 25

Af ter assenbbyan@fio thb oSkl rdSok@0ront ABsRASIBK Qw BQREAVE LS Wid:p&e of the
back substrate 201 can be further processed to fonn a final ophthalmc |ens
for a pati efciopgiiveeddimsive oripd newet seivorl(2.c direlalieers 4% sde2(¥fcap Hay back
subst rat & 20k 6ach RRcRANEMs oCMic R Rlind [ REnT LRI, By AES0TARNGG M th 3
patient's vision Erescrl t|on particular, a progréssive addition

opti cal Powesmiisy l@n(ﬁr:c_arin(b@rf%r%é lra@h rﬁetdu Bbitre 23 nad poktie i thidoasale surface
of the back,slh$ r%e?a‘hﬁ‘aib 30 201. This can obviate generation (e.g., either by
nold or by free-form'ng) of the progressive addition optical power region
101 on the f)ﬂmofsw'sqfrﬂaztl@yu@@?: apl B matridyaivy matarigh coglcemginmg isddint i on
ggé'kcgt bg?\r’vgxgrwr ng%f?l?g&ég}&,u LO aus @6%{% :ﬁﬁt Q)t heo[f Jm QELTL; g]b(,%ﬁta(%s ﬁ( %ggcgzda} Ihgw
t he progr es$®7\/eansa,ddit lr,i)r(cincummy{,sazl{)i pm@xé(ﬂ(w dfaegkmnpolml tltac,ibef od arawsh@mr power
desi gn, Jther qif Que 1%@ anoun ﬁ Bm

i ntroducéd BY“tHé ‘B% e‘%’é a&a‘ailfi"i‘bﬁ“%ﬁ%ﬁ’%‘é‘t‘m@ﬂ% ““%&j Lo} %‘“d?‘ '"the EASELB
100. The anf ar(bmk (I HQW%LSLMHJLE(@&) oflht l&emba{r@fmkm&lu@@t mats@oza&! p@Eragonpri se
the progressive opti calio ovver ion 101 an q?é §4’)(b| e fiducial
marks 108 ( BOE A NHBRA° 29 0 %%”Wh 1°é1dfl‘14?€°186?f&a%}‘é B AR PO SHES F 1 ont

substrate 2&&1&@@1&@1@@%&mtdoabsbynafr@@ueumeilQsﬁausﬂfme ahd ot @ubRtFiate 202 can
al so conprise the adhesive fill ports 104. The adhesive fill ports 104 can

be t hr ough- F91A6% [00aRe LG ean pesyidie BReHcabeomer dn Hie Syramignylpoio s WhetiEAciVT he

adhesi vef i bmmmgm&lég% lgamuJaaq L@léédal@ﬂh@l"f\m@hﬂ(@ed into the front substrate
202 or can be formed by other suit
One or more of the transparent cnnductm !aym 106 and 107 can be deposited or formed o

be patierned electrode structures (or pixelated structures) as described in ULS. Pat. Appl No.
£2/246,543, [iled on October 7, 2008 and U.S. Pat. Appl. No. 12/135,587, filed on June 9,
7



10neans (e.g., by nold). Alternatively or in addition thereto, the back
substrate 201 can conprise the adhesive fill ports 104. The edge of the
back substrate 201 can contain a bevel 215 to aid in the handling of the
back substrate 201 during manufacture and assenbly of the EASEl. 13 100. The
edge of the front substrate 202 can also contain a bevel 214 to aid in the
handl i ng of e front . ubstr te 202 15durin nanufacture nd assenbly of
he. EASRL13 2100 At oRaterp s Pers U HE S iRt 8" SR b BbbIBEeL o 1 he
convex Surfamauﬂiﬁstiuht@zubﬁiﬁlkudeb(Siol’iﬁh&sﬁ@ﬂdiﬁﬁﬂdivt@Alttﬂﬁeslﬁgnﬁ)am&(ﬁutduace of the
front substrate 202 to allow gperation of the dénanlc el ectro-active,

diffractive ab“dt“I‘“(i“{adl"l[.()ﬁ/\;éﬂ“‘i‘%i‘ﬁ%rf“‘mé‘k 1##?%%‘“‘1%‘9 fpacelysnegd ol sondah  any

transpar ent onBgigfht@k dibddudiseel ectri cal I y i nsul atl ng As an exanpl e, the
| ayers 203 and 204 can 20conprise SION 8 or Each of the
| ayers 203 é)r‘i‘dof’Z%Ah“dﬁﬁSPHa‘%}é‘“&”"c“ﬁ|1ft¥kfh§§55d“6f3 fwswmnﬁ PP ”é&*’&ﬁrﬁ(l)ge“d“% top of

each of thea&%M%aslﬁ9ﬁummﬁg%9§gwﬁ &@ﬁgy&%kMﬁ;ﬂﬁlﬁﬁiﬁlaﬁﬂnm ap@ktier ned into
fine wires to formthe electfical contacts % (5) On top of the

el ectrical @britigety snst@@zants aoFampleahs pearea? é@h%ﬂ&c%nﬂéimaiy@ns' x208- and 206
can he depo%mﬁﬁlqo 11!%6}9@ ld g&fzrs t’(ﬁean& h@RS: Pl%rlﬁs'ﬂhun%gl? f&%g %iit Bk czlncajt)éﬁlpn Tl 9@5 and 206

can conprise a transparent conduct’i ve nat er such as n Oxi de
(Fro) or Zinw (ﬁ)bn(delo(@mplu Theelinat b.tmspésrpemd conguotivrichidyese! 2igsnand 206 can

have a t@' CKH?’?@ 1%@15%9%%? ’)llﬁ)rwhll%ﬁ%[rlpto i 1gt;rhe umt%r&)?%ﬁ LEMei GOR tlgrl ! ayers

205 and 206 ca ectrical  cont corresp on Ing el ectrical
contacts 106ncaml aﬂ,CDWJthml\lE e rH(o;aEhecam;ran@em aﬁ@&wamnshgiﬁ)mh@mmcpi(ﬁw de

el ectri cal 1 xm S u;[ h(? sﬂ nsiilande 1o REL R Y tgll ];nflr%lc'fnl Vl%{,ti?fcgi?pt | cal
power regi on B‘? P 3dé‘ﬂ % %%’é 6}1’ uﬁ’ﬁ@ ?i\lggé @ oo M EhE 8 “Abre of the
t ranspar ent pﬁ@ndmmqmoh aiytaf@n&ﬁa eROEh-LOVE, gidlhuche oﬁtejamsmul@ﬂoﬂ.or med to be
Batst erpgf d Zb g? EuI; RES rt,litf q[f:} téfl,{ivecssu LI.UIL gl 2(%!08‘.5 (,%t(tjo ituw l%gtgl”lid?gl?af %giutg:qﬁ&raw?ed in
15 the layers and elements 203-211 ean be considered to be an electro-active clement of the
EASELB 100 (e.g., the dynamic, electro-active, diffractive optical power region 102). Any
of the layers and elements 203-211 can be deposited across an entire area of the EASTLB 100
(e.g., the insulating layers 203 and 204) or can be deposited over less than an entire area of
the EASFLB 100 or a portion of the entire area of the EASFLB 100 (c.g., the alignment
20 layers 209 and 210). Further, the surface relief diffractive structure 213 and the electro-active
material seal feature 103 can occupy any portion of the anterior, convex surface of the back
substrate 201, Additionally, as will be appreciated by one skilled in the relevant arts, the
surface relief diflractive structure {and associaled eleclro-active material seal fealure and
adhesive seal feature for example) of the FASFLE 00 can be alternatively positioned on the
25 fronf substrate 202.
As shown in FIG. 2, the dynamic, electro-active, diflractive optical power region 102 is
shown as comprising multiple layers and elements of the EASFLB 100. Turther, the
dynamic, electro-active, diffractive optical power region 102 is shown as occupying a portion
of an entire horizontal width of the EASFLB 100. As described further below, the EASFLB
30 100 can be further processed (o form a finished lens blank or an edged lens (ready to be
mounted into a spectacle frame). Overall, the arrangement of the layers of the FASFLB 100

can be varied as will be understood by one skilled in the relevant arts and as described in ULS.



12/ 246,543, filed on Cctober 7, 2008 and U.S. Pat. Appl. No. 12/135, 587,
filed on June 9, 7 2008, both of which are hereby incorporated by
reference in their entirety. Such a patterned el ectrode structure can be
used to forma desired diffractive pattern using a volunme of electroactive
material (e.g., eleetro active material 211 contained in a space that need
not rest on,fo i active tru 5On tgp of the

transpar ent con c@% ﬁ¢ Lﬂﬁ%NgH5328%§“”H 1&?% &”ﬂ?V%ﬁE’Qﬁ?uﬁnd 208 can
be dep05|tednnmhemwnsulat|ng | ayers 207 and 208 can conprise any

t ransparent terial that rlcallé i nsul ati ng an exagg t he

el ec
| ayers 207 4 mﬁﬁﬁyﬁéﬂm&Bprpéé Qéngiﬁﬁlnaug?ﬁ$W%¥‘ﬁbﬁfﬂ@“ 93 <E B ayers 203

and 204). Thesiiidasdh@bddnge kames &1 raade 20&nsam oMl kS erell@urabaivef 510.
for exanple. The fi nal Iayers deposi ted can conp rise Iqu|d crystal
al i gnment®  PeRlGERlsed pareayé pag %@in%crn@%et *in&*ht tbe! dHIECHYS SHRFYC vt ume of

el ect r o- act ipvgnemBhehbab-odld nREARSH LR a6k YAtah Be th8eFAU hidRe 1 md he
arrangenent and thicknesses of the |ayers 203- 210 maxim zes |um nous

t ransni t t andeTachedelgi e pagme 213 Toelear-tevimuerid whligueiedtyaedt power
consunption iafm,&i Qtethg){ﬂ?cnhﬁc asello g %r?xr o 360 NiBora@ b HAGK! %%a&’&ttb(‘tﬁe' b \Wer

region 102. The surface rellef active structure 21

el ect r o- act isvastriaile pfierlorgeEn of daswie rd@8dilfamdve se8 B 3l ayers and el enents

203- 211 n de I d He a 1 ; \ A f STLB 100
A ‘ 1

203211, G20 EABANST ARG L9 DA RLEFL! 2108 LIEELOTRD! kg FASTLE X

Any of the kaypubicdindelelrensive maQ% ”2]1&, g:,amubla nkei‘pxcosi:ltuédiﬁaacm\@sasu{amb entire

area of the O%SFL%LI lﬁ glu,u% déLhVL n dlu‘ la‘al,if.ILL?Iﬁ 1%}(%%%%?%?1@0&%%9@{1% can be

deposi ted ove Iess than an eli a portion of
the entire ameadoiﬂthamEASEMBdIﬁ& mg gmunknﬁma&kgnﬂam&1dﬂamkayeﬂ&LZOQ and

210). Further, the surface relief diffractive s 213 an
Gl okt o not MU HEURTTE U Fici e 03 it Ly Ay BOHETBAGE ¢ he

anteriorls conwex sasiacs of3 dhec l@@e@tl@n&UQﬁtﬁila}bﬁmg@& theAdA$ 1t oAl daiy be as Wi | |
be appre0|at@d by one skilled in the relevant arts, the surface relief
di f fracti ve SSFUCEY @Y LUhT ta PTRIRo Ihe SRF - sy Dacriphical ArvEda? f eat ure

and adhesi vens@aperfpfal b e ERSFISXRIPHRIouOHisibBy EARERHRAMP (£ddlec8 active
alternatively positioned on the 25front substrate 202. As shown in MG 2,

t he dynan1c““%P@@ﬂ¥6£a&@W@€ﬂWﬂ@%¥%ﬁ%Ww@d@ﬁ@?Uél power region 102 is shown

as conprisi ng ML&\'&NU@QM@X@* §dnafﬂq)0§!1ﬁﬂ?m1@fthu &g FARELRK 1yt her, the
dynami c, electro-active, diffractive optical po r region 102 1s shown as

occupyi r?@ a Tpotrdhison sed stpuierlDF a8 bh Eiedon tha sari tahtcrs GG e bASELBLIA00. As
descri bed fu{]]t(g% lt%%l W’to fﬁpﬁaf,ﬁﬁﬂnﬁ 7()"1)’91I allgigr l?l?cn 1 clgc% aaﬁle m%[(ﬂglg ?ed to
fonn a finis ens an e ged ens (rea nounted I nto a
spectacl e f slevgye 10@3@?@ ddhesiecah siratgpel¥e nan aoﬁlpltiiqehul sazyemsmwﬂ ag thebd&ASE] | |

100 can be Oh u od by one skilled in the relevant arts
and as desc%ﬁ%eg J?%E¥A§megp“?ﬂJﬂb” L”ﬁb 12/ 042,643, filed on March 3,

2008, mhlchinSmhemebﬁ%ﬂﬁtd@pd&aﬂedubyameﬁﬁn&ﬂd@”memxbmwﬁntMW@wyuﬂ
25 contact as shown in FIG. 3. The convex surface of the back substrate 201 can come into
contact with the concave surface of the front substrate 202 only along the electro-active
material seal feature 103 and the adhesive seal feature 105, thus encapsulating the volume of
electro-active material 211 and forming an adhesive cavity 301. Uncured liquid adhesive can
then be introduced into the adhesive cavity 301 through one or more fill ports 104, The
30 liquid adhesive can then be cured to a solid state, adhering the two substrates ogether and
permanently encapsulating the volume of electro-active material 211 within the FASTLB
160.
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Additionally, as shown in Hes. 1 and 2, the electro-active material seal
structure 103 can be positioned around the surface relief diffractive
structure 213, That is, the eleetro-active 5 material seal structure 103
can surround or enclose the surface relief diffractive structure 213.
Further, the electro-active naterial seal structure 103 can be forned to

sit higher than the sur e relief diffractive structure 213 The
eIectro-actﬂVéﬂﬁﬁlgﬁﬁ§1ii@aﬁ“@?? gfGP&“fd@“égﬁuﬁéMﬁdﬁﬁé@“&ﬁﬁtHgﬂgéne time
as form ng tahechacksubsdnat eon2Gtild s (haeindde naddednd hetaiesibackislist rate 201
after fornatﬁpn‘ f the surface relief diffractive structure 213.. 10As
"ndi cat ed T e chelEpi o e SEiepE W T SR el T Ret ure 103
can contai n @leri@NDaPEM &t i BhRE BIIOGAS bl RhERE @Lts&Juedl Ipl{-ai G- the OVEr the
RC )
sur face reliefvdiffractive structure 213). Further, the electro-active
naterialéseéwm§ﬂF&@EﬁW@'103 can ensure the el ectro-active material 211
renai ns i solpgt edif-Qm anye-athesbveReskidnnad tasiveen 4he £heelklp active
material seal structure 103 and the adhesive seal structure 105. Lastly,
the el ect r oddedipy 10 15shut arraplsedpw shepighifng peeleog 2t mperipdsh @ Shed so
that portiong.ghualie FARKL Bl S80ReNS %Q{f &ﬂlgﬁfll } Yol ERYG i et D »
portions between the electro-active material seal structure 103 and the
peri phery oftichee BASTht Suia@0}lichilfThoute st r bi @y heontaixnmendepdf Thhe
el ectro-gctive. materi.al 1 (e..0vind & ; Ahe,gl ectro-act|ye, materi al
211) . Th@ aaﬁgggﬁégg#fﬁgﬁér3£@%5n%gL§%§Q%§sg |%%eaﬁt§&abﬁggfﬁ%M§%Qe of the
back substyamem@ﬁady3go Mheltadhegst vdics ddfracster umtiue €11 @b caatope Mot med at
substrate 200Gl 47 alBPeT R PP RTS8 PR B LEaP b ucture
103 and t hecaalpesite sseattushicBor, W@ 20G (eanhedaped s@nthssansomheri al as

the back substrate 201 or. can conprise a different material. To |im the
FASFLI 3 100 STEHE: (A Sbats TS By b c9b5e B bR E I HEE Bhysi cal

25 cont aGt #guis dwWiveldfldw €aenc@mbebfiEhyGRRVEX caplldrpeeeNf the back substrate 201
can cone i”Hﬁ,QQUtQQ? with the concave surface of the front substrate 202
only al ong t %“%@@C%Wﬁiﬁw?ﬁbgﬂnﬁﬁEFﬂgﬁ‘§b5¥mﬁéﬁﬁﬂﬂém¥0§Lghﬂmkh. Qﬁhesivg
seal feat ur eurkBbrelids DiSacBRGARSHL B NG af HAMYR! W Bec OF- 2 @hSHRE: @Gt bage mat eri al
211 and form ng an adhesive cavity 301. Uncured |iquid adhesive can then be
i ntroduced i% gritH@oHiespow! ¥l pypkagibe Hrlsighlic felrsivanpeuridlf bhorts 104,
The 30 |i qgﬁﬁox@ﬁi@ﬁf ve aod REN Bee QB adiOe MaRekil duShale 108dhen ng the
two substrates together and permanently encapsulating the vol ume of

el ect r o-Act Pdiopytieps dthedame mikiwihp e MEASRIE aetor. comsx SHBWMBR EM 3, the
el ectro-act hye [RLAY b@l s $RanEhE UG} ﬁﬁtﬁmﬁ% FR AR %e}{ﬂﬁerﬁ)&,% dafactive
material 211 remains contained so that it does not |eak into the adhesive
cavity 301. surhiet 3 of the hrent elbslota 92 soniwveenina the bidilsutsesd 28 tat Betpgk oil®3 can

i sol ate or arate the el egtro-acti tergal 211.fro adhesi ve

cavi ty 301 Cong el R fa A RS b Bl e S Rl RIS v
301). FIG dcitlvd udttraat escoac dltogataupn Wiewanot:, e erlossoisdctd-anvomative EASTLB
100 artigcle,along a radial direction .Pl(1 4.shows an exanple of how the
volune o o ot Paasb Rl abbit a3 b b GO Reli o B o Sishe. < ne
back subst r aeridGlal ¢aure OIspr Vis@erausiurel aigaid radhesiof nely b cactinedeviginr het ure 213.
The surface relief diffractive structure 213 can have xi mum depth. The
10 maxi mum 6‘@1&% ‘6¥“Yt3ﬁL[’%‘l‘j?*’fJ’é8féﬁ"r@T‘%‘@?L‘HFf@%@ﬁ%@‘“gﬁi@% ﬂnﬁ@%gséan be, for
exanpl e, apphoximrel@.y 3.3 in. The surface relief diffractive structure 213
can sit atop a mesa structure 302. The nesa structure 302 can have a hei ght
of approxi nit B¢ {PUAG ek aTHEPUOR of e PrseE (08 PRadtctiae B EASEMOAY Wi t h t he
adhesi vegseghnifigat ure 105, can formthe adhesive cavity 301. The adhesive

cavity 301 can be of sufficient depth to allow uncured X
FIG. 5 provides a flowchart 300 that illustrates operational steps for manufacturing the

EASFLB 100 in accordance with an aspect of the present invention. 'The invention is not
limited (o this operational description.  Rather, it will be apparent to persons skilled in the

10



15l i qui d adhesive to fl ow unencunbered by excessive capillary forces. The
el ectro-active material seal feature 103 can be positioned proud of the
peaks of the surface relief diffractive structure 213. As an exanple, the
el ectro-active material seal feature 103 can be positioned proud of the
peaks of the surface relief diffractive structure 213 by approxinately 0.4
post t1oned 14eBl 4 FRL BRIV e REou i ol & G o
convex surf acge 3Q3paf ofttheprbac knvenst hakefoRGdngaBsctdien, acheps walSeade f eat ure
105. This ch”_IJOM/the posterior, concave, surface 304 of the front
substrate 205ty only contact the back substrate 201 at the apex points of
the el eCtrO-IHG'[S’IW@k%’&v&mk&hlrrﬁﬂﬁhuficﬁﬁrhglﬁrﬁu,lsqam@ﬂﬂn ke saﬂmﬁﬁgwmr)sem feature
105. By 39 g g the two substrates to cone into contact in this nmanne

5L T

the volu W FYURISEi N rafedts ad dribing 9g gvosubyupEs ‘gé’brlé\@é{ Bd%y om t he

uncured Ii qlrll:drh@%EeLﬂier@e hy A0SOk shiRBuEMBCTI@valIdves MRLEN @K dpeal
feature 103. Furt uncured liquid adhesive may be contained within the

adhesi ve ca\rﬂwﬂt%uwuawrﬂea% for gorgetiny BetlFol adsidee Zodather isathogedrorg eat ur e
103 and the g@r@ﬂﬁﬁ by oS8R in FRALUMBe ]i%l substrate 208 cztnht% bRl QWoRGho @ aﬁi)et ai | ed

descriptionof t process for manufacturing the EASFLB 100 1's
provi ded. FIR@“’IBSL*b‘rH@Wd@SMlaﬂ Plopsaesh as vilBBOunderaipod iyl eng tskiditdels rmp@r»aan onal

Steps Tofy MAUT AELHE g1 RS FASELR A0 hiAGG0r dance Wi th an aspect of the

present invention € invention ted to this operational
descri pti onAsRamtien FIG. 6, thi prbcdsvebegrnpanbmp &0, pecsonpriskiddeen 4 wntaie 10

rel evant ar El&)ﬁ(‘? {(nf {1 Qr%%tlﬂegmumsac a&]s Lum optufxpgr{\{ma ;[b%;um ?(ﬁr I%P%n?‘%vk?lﬂﬁl II cont r ol

flows are w e~an sent ‘inven n the

foll ow ng dILSCE(u@SliltDIl’b;o&i‘r,hﬁfcslcﬂmsn |op1i<El Gowd 1ag[e1 dels can h&rdmerldG.ug,ﬁn ot eaks down
the entire ntu!a urrn rocesﬂa into maj E 8 hfr,‘ ecrl 59

5first step® éfn'(? Or”?[ L G Edy ‘rf@b“”ér‘f STy yl‘raﬁ&gﬂlu]é o t§Iﬂbst rat es
of the HASFE)BcahQo comprhe stlaing W Rshdspdnging 0Znvan thokihahbobdamisubstimat e 201.

FIG 6 provides a flowhart 600 that |IIustr tes operational steps for
generating fHEWT oft 8 "(P@ Pyt @ yspepipplg lens; agt, g‘ﬁd%‘i“’ﬁﬂ[‘é“ﬁ@ﬂ@r‘é“ﬁ‘)‘}“hs step

501 in Fla ﬁ}ayﬂlh@hJHILQFﬂgp]ﬁhhb(ﬁtaﬁyaé(ﬁ]bg]@&)n(i[@ﬂobe formed according to any known
substrate fabri catr on processes as will be undenmpod by one skilled in the

rel evant 10&f£&p 0 Ac@bratéhcr&@rlvlds e @ssepPIpq nipst el s4yity HoTREx AR BRCyYT BPBCess. As

shown i n Fl Grifucdtd&eP BRESSQEDBR e Whd onSEERo1® Qe e o GOTRT 555
sel ecti 28 a concave nold for creating the pro&éessr ve addition optical

pover refi oftbioMe 20T hevinohwhvetiniy anfit thickeeat i iy thitkeesp POGe EeisvsIdidi t i on
optical poveds &egk o LI AW EATRY Gnd2. 0 5. O 56#”2%%@@% dsl ik Mrrx@r@nStant

curvature and one or nore regli ons of snoot y varyl ng curvat ure. ep
from monomers and/or other precursor materials, The resin can be any resin material.

Al step 604, the prepared liquid resin is {illed into the mold cavity. At step 605, the liquid
resin is cured (polymerized) to form a solid. The resin can be a monomer that, when cured,
25 generates a solid material having a refractive index of 1.67 (.., Mitsui MR-10) for example.
The resin can be cured (polymerized) by using heat, light, or any combination thereol. The
front substrate 202 can also alternatively be formed by injection molding.
After the resin cure cycle 605, at step 606, the cast part is de-molded and the selected molds
can be cleancd for casting subsequent parts. At step 607, the cast part can be thermally
30 annealed under vacuum at a temperature below the glass transition temperature of the cured
resin to prepare it to receive an anti-scratch coating. At step 608, an anti-scratch-coating can
be applied o the {ront substrate 202, 'I'he anti-scratch coating applied to the front substrate
202 can be, for example, HI-GARD™ [080. Any anti-scratch coating can be applied by
11



15 601 can al so conprise selecting a corresponding convex nold with
substantially constant curvature. As is well known in the spectacle |ens
art, the substantially constant curvatures nay be spherical, aspheric or
any conbi nation thereof. At step 602, the selected nolds are assenbled into
a nold cavity using either tape or a pre- fabricated gasket. The sel ected
concave and y -al nerate a fro Osubstra 202
havi ng a subg an?fﬂqﬁyobs 03‘ b%ﬂﬁégm‘%ﬁ& ﬂﬂ]%%mmlngﬂe&gront
substrate 2R peaune pdgow d@)&alifpbhﬁlnuhﬁé&lvmm sQp B(fonm ands12, @c mMpordtiost ep 603,
aliquid re5| S xed from nononers and/or other precursor materials. The
resin can bé }hﬁf‘#ggln material. At step 604, the prepared liquid resinis

filled intohbhgopdkide e@itioh Wpticlt poSiteRgi®DH1 chhge elhlgﬁbuldddésﬁ!&! Wit Sspedfied
(polynerlzegz to forma solid, The resin can nononer. that, when cured,

25 gener at ed 48l fosrraet e ol AT fryicy PP%‘FI“&&)PH% A fryisd afgnmenigln b g

Mtsui MR- 1Q)itfid %@l 8 frohD@b&RRI N2 GRR tRAnCHERGh &R premslizediiby usi ng
heat, |ight, or any conbination thereof. The front substtate 202 can al so

al t er nat i velpiBPOPBiREd BY 1§ bjdienn BireRTcdPRgIce Af 2 e+0. PHnk wdl wegiie cycl e
605, at st epmaR, «dob®s Gx@%ﬁbs% A2 S8Rl d6n @(ﬂﬂloql hﬁzﬁ%ﬁ Leghes Jphds can be

cl eaned for casting subsequent parts. At step e cast part can be
thermal |y 3chieprhepically @idewsing aoungnticas! qmeembﬁmanumehbeﬁmMﬂ%mkSQMass
transitign t Ve an
ant|-scrgtchggggﬁg%yﬂhﬁﬁﬁo QMngggmaﬁﬁgﬂ UgﬁgﬁﬁLg%g%€ﬂﬁ:&@gﬁhbziapplled
to the frontadulsdder aﬂle h2@27 14'Eheh<a~ntmapeden<a¢ac frcidicatthavgouatp df éd sttourtihe front
iggts;[ rng‘t gaﬁg e%agigi)us &5 d(}{,bss t(iqmggl gthdeur;m%“sgéa\ Ft%)kl,r{msl%gs Orf\nsarg%lulqaplte ar desu 3 ,(&P te
app|iCatiOnkﬂﬁmthemamh¢H@@d@ﬁ@@xﬁﬂ@ﬂkﬂ@hhﬂ&SWB@H@G8mAmhﬁepamhm£am be edged
to a pre- deter 'n d di angt er. @? F“ﬁ @ (AI st 1 610, orts 104
can be added"tHe ngﬁ?e @‘Vé NP Eﬂ)“gﬁmbbwéP %%W@ﬁmQOfg an be

al i gned 1as desinicad 1wk ﬁmp(mespfe@h bé Machbnel Bemoky OB Usfecta@E RES Ji@mAGRENIRS
diffractive, opti ion 102. A desired alignnment can be
facilitatedbﬂymeﬁﬁbh&Lﬂ WFF ﬁP“@Uﬁ%@ﬁQFé”?@@”@@@Hﬂ%hat the position of the

progressi veragddi ;m)m{u qmdu@@éll TRV iNRGLH@NpLQdonkissidpelish dofer@tihg ARCRIBE abl e
tol erance (e.qg. 5 m) with respect to the outer edge of the substrate

202. Al t er n8toFIA 39} 1 ‘fdﬂs FW"’&&EPFO[&"EMMEY%?@I B! i Ugh R aEapbspe ddHeyed

optically (e gnlllud%éaﬂgngctgQHFE‘[&MQEﬂiﬂsuQ@‘i’dbﬁ@ahmﬁlnb&(l@@ﬁtw1%9 NARKRIB by USi Ng
sem - 10 visible alignnent” marks on each substrate. During the edging

process Fheolebidpd i§ teudevarang iecerdinglbd [addBebiramiia clyayddry @a%scan be v- shaped
and can faciy| kt&?‘?(ﬁ i %cﬂ?@‘ﬂ%ﬂ 48 anant?)ﬁS A QS HARE ‘Bac%Qﬁqld EhnR &Ll‘é’dﬂéi 0cess

tooling (e.g., during subsequent steps n acce e or desired tol erance
can be achlew@dﬁﬁvbbh@md§®vﬂghﬁh@hédﬂsuwalemﬂﬁﬂ°M§MW@1(Tmﬁié%@W@ﬁ%a

commer ci al | %ndgg.gédhugwb%m%%wl% (a'dlh' E&‘?Ju'hfi% lln \mq‘ﬁn duuaiseie‘))(tﬁ:rll\lg raSRGES jacle lens

bl ocki ng an
in accordance with those techniques described in ULS. Pat. Appl. No. 12/166,526, filed July 2,

25 2008, which is hereby incorporated by reference in ifs entirety. For example, each of the
surface relief diffractive structure 213, the electro-active material seal leature 103, and the
adhesive seal feature 105, or any combination thereof, can be cut into a Ni plated tooling
master using precision single-point diamond turning techniques.

From a master tool fabricated in this manner, replicas can be made using a Ni electro-forming

30 process. These replica molds can then be used as molds for casting substrates having the
surface relief diffractive structure 213, the electro-active material seal feature 103 and/or the
adhesive seal feature 105, or any combination thereof. The selected convex back mold can
be a conventional glass mold.
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15 equipnment. '1'he fill ports 104 can be nmachi ned by nost. CNC spectacle

| ens edgi ng nachi nes but can al so be created by any appropriate drilling or
machi ning means. FIG 7 provides a flowhart 700 that illustrates
operational steps for generating the back substrate 201 that is shown nore
generally as step 501 in FIG 5. The back substrate 201 can be forned
according to fabrication. processes as

under st ood bﬁi} %Sﬁga}é’lﬁ ﬁlﬂtla}(m?mielﬁe“dnrhe BVar ?’d H'Eot%!m SV d W\gl Xl““l°ﬁlf% 7
|IIustratestaﬂwmxemmuamyxmmeoesgb4ﬁﬁmﬁm@pwﬁ03mbammoamamaumgamh>audfractive

mol d and a x, back nold can cted. A nold used f cre tlng t he
surface relﬁgﬁuﬁi?¥ ﬁﬁﬁvéﬂéﬁﬁﬂéfﬁ?%mﬁﬁ “m#ﬂ%“wﬁm*tﬂ§éa¥mwgaWnP@ 903, and

t he adhesi veas@akmndeaiuse 00K andrRASS id:y SekmYivsivlies 6 hdugd 8 109) can
be fabrlc ted |ghaccordanqe wi th those techni ques described in U S. Pat.

Appl . 121}”16 GHBvaLEqs| o ghegplgs wed oy Gigdhackyypate; Y1 ah BosPhetitdlor por at ed
by referencaqhaunﬁ§uﬂnmhr@hmﬁgﬂn1exanple each of the surface relief
diffractive structure 213, the electro-active material seal feature 1.03,
and the adhd¥fgR/Eerlfuupidenmebapsed Em RSP REB R sratlicorerer Btialscdh be cut

into a N plapeg: 1RAkiNGn TRSLE o Hﬁqud% @M@I,f@ smgwm'm% PQ o wdicae@pnd
turni ng t echni ques. Froma master tool fabricate In this manner, repl i cas

can be nade(%%HwbﬂﬁﬁﬁﬂﬂeﬁﬁéﬁhﬁﬂﬁthWW@Hw®©%®%@@é®ylﬂWhégéﬂpB@mkc@LnDIds can
t hen be M)S eQLSﬁ% dm dq]?d[(..élgglhrﬁ ?&Jﬁ&eﬂ Lrl].]?v ?Hp:ﬁir[bs g‘ts(ﬁiﬁ nﬁ?ch%ﬂlng hfruﬁﬂ{lit al%?bx OF| I ef

diffractive structure , tro-active nateri a eature 103
and/ or the apheshydy $6alc.d.editur BR105, hmmuamy@@dnmmnathomﬂﬂhememjmeThe

sel ect ed con dL ﬁxx drp ﬁﬁlllén% F@Jd@g%a@kx fhals sugnbcinyaptm ANES li’a(,gd? aF 1ve ra,h%(,(l\f(, mécﬁ ()E ep 702,

the selecte ron

sel ected badkbkdhdeQHHQUEiEhaﬂmha@eh@ﬁmhmmREHh@@KHC&hﬁﬂu@&ﬁhﬁkumihe nol ds
can be arrang e back substrate 201 with a suhstantially
constant t hild ﬁ%ggd%ﬁﬁngié & l0?%%“WBW8§“%QH“ﬂe%g?P%%@Qﬁ”?bﬂﬁd?ﬁ1the back
substratie 2@noMmmmavebahﬂ@uu@nﬂaﬁob@bmmgn 5.0 nun and 10.0 5 nm The
curvatures d to formthe back. s bstrat§%201 can be

t u
spheri cal , ﬁgB" ﬁ&“owaé'iﬁﬁﬁWﬁﬁﬁﬁﬁﬁ“T cashine bagk subsupe Flglandihaneetlls g ¢ esin

can be mi xeehrfammefﬂmmnﬁJsﬁu@ur}dhmlsq{oh@;mmlgguﬁ@md wBhELiRl o indk of Step 704,
the resin can be used to fill the nold cavity. Al step 705, the resin can

be cured (el CEAYErITBl3 It Gt o MuPIGERIN.Serise? Womsierd. r a3 itfidén he any

resin. As ago@Xasmlpfsing @enau;l& HaBBk R ©8 DG TBRRE i@L, BNAL MNRR, GHr ed
generates a solid material having a refractive index of apprOX|nater 1.67

(e.g., MOt sHragRD hagy substiyighignaichedi t@«onwoh@fr@upwhhumlmmyc wHeidhg t he
resin can haye.a }Tc,%tudaQB M%dkﬁ"gﬁ?fngtlﬂﬁéua%ép%t 91”1IH %f i & r(il &at{e‘]f'gnt@f fective

refractive index of the electro-active materi a o electrica
power is apﬁ*ﬁ@@%@FW@mPeéﬁnm@aﬁaﬂgiauﬁémiW®dlQWEMIMGGWAbVJwgmNgdhéat,

light, or agy,cominaki o, tI"Higrm%%I'ia} cg_rhlﬁcn%%ﬁrﬁlﬂb(%ti'L(ll??tcS‘lret?QriLihg Aha using
thermal and/or optical means prior 1o the mold being assembled with a convex mate.

25 During the curing of a liquid resin used to form the back substrate 201, the in-mold coating
material can adhere itsell 1o the resin.  After the resin is cured, the in-mold coating can
become integral to the cast part. Further, the in-mold coating can act as a chemical and gas
barrier between the cured resin forming the back substrate 201 and the electro-active material
211,

30 After the resin cure cycle 705, the back substrate 201 can be de-molded at step 706. At step
706, the molds can also be cleaned for casting subsequent parts, After the de-molding step
706, the back substrate 201 can be edged to a pre-determined diameter at step 707, As slated
above, 1t may be desirable o align the progressive addition optical power region 101 (0
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15al so alternatively be fornmed by injection nolding. |If the refractive

i ndex of the cured resin used to cast the back substrate 201 (and hence the
surface relief diffractive structure 213) is not substantially matched to
the refractive index of the electro-active material 211, then an in-nold
coating step can be enployed. An in-nold coating conprising a materi al

having a desired refractive index (e. g , having an index of .  90.refraction
Chat s substiRcd AR hibten Bechcorhned e PefPartron Broprguts
el ectro- act ipyecrnai@rinal Tddd)ascanlilRehdss ethropthgighien1He dad@alstring20mater i al  can
be either spin_coated or dip coated onto the concave surface of a nold to a
Chi ckness ¢ RACUGOME Y fe Paﬁ%rmqu Aol PRI PECRITEE PT SRS Bt ve
structure 2hgepdil ®idBbetipalnofmhRen Bedar i dhibiyeddr of Mé bk Gited. on the
nol d usin %hernal and/ or optical nmeans prior to the nold being assenbl ed
with a conveXl mat&raivas opiy iHgor Herceuilisagens fanabe 4t opedibhCs#d™ o f orm
the back sulsieabg2Bdoa LiR8mER 1R isHORIB e RSN MR RERES e Sl T T0
the resin. After the resin is cured, the rn-nold coéilng can becone
integral to%!Néi¢ast part. Further, the in-nold coating can act as a
chemi cal anggasnbaidieGlnReUNERN LRREYS B af 55 hdded ONM PG b Hagk. substrate
201 and the gléttrofééﬁ%%e At erl a 5137"38A§%erb%he régin cure cycl e 705,
t he back subkiedird ca0ficiban Upenaetnmi! dwdubitrats Lelin 786ous pocest @plik06g. t he nol ds
can al so;pe ¢l d for, casting. seqguen arts. Al 1 -l di ng step
I d SLES s i , X an b / st
706, the(ﬁac%hgﬁggfpé ém% 1kﬁg%wggmé§gg§&§gR%ﬂ%ggﬂﬁg&gﬁﬁﬁﬁggggygB ter at
step 707. Adhestiatrad2@boeing, foi ¢xamply, commaesily abilsblct{ONE) spgnadidienspri@ingssi ve
addi tion op%hﬁ%nggﬂgmw&egion 101 to wthin a desired tolerance with
respect to the aynam& ™ el ectro-active, diffractive optical power region
102. To i ncrreaséngtih®I(. Ekelet o Ocht @fbspropRrandiht gaRe st PE haekedsubst rat e 20]

can be edged such that the position of the surfac lief diffractive

St ruct ur e 275 TN A £ bTan TG de geant ob 8w B 80§ TorTer R R
respect 150 the auigr sedge foh fub@R20K 1&UAS bid@tebsihe 20 canAct@hnathyel y, or
in addition thereto, alignment can be achieved optically (e.g., using
conventionaﬁmﬁﬂﬁféﬁp'%PPﬂﬁﬁéﬁpwﬁﬂéﬁﬁ%ﬁ@ﬁﬁ%”@?ﬁﬁﬁmgﬁﬁ%$Wfg?ﬁkﬁmﬁﬁ?%nnent
mar ks on eaghhesithb seltRhSubddie P0Baddie: BRAGIURGRNOCBSSs {HIGn RR¥ElnlifUst Ure 215
can be added. The bevel 215 can be v- shaped and can facilitate'the
mount i ng of $th&2dubst ate 201 in various process tooling (e.g., 10 during
subsequent Sk eRSh-in At ACOERMARLELQR L68) §RihOheNARGE &RL.REvAchAgved by
processing the substrate 201 using, for exanple, conmercially available
(CNC) spéct alenic sivanity wilkiamge ased aedlep WY quh prasiple, tRelcaring wal 4o bP10. 5,
after the frant.. YN AN e hack- 11 Q1 .are, , they
can he nnvegﬂggmgHgﬁggﬁhsg%%ge@fg?&né(%ﬁggﬁﬁﬁggﬁ%ﬁ%a%ﬁgfg%ﬁnggggg 1000)
for steps 5Qm1lqdhvithulgh)nizcd (I2D) water as per the manulaciurer’s specification. The wash cycle of

the cleaning unit can last between 10 and 15 minutes for example.
Adter an ultrasonic detergent wash at step 801, the front substrate 202 and the back substrate

25 201 can be moved 1o a second ultrasonic unit for a rinse cycle al step 802, 'The rinse cycle
can use DI waler and can last between 10 and 15 minutes for example. At step 803, the [ront
substrate 202 and the back substrate 201 can be further cleaned using a non-ultrasonic rinse.
The non-ultrasonic rinse can use I3 water and can last between 15 and 25 minutes for
example.

30 At step 804, the front substrate 202 and the back substrate 201 can be dried with heated,
circulated air.  The front substrate 202 and the back substrate 201 can be dried for
approximately 20 minutes for example. The temperalure of the air for drying can be elevated
above ambient to accelerate drying. However, the temperature of the air can be made o not
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15 508. At step 502, the front substrate 202 and the back substrate 201 can
be cl eaned and annealed. FIG 8 provides a flowhart 800 that illustrates
operational steps for cleaning and annealing the front substrate 202 and

t he back substrate 201 that is shown nore generally as step 502 in FIG 5.
As shown in Fla 8, cleaning can begi n at step 801 vvith an ultrasonic
det er gent wash. 1(&Ano(Z_Ot"ul_.tr sonrc £ ng pni Qel used Iat step 801. As
an exanpl e, el &F S4Ni Hg U f‘“%%“‘b& 1) Pey Wd‘t“H“"é"”d rgent 4 as, for
exanpl e, Gerobler tHeobu v Mse e MiisT. 1sTJi]1@r()@11@iaQF},gﬁﬂ( C AQcd@n N, | dat Qﬁlro\pnitth

do-ioni zed wat er as per the panuf actur%r s specification. The wash
cycle of th G CEuHi ng‘h‘u‘ﬁ‘r“tldtb‘é%l 45 8% 2PREFNRREN 896 and 15 minutes for exanpl e.

After an ul tAiagERICHhEaLRLARNMic WRShd 8k bme@uq%@.zrrtsh@,trtmaaﬁ hshibstiiat e 202 and
the back substrate 95 201 can be npved to a second ultrasonic unit for a

rinse cycl e PH¢NEtlepinganil s} Hbgrag oF andclinbagh subpatingt spbsdites @RRC | ast

bet ween 10 @rtystselﬁormwteﬁ f:Qha %amlea} | Ahd 3tRRA0R3, elliflel Qb URst rate 202
and the back substrate 2 fcan further cleaned using a non-ultrasonic

ri nse. The ﬁ%}hmﬂrrrgﬁéesowtaeb Fﬁ’%’é”d@én Arsiep BPO, ey 890 aryiraa i)Y wdtthlggfveen 15
and 25 m nu%@o?ltﬂ(ttpb(}ie&ﬂrﬁels@tdcc%,%'atg as\Fa@tRJH@%edlt R {hQQELuug%ﬁIaf alerpP2 and the

back substrate 201 can ried eated, circulated air. The front
substrat e 208 s@d22hend blacheck aiistratai@ @0 be gmrouidy driddedhdéroncuppmdximat el y 20

m nut esn‘[) r v%@&%?m rIrngvc,{l Npﬁﬁl?&(gwrk%ichl& cﬁtpﬁhrﬁ tu?p&, at ng&%'h p?@cnov\ 1Fie , &l evat ed

above anbient to accelerate d era ure o the air
can be nade Ik of net sultdratc exaceet tttrﬁmgltla:ssatmmxanesu b amlutdemper]&tmtr ef (Mkg) of the

substrat e ma‘t F@IU% g %EXSW""Y;H?WOMF‘W ey er)l way O?f%irﬁg 03 yurit\/ﬁgut [\«[MBI(}'O s

appr oxi mat el’ y ppr op or the

circul ated &ithe edmradpemagpr, @mnmattetltr}rr BRG] A0 S Tepr BAD 24 hes fitroptssisubstrat e
202 and thebq wbst r‘@?‘rt substrates can be noved to a 5 plasm

cl eani ng uni’t O ! PlEv Y dtg‘d Strate 202 and the back substrate 201

substrates ®efmbg ©XPOSEIto s@h SOX kg@mpRl-ash® ihAr subekuwedn Jhd andbadk M nut es
for exanple to repove anX resi dual, organic surface contam nants. At step
806, the fré‘r‘tt“las‘utfslt‘i“at‘é R FCEHE ‘t’“ﬁélhﬂéﬁfﬁi‘s%st‘ﬁh&‘é" Jppmicaieceadiib] ect ed to

a vacuum anm@ahonalV iiRich BB, YREWHRRROL A weh R0 iHaCMbsaldbSTfaabR P2rand the
back substrate 201 can be thoroughly dried under vacuum and any 10

vol atil es camlpee Henpubre lngsyibithhody pmgoportiph el 4k dyitirg et ur e can

be kept bel gwrih& r;uga ?Bwuh@gtépp}%tlﬁﬁtmesmtr%HI@LLHLIFHV L&y 5 3}]@}1(@(35““”‘ can be
applredfor a period time sufficient to expel esrre anount of

vol ati| e¥. B@%Myur@fcdemmﬂh@ onthy convex Mrfagup! trwbacm jubstial 208 wiyb tor Gie e
ol ow T it | 87 il ke, ELR PR E 20 RE b e hAESR Eh IMREReA BBl eS0T
conpl et ed, tuse tfar batessigition pAFE. 20 terdplickide lodoth the front substrate 202 and the
back substrate 201.  Any or all steps illustrated in FIG. 9 can be implemented without
exposure (o ambient atmosphere {1.¢.. under vacuum).
25 As shown in FIG. 9, at step 901, the front substrate 202 and the back substrate 201 can be
cleaned using an oxygen plasma cleaning. The cleaning can be implemented, for example,
for approximately 1 to 3 minutes. At step 902, a first thin film layer (e.g., layers 203 and 204
of FIG. 2) can be applied to a substrate. The first thin film layer can be an insulaling
material, As an cxample, the insulating material can be approximately 20 nm of clectrically
30 insulating and substantially coloriess SiQ The insulating layer can be applied by Radio-
Frequency (RF) sputtering a Si target with a mixture of Ar and Oy (e.2., such that the Ar
carrier gas sputters Si from the target which then reacts with the O gas o form the SiOy
oxide Lo be deposited).
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substrate 201 are ready to receive thin filmlayers that enable the dynamc
deno-active functionality at step 503. FIG 9 provides a flowhart 900 that
illustrates operational steps for applying the multiple layers that help
forma portion of the dynam c, electro-active, diffractive optical power
reaion 102 that is shown nore generally as step 503 in FIG 5. 20 These

| ayers can b t he Qnvex. sur face ack s e.201 and
to the conca@e Eﬁr%:c gléésngq‘lum Ot Ldﬁbsflprpa{fda(” 0@ (Onnm’lm Fie Hpt L[1[30]:7surfaces)
in a synmet riﬂ(cail ﬁv’émme%nc mbﬁﬂautlha:tdct hmﬂes@ru@u 106 aad 1(Fl &Gn b9 againd be
applicable to ] ubst 202 and t he bhack ubstr te 201. Any
or all steps "Puul Vrfi‘s't P"“f %d“‘i Ht(‘Fq é\” 38 CAnDEs ’é“i”ﬁ%“é%‘éﬁ?%&“\/ﬁx’tﬁﬁ I(&Qb’bsure to
anbi ent  at nysphenethé firseoxideUnde ROVaa aMhroudBAG BRI ihik dlifes 19 lin@tas St ep 901,
the front sgﬁstragﬁ ﬁO% 14ﬁpl t he back su&stra&e 201 can_be cl eaned using an
oxygen pl-asna"d1iB4 herfigkaepsehh Hichgecs A 98 19 enBrcelien 1B eéRaipl e, for
appr oxi mat elay edandpR, @n B&dﬂuhte&ceréii Sﬁl@@dll%@zwl a@o&;d dosfectdpivin (hd dapa. | ayer (e.g.

| ayers 203 3&% 58’4 of FIG 2) can be ag d to a substrate. The first thin
filmlayer SURYES PRSI %fl‘r‘ Y&CU Rt 1B ¢ qwn%“&df%%d%wéi 107 k& ferdad at i ng
material cansbedaRRs axi dmbﬁiuym%%ﬁdm S B! RRL Tshie@ pertcd3QkJJ@§)HhL@J igng and
substantially colorless Sift. The insulating l'ayer can he applied b

Radi o- Fr equélsesyied miy thg st @’éﬂ*q lppegrs20&pnd Wi gdhe sundustivw resst 106 endof)7 aF thand f t
(€.9., sHeh sbhat intBforfYan GRS £ t 3 i ch then
reacts with the 02 gas to o%ﬁ'mg% PN 8 t(ﬂhbflqudmgysf|¥St gg@ Y)ﬁ;\t step
903, the co@@&lcﬁmlﬁv@oﬁﬂrﬁabé@l wanll beulppbédly qne haying Sﬂ\iﬂen&@mdu@nuave th¢ aces 106
and 107 of F r.al e lrag 106 and
107 can be ar))np “.%%"‘Bglh?gﬁwg)r’]?#g& Eﬂu,(Pm d%lbl’!ﬁgﬁlIntld%({;HH(mrblsthL[( gsvﬁlgr A) or
t ransparent vcstbhd@c@ﬂwe%kﬁ)édai@@) g:S[)bL[[\fm or ZnO) onto the first oxide layers
203 and 204 thro Lhes, as hown in
fre T The AR GRACR PR el e hames YLES RE%F P Fen RER 100 m
and, as &n exappirecodamorhiendn T endodad @gveafihidintgst for (&Jainpw df apprexiigoagd

connection yja the edge. |f the substrates are npot under vacuum then the
conducti ve ?b %eéh"lﬁés%%?i ‘fﬁ?ﬁ%“@df‘?"b‘é“hﬁﬂ’@ﬁéﬁ’@% BP}H‘PQ/@I%WW widhduct i ve
adhesi ve t hatixiis olemtdnepas&nemnmpm Bdr@l padl splirefs@bnREbhA6Hal R6m Bleengl | ed onto
the first oxid yers 203 and 204. The conductive traces 106 and 107 of
the 10 pre%’é‘[n'g ¢ Phbsiitn BR Bg APUisHILE3NgIssiop ARFERICH Jesisi Al () REDRFePERED t he
first oxi deul)n@y@cglsd &03 and 204 from an aqueous solution as wll be

under st ood one haV|n skill in the relevant arts. the conductive traces

106 and %07 %ﬁw%é Bt %b'amufﬁméaygrcen Bretrakadng & ay ol endoiyd elig: Bvdbt o t he
sem Vi si bl god i1ANCER! ndTRY E‘n’%m%% 1aRd JfQ9an E&&M@C%LV%Mmg%au%ﬁa%ar?%

transparent conductors (e. Fayers 205 and 206 of can be appli ed.
The 15t raﬁléplaiiﬁﬁhtm%wa@%w%an@@h Cbléﬂq%RWam ceralnvi athéckpest, tﬁ@x ckivds, for
exanpl e, of ,APRLOXI,T 2 Lh r, 0 Qno Lan be
appl i ed by BC 0 p)u tde : ng%g}nglhﬂ%ﬁsuhhﬁ Eypﬁp§ﬂv@£ﬁ?ﬁh}(ﬁ ?glﬁgﬁl %{1 aa‘yngl ¢ such
that the Arwgaprmigpreghsy ﬁpuf)t ers soondluchonr e gisadputiorobn frdnetht aargeet and t he
02 gas n ne,t t | AL L& sheet resistivity (51/0) of

t he depg)?l ttevgldg%]n'tc]ﬁ%? g\?[h)lqﬁ\ % &3 @3%{“%%% i (é‘b[g 0 ?%Epoﬁetxd thin filmlayer can
be applied [reacgudantcayiér s c&@ﬂt anid ]ﬂ@&lo*f\:ui-Ebﬁ{hLZL))ndu'&helaylﬁKI(Jilaa(y@% @a@an be an
i nsul atlng mat er i al

electrically |p|q£iill (élt(’flﬁdmé g”@ljb%"f ggf“"é d%dp (}ggh“g‘slé’ gplpe glhdmglﬁ‘ﬂ”have a

t hi ckness, frags m@amplos O@fral a,ppmn@ucmft«,ahas 106Qnd U7 cAivbsSaph s Wkiatel o giek ayer can

be applied utterln t et with a mxture of Ar an (e.qg.,
such that t ﬁ’g ‘"‘i{‘r‘l“‘é‘é[r fy”{ér'oaégj glﬁuifr%‘?“ﬁ%ly s gt e be i Kyt “%%W’é*h'ﬂ‘t hen
reacts wot hadifeentOhdgas idyer. formthe Sift, oxide to be deposited). |In
accordance wth an aspect of the pr esent i nvention, the conductor |ayers
205 and 206'%%)*%%%*61 D PleBY PysCHE T itie e fosameganerb inpukgfiae Y993 and 204
prior to applyingod Jilew&paa%%hw%mwza%& )30 ﬂi@f&aém@dbp@ﬁ@& ek heehige
conductive traces 106 and can be applled before or after the conductor

| ayers 205 #pUOZ08C N @i ‘elb‘éld‘tbheiﬂ R lsulfup tivetbutabnblayirn 2@ 48 208 ehtact wi th

t he 16



30adj acent conductor layer. In accordance with an aspect of the present

i nvention, the aforenentioned insulating |ayers 207 and 208 as well as the
conductive layers 205 and 206 can be deposited over the entire area or
surface of the substrates. In particular, the insulating |ayers 207 and 208
and the conductive Iayers 205 and 206 can be deposited w thout patterning
to reduce t sl L5 0 ries or edges Howeyer.. to reduce the
possi bi | i tyr{g[f“}{Ju ' “‘“c% ‘mg ﬁ@? dpﬁg&@eﬁd @10{”@5&‘??‘%&0 r‘s‘ﬁ]b"sqqlf E{%lgh'ﬁ(ﬁé and the
back Substramgb@ﬁ&nmihedgﬁnduﬁtuy&Jk&¥QM&[ﬁQﬁmaﬁdfﬁﬁﬁmm&hmb@gMﬁpﬁﬁited
using a nas rnati ely, ion t he ond cti S 205 and 206
can be SSeIQ%tﬁ%éTV“V% @%“Q?W@ B%BBS [”Bﬁomﬁdw“‘T@%¥§h @i DPF | ustrat es
an exenpl ar qudeipﬂ&kltag onanf Atbeusandyshivy 6 thayed:s:R9.,@RA0 204 20hcaa®eor dance
with an a;pect of the present invention. As shown in FIG 10A, conductive

| ayer naterPéf”%ﬁ%“ﬂ%?ﬁﬁgéﬁkﬂéﬁﬁklted over (or has been renoved from areas

defined by howndan @S obRdcaldn l@@%}dry%ﬁﬂﬁlgﬁ nghé/@onﬂlféufe%},(éi%c’m yRpath is
formed between the 10 conductive traces 106 and 107 to t he conducti ve

| ayer mat er i'ARCEEPBE M BicY HEMDpiSESS DEndibsty dewn IFTE 1etedpitbustrates a
side view Ofldvhhﬁdlﬁ%ﬂs%t 308 ApRIGE &8 lop h!t:s L@Ln 180y M?n)h&?apﬁ%bé @y section

A-A" As shown in 10B, a region on the back substrate 201 bel ow t he
conducti ve wpﬁ@ékid@(i§mﬂéW8|dfﬂﬁn@mhduwtvméknnteﬂhaﬂlmhw«émwg@ they regi on

on the frpnt 4Rt rll%:[ug lﬁggndaﬁﬁ\ﬁ? ihgclggdﬂ& \)L\f of HAGS %3) 31lc§ og?ﬁ{, ¢ gosﬂf‘
conductive materi al terial can r resen er of

adhesi ve resvmwﬂﬂhEchV &uadmesﬁM@vmesfmnlmﬁﬂntaﬂ'@@w@ﬂ@tlkié@ihyh

i nsul ati ng. Lo AN N the EA i Yy be possible
for the fronrpgﬁﬁ%%ﬁ% g g &%HﬁFQIM ﬁT K" '$tib b“% %lPEJQgﬁ%“Yﬁ 0
contact, theowlbstive &gl tliong dividast @hﬁmhﬂjmaMmShOH&WthEﬁgbmmeHuth&i

deposi tion of, the,conductive. Iﬁ¥ {g {g an F 2$ as |IIustrated in FIGs. 10A
and 1013 can’ S&Fequadrd® SPAPRLT "ER1 Y HELL BT O RAYRer . when 20 the

EASI | | 3 1500 Mc&neldl@efdcc{nmlﬁdqtnt ia Mdy@r (ﬂlcﬁlﬁeslﬂ]aa@du&&sllrenﬁicfcﬁradrﬁlhuﬁ\h&csﬁﬁﬂm nating
ends of the cond ctiv gces 06 anﬂglO? can be coat h an addi ti onal

| ayer of cohﬂh%t 8t t@?VQFQ Ogever, H@u%%FV@‘VhW'b?aégnﬁ)C%PVébhdheS|ve)

By renovi ng pbdidicGONELIGH V@sdmﬁ)ﬁ affBhe bdcRkubkiuid B 16 RGHORS cadicAGRRby t 0 the
conductive traces 106 and 107, the risk of this additional |ayer of

conduct i ve AEETERS 1B1aniclipiFiend shrtn ot haisfogs diedpRogisien ey eondestivielarer HIS 40 ont
substrate 20@ andsthel 1Z5RﬁCK)ASJﬂ@§(§H @dﬁ%df@é@%d%@%pﬁmf pUihR) MeCuGREn After

dep03|t|on of the |layers 207 and 208, no i norgani ¢ coatings need to
be appl i€d. HadeY &Brﬂﬁpys edeprb ostilr iplacewpericlet e Traaye the %g@lmaamngx)ef dan he

processed t @, iRGLEARE: F(Jﬂed'n(lf l{?ibdaﬁ h %attec"? wh Erdacffﬂntoﬁ‘ai ey %ng(gqﬂﬁduknéaﬁna?
adhesives. Returning to hi's |8 shown as st 1 provi des
a flomchart@miaomwﬁa®i$qw gmmqwe@ﬂ©weﬁa51onahngﬁ@p@um@wuampmyhng1an

adhesi on 391&? Wﬁptt Jur‘it?o @(}nd&% lnﬁ"j\sfg& d% FLE %?u (QAS}p%dl%%galf Il“r‘b#b)?t rate 202

that is shown enera y as st
| ayers 207 amduczﬁsmeiam brel()tlmwgtdectlmntcfh sanl lengandiunot juonale 99 hahée such as,

25 back substrate 201 can be further reduced.
Adter deposition of the layers 207 and 208, no [urther inorganic coatings need to be applied.
Accordingly, the surfaces of the layers 207 and 208 can be processed to increase their ability
to bond with organic films and adhesives. Returning to FIG. 5, this is shown as step 504,
FIG. 11 provides a flowchart 1100 that illustrates operational steps for applying an adhesion
3G prometer to the front substrate 202 and the back substrate 202 that is shown more generally
as step 504 in FIG. 5.
As an example, the fayers 207 and 208 can be treated with an organofunctional silane such as,
for example, Dow Corning Z-6030 (v-Methacryloxypropyitrimethoxysilane, CAS # 2530-85-
17



for exanple, Dow Corning Z-6030 (y-Methacryl oxypropyltrinethoxysilane, CAS
# 2530-85- 17 0). As will be appreciate by one skilled in the rel evant
arts, organofunctional silanes can be used to inprove the adhesion of
organi ¢ conpounds to inorganic surfaces. As shown in FIG 11, at step 1101,
a silane adhesion pronoter can be prepared As an exanple the pronoter can

be an aqueo t,i on of pro %to ne 5 ere the pH
of the vt ef e AP SRR PR a i g isRe i o85G G R Loer Do
aci d bef ore ukdieo ﬁiphanmmsma{dﬂedrg(mm(a@e@ﬂdan@eédm tiratdhe Dow Corni ng Z- 6030

speC|f|cat|on) At stgpélloz Eﬁ | ayers 207 and 208 can he treated with an

oxygen pl asHi. A EntEy Mgl o £ 08 4 siipas adhovep RpaeioR” SameopEcd r 8afd f or

appr oxi mat eleyandid m?nﬂﬂdmﬂmﬁm, atageb@Pso bk &h3of abbiemmufyaplev/ of nam kinsul ati ng
| ayer can be treated with the silane sol ution. plication of the silane

10" mi xt ure MEyeHE PACHiR T hisdrecnesdiingd © be i %faacts%wﬁ procdddetcpid o | a

Spi N COME ) iR 1RUGihe id ddGeaSMEBERnOTith M€ DLR S YR §uerisi&an be 1 ooded
with the silane solution with the processor stationary, allowing it to bond

to the plasraser BRECE Frrsidldeidhiys surteasaed with wepgcmtaw t/Hen 8xEWE¥s sol uti on
can be spun jofh. A7 SEERLTIOR: AR ic{g%a%%ﬂkmg & t@@%}lﬁﬁ) LQ{Gp% g@@ washed

away in the spi'n processor using a sol vent
i sopropyl ah@bh@@ﬁn”ﬁwdweéwuxm@®lnwhEW@ub@vMQremu@h/%EHﬁWmeﬁUk\$MQ

substrat g, C?ﬂ?xn&; n%& 'b?? ik f&%ﬁﬂ%h wlufﬁ‘ﬁ%g: sofﬂt accg}?gc%l?)r Gl

appr oxi mat el es a ance mnth an aspect
of the presdmmmvaeﬁh¢mmﬂmmgMmmwmbeuﬁm@aiWMEthMapwhmonhﬁa&cbmnﬁmln a batch

process. W ét@tlonﬁ%{t alf(:)w rPJ it loenoBd {0, zofaglésdn refl%ggas ﬁ“nﬁﬁ dLL Eigdil 1{}4 nl%ul ati ng

| ayer - coate rat can ane mat eri al
20 can thenehEmBMMmmuMmLﬁmmﬁpor phase by neans of a heat source and/or a
vacuum The sil an g mat er i al an be aIIoge #o bond to the insulating |ayer.
Such a bat chY gFdd )ésdf%a{h“‘@f” SHEey Ol By &° FATELGHEUP NEra BEEETUSNE v

el imnatg cheanindg: sicdrRs: (d.404opandl icbd). as st ei0sUnd agraetadiRariéagut at i ng

l'ayer would only accumul ate enough S|Iane material to cover the surface
with a nol eSUPEHe 8RO CXoBRetTHARYCH SIEpRBCresOr agpoXPgyly spBinuEh e

al i gnment | ayghaxdQR12080 210 1&80aR€ vARRA h§det I prdsdn RE@MIHES ndy bt owchar t
1200 t hat |IIustrates operational steps for applying the allgnnent | ayers

209 and 210 Peskiale (¢ PoiyHewianeor ebydmercar! ihg baeleposensavHalrEe BAsRs shown in

IH‘?]-S lljlzat ﬂlgs L8Rl 2 atink RS SLAANGELLEALA e 1ASKI AL b LB FRE 8Find ha®rial

20 can then be put into a vapor phase by means of a heat source and/or a vacuum. The silane
material can be allowed to bond to the insulating layer. Such a batch process can greatly
improve throughput and potentially climinate cleaning steps 1104 and 1105 as the surface of
the insulating layer would only accumulate enough silane material to cover the surface with a
molecular monolayer.

25 Returning to FIG. 5, at step 5085, the alignment layers 209 and 210 can be applied. F1G. 12
provides a flowchart 1200 that illustraies operational steps [or applying the alignment layers
209 and 210 that is shown more generally as step 505 in FIG. 5.

As shown in FIG. 12, at step 1201, the silane-treated insulating surfaces (i.e., insulating
layers 207 and 208) can be masked off. Physically masking a portion of the insulaling layers

30 207 and 208 enables the alignment material to only coal those regions that will be in contact
with the clectro-active material 211, Ag an example, the regions within the electro-active
material seal feature 103 {as shown in FIG. 1) can be exposed for coating while the remaining
portions ol the insulating layers 207 and 208 can be covered or masked to prevent exposure.
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| ayers 207 and 208) can be nmasked off Physically masking a portion of the
insulating layers 30 207 and 208 enables the alignnment material to only
coat those regions that will be in contact with the electro-active nateri al
211. As an exanple, the regions within the electro-active material seal
feature 103 (as shown in FIG I) can be exposed for coating while the
rmirSrEIegI ?g B?'gblés%pﬁ%){(xhlb;pSvmlnnd fifﬂon Oklg% 53 ‘“em“dl‘lgbl S?ngzd)(g)lrdsuscaagé)?g}cﬁ?\ée[ ﬁg or
si | aneTr eat elht umnuklatan Ihgl@mmd&e«eis Dﬂl‘lhub&mhlﬁtﬁdmﬁ@d\&fgad’)d foheninasknean be
renoved easm I 1 tl e mask can 1Bglve od sol vent resigtance to the
sol vent fro “’V\}‘?Ivb[?jl T’Wewﬁﬁ’tb“rﬁjfﬁw‘““'l A&y ﬁﬂl b rpnsgir e sy ehat ed
(e.g., Si gnn@slkﬂduﬁghtAvbﬂyuRnﬁimm Avery Denni son). 50nce the nmasks have been
appl i ed, at (ft.‘ nrrent | a ers 209 and 210 can_be spin coated
utdm

q‘é Q(g al i
froma so Has b ig! “lt Helg gt B6atemynciayrpd eihdlicedt at a

speed in thepihangs (R AZSQQQOJ Qﬂs41@QQ’m[pﬂHﬂhE 9in RALNEAR b3 naRed 90 $eeonds.
| mpr oved perfornance t he dy el ectro-active, diffractive optical

power regi oﬁh“f%“e’éﬁo%@ 48%1”@\?‘@(9“”?‘6‘r°’0é%%?‘é’““by provi ding the circul ar
features of Iﬁ]&@ve%q:ruif{@fﬁﬁnc'é%li iR faynahid, diebdd RG] Mﬁl&%ﬁﬁ%&éﬂ Boviet Roghn [102

rotationally symetric el ectro-active materi al i gnnment,” Accordi ngly,
an aspect of4% fe apiesénpr pxeht bpmrwskngetpcards ft«ch'ewgfelhef%%iacpgﬁiwént

mat eri al i3] Sl@ﬁhdctuqagiruhhil% “e}l% 'WQH n&ﬂ&)&ﬂf&f[ rﬁhblﬂé‘ﬂ%&ﬂ dpl?\/(,ql?htgldlm i ﬂszrm{,nte XpOSI ng

the materi al I near pol ari ze ravi o radi atl on as descri bed in
U. S. Pat. Apykordipgdy, a&zs!pmbf D6 Aesehi ineutiponkndides BO0S,of Mnnmmmsituhéﬁ eby

i ncor por at e@ualﬂylh(ﬁ %(,edﬁplﬁgu Idpuh{) abdl%r};[ JLEI1]¥EId'\{%t LeXrR(I)S?ngLhE nﬁblecﬁ %1 li uirly USA)

150ptically processed~are ava and
Rol i c Technqybl@xgacéslum@lulgc&nm zme:nlmhadl)m UAL Pat gl 1%033/1(111‘164 lﬁlMS"lpﬁB“ mask can
be renoved. ,At, step ] é y co tg $ubstrate% g vl e bstrate 201
and/ or 202) cah“b% Hedt'ed ]tnbm?:ﬂj‘? Sof FTALE LS s §BIGENnt a“A‘é“é M &dhipl e, the
substratis opiralbeprhieatede m]l@p:pﬁmwl, sradnelny, (DOGy N deRn) ko Tecaiol@ipher e for
appr oxi matel} 015 ut es. Returning to FIG 5, at step 506, the

el ectro- actl\fJe WAFERIY) 211 can be formulated. Step 506 can be the final

step bef or e sasgermbs, ylu%y&@ﬁnEAMQQQu(IALQLLP 1haf af @atehauibsilSt. aﬂh@S 201 and
202 are brou ht toHet heré FIG 13 provides a flowchart 1300 t

i |1 ustrat es “GP&tat{iohdlr sty M‘d‘%F%‘Eil"ét@i“rfg}“tshé(’lwﬂbc{\% & ‘é.’if‘t“P]\?e*h?rat eri al
211 that i sughein cIPEScaeNBLAdYnASy ST°ERrRPBmbicnt atmosphere for approximately

20 15 minutes,
Returning to FIG. 5, at step 306, the electro-active material 211 can be formulated. Step 506
can be the final step before assembly of the EASFLB 100 (i.c., before the substrates 201 and
202 are brought together). FIG. 13 provides a [lowchart 1300 that illustrates operational
steps for formulating the electro-active material 211 that is shown more generally as step 506

25 inHG. S
The electro-active material 211 can be a cholesteric liquid crystalline (CLC) material. The
CLC material can be a mixture of a nematic liquid crystal (NLC) with a chiral dopant (CD) as
described U.S. Application No. 12/018,048 filed on January 22, 2008, which is hereby
incorporated by reference in its entirety. At siep 301, a sclected NLC can be mixed with a

30 selected CID. As an example, the NLC can be a material such as BLO93 or MDA-98-1602
(Merck) and the CD can he a material such as ZLI-4571 or MI092239 (Merck). Fmpirical
studies by the inventors have shown that a mixture of NLC with 225 wi.% CD gives
[avorable results in terms of achieving low dillraction efficiency when the dynamic, electio-
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95in NG 5. The electro-active material 211 can be a cholesteric liquid
crystalline (CLC) material. The Cf material can be a m xture of a nematic
liquid nystal (NCOwi th a chiral dopant (CD) as described U S. Application
No. 12/018,048 filed on January 22, 2008, which is hereby incorporated by
reference inits entirety At step 1301, a selected NLC can be mxed with a
30 selected CD. @ﬁ”a | e, the NEC can berg nater sth as, 13E093 or
MDA- 98- 1602 “FNEr T“‘ahap‘t‘“ﬁé’“&ﬁ e “’dmhﬁt?é‘rt‘ |f‘“§tj*6'ﬁ 8%"97%1“’1?‘5“7&" or
MJI092239 ( Melgic, clettiordoiiadi fiatud beRalPywihieidnnve Bieiisnshave ashowno bhat  a

m xture of NECwith 2.25 wt.% Cl) gives favorable results in terns of

achi evi ng | W di*FRiacti on effici ency when the dynamc, electro- active,

di ffractive gpidcabz NAVEEcH8GHhR MR nSnROb @6t MepRndalf askeas Wt ahi ng
speeds when the dynantc el ectro-active, diffractive optical power region

102 transT t {CEHIF S HISRE BIRESRSARN POUrkpriakenapr 3 Wiatiaplel2 haErs 3t lgmacsine ¢ he

el ectro- act i¥&e MRERALR et & 121y 820, REPRY §]l‘,‘£’1?rl, e}ﬁpépdt&%‘gf Mm R0
S5exanpl e, the m xing process can be undertaken for a m ni numof 12 hows at

a t enper at urlé0%abBPEC heteapesar ayaershmp erpriraciod 12 Geangersrallbe ©ed. Si nce t he

clearing t erm‘%[c?t%()@ ttQ:f thl:\{%agﬁf 1311‘1%9% 1i§t31]0091q: cal‘?‘rﬁy d’i@%ﬁ‘?r t%%gﬁ gragﬁ ?L\at er than

approxi mately 1 can genera e use tro-active
mat eri al nixtyweKZEﬂkomnubeﬁmbgaSQEQMdAsmam éwawwhéunm@gassmmgdmidthe

m xture fian Pﬁsu}‘l[@tﬂht‘%gﬁt 0161 ) ni} !)rel s)rtt)r fil%\rdl,[ lr’}%gnl ; lil% (I%{r(%(;[lmlﬁt% gal reduced

10 pressure (on ess) 0 rs. The
el ectro- actnmmumﬁtbumaLnnmﬁhuaﬁnﬂmlmumanﬂmegmnnqmvmm;mmhﬁummsana@etated
during the d g&gkﬁgheég%qss to increase the efficiency of gas renoval.
Returning to FIG. 5, steps 507 and 508 represent the final processes applied to the substrates
201 and 202 — i.e., assembly of the substrates 201 and 202 with the electro-active material
I3 211 o form the EASFLB 100. "To ensure desirable operation of the dynamic, electro-active,
diffractive optical power region 102 by way of its correct orientation with respect to the
progressive opiical power region 101, the position of the center of the surface relief
diffractive structure 213 with respect to the progressive optical power region 101 can be
determined and fixed throughout steps 507 and 508.
20 As described above, when the front substrate 202 is edged {e.g., in step 609 of FIG. 6) the
position of the progressive optical power region 101 can be {ixed with respect to the edge of
the front substrate 202 to within a known tolerance. Further, when the back substrate 201 is
edged (e.g., in step 707 ol FIG. 7) the center of the surface relief diffractive structure 213 can
be fixed with respect to the edge of the back substrate 201 to within a known tolerance. As a
25 result of these steps, alignment of the surface relief diffractive structure 213 with respect o
the progressive optical power region 101 can be accomplished by a simple rotation of the
substrates 201 and 202.
FIG. 14 illustrates an exemplary process for aligning the front substrate 202 and the back
substrate 201, FIG. 14A illustrates a front substrate 202. FIG. 14B illustrates a back
30 substrate 201, FIG. 14C illustrates the front substrate 201 of FIG. 14A placed on top of the
back substrate 201 of FIG. 14B. As shown in FIG. 14C, the front and hack substrates 201
and 202 can be concentric. However, as {urther shown in FIG. 14C, the front substrate 202
has been rotated slightly clockwise from its orientation as shown in FIG. [4A. Additionally,
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Returning to FIG 5, steps 507 and 508 represent the final processes
applied to the substrates 201 and 202 - i.e., assenbly of the substrates
201 and 202 with the electro-active material t5 211 to formthe EASH., 13
100. To ensure desirable operation of the dynam c, el ectmactive,
diffractive optical power region 102 by way of its correct orientation with
respect to the progressive optical power region 101, .the position of the
Conter of t HASRE PERER gD IGRy LERLETNET 5 4O P RRMLBE %t o' the
progr essi ve sopti callGoawer egigomill,0de eagrebecdptiarn phwadeand 161 x@dint hr oughout
steps 507 anp,SOS.PZQAQ.quﬁ[[bed_qboveh_mhen fhe front substrate 202 is
edged (e.g. , " FHISEER 669 ot HEFe oBraPRgerpednt ot ssaimed uyrdeive optica
power regi on4t0lnaan, be disned W hb rhaspehect M2 the urdask afhstdedr gat
substrate 202}@0 wi thin a known tol erance. Further, when the back substrate
201 i s edyed"fEye, in step 707 of FIG 7) the center of the surface relief
di ffractive 1styidpell i@y dbPrGasiRepfidaX flveMeofdn 1€SRAGHe dyRutife1e00Ru@f the back
substrate 201 to within a Known tolerance. As a 95 result of these steps,
al i gnnent oflilfiidvs ppied pewprargier | (i idraprnely diee thetfnesupeniadi? ind &spect to
the progresshMe.®Rli.Ce regi Lamhe 0 i Dby.a.sinpl e
rotation ofq?%ﬁﬁfgﬁgi?g%ggwg%T‘gﬁd&g%%g%%ﬁég' 4@@f%hg?#§§2§ggﬁxg§%nplary
process for Rintagnigigert ¢racdioint SubiStatatile ROPandbdck smesuhiack)! sobdtrat e 201.
FIG 14A 11 Jate r.ont. subst 20 d4B. il | ustrates.a back 30
cubst rat ) 201 RS B b R FHR LA AR P S SRR T

pl aced on t dp ¥dfen thhecnbacklshitvsitlinetle 129anddf)9 ERbopd¥\Widsd shoowre demerlef G | 4C,

the front a ck substrates 201 and 202 can be concentric. | ver, as
Further shoud et I ER R 37 D6 FaeS5oREE NheferbRAFEG
slightly cl pokwssde optic@mowtisegisd @Ntatlioon ilSGsHOWN in FIG | 4A

Addi tional ly, 20.. the back substrate. 201 has been rotated slightl
counter-cloéQ@Fgg°PW8ﬂﬁﬁ@?“ﬂ?“8%%%@?8W“é@“%%b %‘T$m?F 1i“"?ﬂ’é‘ltf[?-lk‘:%J(go'ltil‘s/equentIy,
t he progrsessiomenopick eakrineBer andegl @ bd Rdundiadn tne:dyInaviters @heEdw @c act i ve,
diffractive_qpplggl power, rﬁgion‘lqz are nisali%ned as shown in Fla 14C
Further, th&"aFGmibaAt! oF  Re kit sHE Lot apacofpualier tHstyadk Mitbstrat e
201 are 5m sabk gRE e inl Ge BHRPES e ah! BN 1d RAoRECATHRSS e 1ORE G aldefeyer region
101 and the dynamc, electro-active, diffractive optical power region 102
(and to profByaones ganrne. flhepcadibaty denbolopleding ebns Ppask slistidat e 201),
the front apd bagkiosubstd didme<0diangp202 can be rotated while maintaining
their concentr|C|té1 Specifically, the front. and back substrates 201 and

t

202 can 2010188 Fétatlbeira morsxentpdary ¢apvier S8ffarpplding b subfiathud ithmIEAREK $00108  and

109 are ali gnedsRg,shewg 4.k (@cl}mlcarrim%&‘.tlﬁé. ?%%m[ﬁs}%tgsi Bloford LigYGH@L mar ks
108 and 109 are properlylgllgne , then the center o the surface relief
di ffracti vecytguetur thezagiond 00 chrecanmpripr fppe rraisddi pgriment SOhvatha elgpeldt t o t he

o o 2551 ve kbl ROYCT 1 EOL 900 AR IR ol 0 B0V
201, the can each have a recess 1503 (shown in FlGs. 15C and 15D) 1o accept a beveled edge of a
25 substrate. Adjustable raised portion 1502 can be positioned between additional fixed, raised
portions 1504, The fixed, raised portions 1504 can contain a means [or translating the
adjustable raised portion 1502 such as, for example, linear bearings.
FIG. 15C illustrates a first cross seclional view of the carrier 1500. Specifically, FIG. 15C
illustrates & view across cross section B-B* shown in FIG. 15A. FIG. 15D illustrates 4 sceond
30 cross sectional view of the carrier 1500, Specifically, FIG. 15D illusirates a view across
cross section C-C shown in FIG. 15A. Details of the recess 1503 can be seen in the cross
sectional views provided by 141Gs. 15C and 13D,
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15 front and back substrates 201 and 202 can he nounted in carriers. The
carriers can allow the substrates 201 and 202 to be kept concentric, to be
rotated about their centers to the point where they are in the correct
orientation, and to be |ocked in place (e.g., to lock in a desired
orientation or alignment). These carriers nmay then be | oaded into other
process tools to aid the conpletion of other alignnment critical steps.

20FI Gs. 15A- DS rarsten by heldi plascdvrish biivyl (earthd lewel 2500 2 ors shotodii Hig. @ isubst r at e
of the EASEL I r.at t ing ar 1500.
PG 55 11 T Por Ul el SRR LOPCN e Bl BRI 1070,
can conpri se@ipgdxdionr @0% edichont hots ciHqle. ahoveano aljeust pbihelordi d@ekr por ti on
1502. The fi or ns, t he ad ust e, raised. portion
1502 can easﬁ%nggﬁgﬁﬁgggsma@%O%Hb§%§WﬁqfdIﬁéﬁ?“'igd%§¥dA%%T}T°{ “accept a
bevel ed eﬁgedﬁﬁlwoogﬁmswbsmmamstmﬂw@umy@bkamqauﬁedu@@mhh@mmﬂﬁﬁﬁbaﬁn be
posi ti oned ditional .fixed ised po he fixed,

rai sed port?§%¥§%5%§ T m%%htgwﬁmgmhgg@g“¥ %£Wi5ﬂswgp? ﬂ?% esigpdiet abl e
rai sed port |f0mv015@& ss:ucalpr(me,emgf ©b], RXadapple, nhddaeaﬂdoea:rnlang& ndrleGwitdip C
|IIustrates‘%‘% i sectional view of the carrier 1500. SpeC|f|caIIy,
FIG 15C i T1eparnls S Pees 4 How serrins Al BIpl Ko W0 PRORRG 154
HO. 151) I|“@$&maiﬁﬁbﬂﬂﬁﬁﬁ@nﬁbOa&fﬁﬁﬁﬁﬁﬂﬁﬁﬁhkpn@b view of the carrier 1500.
Speci fic | lustrates a view across cross section CGC shown

Ly,
in MG | A(05@L5W4§L%§b%ﬁﬁm$€c%§§Tl@G@“@&hnB@ms@@ﬁ“ﬂh”¥Hémbﬁ%%sksect|ona
Viewsprovi deduiis S5GRa MECBA 1S} mnenifhd BBLARIS0CANGDSS BL! 0 Pl ace by

its bevel (e, g., the bevel 214 or 215 as shown In ecesses 1503.
Positive preS¥tia Pk iHestnleresmben 93 fe anpdviag rtim mlavqnbblydny”’fﬂhed _
adj ust abl e nay &M RQId:| 'i@ﬂ P oW hGR g@&%l@%s %307 ﬁl)a@m e, allowed to slide
on spring | oaded |inear bearings contwal ne #8 anple wi t hi n ot her
fixed, ralséﬂ*ﬁﬁrﬁ?bn@bi@@ﬂﬁmM@¥QHWEmmwoﬂﬂth@'WB(maﬁmnemm&$06mmnmh|n ot her
process {500l jRgh:AB¥ePE; |- h and.d nemati c
mount i ng means. eLcaP?%Q?&P %HBQQLE eﬂggg?ﬁ?*gﬁnmmqqoﬁolesnﬁ%ﬁébdeslgned
to fit overLﬁbhb%sﬂmﬁtadbwoaewsnmgtqb@km&ﬂonuexammﬂea(£h31¢ﬁmnmemg1500 can
al so be nested nether rocess tool nount
by means. of " itith BaBCkd8hier Bt on Bl MeBinal onb e Bl GraRabRor [ he

| ower porti mo@fsystcmehamtmem s’LEaDmeJEI:@@DJiﬂDhﬁﬂ{B Rk SR80 Tadenigcimdrin FIG 5
can begin WA¢ k&g ;he fron %%back substrates 201 and 202 within

t he af orementione “% 1%?§§T%WG’HFP SURE AT BYIOHES ual KA AFERIBDO t hat

i|lustra&es b@pezmabd beﬁi‘d[(ﬁtl‘emlbf.éﬂr @XP ASduR@rat: hep@kbrgnmeméd iRy u‘§ta@@|9:| gﬂd5210
as st ep In

to ultra- VIO|€§ %}g %hg% S . shown nore genera

At step 160T5°¢ REUFT GAT OLhe cabi K SELAR ponasy fé@ copact afﬁbl tfmzhﬂea‘n eﬁ@mmﬁnm ed
within the cﬁﬁn@ﬁmmﬁﬁentloned carriers 1500. To do so, the adjustable

rai sed portlon 1%@ a carrier 1500 can be retracted to allow a substrate
to be | oade®' Y i‘élﬂf Feu, 8 Lateilep aébokcenrse Wbamt ¥a cimbedpdopt i cal

al i gnment t pQJ a wdiher &ﬁ&ln@@k dﬂéﬂn&ﬂ%ni%n’k ’;(}@Qilld ’Ciﬂno hrnﬁllﬁ‘%@dn%a @ ﬁ&ﬁt ff’l(%m ¢ vision

systemthat | ocates the sem -visib duci al mar i duci a
mar ks 108 aﬁdﬂﬁ}“@®9“=ﬂﬂ@“§ﬂéﬁ“1€@8ﬂﬂéﬂ%t@ﬂ%mﬁméubmImhenﬁdbsmﬂamﬁs can be

rotated unthl afe@@air 8 Qﬁﬁlﬁma Ll 9(59 ‘éﬁgz(ﬁﬁ‘h‘{’ﬁ% oEJA‘% é : aEJ Bl SRidi5, achi eved.

Once a substrate is properl Tente e ad I'sed portion 1502
of the carrWéWQlBOQ&@aﬁmw@hehwnw@ngbnbaammmn&hmnhqumhamwanemuEWﬁect|ver

| ocking it LH{IJ @Lgcﬁﬁlé@limﬁt H?ELSL ?)Qélgl Lli gel" I! I\%ﬁ’lfjf(?lo%éifiﬂpd /Epn?l{, 2 (%E and back

substrates
Whi(,h 1s hereby incorporated by reference in its entirety.

30 The alignment layers 209 and 210 can be processed such that the pre-tilt angle of the electro-
active material 211 can be between and 10° and 20° with respect to the surface of the front
and back substrates 201 and 202. As an example, the alignment material ROP-103 (Rolic
Technologies Lid.) may be processed Lo achieve these results by exposing the material to 80
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into a tool for exposing the alignnment |ayers 209 and 210 to linearly
polarized 1.1V radiation. 75 At step 1605, the alignnent |ayers 209 and
210 can be exposed to polarized UV radiation. As an exanple, the alignnment
| ayers 209 and 210 can be exposed to polarized UV radi ati on through a
wedge- shaped shadow mask to achi eve either per pendi cuI ar or pi ecew se

per pendi cul ar_, al,i nt S described in U S 12/ 101, 264,
PET B0 mpr | R 5RO TP ST bt Sy OB S o ByeciarranEs i | 1s

entirety. 3Qmmdtakurgammm | aygr & ROD- 100G 2AQiGRMe PRILAGARASSRGuEHGR that the
pre-tilt angrv.e of the electro- active material 211 can be between and 10

and 20 wit h Faepetiirqugh prevs grdcldenfSchoie WG28ht and dY bendress filsst(Pedpes 201 and

202. As an QX(aErTP‘vﬁarLtheg p’éﬂahﬁbﬂ'ﬂ?ﬂhnﬁ@[tae\ﬁlhﬁaéﬂdlﬁqan/%p(%/l&m i ¢ Technol ogi es
Ltd.) may_b rocessed to achieve these results by exposing the material to

80 in.litng! ‘gf”%@“%w flowapag AG10dh4t dwstfar»@mtaaupm}ratnmwssunbm thafiptat a
direction ofy,df & Lamdfens HM@% Bour Hl(rﬁfl AGP HHIR! 1[ is ASwR ol gre, gehl:ﬁg; 103

specification, the radiation fromsaid | anp can be passe a tiVe.
cut-of f fil tstsp SPSahEE.5. W2EB)70AngoDvh Hamdpaskanf iéduerd L(kScfh@ctUtvc lnmpllldl) bef ore

bei ng pol ari Ne) f i ri

provi des a f%g\g\%hglrt %%‘(3&]% ﬂﬁ?fgtﬂlrlg @g}abw@?g{(’}%’na? ‘s% C{’ﬁ?ﬁ? lvéssenbl i ng

t he front an@tdmalomxlsmtistccaﬂne&s;@%d am;ﬁp@QZ to formthe EASTI A3 100 that is
portiaon of the

shown oy er.al . in,

ni xed anéngﬁgsls?Z‘ i tr%l ?‘r‘cc)ogcu[pl v Prla@%l" "‘éﬁo dHIS%tIHP‘é‘a%TT“’i“s?H $9&7<Rd onto

the surface Irl(el liRAfas dﬁuﬁw&m agbj V@ngs:ﬁqpbmédm&) Bd Back Tiveradd BCL nesi@ehiivBIGMRt eri al

m xture 211 b ensg ett 0 BA illustrates a cl ose-up

Dowor che ERdey Ret ARBRDSOT b Pl S el B P hahbuis v i o o

el ement 1802)110&1@0&191(,&1!1(5@&{’15ﬁﬁiuﬁlﬂ\tnﬂxttn'aeiSDa@Kp&%QS&LB%L red@ thafShshean in NG
18A, the bac suthrate 201 can be | oaded and ali in a back substrate

carrier 1801%Hh&" dryart I emaEractf $1ahea; Reesielo P F“ Brifikie b wrfagoeliedi spensed

can be greatigfactifagntbe 3. nﬁ% wPbUENDE o, %ﬁbfn@a!%ﬁ:ﬁké’ & tﬂ@tn‘%du@i h/d1 that
can be used to conpletely fill the surface relief 1bdiffractive structure

213. By way SsPvieRanypexgkic 2emdi pf 8al clestiorasties yluenie siifigierit or &l Bave shown
that approxipi&h sh%R,dlsurszE rdiBCsfLa8E rstﬁicglgl 12] 5[]52&' {aﬁ,I}J & gifdibChgnt to

fill an eII|p ically shaped surtace re ve structuré that is
appr oxi mat ey RangAdn gdeepdl4 mmtall and 3,3 m deep. At step 1702, a front

substrate 293 L%{P%?,dl fﬁ)’ﬂgsugsltl'atg H@'ﬂlﬁéd@d Qndfd'l’@ml in aufp(ﬁﬁ {ugzub %Ellil 1%5”% Ld§%3 can be

20 placed in initial contact wt Fate 201. The
initial Fonvhey ihenivdexmibdevifir oerianbubadc lbacskuﬂubﬂmtat%és 204 isvd c80&t can be

constvered 588 8 SR nBRE MBSy 35S BPRIRUCl ¥ Rl g DK
The soft assembly of the front and back substrates 201 and 202 described in step 1702 is
shown in FIG. [8B.
As shown in FIG, 18B, the front substrate 202 can be positioned within a front substrate
25 carrier 1803, "I'he two carriers 1801 and 1803 can be nested together and, as an example, can
be aligned with respect 1o each other by dowels (not illustraled) in the back substrate carrier
1801 that fit into holes in the front substrate carrier 1803.
Steps 1701 and 1702 can be completed in a vacuum. If a vacuum is not used, then after step
1702, the soft assembly of the front and back substrates 201 and 202 shown in FIG, 188 can
30 be degassed at step 1703 before proceeding with further assembly steps.
At step 1704, the soft assembly can be loaded into 4 press (not shown). The soft assembly
can be loaded into the press such that the fronl substrate 202 is brought into contact with the
back substraic 201. As an example, the press can be equipped with a preunatically actuated
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As shown in FIG 1813, the front substrate 202 can he positioned within a
front substrate 25 carrier 1803. The two earners 1801 and 1803 can be
nested toget her and, as an exanple, can be aligned with respect to each

ot her by dowels (not illustrated) in the back substrate carrier 1801 that
fit into holes in the front substrate carrier 1803. Steps 1701 and 1702
can be conpl el a vacu v umis_not used n_after step
1702, t he Bartor ek By o P hane b Sl otk TG e e SO M 202 Shown
in FIG |8Bxanri3Qsbealsegassernatubstae0l 103 bolidl audracaedinng: mick h further
assenbly ste B é step 1704, the soft asseﬁ%ly can be | oaded into a press
(not shown).? %H@L U t assenbly can be | oaded into the press such that the

front substrate,202, i sonkkeHINbpEObPpRAQR &Cﬁm&é\a L ihgeaRRGkpsMbst @t e 201, As
an exanple, the press can be equi pped with pneunatlcally actuated 23

pi ston for tHECpEIPolidagive srRPngizhysrhesT indie. 1§tibSmcdicdly 202! orpplyispnt act
with the ba%sﬁ#bb@tll{e%s@nﬂ%?]a firft L(gf’rf(hiaglg;cill '1é0‘4%% l%tﬁﬁe(f(tﬁ(%wf ﬁ{ﬂn$u11§1ldgs>¥)[ ate 202

bei ng brought into contac strate : step 1705, a
conf or mal coNpresstacn thga@ifaetamhﬁélfmcamuwer’)l’anl uah@al wed k:carﬁpmrsﬂgmw th the

5 surface r q.%d)ﬁe%ndtlm %ld{,@gtuh(}{)? ﬁ'Et gﬂH?El%El@dlCZ t%l RV\@C hlgylr@lglas%fnk%fr Sth' conf or mal

Speci fically, pressure asse
pad 1804 caNOM@HpIawe60®anWGh¢Mmmio%mbsmhaiehﬁonrmuﬂcsmh@naﬂeangf t he

1805 can be Py TRGshFwE IRt e bt b SuBp R e R e 7
assenbl y. Tméﬁmmnfmmmnh:padmmsmmuqamhhgsmhek&ha@ﬂwnﬁmmHBOHunﬁaE&mfeIief

diffractive ructu [ 1 c The confornmal pad 1804
can al so be %?%ﬁ?‘“‘“?ééjéln?ﬁﬂh”¥ E ‘gik %ilef diffractive structure

213 such t hat sicp | Ovefohprgsd iihenok @,qmwmaleet[mmﬁnmf;@roh ah;gzﬁae &elesegat ure 103
by apprOX|nateI§ 1 nmon all sides as shown in FIG At step 1706,

conpressed &'t ‘aﬂ’“fiéa“éﬁ'b OF §4F PFiBe Pk BOTs ABLRsa SUBsUBies $8 And AR B s B @b npr essed

air to the PRAWTRLIE md SteRh&ANN PId.NYC e fiE entheapgicback. swhshkahes 201 and
202 into contact as 5 shown in FIGI8C As shown in HO 18C, pressure can

be applied t& H‘édﬁb’ﬁf“’ﬁkdﬁ}mlt&aldwf%lm thovgveniprehiapghipen halsing p eison #ilydi es by

the inventopsghiang &hm)xﬁﬁﬁeﬁy Ysi,fg @nll?'a?»[)ﬁn &ﬂnfph,séd dj;aget e[{m';@.]cxp of
approximately 32 mm with applied conpressed at a pressure of

appr oxi mat e PRPrexipHely léialncaac,a?ﬁl@vtéortt@mmn Blétt%@hstltamum\mngmlnmles usi ng
an appr oxi maj M J%@OQ}{H‘ W 9 Fc[]ﬂ'gﬁltuimnath ok L%ll[lof"l(%l édﬁ &Q@ﬁ%%?gf?f or mal

pad 1804 desig shape ace r Iffractive
struct urd ap@P@MHmﬁmmﬂym@@unhﬂvMﬁd@waWMHmﬂapmnmmaML22mnnaddmm|émuno

Y %o Wadilah D FORL OEIR o R BR pB 3 LADBhy R mcﬁ%o FiReoar M
t he region aMbvbwehsmadmﬁsmwad&@mdmmﬂannmaﬂ@Qamstmnnﬁ mnamnbm@
adhesive scal feature 105,
When the two substrates 201 and 202 are in contact, the electro-active material seal feature
25 103 and the adhesive seal feature 105 can be touching the concave, posterior surface of the
[ront substrate 202. At this point, a desirable volume of electro-active material 211 has been
fixed by wapping the dispensed electro-active material 1802 between the surface relief
diffractive structure 213 and the front substrate 202. Further, the adhesive cavity 301 can be
defined.  However, as shown in FIG. 18C, the adhesive cavity can be partially filled with
30 excess electro-active material mixture 1802 expelled from the surface relief diffractive
structure 213 during step 1706,
According 10 an aspect of the present invention, a radius of curvature of the front substrate
202 can be formed to be slightly larger than a radius of curvature of the back substrate 201,
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When the two substrates 201 and 202 are in contact, the electro-active
material seal feature 95 103 and the adhesive seal feature 105 can be
touchi ng the concave, posterior surface of the front substrate 202. At this
poi nt, a desirable volune of electro-active material 211 has been fixed by
trappi ng the di spensed el ectro acti ve material 1802 between the surface

relief diffractive ucture nd th front substraf 2. Further, the
adhesi ve ca\)1atf>}“13%’@}>1t oAt p "[H‘E‘f VG & {REYEP! CuyaIE AR § E‘Lﬁaé"" Y88 t he

adhesi ve cawidiye@iddeidanki dé)/sufﬁskdlnhcﬁg Ml b thSRdeX ceasaRteqtikonact i ve
material m xture 1802 expelled fromthe surface relief diffractive

structure 2F3SHit i2AY: %‘a@ liyrderysiak vsedi nglt srabs HEpetly reliehdopr@sent

i nvention, aufRdiyss efresvatdsie 204 dtuh@ fupom)ssulam % fofR2e @RNype forned
to be sllghtly | arger than a radius of curvature of the bac%< substrate 201.

24 By for niSrndlep bine 2 sdivs pharaupobat isolighaly drgsr thami wdivoe! cerrvigolir e t hat
is slightly lllleq{iggs b‘l:lllﬁi'l@ﬁ(llathg iﬁg@rﬁ @rﬂ(pgging‘g’%hg@ (ﬂ!\fﬂth?n kedegﬂ d V%ngléto@nt' ally

equal to the radius of curvature of th stra e 201 excess liquid
crystal mat ékrEr -acigopaigiaii beandt Riiminged dryutetepally wohofedom t he surface relief

diffractive FZ(%) 21":’?!511 fos %f!:"l)‘adgjls’ 81 &Qza&# &R LHL 1%& suiEsH tt‘ h(?Jm 11118}{, df,t(a){] {]sg][o&utf'e front

5 substrate ave aradius o arger than
a radi us of ictilvap. Lnuewdﬂf}ltthsbm:kmsoxtmsm mser1q21&mgfdcb hemarfmnmmmﬁudm or air

bubbl es t.rappe n.the desired O: act ve material 211
o be” oA PARSE b e LS Bl G SRAVER oae s SR Bl Se BB FhA% T i v
of curvatureormzfct tvhie the g tposy s the ale@rc2Q8vd materar eaidenaek(3aﬁ8Lmhﬁmlven FI G

19, curve 190 ents the concave, posterio urface of t ont
substrat e 209 TR TG Bt dangr gy at b gl GHeln e tHae Buri ng

assenbly theu;$Mlﬁzt&ﬁﬁs q;amamnyrbtl@ﬂ GARY radihs Medrvdtuit brehapexupauetsl. of the
el ectro- actlve materjal seal feature 103 and the adhesi ve seal feature 105

subst ant i al e8I Hbtbrranadiy). lhfrﬁém&uﬁw)'wo@m&am the digpetlstitte 9748 Pts of

curvaturg t Rahai fedHRst @BRLAA laysHeaH 8 LhLQoIRihf%LEngdflﬁnOqu SHENaUn&ief the
back substrate 201. In contrast to the curve . the actual radius of

curvat ure ofU RO PoHpn seisety d2an 3t anWMhen the seuedl paghe ol curggge Pl hhan t hi s

val ue (as shownuhvad e §Qi1§hﬁv bk Pthﬁr‘?@[%}@@k ;ragmmﬁy ﬁl@@&@é’ ‘P9OIPI‘H§J @k ior
surface of the front substrate 9). Wien the actual radius of

curvat ure oFOICHE, Hoslel Slsubsi(%aﬁrecoz@g dtsscnqult@htuq yelivangaial T Hanthe batyal ue

represent edolen,t El?dc?%h&edlﬂf%gtélw shl?&ﬁ T”Iﬂfﬁﬁpgsl@\é \tnrc FP&haatp d Ak aS[H L]ci?aﬁg 304 can

contact di spense ectro-active ma erlia center e surface
relief diffpaeniice psbrindicuosca®d Josiirios turfag v essastieg ihg adhopid ‘@el fedtae a
pneumat i c 105). In doing so, excess dispensed electro-active material 1802 can be expelled outward
(i.c., from a center to the peripheries of the surface relief diffractive structure 213) as further
pressure is applied.
The benefits of such an approach to assembling the FASFLB 100 are numerous. First, the
25 concave, posterior surface 304 of the {ront substrate 202 can expel most, if not all, of the
excess dispensed electro-active mixture 1802 before the concave, posterior surface 304 of the
{ront substrate 202 comes into contact with the electro-active material seal feature 103. This
can mitigate the risk of entrapping air bubbles within the desired entrapped volume of
¢leetro-active material 211 positioned as desired over the surface relief diffractive structure
30 213, Second, this approach can mitigate the risk of not expelling enough of the excess
dispensed electro-active material 1802.
Empirical studies by the inventors have shown that increasing the radius of curvature of the
front substrate 202 by a little as 2 mmy, for example, can resull in a significant reduction in
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20 piston (i.e., prior to the concave, posterior surface 304 contacting the
adhesi ve seal feature 105). In doing so, excess dispensed el ectro-active
mat erial 1802 can be expelled outward (i.e., froma center to the

peri pheries of the surface relief diffractive structure 213) as further
pressure is applied. The benefits of such an approach to assenbling the

EASH, B 100 are numeraq the 25 concave, posterior, surface 304 of
the front sdﬁgﬁwﬁkg‘?é?i@dﬁL@kﬁéﬂ“ﬁB§f‘%“W“Hgf?hl‘)m8§”¥ﬂg“é%@5§ * di spensed

el ectro- act iex@n Moty 6 2804 kaf.ar @ thieave oRaaVE surR@sIve L B iSkshiaeae 304 of
the front substrate 202 cones into contact with the electro-active materi al
seal feat ur eVdersie inthptagiribicoiyaicdl leapse FP SRS PP ESYhg air bubbl es

Wi thin the deaifi@doert 1ARRRAMOhIE, Of s @b;@%maﬁmmnmﬁﬁﬁ in@hss@isty
positioned as desired over the surface relief diffractive structure 30

213. Second,Prechivs Sepicode hepah’Udi oyt B 1§ Hescriesk PEFesh ot 1eRP@I2 $*6Y° enough of
the excess %sﬁ@ﬁ&ﬁa@e@ﬂ@&cﬁ% FQaRChl xR 90 Ghbh Al HB02 uWﬁ(ﬂ'aﬁ@lepﬁ@ Wdi es by the

i nventors have shown that 1ncreasing the radius of curvature of the front
substrate 202hkyadiesijetresiie as 2 nun, for exanple, can result in a

signi fi cant l{l%g {’d’f‘oepw S 2%§ecu$ﬂuu%ﬁ%gn E?c' Jonr#g&,@ | bnt ra?thgﬁhé% 1‘?)]21 Al

el ectro-active te? enent t pr oac xtra force may be
required toShavﬁﬁhh@pwpmcaumnaﬂmsMennmnnmupmememsmmrnﬂpmh§Mfiﬁnﬂ@Substrate

202 come d ntil?ustcr:ft&qtd%?pt&)ygiglbdng A& 3dn %0'3”6‘1 L()llQ(,a[lI;])n 5_«%‘ f)qu'u,mg anng [t,%q?KﬁEUbSt rate

201. Returnl eps RAr ol presen hé' hext maj or
steps in themaSQEﬁbhmkmmfprG&sﬁmuSpmcgﬁmd&kMgaM&kepsaﬂﬁﬂitHhm@ugm 1715
descri be a \gces% for &ﬁngLQ%q @fess di spensed el ectro-active nateri al
m xture 1802 f FEMPHRC YdfEeiMVR™el0i ty 301 and replacing it with an adhesive

resin. At steped T8, a IWRSEE., cmleh@%ri mﬂmrslaﬁlenmlh Mhe Gé@dsibeceonmactigd to one
of the 1111 Ports 104, At ste 8, sup é of cleanlng solven can be
connected td” FWé“BﬁhéFFW?%thBQW”ﬁUM{mﬁwﬂﬂv? wd dispenring HsEPates®a ‘Eupply of

cl eani ngissoleygiple, Bt (RpNASd ¢ ﬂZ?l@lQld\l'dﬂﬁ’(tlé B I @m IR NgepneEdetstwna fill
port 104. SpeC|f|caIIy, 20A shows tu 2001 being adhered to a fil

port 104 usiPhgndgrsiged éw%,e ‘édih%sni lb‘elW’a%dH‘eéhb\i’@]V%aaWP%td Yrup 4909, a

sol vent (€. Guhing@06t %@I)d 9@%&‘%‘, Likashed . Lough shhgoRdRedhise ea%) bY1. 301. The
sol vent can he dlspense hrough tubing 2001 using a fluid di spensing
syst em such Imgartiqugy, the solvmt can push the excess electzo-active material 1802 into the waste

reservoir conneeted Lo the other [ill port 104.

20 Once the excess electro-active material 1802 is sufficiently flushed, at step 1710, the fTuid
dispensing system can be disconnected from tubing 2001, Fuarther, at step 1710, the source of
cleaning sokvent can be replaced with a source of clean, dry, compressed air or other inert
2as. Atstep 1711, the selecled gas can be flushed through the adhesive cavity 301 1o remove
excess sotvent introduced from step 1709,

25  Atstep 1712, the source of clean, dry, compressed air or other inert gas can be disconnected
from the tubing 2001. Further, al step 1712, a second fluid dispensing system for dispensing
adhesive resin 1003 can be connected to the tubing 2001. At step 1713, the adhesive cavity
301 can be filled with a selective adhesive regin 1003, The adhesive cavity 301 can be filled
with the adhesive resin 1003 under pressure.  FIG. 20B itustrates the adhesive resin 1003

30 from the tubing 2001 filling the adhesive cavity 301.

The refractive index of the adhesive resin 1003 in a cured state can substantially match the
refractive index of the material used {0 generate the back subsirate 201. As an example, if the
back substrate 201 comprises Mistsui MR-10 with a refractive index of 1.67, then the
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15 exanpl e, the dispensing system avail able from Engi neered Fluid
Dispensing (IT"D). As will be understood by one skilled in the rel evant
arts, the solvent can be dispensed through the tubing 2001 to expel any
excess el ectro-active material 1802 fromthe adhesive cavity 301. In
particul ar, the solvent can push the excess el echo- active mat erial 1802
into the was&qﬁ&vzm{RO%é nnect ed 59 t he qther fill F Q %OCnce t he
excess el ectForactTqa it &PPaf 'egpYY; gl%ﬂWfsgﬁéﬁ?P?5 Béﬂéﬁ““é? Step 1710,
the fluid ditspdnigi h@uﬁyst(ﬁm;ﬂaﬂhhﬁddmﬁ&ﬁfﬂﬂ@ﬁt{lﬁdmﬁfbﬁmmhdmﬁjnﬂ@bﬁﬂﬁlﬂ)” Furt her,

at step 1710, .the source cl eani ng sol vent can be replaced with a source
of cl ean, dﬁvd%8§%%W§§§&dﬁéf¥”BF“ﬂtﬁﬁﬁﬂww bpgégth$“§& deliapyv indep e

sel ect ed gas;raans bea flrsishedcdhiangh EhﬁuGMD@ﬁWMGvQﬁMhH%(@9&m&pwmﬁﬂbve
excess sqivent i ntroduced fromstep 1709. 95At step 1712, the source of

cl ean, CYNpT B i digpnspe Hfé}“ﬁ‘r sraippedguid 223 gse (i & ciabra ddnee) f r om t he
t ubi ng 2001.gishshhDledle ot SbEB cdhlded @ 1REHARA0A 1 Wb, ﬂ%{ﬁﬂﬁﬁi&lﬂ%e sysiem for

di spensi ng adhesive resin 1003 can be connected to the tub |ng 2001. At step
1713, the adHE8i ¢&IEAV Ry R0M ipdamper, eanpresyd oif (i piesyed ketrdev B3 40thb%i ve resin
1003. The adhegiswBi&aV iV CANLH Ly ot pdhe A n 1003
under pressure. ; %i 20B |??$gira€e§36k 1 %hggl6gépe§?%u%§%§ﬁ%"§§%n1the

t ubi ng 20011ﬂmknﬂ%g“theugmm@sﬂvemmavnvyﬁsﬁﬂpOﬂHé4mefwmw&NQGOde@Mdof t he
adhesi veyy et 0 rad state can substantially match the refractive
i ndex of theSErE]t]119 Q“PQ“§8§% obr%nerate t he back substrate 201. As an

exanpl e, if Athepblidk axslub”Sﬁ rtm \easmml@ompmms aM g Sluid d\ARe:ﬂsGlaMmdm for
refractive i refractl e in esive resin
1003 in a c dngglsmg{ h{, ddhcu\hu I\tférlg )T/bo]%r ant htttf)ﬁ,hsdng‘},él \ljmthbr (EL, dgl*imltv %hmgg@ A0

general , anwuﬁmmuumbmm1mhﬂaﬂwadhe§mmenne&ha“hhammaamummmdmghepin@ﬂt

substrate 202 2 can be

( Dy max) mntﬁméﬁ?gfyﬁ%ffvéﬁ ﬂﬂEQm% dTh%ﬁé““ﬁ°ﬁnéJ$lﬁ“@ﬁﬁTBE@&ﬁwﬁgmbsed
Furt her, 15t hadichve2idsifi @8130 1@ abcoRBn@i SipLaSApbcMbil e froscht iﬁﬂﬂwd;rﬁﬁﬁaﬁh@ivé actuated
dlspen5|ng syrlggg gU|p ed with a 23 gauge (0.013" inner djanete 0

di spensi ng AeldVE ot st O gt %?%“%ﬂ%“?ﬂ%Wh@“?@@f““@br“@

di spensi ng wnmmahdm iy amlwmﬁ@ﬁm SRR WRLITRE G@h ¥e didifiadi N di ameter,
conpressed air pressure between 0.3 and 1.0 Bar is suff|C|ent to fil

t he adhesi vét é‘a%/l?tl@» 0%1%&@%1% Ry inoR Iy subgarilinlly flsd.deccdhesiatesing i Geesi n
fi111ng prOgesse. VAGKHIIAN. Bo 3ARLLE ot Sutiieodd LbwRQs 301106 nDGhegoNNECt ed
to the fluid 10di spensing stem supplying the resin. At steps 1714 and
1715, tHE wigebercBIG ¥t ‘lhé‘ﬁﬂ elent ubbiratcad®d andibe fablugubstieSpertbimglogsfsr em f or

di spensi ng the,aghe i;,1003; can he exchanged. Further, the adhesive
resin 1003 can ﬁgﬂTﬁtéﬁg ﬁ?hfg%dﬁ(%he adhesive cavity 301 in the reverse
direction. ﬂhp%@#@ﬁﬂﬁﬁbugﬂEGsmdﬂi4,dndwqaxﬁwmanmwﬂhﬁééé@ithezﬂhketlhood
that the adhgsiVe, l s, unif 15 adhesi ve
resin 1003. ?)25 L\érgé]g(? a%%téds\g:h} Lpdt Lé) i cBmEdth’m)P ot hnag di‘l’t\f Q) l.iL rciidhd\l/lgnt I%Oﬁn t he
adhesi ve res&mmlO@BOBaha®Emu$eﬂahMymdmﬁhwﬁhgaamoa§$udnﬁmemsedwnofa

el ectro-, m xture 1802 i ve cavi 01 such that
steps 1706 DPTYIRARCl@editihibud gy LT B eRR ISR U R e Scavi 1y
301 is Substtacm[lkaddhgswf,lllD(J?Edsmgt heicadhdisiodehtesi Rasl QRS o @B fron and back

-21

substrates 201 and 202 can be at least partially transparent to the wavelength(s) required to

cure the resin.

Atstep 1717, after the adhesive 1003 has cured, pressure can be removed {rom the pneumatic
30 piston and the assembled EASFLB 100 can be removed from the carriers 1801 and 1803,

The aforementioned process(es) enable the fabrication of an ¢lectro-active lens having an

improved liquid crystal seal feature. ln particular, the positioning of the electro-active

malerial seal [eature 103 and the manner in which liquid crystal is encapsulated therein (and
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be cured. In doing so, the front substrate 202 and the back substrate 201
can be adhered 90 together. FIG 20C shows the front substrate 202 and the
back substrate 201 adhered together and the adhesive resin 1003 bei ng cured
The adhesive 1003 can be cured using ultraviolet and/or visible |ight 2003.
The adhesive 1003 can also he cured with heat, or a conbination of heat and
optical radia dheS|ve e achi eved
by exp05|nglﬁH@&?ganLf§“?h n@ﬂf@ﬁ%m8¥C§“T§P W%ﬁ%dB%mbEFﬁH ¥Q ' f or

appr oxi mat elsyucturB integrig @8l fehicotighibtline of mEMecEHRETS AR Q] @alr@tmne t he
adhesi ve 10Q%,u§in? Qphlcal radlatlon t hen at | east one of the front and
back subst r at S&13EY ths flcusgsteaprgial seil fpauus 103548 b4 Brthey rdhoe Sp APERRS t o t he

wavel engt h( s irdeaerikradich@f GbhRekiN @sch @8k h&le@haRIvE hlilbriaald 8huihes adhesi ve
1003 has Lure pressure can be renoved fromthe pneunatlc 30pi ston and the

assenbl e EASHBMOE URCB of Brelan-aeie Mk 2 hidioshs inflgoa relfseriorsd3. The
aforenentlomﬁgi&m@@@g@&@@Qh@ﬁagn@Othe fabrication of an electro-active |ens
having an inproved liquid crystal seal feature. In particular, the
p05|t|on|ng’B¥WWH%HEP%éWW6‘%emdwewWeﬁeﬁwalU@eék“¢eﬁw%wewlﬂgﬂénén@he manner
in which |7 qubds@MSURI rrdnPs BRGAPSY the
adhesi ve caV|FLS%01) ené&r% t epﬁanaiggﬁgp§§g £L£ﬁ?ﬁgﬁg%rg§§gtkhﬁﬂb r obust
structural |lf|‘fv‘tbe@i<r$—lb%ydlaﬁ@1 e dupsidionddsiditieiftopt sobsitth 80beetingenbly ovde mat er i al
seal feakpr of . o-active material seal feature
103 can be ﬁé#dﬁr@’éﬁ)‘@é‘%t’%ﬂﬁr‘ﬁ# ‘}‘g’ﬁ{i“hgv“’?"ﬁ%{u ndex of refraction of the

mat eri al usdﬁemgmm@nNWMhemehe@tbm&mﬁmh@eMmMWﬁﬂBah&gaﬁhdmbammnmzﬁms 5 wth
an i ndex of cti ectro-active material 1, and/ or_the index
of 1ot racet SHEBRAE MRl DRSS 4t ORI T ) B ot an mopect
of the preséﬂb(mmMﬁﬂﬁhQMmahh&mﬁhﬁ@hwmmaﬁuuﬁﬁuﬁﬁhﬂybﬂblﬁL&qﬁ@mt&ﬁmﬂlspensed
onto the froqt substrate 202 ; urlgg OE t he EASELB ;

Consequent | Y P8 "HAERS U BERFGEE0 f‘“& ﬁ% lPié“ 085 £'78HeAl BPer >t REPFS ont

substratie 20aifen @ofith:asseatibpaak theh il@lﬁéﬁ!ﬁlaﬁ&o%e@ﬂﬁg sOM! e sMbs equent
assenbly Steﬁﬁ% The af or enenti oned process(es) for fabricating the FAME 100
can i ncl ude PHETFHMT cafrisdh %mpﬁé@“WdVdﬁé“dgéaﬁﬁPW%ﬁ%HWW§HuéﬂP?“%P‘@h a

semi -auto ”BE@ELSO fhdrbllalihmRkt RS Qs NRARE fiesirddD 1R bbdhik Béqlﬁ]'slﬁé?ﬁ@-&ne\golﬁ ystem for
exanpl e, uman technician may only be required to I'oad substrates into

racks or toSUetiFiR LS ERENNARRI YRS ER] Bher susitaranainsBAOIIYeAat (et BBIIS02.
Robotic 15 aﬁﬂﬂhc&nﬁﬂtwﬁﬁl%hldln&bﬁ)@d MRNRuSHRREE b G&cc‘n;etvt' %&hal%h therk. N, £ €M Ni ng

proceSS|ng steps, with each processing step carried a dedi cat ed
pi ece of~Ueqﬁuﬂbﬁeﬂwtﬂbproe%adm exampfe, it chnicianhengyr t;z:esqsrmhex gamfei gnment  of

the substratgs e rdgslyr &LS%EQ&BSOQ@IH a8 UbLPLE nllit af@cq V(VF Llfli ﬂgﬁemc qpj.pnct i on

w th machi ne vision sy substrate nmeans (e.g.
mul ti-axis Piogrsars ssopdiometcatcpdhbd aumoed nnztwutthtam&tsazf ccmmnsnlagmksi)rucmm achi eve

proper ali gntrﬁg&trglépﬂl 1‘%!11 gﬁ)u T tu?muanq Lomp L[ PLGESS for exanple, human
techni ci ans ma e req d] ra ? St rates between pr ocessi ng steps

and/ or Ioadhswb8®maxeﬁ1mnnpxpnbmeemeﬁ[mqmumnemMuEaehn@r@ﬁ@ﬁ&k@gﬁaﬁep
however ,,;coul d

be t.h t
require f it {nw,nu%n can (%Omfﬁbtlfwof(f) (5}?'?1“’ S“hﬁrﬁjéh ltugl.é 1%%?'2,;“19?% wagﬁglra%?cé OW St ask.

present invention, an electro-active lens of the present invention can comprise substrates
arranged or configured in a manner that is different from the configuration shown in FIG. 3
for example.
FIG. 21 illastrates a first exemplary alierpative eleetro-active semi-finished fens blank
30 {EASFLB) 2100 in accordance with an aspect of the present invention. As shown in FIG. 21,
the FASTLB 2100 can comprise a back substrate 2101, a front substrate 2103, and an
intermediate substrate 2102, Both the back substrate 2101 and the intermediate substrate
2102 ean comprise surface relief diffractive structures 2114 and 2115, electro-active material
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I n accordance with an aspect of the present invention, an electro-active

| ens of the present 25 invention can conprise two or nore substrates.
Further, in accordance with an aspect of the present invention, an

el ectro-active lens of the present invention can conprise substrates
arranged or configured in a manner that is different fromthe configuration

shown in FI G FIG 21 illustra rst exe

al ternative *éﬁliet% g?ﬂ”@ TG isd dﬂtﬂﬁivshemtmg@%ﬂt“%on re&e@? af@) 2100 in
accordance WiASH R {ﬁﬁ@ﬁ@t)Il@fSLtdhﬁ‘slptr()ﬁlﬁﬂmi{ L]LﬂMﬂﬂﬁ‘lbotﬂdEuASqﬂlﬂqm alsbeolia 21, the
EASE] 13 2100 can_conprise substra a front substrate 2103
and an |nter‘ﬁléﬁill“étt‘é“%‘uﬁ‘élt“r‘éit“e“ﬂﬁUi ltualdmlBhéo%a&k%%%et%t 815988 and t he

i nt er nedi at e suhBS M@ 2123 P2 R AN MRS sdHefiRGRad Rl 1185, dicfifif agthihye
structures 2114 and 2115, electro-active materi al seal features 2106 and

2107, and adhadry nsear! Haheanrbealded pia IHmanolfs, Thcaspad volyas §f adiepise EASI TE

21()0 can COmpkihiSReaf bl Riliedh@l HR 081§l ectro-active material 2110 and a
second vol unme of electro-active rraterl al 2111. The EASFI., 13 2100 can al so

conpri se a f/‘i‘*r‘*éftwwell kmB1 6 thed HEST b @1 eerskas ghovpin PlCaRdorahesbbBhé WOk ume of

adhesi ve nmat,g s ol 2112 can
he added vi ;D ¥Sk SL ;lﬂ}éaw%b@ézdn ?an \s{ﬁe&égg? 453 Lﬁ%égpﬁﬁdxgg@g 1%!&?&51“ al 2113
can be addeds wiaaﬁf%mtfclu p@pltcsillzdm@.strmwsh@mhwn Hl{@me@tn fhorcortviresuASFI T3 2100
(and as ﬁpO%LonahtluntQPbsﬁt es, HOJEN Vet,r Ll__‘t'lb‘ds(.c rdtmu, 1??1 5 cﬁ ()Y&) resen? 1%%11 1( n%ncj eatures
for containin {70- acti Ve mareral ™ nd s ssTve et erial - as
wel | as surfaae’e tmedmdettocdi by sragkillstkingha mtetamr e1$q thesa:rfeat&larom tadorinhdined on t he
convex surfaces constituent subst gto , in accordance with

P% Ui

an aspect of "{HE™) ‘s"@ﬁ’t‘“’?”H\‘}‘e”ﬁf’il%'h“’afﬁ(&i“ ‘?"W“I“ ‘“uhder st ood by one skilled

in the rel evEnt22afissaed hesend eakpagsaicanivbelberaBed Qni- Gakiiespemthng concave
FIG 22 illustrates a

surfaces of Q/Qe % Egre constituent substrates.

second exenpFAHYBAF T8 st daRccay e pped Of o BeSR P Sn ey P ahee Bfank
(EASI 113)s 22_@,th RASIG BOFQARGELOMpHR ARucRSRRGL: 2011 NBe PLRSEMLak DUANGA ON.  AS
shown in the FIG 15 22, the S1113 2200 can_conprise a back substrate

2201. The bARRPISybYKIGseicoHfCERAIdEHHFI08 a1bpSIPFFRIa Ve B Sodi fefact | ve

structure 220G @E&Qmaélu?c BREP2RE LIMR e%fas@fak@hu@@ﬂlthc SR ZR B e ve
El ectro-active material 2203 can be encapsul ated between the surface relief

di ffracti vesS&rpgci2ie ahexhggo-aqlie makend teapleplor29@t, aah ethjnghbsgpal2Fedhr e 2204,
and a thin sulst {38 eR82macl RBsGRMBY, ﬁ@q@%?\lﬁgﬁd@ 6)t’h§t RasKmRERg LIt e 2201

and thin substrate 2202 can be ovenno tical material 2205.
Opt i cal 29at epticall mPREBE2204n Opdrepmatgeal Z2qShiar domrmseatlezbrmlcaﬂweehi@ub@trmat e

adhered in . al vel n l'iquid
resin curedg(#hg%gfnpm Srl‘ &SEA@\HBJ % é&@gﬁ@éﬁ"ﬁ ‘ggg]rr(lgl]?f @n&r%ﬁﬁlﬁ the use of
an adhesi ve lbtehA\Slfl@a.’t%ltJ ean( te. ggsem )l:chevua@ﬂnes|uveof%a1klh«$1eatsaat Batl®3c.pf tht he

EASFL13 100) accord an aspect 0 f th res

i nvention ancq““"étvs" "Wfl ‘11‘15" ﬂ@ OEE %gﬁﬁb‘y’oné”’t G Oy ““’ t% gl‘iS van% arts, an
adhesive 2Bcseant meaat[mtraedemlllneumcmelotxdle,dmt mmdﬂen tEAS']EIvAaBmEZﬂQﬁh&@E exanpl e,
an adhes;sve )

o oS, Skl Sah Sl e S T RET e AR e
when curi ngb@us@yBF sedfng laidgdiicd df@sde Med@enf 1R ibd@p 2202 20052202 and a concave
surface of a mold used when curing a layer of liquid resin o form fayer 2205.
FIG. 23 ilustrates a third exemipiary alternative electro-active semi-finished lens blank
(EASFLEB) 2300 in accordance with an aspeet of the present invention, As shown in FIG. 23,
30 the EASFLB 2300 can comprise a back substrate 2301 and a frons substrate 2302, The back
substrate 2301 can comprise a surface relief diffractive structure 2308, an electro-active
material seal feature 2306 and an adhesive scal feature 2307, “The front substrate 2302 can
comprise ] ports 2303, The EASFLE 2300 can Jargely be assembled in a manner similar o
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FIG 23 illustrates a third exenplary alternative el ectro-active

sem -finished | ens bl ank (EASTLB) 2300 in accordance with an aspect of the
present invention. As shown in HO 23, 30 the EASH., 13 2300 can conprise a
back substrate 2301 and a front substrate 2302. The back substrate 2301 can
conprise a surface relief diffractive structure 2308, an el ectro active

mat eri al eat 0 h e.seal . f Lure 2307, e front
substrate 2%’% d(""élﬁh”éio??’ﬁr%f]ghe“a'fl{ﬁ ?Edg&t@ Pé‘étﬂ%%’ﬁ*fﬂ}éz 1”@”2%“ 11 ar gel y

be assenbl edili anihaawmmgm(snm fiaport @303t Matvede sy lidag ahoe rdiarat fehEASHAS
100. In parti écu ar, .l gm adhesi ve I’E:S:I‘Ij can be u?ed to fill adhesive
cavity 2304 YA |‘f"|”3 port 819 3 3PesRe GEFO-FRE P d SagHEE e 88T can
fill the adheshner ﬁa’tébiab’lwz:ﬁﬁﬂmﬂmﬂmcdﬁ e Haspansicng nRkegdrQadct hyeridat eri al .
Speci fi ca{ly, ired volune of electro-active material 2305 can he added

via one o Ré’“ér@éﬂl? Be Backisyrstran £ N jaligr thogfrgnp pnd bhaely ubsingpBOf gnd HE2 pack
substrate 23@&61@£I{@531§dh@gefh@pnt and back substrates 2301 and 2302 have been

adhered together. Adding the electro-active material 2305 can he done under
pressure. Fd}“é‘&é‘f'%p?]%’”"taﬁéméF"é‘&*tﬂr 0acen Ve derst weleraprespsos lenerapieleatided in a

manner si ni |&Eu&&uhﬂ‘ﬂ‘éa@ﬁhe§)‘5 v de@3dell idl anagﬁa%gmfapmfhg\!v' a%engbelgg?@%a%@ cavity

2304 (e.g., as described in relationto
above). The ‘el fe‘é:thlﬂ ardhgete) pdtyridbeteizaks @80Beddarlydibs & thellatdéd ()Oﬁlaclwuwacuum

filling pet QQ(QL The BRESLSH lu%’*fter1dp%0%§§f@§bg.§]9&l G20 vRﬁm’? ﬁge’q“d’&j e}nvacgum

chanber, the chanber can be evacuated and, wh vacuum
vol une of elpeiticyls, e tiARELBEBet il bu2;3®5d cmam viveup|chagr, akrcechaela@rcammt he fill

ports 2308 %Odu%&% d%8n\%% Suf 't (L?‘(\:faewgn dtV() e (%%&2@(?% 1(«,8';[11?1 AYE) iqa’%ﬁ Ld{i— SSUI’ ein

t he vacuum chanber can hen broug & pressure
15 di f f er entpizadd dyet welem ttuhéll @miasl B0§ oanﬂ Lb[h,@VLSﬂﬂEfﬁe oalmavhe(.kt hsusurBece relief

diffractive struct n _cause .the %l ectmactive material 2305 to
flowinto and #f WIP%% Vd%“é’l“ ‘“@éfa\fbf"d' B GUET B S UYL BB gg’“ Hrf¥Facti ve
struct ure 2Sﬂ'ﬁmm@ﬂtb&wwnahcdﬁﬁhdne%d\/tﬁﬂ a,.p@r@ Hag hee:@UBST aiftdcael yrudiut | ed, the
el ectro- actn{@ mat er | f| || ports 2308 can be cl eaned of excess

v

el ect ro- act i've€ HRFE ‘f legHg- “&‘t}bé’b‘&ljém’(l)voé]@‘ﬁl”éﬂa% (P desiggdi e lpr 859pt i cal

mat eri al ( eu@.surfe Ve GillabIE sihiddex 330 NBics He RISk L& ShiMe ORGSR s@sasid| ed, an
el ectro- actlve | ens of the present invention (e.g., the EASFLB 10 2100,

2200 or 230d!kd fffeyrdﬁlﬁﬁ?livemeawldmsp@le 3300 con bt LB@LQ%@X% direreivpl ary

design In thahelhoWinagutis cuss s GRIAPILIERRN (PEOPBFSEHRRLU NLNG 1O
Ma 5, further processing 0 I's 1l lustrated as step 509. At

step 5090 al@ichiAgicEn). of the EASHI 3 can be 25 reduced to expose the
conductive Un@cca‘%énﬂl;}@@ aﬁ‘@)?cl%oazu\f L LRGE pr us%ﬁl%ﬂnﬂ%ﬁﬁcf%d Inf?ﬂl*ilﬂq( {?V"# qlating the

cosmetics of the arac erizin £t o-acti ve,
and el ectri @4l %eﬁ@br rﬁ%trﬁ@@lﬁﬁy,tlﬁ\él ‘BASHL Bl LLDEOUSCFIa‘Gaﬂ Qﬂ:mp}atwd%iem; inathé | owchar t

£A00, LS SIEG B O AT, PR P S, o
nor e EASELB 100 is illustrated as step 509. At su,p 509, a diameter of the EASFLB can be
25 reduced to expose the conductive traces 106 and 107. Further, step 509 can include
cevaluating the cosmetics of the EASFLB 100 and characterizing the optical, electro-active,
and electrical performance of the EASFLB 100.
FIG. 24 provides a flowchart 2400 that illustrates operational steps for {inal processing of the
EASFLB 100 in accordance with an aspeet of the present inveation that is shown more
30 generally as step 509 in FIG. 5. An BEASFLB 100 can be examined for its suitability for sale
by implementing the steps of FIG. 24, Fusther, an FASFLB 100 that fails any of the steps

llustrated in G, 24 can be considered to be of a quality not suited for dispensing (0 a user.
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30 generally as step 509 in Ma 5, An EASFLB 100 can be examined for its
suitability for sale by inplenenting the steps of FIG 24. Further, an
EASFLB 100 that fails any of the steps illustrated in HG 24 can be
considered to be of a quality not suited for dispensing to a user. At step
2401, a cribbing process can be inplenmented. The cribbing process of step

2401 can reduc ter of t SH. 1 00 .to establ]jsh new

peri pher al ‘gggpg ﬁt%%“%ﬁ%&tB”TﬁEEL%E@h%WFgH%h&%HF%@§§§”8Qﬁm8§néﬁ%onpl|shed
with a W&Chllﬁt&lu@ﬁ)@ﬂidlﬁttt&&il |t)él@%’$lgﬂﬁﬂtoft€mh[1@tﬂlﬁmMtpﬁﬁﬁ@@g@@k&mh :286L.1bl anks or

W th conventfﬁnah ctacle | ens edging equi pnment. as wil 5 be understood

by one skil I'dd i'A® £HEME FBEEANE B eeompughed é’éﬂ]éh Iﬁﬁh%ém&t%%fiewat  he

EAS1113 100,critify GORduatis\venks R6a8 cdR6uaRM shBdcICRA RBiIneXRAMRE. AR can be
made accessible via the ed%e of the FAKIR 100. Further, redUC|n% t he
H

di amet er of CHEMERSEPBORGHTlEhH heaRbvial e BY rdncizgghe dameer ohHd KRB hdhesi ve

seal featureodQfs coflfaivedmicds! &I gL @Y 154%%&&%@ Wlt'e Qe QLJQQW}ep\?"I inpher al
edge 2501 of the EASTLB 100 Frlor to cribbin As shown in FIG 25, the

pl acement ofedged Ui Y& Bi Iphe ﬁWC@d@@MQBDmh@HWH@ﬁ od @ SFh [beseimndvye traces

106 and 107 @gng ﬁpuhquﬁg(m ., s conprising the fill ports 104 and
t he adhesive seéﬁ feature i %ﬂgﬁggﬁgg%zplllustrates t he EASHA3 100 having a

reduced di aréte¥ 11@"@@% Lhtatlwlll@bﬁ’@ AL Berl0G): 2348 0ShoWASTIE RDEIAA, the
conduct i e tg ‘ %&mgmq%abhemggﬁ%ﬁgééﬁﬂg %%gggg%uﬁgglmﬂl%ﬁtﬁmﬁhnew

peri pher al 1'i's shownin HEENET1°C Wt
ori gi nal d|amamgmm@mmmmsh@MmﬁI@MmﬂumIEASEMBsma&ubummnsmgmmﬁﬁ@mhnﬂtted That
is, the new, mtgmera ?E%um%ﬁgl can introduce a new center of the FAVE 100

Cs1VE SLd-

that dlffers roma gi nal “center of the EASFLB 100 (i.e., prior to
cri bbing). AﬁtVﬁﬁNtllﬂﬂ&di&pﬂDE Ea8HEtR MM viane rakiddldeghelen (ifeha crislegraBFLIAIt S,

cribbing se flnlshed | anks such t hat hori zont a r vertlcal
offset 90 Uﬁ@ur\e Sy tAL‘ZhS’@ﬁéh%aﬁt“éw&ﬂﬂ% R s e peY a‘ﬁtﬂL“ﬂ Ak eeiter of a
new peripheriat nﬁﬁiga‘!pil&dr@fg& prel iy smaotntm]gmer(ﬁteec&ammfmw lﬁth@ﬁlg h€ns bl anks
optlntzed for making into spectacle |enses for either the right or left eye

of a pati entmaer @plshownebhe EARHRE {0 frapevilmited abhahis, Bppin BEPIE! t he
peripheral egdgeseofcah heodetSELR A6 (ﬁ‘ihutlhgl ﬂ@ﬂ@jtﬁéﬁ)kﬂ‘éﬂ?ﬁﬁl atnhﬁglﬁzf?@ud%?t Ive

traces 106 and 107 are exposed as a result of the cribbing ~25 process of
step 2401. ©fYR&EASERREY we Preitie ciings ans vl be swiveiaed |bsoén0p%ﬁ k¢ in ek, or

adhesi ve. Appl\iRgs ttﬁﬁ)it%qnﬂpﬁ&tlh\(@ icgaﬁ]ﬁﬁéﬁlég\ %ttéL §B 5%881%49%1@%1 ik ACkkd t ate

el ectrical connection at the edge 'V|a | unt contact, pins
or condu®t i wsuls|basieente cplt el thorrtigde tridvl deotr dfa ndymanpheral aleestrewinget i ve,

diffractive, opt| 0} 1.egl 0. . Ela ; il lustr e. Vi ew of
t he EASFLB EO t$g§#g?é§ﬁfh&ﬁg§?%%ﬁgﬁiéﬁé %%ﬁéfﬂmkgggwggﬁémﬁhgkgu@ ive
mat eri al 269&kt@ﬁnﬁemddphw@ﬁamMen t he exposed conductive trace 106-13 and

conductive MRLES iah, BRRANTHNAG ARR! IBRAY Bl philRu SRR N PARN B LYe trace

at the point(s) where the conductive traces 106 and 107 are exposed as a result of the cribbing
25 process of step 2401, The conductive material can be a conductive paint, ink, or adhesive,

Applying the conductive material at step 2402 can lacilitate electrical connection at the edge

of the EASFLB 100 via blunt contact pins cor conductive elastomer pads for activation of

dynamic, electro-active, diffractive optical power region 102.

FIG, 26B itlustrates a side view of the EASFLB 100 depicted in FIG. 26A. As shown in FIG.
30 26B, conductive material 2601 can be applied over the exposed conductive trace 106-13 and

conductive material 2602 can be applied over the exposed conductive trace 106-B.

After step 2402, inspection and characterization of the cribbed FASFLB 100 can be

moplemented. At step 2403, a cosmetic inspection can be implemented.  The cosmelic
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After step 2402, inspection and characterization of the cribbed EAS1113 100
can be inplenented. At step 2403, a cosnetic inspection can be inplenented.
The cosnetic i nspection can include an inspection to reveal cosnetic
flaws introduced during the assenbly process. Flaws that can cause an
article to be rejected include, but are not limted to, scratches and digs,
excessive tinting fromthe internal cqating |ayers (e,g., | TO, inconplete
renoval of t*ﬁ*BeCHg‘b‘ﬁéHg]é’H%ﬂ%?’f“r‘lB‘l Batved] SO PR NP ﬁ?LF“S%ﬁhBﬂ%*%‘P% t he

el ectro- act iprResealawsanfiaat Whse 103sand pOasdotdahdianesl: eleghi nignactd ve
material 211 within the dynam c, electro-active, diffractive optical power

regi on 102. SAfichs 8y daromcteinelinipe fealbed HandlcpEe sure &-tof 'Phacaymldim c, el ec
p-active, diffdacs tyk;e(_ligﬂﬁs'e@@iecd%gi\é@\"e F R ORA R nLaniRand 88t8dcAnd:a )
characterized.. In this step, the manufactured article can he characteri zed

in terns “of frause Hifand protly dienafoldceq-aiegmytered 2V atidi nmddaclterveaced: st at es)
10 optical pawey; Z abdhYe transm ssion, switching and clearing tines
(descri bed be o&%eﬂﬁdﬁg?%%nﬁgnt@mﬁth respect to the progressive optica
power regi o\ k@D, 2464 theeoptivnd lckrracitistisy efpth@ 49Bmig kiecteskadter Hiffzdctivehaticact eri sti cs
of the dynan.g.,..el 5 Q- Y i ffractiv ptical, I [a) 02 can be
tested and g%ﬁ%é%%@ﬁpigﬁagFﬂ*fﬁwghé%%%fbth§1§$%$@?%1@§%5%%&§%%%§3 eri zed
for its paraklwinaestdirance, ofserdidacive sigianc acianrd wwagaciituedceatasn both the
activat e, %SMQP% Qeﬁchﬁa[ed sﬁgtes:._rticlQﬁ,thggpgﬁg§.t§%§swﬂp

i nspecti ons “PHEHERSh G TRYsTBELS R0 EHPOTIACTAE S HEa TS "B Bhsi der ed
sui t abl e f onligingpendirgged © & prpeksivelopticabpoaipkgon All, Bf @pmRA406, an article

that meets the quality requirements verifjed .in steps 2403 through 2405 can
be shipped t¥%%P g%bt @i%@r‘%‘“ﬁ* Q‘dﬁﬂgﬂlﬂs"?i 10pd¢ W“’l&é‘“?ﬁf‘f‘ﬁ‘eﬁ%&%}ﬁ“e@g into a
finished spget@aclgioh 603 .caSPeQtsidiCakil dharaéthlged 20m BAS A3 tikORi@anrabe: nodi f i ed
to nmeet the optical power requirenents of a specific user and can he edged
in a manner “SHIHBEOTBPURBURE TGS FHicaTCEBEC At ePte” PR spEetacl e frane
can he egui pRegaMkiBd GALS eaRPRAINRGD Q! 8 HnANhp&ibRringRNEid iRdipPanat i on of
the dynamc, electmactive, diffractive optical power region 102. As a
first step, BHoughediSfoee thge by cogsidiragisyibls [oh GIPeiying ted Bser- pior BHIEKN2IS8P f or nmed
into the haekys AParfME ih@GHeeRlnd 36 FeBherk© Qerifil G dEB4S abbith 3RBE:.
prescription cén %e fbrnéﬁ #ﬁf@ Fﬁ@ﬁﬁagt sd?gﬁce % ?néﬁknémn netﬁ%ds

i ncl udi ng conshémed @nabsigrdtndi ng and pol i shing or digital surfacing and

pol i shing (iyepashieof Qh B RSk VRGN ‘6PJ ShRNGG PRESGLLRE fhon 1S
formed into thé bac sdkéace of P L§§€2§¥?§@m§ OPuFﬁé %%S&ﬁ% %%8"can be
consi der¥®d #:4S5BHeB &1 @h et nwe tid aplishpayvd exsirdylean ki DspeEARSB dnd
accordance wi ti an.aspect of Lhe, rn%sl%ﬂqt% 29k ”@é&@& Q%ﬂe. h qﬁ& ag“iil%{%‘?e
aspect of the previous invention (and as described” previotisiy), the
can be equipped with corresponding clectronics for governing operation of the dynamic,

with an

electro-active, diffraclive optical power region 102.

As a [irst step, a specific user’s distance vision prescription can he formed into the back
25 surface of the EASFLB 100. The user’s distance prescription can be {ormed into the back

surface using known methods including conventional grinding and polishing or digital

surfacing and polishing (i.e., free forming). When a user’s distance prescription is formed

into the back surface of the EASFLEB 100, the EASFLB 100 can be considered t¢ be an

¢lectro-getive finished lens blank or EAFLB in accordance with an aspeet of the present
30 invention.

In accordance with an aspect of the previous invention (and as described previously), the

convex surface of the front substrate 202 of the HASFLB [00 may not comprise the

progressive optical power region 101, Instead, a progressive optical power region 101 can be
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convex surface of the front substrate 202 of the EAS1113 100 may not
conpri se the progressive optical power region 101. Instead, a progressive
optical power region 101 can be introduced on the back surface of the
EASELB 100 via free formng (e.g., along with the user's distance vision
prescription) as will be appreciated by one skilled in the relevant arts.

Furth th t t he EASFLB
100 can’ i el RSV PGt o BEFa<ETba BhEdl pORE Pigitoh Bt Bt surf ace

of the EASFLisd3 dmeu(m@ prestripriods whi fyappradigedasy dﬁ%kﬁlk&@r fhofavngiand a
second progresgjve optical . power region formed on urface of the

EASFLB 100 (&5 1 fsPdge BN photserey ® 1‘F"rf\éé“’?f61f’?n“i+d)/\51k’ﬁt‘ (¢ g diefdei ng and

pol i shing t heirpesiekdiRropsr foadeere@bn &ASKbB kR0 §1Qhd 1991 8N 0T Bordild
accordance with the gresent i nvention, both surfaces of the EAFLB can

recei ve a se¥ i By EeaPrHER apAICERa! AL OPUSEPOMFITsadomsd orshagk ch

resistance Gk S BRI B-108k!ee &b QNbyGAA &MY See-HARRALI - SOI 1 i ng coatings and
cushi on coatings, for exanmple. The surfaced, polishe d, and coat ed EASPLB

100 - as an AEAFRBacing ad rolithe drerosbior serfasel gRBASIAF 100 19 g 23 1dpibBtinc| e

frame. F1(3. | Mt v L coat ed
EASFLI 3 100 Ruhee S EAHE Sy Inl ARMA Aol oPBL BRAE cBHLIAE M en 818

spect acl e | epyingsoincluieg, pilgiet liwipal of scaloh sevistanpratoagen dag- rcffbctmedofﬂmgfm t he

cribbed, (sur, B@&%QW%D%”égﬁﬁgg?ﬁﬁgﬁh@%8%?ﬁ$@%1 As shown in FIG 27, a portion

of the conductive~trac an remain after edging to all ow
el ectrical dbmn@&mmbnohmmth@cmyaaﬁAMTHeMéb{aomaanMb cahi fufbrcgaodnily ¢ opt i cal
power region uctive tr.ace 107-B can be
conpl etely rd%Q%nalﬂﬂb %‘%h“b&?he géﬁ““ 8%8Fd%§§ﬂ %@géﬁdﬁ£SFLB 100
can be edgedmmmﬂaéﬂTheﬁJaunmghbOﬂyﬂhm@@»dﬁqﬁnm@&hﬁﬁmﬁghﬁpaﬁﬁkmﬁekﬁonductive
traces 106 and. 107 hown as c uct e trac 106

1078 can BB SBLRERBAGH GRTwadn b on e RASRE B 0B tiky G Sienbly.
However 15 n 10EcAey Gans & WGt 17, @PorasPEeic Rfdutihe u@&gsamh ahd VB b@nanilhe EASFLB

100 can be a se Ied th onIY one set of conductive traces (i wth
ei ther tracés® “?A“’a‘ cPuIAT pRPSFLgs o Wactdynapig cEEUt- GB"‘B%%“YL‘G’P“E{I only).

When assenbbadcla@@uwh 14 B EAHLBndR8vel@Re CRR -Gl @b a%@@mﬁ[% Wﬁdg' ng as
a right-eye lens or a left-eye |ens exclusively, depending upon pair

of traces af@ofel uded in the EASTI., 13 100 and which pair of traces are
om tted duringg u3$&€Thbokd, I%c&f rQIQ%QLd BASHH @C@g cam%d%?qgﬂh@ fﬁ%&;oo

deplcted in FIG 27 can be edged using stan acl e glng
equi prertt).  PUt icAgye e fiepe cotlactvd dracep il fnd 0@ @owaap dvadugiiGurades 106-A

106-B, 107-A and 107-B) can be positioned on each side of the FASFLB 100 during
assembly. However, in accordance with an aspect of the present invention, the EASFLE 100
can be assembled with only one set of conductive traces (i.e., with either traces 106-A and
107-A only or with traces 106-B and [07-B only). When assembled as such, the FASFLB

25 100 can be fabricated for edging as & right-eye lens or a left-eye lens exclusively, depending
upon which pair of traces are included in the EASFLB 100 and which pair of traces are
omitted during assembly
The cribbed, surfaced, and coated EASFLB 100 depicted in FIG. 27 can be edged using
standard spectacie lens edging equipment. During edging, the edge of the lens can be ground,

30 polished, beveled or grooved, for example, and the lens may also be drilled to allow for a
rimless or 3-piece spectacle frame,

HIG. 28 shows a finished, edged spectacle lens 2700 of the present invention. The finished
spectacle lens 2700 can comprise a perimeter 2701 and can be generated [rom the initially
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30pol i shed, beveled or grooved, for exanple, and the |l ens may al so be
drilled to allow for a rimess or 3-piece spectacle frame. FIG 28 shows a
fini shed, edged spectacle | ens 2700 of the present invention. The finished
spectacle |l ens 2700 can conprise a perineter 2701 and can be generated from
the initially 33 assenbled EAS1113 100. After edging, as was simlarly

described in st 4 W art 2400. i.n FI G d pai nt,

ink, or adhé%“ﬁﬁp%ﬁﬁgééggg pﬂ@d‘FﬁgFh@“ﬁ@?ﬂﬂh@ﬁ&ﬁ”%@@%pgﬁﬁ ﬁ@oYﬁ At shed | ens
2700 at the 300 iﬂtl((s)“4mh(ﬁltﬁi\h%dlﬁ@ﬂﬂuﬁhd v daa6€§plddto e pirEhekh Cdd cr €
exposed duri As descri bed previously, plying the

th
conducti ve @9 e?%£?°7ﬁ)fhaggﬁ%%hé?”baﬁ‘P%@HP“tﬁ%é1@@@c¥@IEEW Hnnecti on

at the edge (ﬂﬁos&(h@uﬂngnﬁc TR Mb@sP! UbtdeCRRUIAGEVREINS aflyine OREUGIdLMRe € ast oner
pads for activation of dynam c, electro-active, diffractive optical power

region 102, WHFTALESMHAREET Gindlive depisakcoprecidien greedgeril thtﬂ%r?ﬁi)(bwa t he
transparent o0 eWHELOFigs &Q@n&ﬂ%%@iw%npd@@ £l 8 fidnCAR dyNanGO QT@:@L@‘(; QQVJ 0 a
controller (not shown) via the electrical conductive'traces 106 and
107. The conlffetuiveeptiednowerdcised®?ed on a frame hol ding or contalnlng an

EASELS 100 fifkolfs RECD RROGRHSGHAGl bl BE A (faors HBE DT shed

| ens 2800). e contr can a tages transparent conductors
206 and 207 cpr eckdcaicatiyn@anetiod r@atu@etrﬂélnr (ebtebmwn) cisfthedlgticd d)mumva(tmass t he
el ectro-getiy rimal I h ers d 210.
The el ectri d F AT KPR shbRETnE bRk 4T Bk M TE R BB 3 T e
el ect r o- act ilUethiBmaben Dl&t(ﬁ%@ﬂﬂo futme"raembyc g:,hhmi@mgl ke 8nef H‘lax:domwe u a@dex of the
el ectro- actlv 11. The ctive index
ol oct o aot 10 abERiGihe StouhiaiEa T ot AT RS Eo Bt B act ve,
di ffracti ve fiojti ¢ah dp.\@WﬁflL, cﬂagh@aw&(aﬁu,@afl ot hes EASHAR: aAiQhndns lapireti®t.eam ned to
[ nodul.ation of diffraction efficiency.

cause a chaqg HF’ tICF r vng

When no voIf‘@e S Cl5p ﬂﬁ‘?b A5 RONFIBESE & DHBOLAES O IC {HEOPEPF act i ve
i ndex of1s hewekigcnr, q:mh?amag;ﬁ M EreMRLIQS ihd@k oPhd cl6A0-2BME Glctie 1T ef racti ve

i ndex of thggsurface relief djiffractive structures 213. Accordingly, no

optical phad® §&ingg i &ligaiverinden @f dbrdelprororsightmityiaf gElyserines vathin fige

di ffractioneffiCi Gy a@le, tHErndRSI Gh&H hR&Aleo 10@“1@5 horke GQISEES PEOAE NG
optical power is zero). When a predeternlned voltage is applied to the

conduct ors 206“@H@kﬁﬁvﬁm%h@dm@$ﬂ%@@%@deﬁd@&ﬂ@ﬂm@ﬁ@0&@@@**%?%&%WW% mat eri al
211 can he &ifh gf Glihgdit 1&1*1811{ @&%l'ﬁk%r% Y& d'n&‘d@lxth‘é’hm% S AT fo@ﬁf dc,aﬁ) relief

diffractive structures . Accor y, an opti cal as
generate@ f@@“ﬁ@@@gﬂﬁélampmwwﬂhmtﬁmywam&Aﬂﬁdmd@mwbhmghhﬂm®W@Hemdeslgned

opti cal pOWB[? (i I/\C(,%hdl rgzﬁ’)pQ %![J}P lﬁLy de]rgoo(tglgrlm i&laé?'ntd' n%mgﬁ(fr{%' i%ug‘gc Yu h% Ct he

desi gn focal orresp ng 0 hi ng t he
vol t age appHﬂ@@MmodﬂhewE@hmuqum&lQﬁﬁkmlm(ﬁawummmdmgowﬁm[Eh@lspmnbal power

of the el eCWhQ gpmdu |mnu?(fr<§mgfuﬁs app] 15‘(&95@t %Pugrfso’()é nél °8Jf?l5, nole%g Ve 1n<ﬁhed on or

of f, thereby atin fIel
el ectro- actmwauekennmthGMW&emnmmxmﬁuﬁm&mdhmhmunummuajm@ﬁ(ﬂMEspeﬁﬁ|ver.

25 relief diffractive structures 213, Accordingly, an optical phase delay is generated for
focusing approximately all incident light to the designed optical power (i.c., approximately
100% diffraction efficiency at the design focal length or corresponding optical power). Thus,
by switching the voltage applied to the conductors 206 and 207 on or off, the optical power of
the clectro-active element of the EASFLB 100 is likewise switched on or off, thereby

30 modulating the diffraction efficicney of the electro-active element between maximum and
minimum values, respectively.

As shown i FIG. 2, the dyramic, electro-active, diffractive optical power region 102 is in
optical communication with the progressive addition optical power region 101 The
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As shown in FIG 2, the dynamic, electro-active, diffractive optical power
region 102 is in optical conmunication with the progressive addition
optical power region 101. The progressive addition optical power region
101 can provide a user with an optical power that is |less than the user's
total needed near distance optical pomer correction The dynam c,
electroactlv%j_glf“dq?tl ? ?Etlca pwe 10N 102 can al so pnPV|de an
optical powdl {8 2 MRt ﬁ%ﬂ”8ﬂ§ ﬁﬁfm ‘T%ﬁ%‘?%éﬁq¥%@pﬁgé P45 t ot al
needed near ldi Blhﬁﬂhce‘aa,ﬂpk)laCﬁLdeQM@ﬁlstﬁxQE b;&ﬁﬁllpOﬁlu coeciieThaus i, Ble@@Abi nat i on,
however, the op g power EFOVIded th ynam c, el ectroactive,

dlffractlve‘1$%l d“d%@wdf “bH@TBQOtaﬁ ‘@f% QiR SRR BRYE W~ 0BEd cal  power

provi ded by wih&l @) ogr esSisds \ieu @fﬂdlk&chﬁld ORLdcE bar RAVBEe (Fp@@i] Bbwe (,lQa}n&ﬁ’orpr ovide a
conbi ned optjcal power that is substantially equal to the user's total

needed near 'UIStUSHCE COBPIPRIAN BEwEh eomHed Py Proxgicd iic i dymatig elsgidessi ve
addi tion OphUﬁ%hh@QM@Eoﬁ%ﬂb@@m%@%mqgﬂuﬁ%eQQM%hﬂﬁﬂﬁgw%&n@&ﬁ%&@h&ﬂm@ 10
first increnental add power and the dynamc, electro-active, diffractive
optical powd¥ 1%@“%%%]1@@%!3& oBjisalcnomei dgirred) a8 PEviSy iz dPnbjnes opbicsd pIver
i ncrement al add ﬂ&%[i&l%’%ﬁ&d?foc%@@cys totapguﬁcdrrﬁgr &Eﬁcé 3L achersy al add
powers can toget her to the user's total needed rear 'di stance opti cal
power . Over a¥slsuchi He pfogiessive pdidioe wplivelaiowaokdgipo e rearc bareobdead s povidingpm or
fraction;pf ¢h , d nd the
second i }’]Ogr éltlrFe ﬁntcg:ﬁa%ﬁialgidé g&x% mﬂ‘?ﬁ (@gdHTg%ﬁ(,Clgd 2 %nﬁﬁfra%ﬁ\gc oé?éai ? Qv‘@‘?ﬂg% Usi ng t he
dynam c, el 61 cam-l"a(ct)risidercd aki p‘zqﬁmcamga sceondpntcrwahtalpedt}\/@snwuremmmnﬂgm ihtzcbussuppl enment
t he opti cal we ressiv tha ion 101 can
reduce t he Ogtgsrcé n'd muum,ntal d(? VTS cpl K ){,&ﬁjcé su[nb&)rlgu %r s\}i)talég %‘ymt'lﬁgqﬁr% gressi ve
addi ti on optoptal p(mw\ﬂbvcraegh@hﬁﬂzﬁllumﬁlahzﬁﬁ pummant i&ﬂm@@@h@ﬁ&tﬂaamhfof oM a
progressive addltlon optic ower S knqwn I ncrea es at a
greater thafi &Py 'Ed’af@“mzip WHEH P( {’%Sé“’c“gfr%ﬁ‘“mér&ﬂ 8%99&“
progr essisve agdaiipicmdning goroeh. supplenentlng the optical power of the
progressive 9dd|t| n optical pomer regi on, 101 reduces these astl?natic and
¥

ot her unwant&e & EPE“ %ﬁ%ﬁ“ﬁ§c‘HBF“@&aﬁbﬂém“Hﬁﬁf@?ﬂ o, supRkieabeial bl ur,
and swi m  ThgickARRL! bt $OBrobRRMe GRISAUIEAT bowd: h%la‘nl 0 %E}?leﬁd@ﬂﬁ #86x) ) can

conprise one or nore vision 25 zones. For exanple, the EAS11, 13 100 can
conprise a QPUERLRMET Pisik ghbegpeded dpdheorogivssiae pddtlion weidpbro v TcgPB A0z ones, and

a near Visi @hcZ@finicd *a%fgna@rn Ydu$h L BRAEANE agagnonb@puta@ x4 1%3/011 €5 | appi ng

near add power region o he progressive |t|on ower region 101
i n combidat ingFassh iy grivder dfpnilioar rabower fupttiov bHde by atkheovay nhﬂpr@grcsswc

el ectro- act byfjondLddd gﬁ»@h‘ﬁ&uﬂ?%ﬂc% ica n@&g@[jof {%ggx‘%@g%% adJ ho‘% %H?al Bly,ror €

internediate vision z s can” over ppl ng" non- near add
power regi otesionf 10d rredqg‘rsol@%es‘;'lsfnwemaddl Duhonurmpntud:ai copowerh a%e@xr erangdd in

conbi nation, Al Rower provided by the dynanic, electro-active,
diffractive %%ané%uﬁ%ﬁﬁh Lmswmlloz The di stance vision zone can he
formed by ofptdlcall Iﬂiol\mé(dn@mm\qud&ady by fitiied lano PRO0pubsdmpkeon2 02mandisiphe back

substratg 201 (e, e her the [ggressive addi ti on opti cal
power r eﬁl oﬁonﬂ)ll(% rx‘“P[ﬂ “&ylr&hl@ U@I‘@bf‘?”@“é‘g? &émcﬂ SRR Ve 0Pt cal  power
regi on 102 oombedidoatigsen fodest e 2 Rk vigiah zpoWete ofr vishe /dk,&tuatﬁmemwu 8} @B zone).
The EASEL13 100 can be fabricated to only inc]ude the dynam

el ect r o- act PYFEPRYIEFFIEY Wé“6‘;¥f‘1“c0£|‘h“d’6%é‘r"“1“eﬁ]id%5‘ﬁﬂ 005531 TEHE TBH O dn

progr essi vecasghhatibOXiBPid Gkal BRWEI pioBBIIORS 16 andd€ Nelectro-active, diffractive
optical power region 102, The one or more intermediate vision zones can be formed by the

30 overlapping non-rear add power regions of the progressive addition optical power region 101

in combination with the optical power provided by the dynamic, electro-active, diffractive

optical power region 102, The distance vision zone can be formed by optical power provided

by the [ront substrate 202 and the back substrate 201 (e.g., such that neither the progressive
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5be added during subsequent processing and finishing of the EAS1113 100.
For exanple, one or nore progressive addition optical regions can be added
by free-formng. Additionally, the EASE,' 13 100 can be fabricated with an
el ectro-active el ement having a Eresnel structure. As previously nentioned,
a controller can be used to activate and deactivate the dynam c,

el ectro-actiyve. diffractive. o p ion.102.. The tinme that el apses
between o tonaEorl i Bk VR Th! EF asPBRRhe SRR G PR bl FErbiE ca

power reglOntﬂ@QHMK@mHﬁmsmﬁmnﬁﬁﬁhawtﬂﬂaﬂdemih@hﬁzamﬂ froman on-state to
an of f-stat d tq be the h times of the dynam c,

el ectro- actl ?ﬂﬁrftﬁﬁgtw g b ’Bt*@é?OBbeW %@bﬁﬁﬁmtﬂﬁuﬁ8ﬁuﬁhéh%WWth time of
t he EASEL, 13pl&0pduenicsbednd ens o286 pﬂi@fa&w@@ﬂkﬁﬁ@ﬂ der)aJ pﬂ*@m@f)ﬁs Shake to
on-state $mntch time can differ fromthe on-s f-state switch tine.

I'n the off- dF&H4Y dEIHE SEHEFR! RO iRgARE 8%%%&%%1 Aétl 'ém@(t MREeRpRlcsBt i cal
power regi ony 402 HRRkHR LARS (%ﬁé'aﬂég@x% ki &Vddﬁhdrt@ (Re-fdrnk, Q@fttﬁtﬁﬁiy pover val ue
and/or a first diffraction efficiency value. In the on-state, the dynamc,
el ectro- actl%@1'E|WﬁﬁaétPV%ﬁ@%Wﬂ%ﬁWAEWMEWVW%@W@H“T@Qabawu beugonsi der ed as
providing a xﬁ%@'ﬂﬂﬂﬁﬂkhtﬁﬁ&d QQ:\S‘ﬁfoll&acjfa fe ﬁ'@glt@gcué‘au,sﬁrﬁlocﬂ&tugdtg hE %ﬁ&aln‘?d’
ef ficiency value e on-state to off-state switc time canh I nclude the
time that ele&pseslpefidietieheticymvami iegmrel Jéctlhtomacttmlw@pwdtct\tmawtctneg opti cal
power 20[egi g} a Y
dlscllnatloﬁs ) Qﬁ%‘?ﬁ§¥$ﬂ§i§&¢§§w6) &?%N9¥n§®¥§ﬂaé&n%€%% %%qbgﬁhhe
el ectro- actﬁv@zmamamuahmaﬁwtp@nmﬁemapphmcamudmtanﬂmJ@mmMahtmﬁeaimoltage
wavef orm an C, di scl i patio ate) forned
during the gg\]} E]ﬁ" L,?t?( icp& Sdtsifr}tg,g\ﬁp PIgu,d e[rowud 1(rr1rhﬂ ém Ht,eﬂsl\%h?tg ('I(Pl[gghspeed of
t he dynam c EASK bl&ﬂ@(ﬁﬁxamtd s, 28d0 fn‘blrtaetame) optuoﬂaltaupom~rsmm,egluﬁnnmiﬂz;] The
intrinsic r 0 ect [ 0- ac| erial 211 and the
cl earing t|ﬁ§Rmea8ﬁ§Pﬁmﬁﬁéﬂf‘Haﬁ“&ﬁé“ﬁrk'HbW%H@tégggﬂtw HERIPVe (.
these tiTfes dfamiirdoptiod] pﬁﬁ?ﬁutélbﬂ’ll{]lad’ambl ehnsidec@al Ptﬁtstclf[{lh@tiuﬁaiﬁtm&ﬂf)dv&éence
swi tching speed can i.nc e tine constant of the dynam c,

"8 wlfr s pioolGei st

el ectro- act "8 AGOF £ figk LAY Phie @%&iHﬁ“ﬁﬁzbnﬁﬂb099§b%§Y%y of the

sel ected el @ffrdcGre @fitdl Y6wdTadehni 181 cadlvb cofsiBred @@g@ﬂtnﬁ@t bQ@BhdQfpi@nyovedbi 1 al
dopant, the thlckness of the layer of 30 electro-active material 211, and

the pre-til talgngpier dpeconblidpgion chickady e nabepr-gge piofl- ﬂ%éﬂéaﬂaém ance of

the dynam c ¢y8h@&k R 1@A&haY Sapsel dofor@ft Jl)}ﬁﬁm@ RIILLE@ b uROWB Fracli ?Lgdpgpal rC an be
determ ned by the dielectric constant “of | ectr'o-active er| 211.

The resr@taﬁ@@ndﬁ?tH@“@Vﬁ&mﬁ%iﬂéWé@@ﬂbga@ﬂwmébmbmﬂmvhct|ve optlcal pomer
region 102 ¢anihefAeterm.net BY mk el e8! %F GRSt 0f,S,206 and

QEQ
207, the resistance of con ctlve traces Luﬁ.f% resi stances due to
el ectri cal m@@Wébmﬂe@WyaaﬁdVpﬁg¢gﬁahwesmimtéﬁmmtUmomhh@amMSdmﬁmmﬁcs used

to acti Vaf[ e{ ’h%a L?Q)?lﬁt, tdﬁl Xy tﬁtr ‘gmt:_glg %@FLLQ L%I?E\Igng thun 111&5 SWIIT I%II?(;[ uﬁ )?nt i on,

the pre-tilt “angle o Fe et ween and
10" and 20'lmwmﬁmnmespmomuhoxhhmasunmaﬁemma1tgmmlﬂﬁoﬁmamubahwametﬂma and the
back subgtrate 201. As discussed abgve, the .alignnent erial (e.g., the
o onmene 1 08 S G hS565 R0 4RO B ek ut P 95 BPTiiE an B 1 e
resul ts. Theecthirgkndsise 0., mheumbaahnmﬂaathEpnﬁkeriaI 211 can be the

dom nate fa1tpr‘hn det rntnlng switch sp £1a generall Vge intrinsic
response ti MS ST PGEN BTl syt B%ﬁ@@ﬂﬁﬁﬁ@fw the R G URE PSS 8 §¥HES he
clearing ti eecuanei@pgrededaty pawadeddd coMiitenyvitchliqkiTe@sSselected electro-

active material 211, the concentration of any chiral dopant, the thickness of the layer of
30 electro-active material 211, and the pre-tilt angle of the electro-active material 211, The
capacitance of the dynamic, electro-active, diffractive optical power region 102 can be
determined by the diefectric constant of the electro-active material 211, ‘The resistance of the
dynamic, electro-active, dillractive optical power region 102 can be determined by the
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A portion of the dynamic, electro-active, diffractive optical power region
102 is showmm in FIG 29. As shown in FIG 29, the total thickness of the
el ectro-active material 211 is shown as "d." This total thickness can be
the sum of the depth, "dl1", of the surface relief diffractive structures
213 and any gap, "ds" bet ween the peaks of the surface relief diffractive

structures d t he al a 209 t shown 29). As
an exanpl e, f Rt Oi °@“dué¥)1 J dg(ﬁg}?a‘.&éYFiéﬁd?céT“fg‘f”ﬁ'ﬁ“ﬁ‘é‘cﬁ gekgtar”‘ugﬁ Tures 213
can be appr Oxmmtoeldy‘, B.cRemedndertdageceXibd asigaRedidiemano g dkepdnids @sdaeo 1 m or

| ess (e.g. To swwtch fromthe off-state to the on-state, a voltage
wavef orm carimb‘é“élhd‘r“f"éd as described previously. As an exanple, the voltage

wavef or m camd@diag ze w0 afpeeihirase [qmrmvme i SR 238 for aguancy..bet ween 20
Hz and 100 Hz and a peak-to-peak voltage between 10 volts and 30 volts.

Based on - héll%%bélgs@é’hﬁﬂaw d&é&l"gﬁb& aélpfvﬁw 19 the SEBE H s denoHs Y

swi t ching tine saueettack ABsital S3INSAE 1LESRONER e BRI QinchNBublE 6 Onact i ve
material 211 nol ecules and the clearing tinme of domain disclinations can

both be | es<ligmiia ot Pifsardo2lP) egn berpipegssedyip yehisvel sy dsiatd walte.cHibhg tine of
l'ess than appEQX U’P—lﬁﬁblh’ct&%@ﬂﬁm[uﬁl"@i PR UL Ehu%&ﬂmﬁt@f%&bln‘%ﬁé%ﬁuhi %ﬁ@ﬁ;cor dance

w th an aspect of e present 1 nvention where t e surface
relief diff et MVéb@tdiudbmm@sﬂQmmg lappr dxichatrehoiv@maime! dhidmelkles

el ectro- ﬁﬁtl (ﬁthBEa?l m ta'%;vp im¥ (Rxg(grngQx%h\fmtmusg 25 W . % ZU-4571. To

svmtchfromt eonsate evoltage wavef orm can be
renoved and 4 mti@mﬁdhecd)mmsmmuam@m@Mﬁm:amc mmcﬂlpewmmgxaﬂ 142 iskemhed via the

drive el ect pgnigs di ssi.pate, s d, 30 ge,, Under this
scenari o, thg(nl gt ‘F\:i %g?vgmrﬂeip geu“’h)?di k?)‘f“’ ﬁ% {“’ef‘:tgilw’e%“brf‘[ t H# $hown

el ectro-act mvél ’hmmeraaaumxms rtm b& me saruemmakptﬁf“dt hel vOdutfag eclivakighaiven can
still be less than 100 ns. However, the domain

di sclinati oﬁ%u(’r’rﬁ‘? ‘ﬂ)%dnﬁé%wﬁ@@e%é‘?‘él’ RY, p‘(ﬁ?i?e”f?]b“ ‘Hgdtaﬁ“geﬁ g&m‘(}'& PHGE Hr i vi ng
the el ectsr o2&kindivie algin@hi @yer 2801 hotamehniis FERNSN Aslal cianlel hetidoting of et or 37

t hat determ’ns state to off-state switching time. This clearing

time can dep L@ P‘?Sﬁ%‘f}“oﬂ“‘t"i‘ié‘71%?‘6‘%’&‘%@%{%@"5&““’%?3tWéa“élﬂééf‘éj‘?éﬁflﬁ % nateri al

211 and t henerpeont [ ak] @Mesdfc oChisal dopant in the el ectro-active material
Rp g )

211. Accordihg to an aspect of the present invention, the cleari n? time may
be kept shor? &vidiigar %Bﬁi S bR PYSIPEE VRkeh e kdei Ay by relidapcBrlt he 5

surface rel 'pf%tiolﬁjs'lyf F ARG LLNB 1S I VGt \?ﬁmﬂ)grﬂ- (,Jn%ﬁ /EIGW &ds%qﬂu(m@@ﬁﬁih ly | eSﬁ

than40r‘r) and the concentration of chiral dopant |ess than 2. .% The
cleari nglt | fetueen bpeceedt Basd 06§12 radiuetdo-pitk volsge hvt‘@tfhntfﬁefﬂisawmﬁ é&e relief

d ff t / [& Ve I L0 C v 1 e 29
I\/Itat h:)gg :c \és\?{é{jﬂ%f Egﬁ?hcza%é (éxh%lg)l?ryQIXG g @(ggﬁa'thr;'glhdl:ongrﬁm & %jw!/aphnﬁé @n ) -

due to the intrinsic response time of the clectro-active material 211 molecules and the
clearing time of domain disclinations can both be less than 100 ms (0.1 s). This can yield a
total switching time of less than approximately 100 ms. This result can be achieved in
25 accordance with an aspect of the present invention where the depth d; of the surface relief
diffractive structures 213 is approximately 3.3 m and the electro-active material 211 is
MDA-98-1602 with 2.25 wt.% Z1LI-4571,
To switch from the on-state to the off-state, the voltage waveform can be removed and the
conductors 206 and 207 can be cleetrically shorted via the drive electronics (o dissipate stored
30 electrical charge. Under this scenario, the intrinsic response time of the molecules of the
electro-active material 211 to the removal of the voltage waveform can still be less than 100
ms. However, the clearing time of domain disclinations may be longer (generally due to no
applied vollage driving the electro-active material 211) and is generally the limiting factor
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the surface relief diffractive structures 213 can include snoot hi ng

di scontinuities and sloping 10 side walls conprising the surface relief
diffractive structure 213 as described in U S. Pat, Appl. No. 12/054, 313,
filed on March 24, 2008, which is hereby incorporated by reference in its
entirety. FIG 30A iIIustrates an exenplary, i deal surface relief
diffractive cture 3001 rati eriodand a depth di. The
Mdeal “surf acht AFRERE g APl 00Gne 801 PR RS PR BN

provi de 100%dighfanaletthicknesf d, btihedeyro-udive mhdedal | sund fil@eenceetatiaf ofdhifd ract i ve
structure 3(}% quglses di scontjnuities that Can? opti cal scat ter due to
poor |iquid ‘¢ LI R el o g el 31 e d e oling o Rithof e Besepy MeRBS Y ng t hese
di sconti nui tele@sng BRAnAYhel Hepit dRGer SHa® RppASkirhdidy YA ihd ra;amﬁhg@ma;bah sf @ the

i deal su%£ace relief diffractive structure 2001, qui_d crystal allgnnent

can be i mbr SWEEC el Whtigaiugrst fdfss d8m e W &dwéld wz@mﬁ)swgnq P ustrat es

a snoot hed suftaggod @ iigf aghd f&kAginiwey8truct ure 3002 having snoot hed
di scontinuities and sl oped vertical side walls. The snoothed surface relief

diffractive §%Fb@@&ﬁ@“3@®?bé%ﬁﬂ@QﬁWb@@“NhﬁﬁduéHOfﬁaﬁﬁﬁubﬁygﬂhma%W?gnnent
and reduced ;oRhGal3 ?Qaw’ RludMotd] bpﬁ‘é&&%kd 9yt %ztﬁaﬁ{lf&?kuuc%u}lﬁe%?&%@ in PIG
30A The inproved p ornance 1's o ned at ‘a slight cost to ffraction
efficiency cillmie,smtﬂ'e_i;L telﬁé dilgrgdlionsioflund dervawiilod snm@thloﬁdue@surwtmmﬂ%ht@a& 25
phase profilfe. N nmo duce qt o i to
(11'. As a Pegu tmﬁMﬁég?}mL§lﬁﬁ%R%§L a&ﬁﬁ %%g] eﬁ %ﬁkgggﬁhPﬁdég%gtes t he

i deal surfad@ﬂrﬁbﬁé@*ﬁiﬂﬂMat@1MQCEPkﬂ@@uﬂem3omm%wnmmompembﬁmhmmannhe

snoot hed sur(aﬁ§ [ellef diffractive structure 3002 to clearly illustrate

t he dlfferences i"n each desi gn approach. Ha 31A illustrates a second

snoot hed sutl@coAriblsirats di dxbmplaty] Menl smr’auctduffahﬁ&ﬁab sMilctune B8 pedhg « 30 to the

first smoothed surface relief diffra truct 3002, eqree of
Sroot hi ng. i Gre 108 o 1 Tepdb it defu PRl S dueiado i ace
relief disffnackioagy vt U3 1ARATCM éleumyiucaﬁ aed ddfat ©egidmsactive 3103 can
be introduced in %girtrou hs of the surface re I|ef(@roflle |G 3IB

i |1 ustrat es SfY8"9 O ARsotiayifiesthag paups opdegl yealardog & Ry ah

conmpari son tRentidR SRR fulE ageulBIhingihet fids@atilideanatbhy UeheRp3d02 to
clearly illustrate the differences in each _desi gn approach. For the surface

relief diffectiige sidervide oF ds idkshpehedrelisy dHfrasive soching209i, ligid-ensiak d) . As a
result, thea@ﬁhiﬁ%ﬁﬂi@ﬁh%RAth&h@ﬁ&a%ﬁaéﬁﬁ@&%&ﬂe 3102 can | ead | oan even
further 5 decrease in smntchlng and clearlng time. Further, ' > for the
surface ¥el 14 3P fifuskides  encpthed corlice slicfedifotion siyslon é(J(J”:%@wamwl(@thuéu .e., the
wi dth of the; (&gl anrs Ahd 98P 9@?1 phasguauihl me(ﬁhpda{u Je n,ﬂf J;f'iﬁ%cﬁ‘:”face
relief diffractive structure 6 I'n conparison t e sur ace re
d|ffractlve3@$WuC¥M3@m3@0@)mm@V@1HWKhAﬁ@ﬂé%enuﬂ@m@uﬂ@@heagéﬂthMﬂhfraction
ef ficiency C t rfa reqi, f 1 3102 can
be | ess thag @EHL?QéﬁgéggdﬂﬂJfggli ?@étlgL Lp@}gﬁ%ﬂ§%h§y6§§$§ﬁg§%§by t he
surface rel sleht dstfid didckiiveBimucduwne hd@QRn CoOnclhuswkloch Mihidues v ani-oes

gremOdl ma’l%t Splod‘,L pro F P F)\S:vg\r& lan\étg(r)](;[illn%ncagafycﬁlu, t%er(]bp(a‘leﬁ(():l{lld )d]abRs a icsulF shoul d

clearing time can be reduced. FIG. 30C illustrates the ideal surface reliel diffractive structure

3001 in comparison to the smoothed surface relief diffractive stucture 3002 to clearly

illustrate the differences in each design approach.

FI1G. 31A illustrates a second smoothed surface relief diffractive structure 3102, With respect
30 to the first smoothed surface relief diffractive structure 3002, the degree of smoothing and/or

sloping of side walls of the second smoothed surface relief diffractive structure 3102 can he

reduced and flat regions 3103 can be introduced in the troughs of the surface relief profile.
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understood that they have been presented by way of exanple and not
limtation. It will be apparent to one skilled in the pertinent art(s) that
vari ous changes in formand detail can be 15 made therein wthout
departing fromthe spirit and scope of the invention. Therefore, the
present invention should only be defined in accordance with the foll ow ng

clains and their nt.s the pr i nventi on can be

enmbodi ed asléﬁ dﬁflﬁpgﬁ[ ¢ JaE sy ?U‘Q“éﬁﬁr*wfw @h”t%ﬁ@“ﬁ A

finished | erxstodilhtﬁlmkt,fdtaﬂlr&fdgﬁfitxk@ﬂﬁmuﬁ BoNbachdy @isa@he dfd@c@GUéar | ens, a

cor neal (fnla or a_corneal onlay. The invention_ s not limted to the
4 é’éi'“fbgmf‘

oper at i onal PRt o b terseiace e fRepgeaicr! gWdhact e Rather, it

W 'l be appar@ntdt as PRESONS svtsdd bied diffct RQui@hevantanakati (San feomuhe
teachings herein that other operational control flows are within the scope

and spirit OfCTEfenprEdEan QlEHEi . I@BH¥r0I>st@b@béﬁﬁubélﬂdﬂééiﬁr

el i m nat ed a§ud{uxéc,laert@edm@ﬁkﬁ(pﬁ&i%PMeon@wh@%@ el r€8bnl 7 nérhi@ed a@é’M]e art(s).
WHAT IS CLAIMED I'S: 1. A nmethod, conprising: forming a first substrate,

fornmng a seécmy @Utﬁ%t’Ltl&t*é’b&‘érﬁ*ﬂffii%'v%@fuawmﬁrl@%\@‘eﬁoméﬂlfi*@f lodhef fuplagetTphige
structure, %ﬂir&luﬁcmsuﬁiu?&tﬂ})/’?l mBL&Al, aﬂowg\%gl e L aH@{sl Nifr (ﬂtntq%t ﬁé?&@ ve seal

structure; posrtronrn rst substrat'e an e secon strate to form
an adhesi ve ceauneyd @HdummM@UnMéﬂmh@h@b%p@maéﬂPvennah&ﬂhaﬂmbwen@the surface

relief df{)f f rdﬁﬁ&'ug Lfﬁ&un{:’f gér'r:é&cﬁ "DL h{ (Sra tn%llb?ﬁiilﬁ? iV(EII‘ c?(\f! %(%”WI th an adhesive;

and curing esive e to the second
substrate to forma Iens. 2The nethod of.clarntl, further conpri si ng
forming the first substrate to conpftpmésianprogressi ve addition optical

power region.
Whilce various embediments of the present invention have been deseribed above, it should be

understood that they have been presented by way of example and not limitation. It will be
apparent 0 one skilled in the pertinent arl(s) that various changes in form and detail can be
15 made therein without departing from the spirit and scope of the invention. Therefore, the
present invention should only be defined in accordance with the foliowing claims and their
equivalents.
Overall, the present invention can be embodied as an unfinished lens blank, a semi-finished
lens blank, a finished lens blank, an edged lens, a contact lens, an intra-ocular lens, a comeal
200 inlay or a corneal onlay.
The invention is not limited to the operational descriptions provided by the included
flowcharts.  Rather, it will be apparent to persons skilled in the relevant arids) from the
teachings herein that other operational control {lows are within the scope and spirit of the
present invention.  Control steps can be added or eliminated as will be understood by one

25 skilled in the relevant ast{s).
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What is claimed is:
Iy A method, comprising;
forming a first transparent substrate;

forming a second transparent substrate comprising a surface relief diffractive structure
and an electro-active material seal structure;

positioning the first substrate and the second substrate to form an adhesive cavity and
to contain electro-active material over the surface relief diffractive structure;

filling the adhesive cavity with an adhesive; and
curing the adhesive to adhere the first substrate to the second substrate to form a lens.

2. The method of claim 1, further comprising forming the first substrate to comprise a
progressive addition optical power region.

3. The method of claim 1, further comprising dispensing electro-active material onto the
surface relief diffractive structure prior to positioning the first substrate and the second
substrate.

4. The method of claim 1, wherein positioning further comprises forming the adhesive
cavity between the first substrate, the second substrate, the electro-active material seal
structure and the adhesive seal structure.

5. The method of claim 1, wherein positioning further comprises containing the electro-
active material between the surface relief diffractive structure, the first substrate and the
electro-active material seal structure.

6. The method of claim 1, wherein forming the first substrate comprises forming the first
substrate to have a radius of curvature that is at least 2 mm larger than a radius of curvature
of the second substrate.

7. The method of claim 1, further comprising edging the lens to expose one or more
electrical contacts on an edge of the lens and positioned between the first and second
substrates.

8. A lens, comprising:

a first transparent substrate;

a second transparent substrate comprising a surface relief diffractive structure, and an
electro-active material seal structure around the surface relief diffractive structure;

electro-active material contained by the surface relief diffractive structure, the first
substrate and the electro-active material seal structure; and
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adhesive material adhering the first substrate to the second substrate and contained by
the first substrate, the second substrate, the electro-active material seal structure.

9. The lens of claim 8, wherein the first substrate comprises a progressive addition

optical power region.

10.  The lens of claim 8, wherein the first substrate is in physical contact with the second
substrate only at the electro-active material seal structure and the adhesive material seal
structure.

11.  The lens of claim 8, wherein one of the first and second substrates comprises one or
more fill ports.

12. The lens of claim 8, wherein a radius of curvature of the first substrate is at least 2
mm larger than a radius of curvature of the second substrate.

13.  The lens of claim 8, wherein the lens comprises one or more electrical contacts on an
edge of the lens positioned between the first and second substrates.

14.  The method of claim 1, wherein the method forms a lens that is configured to allow
light to pass fully therethrough.

15.  The method of claim 1, wherein the method forms an ophthalmic lens.

16.  The lens of claim 8, wherein the lens is configured to allow light to pass fully
therethrough.

17.  The lens of claim 8, wherein the lens is an ophthalmic lens.

18.  The lens of claim 8, wherein the lens is configured such that there is no refractive
power provided when power is not applied to the lens.
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