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eyes, this light is absorbed by the intraocul ar | ens and therefore does not

contribute to retinal phototoxicity; however it can 20cause optical
degradation of the lens or cataracts. [0005] The pupil of the eye responds

to the photopic retinal illumnance, in trolands, which is the product of
the incident flux with the wavel engt h-dependent sensitivity of the retina
and the projected area of the pupil. This sensitivity is described in

Wszecki and Stiles, Color Science: Concepts and Methods, Quantitative Data
and Formul ae (WIley: New York) 1982,



25esp. pages 102-107. [0006] Current research strongly supports the prem se
that short wavelength visible light (blue light) having a wavel ength of
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[0006] Current research strongly supports the premise that short wavelength visible light
(blue light) having a wavelength of approximately 400 nm — 500 nm could be a contributing
cause of AMD (age related macular degeneration). It is believed that the highest level of blue
light absorption occurs in a region around 430 nm, such as 400 nm - 460 nm. Research

30  further suggests that blue light worsens other causative factors in AMD, such as heredity,

tobacco smoke, and excessive alcohol consumption.



[ 0010] Drusen hinder or block the RPE | ayer from providing the proper
nutrients to the photoreceptors, which | eads to damage or even death of

t hese celwe.20foi1i490t her conplicate 5this process, it appearss2dioabsesmen

| i pof uscin absorbs blue light in high quantities it becomes toxic, causing
further damage and/or death of the RPE cells. It is believed that the

| i pofuscin constituent A2E is at |east partly responsible for the
short-wavel ength sensitivity of RPE cells. A2E has been shown to be

mexi mal |y [oef] t ek HRihah lrdtMa linc@iabs milifle RYSs OTRAEaGas LY ERorder BomIthd Ng from
such excitation can lead to cell death. See, for exanple, Janet R Sparrow
et 10al ., firshexpasediteypry. ightentering dheiexe fobidpesst melHde: and retinal pi gnent
epitheliumprotection in vitro," J. Cataract Refract. Surg. 2004, vol. 30,
pp. 873-78. [0011] lFNemrdibenkbd€eti cal perspective, the foll owing appears to
t ake pl ace: 2) Ganghbn \088¢ € buil dup occurs within the pignent
epithelial level starting frominfancy through out life. 152) Retinal

net abofi ¢ acti vity 3aFaetlierifory Leyerdeal with this waste typically dininish
with age. 4) Bipdlar ZREHSMBHthIRCNs gent  typi cal |y decreases as one
ages, thus filtering out |ess blue light. 4) Blue |ight
causes the |ipauscidhOptsr Bleeiéms laysti c. The resulting toxicity 20damages

pi gment epithelial ¢fphdiSrecdpRRlRbdsA@ doh&ht i ng and vision care industries
have standards as to_human vi si on exposure to UVA and UVB radi ation
Surprisingly, no sutRetiwahPigmers EpihgliymdRBREL with regard to blue |ight. For
exanplig, in the comyBRichk NREBsMENt tubes available today, the glass

envel ope nostly blocks ultra-violet light but blue light is transmtted
with little attenud) CBefOid n sone 25 cases, the envel ope is designed to have

enhanced !(TOO@_I]S NWhSH Bght ishbbdBedty Wk dyE'9 piftor8deploh&: 115 RS hatdons¥y @l calld 1 f i ci al
sources of |ight hazard may al so cause eye damage. [0013] Laboratory
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the bl ue biogdt antlit BdiRd tHeevisaal 8B r0 ABsITRIMADS Blue AR BB bueh btowkltoedede RPE cel |
deat h caused by the bl ue Illgsht may be reduced by UEQtO 80% Ext er nal
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bl ock bl ug beii@8d tol 18adab tiRtHuBERof iR pidinENDARYIA i@ rdtha aTHs Bhiklpseds for
exanple, in U S. Patent No.. ?ﬁgg 430 #o Pratt. Ot her ophéhal m ¢ devi ces
whose obj Bche Teting! gigpiept epithelpRPE] layer. ftishelipyrd tha pearesatss PEeRgAUacl ude

i ntraocul matedilslcalle®Bhusditart RIMHESuc TS exepilchabimts odgiohiteis. are positioned in
the optical path between environnental |ight and the retina and generally
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to Pratt trapsmt s.than 40% the incident |ight at el engt hs as
| ong. as. 6BEET auda B e mbibe pihe ot BGFEn sruts? Ol IR LSTEGM b ocki ng
| ens di scthoR®d 1yr. JolzdeEamd eackh&dfufcanbtaffieher interfdreSvitPhe asimaNo. 5, 400, 175
simlagply attenuat Light. by .nore than 60% throughout the visible
spect ?{)Jm plgglofc’lgi’ﬁ??ai’g %%“i“h‘/ %“@h alg’wc??ort eeproﬁgutﬂﬂﬁﬁ?tg. "f’glﬁflG] Bal anci ng t he
range andplanareseptosfthisl contkibating| tol ageleigiot mamylartuegabiefafibre (ANID). aAMD iodei ng and/ or
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World. The burden of AMD is expected to increase dramatically in the next 20 years because




20devi ce, and the color in which the optical device is perceived. For
exanpl e, shooting gl asses appear bright yellow and bl ock blue light. The
shoot i ng wbassed1Mbt en cause certain colors to becone mece/tEpEanessso when
one is looking into a blue sky, allowing for the shooter to see the object
bei ng targeted sooner and nore accurately. While this works well for
shooting glasses, it would be unacceptable for many ophthal mc
applications. In particular, such 25 ophthal mc systens nay be cosnetically
unappeal i pfthbemuee skift impopalatiomardrthedvoat] ifdrdake inhid nuntbepsfagdeiaggd i n | enses by
bl ue bl ockin re specifically, one conmon technique for blue bl ocking
|nvolves1WQﬁ@W%for dyeing lenses with a bl.ue blocking tint, such as BPI

Filter Vi 450 or a e 500. The tinting may be acconpl i shed,

for exarrp?@%]b B lgﬁﬁ‘ﬁa *el?fgo $%%@(lamer£f%%r9eelns.ﬂ1ﬁpr%f g tieng a bl ue

bl ocki ng @yaorswpt&s wmch%dmra&n@geaﬂe&sﬁrdmeﬂma& cBI®y, ITeCtuier torificatEy pi cal |y,

t he dyS ?}uu“ on has a yell color and thus inparts a yellow or
in

amber § RJOgef itjapprars they w ﬁﬁ’h&’mﬁ@ﬁ‘ﬁla sorsihanedighinhigh quaniities # becoiss | ow or

anber ti ntoxiGayaubigg ﬂmlelsdamag)d S1dop GEH oG RDE cdMbr RMRlieved figat the MibofiByn
interfere wtht;lé nor or erc&ptlo of a lens user, naking it

di fficul t Sonspuent ﬁﬂ?%‘ EPaE TPReRyRe fpres QM RYREnEBISRSY 8F REB{ {1 o i ght
or sign. c4IBOAZE hkf teon btsownay Be llﬂ@:dﬂalll’@éj@téd(bywm%mﬁ ateq)hmbhema@n ¥Rhisowi ng

effect of conveptional blue bl | ue bl ocki ng

| enses ha\fé“lﬂﬁ%ﬁo'f‘ rs‘éciteéﬁfm\%"l ‘ﬁmiﬁ’g ?ee‘rﬁiﬁi’li‘dg‘?s °r8 ebRﬁa"?‘@a or green

dyes, 100 af, f"Bﬁk llgh%by@blklg)mgzu&ifeﬂ@ind rétiifl $lgxﬂéﬁtré§1|ﬂ{ell€ilﬂlﬂ>§ﬁ&tlblhﬁl vigslt ti onal
bl ue bl ocking dyes However ,

\?\%ﬁlset?hlb Rﬁ%’ém@ ?(ﬁ%ﬂ@ét@ rézéfglﬁﬂaa bl ue bl ocked I ens, interm xi ng

of the dyﬁ@ nay reduce the effectlveness of the blue bl ocking by allow ng
more of t KLY uEromafhsoretisal perspsriivh thsdalfe Winkarpeare o, takerplace: conventl onal

t echni ques undesirably reduce the overall transm ssion of ht 10

wavel engt hs ot her tth buidup ogqyrs Wigirthe Rigmeat epithglial hYﬁAﬁW@E Educt i on may
in turn reagacy thrdugheeuged visual acuity for a lens user. [0018] It has been
found t hat conventlonal bl ue- bl ocki ng reduces visible transm ssion, which
in tufh stinmulates HBF“&Wﬁwwlcﬁ?@’%afﬂwlllm@ﬁl%‘ﬁ‘@fswqﬁ@wV i ncr eases
the flux @imihisioWith 4. t he internal eye structures including the intraocul ar
lens and retina. Since the radiant flux 15 to these structures increases as
the square of the puphemafulpignasnt tygicpllyirieciepsss asng ages. thug fltesng ppidess| ue | i ght
but, w thpkeduged VISIb|e transm ssion, relaxes the pupil from2mmto 3nm
dlaneter wi | actual{ creasg ihe dose of blue photons to the retina by
12.5% Protection 6?B“ﬁé‘gl?té?i“isﬁ%1 f HRRFRSSIR® BECORE LOMiG- gﬂle repulbiOB XY t he anount

of this Iu@mgegmghedtaﬂuﬁgﬁswlgn the retina, which depends on the
transm ssion properties of the ocular nmedia and al so on the 20 dynamc

aperture @o1)heTiRUizhling ﬁaevsio%arewu&n&qlad@hﬁldaaﬁ aPRHImAh VRIZh eQdsiid
contribution of to pr.ophyl axi s of phototoxic, blue | |g£ [0019]
egr

t he
Anot her plodBY 2 ﬁ%‘Wﬁp'é‘gﬁ(Péntsi"BH%ngblnﬁéU@I stpafard dp ip plaggith regard 4, ade

ni ght Vi siigm. F&Ieuan;he gmhelcsmﬂeﬁ ﬂuéreaea{tmiavfaﬂablé 44yl uﬁ@iasi &1‘(]@1’0 é)r scot opi ¢
vision than far bri phot opi ¢ vision, a resul %

expr essedMgHh rh"?q‘%\t‘lgr% ¥ loglf’t ?ﬁhttbﬁ{ebwﬂfﬁhhkﬁ {ransnitied Wit littlg a@&“%%’éc l“r Sé.’mFo r

scotopsc ae@a; {hB AP isvdeSibMa to Eﬁebﬂeh@dmmmlm iR fehhld ¥glok §@RS | ONs cause
t he absorption o$ 400, t o 450 nr’? B ht by |ntraocul ar. lens tissue to
g ﬂ@ﬁ“

i ncrease PRSETHTY| $ush gitift ‘abﬁ’ér"e%ﬂ’ t ey e‘E}Fdﬁ’BEBephot oreceptors on
the reting that are responsible for |owljight vision also decreases with

age, the [NtHledsbariopserifrrcdhy Spprewet ??1?‘?‘5!6@19!"&5@8’1‘?55}‘?%“ thapiéakosht t o

degr adi ng5% gfihe mus it with@y th&X A ERInSth r§130 bR 3V hrfl iBlockBN RPH ¢l i¥ath S reduced
by 33%in a Si}y ear-old jntraocular |lens and 75%in a 75 year-old | ens.
The t ensi Y% ue light may beyedycsd by wmtoglep- Fxtrrmpbpyevsariarh asspeglassss. f ur t her

descr Bpedsgentadiiy g@%@é add donRefeh RWihat muméqlghmthaném% ﬁhp%\ﬂé g&l
63

Coaventi Zbﬁsﬁfi 415 SE R £ Bl B0 B o SR A0 P Broe, Qe bR or

hi gh- passddvidet ®@hése bBjeét@sid Geotéchthe rétmR HBInIBik PHbt&EJu@Wﬁ It isdhRe liftiaB6h1dal€ Or
vi ol et wavel ength to zero. For exanple, | i ght bel ow a threshol d

wavel engt h may be bl ocked conpletely or aInDst conpl etely. For exanple,

U. S. Pub. Patent Application No. 2005/40243272 to Mainster and 5 Mui nster,

"I ntraocul ar Lenses Should Bl ock UV Radi ation and Viol et but not Bl ue
Light," Arch. Ophthal., v. 123, p. 550 (2005) describe the bl ocking of al

| i ght bel ow a threshold wavel ength between 400 and 450 nm Such bl ocki ng
may be undesirable, since as the edge of the long-pass filter is shifted to
| onger mavelengths dllatlon of the pup|I acts to |ncrease the total qux

s o o o, - o " S



[ 0021] Recently there has been debate in the field of intraocular |enses
(I1OLs) regarding appropriate UV and bl ue |ight blocking while maintaining
accept ablwophomiapive vi si on, scotopic vision, color visiegl/tseaooesessadi an
rhyt hirs. [0022] In view of the foregoing, there is a need for an

opht hal m ¢ systemthat can provide 15 one or nore of the follow ng:

1) Blue blocking wwth an acceptable | evel of blue Iight protection

2) Acceptable color cosnetics, i.e., it is perceived as nostly col or
neutral byoRaTRARS. Wﬁ)@ebwﬂmkm@w@@mﬂﬁklﬁbﬁedwﬂkﬁmmﬁh?ﬂh y&weenby a wearer.

3) Acceptable color. perception for a user. In artlcu ar, there is a need
for an ZOSBHEWdeg et ang generally contaip gF 41 peated withydyes ate o or vi si on
and furt hegledtively abwf K16 AndRsoldtlighd t he back surface of the systeminto the
eye of the wearer be at a |l evel of not being objectionable to the wearer.

4) Accept 3i18] | OuRt lehdes hie®RSwH had kB §Sh aebréa@écm&ic%a%éﬁsn %ﬂ%klﬁé"an bl ue

| i ght vvavel engths., In particular, there is a need for an gphthalmc system
that aPl oRiefight. Chramatic ghermtonis sausedfey epticaldispsrappyetasular mﬁﬂlwclup@afhevml le at

the sane tchiea, idtdbilEr tdnk, AGudolls RERE an@{itr8Qnehov mld%péﬂslgmocuses blue
5) Accept abI e phot opic vision, scotopic vision, color vision,

ci r cadi an lightyf miferentymagy plane thandightpt doneer wavalengihs @a@ﬁ%lwrﬁﬁf%uﬁ%ftt%? ﬁ“ﬂ

poi nting tcHloPinage. |€&N§ntﬁ§al%ﬂﬁ bRfckinp &ndQ a&%&!nlgé@lnqutfra’teiﬂiﬂ'NQrdlS%%@ﬁ ors in
macul a degenerati on cause of blindness in the industrialized

T e BRas B N PrgntiNo b oo L e Dekersanl S o I T CAVENT] O

[ 0024]1000hhdlSTPhert Wot £878 AR, WWhawtled that include both a photochromc
conponent and a bl ue- bIocklng conmponent. [0025] In one enbodi nent, an

opht hal ni go@3pt EFACARBNAI AQRod for EfiSihg BIE ngnl.tteﬁp&{l@%kba@ar%eafawémpt and at
| east one photochrom c conponent, wherein | 'ue- bl ock mg conponent

cont i nuou$PYPlstaly %@P@dt&hﬁ/@%}” # threshold W&""é@lg@ewb@fi sprrgducing lighi pxposugsrat
wavel engt gk edvbidhdiss. FoNBURPRNMEE Rndtls dé‘s}EQb@d ift 5. Ipa@en@wui 6‘9’9?&?0 0 P

phot ochrom ¢ conponent . when activated, l'ters visible Tig i ncl udi ng
wavel engt Hansguitless dan o of diedpqidegt lﬂ%zhwadﬁleeﬂthf@s lqngas 6M@|aéﬁtgmsn 10[ 0026]

I'n onqsemmdsemtanuta@emmlﬁean%tmbmm RIosALEOS Rarlséifand IDRFGIdSEFERSCL r UM i N
the activated systemis at 20% | essl tkslan y'?Jﬁeamaverage transm ssi on

across t h&-SiPatepiNe. 34004 ?iﬁwﬁﬁlwaﬁ@lqawa&sht\% myesthang0% toaghout gheyishlaer

enbodi mentspectniif, 28 VIRISRAE IS IGF the 1198 patntt he sel ected range of blue Iight
wavel engths in the activated system | s less than the average transm ssion

of the SeltﬁﬁsledBélérc%@gﬁ‘e ﬁﬁge@naﬁmbw'8?blwaeé@bﬁ@ﬂgm%dy%ehhﬁcdnnicﬁl&c‘kﬁxgsyStem

[ 0028] In another enbodinent, the average transm sSion of sel ected

range of BRYer iphigjee %@h&f@ﬁféﬁ%ol%balme,ace{owww oglyéqokmm@gwnewmam% or

Wi t hi 005%evide, Alaah@bRr P Ghich HRADP ae%e@é e}&ﬁe&e#&@&mﬁpw @H&%nggla&we i ght
wavel engths in the inactive system 9p I n one enbodi nent

bl ue- bl oc RPRsE RrishipsHewand Rlogkdtlueiigdt. o ﬁb?ﬁveg SREEDURY|CaYSA CRrin Wi nent |

t he bl ue- BtRGKiInRG: £PRRANGRK oﬁ@is%wng%&at)lule %@r §llc§%$mé ﬁﬁ‘ﬁfe sl?&%r Plecat | east
50% of light in the selected range of ht wavel entg
the object being targeted sooner and more accurately Whlle this works well for shootmg

glasses, it would be unacceptable for many ophthalmic applications. In particular, such

25  ophthalmic systems may be cosmetically unappealing because of a yellow or amber tint that
is produced in lenses by blue blocking. More specifically, one common technique for blue
blocking involves tinting or dyeing lenses with a blue blocking tint, such as BPI Filter Vision
450 or BPI Diamond Dye 500. The tinting may be accomplished, for example, by immersing
the lens in a heated tint pot containing a blue blocking dye solution for some predetermined

30  period of time. Typically, the dye solution has a yellow or amber color and thus imparts a
yellow or amber tint to the lens. To many people, the appearance of this yellow or amber tint

may be undesirable cosmetically. Moreover, the tint may interfere with the normal color



[ 0031] In one enbodi nent, the selected range of blue |ight wavel engths

i ncl udes wavel engths from about 420 nmto about 440 tun, about 410 nmto
about 450wermioorni@bout 400 nmto about 460 nm 25[ 0032] pCm/Us2@inloes6s0

enbodi ment, the systemfurther conprises at |east one additional blue-

bl ocki ng conponent that selectively filters a selected range of wavel engt hs
i ncludi ng a chronophore other than A2E. [0033] In yet another enbodi nent,
the systemincreases contrast sensitivity by at least 1 point on at |east 1
poi nt on @eséptien vy kngisai, making aiffiCidt, Gr exdnie] t\JorrectlyqRecdve it RO bIET

enbodi rrentt%mt E‘Ehi nactive and/or activated systemhas a yell owness index of

| ess t han"8MC3EM %€ han 5. [0035] In one enmbodi ment, white |ight has CE

(x,y) coordi pat of (0,330.Q5, 0.330.05) whep transmtted through the
i nacti ve é‘ﬁ’d?br Effors '\i‘é{‘f B‘if“é‘v"g? @Wmsf‘ﬁ%gf theryeloming fesphRoRYentiph bluc

bl ue- bl oclsiooking 81§ NEYHex LRI bive Sfockihg e8RS havebeerDiea@ Mith@AGitiodPaRRY I i N,
counwari.n, acﬁl’l gfdj%%and deri vatiyes thﬁre,of. In some enbodi nents, the

bl ue- bPocR¥HG QIrireeg ey foatisetthe xeflowwing gffect; Thertregtment causegdhice of |

por phyr i n additichat®et oafetorte hRahiRef witlothe aﬁ@mw Blockihg ayeRs Howk e WaiKr i n.

[ 0037] In another enbodi nent, the bl u]e-b cki.ng conponent conprises a

bl ue- bl ocKIHEHPHIUATEY Siduck Yednw dht blae blasked fens infermiyngphie dyes BBHedses ppm  or
about 2 pginectoctabmbgd ofibe FlpdblocKifi3Gllowing aidee EMIROSILIMRIME spebtagn BiRGgRChr om ¢
conponent .j s actjvated b?z at | east or&e .OLII thg tbJVAﬂ,’"E?I ue |jght, visible
light, and'O9fFFaia RRYR IEHLFH?.‘Q“F%“ AR e RbGE PYEHE ranshisSighef ligdhr oni ¢
conponent wagelé@gthis vk etlatbylu@light @asdlengthe Tis biintcdYeucttmtndyth bk Reult

wavel engt hs. .1 n yet anot her enbodi ment, the photochrom c conponent is
activat ed"brﬁdqcf‘b%‘f“aiﬁcuﬁég‘?rﬁde"é%vel ength of about 380 nmto about 410 nm

[0039] In_gne epbodi nent, the system further conprises a UV filter. In one
enbodi rrenllo,%lﬁheﬂgﬂf F1 foupd Ya‘éi qopesntionshplue-plgeking redyces ysiblsdrapHyisshr oni ¢ .

conponent shich irpt el dieuls¥aagtionesihe phfie BMibh bt B ppRIascrieds the fikedf lighe
wavel engt hs_ t hat agctl vate the phot ochrom c conponent to a de?r ee t hat

prevent s £0b§ Plmabeye sopstergsiaFluiing Sisanteasiailens aed refinge Siges 1gnt flyx
opht habni & th&estuchp@Gheedses ds @itSsquEOS R Hupll Anetek, A6 104 Ylodks Hafe$theCOTr Neal
i _nI ay, cohlneﬁl gnl % cor r&eal. eqraft, electro-active lens, w ndshield, or
wi ndow. | RMBABM RHbL BT Frdhged Visible wansmissipn. Lelaxes fs pppit fram 2psto 3mm [ 0041] 1 n one
glnbodib Irrentji_,am&ﬁer, Wwelasdiualin énotdasd the dgah Oflﬂﬁél;ﬂﬂﬁi@toqﬁé’ﬁéﬁﬁbﬂ%t 12<'e\sn;d.I Prla&ctionhof

ue- bl ocki ng. ¢ onent is.present throughout the system |n another
enbodi ne nﬁ’,e r%’t"a ?‘gg'spchm(?F?é“cﬁfgg'z%P‘E'H’é o’bﬁ'ﬁlaﬁ' WFBMEW@BY%QHE‘H'E@%&R? th e
blml; e;jbl oc keting k\:mcug}aemai ori tﬁl_e trﬁlﬁﬁﬁsjsbﬁQrdpél’tiéshﬁ'ﬂ&)&hl&fﬁhec[lt‘)?ﬂﬂ?dlbsiol o l:l%ﬂe |
enbodi,pent,, the ue- bl ocki.ng, conponent .coppr.i ses, a e- bl ockin ayer
o0 of 0t hEBG SRS At BE Bt SRS SO ACE R POl BB feBuPen oF [ 00a5] 1 1
one emnbodihapuagil totphephiplaxie efphotiidxitobleighonent is anterior to the photochromc
conponent. | n another enbodi ment, the bl ue-bl ocking conponent is posterior
to the 30[009t OAKBHNDRbRATRIENE entibibl BRIE-bROKAE isHRM it cart frddk Wb OCKi ng
conponent is _nﬁ]:y igh .ﬁgt\;smal cgtgt act_. th the tph,ot ochrom ¢ corrFQnent. In
anot her eXE88i Fuhightiymomn mporpntiok ogisdblisyd REIretoRI Y anehanar byaght bsht o
conponent ogphetopittvision x egult BRLIES ckirSistd dahhttively i e 1AW NGSitivity [ 0044]

FIGS. .LA and show e | es of. an_opht hal m ¢, system i ncl udi ng. a posterior
5 bl uégbl 8’8?&?#5’ %98??%‘8&3&%&??&“ ‘élﬂ°‘b2'%h8$°i°‘b‘?m%%’r°y é%f?!f“‘rﬁ’g’ngﬁlﬁ‘ff?fh"eng . [oo|45]

FI G 2 shatasrpash e¥a0R 450Gin ugmaginaa&m:re%ﬁﬁaetb@cfdagernaaﬂalggfmm%w c system
e OCKI N

[ 0046] FI 3 jllustrates an exenplary systemw th a bl Ki ng

conponent Eﬁle’gféﬁ'Sé‘f“BF’er FWW&%%B‘X@ﬁ e“i“ﬁg‘]éb"rr%tfeéﬁonﬁ‘ﬁtécforal%’rl%? or nostly

cl ear ophtibiah Ascddceass w(;th age, [t{¥Qdctdaséd dbsorgtionl by ullsd ih@dcR6laPlens¥ RFYraAito
ornmed_usin coat.i F 5

opht hal ni ¢ _syst em [ an in-nmold .ng. 10 PO ]

TPIuss r ac Seeraims R B R Eir hREpIE greohid Ve S0RORGA iR Adte imp &

i |1 usBo at gar-eidényabeurlyr laphnd 2l Wica Byywhedts laisi Tig taiion-bewfebeftihale coati ngs.
protection and scotopic sensitivity is further described in Mainster and Sparrow, "How Much

Light Should and IOL Transmit?" Br. J. Ophthalmol., 2003, v. 87, pp. 1523-29.



[0050] FIGS. 7A-7C illustrate various exenplary conbinations of a blue

bl ocki ng conponent, a col or bal anci ng conponent, and an ophthal mc
conmponentwo 2010/11i9951] FI GS. 8A and 8B show exanpl es of pam/uspéio2derd c
systemincluding a nmulti: 15 functional blue bl ocking and col or-bal anci ng
conponent. [0052] FIG 9 shows a reference of observed col ors that
correspond to various ClE coordinates. [0053] FIG 10 shows the

transm ssi on of the GENTEX E465 absorbi ng dye. [0054] FIG 11 shows the
absor banc¢0020) t ienertibiaXappfathea sthidblowWing alo nd) idd\i¥e 2htofflochigh-passhows t he
transm ttance of .a polycarbonate substrate with a dye concentration

Suitabl e THFS D iR Pam e DERIhPSAGLOIT POBel: YA Blen e e Of ho

transm t t araeplgsll dightbeloiv DhresHoldwaeleagih iy 6¢ bldcked|cympleleBiirakngstibst rate with
an antireflectjve coating. 0057],.FI.G 14 e cal or ot of a
ol yoar bofbaeilio S6r bl Ui Rib. B ABPIGEcH Ve BBIBER2R5 Mitoduahd Pi o 15
shows tshe Mdigsns Tilitiaacita [afsesSHouRCBlock UV Raw@N 6 0 tiblettut Adt Blrddgtited

pol ycar bonat.e substrate a | ycar bgnat e substrate with _an

antirefle f?‘k:é’?ﬁ‘ga'riVnBZ%OPI@SB?%‘?B@L%M@%@P%I%BG%9 al(ﬂf%‘b &V afiseikoldhe spectral
transm tt aaeelenpth tetiddt 400rnddaas6 hmoSuchiblodkiag may PO Lydeairdb) sihe as testgadre.

[ 0060] FI 17 sho t he.color plot of 6.tun layer of TiO2 on a

pol ycar bo%tlgn%%§¥$eéfs€%ﬁ§?&fgi TR enﬁs’iaﬁﬁt\?%‘ #H@ %‘B‘é&‘f‘? QInreasH®Ri  t ance
of a 134 moallfluxeAs pfevibudlR debrited his yaredelndasetopitasisitiitg and DORZE cbibs 19

shows the C9| or plot of a 134 rimlayer of Ti Q2 on a polycarbonate

subst r'dt e #5TO%: 40631 F| G 20 shows the spectral transmittance of a

nodi fi ed oafing syitable for 10 color hal ancing a substrate having a
bl ue absoﬁ@zi’g 59‘@8“3[ B F@F@e ‘f%ﬁ‘&&%‘@?é‘"@%%%ﬁﬁaﬁéﬁrﬂ weHPAL i ed AR
coating supprogiat TVandElLOlight Blodtied Whileanfnthining at@plaBl iphtofic Pisieg, absor bi ng
dye. [0065] FILG. .22 shows the s.%gg.tr | transm ttance of a substrate having
a bl ue abSBYIPHYSAR &olof YERE Pngfitsadian the color plot of a substrate
havi ng a bl ug] aglsor bi ng dye. . 13{}00,67] FIG 24 shows the spectral .

transmitt alfédl of" Uevs iRt fomeging s TR i aneed fppampRbyralnig systsrethatfan arovidar AR
coating. pAd&ShorEbfthe Bllowlngws the color plot of a substrate having a bl ue
absorbing dye and a rear AR coati ng. [0069] FIG 26 shows the spectral

transnittance of aI§Bh§tblc%ki§gWhﬂ‘&:a@;}ﬁ?&lé’%vé@?&ﬁ@iiélﬁpﬂ%&ﬁ&p and AR coati ngs
on the front and rear surfaces. [0070] FIG 27 shows the col orwgl ot of a

substrate having a2bPGEPRBSGSPIST FRIMENSS. indf Inperesivediap mosthieolasaeytiabblt  and rear

surfaces. s¢hkdAd bbsEhiag thSophiiaMfic LRRmSPRAWoR] by 4 REsEH ttance of a substrate
havi ng a bl ue absor.bi ng age and ‘a col or bal anci ng, AR coating. 25[0072] FIG

29 shows the col or 3prsterBblesolouprecepigndfonaseh n papicylar, B8%ds Hneed fond@ and a

col or 2bal 3pithdhdicARt&R Blat WO not Hhas kheFldarer SEbITHAMSH A AERRPILAENARMRE hal m ¢
device conprising a fil [0074] FIG 31 shows the OIDtI cal transm ssion
char act er i g{niﬂ&e t@gk aég(gerqu s(y;@qultp the eye of the wearer be at a level of not being

objectionable to the wearer.
4) Acceptable level of light transmission for wavelengths other than blue light
waveléngths. In particular, there is a need for an ophthalmic system that allows for selective
25  blockage of wavelengths of blue light while at the same time transmitting in excess of 80% of
visible light.
5) Acceptable photopic vision, scotopic vision, color vision, and/or ciréadian

rthythms.

[0023] This need exists as more and more data is pointing to blue light as one of the
30  possible contributory factors in macula degeneration (the leading cause of blindness in the

industrialized world) and also other retinal diseases.



[0075] FIG 32 shows an exenplary ophthal mc systemconprising a film
[0076] FIG 33 shows an exenplary systemconprising a film [0077] FIG 34A
and B showopopvitigpanet er and pupil area, respectively, pas/us2610n0eic8on of
field illumnance. 5 [0078] FIG 35 shows the transm ssion spectrumof a
filmthat is doped with peryl ene dye where the product of concentration and
path length yield about 3,3%transm ssion at about 437 nm [0079] FIG 36
shows the transm ssion spectrumof a filmaccording to the present

invention with a peryl encBRIEFGRIMMARYODF THBUNVENZTON | nes hi gher than that
illustrat in the 10previous figure. [0080] FIG. 37 shows an exenpl ary
t ransmi ssi?‘gﬁ"]s pr'EtPéWf‘TscXFte‘Bs?Fffqv%ﬁl?‘gp‘%‘[‘%lﬁ‘%W@l@?chﬁ‘fﬂ“mfm"["@@gg] FI G
38 shows néfebidtkiag cehpdnemoor di nates corresponding to Minsell tiles
illumnated by a prescribed illumnant in (L*, a*, b*) color space.

15[ 0082] fdo2s] 3R/ one RAVEdiRek] ﬁltdégm@miaéysm%ﬁ@h@g aSIBdsf & tlRLbl ell color
tiles for arelated filter. FI 39B shows a color shift induced by a

rel ated bIRMBRIERHART Afdeast e @hotoghserpig pompanentwheseip fis blucrhleckingcampeient ol or

shifts fotominB&Usk! 288 Sclbyiosly BHES h kb RdIEEL LEDINGLEH Wal@erftR HRNIdidgvent i on.
100841 FIG 41 shows the transm ssion spectrum of a system according to the

present 20RKRISH 3 Abouf . apd whergin thephgiochiomjcsomgeneat. Bhipmastivatthg col or

di storti ofiters vaiblaibhtRcladin® Wil dhdhgth® olitiiBe ME SIEMd rhipé@Pblunigior Miunsel | tiles

in daylight. [0086] FIGS. 43A and B show representative series of skin

refl ect an®@vd ra fromsubjects of different races. 25[0087] FIG 44

shows an exenplary skin reflectance spectrumfor a Caucasi an subject.

[ 0088]10F| 80265 Wuppasmbediment thepvsrres pawmission gerossdhq sible seaswy in the089] FI G

46 shows gxRERY §stentiY 8least S99 Rks thhfThe MerpB MEARIARRLRAhIMiGibR % AIMNaVi ng a

hard coat . [0091] FIG 48 shows the transmttance as a function of

wavel engt ' homagivegysga-j ve filter with strong absorption band around 430

nm DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0092] Enbodi nents of the present

i nvent i on[90&7lat ka anethenembgiment, thic @vergastteanimipian qf dhersoleeied Bage e bluevight| ue

bl ocki ng Wﬁbél&lﬁﬁﬁs irf HEadRHEY §yst¥h iPeQthal HPa, eﬁg%mi%h'om@%élé@g&' ve

product, nornmal or_ acceptabl’e color perception for a user, and a high |evel

of trdAsnfangeef blyedight waeleggibeinghesipagtivagysiemy .. An ophthal mic systemiis

provi ded that can provide an average transm ssion of 80% or better

t ransm ssi@a8lof Imanetheriembpdigient, the avririgettransmissian; of thevseloestdrapgens bbke lightue | i ght

(* 0l ue bl gaidiagihl in b LANaEPLystehiSs WARN A0%SoRliBRLS . QMR aviladl BRRSLRT TaNCE,

and 10 provide a nostly col or neutral appearance to an obServer [ooking at

t he wear epf thesplicted @cgehftduqM@Wévelqnéﬁsmstg%mmveﬁwensed herein, the "average

transm ssion"” of a systemrefers to the average transm ssion at wavel engt hs

in a rang02%uch oas embredimént,ithd usplecking gemppnany smetphatosiromiry be

characterized by the "l um nous transm ssion” of the system which refers to

an avéPagP0Be] almwawv ethbagrndnt,itbagjas-blbtkang dospumingteleetvehy Sltarslatiieast 20%, be

sensitivi . th Systens described herein may
Meag{ Sd"/p%r ﬁ%ug gﬁﬁx?} %}%in}%ﬁggﬁn@{‘lﬁl W, \ée?fen th a

use various optica a

~ [0031] Inone embodiment, the selected range of blue light wavelengths includes
wavelengths from about 420 nm to about 440 nm, about 410 nm to about 450 nm, or about
400 nm to about 460 nm.

25 [0032] In another embodiment, the system further comprises at least one additional blue-
blocking component that selectively filters a selected range of wavelengths including a

chromophore other than A2E.

[0033] In yet another embodiment, the system increases contrast sensitivity by at least 1
point on at least 1 point on a sine wave grating test (¢.g., FACT™),



absorbing dyes to produce the desired effect. [0093] More specifically,

enbodi nents of the invention may provide effective blue blocking in

conbi nat iwo 20d0ih1el or bal anci ng. "Col or bal anci ng" or ‘Pcoluseolbabseeced” as

used herein neans that the yellow or anber color, or other unwanted effect

of blue blocking is 20reduced, offset, neutralized or otherw se conpensated

for so as to produce a cosnetically acceptable result, wthout at the sane

time reducing the effectiveness of the blue bl ocking. For exanple,

wavel engt [e03at DfanB@éd enfbMinier, the4Rtivein By adiCattt] H6tMtads yeIRMUMER thdeR

intensity. In particular, for exanple, wavel engths at or near 420 - 440 nm

may be bl 8ES "B‘rs’P‘élaﬁ%d‘Srn intensity. Furthernore, transm ssion of

unbl ocked vvqtvel engths may remain at a 25hi c);h | evel , for exanple at | east

80% Addi 1993l Inne erbediments whitedight has (l (x, ﬁ%or@ﬁﬁt:mﬂ(ﬂe?%*%%ngéﬁ%‘») | ook

clear or QR idhs@ltRathrolpftheAnfYitd S0 a@Tvated §)sRin. PEr ception may be normal or

acceptabl e. [0094] An "ophthal m c system as used here incl udes

prescrkpt i or 2 i+ R d K 'Ji?éom DR for clear or

tinted gl g?gée]s I(n(r)b(ra legg(%?lgécdlt’gg% ?Q%glﬁg%as.sesp?néggnt acts%g%ﬁgrelgogvi th and

wi t hout ~ vP¥YI§ns, perphyiing seiwmaginsaseiding and darivaftyes tharepf -In sameembodimants, e OLs) |

corneal gprébRckif®EdSdner 1 rPzactive

opht hal m ¢ devi ceés) and ‘F’r‘ge&g"\é’%ﬁ%ﬁlg}%@?gwﬁﬁ%‘%’g&%ﬁ%@ﬁ%fﬁ%d wi th ot her

conponent Serivatiysribgreafeordragnesin Firamgsitylperahyrni es  described in further detail

herein. The invention can be fornulated so as to all ow being applied

directly 14988 clranether enibediment, the blwsiblosking seraponentspmprisgna blogthioakingi ¢

mat er ijgl " 44 [ ] such as a
18! " dfcan QUERIBILYabURIhollo bERE 56 ,_O@Pbogpﬁgﬁgd;ab%}u;@pﬁg )

corrective lens. Exenplary op mc materials 1n | astics

such as , gLl r t j al s ough her. material s
iy Do us e Jhieb Ebediith, 16! MERBART BB Ao 8O UAC B A
opht hal m EV8y YVdablalightnosibld dightnand anframesiwavblengshd | In eitieg embodimersthe. | n one
enbodi nen ' - j OShA i t l,or - bal anci ng
conponent Bhoé%%’%g?@%%p?ﬁéh%%ﬁg‘%g%a%?%?fﬁagt g%e?rponeritﬁg’r" aﬁﬁg'lﬁ%geldor bal anci ng
conponent Walengtds. kyryet aotherrmbodisfent, the photochrompicichmponent is astivatad by lighuch as a
l'ens. 13hepRARLELvEkn UPabQ{;tQa‘%binﬂﬁoQQdﬁP and anterior color bal ancing

A |

conponent may be distinct [ayers on or adjacent to or near a surface or

surfaces n ' . colar—hal anci ng .c opents are
provi ded Pg”jedlg?gé %?ﬁ%?"&’gﬁf?%%%rg{ef é(;g\?v'{pglrsesgan(g\éﬁ R%I c,r-%l'f 8% eq?br?glq%ggt erior

bl ue bl octhe by Blitsrpmesitionedipostenian thube pleotachemet caglohgnt abanpthatdnebodippagr ance.
For exarrp{h@U\;f'?lteﬁ1 oe@ﬁb?ﬁl&ﬂhe%a@%r[ sttltLFac]tl@atgmtlﬂ Eﬂrgmlsc%%%xegr]len égl ook cl ear
or nostly clear. For a systemuser, color percepp on may BUSGr mdl  or
accept abl degreRiiat preventdrstivatior. t he bl ue bl ocki ng and col or bal ancing tints
are not interm xed, wavelengths in the blue Iight spectrum may be bl ocked
or redlcel040] ilnpengntodiraemt thdwystem smrvphthalohid lats seictagle tehs,iconth@ddens, | i ght i n

t he opht hg eI 1B, o f ore unhl ocked wavel engths. 20

[ 0097] As ysgud%xs{%’ prev.%@gﬂc?f“e%@@%#ﬁ"gg‘é{%‘ g%gr &Baﬁ)eac liveolgﬁ’ nwéndglﬁl dknown. The
known t ecomiindeys Ihonbérldirkngehd syserh issespedtastgedss i ncl ude absor pti on,
reflection, interference, or any conbination thereof. As discussed earlier,

accor di ng[0041]orle oheanbudomen;, aplehst o ofthe phetotliramedbaipadntvnt thesblid-ue bl ocki ng

tint, suc BPI Filter Vision 450 or BPl D anpnd . 500, .in a suitable
proport i oltr.lloc;c)}(?ngcc(c)’rrtl1 (Enne Erl(?l o hﬁuéﬁ?"?meisﬁs e%@aﬂgtggceggﬁgﬂe%gtd?as?%}e ogx anpl e,
by 2523% mmthe phatgrhtdnec temmnent asd the blne-dlocking cqnfonen ik 1adalikedgn shelslystem bl ocki ng
dye solution for sone predeterm ned period of tinme. According to another

t echni quel0042]f iTh bey emimdingad tedruckblowking|compsorreat comipéisdsialbherblamingdayiencl ude,

for exanp r G or. inargani c_conpounds.exhi biting absorption and/or
reflecti oélrllﬁlé’]I 815%5‘/&8? ro"r’n'tcec?'f‘%&'éﬂr‘ltccgm\?\nn?e aB?(g%Chf(i"Bﬁﬁy%vel engths. The filter
could co iseultiple thin | rs.or coatings of .organi c and/ or inorganic
subst ancg@.ﬁ)‘ adh o%?“g@f’g}meﬁé@’ehbi'%%gbl?ﬁkﬂlﬁéf’?’?%?gmtﬁﬂr t‘g' £ RRQUOSHFRINIG dual [y or
i n conmbi nahiponenwi Inhnethérembbdiyerntsthe alns-dldoking t@fipoaedt $s poistetioit e tHeer es Wi t h

l'i ght ,havin | ue |ight vel engt hs. e notch filters are one exanple
of bl %J(g b‘fh8g)lgﬁrﬁg'l°fﬁopﬁ8?e§% RO ept E%Q’P?P%F‘Hﬁf’@“lf%‘le?f ¥R of inorganic

dielectrics in which the refractive index oscillates continuously between
hi gh and | ow val ues. Fabricated by the co-deposition of two materials of
different refractive index (e.g. Si02%nd Ti02), rugate filters are known
to have very well defined stop-bands for wavel ength bl ocking, with very
little attenuation outside the band. The construction paraneters of the
filter 5(oscillation period, refractive index nodul ati on, nunber of
refractive index oscillations) determ ne the perfornmance paraneters of the
filter (center of the stop-band, width of the stop




band, transm ssion within the band). Rugate filters are disclosed in nore
detail in, for exanple, U S. Patent Nos. 6,984,038 and 7,066, 596, each of
which is wp22sfai®ace in its entirety. Anot her techni quecars2éooesesd ocki ng
is the use of nulti-layer dielectric stacks. 10Multi-I|layer dielectric
stacks are fabricated by depositing discrete |ayers of alternating high and
| ow refractive index nmaterials. Simlarly to rugate filters, design
paranmeters such as individual |ayer thickness, individual |ayer refractive
i ndex, an@hfﬁﬁib@)htaelfwihﬁt}iebhdt&ﬁﬁiﬂiéédﬂ%‘énéﬁtEraﬂi)tﬂ@rdrr{b@diﬂﬂﬁiﬂi&:%ﬁl&ce parameters
for multi l er diel ect réﬁl stacks. [0098] Col or bal ancing may conpri se

i npar t i ng Plocking egmpagent and,the phetoghramis,cqsmnopent 8t 1feMEWoncent rati on of bl ue
tinting/dye, or a suitable conmbination of red and green tinting/dyes to the
col or - bal anci ng comone@@%%%ﬁ%@ﬁww% external observer,

the opht hadoaur BIGH ¢AaAS 18 siNdEmPRS offan CPRAR:CH SN iRGRY AR)sRrigPpear ance.
For exanple, the ophthal mc systemas a whole may | ook clear or nostly

cl ear . 3[ 0bYoplogking campogsns drd arAntsHAE ¢plar brlancinesqompenssé| udi ng a posterior bl ue
bl ocki ng 20 conEonent 101 and an_anterior col or-bal anci ng conponent 102.
Each conpdat HKix 2shewyrasvemple et using @dye regist to formy anfophidalm@sysiems and a
convex anterior side or surface 120, 125. In system 100, the posterior blue
bl ocki ng d94plonElé. 3 1lustrates anipacroplary spsten with a blup titdekingcempoengendatqlorsuch as a
single vi %;ﬂ i S & i - j e vision | ens,

waf er or opfgrlﬁcl:gl%ppﬁg?%r{ﬁ?gn%g%h??%tog&%g&p%{/%aﬁlﬁﬂ%g 3r m bl ue bl ocki ng.
The anteri 5 I gnﬁi . 10 C rise a rface cast

| ayer, ap ﬂ“gltzj lgi? ﬁlleﬁg% ng equlpéglg%%%@&\x%rg?g%nregg%% %nalp'r%cﬁé??agnrl [

accor diyng kn techni ques. For .exanple, .the surface cast |ayer may be
af fi xgg Ot[(hg%'ndgly?tséﬁ Sﬁge}esgﬁeng?ngm\giog Y§PPRIAMIC COMRORCIIS. ~ ot i cal  pr ef or m usi ng

vi si bl e or | ] <. Q.8 conbi nat | of the two. [0100]. The surface cast
| ayer may [%)gylr oklggé llBﬁ{rf SRR fplétgaE“co%yStF‘H%“ﬁgrﬁ’l[“éreg‘?Cb%‘f?aP%s, 30 wafer
or optical e- ince the single yision.lens, fer or optical
pre-form ﬁoggﬁlbeéﬁstn?‘ﬁ?gdﬁwmﬁywuﬁgx“ﬁHﬁYaf%F‘?ﬁ‘ paiignppfadliehiocking nay have a
yel | ow or cangamentCdolr bhlaading @mpbetas afiddl sphe@eiletdrg@nbst. Accordingly, the

surface cast |layer may, for exanple, be tinted wth a suitable proportion
of bl ue t {0051 |NUFIIEESA Qhid 8B SHéitxBhBleSmRopRhAIARL hteh bLANME LhQED

tinti g/ d¥u§s., ﬂ%{OR]}Olllgg]e surface cast |ayer may be treated with col or

bal and? ng™uaa#Ane} Riwssblogking and polprsbalagging eompogenthe” si ngl e vi si on | ens, wafer or
optical pre-formthat has already been processed to 5 nake it blue

bl ocki ng. [488%] eKlhBskowstaefersneseofigbsseres pejomsithay parespon dnvariepsClEaaf er or
optical pesrdidteg W th the surface cast |layer on its convex surface may be
imersed in a heated tint pot which has the appropriate proportions and

concent ralipess AG. eoliRhvs BEARGHASIYER GENFES Bhéd 1iaind e, sur face cast
| ayer will take up the color balancing dyes fromthe solution. To prevent

the blue Rosaki g, 1 LS itlablfinbiithe OBIPEX BucLRLER dpge form T rom

absor bi ng any of 10 the col or anci ng dyes, Its concave surface may be

maskeggor I 1 resi I r. ot her coating.
Thi s ig(s) [ FOI%E t‘reth('e)Eii ﬁ%?ﬁ%@ﬁ%ﬁ%hﬂﬁ%&a&%&%‘gﬁgﬁaﬁerﬁ 039 fstem 100 with a
dye resi stong@uration sufiable fomabsebinglin fradd0mm rangee si ngl e vi sion | ens, -wafer or

optical pre-form 101. The edges of the single vision |lens, wafer or optical
pr e-f or m (0@§6]beFlGe13 shoms twttedsnitanat hoafubdiemof waledangthreof a pslyedrbanatel y col or
adj.ust ed. ' i . 15f or negative focal |enses having thick
edges. [Oi%%ﬁﬁ:?@m?%ugﬁﬁg%&gﬁ%ﬂp 'er ophthal mc system 150 in which the
anterior r- o cing co nent 104 be, or include.a ht hal m c
conponent ﬁﬁéﬂc hFlg‘shﬁﬁ‘é’?”ﬁg}ee‘”\?l @Ptoor?a(?f’gﬁ%g‘?"}ét-efsg sgrlatel“éﬁ‘s"l,n %‘F@F"%g? opti cal

pre-f @pm corhmg.post eri or bl ue bl ocki ng conponent 103 nmay be a surface cast

| ayer. To make this conbination, the convex surface of the color 20

bal anci ng[0858]gl HGv i 5shows the mansmigdnes asar fuiftioh ofivayichgth@f an tityatb® nmMasked with
a dye resist as described aboye,.to, preyvent .jt taki up bl.ue.bl ocki ng dyes
mhonCt he_habstRnde S PRt SR B R e s B e e bl e

bl ocki ng slyfacesol uti on. Meanwhil e, the exposed surface cast |layer will take
up the blue bl ocking dyes. [0103] It should be understood that the surface

cast layer could be used in conbination 25with a nulti-focal, rather than a
single vision, lens, wafer or opticallpre-form In addition, the




surface cast l|layer could be used to add power to a single vision |ens,

waf er or optical preform including nulti-focal power, thus converting the
singl e viwoanoan®y wafer or optical pre-formto a mnultipcirasadioloesssy w th
either a lined or progressive type addition. O course, the surface cast

| ayer could al so be designed to add little or no power to the single vision
| ens, 30 wafer or optical pre-form [0104] FIG 3 shows bl ue bl ocking and
col or bal ancing functionality integrated into an ophthal m ¢ conponent. More
speci f i cal[00s9] i FIGAbshatsithespearstraf3fittanicaTat1oe im 33r ofcO2 6spoNdi ng to a
depth of tint penetration into an otherw se clear or nostly clear
ophthalni@ogﬁﬁgﬁﬁgﬁ?b - at a posterior region thereof may be bl ue

bl ocki ng. rt{h ortjon 302, corresponding to a depth of tint

penetrat i d&’%PLt Ef%zﬂg{w Gurolar p tgéarl%r“"h’ﬁ¥°crl°§%{92é’3ralﬁb‘iﬁrhﬁ‘!aﬁﬁ c conponent
301 at a fsuwtrital or anterior region thereof may be col or 5 bal ancing. The
systemillustrated in FIG 3 may be produced as follows. The ophthal mc
conponagnt (6§éi] MRIG. 18 ShovtRd Rk &ral irkishitdhdelorR8 38nm I §RF ofafioPBsSL! Y clear single
vision or nultj-focal lens, wafer or optical pre-form The clear or nostly
cl ear si ngPRcabaRgsubstatiy| ti-focal |ens, wafer or optical pre-formnmay be
tinted wth a blue blocking tint while its front convex surface is rendered
non- absor 19469k, FIG. 49 shays theeolar plpt ofa B4am layeref Ti@2on@ypelycarbonate as descri bed
10 previ oysdshate AS @ result, a portion 303, beginning at the posterior
concave surface of the clear or nostly clear single vision or nulti-focal

| ens, waf I er ﬁ%gﬁ) i I -l oy havi ng bl ue
bl ocki ng uOr?c i?r%??%",“@nﬂge ;pgcg&c%g%l?e ?%?ﬁgiﬁggﬁ%%%o%@ eﬁ, t he

ant i - d9sorcopriplangiag p pepstrdte havingfa Wvr absasbingdyssur f ace may be renoved. An
anti-absorbing coating may then be applied to the concave surface, and the
front con@®@4k uFIGaeé shows tHeSqober plohefraahodifiegleAR odatingisuitebla fdreoler bdlawinga

mul ti-foc . pti,cal pre-formnmay be tinted (e.g. by
i mer si onél'illbrslirggI aevéliggafdbq ei%%org@%)d%?or col or bal ancing. The col or bal anci ng

d il b h I bh I d a. [ 302 i nni

al the 1 SBSEORRL 27t e Rl o Rhhon T Pl v B e P 850t e
d h | ] ing. Th f the f i ng. Id b
rever sed, 10R8) | Pt 28 BRI ol Pobhts St eYine £ R RB G o 20  he

remai ni.ng ti tinted for color balancing.. Then, the coating could
be reggvegﬁg d g'%d%f wﬁl%etsﬂ?cg jpagmiftance ofa '@ﬁ'ﬁ‘g‘?/'éavf"&jﬁbé‘f? ﬁ%équm&H}’fi nted by
t he maski agl cead AR beatihg.nt ed for bl ue bl ocking. 101051 Referring now to FIG
4, an ophthal m c system 400 nay be formed using an in-nold coating. Mre
speci fi cal0ogs] aFIGophiHok eGol? ploPsTRIthbshaik hau\%:a BiSic AbsSibilg! d9e WhdSd R OF 25

mul ti-foc lequns, waf er or optical pre-formwhich has been dyed/tinted with
a suitabl C8®eh| ocking tint, dye or other additive may be col or bal anced
via surface casting using a tinted in-nold coating 403. The in-nold coating
403, conprl08?Ingtls. gﬁfm%l spesiFal transpaittance of & substeaie bving g bye absarbing lyry dyes,
nmay beoappid £R cdingdth tRORYR Andiehl AfRefl d (i.e., a nold, not shown, for
applying the coating 403 to the convex surface of the ophthalm c conponent
401) . A 3f0s6)l OFIGE3BsHERA RiERbIof Pt sR%uRErat hhvifla bile MTrbRigTdSE aREAREEN t he
coating 403 and opht hal mi ¢ conponent 401. The process of curing the nononer
402 wil | eogtiass onthe front apd 6N suH FHg i n-nol d coating to transfer itself to

t he convex surface of the ophthal mc conponent 401. The result is a blue

bl ocki ng 9AtIhal1G;: 28 shpws éerspgotnl trangraiftance hha substratghayingfadbius abesabingidye The

in-mol d coptd ddhr 6AMShoER cdBhe €xanpl e, an anti-reflective coating or a
conventional hard coatli ng. [%)106] Referring nowto FIG 5, an ophthal mc

syst ep 50 y i j o] ocki ng and

t he o?ﬁer R]gg% prﬁ%%%@?’%%%%?%@#p %F&gﬂwir;%?&ﬁc %%ﬁ%ﬁ’gld&g%ﬁcao%yénent 501
coul d be BalanstR AR ¢pgtiee.vi si on or concave surface multi-focal |ens, wafer or
optical pre-form dyed/tinted with the appropriate blue blocking tint to
achi eve t H873HeskIbedl shewe hn exfemiplageophthelnkit deyicesompasngia filpht hal mi ¢ conponent
503 could be a front single vision or convex surface nmulti-focal |ens,

waf er or (874]c alflGp3 keshows the opticatizahswissiah fhaxastiristes dflae exeaplargfimgl e vi si on or
concave surface nulti-focal |ens, wafer or optical pre-form for exanple 10
using a W or visible curable adhesive 502. The front single vision or
convex surface nmulti-focal lens, wafellor optical pre-formcould be
rendered col or bal ancing either before or after it was bonded with the back
single vision or concave surface nulti-focal |ens, wafer or optical
pre-form |If after, the front single vision or convex surface nulti-focal

| ens, wafer or optical pre-formcould be rendered col or bal ancing, for
exanpl e, by techni ques described 15 above. For exanple, the back single

rc Y o - . r




conponent 704. On or adjacent to the posterior surface of the clear or
nostly clear ophthalmc |ens, an AR coating or other |layer 701 nay be
fornmed. AwotheviiAR9coati ng or |ayer 705 may be forned omcorusadjmessae to the
anterior surface of the col or-balancing |ayer 704. 5[0109] In FIG 7B, the
bl ue bl ocki ng conponent 703 and col or-bal anci ng conponent 704 are arranged
on or adjacent to the posterior surface of the clear or nostly clear
ophthalmc |l ens 702. Again, the blue bl ocking conponent 703 is posterior to

t he col or {(@5RNEIG) 32 iYW QA @Rémpldi op RIS spstdip Edigtsing A Kilpy be formed on or
adj acent to the posterior surface of the blue blocking conponent 703.

Anot her AROIENPPIENS shd¥a myenmar%wmo%ﬁgigggﬁﬁgj acent to the anterior
c

surface of the clear or nostly ear ophthalmc lens 702. [0110] In FIG
7C, the Dbligeg7p! PRKBIL 2P BRAVERMpil dinetd dnd fipil GRAOEspRalVBRCANRAGRRGRENT 704
are arranged on or adjacent to the posterior and the anferior surfaces,
respect i v8pklillygingnge c| ear ophthal mic | ens 702. Again, the blue bl ocking
conponent 703 is posterior to the color- bal ancing conponent 704. An AR
conponént [0038] NEEA) B & shayvsripectragsmigsionappdieraf atfdmithes 1sd8pgsowitleparyeneglye f ace of
the blue Qhoe il odieiRRBRZhafd7 andiifh 1B A6 2068 SOMRARGLsichp oY De T OFMTed
on or adjacent to the anterior surface of the color-bal anci ng conponent
704. 1011437mnGs. 8A and 8B show an ophthal mi ¢ system 800 i n which
functionality to both block blue |ight wavel engths and to perform col or
bal anci ng[0989] bEIG: dérBliawesdhs transmissiongipectuiongf@rfdmtac@dding ©che prenpl e, t he
conbi ned i | i . | j . | ths and
ot ect sigtio 318 pek g ERABARKioT IS S timt il (T hact MRS LERT" T % e
and ellPm peeviongfigune appear ance of a dominant color in the lens. The
conbi ned functionality conponent 803 may be arranged on or adjacent to
ei t her t h{0080)t eFliGoB7 showishe exmmyglay trarsmissioh geetnoh fax acixdlayer sjabk 6ffi@3 andl ens
802. The ?Rl)ﬂt hal mic | ens 800 may further include an AR conponent 801 on or
0

adj acent %ither the anterior or the posterior surface of the clear

250pht hal .+ € . 101121 Al £ hou Fl Gs. 7 and 8,depict. configurations
of bar N oPiGaF fnt oG Sbr S cpoitia s MERI oL o

appr eci at dluttrgtedtbiye poessiitied dlhinfiganofn (Lha*b*)eelbt spatei ng conponent and t he

col or-bal anci ng conponent may vary according to materials, manufacturing

pr oceddr e§0082ndFIGHPIA sladvis@ritstograni ofitkaggddrahifia fdyMierséll @ddeitilg foanmplardént can be
anterior terior two,...nfegral wt or . sandwi ched between one or
nor e opht hﬁ?rni gG'?’gﬁﬁg%‘%ﬁ%O?orémg.'?‘}uﬁ%]_bé’ﬁﬁfwfﬁtﬁamug'bioéﬁgg Ty p[lot pchr;)m' c
conponen m .. a col or-bal anci c onen an he anterior to,

post eri or [0[0%, ﬁ é%?%ws\iﬁ sfﬂg'@foéﬁﬁ’ﬂghq@%éggm% °8ﬁ'§>58?t° 48P IBht hal i ¢

conponent the pAls& invantldnuie- bl ocki ng conponent can be positioned variably
relative to a col or-bal anci ng conponent (although sonme enbodi nents specify
that a bl yeshl OElG. AsHARBRNAAIMIsSoRPEdRM T syferd aGtOtdaiy O Bleiibty
corrpoggntz. 0113] To quantify the effectiveness of a col or bal ancing
conporent ™% gy be useful to 5 observe light reflected and/or transmitted
by a substrate of an ophthalmc materjal. The observed |ight may be

char act er 1098 b¥IG: f4shoms ahistogrant yigyRAriziag &alot distprtign ehbg devics acqoating toof

observed tHe@hlsent e Mitiell RSB daPpheli nates to the CE coordi nates of
the incident light, it is possible to determ ne how nuch the color of the
light vas gaéf t BigsAssn bt B BRwW BhL atdiRNELE P STh Ftle@ince WHchE fbinght 18
defined to have ClE coordinates of (0.33, 0.33). Thus, 10the closer an
observed Pubifstsof different@efsdi nates are to (0.33, 0.33), the "nore white" it
w || appear to an observer. To characterize the color shifting or bal ancing
perfoﬂged[q%ﬂa F16n 44 show's 33 examply skjhieflectance)spectrny fase Capgasien aubiest: t he | ens,
and the CIE of reflected and transmtted |ight observed. If the transmtted
| i ght has (0988} EFIGH 4ahous thosngsionGpg ey forvareque langdsl be no col or shifting, and
items viewed through the lens will have a natural appearance, i.e., the

col or wi | [008%noFIGHé6 showisterainplasy dydsve to itens observed wi thout the |ens.
Simlarly, if the reflected Ilight has a CIE of about (0.33, 0.33), the lens
wi | | have[0899jat EiGal7 shoswseh bphtigbpeaysenckqving achard ¢oat.wi || not appear tinted to
an observer viewing a user of the lens or ophthal mc system Thus, it is
desirable for transmtted and reflected Iight to have a CIE as close to
(0.33, 0.33) as possible. [0114] FIG 19 shows a CIE plot indicating the
observed col ors corresponding to various 20 CIE coordi nates. A reference
poi nt 900 i ndicates the coordinates (0.33, 0.33). Al though the central
region of the plot typically is designated as "white," sone |ight having
ClE coordinates in this region can appear slightly tinted to a viewer. For
exanple, light having CIE coordinates of (0.4, 0.4) will appear yellowto

o I v o o o




25 light) that is transmtted and/or reflected by the systemto have CIE
coordinates as close to (0.33, 0.33) as possible after the

t ransm sswonbroefil®et i on. The CIE plot shown in FIG 9 wpCli/useosestsher ei n
as a reference to show the color shifts observed with various systens,

t hough the | abeled regions will be omtted for clarity. [0115] Absorbing
dyes may be included in the substrate material of an ophthalmc |ens by 30
injection nmolding the dye into the substrate material to produce | enses

wi t h specil@9t] | Fight8 shicavssin tembmittarn ds ahmctioptdf davgempeiht a sdectivd@lee dye
material s_can _absorb at .the fu ntal peak wavel ength of the dye or at
shorter ré&d ﬁ%??@eagméqné’%‘fﬁgmggégﬁg'the presence of a Soret band

typically found in por i i almc materials

i ncl ude various gl asse@ﬁi‘%h‘wmkﬁ}%&w—ﬁg TRI VEX(r),

polhycar bomm_oell, mbwe@&mmggﬁmh@hﬁm @iate:ctsaxmephﬂmdicfsw?ﬁ %Elﬂﬁe_)‘fﬁﬁﬁﬁ, thougg
ot her terlals e used a are. Kknown .1 or varil.o opnt ha C Systens.
101161r5r§y CMV%?I@aﬁﬁrgewlzj%?’ew eravdwataéw%ﬂﬂc%%&rﬁc?m “hance and
absor banc eornfal Gitaosdptable cblotercepfonlfbr a ke, aADS Righ Bvelof trinsniitied Ighefoed t 0 t he

transmttance.(T) by the uation, A =10 | /T). Ip this case, the

t r ansni ttﬁ?ﬁge“ig’éj) ﬁﬁ%’%/)(/\/e@'ho‘gﬂ? © s ‘&?‘°¥‘d%1.8’g"d‘af’QWVf‘{gé‘ﬁéYﬁr?gFance is express
as a per cemdsaision of 80% ofBéttsr tlansmitHEPoS visitte AR InklyiesddchvkwavelRaghs sfavel engt hs
| ess t han,46 d.15,. norngl l ovi ded to bl ock these vel engths with 10
i on opt 1 EiiF THRABHEPRRRED. s el e el R TR D bl ock
ot her 10av pioeidgt htstlyFalor@raraphppearint2 @ 4 adser@rokinight b6 ksarspwelrageidas bel ow
420nm O her exenpl ar es i ncl ude,porphyrins,. peryl ene, and sjmlar dyes
that can & eé‘?)?rbergtsy%?’ﬁ'egé)éﬁgh‘gﬁﬂt %_a% T@g‘al SPfao bqaf(?rsbsé‘mée?%ff t°§h‘br ter

wavel engt heragamaiseissiod aceavelzyigtas ihadhpk] uth &fthd VisibBypecorMMCARYsteat alen. Thi s
and ot her d}/g g‘at e{irialdsq)‘gﬁan, achi eye a .traps 'ttancewgf-SOf%i n the 15 430nm
region. FI'EY OqREREHES NG JuIHEoHS HRasss oy obthe Systep, WBISh e Qst rate with a
dye concenterat irmwavslehgh Irangé ahiat &sbheighitddragedrding toathdsitivity dfigeye andehd t h sonme
absorption_in ecrange, of .420nm - 440nm. Thi s .achi.eved by reduycing the
conce E% r afvf“(')erl]en%{ﬂ' £ H%e"gsydeesgjr%g ?‘?{?:IP T8 4 ‘faﬁguseqp?“éa\é\?%aul}?s’ Qﬁ’bso W’t‘fﬁ?‘ﬁ&ﬁ te

subst r at eabsditbengrdgesto prodbi@ake desirateffeéti s poi nt not antireflection coated. 20

101181 The concentration of dye also nay affect the appearance and col or
shift of 0A93phviblspictfically embodiBynts etthcinghtibh fag PRORIBEffedtivOblue Syst ems wi t h

varyi ng degnees. of color shif be pbtained.. A "golor shifi" as used
herein ref Srarg s comEnaton it °B§9r %%Swgt h OIQfIhEFaB‘B% drnetiyrdapced” asiised ence
| i ght chahegyen afetrerthat therysiovs si antbeaduilirosr oktef LiseintedRfiodt of bige Blobiikpaik M ¢ system

It al ful . to characterize a tem by the color shift causes by
t he s;ﬁ/gt %ﬁﬁcgg’uoeﬁ ?%bnetu ehzaﬁ??rf%%éﬁg%goni‘%nﬁg%?%ﬁg afif/’p"égde‘}‘(‘i? aF‘?sﬁ‘ﬁf‘cahlypi cally
per cei vedacsptatild eslt @ithput atshendaing hime réduciag de sffectivehdsgbithe Blaelblbékigy escent

light). 1§ therefore may be usef to characteri,ze a,system based on the
amount by%(\)/f/r?lx%wq?’Wévﬂf'ﬁhégg?rd}eﬁra@égmo"f&’:Br%rl qdnbe tﬁ?cé‘ﬁ? °‘§a/tr|¢‘iu°§n%ﬂ"fted when t he'
| i ght is mfeasitymiln pagcubandboexamele] wotkkedgthyatohseas Y21 -eM0 fnomagkabipdied oA syst em

in which |j . WM .Cl oor di nat es. of .33 . 33), becones light with a
o' E"or (o il FufiRFhatk ABhER oo deoSieked s iden BRI demaifife g o
col or 2% hi high sf ¢l foO&ample@Bleast 80%. Addidomptingn ah ExterndlGridd&r, the dpBIhalmibius t he

col or shi Lnai cates how "natural! |ight and.vi ewed
Tems appoariaiyasokHleaPor el 2ol £SR3, olFindlhnonni itk AR B
systens caoentable. col or shifts of less than 0.05) to (0.02, 0.02) have been
achi eved. 101191 A reduction in short-wavel ength transm ssion in an

opht hal m 9094} stAemiopbthaling: systetUhs used eeclincludeg pesstdiptde at fondptesctiptionhot oel ectri c

effects i . such as.excitati.on of E. Lt . has, been shown t hat
reduci ng &#&%ﬁ%ﬁﬁaﬁtﬁ ’ %i? ’ t}féé oﬁ%"htedg%/lasé%sgé{sPS%%l%Séﬁ“?géﬁffé’e“’Btéftl deat h by
about 380%ensBewith argrwidroanpsiki]itykad/et cosnetpanting,intet-ocalar JenSeSI(IDds), cgaéal absor bi ng

i ntraocul | nal pi i thelli rotection.in vitro," J.
Cat ar act By Etfest iyt Toiyhion 8RO L ERLANG LA BERL A B ¢ OF i ch
i s i ncor plosated @dployessedioe camtred withi dtler esthpanety to providesdebindt fluatioltitieeved t hat
reduci ng the anount of blue light, such as light in the 430-460 nm 10
range, by as little as 5% may simlarly reduce cell death and/or
degeneration, and therefore prevent or reduce the adverse effects of

condi tions such as atrophic age-rel atBd nmacul ar degeneration. 101201

Al t hough an absorbi ng dye may be used to bl ock undesirabl e wavel engt hs of
light, the dye nay produce a color tint in the lens as a side effect. For
exanpl e, many bl ue- 15bl ocki ng ophthal m c | enses have a yell ow col ori ng
that is often undesirable and/ or aesthetically displeasing. To offset this
coloring, a color balancing coating nay be applied to one or both surfaces

o, o, o o B A PN A NA A A a2 " T 4




is quite neutral. The total reflectance was observed to be 0.21% The
reflected |Iight was observed to have ClIE coordinates of (0.234, 0.075); the
transm t two 2bioght4ohad Cl E coordi nates 250f (0.334, 0. 336CT/USRLBDRSAR
coatings may be applied to both surfaces of a |lens or other ophthalmc
device to achieve a higher transmttance. Such a configuration is shown in
FIG 15 where the darker line 1510 is the AR coated pol ycarbonate and the
thinner line 1520 is an uncoated pol ycarbonate substrate. This AR coating
provi des a@estAbed if Girthasctdilhetedt. dhelifanEdH dah B8lfdmh@lakd so38 td ABSWebdisy SONE

natural 1oss.qQf. |i ht duegaﬁjo absorption in the polycarbonate substrate. The
parti cul arapfatfgf?{f B¥Pfate used for this exanple has a
transmttance |oss of approximately 3% In the ophthal mc industry AR

coatings d¥el aftsysedhercippp japhthaldigpaterialijs paceammanly yhed falricptsan
transm tt 3pgBalRic sy56n) BSas a doRdAIL leh BAehipRIP ophtafhi€ A rhR ifcRle BlaSS Nt

i nvention, AR coati ngﬁ} or. other color balancing filns nay be combined with

an absdr biPkgticgeehias CR-3% Wriveys ang; Relicrhensir ateriplo thgrgharthes magsrigls mawdgel engt h

light, tyRkdaahd dreikAokdBor 42Rub UphtificQPstendd i NCreased transnmittance. As
previously described, elimnation of the light in the 430 nmregion al one

typi cal l'y [ggosp! s oFlﬂthﬁmhr?sR%ﬁt RaY ARl SROE n'i&@ bide! ﬁlloclﬁg’é Qmpofdis. I Bne

spectrally tailor the Ii to achieve a col or neutr transmttance, at
| east one eBpodiment rblpgblpckingcompgnagbis Regrior Kxp qolpralaneing qomporsps r Bither
transm tt gghe8iue t,loet dg B&ngon&ilor thk eolep&tattahgt&n éﬁt% b8.Cr Bdrfl Jaft o Gt e

i nvention, this ustnment may perfornmed on the front surface of the

| ens t1§ cPB%ﬁ‘%mtct?@mP@Tq“bWFlh@S 3 lepss T%‘F Pilﬁ&rt?F Blue blogkinggomgonpent angrankeEigf f r om t he
user's eyedlof baldnOinf cERFHABN nha§be dfsBAkl 14Y6rs bn OPRPchit Mo I \@kHdeCor! €ns

substrate | rear_concave anti-reflection coating /Air (closest to the
user's eyd&yrfacespfan pphthalwigdensg Ong AFmers color-balancing sompengts s Rrqvidsd iy pr ovi de

spectral trggubedrinB@ralite £diRRtor biABer FALSHIRY pos@adr Y@ BIdkinBGohpsHEht e absorption
in the substrate in addition to the antireflective function t%j,gl cally

per f or med PrauEEGHPERtticalhagoctribiscappearange | B exampds, & dyextoms) visvervihge an
appr opii alophthnilsyféth afa %oi(Qfeamtnhbsﬂ%élga?WF&taert&H@séredcoi(ﬁ%Eﬁ&)tlloh ght. In the

case of transmited léagtet the col or bal ance all ows roper col or vision;

in the cadeneae| gapeptaplegRyrthendecaypedhe byt baekangang Cﬁ‘PbW%'émg Hatsafsdobpr i at e

| ens aest h@érindRd, wAERARR i 1n ke bswnght:@saﬁlm xﬂaycw méckbtﬁbﬁe&ticwlgfmttmryayl be
Qr ex arrp e,

di sposed be en two | aye r. ophthal m c materi al

filter, AR HRnsgyticg it pity f ‘H?‘ﬁt%{gfr?%‘g irhihe RISy M3k boprieasdOT ¢

mat er i aI fd}%ble@q@maeele,{gh@, foll owi ng.configuration may be used: [0127] Air
(farthest fromthe user's eye) / ophthalmc material / film/ ophthalmc

mat er gl /foodry AshiosRsH p'i'&lddﬁ?rtec?m@lﬁ&)for Al dAdle ald oAl The BRIw@NCIi NG film
al so may be a coatin as a hardcoat, applied to the outer and/or

i nner  sur feshuas t%blwgrbéue I@Ph@tvetfasﬁlt iGeluda 4bémﬂ°ats eflpgion; ipegerenssy ordRUnl e,

ref erring cémbifdtion thdreoRNA QBELERY BArfierSsé@ 'ﬂ@dhe'télﬁhklﬁ’@ a@éﬁs glahbhal m c
material 301 doped with a bl ue- absor bin nore col or

bal anci ng t‘f‘tﬁg/@feé‘ vathoa blugplocking tigh suqhes BE gﬁ‘l"?’th‘F‘ét‘ f‘?)(?'Pr %Pﬂ Digpend ByslP. 301 nay

be a col olin Paiitat€ pragortiay S cofidehiratien d Fhe thifm@ﬂﬁf"ﬂ@hd%ﬁpﬁ@ed%r%&bﬁble@Z 303
doped th a bl u&sg sSQr b%ga% dye. Addi t.i ong ayers angéjor oati ngs, such as
AR codPi ngamerig thelengina hraled tighpos fentaining, 3 plue Blgflringdye s TEMG em It will

be under ptcaaeinfnpd psiicd dfaﬁnerr&tcecsruagso@ameaeaﬁtcﬂara@tlweﬁslsmrm@e used, far
exanpl e |S‘othe s_éy:ﬁms descri wth respect to FIGS. 4-8B. 101291 Thus,

opti cal REngnbirditerenstd Rgudes X TR RYEiagPHRuESHPENE | ne- t une
t he over abbsofpfies ardedr ré’ﬂ%ﬁtﬁlsmﬂ’an(ﬂf)r iteHErBisce Wathib@ light w8 Rh&hd) OThe Yilter
Transm ssion, variati ln
could comprise mu tiple thin layers or coatings of organic and/or inorganic substances. Each
30 layer may have properties, which, either individually or in combination with other layers,
absorbs, reflects or interferes with light having blue light wavelengths. Rugate notch filters

are one example of blue blocking filters. Rugate filters are single thin films of inorganic

14



5 across the visible spectrumis well known and varies as a function of the
t hi ckness and nunber of layers in the optical coating. In the invention one
or nore apens/aayIbe used to provide the needed adj ust memtusediowbsssspect r al
properties. [0130] In an exenplary system color variation is produced by a
single layer of TiO2 (a common AR coating material). FIG 16 shows the
spectral transmttance of a 106nmthick 10 single |layer of Ti02. The col or
plot of this same layer is shown in FIG 17. The ClE col or coordinates (X,

y) 1710 shRwbtrton vk the @ﬂﬁéﬁv& txﬂ@lx &gcmattes acrnem(o@s@%ém&l RéPind IFRSal&f | ect ed
l'i ght had _Cl E coordinates of 353, | ?@1 1720, resulting in a

pur pl i sh- proneatedpythe C‘["Gip\?i'fmm%m&“ﬁ&“?]ﬁ@ PreRiTeiRCtivg mfi%(e?r o2l er

changes t g0, 5, Qhgate fferd AAEkildwans Rive vaY vell dbtined Stopbandy fbxrwsvla@n 8lRsKIhg t ed
spectra and color plot for a. 134 nm/|ayer, shown in FIGS, and 1519

respect i v8ity very litteattenuation gtgide; theband 5 ttvgtion @mmeé%?ﬁ}m IO E
coor di gat @gcmanoh%es&{z refRctdRndet buladninktRr sEEHLEVE R dEN Sdfllatieed) Cl E

coordi nates of ( 209, 0.229) 1920, The transnj ssion properties of various

AR coat i ngecng therformanice prameters obtke filter(faier oHhe Har-bande Widtholihs SO he art .

For exanpbsd, ﬁrzhﬁmis&&ﬂ&ziﬂmﬁilhe%&n@f flﬁight’é fitbrs are dRlos&ih e deinBdopf a known
t hi ckness of an AR mate cul ated and predicted using various

conmput er SHMBreYr R%‘ent%nﬁa?séro\és% OQ@WtqaﬂbOfﬁYlBﬁ‘r‘émér‘if‘ffﬁ‘}cﬁéfmessent| al

Macl eod Thitietyi AnGthep@dd ﬁeﬁfoamaé tlaéldl@ if the iseldFimuldR 2 yoR JHEIBdtRe stack§IC . TFCal ¢
avai l BIefromSoftware and F|IrrStar Opt.i cal Th|n F|Im

Sof t Mplti-laxey dis! ffcrfzfrﬂta@ Zbyﬂegoam\fhégfeteé&m@ro faltamatig highy be used

t2 g[ grl ggi Chnd 1b® rémRba 1ﬂder|faat@1%lsA|§11ﬁﬁﬂ'5’|t6]ﬁgﬁé fildrk) Qesign ﬁarhaéterglmhlaag or bfl I m
st.ens accor di t he resent i nvention ue- absor bl ng

dye may b@‘gt}’ l?p@aﬂwﬁwseenégﬁvﬁ layerde %?f‘ﬁ%?‘d‘f’ﬁ Frfﬂwbﬁf%ﬂ}myeaetm%

bl ocki ng, d@ahme theporfoanshes pahmstrs T eubPRyérieidsalt seekan AR coating on the

front surface that is nodified to correct the color of the transmtted

and/ or 1 efdoest eColbr taldncin C%Hﬁy%rﬁ;ﬂﬁmrﬁﬁa&ﬂ@efoﬁ%ﬁafé' 9@:@5%2@&1@5 oexenplary AR

coat i ng are shown in FI and 21, respectivel 22 and 23 show
n

the tAansFencentmtien efdlug imtingiys, oni syttable combination ofir VY and greey tigipg/dyss Wonat e
substrat eubww&lalcmg@&nm@tr mcmﬂladmnwmmﬁu& amBxtéifal @BsHridiGhe The dyed
substrate rbs nmost strongly in the 430 nmregion, incl udi ng sone
absorpti oﬂpah ‘ﬁéysﬁe?basa‘ﬁbfg %ﬁar“‘%ﬁ‘?eﬁiﬁﬁ y?ﬁ@p@g]lé&p%e&@gf% JeREP e conbi ned
with an apghti@pficsystenNs LRI MEy RSk tikdresmbglyettal.n FI GS. 20-21 to increase

the overall transmittance of the system The transmttance and col or pl ot

for a dye{bosslbsmlt;amswﬁgpmmﬁ\wsyﬁ%mﬁidmggpagten&mﬁmwcnm I GS. 24 and 25,
respeéblvel [0133] An AR coati ng al so may be ap % ied to the front of an

opht h E°"§3?§“t“t§rlr9](?“de’“ aniefer oglofrp a@@gfcamnsg&loﬂr Ash gompayat b aq wear er of

the syst egdncave@dstbidrBde bPsurag: 110aNSAhd & oHGEx MFiof AHOSr satRde 190098, i FI GS.
26 and 27, respectively. Al though the systemexhibits a hi %h transm ssion

and t r ansPistemetd0y ‘?‘ijl’ﬂs‘qr‘é’r blug QE’?“\F@I spmpeasht L)1 mayibe of include peephthalitit has a CIE

of (0. 249conq;oQ&Q)suchTmrsﬁa‘gw»esmd1@nsnmier SOpdat Ielfyms:oh@rsuigﬂ; adiGifleidie ef fects
ront dlfled to achi eve

of the bl ue_, absorbin t

t he neces%‘?’ﬂ/mco@?‘?ﬁlp'%afgé?}@éyF%“‘H?do?ﬂ&Q:iap‘%‘E’B‘I e @ilfﬂga g8MEIYur ati on. The

t2 g ans gstz t9 ad)6rcbaiing Ekﬁnp'iﬂkxﬁrlopin@fz cdiﬂpfrlTsdﬂa ﬁlrﬁsdkfastgtyeatﬁpmdads the SingN ig FI SS.
an respecti S con i on oth the transmitted an

refl ect edV‘F‘PE)%“ PPE%lF 0‘3’6?“ t"é’& apegr ‘Jé’?%ﬁ’g{}%w'btﬁftt?r‘q“ﬁ% o §XaMRJe; r'Ret may be

pr fe}‘ err Edslfrﬁbel éaktﬂ?)ieﬂfnﬁy’ bouffikef dr@Gﬂid%ﬂ td th@klhglé msnfbﬁ le?b@lﬂfer@:%aptﬁhﬁh&-d ]E Ihe

re ectlvt eve| 0 o the wearer of the system the reflection

can be fu F‘ngéﬁﬁygé’d?&h%&fgﬁ@@a’@ﬂ“ﬂ@ g‘h ¢ 5¥4i t i onal ydl fferent 15absorbing

dye into | eps bstraethat sorb a rent wavel engt h of

e br'e 1B Thbaie oo Herma: poBed oh 6 SR PP P TP ERIOB IS

r emar Babl Qaiﬁﬁdirfdpt’xémﬁﬁ&‘oﬁtﬂCSlﬁ@tthéS§Mg$§v1§1&€1eﬂ1§Wdfef' exropalc&l Ipecefobth @gddedg, col or

bal anced gﬁg(} hg{y;ﬂ Steﬂ]%?l escri be herel‘n. totlal transmttance is

over 90% S Y tf’ﬁ’g PILAUGPIOEkIg. U ARY i3ty orasmtsr solarthatisii t e ¢l ose to

t he col or ultesitabilcostiticallyp Adddrdindly, thégurface dastihyer may, foi dkamprfbeagitedd | i ght has

a CIE of (0.334, 200.334), and the transmtted light has a CIE of (0.341,

0.345), indicating little or no color shifting. [0134] In sone

configurations, the front nodified anti-reflection coating can be designed

to bl ock 100% of the blue |ight wave llg&ngth to be inhibited. However, this

may result in a back reflection of about 9%to 10% for the wearer. This

| evel of reflectivity can be annoying to 25the wearer. Thus by conbini ng an
absorbing dye into the |l ens substrate this reflection with



the front nodified anti-reflection coating the desired effect can be

achi eved along with a reduction of the reflectivity to a level that is well
accept ed W 20teetiwoar er. The refl ected |ight observed bypraTwsaren28s80 a
system i ncludi ng one or nore AR coatings may be reduced to 8% or |ess, or
nore preferably 3% or |ess. 30 [0135] The conbination of a front and rear
AR coating nay be referred to as a dielectric stack, and various nmaterials
and thi cknesses nay be used to further alter the transm ssive and

refl ecti vevihhangablegpromirtiahsof bfue aintipdyt Mokt la Bieabkycdinbiiatidrdf reddgteen t he front
AR coat i n?. angzl or the rear AR coating may be made of different thicknesses
and/ or PREES- o achi eve a particul ar col or balancing effect. In sone
cases, th terjals.used to create the dielectric stack y .not be

mater| al s RHLL ﬁ%waﬁafvaffé@afw Efr‘éeéfeg “atgfpwéw%%@edlwagﬁﬂgw That is,
the col or apglled isthd Ginglo Asion Ushs,Rafer@ObtRElpré-Rtm@R: Bis SlohdytbecrptogdselYo a bl ue
absor bi_ng d%e.i &g)e Ssufpstrat \g'{Ft hogﬂ& E.erf_or ing an an%tipreflective
functidn. i%@F‘e cking.cFrexample. Lhsi s bigrking singlevision lensawafernopied hini que f or
bl ue bl oclprgafdrm wit @Rrsdifitglcist 123606nGfs cbrivex Birfige RhPBKinir&a IO R@RSIngi scussed

coul d be or incl udﬁ‘cor be.conbi ned wi th bl ue. bl o?ki n ilters. Such filters
may i ncl ud& Yiiguhas thejapprapriate prapartiqns padconcqnirpiions of cqlorhglapciagdyes [y ar g |

band- bl oclolfifidn &S surfieé €d3t [aydr twell BkOiip #é 6416 Watanting B FromUhE ©ldich. T

b o bl GCIRIHE i Hree iaglep SIS, T APURILET SRR Apigte any of

bl ue- bl oc i > T ]

bl ue- ?!Of)p kﬂemglott Eamgtgm;yiss_, ittﬁébnwtis&!_é smfac_emtaymé fﬁé%?ldl ?r_, sleéﬂedl 61:ﬂ$vitﬁ ?fdbf@fb_ﬁist(}f)”pglnen}(

may utilize bo a e/tint.an a.r.ﬂgqa e .no ilter to effectively bloc

bl ue |ight?® PBRI%Y8> ﬁ?th?)‘fw?tﬁg' sustlipsteter JuEG- 2 Whieh thows anprPthalitibni ques may

be enpl oy eghtdnn 1 GNWilleO@Btrékis DO IConHSEontava SEreice bMYe tifgle RRioRNE@S SMiferionvent i on t o

Bl o RSB o Th s el 0ot o maler PoicR PBCiaR RAYE be wi t hi n

a E\r ede;gﬂdéitme&td‘cﬁﬂgﬂow{hﬁmeﬂbﬁdhmhﬁg%dllbeolbﬁﬂﬁh&tzo eﬂayhiaalaéliﬁl@ uﬂ;mrl]'ta&O tun. In

ot her i ments,. the range e 4 nm nm |n sti ot her

enbodilﬁen?%r,ne%%‘ ef°§ﬂ3%’$?§33?9‘8%g§%%%% 10 nm I n enbodi ments, the ophthal nic

system 20 | ija t transm ssiop. of bl ue el engths within the

above- def i[(ﬁ%] rgﬁl{;ég SE“BVSS"_&B %f’r?g?hélmli/syétﬁ%wg ny &Hg‘ﬁta“%‘?fé’mé’ﬁgt hs. In other

enbotjl rrenﬁslancid’gﬁ;oﬁlphr:]dﬂﬁlﬂglrﬂayﬂjg%]E @amgaah dphthalmit E@ﬁ]ﬁiﬁbb ﬁ&uﬂnﬁ?&csiﬁsg(% b:c ue

wavel engt hs. wi t hip. above-defin ranges. t o substant.i gl. 0 0

et dont WRiBIoB Y EHECE 167 At o QRGOSR Th¢ RSteaB P Hap AL mP R hay | i i ¢

trgnsm’ SSi1|O3|'1mé)5f %%m@]{tbw@st\émel?wgﬂmhimdrﬁul ' 'iﬂ;\hﬁbﬂ,&h@&zﬁx@cﬁﬁﬁ&nﬁmer@mges th 0

subst ant i . 70% .i.ncj dent . 25 velengths. Jn o r. odi nrents, the

oone haBn Bl o A Ve R PEHOEn i b BRET rE BREHBIRS w ¢ hi ¢ he

ot TN b o O et ot "tho bl ue |
i S SVS: i snm s u

ool enet iR AR i b s SURRTR 2 e s oy SREh aRERRIRS: oo of

i nci dent ‘wposddesngfhdeast layeovitieske apldediluwedbidckingidies. opht hal m c. systemmay |imt

transm ssion of the 30 blue wavel engths within the above-defined ranges to
s ulralsth alnt i 0109) 40%hcvid tbejligagiaedsd thantie] saFfdelast fldyerh &h{)d: Be @émk?xambaﬁinrre nt f] - hﬁ
opht mc.systemmay lLinmt transn ssion of_ the e wavel engt.hs thin the
Above fdef MBA MRS, FElRt SAEE AP0 19G0NEET T QBRI Rie o BPEEEh S |

still ot heirfaetmolayseobsid bé lived apidt pakétitea siiglt @i¥lontens) wateror bptavaspressi on of

t he blue wavel engths within the above-defined ranges to substantjally 20%
of i nci detioBan Bul oo oRe s GOHEPTENE Y08 Ffos s MR PRl ¢ Lyst em
may | i m t pterfams to assultifodafl lehd) evith kitteer wiinesll o8 peighssivé typé aditlva. Ofoswesedmti ned

ranges to substanti al | 0% of .incident.5 wavel engths. .In still other
Cbad mend ittt yshenald A blrsipi R el e FRomoRRC I single B0 bl e

wavel éngt mafenbi dptival preefoatbove- def i ned ranges to substantially 5% of incident
wavel engths. In still other enbodi nents, the ophthalmc systemnmay |limt
tr gns m ss i[(?1:04]of Fl(hfe sbdws&lwwmggfdwsowﬁﬁhlahmg fugctivhalite F']rd@fra'taﬁdtgraanges to )
substanti a 1% of incident wayel engt In sti ot her odi ments, the
opht ha i ST sPmabrErt. Mok s Bl ehimgiio §hs 100, BpeEendlor engt ns.wi thin
t he above-defined ranges to substantially 0% of incident wavel engt hs.
Stated ot herwi se, attenuation by the ophthal mc system of the

el ectromagneti c spectrum at wavel engt A8 in the above-specified ranges may
be at least 10% or at |east 20% or at |east 30% or at |east 40% or at
| east 50% or at |least 60% or at |least 70% or at |east 80% or at |east
90% or at least 95% or at |least 99% or substantially 100% 15[0139] In
sone cases it may be particularly desirable to filter a relatively small
portion of the blue spectrum such as the 400 nm- 460 nmregi on. For

o o g, . Y b1 o o o S




20 "bi ol ogi cal clock" and have ot her adverse effects. Thus, it may be
desirable to block a relatively narrow range of the blue spectrum as

descri bedwvbanmimi4kxenpl ary systens that may filter a recatista@oyssml |
amount of light in a relatively small range include systemthat block or
absorb 5-50% 5-20% and 5-10% of |ight having a wavel ength of 400 nm - 460
am 410 nm - 450 inn, and 420 nm- 440 nm 25[0140] At the sane tine as
wavel engt hs of blue light are selectively bl ocked as descri bed above, at

| east 80‘VQ:orEHspdn6ﬁ§'ft085%thﬁttlnlmsﬁratﬁﬂ%toQfotﬁémls&@l%&:o?ﬁ?&ﬂ}fcléﬁrher portions of

t he vi sual ciroma spect rum nma ransm tted he opht hal m c
system SP%H G°ABP 'egoqéfgﬁ‘?‘ﬂf&ﬂ%ﬁm%g’efeﬂ Bpbs tiud ﬁ?“d‘ yi" WAL the

el ect r omagérebn 8025 aefetsmming&o AP TGt Penct@ifibs intetht BRciWistldal @hosEpect rum
e.g. wavel aroynd 430 am y be 30 20% or

engt ot her than_t hos ran
| ess, S‘VCIS?I%"E‘SEM‘%WOPBP”F é@lsal 25‘?8‘4 Waﬁﬁeﬂ‘g’ regiomBerenfndPe 8f or | ess.
1014 1] 5Ad galaricinga Thy sysembitl 0itiaR 0 iSFIG. 3 a@ bp poawisd as foU6ws. i THe opRialiniy t her bl ock

ultra-violet radi.ation the UVA .an ectral nds swell infra-red
radi at i on%WR%%@LW@M?frF@@P’&dP@%'%%ﬁﬁ%er et Yfg °A‘H§)°‘b?r ol

above- di s€dcaged, \Qﬁ&tdi@bmatpﬁsféﬁtﬁﬁn‘h%héaﬂlﬂMdéﬁﬁélwrs,ﬁgled'lsidﬁtd?nﬁ[h-ﬂk&ll cle 5of
eyewear , lenC| ext.ern

n | ly-worn e sych I sungl asses,
goggl es o eé8?°3“§ﬂ§’ées %"Pﬁ‘a\é\ﬁﬁ fintg 8% E’lue EE’&'&H& Ent%/ g‘gmﬂ’l"{%’%l ng
conponent sifacé iseensyrea RoBabisSrpPas t 81, bpmadking!dr oAty Hith Aalarsisng dssaﬁwinent t he

bl ue- ocki ng onen wi | | s.be clgser to the eye tha
col or - bal Bl'ﬁ& ﬁ'@%?pﬁgﬁgﬁé ﬁ‘elpgﬂ?/ﬂ??ﬁmc‘}*f’?eg oﬁﬁieﬁ'ﬁéf syst em
may al so btanmledleml sio Mmile-sfodanemwuﬁeam{dpﬁ&l pre-fohi golc‘a'mh extendifid ant abl e

10intra- ocula 43 used. .herei monent "sel ectively

i nhi bi ts" "gP" 'Yséﬂ‘@%vf“&éﬁ}‘i?]bf’? ’L"éﬁ’ “%P%v‘@%&? ﬁﬂé{d’é“ PRSP AP Er t s at

| east sonthe hnt&msmbsgl ooatmgtdfmerfrohhamm:rsgﬁacemylbe réhadved\gAh hriti- MEOlfbi’ngnO ef f ect
The. sel eotihe frf by betmpli G EBEGoRE: BFeRt eRLOF pomeabe Seme i © 0
at t enuat eperiphéryl cdpaf theaingleatisidnhs nﬁﬁaﬂﬁddm&vﬁatorabﬁ@nmtfmahﬁyewe vi sible
vavel engt e e Peb Sy o bR e ERanY B oot FA e, Thes BLBEA fea 1 n a
system w tvil h;:rxbsanbedmym Eripkaral edges emdsa pcﬁn@ 302degivhing httthes fromaoonvex fi l ter, or

anot her s ected t ffer 0ssi, bl

over | appi ﬁ’g & ‘J’nﬁ%mten%ﬁ gﬁvg’giy %r%gw g,flg ‘"t(‘f?]léelr #‘g%e ¥

provi ded thy fdﬂ&Oﬁ&W@Mﬁlﬁbp ravased, pelrﬂib e@ch\ersetfamebyuld éfsebemasked whild s
entirggy. [ th e veIe h ran can be
substZ{r)It i gtl%?;naéon 1 ent tﬁ% :@é\rctolr?eb%l%tn%al Erﬁ e nﬁc% ?’eﬂ% or it can
vary in aaltdetrdqathlooﬁndke&sehtmtdnpavetnmorrlafngmn(t@lsbylﬂm raaslalyng could he tuntedfos or pt i on
peak) . Sl gl % the "sel ected range" indicates the wavel ength range that
is attenuate yg[he selective filter. A" selected range of blue |ight

wavel engt ers 1o a rang el ths within 400-500 nm
t hat doesRﬁ ] 2‘?{};0 vt eaeﬁtl %}%%ﬁé@yg@%f‘ -%O@m?eiﬁlﬁl PEFRLE: a
sel ecti vembidlcbamgaMmspatnﬁ&llbrmphtﬂialmut doenpendnit 4@1 smpleaxtarmﬂglmlswn ei bl e |ight

and preferably | A ent k Y | engt hs
( 400- ESO %‘ﬁ%%%iab%ﬁi]w Bvert gﬁcaleon% %gl 0y ngyefdpq Eﬁ% e S(% ﬁg bi ue
| i ght. Theodkingrtint,dyanr aixriabditiva rna)dre ootohbalar&ycsvlemrfmg/casmiga(sing\aeinyedl nhi bit at

| t 5% ! % 30 t % d/ t
cast Sovirapolt FikEhs 4o EimEhn kBRRbad i YorbRARka gl ol SBRLRAYAS 150" °
and/ or a e@ostoehalmmrdpcﬂr, iy hejapphied toitheoneex Sbéaocmiodﬂ (lbahmkiedottsbomi I ow for

bei ng perf&?%ﬁﬁﬁ%tﬂ? c&'ﬂngb(%ﬁ?‘rqge cofNWlsQleact 3the ?ﬁ}ﬂ‘%a%f% ﬁéﬁent%i‘

i ncor porat i m actor Re presentll nvent Ve a scotopic
| urmi néls quqhssrm@g)mn4@fm85l%fdled beanti@ure(bbetwpm th¢ eoatihg @Btandaph:thaﬂmwt her all ow

soneone | o LBln.col or

i o on [OLTSALHOL Mg Rrden of iy e rhEPA Rl R BRSblof bl n

i nventi onm01A°f>4tln§1t<8m12fenﬁ§¢1fb@ﬂldlchp'@ssﬁfabeomhﬂmbmba9fep®641r401e'@llfons of one
or nore base materials 3001, 3003. 5As further described herein, the film
may contain a dye that selectively inhibits certain wavel engths of |ight.
The base material or materials may be any material suitable for a |ens,
opht hal m ¢ system w ndow,. or other systemin which the film my be

di sposed. [0146] The optical transm st7on characteristic of an exenplary
filmaccording to the invention is shown in FIG 31 where about 50% of bl ue
light in the range of 430m 10 nm




10 is blocked, while inparting m ninmal | osses on other wavel engths within
the visible spectrum The transm ssion shown in FIG 31 is exenplary, and
it wll beountensiseod that for many applications it mayPog/uesionzdsie to
selectively inhibit | ess than 50% of blue Iight, and/or the specific
wavel engths inhibited may vary. It is believed that in many applications
cell death may be reduced or prevented by bl ocking | ess than 50% of bl ue
light. For exanple, it may be 15 preferred to selectively inhibit about
40% nor e rqeiilefsarbalelbjocking wphtBAfffic syBEm with @fcelonkul3hcim Qurface 04ingOTk: ipr ef er abl y
about 10% d nore preferably about 5% of light 1n the 400-460 nm range.
Sel ect i velMP'd QAT ?Pﬁd’eﬁéw\ﬂg@ra“aﬁ?ﬂ' ectiye PpTgOr AGonvERTRd hart c9gtii ent i on
of danmage due tog hi gh-ener | ight, while being mniml enough that the

i nhi biti oﬁplaﬂesR?fB‘E“n&é}%l‘%g%y5&‘@@@4‘”@5‘(}?%‘?’80 ay eemR{ifE R © 8i an

cycl es i ncampbnits, @he blaebloMahEANd tdtibl dolbr Valatreing 2FsrRRapI@ affirkkm 3201

i ncorpgrated into an ophthal m. c | ens 3200 according to the present ‘

i nvent Pon OPRERAYPIS cpmponens i eqild e d bask sipgleryistonyps pancaye ypperatltifecaligiter i al

3202, 320%afef bieoptibil plerPaR, dytdAinted Witlot appoiateBluctiidtklngltint © ablERIth@l s, by

way of exgn‘gl oal}( |&;§t he L&nge of 200 m crons t8 1,%00 crons. [0148]

Si i | ar | y desEpevel ST bl flockipe. o soprdgphthaliic campeaens S03 el beca tzont B8l ot i ve

25w ndshi @isidn oREHOEKUBC Bulti 6caPle®sS Gafer brbpREH pRXornd) bbhdedod afiked W Yhdd €

i ncor por ahecgsl nto.the system 3300, ere it is sandw ched between |ayers of
I

base nat e ingle yision-pg gancaye urfasemulii-focal lpnsy wateror opyieal prgrfempdos example
aut onaoi Vv esid NV @isible dubDIABRIVIBLE TIR! froaBérale VidieR of@yiveSsuvthatdmbiiel d gl ass

as is co ly used. It will be understood, that {n various other_ systens,

i ncl udi ng RS Yvafgﬁ %ﬁP&‘\gg} pfsﬁm%uﬁl%e,ml&ﬁfad 6‘{]%‘?35@9@% ST DRPEPERIART base

mat eri al sit3As beided @ithl #R2batM dilpddNisiSeFraohdatgsurfaldnbiiSo&e RRS waferbhe present
stem accor di to the ipvention may

invention. 10149] In enbodi ment, a s n

be oper at &RFCRPrE "é‘n\ﬁa %ﬁ%rf?on\tnﬂ'égl%"'f‘ﬂ'éX?@PW&H#%“P{I%&’% leasyafe 9ght has a

very specobptical f@eginrcoiild bk Fendérédicalor baldings forickaniiy, b Gechfiguds @bdceibddo tail or a
timze the |light .tran refl ected, or

filmsg_filteri effect, to 0 L tted,

eni 133 bEPVReTHeaHRPIFhbEY g v RR o Rue® psmoe fuiea TherEeiche. col or of
the t Irans ap‘;ttchlqﬂe-ffc_fnlafrﬂlayafeeﬁhél;daror edtddtvath d dyg Risist © pedveRtiit taEihy usser n.  For ]
exanpl e, en. a | accor.dl n t t resent 1 nyention LS Se In.or wt
a camera PLESIESYS E&S’h%fe’l qof“éel%,baiai E‘H’gﬂ?gtt?é’mo"d'ég’ia?’ gﬁf%etﬁ?ﬁpl"t"ﬁ‘gmﬁgﬁt&? ved

col or of tilitgot congéniny a itablé sdlaiobef esorbhlasdng dyes, allewidg kiRrfroaspgraGsiobl e.  As

anot her eﬁgn‘?l ey rg) fi I.m&ccordi ng to the present invention nmay be used in
i nst r umentRY MW T SABHRIGFng t he back of a patient's eye for disease. In

such sy |t e inpportant for the filmnqt to interfere with the
true 2ha BBEHT Ay Sl AR <R g odimenis s b oo eaBRed WERPISA f or o of
artifici amotelagtitréflegtiveARD esrpontnts.r THIS i@ shumnch EIGIENbE way Sfexdfpleffot ther _
may. be ut PATe R IR0 s Bt BEIGH Larsad o o i AR EoragEHl ¢ ¢ i e
](c)pht hal m 601, egs} cohiiﬂgd@ﬁpﬂieﬁ&@ﬂx@ﬁﬁ?ch%&uhﬁd&dﬁb&sﬁrﬂr blﬁulblbclﬁngiél&hﬁmlmy al | SW
or protectjion fr WV i vel engt hs irect sunl.i intensity, an

bl e | | g e A e ol e BRSPS not ket | ve.

| tnt t _hgst edngqdheneno02. f?hih?l_yf a fist AR bdar:j@nbmt@]pl is\myglﬁldemtglﬁ Iaanav?s_tuemq ofe y
attributes e ective re SS 0O et her inting is active.
T01517 1 nPo eI HeE <ol Bpr R gt AN comepuset Pk PRRRRIA Fon of bl ue
i ght whi teavéeiunfgceadicolor beddnaing ednpoaent\iDd.! have an 85% or greater scotopic

| um nous transm ssion of visible light. Such a filmmy be useful for |ower
| i ght tra[ed08]ssKFIGS. I56E€ shoic Further ekemplaryGystéingghélfdifga blic BlotKihg PngRaas,

and- may provi de increased visual f.Qr man ue to increased nt r ast
censt ) vl E SRR Stptacn dn PR RO Fefmig s BRURIET aBRE: 2°5yst em
accor d0 ngblbeking@mpbaneNd3 dndieblot Ehtantiag s@h@ment\704 that b Fdimed & ddgackritght as

descri bed rein, and have a lum.nous transn ssion ess than about 85%
yor cal | yP it issaies SFtord o SHBRT o f BRRE Sk o e SE R A REC L e
case wher ephtifabmic &ena . eThedlueddeeking c@npoatnt 782 E postetidrao thy sélerbdlankingi t s nor e
i ght across all visible wavel engths due to its higher index of refraction.
As a specific exanple, high index (e.g., 1.7) lenses nmay reflect nore |ight
across wavel engths leading to a | um nous transm ssion | ess than 85% 101531
To avoid, reduce, or elimnmnate problet® present in conventional

bl ue- bl ocki ng 30systens, it may be desirable to reduce, but not elimnate,
transm ssion of phototoxic blue |ight. The pupil of the eye responds to the
photopic retinal illum nance, in trolands, which is the product of the
incident flux with the wavel engt h-dependent sensitivity of the retina and




the projected area of the pupil. Afilter placed in front of the retina,
whet her within the eye, as in an intraocular |lens, attached to the eye, as
i n a contwotoloens499r corneal replacenent, or ot herw se iPaTiUseo10fo2868@l pat h
of the eye as in a spectacle lens, may reduce the total flux of light to
the retina and stinulate dilation of the pupil, and thus conpensate for the
reduction in 5 field illum nance. Wen exposed to a steady | um nance in the
field the pupil dianeter generally fluctuates about a value that increases
as the :gmi)rlﬁﬁd’iﬁﬁmm Oﬁord@a?c%blcaﬁebbuwioiaﬂﬁbed sfahadled psMbdlykehaveen pupil area
and fie | anc scr.i be Moop .and Spencer, J t. Soc. Am .

3¢ b e ophe o AR BRme of bR L e Auher Al cordREsr 104 -
4.9 - 3t daybx 106@dy)be foriked 6ﬁoﬂa)djaohetoe¢hdama1dr&umcé bf HetR6rsbaii€ing layer t he
iIIuninangﬁqln cd/n2. FIG 34A shows pupil diameter (nm as a function of
field ill nance (cd/n2). FIG 34B shows pupil area (m®) as a function of

field ill an 0155 he illumnance is defined by th

i nt ernat | E(RQP Cﬁ% IG; ?;ﬁ’rdé‘? we é%c inecpmpenet 107 and coler-balangine F?ﬁ‘%’@?‘&t"p‘bn of

vi sual se@giakaivdet ¥n eyﬁracmwﬂxe Péeltdtior SurfacdShthd dlear BRAbAR ceat ophthalndib O, QVAA
scot opi thﬁ@éﬁﬁ?i i %§9L to 1700. %ﬁ | i n/ WTor scotoplc (night) vision,
Kme 683. 2 9 Y 1Atsinp RS OBf5iblocking samRepent 43 ismasternas ' the eelprabalangiig nous

eL fici enC)torﬁpUih@ﬁtWOJﬂSAyAR&??lpM&m ﬂﬂftifld}%etf&%eﬁb%gﬂﬁf&%g@&@@b%;%?dl lscot opi Cd
observers nous ef fi cienc unct j on a . are illustrate
o o sl pbebIE bR Chasomorain B ATvLS R0} 1) b0 BEYA My 5! s
of Vi gbonpr cwacamltcathhentaﬁorhﬁﬂmebfmeavar%lrﬁlastrpafdeaubﬁm;mwu?wobl htm , |ast
visited August 8, 2007, which is incorporated by reference herein. 101561

| nt er posi {0120 ofn FC. ﬁb&wm&d M&kﬁ)?fébxhﬁéﬂéhﬂog laﬁdrﬁet:olbﬂbéléiﬁmg%rﬂb&fentan
|ntraocuI? cont ac spectacle | ens reduces | um nance accordi ng

to the fo G amnge ““g‘FfiLa“e“F WIWN%BW&WE“%‘B‘em%ﬁf?‘?ﬁéﬂmweg&fﬁ%l c where

Ta is thecm\@hmmgmeﬁ!@mndgm thd RISBIb&SedmPbndnh 030P pbsedor BltRI®Mr- Val ues
tion 1.3 normalized to the unfiltered illum nance

for the i rals in e
val ues co ﬁ‘l L °P?‘8?ﬁe8qﬁ)2t AgH\R compopgnt & mayhe foprednioppdiagent ththge bl ocki ng
| ensegs5ar postdtvuriate J?&JKH #tud blockink@BhBorlent 703 R @h&RGA RédPoRert08 MRy C Rati o

Scot opi ¢
P Ea}ormed on or adjacent to the anterior surface of the color-balancing component 704.

[0111] FIGs. 8A and 8B show an ophthalmic system 800 in which functionality to both
block blue light wavelengths and to perform color balancing may be combined in a single
component 803. For example, the combined functionality component may block blue light

20 wavelengths and reflect some green and red wavelengths as well, thus neutralizing the blue
and eliminating the appearance of a dominant color in the lens. The combined functionality
component 803 may be arranged on or adjacent to either the anterior or the posterior surface
of a clear ophthalmic lens 802. The ophthalmic lens 800 may further include an AR
component 801 on or adjacent to either the anterior or the posterior surface of the clear

25  ophthalmic lens 802. |

[0112] Although FIGs. 7 and 8 depict configurations of particular embodiments, one of
ordinary skill in the art would appreciate that the positioning of the blue-blocking component
and the color-balancing component may vary according to materials, manufacturing
procedureé, and applications. For example, a blue-blocking component can be anterior to,

30  posterior two, integral with, or sandwiched between one or more ophthalmic components,
€.g., an ophthalmic lens or a photochromic component. Similarly, a color-balancing

component can be anterior to, posterior two, integral with, or sandwiched between one or

19



Unfiltered 1.000 1.000 Pratt '430 0.280 0.164 Muinster 2005/0243272
0.850 0.775 Present System 35 0.996 0.968 Present System 36 (solid |ine)
0.993 0. M0 2Proegend System 37 0.978 0.951 [0157] Refer pcmgistaonzdshe |,
ophthalmc filter according to Pratt

t he

reduces scotopic sensitivity by 83.6%

of its unfiltered value, an attenuation that will both degrade ni ght vision
5and stinulate pupil dilation according to equation 1.1. The device
descri bed by Mainster

10

15

20

25

30

more ophthalmic components. Also, a blue-blocking component can be positioned variably
relative to a color-balancing component (although some embodiments specify that a blue-

blocking component is posterior to a color-balancing component).

[0113] To quantify the effectiveness of a color balancing component, it may be useful to
observe light reflected and/or transmitted by a substrate of an ophthalmic material. The
observed light may be characterized by its CIE (x,y) coordinates to indicate the color of
observed light; by comparing these coordinates to the CIE coordinates of the incident light, it
is possible to determine how much the color of the light was shifted due to the
reflection/transmission. White light is defined to have CIE coordinates of (0.33, 0.33). Thus,
the closer an observed light's CIE coordinates are to (0.33, 0.33), the "more white" it will

appear to an observer. To charactenize the color shifting or balancing performed by a lens,

- (0.33, 0.33) white light may be directed at the lens, and the CIE of reflected and transmitted

light observed. If the transmitted light has a CIE of about (0.33, 0.33), there will be no color
shifting, and items viewed through the lens will have a natural appearance, i.e., the color will
not be shifted relative to items observed without the lens. Similarly, if the reflected light has
a CIE of about (0.33, 0.33), the lens will have a natural cosmetic appearance, i.€., it will not
appear tinted to an observer viewing a user of the lens or ophthalmic system. Thus, it is

desirable for transmitted and reflected light to have a CIE as close to (0.33, 0.33) as possible.

[0114] FIG. 9 shows a CIE plot indicating the observed colors corresponding to various
CIE coordinates. A reference point 900 indicates the coordinates (0.33, 0.33). Although the
central region of the plot typically is designated as "white," some light having CIE
coordinates in this region can appear slightly tinted to a viewer. For example, light having
CIE coordinates of (0.4, 0.4) will appear yellow to an observer. Thus, to achieve a color-
neutral appearance in an ophthalmic system, it is desirable for (0.33, 0.33) light (i.e., white
light) that is transmitted and/or reflected by the system to have CIE coordinates as close to
(0.33, 0.33) as possible after the transmission/reflection. The CIE plot shown in FIG. 9 will
be used herein as a reference to show the color shifts observed with various systems, though

the labeled regions will be omitted for clarity.

[0115] Absorbing dyes may be included in the substrate material of an ophthalmic lens by
injection molding the dye into the substrate material to produce lenses with specific light
transmission and absorption properties. These dye materials can absorb at the fundamental

peak wavelength of the dye or at shorter resonance wavelengths due to the presence of a

20



reduces scotopic flux by 22.5% which is |less severe than the Pratt device

but still significant. [0158] In contrast, a filmaccording to the present
i nvent i orwpantoiaidoy attenuates violet and blue |ight usiPog/usbsoopicsye or
reflective ophthalmic el enents while reducing the scotopic illum nance by

no nore than 15%of its unfiltered value. Surprisingly, systens according
to 10t he present invention were found to selectively inhibit a desired
region of blue light, while having little to no effect on photopic and

scot opi ¢ bt buRd tyfpithP fouhdingrorphyhio thal@Riils., Exeaipidreophtialnio bikrialcAihide 198- 55- 0)

is incorporated into an ophthal m ' a concentration and thickness

suf fi ci ent’?}%S 5&3?8??5‘%’85’1‘]@“?\'7@‘ %Srﬁﬁ'ggﬁf‘(ﬁ??wlawb%ﬁwi ts absorption

naxi num ofpolddéthyliethadipiate] sikdvneiang AtopdhRAdrS, tivugh othér rRatehR¥s gy Besusdbshown i n

bout 3. 295 8F RERBNTBpTATo SRRERESRATE one. and about 0, 4% under

phot opi_c. yi.ewi ng condjtions, as _displayed in Table |I. Increasing the

concent rax(}lg%f ogy PRy 8 Ble(?f‘g’pggb'ﬁvgﬁgq maehal E46 rrusmifenceaides t he

t ransm ssakorbahce@oshdwnay EIGSN gd-1 . areQtdbmghct QA RS @latéd to @W trahibhitark (BhOWs t he

transm ssi og;sgceec.tr m_g{g a/_éeyribtﬁe W t@ aﬂpe? jIglene concentration 927 times

hi gher thhﬁ rayation s F (gl 8. Ingthis pseniae, i s?‘ﬁ%gcedég‘?tﬁ’ée"s%‘?“éét(p\féq 5 !bl ocks

nore of t lofephaisoitanéds bipags bd aglbetrcehioagé) i.£.N6%Eer & ¢60%.NTikd K465 Qye blbckseduces

0. 7% Not OISt e FRFFEHs AT 03 nDBBRHORBTRHSR P Re S BEVIADS Ik CS. 35

?Rd 340t olh'@hewi@meyisityhe)nei hesimilf pRbsey dﬁé@\@.ﬂat.)ﬂllié/toﬂ)i&k diner whli&ﬂeg s.5@es ot her
an peryl ene ve absorption e or_roughly blue

25wavel en&’faﬁlp}egﬁé?eogé%giw&q’éocgf‘ Wﬁ@?ﬁ@&"?@%‘ﬁéz&’i"h @‘E‘?fé"ﬁ‘em%l@iyéjﬁgs of the

vi si bl e spemte parphylxs (pplyieae,ahd Sitilar dl¢ethat dah hbssib s bRE waveldngfis, 46, i ncl ude

porphyrin, coumarin, and acridi ne based nol ecul es which may be used singly

or in conulnAt | The dbSorbHn¥Eatlsh@ts Waveldngths tdhade r@:cﬁlcém&hcti&&l_&f tﬁé)ayee" i m nat ed,
at 400 nm- 460.n The %.Et hods and systens descrjbed herein therefore my

use si m | §ogRuon, Jhis gndiohedye maleppls e4n aghie e 4 trampmitiance of ~3AEdAe r at i ons t hat
i ni ¢ 15 he430hansgivs SFIGN 1 506t iR tRhsnifintt 6NEpolRabBINE SubstralgRes iyem

tetranesityl porphyri TMP),, co rin, and acrjdine, or derivatives

t her eof . f%‘i%ﬂag?%“a%é‘g gﬂﬁ‘&& mﬁl% By 9ud vith sompe absarptian ip s

transm ssiange &@R0ni a 4¢nn0 MEhiOWasachioved b fredubifig B RBAYeRFAfiofl YEHe ByLandded
herein. The dyes provided herein are thus used as a reference filter to
desi gn si ch'lu§’¥g ?\‘*F%fg“r‘%‘c’jff?sﬁ]v MEPT%?WE?T&'&%W%‘FP 3¢ Is A thi§ PYIYMOL an i i ¢ t he
t r ansm ssamireflepiemtcosteddf a reference filter by filtering about the sane
wavel engt hs. For exanple, a mimc filter can filter about the sane

wavel eagt [0118ngkheasndehiatiof bedyRM® nldylaffedt thelappearands arfll.cofer stfft of an 8, 9, 10,
15, 20, 25, .or .30 wavel engt hs ﬂ?n one or both ends of the range. In 10

anot her eNURIMIESystent. | By reffycng the.coneentration, gysiems with yafyingidsgrees i eolen, of a

r ef er encestiift nbebe Ebtaihdd tATcbRYsIER! Bakarheysy Rt ithanicaniyoutic the CaaMe
inhibition | evel. .For. exanpl e, the_maxi numinhibition (or mninmm
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[0163] Accordi.ng to,anot her .embodi.nent of the inventigon a dielectric
coating t grsblg%ﬁlésre?l}é? W%P‘e‘f‘ﬁ"«%“’g?ﬁh\?év i"?lm"'tahehggﬁ %’P&ewgﬁ B} PR 22t r al
regions and antireflective at |onger wavel engths nay be applied. Methods
for designing appropriate dielectric optical filters are 25 summarized in
t ext books such as Angus McLeod, Thin Film Optical Filters (MG awH || : NY)
1989. An exenplary transm ssion spectrumfor a six-layer stack of Si02 and
Zr02 according to the present inventidh is shown in FIG 37. Referring
again to Table I, it is seen that this optical filter bl ocks phototoxic

bl ue and violet |ight while reducing scotopic illum nance by | ess than 5%
and photopic illum nance by less than 3% 30 [0164] Although many
conventional blue bl ocking technol ogies attenpt to inhibit as nuch bl ue

| i ght as possible, current research suggests that in nmany applications it

o, " . o, .




5degree of blue light reduction has little or no effect on scotopic vision
and/ or circadi an behavi or of those using the system 101651 As used herein,
a filmacwondiongi49 the invention that selectively inhilpctrasbéom2dsBght i s
described as inhibiting an amount of |ight neasured relative to the base
systemincorporating the film For exanple, an ophthal mc system may use a
pol ycarbonate or other 10 simlar base for a lens. Materials typically
used for such a base may inhibit a various amount of light at visible

wavel engt hearet df the dybtor: Msdwitiendeséribedbéelow oy stergcaising bofshifs@Nlesd thaenti on i s

added to 4 | ect |ve hibit 5% 10% 20% 30% 40%
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light tha trans tted at the same wavel ength(s) in the absence of
the film t[%WF 18 U s %ﬁ%veéfﬁ&hél'@%"&@?“di‘ %‘b?ﬁ?g@g“‘ﬁél’%‘i"hmﬁh b ni ni i ze,
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col or sci BFEEIHEIYRg §‘HS°D° eﬁt§8€°°“§‘§°“|5ﬁ8° qf*atroé“ agg=rolate %’pace def i nes
bri ght nesdegeneriitioa. L* axi s and color within the plane defined by the a* and
b* axes. A uniform col or space such as that defined by this ClIE standard
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per cei ved egyamayprduceatelor fts Forrgr@mpleemany BIvG-f or m col or
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and Stiles, r Sci ence cepts. and Meth Quantitative Data and
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descri be the visual environnent. A non-limting exanple of this is the

Miunsel | rmntzﬂ cghméﬂdbabxemle,comllgstwm& a@@nﬁﬁéﬂ’eﬁﬁ& ffers} ar OR11GRHaBlshed | €s that
have been est abli shed ‘ﬁ Etﬁ%fflffé‘a% Cﬁ'é ex_ﬁ}erl nents to be just noticeably
different ™ ‘B CEQBYNETHEOP %%@ i thesgaunge bpisplly Heafeve layess s
measunred umaﬂassssiaand 2dnd typidallyThrd akddas ree@@dhet feAéttion oM thd podycadbnf®! OF

coordi nates_corres ﬂbng to e ch of these tiles illumnated by a D65

dayl i ght FYF ol ih An exgmp esfﬁu%ﬁwn%B%eolvgaﬂméwwfaé? 538%% or col or
di storti om EGHI3. El'hé&ﬂml(btlbfﬁﬁsﬁoata% is sho@n SPEIG, 1@And it rsaﬁsmaqlaoﬁlemer col or

tiles is then no y bl ue- bl ocking filte set of color
coor di nat B4y B%lpﬁﬁ’ ‘BE‘g@ﬁta'f‘ieIV@S Abrervgd é’recpe%l\%édﬁﬁd?@teswélft Y% shifted 10
by an anoulervedforhaseOIrEkodlidates bh@.238MT5Y; it tehinSiiittad Bgie Rid OFE dobRlidale§, a*,

cgor dlg@é?% %}/HLS cal cul ati on has been applied to the bl ue-bl ocking
fllte re the average color distortion is 41 just noticeable
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tiles is er n now t o t he

col or Shl M% %A&W%tﬁgpwéﬁe%? éﬁJBFH ﬁ%i(’r ?F‘IW‘H% a mni num

val ue of 5oly<arboaa¢emaagmt@fmgARaoafmgpfwme@i1(B'Amcaa@st lataalaﬁﬂamdediegm ag ion of
esent .i nvention USI ene aye at

6 JN 101691 Enbodi nent s the p

t wo Egﬂce%?%isls%'ﬂ%n%?r assﬂﬁﬁg*?té‘r’? @@E’f‘\/’@mﬁ”? ?‘EP&H%EWé i'Lemay have
subst ant i pdrligulz palytabonar!satstrat iufddFort thia Bxanple/ien hitanmittadey icsesf whet her
measured as an average, mninmum or maxi numdistortion, as illustrated in
Table I'l. FIG 40 shows a histogram of color shifts for a peryl ene-dyed
substrate according to the present invention whose transm ssion spectrumis
shown in FIG 35. Notably, the shift across all color tiles was observed to
be substantially |ower and 25narrower22han those for conventional devices
described by Mainster, Pratt, and the |ike. For exanple, sinulation results
showed (L*, a*, b*) shifts as low as 12 and 20 .INDs for filnms according to
the present invention, with average shifts across all tiles as |low as 7-12
JNDs. Table I1



Ref erence Figure Avg. 8 Mn. 8 Max. 8 Std. Deviation 8 (L*, a*, b*)
(L*,a*,b*) (L*,a*,b*) (L*,a*,b*) Pratt 41 19 66 12 Mainster 19 6 34 6
WO 2010/111499 ‘ PCT/US2010/028680

approximately 3%. In the ophthalmic industry AR coatings generally are applied to both

surfaces to increase the transmittance of the lens.

[0123] In systems according to the present invention, AR coatings or other color balancing
films may be combined with an absorbing dye to allow for simultaneous absorption of blue

5 wavelength light, typically in the 430 nm region, and increased transmittance. As previously
described, elimination of the light in the 430 nm region alone typically results in a lens that
has some residual color cast. To spectrally tailor the light to achieve a color neutral
transmittance, at least one of the AR coatings may be modified to adjust the overall
transmitted color of the light. In ophthalmic systems according to the invention, this

10 adjustment may be performed on the front surface of the lens to create the following lens

structure:

[0124] Air (farthest from the user's eye) / Front convex lens coating / Absorbing

ophthalmic lens substrate / rear concave anti-reflection coating /Air (closest to the user's eye).

[0125] Insucha éonﬁguration, the front coating may provide spectral tailoring to offset the
15 color cast resulting from the absorption in the substrate in addition to the antireflective
function typically performed in conventional lenses. The lens therefore may provide an
appropriate color balance for both transmitted and reflected light. In the case of transmitted
light the color balance allows for proper color vision; in the case reflected light the color

balance may provide the appropriate lens aesthetics.

20 [0126] Insome cases, a color balancing film may be disposed between two layers of other
ophthalmic material. For example, a filter, AR film, or other film may be disposed within an

ophthalmic material. For example, the following configuration may be used:

[0127]  Air (farthest from the user's eye) / ophthalmic material / film / ophthalmic material /

air (closest to user's eye).

25 [0128] The color balancing film also may be a coating, such as a hardcoat, applied to the
outer and/or inner surface of a lens. Other configurations are possible. For example,
referring to FIG. 3, an ophthalmic system may include an ophthalmic material 301 doped
with a blue-absorbing dye and one or more color balancing layers 302, 303. In another
configuration, an inner layer 301 may be a color balancing layer surrounded by ophthalmic

30  material 302, 303 doped with a blue-absorbing dye. Additional layers and/or coatings, such

as AR coatings, may be disposed on one or more surfaces of the system. It will be
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Present System 35 7 2 12 2 Present System 36 12 4 20 3 Present System 37 7
2 12 2 [0170] In an enbodi nent, a conbination of reflective and absorptive
el ement s wayofoiii®e harnful bl ue photons whil e nai nt ai nipog/usediatoessed y hi gh
| um nous transm ssion. This may 5 allow a system according to the invention
to avoid or reduce pupil dilation, preserve or prevent damage to ni ght

vi sion, and reduce color distortion. An exanple of this approach conbines
the dielectric stacks shown in FIG 37 with the perylene dye of FIG 35,
resul ti ng understbel }td\xasimihrsm!mials&pecdnﬁgmaﬁdmmyibe ufed Gor ékhmplElig tidaystans was

observed t hot o m ssion of 97.5% scotopic transm ssion of
93. 2% djosaf %%“6‘8@5‘[) e@“ﬁ(l):?Géshl " of 11 10 JNDs. The hi stogram summari zi ng

col or dlst (o] th devi efor the Munsell . tiles in day ht is shown
o B adOlh TR, pheah R e Btneh Stk & AR coMIERERRPLIE FUBE IR oxt or o
to the eyahe cfv@fanemmlrespansemestea@h@ldgansbsogﬁ@dye Mns:ﬁlrssnoman‘ahﬁl li ke. Wen

a tradltlonal S used, e col Qr of the wear ace when vi ewed by
an ext er ndf© %Y'é’gie SRefruds YVFILQIE’ ‘Fﬂé’s F‘%‘hg“’cqon ?the ghoessand| 15

col or at i omufibers)f layers e bytitalcabling. Ilﬁﬂl‘éhivfeﬁtﬁﬁ dayoan&bu@eblcackd igd tens when

viewed by a p Th| el | ow di scol orati on that acconpani es bl ue
light absd¥ Vt“# g‘ﬁ I?egge&fagﬁlﬁm}?ﬂtto 5%’ ’Y"VJC%[P??“Cdem rabl e. The procedure for

mnimzin s.color shift is identical to that described above for the
Minsel | ﬁ?‘é’@i W aexemel aWe*P’f‘E‘Et‘Q%E angtion js@roguesddy-asingl layepef HY: Qubst i t ut ed

for those cofmoh@ R\NoBER that&il)OFIG | 1688owsIthe stk fraidinitidhbdlofi 251 08ndh W&t | on of
10 single layer of TiO,. The color plot of this same layer is shown in FIG. 17. The CIE color
coordinates (x, y) 1710 shown for the transmitted light are (0.331, 0.345). The reflected light
had CIE coordinates of (0.353, 0.251) 1720, resulting in a purplish-pink color.

[0131] Changing the thickness of the TiO; layer changes the color of the transmitted light
as shown in the transmitted spectra and color plot for a 134 nm layer, shown in FIGS. 18 and

15 19 respectively. In this system, the transmitted light exhibited CIE coordinates of (0.362,
0.368) 1910, and the reflected light had CIE coordinates of (0.209, 0.229) 1920. The
transmission properties of various AR coatings and the prediction or estimation thereof are
known in the art. For example, the transmission effects of an AR coating formed of a known
thickness of an AR material may be calculated and predicted using various computer

20  programs. Exemplary, non-limiting programs include Essential Macleod Thin Films
Software available from Thin Film Center, Inc., TFCalc available from Software Spectra,
Inc., and FilmStar Optical Thin Film Software available from FTG Soﬁware. Associates.
Other methods may be used to predict the behavior of an AR coating or other similar coating

or film.

25 [0132] In systems according to the present invention, a blue-absorbing dye may be
combined with a coating or other film to provide a blue blocking, color balanced system. The
coating may be an AR coating on the front surface that is modified to correct the color of the
transmitted and/or reflected light. The transmittance and color plot of an exemplary AR
coating are shown in FIGS. 20 and 21, respectively. FIGS. 22 and 23 show the transmittance

30  and color plot, respectively, for a polycarbonate substrate having a blue absorbing dye
without an AR coating. The dyed substrate absorbs most strongly in the 430 nm region,

including some absorption in the 420 — 440 nm region. The dyed substrate may be combined
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20 pignentation, blood flow, and the illum nation conditions. A
representative series of skin reflectance spectra from subjects of

di f f er entwoaocsgiii®oshown in FIGS. 43A-B. An exenpl ary slkcm/usediveetcance
spectrum for a Caucasi an subject is shown in FIG 44. The (L*, a*, b*)
color coordinates of this skin in daylight (D65) illum nation are (67.1,
18.9, 13.7). Interposition of the Pratt blue-blocking filter changes these
color coordinates to (38.9, 17.2, 44.0), a shift of 25 69 JND units. The
Mai nst er kilitian bppoeptiatecAR codtiag assihhs‘hh&dimHGsoi(mlt@QﬁUrﬁbmé eGerdly 17 JND units

to(629131293 By contrast, eryl.e ef|I scribed herein
causes a CBIBHTAES %ftth%%"“ﬁﬂt Bt Gr Sﬁ&%ﬂf’tr ‘W&? @F’t a‘R/‘h‘i%ster
filter. Araunk&batu@farddhewﬁﬁsﬂ’rsslznahalza,rregpmﬁ‘v&lyof an exenpl ary Caucasi an
skin under daylight illumnation using various blue-blocking filters is
shown in Trﬂbis]e AhIAR f’@éo%@"&\éﬁplieﬂt&ﬁ@h@mlofw&ﬂﬂhaﬁﬁﬁ sPsdniTBlel, aRd to
base material. Table Ref er ence

renove an%/‘ﬁ_&%&ct C USG
Fi guredL* iSL ong.th %yy ExFror ot s Sysremorosulting ipghstransmigancy ey
color plot shown in FIGS. 26 and 27, respectively. Although the system exhibits a high
transmission and transmitted light is relatively neutral, the reflected light has a CIE of (0.249,
0.090). Therefore, to more completely color balance the effects of the blue absorbing dye,
the front AR coating may be modified to achieve the necessary color balance to produce a
10 color neutral configuration. The transmittance and the color plot of this configuration are
shown in FIGS. 28 and 29 respectively. In this configuration, both the transmitted and
reflected light may be optimized to achieve color neutralify. It may be preferred for the
interior reflected light to be about 6%. Should the reflectivity level be annoying to the wearer
of the system, the reflection can be further reduced by way of adding an additional different
15  absorbing dye into the lens substrate that would absorb a different wavelength of visible light.
However, the design of this configuration achieves remarkable performance and satisfies the
need for a blue blocking, color balanced ophthalmic system as described herein. The total
transmittance is over 90% and both the transmitted and reflected colors are quite close to the
color neutral white point. As shown in FIG. 27, the reflected light has a CIE of (0.334,
20 0.334), and the transmitted light has a CIE of (0.341, 0.345), indicating little or no color
shifting.

[0134] In some configurations, the front modified anti-reflection coating can be designed to
block 100% of the blue light wave length to be inhibited. However, this may result in a back
reflection of about 9% to 10% for the wearer. This level of reflectivity can be annoying to

25  the wearer. Thus by combining an absorbing dye into the lens substrate this reflection with
the front modified anti-reflection coating the desired effect can be achieved along with a
reduction of the reflectivity to a level that is well accepted by the wearer. The reflected light
observed by a wearer of a system including one or more AR coatings may be reduced to 8%

or less, or more preferably 3% or less.

30 [0135] The combination of a front and rear AR coating may be referred to as a dielectric
stack, and various materials and thicknesses may be used to further alter the transmissive and

reflective characteristics of an ophthalmic system. For example, the front AR coating and/or

25



69 Mainster 63 13 29 17 Present System 35 67 17 19 6 Present System 36 67
15 23 10 Present System 37 67 17 19 6 5[0172] In an enbodi nent, an
i 'l um nanworral/faes9bi | tered to reduce but not elim nate trhe/UdSker/028680

the rear AR coating may be made of different thicknesses and/or materials to achieve a

particular color balancing effect. In some cases, the materials used to create the dielectric
stack may not be materials traditionally used to create antireflective coatings. That is, the
color balancing coatings may correct the color shift caused by a blue absorbing dye in the

5  substrate without performing an antireflective function.

[0136] As discussed previously, filters are another technique for blue blocking.
Accordingly, any of the blue blocking components discussed could be or include or be
combined with blue blocking filters. Such filters may include rugate filters, interference

filters, band-pass filters, band-block filters, notch filters or dichroic filters.

10 [0137] Inembodiments of the invention, one or more of the above-disclosed blue-blocking
techniques may be used in conjunction with other blue-blocking techniques. By way of
example only, a lens or lens component may utilize both a dye/tint and a rugate notch filter to

effectively block blue light.

[0138] Any of the above-disclosed structures and techniques may be employed in an

15 ophthalmié system according to the present invention to perform blocking of blue light
wavelengths at or near 400-460 nm. For example, in embodiments the wavelengths of blue
light blocked may be within a predetermined range. In embodiments, the range may be 430
nm + 30 nm. In other embodiments, the range may be 430 nm + 20 nm. In still other
embodiments, the range may be 430 nm + 10 nm. In embodiments, the ophthalmic system

20  may limit transmission of blue wavelengths within the above-defined ranges to substantially
90% of incident wavelengths. In other embodiments, the ophthalmic system may limit
transmission of the blue wavelengths within the above-defined ranges to substantially 80% of
incident wavelengths. In other embodiments, the ophthalmic system may limit transmission
of the blue wavelengths within the above-defined ranges to substantially 70% of incident

25  wavelengths. In other embodiments, the ophthalmic system may limit transmission of the
blue wavelengths within the above-defined ranges to substantially 60% of incident
wavelengths. In other embodiments, the ophthalmic system - may limit transmission of the
blue wavelengths within the above-defined ranges to substantially 50% of incident
wavelengths. In other embodiments, the ophthalmic system may limit transmission of the

30  blue wavelengths within the above-defined ranges to substantially 40% of incident
wavelengths. In still other embodiments, the ophthalmic system may limit transmission of
the blue wavelengths within the above-defined ranges to substantially 30% of incident
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of blue light to the retina. This may be acconplished with absorptive or
reflective elenments between the field of view and the source of

i Il um natworzowsiing9t he princi pl es descri bed herein. For pexarspdi1e/02s80
architectural wi ndow nmay be covered with a filmthat contains perylene so
that the transm ssion spectrum of the w ndow nmatches that shown in FIG 35.
Such a filter 10 typically would not induce pupil dilation when conpared to
an uncoated wi ndow, nor would it cause appreciable color shifts when
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coati ng aﬂrjrﬂmf @on’AGaI aneaomnmm@m& leﬂ@s%lcﬁﬁly abekrme&l&g&es' on of the
hard coati n‘ﬂgﬁtto thg | ens %E tg“ al . For ecig g'P % i mer coat and
associ at e8I §f 2¥ide rREeofdhs WHe spactaun. tvbichgan 3dyprogly atect hectearer's | ens or
ot her 20phfﬂiabgltatclsy18'taﬁdrhate otHeeadile effectsh ThiR w2 Gt désiafle Y W6&SS t 0 provi de
addi ti onal urabilit %ﬂbe&rjatch r esi stan e for t]g% 10 final oduct The

hard coat TAFTE 3‘]‘?‘9" ¥ PREHYM "Féiﬁsé?P Seherain, Exeuplany systs S/ be pl aced
on the fronay ﬁltdﬂa(roklatl\@fy st Ambine of hghﬂﬁn aRkLPAE kndlmhgardudefsydthe thy St em

[0177] FI havi ng a hard coating 4703 and its
associ at e o‘éd?{élgﬁogt?]m?s%n%?%gé lr%? Sfé§gt]tha)i‘7%2%a§@‘r$ﬂ1 °<fr4§8 0466&%i ngs and
adhesi on prionot #5nmrand¥20 anatddbamar e avail abl e from manuf acturers such as
Tokuyama, U traOptics, SDC, PPG 15and LTI. [0178] In systens according to

t heI i gvgnmwnh Aahdisamehinears blaodddighg ofivec ﬁmﬁ@ sﬂ@étﬁélglbhiatmide@ax%ael nmay be

i ncluded i,n t rpfer coating 180 oth. the ocki ng .and. col or

bal anci ng b(ﬁ’yeéfF 15%)5%6%’&335?68%%?‘2@13 07 o ﬁéeaﬁte?ég %@g’cefﬂ‘@“‘i‘?%%e'l"ﬁéaldyes need
not be i neltadedgrieric tﬂtemﬁmay b@ﬁiﬂsﬁ@teﬂayﬂfe oph_tﬁﬂm@(sgfﬁtﬁﬂne StatedRkheawisd, ocki ng dye

may be in n rd 20 coating 1803, and a col or ba ncin dye
T oded RN bk aSntitt ert 8B e Rerpmagiost ectufal Ry <lipetiayie
i ncl uded thnthbthtapezttrama& &.vavdl&thsaedr thaethbielie abdxtgeknoﬁgdncbpelmﬂﬂa)tlsw primer

t 1 d har,d di th t
coal . 18080, QLI o L TER A1 Bl SR8 e RaRa i en o L1Venton

di p-coating, spray-coating, evaporation, sputtering, 25and chem cal vapor
deposition. The blue bl ocking and/ or col or bal anci ng dyes to be included in
each | ayer may be deposited at the sanme tinme as the | ayer, such as where a
dye is dissolved in a liquid coating material and the resulting m xture
applied to the system The dyes also nay be deposited in a separate process
or sub-process, such as where a dye is sprayed onto a surface before the
coat is cured or dried or applied. 30270180] A hard coat and/or priner coat
may perform functions and achi eve benefits described herein with respect to
a film Specifically, the coat or coats may selectively inhibit blue |ight,
whi | e nmai ntai ni ng desirabl e photopic vision, scotopic vision, circadian
rhythms, and phototoxicity levels. Hard coats and/or primer coats as
descri bed herein also may be used in an ophthal mc systemincorporating a




sensitivity. Such a systemfunctions to selectively filter harnfu

invisible and visible light while having m ninmal effect on photopic vision,
scot opi ¢ womn,1140l or vi sion, and/or circadi an rhyt hns petmiuseonomesss@i ni ng
acceptabl e or even inproved contrast sensitivity. The invention can be
formul ated such that in certain enbodi ments the end residual color of the
10 device to which the selective filter is applied is nostly colorless, and
in other enbodi ments where a nostly clear residual color is not required

the resi dqmulpOAamtl&any,%w&HeQMbﬁMe pieicaf BVehAbY may ABthYedlIbRWIesSSioRf t he
selective filter i ﬁ ugqgflléﬁﬁtl ona to the subjective individual wearer.

Yel | ownes &diatian e §REsHR!i |awr=1§aﬁ}§fwf§edaa%mmé§a§ s such as
ASTM E313pRater Macf®mbl y, the selective filter has a yellowness index that
is no nore 15than 50, 40, 35, 30, 25, 23, 20, 15, 10, 9, 7, or 5. [0182]
The inven{gias) CAHY @hh@@dou@lelsaséeeeﬁmmniclsgé%m xsé £88thbrafel LSl Dilcle

enbodi nents such as: w ndows, autonotive wi ndshields, |ight bulbs, flash
bul bs, 3f | Bf)f‘ryég“éaéﬁfl"‘!l‘il%?’f“’rfgﬂfyt"m‘ PYCHISRI SHelt astereeiaspesi YRSlassemRRREISs Ofni t or s,
etc. Any bdrit 1chfRal Inl sIORGewedr VR cAusd ﬂh@BluS—BI?)leﬂg é&ﬁ;ﬁﬁ&dﬂb?{hx systdnfs8§ €d by t he

i nvention. The invention can be enab ed by exanpl e only, a 20 film
conpri si nBosteroBiogha Gajer belanging GoRwOoRAAk ther ‘f?r@?ﬁil.‘l%CO&PWét‘&“abf’@’ fit conponent

added aft @lbse@to%i@@}erﬂ?&ﬁhé SldrAkh&RE &kh oﬁenwﬁemm%wls {bat The i ntegral
with the fahbrlcatlon or formul ation ofpt he substrate material, synthetic or

non- synt heRhtRalmic sysiem may algo beusd insueh-prtiglesiaf manufagturs axsuagicaliyimplsaible t | ve
filtenonginthi®clar iisgdrent provided as a visibility tint (having one or nore
colors) as in a contact lens, selective filtering dye or pignment provided

in an oph{dad|m &s ¢8 B&BIMCH cJSrﬁﬁdn@ﬁt""ﬂetlc:cf-}@s?'5t inﬂﬁntﬁ"@"'&l&% ﬁlteﬁ?l Lctive

filtering dye or pigment provid in an lmc anti™-r ective coat,
sel ect i ve“pYeaRethaRes ‘ﬁ‘é‘fﬁ‘b‘tbﬁs @tﬂqaﬁtépmﬁgww\dﬁsm “ptihgwb‘man& vhilefeayingditie

hydr ophobbﬁlofe@@&ﬂoﬂ@mﬁnsdxﬁt&msmeew%leﬁ%d@&,lisadestﬁé Rfsd. \r bladfple, WaNee! engt h
filter, selective |Light wavel ength erin e or pignment provided in a

phot ochr offiectiyeeitter ﬁB?rs Q¥ Vé"’cYﬁlF%hsl ff‘lﬁhioovmmﬁgﬁwuﬁm erdy thagg wveleagthpi gnent

provi ded hid ddedt Bttohuste ofed Vighlb wavHIdho®E. Evh®hou Bﬂr%tlablétge Bfier $30s I Nt ed out
that the invention contenplates the Selective g&t wavel ength filter

sel ect i vefFryal W%‘fe?eﬁéﬂ’ﬁﬁﬁtm%@e sqlrster range thgfilter Ry Regembiprgtima syssm itk t i pl e

speci fi ¢ ongamradtheM@vels & tdﬂsv ﬁl&bkt mﬂm/ﬁferf&hﬁ&lﬂér@&e&u& fileraat&agbhs evenly
Those skilled in the.art will know

across the_visible spect
readily h%\?@eﬁeﬁt (b‘FtS’ng%Osflh‘éf °§%‘|‘a£E‘P$)\ﬁéleFtF<bﬁflgevveQ}@|eé‘&l?g@lﬁlemi qf g dpalififfex he

subst r at esysminds pravidedRyy V0031026 X3 PhEorithtyd helrdif by RIEGEHck Wit dntife %r can be:
ted, added to the raw materials of the

i mbi b ect ed, e
subst ?gt ejrhela?&a'é‘ﬁt‘?‘bwﬁﬁ ﬂ%ég]ieﬁede”i“’G}en@B ra5g¢ AR isybstantiplly qonsigend ithing hi n i n
the opti cat Iangms bya toate Bfterforfit dalval iPAtichbdlion RivAIaviafl @6 tinye akid { & dye or

pigments. [0 The 1 nvent utilize a proper concentration of a dye
and or pi ﬁ’h’é ?fB'ﬁma%eak)bg 'Wg?ilycr}ﬁg SIgred Bngsn indicatss the vavelength Fagag thatn or

their deruswetuumeasby tﬁeﬁcﬂéctl'&l@ﬁlfdrglAl’"eeléb?edtrng@Bﬁlﬁiﬁélﬁgﬁt@d’ayélé}%ﬂﬁ“)fé?&moraat' on of

peryl ene and Eﬁ’& ctl olnal abi I| 06{9(6 bl é wavel engt hs of | ight at around

430 nm THSEYGY Iy Rlepatlsayithing Gﬂ’rég?t PESAPL ERFORIDRSS LS §BURTRNGE | on. 10

O her Zﬁyeofmhe-m)@hrm @‘Busah badowtiagifiles hipgnnatesdtss taa ﬂaslmnaferkbédﬁﬂmpﬁfa& ikt i ons.

[ 0185] Per e wth riate concentration |ev rovi des bal ance in

phot opi c, a"é e?%t\fqn%}essttﬁgg F’éﬂ{e SREAG I@EJHY?‘F ff“(g@ SEAMmE maintaining a
I T |V Ref Ph -V, Y

gg?)t O)}:/)i gokgH]ess_seV&gl%%%r pncegts useaab lrento blocl?thg%leug(lzlght 1’?1;[3(1?'1 | Cmalﬁ%a)ilt(})l mlé( Yo

or other system may selectively inhibit at least 5%, at least 10%, at least 20%, at least 30%, at
least 40%, and/or at least 50% of blue light within the 400 nm - 460 nm range. The film

30  and/or a system incorporating the film may be color balanced to allow for being perception
by an observer and/or user as colorless. Systems incorporating a film according to the

present invention may have a scotopic luminous transmission of 85% or better of visible

28



(% Phototoxicity Ratio (BA) (%9 Crcadian Ratio (Mx) (A Unfiltered 100
100 100 100 Pol ycarbonate - undyed 88 87 86 74 Pratt 28 16 4 7 Mainster 86
78 39 46 WO 2010/111499 PCT/US2010/028680

light, and further allow someone looking through the film or system to have mostly normal

color vision.

[0145] FIG. 30 shows an exemplary embodiment of the present invention. A film 3002
may be disposed between two layers or regions of one or more base materials 3001, 3003.

5 As further described herein, the film may contain a dye that selectively inhibits certain
wavelengths of light. The base material or materials may be any material suitable for a lens,

ophthalmic system, window, or other system in which the film may be disposed.

[0146] The optical transmission characteristic of an exemplary film according to the
invention is shown in FIG. 31 where about 50% of blue light in the range of 430nm £ 10 nm
10 is blocked, while imparting minimal losses on other wavelengths within the visible spectrum.
The transmission shown in FIG. 31 is exemplary, and it will be understood that for many
applications it may be desirable to selectively inhibit less than 50% of blue light, and/or the
specific wavelengths inhibited may vary. It is believed that in many applications cell death
may be reduced or prevented by blocking less than 50% of blue light. For example, it may be
15 preferred to selectively inhibit about 40%, more preferably about 30%, more preferably about
20%, more preferably about 10%, and more preferably about 5% of light in the 400-460 nm
range. Selectively inhibiting a smaller amount of light may allow for prevention of damage
due to high-energy light, while being minimal enough that the inhibition does not adversely

affect scotopic vision and/or circadian cycles in a user of the system.

20 [0147] FIG. 32 shows a film 3201 incorporated into an ophthalmic lens 3200 according to
the present invention, where it is sandwiched between layers of ophthalmic material 3202,
3203. The thickness of the front layer of ophthalmic material is, by way of example only, in

the range of 200 microns to 1,000 microns.

[0148] Similarly, FIG. 33 shows an exemplary system 3300, such as an automotive

25 windshield, according to the present invention. A film 3301 may be incorporated into the
system 3300, where it is sandwiched between layers of base material 3302, 3303. For
example, where the system 3300 is an automotive windshield, the base material 3302, 3303
may be windshield glass as is commonly used. It will be understood that in various other
systems, including visual, display, ophthalmic, and other systems, different base materials

30  may be used without departing from the scope of the present invention.

[0149] In an embodiment, a system according to the invention may be operated in an

environment where the relevant emitted visible light has a very specific spectrum. In such a

¢
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Mai nster (-20 nmshift) 86 83 63 56 Mainster (+20 nmshift) 84 68 15 32
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regime, it may be desirable to tailor a film's filtering effect to optimize the light transmitted,
reflected, or emitted by the item. This may be the case, for example, where the color of the
transmitted, reflected, or emitted light is of pimary concern. For example, when a film
according to the present invention is used in or with a camera flash or flash filter, it may be

5  desirable for the peréeived color of the image or print to be as close to true color as possible.
As another example, a film according to the present invention may be used in instrumentation
for observing the back of a patient's eye for disease. In such a system, it may be important
for the film not to interfere with the true and observed color of the retina. As another
example, certain forms of artificial lighting may benefit from a wavelength-customized filter

10 utilizing the inventive film.

[0150] In an embodiment, the inventive film may be utilized within a photochromic,
electro-chromic, or changeable tint ophthalmic lens, window or automotive windshield. Such
a system may allow for protection from UV light wavelengths, direct sunlight intensity, and
blue light wavelengths in an environment where the tinting is not active. In this embodiment
15 the film's blue light wavelengths protective attributes may be effective regardless of whether

the tinting is active.

[0151] In an embodiment, a film may allow for selective inhibition of blue light while

being color balanced and will have an 85% or greater scotopic luminous transmission of

visible light. Such a film may be useful for lower light transmission uses such as driving
20  glasses or sport glasses, and may provide increased visual performance due to ﬁncreased

contrast sensitivity.

[0152] For some applications, it may be desirable for a system according to the present
invention to selectively inhibit blue light as described herein, and have a luminous
transmission of less than about 85%, typically about 80-85%, across the visible spectrum.

25  This may be the case where, for example, a base material used in the system inhibits more
light across all visible wavelengths due to its higher index of refraction. As a specific
example, high index (e.g., 1.7) lenses may reflect more light across wavelengths leading to a

luminous transmission less than 85%.

[0153] To avoid, reduce, or eliminate problems present in conventional blue-blocking

30 systems, it may be desirable to reduce, but not eliminate, transmission of phototoxic blue
light. The pupil of the eye responds to the photopic retinal illuminance, in trolands, which is
the product of the incident flux with the wavelength-dependent sensitivity of the retina and

30



87 79 71 15[0186] Increases in contrast sensitivity are observed with
appropriate concentration of perylene. See Exanple 2, Table VI. It should
be poi nt estocoto/tined the fam |y of peryl ene based dyes oPCpiusp®iosseas e used,
by way of exanmple only, for enabling the invention. Wen such a dye is
used, dependi ng upon the enbodi nent or application, the dye nmay be
formul ated such that it is bonded nolecularly or chemcally to the
substrate or a coating that 20 is applied to the substrate such that the
dye does fRlprdj@bsdlarai thePypivaX fiftér phacadial fRonO6H thie retied) whéthétvitiysthotye, hi s woul d
be for use with coqéag} quégitGQCLs, cor neal fn-lﬁgs, corneal on-Iays,
etc. [ 0187 aBMtEREa; ens, AtAehed LodakeYgers db AESASH! PP IHPIER FeRACHBP L Ar get
E/avel engt bﬁet&ﬁse?ﬁﬂﬁ!&ﬁﬁca?baftﬁeﬁ/tﬁé Sye@b hﬁsgvdtﬁjdqm, ighghﬂl%w@doangmmﬁz ards.
or exanpl.e, selective filters can be onmbi.ned to hinder nore.than one
Far gor - aalit e B i st imslat Al orde madand s rreasi o M dhe
ﬁmodijsenﬁeldplh@igm.ev:héWU%m e?l.éteaﬂy aﬁdimbé mghd‘z fidld e ptqudiamaelxug g_s the |
azard associ at with the chr onophore an one or nore additiona
il ters. ¢ RAEM bR ROV G e A PPToes Hselitmagtedal. 2 vi o1 bl e 1§ ght
wavel ength hazard. 101881 In one enbodi nment of the invention, a contact

lens is coptli sddunstongl latigpshipcbegyren pepikassaand Gelddllumipapce Acseribed By | | not

| each out Mbn hRESHEREFICOPL. SES ARRY £33 ﬁlzso Raxlkmeive HudwiResqubas il at ed such
that it provides a tint ﬁaV|ng a yef ow cast. This yellow cast allows for
the cont aBYPidiaeeERTy have what is known as a handling tint for the wearer.
The peryl ene dye or pignent further provides the selective filtering as
shown 18y Figure 48. Thi € 49t aepgogfldv)déd 1} etinal protection and enhanced
contrast SGASI! Minkikinihd-DM SRR ATLALO0 ch® B SITRANSAH ialerone’ s
phot opi ¢ vision, scotoplc vision, color vision, or circa &n ytﬁns.
101891 | n(mmpasefurctiof of field illvwénantaded/mdb FiG fdBtshows pupt ereedwm’) asps t he dye or

pi gment cap. o6 J LigHinkt 0 the contact lens by way of exanple only, by
inbibing,ﬁgg(%ﬁg?g?f 'S %@%éted within a central 10 mm di aneter or |ess

circle of [MAY cBretileminprogds defined byrthbinterngiionsl flisstargadsragd spaetradly of t he

cent er;sof b LE I RGL:A 1 e pupil of the wearer. In this
20 enbodiﬁ%%ﬁwg e y%ngrQ%Pg%%ﬂghggﬁggﬁ%%g?%gh whi ch provi des sel ective

i ght wavelength filtering ig, increased to a | evel that provides the wearer
with an increase in conéf%géﬁgeaéﬁtipﬁvﬂnfas ogggsed to without wearing the
contact |ens) and mﬁthogp=gogprpgusiggukg any heani ngful way (one or nore,
or all of) the wearer's photopic vision, scotopic vision, color vision, or

ci rcadi an whéry K Ns-eqea 1010 be BhAT e5r addhopic @Ight) NEIRMES- 688 CROW RSt sensitivity
is denonstrated by an increase in the user's Functiaonal Acuity Contrast

Test ( FACPhotoRis(dan-wisianeang thersperat laminpusefBeiency fungtionsdagpd Kpdefiiedher, 0. 25,
0.3, 0.5, gQnhdérd plmto?:ic%ﬁd sthog)?c &Ee&é-ﬂ%ﬁrﬁn&}&%m& nbtlhs W& M EP,’ Sre PhOL O €

vi sion, scotopic vision, color vision, and/or circadian rhythns, the
opht h@Bini dlustyatedang g igure B b/ Michigl Kalleniatisaed Charlgs Luwy{'Peyplophysits@f act eri sti cs
to Wi t hi nyie%n 0% liwdish dddGiRAQaGP s vtk hbfout the
% Sole hin?l ddGtARATPRIAE G 8% Vit EN St 3050
opht hal mi ¢ sy$tem fbié?g n gno{%eraﬁnvenﬁ$be enbg%in%nt that utilizes a
cont act | &hishisincoggasatest bypietpmmat hdrein.pr ovi ded t hat causes a yel | owi sh tint
that it is located over the central 5 - 7 nmdianmeter of the contact |ens
and wher elfi56 slateapedition bHan abserptivephttidwit ghemanpindheaforny of an intragculaf, t he
central tij lp i i il G 2k Aahi ch provi des
selectivetﬁ%ghf ﬂ%@gﬁzﬁg¥ﬁg?¥F@%#FﬁgmﬁéﬂF%Q?eggi f% a level that provi des
t he wearer very good contrast jtivity and .once again w thout
conprgRi sing in any neaningiﬂéxﬂﬁzeVﬁé oPﬁﬁﬂP%, or all of) tQ63 arer's
Sphot 6pi ¢ vision, scotopic Yisgdy cpliar YojhRn, Or circadian rhythmns.
[0192] In still another inventiéxgkéﬁﬁo inegﬁbthat utilizes a contact |ens

the dye Okhéik JURAke WiveRhQHIdIRAdSH Ehshiigion bf thé SptlcaceMnasit. O4fies Eddénef Ul |
di aneter of the contact Tens from approximately one edge to the ot her edge.

In this eMFEITBsIuaiaR | dyermpalizedatheanfitiedilipmpiapseyplugtompated ffomye | i ght
wavel engt Bohiibd B it 8adhof HRGHBAGEBIUS Rloskinga¥Rts dbHowpliRThisles the wear er
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10 very good contrast sensitivity and once again w thout conprom sing in
any neani ngful way (one or nore, or all of) the wearer's photopic vision,
scot opi ¢ womn, 11l or vision, or circadian rhythms. [0P@3JUSYION028680 | OUS
i nventive enbodi nents are used in or on human or aninmal tissue the dye is
formul ated in such a way to chemcally bond to the inlay substrate materi al

thus 15ensuring it wll not |each out in the surroundi ng corneal tissue.
Met hods for providing a chem cal hook that allow for this bonding are well
known within the chgglegal and pol yner i nd_ust ries. [0194] In still another

i nventive enbodiment—an—intraocular lens includes a selective |jght

wavel engt h fi |Referepsgat has a yel |&igwreh ti ReotopipRatinat SgotepitBatior ovi des t he
wear er i nprovdénfiigredont rast sensitivity w t hd@00 conproni 508y i n any

meani ngful wayP#bA0 or nore, or all of) the 08 er's pho-dff c vision,

scot opi ¢ vi si Maingen28P5/03432Fh, or circadian PR hns. Wieh7the sel ective
filter is utilfressetSy#e®r within an3intra-ocuP8¥ lens it 986%ossible to

i ncrease the |G Nt Sftemhe dye éﬁ(mh%hﬂﬁt beyBA®P t hat of &9%hpectacle | ens as
the cosmeti cs_HfeseRNysEMt r 5. oclar BEns are jB9T&ible to @BHeone | ooki ng at
the wearer. This allows for the ability to increase the 25 concentration of
the dye ofl0187gnBeferraado Pable/d the oplkthadmicHilighencoridingéd Bratsredupgsisentepdc cont r ast

sensiti vi g%sw%%s.%WﬁmﬁL@@v&& AR B Wl U adaPE nBhe VIBEE OF 21

of ) the wearer'’ otopli c vision, séotoplcC ViIsion, S

ci r cadPan ardwspiriwtate pyp dd@jonjapcosding fo cquatioméyl. dhtdaviarelaseribéd bynMainsterent i on, a

spect acl e 1 . b eid i i . jsing a
rddGOS S?dgﬁé&% o 2584 ,%‘idg;il,eéss s?me tW?ﬁa/flle gﬁa‘&g%bicé bult E@gggﬂﬁ&gﬂ

dye havi ng pery In the or mu provi a spectacle
| ens that l[(ﬂ§§]t ahr&ﬁﬁ?lsy a UL\%JO?d?I? tg%ﬁ)%s?ﬂ?&/em Cl)taﬁﬂj’l% Qt?ermqagsevi&&%d provi des
the wearer .with inprove CONLrast sensi Ivity wthout conprom sing in any
meani ngf ubluadight(using alssorptime er, refbactivd dphthhlmi¢ tlemowawhbile redypingttidpicotopicsi on,
scot opi ¢ WS LS50 i i L thi s, ticular
embod moni 5 Rpe S icHhore ik 35013 el S S el R R T T
t hat 18 | tearasentwivention veare fonnd teseleativéln dhitnf a desieedgpgion efthiles lighh svhilf 0196] | n
one enbodi : i . . . bl ue- bl ocki ng conponent and a
'hg@ﬁkt littld Q%o%%‘t@ét%f&&%&a{?%ﬁé#gﬁl{? vidio

phot ochr om ¢ Ttonponent . rly, the ophthal mi c system can

i ncl ude a - .5hl b c a I kvely filters a selected
range of gﬁtlﬁglel }ngﬁgte%&g{i/lgl?rgh%tqﬂgﬂﬁg?:?%l E‘Sg% 1\?/%&%?62 hsd?‘f‘?rpaotra %‘%8%?“430 tun,
and a phovpithalinridevicoatpenmentratioantnd thickresasiffiorat ®dbsdrb kivaat svorthsdsaife | i ght

i ncl udi ng W& J r 0, e di. . el engt hs.
[0197] Théh\é@éﬁ!pagﬁg%g gé&:’?‘:"’g 3‘?12) ?"}%ﬁ%&?oc%S%gﬁgs%nn%’eah’?"u%{%?g‘gcvﬁ%/gﬁgg/" are not
necesdari shownOn K. 34! The ehangeus illnminafes tha xesultd feom thiefilten it antyhaboni 2%y e can,
but does - I - I e i ngt hs.

Ui ke so, Rt iCRBRRE corarthoals Bhu 039 IndEQcRlcfonthUna e P

non- phot odisplayridan Tabie o dacreasing thernendentration obthiskndsk oftperylenedothodeder i s

non- phot o ] L Loy Wapsle] r ! Lonality,
i.e., bl ug%%gég%eﬁ%n%ﬁlé%@l zgle \ﬁé’?a%glg stanti g’?f@hgﬁgfh’l“?;ﬂﬁﬁ %gsfhgggg]fti ons.
Even in etrisoiisyion speciwim o€a dévécehiitha-petylink ooricentption 238 Hmps highey thas that

phot ogRr ogg id Al il - K| ~ t is
conti %Eougr)qfl?'u%éztﬁ%_ g:t}h%%%{aorgggf{ueg}’ B@%s“%%ﬁ? ?‘!&F?@&‘E‘P’ng’%f@?%@%ﬂdi tions.
Thus, t hed®liegan BIG Okt rguees sgotapeitluningnce by tess thaw €pandiplratepjc illnwinandse

phot ochr Og} fesCRAPR TS NNote thalt [‘&1%&%11 hm_en?t%mog&hfr&mﬂ{é s?édﬁ%ilp#@%kgﬁgmdsyﬁ eém can
be, for exanple, an ophthal m.c | | ud d

.c lens (i1ncluding prescription an

non- pr escP? {9rshe only theeedfect of pserptien by thedye. contact | ens, intra-ocul ar

20l ens, corneal inlay, corneal onlay, corneal graft, electro-active |ens,

wi ndshi el P16Qlr Rias@ther thpopagpnehay Havesiropg aleskiptign indiwoneenghlydiuebe any of the
bl ue- hkocki %g,‘q.g% t; [ r:el i pment, the

bl ue- EF dc%ﬂ%n onp fclger%{t21 l}ngjee%? Blégsgg)tan%ﬁgb{g?r %@?‘iﬁfgﬁ'&&%@‘ﬁ g‘%ﬁ% coumarin,
acri di ne, Exanplesof suchidycseBlustinaddo F1G. i, inghedeantrbuitimemmarinhandsictding| ocki ng
conponent piBEhYETeRAHiH REPoesedsifly bR binttindildh iRle wdimRGGA Bgf is€Mbodi ment

reduced, but not eliminated, at 400 nm - 460 nm. The methods and systems described herein

]
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25 the bl ue-bl ocki ng conponent includes porphyrin or a derivative thereof,
such as magnesi um tetranesityl porphyrin (MgTMP). The bl ue- bl ocki ng
conponentwoanitlis®oi ncl ude a m xture of dyes. [0200] | nromasSeomogscrent , t he
bl ue- bl ocki ng conponent selectively filters at |east 10% 20% 30% 40%
50% 60% 70% 80% 90% 95% 99% or about 100% of light in the 30

sel ected range of blue |ight wavel engths. The sel ected range of blue |ight
wavel engt hs can include a wavel engths at about 430 nm e.g., 430 nm 10,

20, or 30 thedefort haf e didilar dpEEHACHdBABther bR sBEIEEs 4t 3b@entRitiol tha | i ght
wavel engt hs | ncl udes. wavel engﬁhﬁwfrgrgﬁmlﬁout 420 run to about 440 run, about

410 nm t o ™BsUe EREMITHER BREC YRR FBETRS UG0S LY IpgrplyTin
Phot ochr ogMgTM®Y $6smarkli&ldl a3fidihd) @5 Gerivardt deteuf €d by Transitions Qptical, are
wel | known in the art. A photochrom c conponent is activated by an

activati onoigi) M dae eRbodimBAt! a R1cRE Ml@r Adhikd l@lb'krﬁ{sm‘{\@%ﬁlsﬁ‘e'aﬂﬁ Bfone bhe activated
phot ochrom C conponent reduces transmission th roua1§ the system |In other

wor ds, >t h&@oxcefitheaxenrBnstystrPydsdhersipBisaies Riayidedhsreinpe dhsesdas aven t he

acti vat i OefSbAdditbiSto dBsigh similA1FiIBR ki@ hltenthtiVEME A8t A Sikter cBin FR\IRD, t he
phot ochrom ¢ conponent can return to the inactive state, which is

char act er FEEIPnsPrRoFB abpE farengn Blier Sx filprine pbpw sepspme waylasthsobefi ment , t he

aver age t eaagme, asdum Aes Qa‘iﬁilkhﬁ)o\ﬁ thé BhR Wi Sled gt Fhid bsiiRtGeRfchty/ Ate d 1syst emis
at |east 20% | ess_than the avera%e transm ssion across the visible spectrum

in the indchitvd OshS a0 1 26t2Ae0r 8 vsuelenatisos °n‘é‘ért‘1°9‘aﬁ“%?f thepgsedn aver age
transmniss hﬁh@@h@&ﬁméﬂi&h&ﬁﬁdrl@hﬁmﬁﬂ@%'Mnh%lﬁtspéc%ﬁ%fa RIRGHce Kfiehby20% 25%
30% 40% fO% 60% Z‘T'(y 0203]. I n one_enbaodi mrent, the ﬁ{;ot ochromc
conponent fiterngsraded i“’(? ? a@%‘fﬁ“&t@ﬂﬁ@lh‘?‘%ﬂ@ﬁ?{ eFroﬁS’Fa“lpileg iMAFiIReShdi ti ons,

typically lrﬂ'lmudil(?(bhrrﬁﬂuﬁlfm trimasiohye¥itherBfefontd Hilterd Gnd the matitlumahMibitibR (@PNe
enbodi nent on SUbJSt?‘H’é g‘%‘ﬁt he. | pactive photochrom c_caonponent to the

activati oﬂ“‘é‘ W\Haﬂgms iRis i @n e rpbinaaeutdi 115 tdfves 20226 he

act i vat ed 36%a¥ 6nd aiothesS In hrkvder dMbodfmend, themirnde filer nilich bBthAkY WaveRhgthl arly, in
anoth . enbodi ne ﬁ{)on renq?val ft activation stinulus, the activated
phot o ﬁrofﬁng ?,"tﬁlr’fg%‘ﬂ]é‘ tiop) jqvel En¢ed'he i nactive state in less than
2010, 7, 5 , or 1 mnute. 020 Exenpl ary phot ochrom c dyes

i ncl ude, B{}Fﬂar Ehen‘B%e“anlﬂf fiﬁj‘ni"dhe‘f P?‘l‘ﬁ%‘ioﬁh%‘e‘@ embpdimpthakthe psest i | benes,

ni trones, idveit@h @RS be Swoﬁm‘p@éhééiﬂﬁdwﬂﬁdlhéthﬁéﬂrﬁﬂﬁnto #Hokd PadeZinsart gnd _
f the, phot ochromc conponent may depend, in

qui nones 0205 he sel
part, P‘%F@ajc@& E"’éﬂ‘“?% ﬁ*&ﬂlyeaf Yohmey pwqugoraqeﬁi, iGRedy ki be SRSt t he

phot oc hr Ofdded e FudIRdHC coingCilibital G Y 16aE, ih@adtatddN e a MimikdVEd sthdMve dRltue
l'i ght,, visi ths, | n another epbodi nent, the

l.e and infrared wavel en
phot ocflr ofﬁcg’d%s&fjﬁ'gh‘gﬂ‘ieg'?aée ddaser- Ph prroppotigaTatghvith dyermpregrated wavel engt hs.
By sel ect imi@opdMRBlesr UVA wavel engths as the activation stinmulus, the
phot ochrom ¢ conmponent will advantageously be activated out doors and

i nact i vat g 63JndA&ofdingX8 afdthd? @HBEIMBR offhk lindBhtidA dididdRY dearngaNathe bl ue |i ght
or ot her VISIb|e wavel engt hs, these enbodi nents may darken in indoor

set ti ngs, PHHRlEHeRRsYvasB ﬂl?n‘ﬂ%‘%ﬁaPQBl“%SHeﬁﬁ‘alé‘igh%‘S&?ﬁﬂ‘W?ﬂﬁtWﬁgIONGFer natively, if

the bl ue- hh@tdaiihg mapBPRIPEBA. Mcthodk £? dBNiRGppRPlide ditlectiBYptRal flfsd fr@bl e to
have ﬁg activation Stlgg}'(” us t hat c cI&ﬁomau ntaln_activation of this
n

conporént SUHRIZEhRdextRaoKs Sich gy d, ThigddlmOntical Baltars MgGrams] 1 n yet
anot her eRHDNYEIY, Ahmerp;h@ty@ﬁhmm& sBERRAITEN sit-RyaGtacl 8t §10, byd Zrioght havi ng
a wavel engt h of about 380 nmto about #O,P As, descn%d in US 7,166, 357,
this 5 acficouinednhePrasent fryventiop °Wﬁ8"§ $ ?:IHP%%‘BHB ARAL 1tigsqsa’

act i vat edthaethisgticl filvér biockSphototded blsand Riofdy lightadilk eedudinglsbiopled. Thi s

advant age r.oovi des mec | pnses that can intain

phot o- resg](u'fﬁ‘é’?/a{}ger{’é@%ss\%‘i‘?%e/hﬂgrphowcé{“H’é'@f‘“i?@?ﬁéhaﬁ3 ar. [0207] The system
can f a U/ filter, ; a UVA and/or UVB filter. Inone
enbod:’ihe f"“‘il eL\Lé\?usli e coggrtiongh bl uﬁF’@@am tegtiglogies PiFAt Brinkibi auch

phot ochr oblu€ lidi agmen Eduirrent kbNeSrcle g6 that i MNBhpphid@tioiEHR) 1 debi¥able

05|t|on|n filter behind
P hlgt a relatively small amount of blue light. For example, to prevent undesirable effects -
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(posterior to) the photochrom c conponent such that the UV light is

i nci dent upon the photochrom c conponent first, but is then filtered by the
WV filterwbeboyai4eachi ng the wearer. In anot her exanpl eCTiuseo1oh28680 t er
does not filter wavel engths that activate the photochrom c conponent, or at
| east does not filter themto a degree that prevents activation. 15 [0208]
By including both a photochrom ¢ conponent and a bl ue-bl ocki ng conponent,
the systemideally provides retinal protection of blue |light wavel engths at
al | ti mes pn ¥otdp&: vadien) itatljylBidegigble faras Bpiakdl@it spdtel ascofding th itlghhveatieniodi Ng to

external Lighti conditigns..[0Q I n_one. e djment, th er age
NARRRDRIT: BN TR 1 RET AR N TR b
act i vat ed alsyns 2@%aof lud Bgts, rhdre prefeliudlyoaboital0es, kidansiipfsirstly sout $88. Red ect ed 20

range of blue |ight wavel engths in the inactive syst W t hqut heing bound
by Sheor y Seiebed ke HERIEREY Shapticroipge S ioffas 8o the e ile BF ect e
range of Hégiee dfiblisllighervdicaoghids sittld@e he ek ton/deetdpic MBionad/emiicadiact | vat ed
because bgth t he tEI ue-.bl ckisgﬂgIr conponent and t he photochrom ¢ conmponent
filter thE°heXPRRktAQse PSR MCSYSIY- 1o [ i ght wavel engths creating an additive
effect. This_enbodi nent. fegtures enhanced retinal protection irticul arl
in the 25&‘}81%%2?%8?3 %@aaﬁff?wmlnﬂ&m eB’cYﬁ‘HlOPiﬂHﬁgele%ﬁvelmﬂﬁlQE‘éb‘PEgglﬁupi l g
i ncreasi ng dekwibePBaAKibitlhd ¥ dnfdunf Hlighaheasl3sP@RLivaNb ke Bad §sembodi ment, the

bright Iight conditiagps y al so activate the systemto provide increased
bl ue 1igh °B‘F’8‘i35‘&gct§’8ﬁ!}“‘t %9‘3’1‘@?’@‘&9? K EYSHRL PEY VAR CARPRAG I Ptk posur e.

[ 0219]10|Ot Eiﬂiilaﬂfh‘dl éd foeagngat Blhte A8 bichIBNSed forGilth E%aée@ﬁﬂ%ﬁlﬁﬁiﬂ% Qarltak L:Tl&dn@ns ,
particul ar co r enperat ure . aken.a photochrom c |ens's
ability t8} gy lafsitly ey Hfingﬁf- ﬁé%ﬂ%}@% ﬁ\(\‘gﬁ‘ifgfd‘%‘gﬂﬁtp&ﬁ‘ftb‘meﬁt‘%y§tem al so
i ncl udi ngadideb karite HlsRaK itMghyGEBROEIS NhibHEYs,0098) 2095 83026, 40%, AddtrS0%ioRas hnent in
"retinal ot ection under certain environnental .conditions. [0211] In
anot her e%‘(’)&’ia ‘??ﬁfhs’tzﬁé“e&%’é‘?defﬁlét“fert%%ﬁi“ggfft(?ﬂf‘%?ﬁ’tahﬁmgé}’%mﬂ“tfe fH8Cof bl ue
| i ght wavednengivblengti(s) i ehexbidnwadfakt fyst em i s substantially the same as the
average transm ssion of the selected range of blue Iight wavelengths in the

same gyst @I66]N THeandthows hd/ @ vickadiStlostdhedé1f mAY RIniR nd ptdfstally hiAite,
transm ssi Ongiﬁf' tf?e sel ect ed rari e, of blue |ight wavelengths in the 5

acti vat edMEyUfidmeqler REFeepian thahazsu bipeploddng Diggplonppygeiveddy thsoy 304 or 1%
of the avringe/idublbsysiein$&uRfréth néui@ peRbRink etlight BigraldthatlFhilien letightt Wavel engt hs
in the inactive stgat m In t anot her enb_odliggt,_the average transm ssion
of the seP&RFHEY™ @gret'}f SRSFHERe rSRAgRt © nige ¢ Hedeseyibe glonparseptebd system i s
Wit hin SO%mw%calB}Q%mﬂBB%ce_?lgl%nsﬁ:ﬁﬁéd b%/QHrfbg_rﬁ%ghtﬁé’/prodli_’ct 6%1‘35 wh#@en@ﬂleg-gge .
transngjssion across the. visihle spectrumin the activated syste suc
that the 8‘3’??‘%&?" B’rwgc?'%fﬂ}%%sdgg‘ t@ﬁﬁ’g‘f@bﬁ’{a&\awﬁ?' ﬁ&l? feé'r‘lfﬁsfﬂi‘%? ‘é"r"?rH‘?E acr 0ss

t he vi si bthet dhpectttizerhe ptdched tolbiei Agnifoat (I, BE, bt hedsrspack fwhich lRelbe@ved t hat

t he col or .gn e.g., .CLE of white light. tr i ssion apd/ or Yel |l owness
| ndex) of esga%bﬁﬁgEXW&%"E"‘F%%‘SIHWUW&EQF&%FI%%%W BORHBLY by filtering
addi t i onathahicteeizengeveeived gblbs, altByughainilad taléulgiohdiRis@V@r gMativeasdtor ssi on of the
sel ected ran of blue |ight vel engt hs supstantially caonstant, it is 15
ol 1 eved FRUARS S SR AT RHerb A o ROEFI s/ Y Aatte -«
enbod2frenThd @Af afr &9 celohgracedbfiaes toightheds an de, L*vahislagd sdlod Wit the iphé1g reti nal
protection egardl ess gf, external |ighting cqnditi .. [0212] 1 n one

enbodi nenfle,d’nf (g%bt?'%\a}i ﬁ‘épog aﬁﬁsot%‘é'ﬁ#ogﬂlc obﬁpﬁ%-sﬂabaéﬁ%a%gi’% %‘:l;\\ﬁ ng excel | ent
col or bal staclerd reayie pradedaddon @wmpotapieakaild camnparative lapy ichiians keirntg thleonponent ar e
20 sel ect t L ey n essentially nons;additiye effect over the selected
range of ggrltjees'ﬁ? ?‘éﬁ{‘“\%g\f/@f’ (sa%aﬁ? g Proppit na(lzgon %ré‘a%{léﬁ%{ee é’cﬁmﬁwd for" exanpl e,

sel ect i ngdiffephatbetieen twaotgartsp dhe nde of haformwhlenspacdsigemdtraly, is peognded iy filters

wavel gngt ut si d he selgcted. r blaue |i ght ve ths. In this
vay, ?Qe g%?ﬁﬁ%@?ﬁ%5%8 Bt 9§ﬁ¥%ﬂggﬁ§§%%n<ﬂ%5%§ﬂ%@§°g%€§f%4§§ﬂ?%§ i mpact the
aver age t QuantitatissData and Farmelas €Waeyt dewr¥amigd 982. bl ue | i ght wavel engt hs.

Exenpl ary 25phot ochrom ¢ dyes suitable for this purpose include those that,
when activated, block wavel engths greater than about 400 rim 410 rim 420
nm 430 nm 440 nm 450 nm or 460 nm In another enbodi nent, the

phot ochrom ¢ dye sel ectively bl ocks wavel engths greater than about 430 nm
440 nm 450 nm or 460 nm [0213] The photochrom c bl ue-bl ocki ng system can
al so be used to achieve the beneficiaB430characteristics described above
herein including contrast sensitivity, color balance, color vision,

phot opi ¢ vi sion, scotopic vision, and circadian rhythnms. Accordingly, in
one enbodi nent, the photochrom c bl ue-bl ocking systemincreases contrast
sensitivity by at |east about 0.1, 0.25, 0.3, 0.5, 0.7, 1, 1.25, 1.4, or
1.5 points on the Functional Acuity Contrast Test (FACTrm si ne-wave

b e I Y L o, . ey



5system the activated system or both the inactive and activated system
[ 0214] The bl ue-bl ocki ng conponent and the photochrom c conponent can be
pr epar ed wocorodiingot o any nmet hod known in the art incluscmgis2@og2868€oat i ng
or inpregnating a dye into a polymer substrate. Each of the bl ue-bl ocking
conponent and the photochrom c conponent can be independently present
t hroughout the systemor localized in the system e.g., in an 10 annul ar or
peri pheral portion. Each conponent can be present as an independent | ayer.
fThe bl Ee i16CKi Agoﬁtﬁmimlwﬁ'@ﬂhcdb&ﬁhgbetHeﬁndﬁhigshf@dyﬁﬁﬂﬂ@@ﬁbeﬂhérhm@ﬁayilﬁ@h at ed
romthe i er (e.g., a barrjer er or er. intervenin
opht hal m BQE Sﬂeﬁﬂ?)&.at%@bﬁﬁlﬁe‘gﬁgﬂﬁeh‘ﬁ‘&eﬁbrﬁ)ﬁ% ‘B&F\"aﬁﬁ’ dhigsithy ¢ o thg
ElhOt OE Ihr onkmmse:mﬁmmem palaredwmﬁmns\cﬁmg@sed b1, 26900l tileg EHAOKHVEBESN, t he g g
ue- bl oc t .and .t he .phot ochrom c. c rel rm xed 15an
i ncor por af%%’? ?Fggg S?Fﬁ@yt?c@ﬁ’ﬂ’fﬁg‘ﬁ'?%m J‘E:sbﬁ?tlcﬁé’ ?%efgt] Off gAC |° &% bl ocki ng
Cgr’rponint Thaspetreal pfaﬁ&ﬁmofaﬁesatllgmﬁeg-ﬁufeﬂtuhm sﬁfxda?d)migmbnﬂpfﬁnﬁmoﬂé)qﬂi% 50 ppm
about m t out about 0 ahou t . mto
About 5 pAT Se8t erbmPrareutieneRhAr ek U bR » BRF gk Bnout 1
ppm 2 ppitlum3ngapim(L¥ apbt) cdomspaoe 1ﬁth@w1Eren?:e PR RvloBdipPition Anddig BkowkOnppm 12

Concon CETd A BB B b O o

t her eof , bt a BveOEcovk ocedinaesis ccﬁttpu&ﬂs Eﬁc&mlcblsasaci;anéneeh dodr tighit isfshifiedt

bl ue- Ql,ocki ng_dyes b rd na e 216] The
di g cl gls) ur g a‘gﬁ‘m%'ﬁ"FcWéfpé’PgH%é’ %ﬁé‘}mﬁ I.deB "FHEO%F‘E Q;S %bB\)é"’g?jE‘a’é pressly
i ncor por affbs cﬂyulmhdaasabaee apphied toaha blenblockeig fer bOPratiavisfdthe #xtagatolas | f each

were i ncopparat ed b dual | 0 uld be
appr eci atg [P It J}é?t rcﬁ?ﬁ%&%?ﬁeﬂfﬁﬁL PR & (i‘r ¥ 6‘;?4’3(?657&%'81“1“?‘85“ ons and
vari ati ondxswiwlnataltsed h}pqhaPatttﬁltbnsrw mn)sﬂtélmdmmrsaswm tbdﬁandmﬂended to be

within th r|t of e tal jments are
further ddgledRE @q’t AL TP ‘M‘ °?611§'p§‘fq’fj§?‘ﬁ?‘ @@@‘r‘?ﬁ%@%‘” ES [ 0218]
Exanplleé 1394\(tpp)l ycar bonate | ens haV| ng an integral filmwth varying
concentrations of blue-blocking dye was fabricated and the transm ssion
spectrum {!Il683]achefednﬁglﬁowvasFIGEm e dols siifh tndtced by fileMaifdSier BRREBISERIR

concent r atj.ons_ of and 3. m_(wei basi s t . ens

t hi ckness%i&fr h3s ﬁmlrrnrlﬁm\zknérv Slh‘ﬁgfg)hnVﬁﬁggﬁglggrgﬁa%‘@%mg%%&ﬁ“gtaé?f"?ﬂj 3%"r’glaé’l‘?"l ens are
shown in d&INDslV, with references corresponding to the reference nunerals
in FIG 45. Since the selective absorbance of |ight depends primarily on

t he pr odumuesqf Emmddy@téofmwm@eﬁmmhm uamg pe@&héagsdtub&wﬂe@&a@&@@f ding to

Beer' a e d,that co .results a evabl e using a
har d ?:%at H\{Sﬁecﬁe grve pﬁf'ie?rée @8%@‘1"?1 2% Vﬁ ﬁ Halﬁﬁ l%rr°°[°ﬁ éllé%l%mbf a film
Tabl e V convertiena dReaes whbthtapdasurBbisian aQéthe, D epj ¢ maximum distortion, as

illustrated in Table II. FIG. 40 shows a histogram of color shifts for a perylene-dyed

substrate according to the present invention whose transmission spectrum is shown in FIG.
35. Notably, the shift across all color tiles was observed to be substantially lower and

25  narrower than those for conventional devices described by Mainster, Pratt, and the like. For
example, simulation results showed (L*, a*, b*) shifts as low as 12 and 20 JNDs for films

according to the present invention, with average shifis across all tiles as low as 7-12 JNDs.
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Ratio (V' 2") Circadian Ratio (M x) Phototoxicity Ratio (Bk) Unfiltered
light (no lens) 100.0% 100. 0% 100. 0% 100. 0% Pol ycar bonate Lens (no dye)
4510 87. 580201010a4d4. 2% 85. 5% 3. 8 ppm (2.2 M) 4520 88. 6PCEAISI/D186800 78. 8%
7.6 ppm (2.2 mm) 4530 87.0% 84. 1%

Table II
Reference Figure Avg.d Min. § Max.d  Std. Deviation &
(L*a*b*) (L*a*b*) (L*a*b*) (L*,a*b*)
Pratt 41 19 66 12
Mainster 19 6 34 6
Present System 35 7 2 12 2
Present System 36 12 4 20 3
Present System 37 7 2 12 2

[0170] Inan embodiment, a combination of reflective and absorptive elements may filter
harmful blue photons while maintaining relatively high luminous transmission. This may
5 allow a system according to the invention to avoid or reduce pupil dilation, preserve or

prevent damage to night vision, and reduce color distortion. An example of this approach
combines the dielectric stacks shown in FIG. 37 with the perylene dye of FIG. 35, resulting in
the transmission spectrum shown in FIG. 41. The device was observed to have a photopic
transmission of 97.5%, scotopic transmission of 93.2%, and an average color shift of 11

10 JNDs. The histogram summarizing color distortion of this device for the Munsell tiles in
daylight is shown in FIG. 42.

[0171] In another embodiment, an ophthalmic filter is external to the eye, for example a
spectacle lens, goggle, visor, or the like. When a traditional filter is used, the color of the
wearer's face when viewed by an external observer may be tinted by the lens, i.e., the facial

15 coloration or skin tone typically is shifted by a blue-blocking lens when viewed by another
person. This yellow discoloration that accompanies blue light absorption is often not
cosmetically desirable. The procedure for minimizing this color shift is identical to that
described above for the Munsell tiles, with the reflectance of the wearer's skin being
substituted for those of the Munsell color tiles. The color of skin is a function of

20  pigmentation, blood flow, and the illumination conditions. A representative series of skin
reflectance épectra from subjects of different races is shown in FIGS. 43A-B. An exemplary
skin reflectance spectrum for a Caucasian subject is shown in FIG. 44. The (L*, a*, b*) color
coordinates of this skin in daylight (D65) illumination are (67.1, 18.9, 13.7). Interposition of
the Pratt blue-blocking filter changes these color coordinates to (38.9, 17.2, 44.0), a shift of

25 69 JND units. The Mainster blue-blocking filter shifts the color coordinates by 17 JND units
t0 (62.9,13.1,29.3). By contrast, a perylene filter as described herein causes a color shift of
only 6 JNDs, or one third that of the Mainster filter. A summary of the cosmetic color shift

of an exemplary Caucasian skin under daylight illumination using various blue-blocking

36



65.9% 71. 1% 15 ppm (2.2 m) 4540 88. 3% 83. 8% 63. 3% 63. 5% 35 ppm (2.2 m)
87.7% 80. 9% 61. 5% 50. 2% 10 102191 Wth the exception of the 35 ppm dyed
| ens, al Iwoheldan®es described in Table IV and FI G 45 ipoclusdeom28dsb dye
typically used in ophthalmc |lens systens to inhibit UV wavel engt hs bel ow
380 nm The photopic ratio describes normal vision, and is cal cul ated as
the integral of the filter transm ssion spectrumand W (photopic visual
sensitivity) divided by 15the integral of unfiltered Iight and this sane
sensi ti vi fifters isrsh@wn thi@bledIlt OPhetdatadhdven ileRable il lBefer ave isormalided tieobe At | Ng
condi tions gl ulate as the integral of the filter transm ssion
spectrun1gﬁ VW“?@?@t&ﬁVB H%ual sensitivity) divided by the integral of
unfiltered Iight ag, s same sensitivity curve. The circadian ratio
describes the effect | i ght on_ circadian rhythns, and is cal cul ated as
the integral of the Rbfe}&fcet ransgy
suppr essi on sensi ti VELy det Y5 Th & tered light and
this sane sen3|t|V|tymﬁurve The p otquxugltx4rat| gdescri bes damage to
the eye caused by expgsdig to high- enqggylglgg§ % is calculated as the
integral of the filtgp Ltansm ssign a B (pha&;c WV- bl ue
phot ot oxi ci ty) d|V|dp£ngs,§jH“nt goralgs0 f4 ynfh tFrelolighL and tris sane
sensitivity curve. R nct 4pns g4sedqt oygal culate t hese val ues
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For example, an architectural window may be covered with a film that contains perylene so
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that the transmission spectrum of the window matches that shown in FIG. 35. Such a filter
10  typically would not induce pupil dilation when compared to an uncoated window, nor would

it cause appreciable color shifts when external daylight passes through it. Blue filters

according to the present invention may be used on artificial illuminants such as fluorescent,

incandescent, arc, flash, and diode lamps, displays, and the like.

[0173] Various materials may be used in making films according to the invention. Two
15 such exemplary materials are Poly Vinyl Alcohol (PVA) and Poly Vinyl Butyral (PVB). In
the case of PVA film it may be prepared by partial or complete hydrolysis of polyvinyl
acetate to remove the acetate groups. PVA film may be desirable due to beneficial film
forming, emulsifying, and adhesive properties. In addition, PVA film has high tensile
strength, flexibility, high temperature stability, and provides an excellent oxygen barrier.

20 [0174] PVB film may be prepared from a reaction of polyvinyl alcohol in butanal. PVB
may be suitable for applications that require high strength, optical clarity, flexibility and
toughness. PVB also has excellent film forming and adhesive properties.

+ [0175] PVA, PVB, and other suitable films may be extruded, cast from a solution, spin
coated and then cured, or dip coated and then cured. Other manufacturing methods known in
25  the art also may be used. There are several ways of integrating the dyes needed to create the
desired spectral profile of the film. Exemplary dye-integration methods include vapor

deposition, chemically cross linked within the film, dissolved within small polymer micro-
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Tabl e VI : balggeeye/may be inglyded 1p the primepepating 1802. Both theblughlackingand gofer . m a 0

balancing dyes also may be included in the hard coating 1803. The dyes need not be included
in the same coating layer. For example, a blue blocking dye may be included in the hard

. 20 coating 1803, and a color balancing dye included in the primer coating 1802. The color
balancing dye may be included in the hard coating 1803 and the blue blocking dye in the

primer coating 1802.

[0179] Primer and hard coats according to the invention may be deposited using methods
known in the art, including spin-coating, dip-coating, spray-coating, evaporation, sputtering,

~ 25 and chemical vapor deposition. The blue blocking and/or color balancing dyes to be included
in each layer may be deposited at the same time as the layer, such as where a dye is dissolved
in a liquid coating material and the resulting mixture applied to the system. The dyes also .
may be deposited in a separate process or sub-process, such as where a dye is sprayed onto a

surface before the coat is cured or dried or applied.

30 [0180] A hard coat and/or primer coat may perform functions and achieve benefits
described herein with respect to a film. Specifically, the coat or coats may selectively inhibit

blue light, while maintaining desirable photopic vision, scotopic vision, circadian rhythms,
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and phototoxicity levels. Hard coats and/or primer coats as described herein also may be
used in an ophthalmic system incorporating a film as described herein, in any and various
combinations. As a specific example, an ophthalmic system may include a film that

selectively inhibits blue light and a hard coat that provides color correction.

[0181] The selective filter of the present invention can also provide increased contrast
sensitivity. Such a system functions to selectively filter harmful invisible and visible light
while having minimal effect on photopic vision, scotopic vision, color vision, and/or
circadian rhythms while maintaining acceptable or even improved contrast sensitivity. The
invention can be formulated such that in certain embodiments the end residual color of the
device to which the selective filter is applied is mostly colorless, and in other embodiments
where a mostly clear residual color is not required the residual color can be yellowish.
Preferably, the yellowness of the selective filter is unobjectionable to the subjective
individual wearer. Yellowness can be measured quantitatively using a yellowness index such
as ASTM E313-05. Preferably, the selective filter has a yellowness index that is no more
than 50, 40, 35, 30, 25, 23, 20, 15, 10,9, 7, or 5.

[0182] The invention could include selective light wavelength filtering embodiments such
as: windows, automotive windshields, light bulbs, flash bulbs, fluorescent lighting, LED
lighting, television, computer monitors, etc. Any light that impacts the retina can be
selectively filtered by the invention. The invention can be enabled, by way of example only, a
film comprising a selective filtering dye or pigment, a dye or pigment component added after
a substrate is fabricated, a dye component that is integral with the fabrication or formulation
of the substrate material, synthetic or non-synthetic pigment such as melanin, lutein, or
zeaxanthin, selective filtering dye or pigment provided as a visibility tint (having one or more
colors) as in a contact lens, selective filtering dye or pigment provided in an ophthalmic
scratch resistant coating (hard coat), selective filtering dye or pigment provided in an
ophthalmic anti-reflective coat, selective light wave length filtering dye or pigment provided
in a hydrophobic coating, an interference filter, selective light wavelength filter, selective
light wavelength filtering dye or pigment provided in a photochromic lens, or selective light
wavelength filtering dye or pigment provided in a matrix of a light bulb or tube. It should be
pointed out that the invention contemplates the selective light wavelength filter selectively
filtering out one specific range of wavelengths, or multiple specific ranges of wavelengths,

but never filtering out wavelengths evenly across the visible spectrum.
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[0183] Those skilled in the art will know readily how to provide the selective light
wavelength filter to the substrate material. By way of example only, the selective filter can
be: imbibed, injected, impregnated, added to the raw materials of the substrate, added to the
resin prior to polymerization, layered within in the optical lens by way of a film comprising

5 the selective filter dye or pigments.

[0184] The invention may utilize a proper concentration of a dye and or pigment such as,
by way of exafnple only, perylene, porphyrin or their derivatives. Refer to Figure 48 to
observe varying concentration of perylene and the functional ability to block wavelengths of
light at around 430 nm. The transmission level can be controlled by dye concentration.

10 Other dye chemistries allow adjustment of the absorption peak positions.

[0185] Perylene with appropriate concentration levels provides balance in photopic,

scotopic, circadian, and phototoxicity ratios while maintaining a mostly colorless appearance:

Table IV
Photopic Scotopic | Phototoxicity | Circadian
Ratio -V, | Ratio- V", Ratio (B3) Ratio (M"y)
Reference (%) (%) (%) (%)
nfiltered 160 100 100 100
olycarbonate - undyed 88 87 86 74
Pratt 28 16 4 7
ainster 86 78 39 46
ainster (-20 nm shift) 86 83 63 56
Il![ainster (+20 nm shift) 84 68 15 32
Emoo dye (2x) 88 81 50 62
~ [HPOO dye (x) 88 84 64 63
HPOO (x/2) 87 84 72 66
IHPOO (x/4) 89 87 79 71

15 [0186] Increases in contrast sensitivity are observed with appropriate concentration of
perylene. See Example 2, Table VI. It should be pointed out that the family of perylene
based dyes or pigments are used, by way of example only, for enabling the invention. When
such a dye is used, depending upon the embodiment or application, the dye may be
formulated such that it is bonded molecularly or chemically to the substrate or a coating that

20  is applied to the substrate such that the dye does not leach out. By way of example only,
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applications of this would be for use with contact lenses, IOLs, corneal in-lays, corneal on-

lays, etc.

[0187] Selective filters can be combined to hinder other target wavelengths as science
discovers other visible light wavelength hazards. For example, selective filters can be
combined to hinder more than one target wavelength range as additional hazards are
identified. In one embodiment, the system includes 1) a selective filter that reduces the
hazard associated with the A2E chromophore and 2) one or more additional filters that reduce

another identified hazard, e.g., a visible light wavelength hazard.

[0188] In one embodiment of the invention, a contact lens is comprised of a perylene dye
formulated such that it will not leach out of the contact lens material. The dye is further
formulated such that it provides a tint having a yellow cast. This yellow cast allows for the
contact lens to have what is known as a handling tint for the wearer. The perylene dye or
pigment further provides the selective filtering as shown by Figure 48. This filtering
provides retinal protection and enhanced contrast sensitivity without compromising in any

meaningful way one's photopic vision, scotopic vision, color vision, or circadian rhythms.

[0189] In the case of the inventive embodiment of a contact lens the dye or pigment can be
imparted into the contact lens by way of example only, by imbibing, so that it is located
within a central 10 mm diameter or less circle of the contact lens, preferably within 6 — 8 mm
diameter of the center of the contact lens coinciding with the pupil of the wearer. In this
embodiment the dye or pigment concentration which provides selective light wavelength
filtering is increased to a level that provides the wearer with an increase in contrast sensitivity
(as opposed to without wearing the contact lens) and without compromising in any
meaningful way (one or more, or all of) the wearer's photopic vision, scotopic vision, color

vision, or circadian rhythms.

[0190] Preferably, an increase in contrast sensitivity is demonstrated by an increase in the
user's Functional Acuity Contrast Test (FACT™ sine-wave grating test) score of at least
about 0.1,0.25,0.3,0.5,0.7, 1, 1.25, 1.4, or 1.5. With respect to the wearer's photopic
vision, scotopic vision, color vision, and/or circadian rhythms, the ophthalmic system
preferably maintains one or all of these characteristics to within 15%, 10%, 5%, or 1% of the

characteristic levels without the ophthalmic system.

[0191] In another inventive embodiment that utilizes a contact lens the dye or pigment is

provided that causes a yellowish tint that it is located over the central 5 — 7 mm diameter of

4]
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the contact lens and wherein a second color tint is added peripherally to that of the central
tint. In this embodiment the dye concentration which provides selective light wavelength
filtering is increased to a level that provides the wearer very good contrast sensitivity and
once again without compromising in any meaningful way (one or more, or all of) the wearer's

photopic vision, scotopic vision, color vision, or circadian rhythms.

[0192] Instill another inventive embodiment that utilizes a contact lens the dye or pigment
is provided such that it is located over the full diameter of the contact lens from
approximately one edge to the other edge. In this embodiment the dye concentration which
provides selective light wavelength filtering is increased to a level that provides the wearer
very good contrast sensitivity and once again without compromising in any meaningful way
(one or more, or all of) the wearer's photopic vision, scotopic vision, color vision, or
circadian rhythms.

[0193] When various inventive embodiments are used in or on human or animal tissue the
dye is formulated in such a way to chemically bond to the inlay substrate material thus
ensuring it will not leach out in the surrounding corneal tissue. Methods for providing a
chemical hook that allow for this bonding are well known within the chemical and polymer

industries.

[0194] In still another inventive embodiment an intraocular lens includes a selective light
wavelength filter that has a yellowish tint, and that further provides the wearer improved
contrast sensitivity without compromising in any meaningful way (one or more, or all of) the
wearer's photopic vision, scotopic vision, color vision, or circadian thythms. When the
selective filter is utilized on or within an intra-ocular lens it is possible to increase the level of
the dye or pigment beyond that of a spectacle lens as the cosmetics of the intra-ocular lens are
invisible to someone looking at the wearer. This allows for the ability to increase the
concentration of the dye or pigment and provides even higher levels of improved contrast
sensitivity without compromising in any meaningful way (one or more, or all of) the wearer's

photopic vision, scotopic vision, color vision, or circadian rhythms.

[0195] In still another embodiment of the invention, a spectacle lens includes a selective
light wave length filter comprising a dye having perylene wherein the dye's formulation
provides a spectacle lens that has a mostly colorless appearance. And furthermore tha_lt
provides the wearer with improved contrast sensitivity without compromising in any

meaningful way (one or more, or all of) the wearer's photopic vision, scotopic vision, color
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vision, or circadian rhythms. In this particular embodiment of the invention, the dye or
pigment is imparted within a film that is located within or on the surface of the spectacle lens.

[0196] In one embodiment, the system includes both a blue-blocking component and a
photochromic component. More particularly, the ophthalmic system can include a blue-
blocking component that selectively filters a selected range of blue light wavelengths
including a wavelength at about 430 nm, and a photochromic component that, when
activated, filters visible light including wavelengths outside the selected range of blue light

wavelengths.

[0197] The component descriptors "photochromic" and "blue-blocking" are not necessarily
mutually exclusive. For example, the photochromic dye can, but does not necessarily, block
at least some blue light wavelengths. Likewise, the blue-blockiﬁg component can be
photochromic or non-photochromic. In one embodiment, the blue-blocking compone;xt is
non-photochromic so as to provide continuous blue-blocking functionality, i.e., blue-blocking
under all or substantially all lighting conditions. Even in embodiments where the blue-
blocking component may be photochromic, it is still preferred that the blue-blocking
component is continuously functional under all or substantially all lighting conditions. Thus,

the blue-blocking component functions independently from the photochromic component.

[0198] The photochromic blue-blocking system can be, for example, an ophthalmic lens
(including prescription and non-prescription lenses), spectacle lens, contact lens, intra-ocular

lens, comeal inlay, coreal onlay, corneal graft, electro-active lens, windshield, or window.

[0199] The blue-blocking component can be any of the blue-blocking embodiment
described herein. Thus, in one embodiment, the blue-blocking component is at least one of
perylene, porphyrin, coumarin, acridine, and derivatives thereof. In one embodiment, the
blue-blocking component includes perylene or a derivative thereof. In another embodiment,
the blue-blocking component includes porphyrin or a derivative thereof, such as magnesium
tetramesitylporphyrin (MgTMP). The blue-blocking component can also include a mixture
of dyes. ‘

[0200] In one embodiment, the blue-blocking component selectively filters at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%, or about 100% of light in the
selected range of blue light wavelengths. The selected range of blue light wavelengths can
include a wavelengths at about 430 nm, e.g., 430 nm * 10, 20, or 30 nm. In another
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embodiment, the selected range of blue light wavelengths includes wavelengths from about
420 nm to about 440 nm, about 410 nm to about 450 nm, or about 400 nm to about 460 nm.

[0201] Photochromic lenses, such as those manufactured by Transitions Optical, are well
known in the art. A photochromic component is activated by an activation stimulus of light
having particular wavelengths. The activated photochromic component reduces transmission
through the system. In other words, the activated photochromic component darkens the
system. When the activation stimulus (e.g., the activating wavelengths) is removed, the
photochromic component can retum to the inactive state, which is characterized by increased

transmission.

[0202] -In one embodiment, the average transmission across the visible spectrum in the
activated system is at least 20% less than the average transmission across the visible spectrum
in the inactive system. In other embodiments, activation reduces average transmission across
the visible spectrum by at least about 10%, 20%, 25%, 30%, 40%, 50%, 60%, or 70%.

[0203] In one embodiment, the photochromic component responds quickly to variations in
external lighting conditions, typically the source of the activation stimulus. Accordingly, in
one embodiment, upon subjecting thé inactive photochromic component to the activation
stimulus, the photochromic component will convert to the activated state in less than 10, 7, 5,
4,3,2,or 1 minute. Similarly, in another embodiment, upon removal of the activation
stimulus, the activated photochromic component will convert to the inactive state in less than
10,7, 5, 4, 3, 2, or 1 minute.

[0204] Exemplary photochromic dyes include, but are not limited to: triarylmethanes,
stilbenes, azastilbenes, nitrones, fulgides, spiropyrans, naphthopyrans, spiro-oxazines, and

quinones.

[0205] The selection of the photochromic component may depend, in part, on the desired
activation stimulus. In one embodiment, the photochromic component is activated by at least
one of UVB, UVA, blue light, visible light, and infrared wavelengths. In another
embodiment, the photochromic component is activated by UVB, UVA, or infrared
wavelengths. By selecting UVB or UVA wavelengths as the activation stimulus, the
photochromic component will advantageously be activated outdoors and inactivated indoors.
Although the activation stimulus may be blue light or other visible wavelengths, these
embodiments may darken in indoor settings, which may be undesirable for some applications.

Altematively, if the blue-blocking component is also photochromic, it may be desirable to
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have an activation stimulus that could maintain activation of this component, and thus retinal

protection, indoors and out.

[0206] In yet another embodiment, the photochromic component is activated by light
having a wavelength of about 380 nm to about 410 nm. As described in US 7,166,3‘57, this
activation stimulus allows the photochromic component to be activated behind a UV filter,
such as an automobile windshield. This advantageously provides ophthalmic lenses that can

maintain photo-responsiveness while worn by a user inside a car.

[0207]) The system can further include a UV filter, such as a UVA and/or UVB filter. In
one embodiment, the UV filter does not prevent the activation of any photochromic
component. This can be achieved, for example, by positioning the UV filter behind
(posterior to) the photochromic component such that the UV light is incident upon the
photochromic component first, but is then filtered by the UV filter before reaching the
wearer. In another example, the UV filter does not filter wavelengths that activate the

photochromic component, or at least does not filter them to a degree that prevents activation.

[0208] By including both a photochromic component and a blue-blocking component, the
system ideally provides retinal protection of blue light wavelengths at all times, while also
adjusting transmission of visible light according to external lighting conditions.

[0209] In one embodiment, the average transmission of the selected range of blue light
wavelengths in the activated system is less than the average transmission of the selected
range of blue light wavelengths in the inactive system. Without being bound by theory, it is
believed that the average transmission of the selected range of blue light wavelengths
decreases when the system is activated because both the blue-blocking component and the
photochromic component filter the selected range of blue light wavelengths creating an
additive effect. This embodiment features enhanced retinal protection, particularly in the
activated state. Bright light conditions may dilate the pupil, increasing the opportunity for
retinal damage. With this embodiment, the bright light conditions may also activate the
system to provide increased blue light protection, thus protecting the wearer from increased

exposure.

[0210] Other environmental conditions, such as temperature variations, particularly colder
temperatures, may weaken a photochromic lens's ability to filter blue light wavelengths.
Thus, a photochromic system also including a blue-blocking component may compensate for

the diminishment in retinal protection under certain environmental conditions.
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[0211] In another embodiment, the average transmission of the selected range of blue light
wavelengths in the activated system is substantially the same as the average transmission of
the selected range of blue light wavelengths in the same system in the inactive state. In one
embodiment, the average transmission of the selected range of blue light wavelengths in the
activated system is within 50%, 40%, 30%, 25%, 20%, 15%, 10%, 5%, 3%, or 1% of the
average transmission of the selected range of blue light wavelengths in the inactive system.
In yet another embodiment, the average transmission of the selected range of blue light
wavelengths in the activated system is within 50%, 40%, 30%, 25%, 20%, 15%, 10%, 5%,
3%, or 1% of the average transmission across the visible spectrum in the activated system,
such that the activated system provides substantially uniform filtering across the visible
spectrum. Without being bound be theory, it is believed that the color balance (e.g., CIE of
white light transmission and/or Yellowness Index) of a photochromic lens may be
significantly disturbed by filtering additional blue wavelengths. By maintaining the average
transmission of the selected range of blue light wavelengths substantially constant, it is
believed that color balance can be substantially maintained. This embodiment features
enhanced color balance, while still providing retinal protection regardless of external lighting

conditions.

[0212] In one embodiment, to provide a photochromic blue-blocking system having
excellent color balance, a photochromic component and a blue-blocking component are
selected to achieve an essentially non-additive effect over the selected range of blue light
wavelengths. This can be achieved by, for example, selecting a photochromic component
that, when activated, primarily filters wavelengths outside the selected range of blue light
wavelengths. In this way, the activated photochromic component does not significantly
impact the average transmission of the selected range of blue light wavelengths. Exemplary
photochromic dyes suitable for this purpose include those that, when activated, block
wavelengths greater than about 400 nm, 410 nm, 420 nm, 430 nm, 440 nm, 450 nm, or 460
nm. In another embodiment, the photochromic dye selectively blocks wavelengths greater
than about 430 nm, 440 nm, 450 nm, or 460 nm.

[0213] The photochromic blue-blocking system can also be used to achieve the beneficial
characteristics described above herein including contrast sensitivity, color balance, color
vision, photopic vision, scotopic vision, and circadian rhythms. Accordingly, in one
embodiment, the photochromic blue-blocking system increases contrast sensitivity by at least
about 0.1,0.25,0.3,05, 0.7, 1, 1.25, 1.4, or 1.5 points on the Functional Acuity Contrast Test
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(FACT™ sine-wave grating test). In another embodiment, the photochromic blue-blocking
system has a yellowness index of no more than 50, 40, 35, 30, 25, 23, 20, 15, 10,9, 8, 7, 6, 5,
4,3,2,0r 1. In yet another embodiment, the photochromic blue-blocking system has a CIE
of (0.33%0.05, 0.33+0.05) or (0.33+0.02, 0.33+0.02) when transmitted through the inactive

system, the activated system, or both the inactive and activated system.

[0214] The blue-blocking component and the photochromic component can be prepared
according to any method known in the art including, e.g., coating or impregnating a dye into
a polymer substrate. Each of the blue-blocking component and the photochromic component
can be independently present throughout the system or localized in the system, €.g., in an
annular or peripheral portion. Each component can be present as an independent layer. The
blue-blocking component can be in physical contact with or isolated from the photochromic
layer (e.g., by a barrier layer or other intervening ophthalmic component). The blue-blocking
component can be posterior to the photochromic component, or vice versa. In another
embodiment, the blue-blocking component and the photochromic component are intermixed

and incorporated into a single substrate or coating.

[0215]  The blue-blocking component can be present at a concentration of about 1 ppm to
about 50 ppm, about 1 ppm to about 20 ppm, about 1 ppm to about 10 ppm, about 1 ppm to
about 5 ppm, about 2 ppm to about 10 ppm, or at a concentration of about 1 ppm, 2 ppm, 3
ppm, 4 ppm, 5 ppm, 6 ppm, 7 ppm, 8 ppm, 9 ppm, 10 ppm, 12 ppm, 15 ppm, 17 ppm, 20
ppm, 25 ppm, 30 ppm, 35 ppm, or 50 ppm. These concentrations are particularly effective
for perylene and derivatives thereof, but appropriate concentrations can be adapted for

different blue-blocking dyes by one or ordinary skill in the art.

[0216] The disclosures of all references and publications cited above are expressly
incorporated by reference in their entireties to the same extent as if each were incorporated by

reference individually.

[0217] As would be appreciated by one of ordinary skill in the art, various modifications
and variations would be apparent from this disclosure and are intended to be within the scope
and spirit of the appended claims. Certain embodiments are further described by the

follov_ving non-limiting examples:

EXAMPLES
[0218] Example 1: A polycarbonate lens having an integral film with varying

concentrations of blue-blocking dye was fabricated and the transmission spectrum of each
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lens was measured as shown in FIG. 45. Perylene concentrations of 35, 15, 7.6, and 3.8 ppm
(weight basis) at a lens thickness of 2.2 mm were used. Various metrics calculated for each
lens are shown in Table IV, with references corresponding to the reference numerals in FIG.
45. Since the selective absorbance of light depends primarily on the product of the dye
concentration and coating thickness according to Beer's law, it is believed that comparable
results are achievable using a hard coat and/or primer coat in conjunction with or instead of a
film.

Table V
Lens Ref. Photopic Scotopic Circadian  Phototoxicity
Ratio (V) Ratio (V'5)  Ratio (M"y) Ratio (By)

Unfiltered light 100.0% 100.0% 100.0% 100.0%
(no lens)

Polycarbonate Lens 4510 87.5% 87.1% 74.2% 85.5%
(no dye)

3.8 ppm (2.2 mm) 4520 88.6% 86.9% 71.0% 78.8%
7.6 ppm (2.2 mm) 4530 87.0% 84.1% 65.9% 71.1%
15 ppm (2.2 mm) 4540 88.3% 83.8% 63.3% 63.5%
35 ppm (2.2 mm) 4550 87.7% 80.9% 61.5% 50.2%

[0219] With the exception of the 35 ppm dyed lens, all the lenses described in Table I'V and
FIG. 45 include a UV dye typically used in ophthalmic lens systems to inhibit UV
wavelengths below 380 nm. The photopic ratio describes normal vision, and is calculated as
the integral of the filter transmission spectrum and VX (photopic visual sensitivity) divided by
the integral of unfiltered light and this same sensitivity curve. The scotopic ratio describes
vision in dim lighting conditions, and is calculated as the integral of the filter transmission
spectrum and V'A (scotopic visual sensitivity) divided by the integral of unfiltered light and
this same sensitivity curve. The circadian ratio describes the effect of light on circadian
thythms, and is calculated as the integral of the filter transmission spectrum and M'A
(melatonin suppression sensitivity) divided by the integral of unfiltered light and this same
sensitivity curve. The phototoxicity ratio describes damage to the eye caused by exposure to
high-energy light, and is calculated as the integral of the filter transmission and the BA
(phakic UV-blue phototoxicity) divided by the integral of unfiltered light and this same
sensitivity curve. Response functions used to calculate these values correspond to those
disclosed in Mainster and Sparrow, "How Much Blue Light Should an IOL Transmit?" Br. J.
Ophthalmol., 2003, v. 87, pp. 1523-29, Mainster, "Intraocular Lenses Should Block UV
Radiation and Violet but not Blue Light," Arch. Ophthal., v. 123, p. 550 (2005), and
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Mainster, "Violet and Blue Light Blocking Intraocular Lenses: Photoprotection vs.
Photoreception”, Br. J. Ophthalmol, 2006, v. 90, pp. 784 -92. For some applications, a
different phototoxicity curve is appropriate but the methodology for calculation is the same.
For example, for intraocular lens (IOL) applications, the aphakic phototoxicity curve should
5  beused. Moreover, new phototoxicity curves may be applicable as the understanding of the

phototoxic light mechanisms improves.

[0220] As shown by the exemplary data described above, a system according to the present
invention may selectively inhibit blue light, specifically light in the 400 nm ~ 460 nm region,
~while still providing a photopic luminous transmission of at least about 85% and a
10  phototoxicity ration of less than about 80%, more preferably less than about 70%, more
preferably less than about 60%, and more preferably less than about 50%. As previously
descnbed, a photopic luminous transmission of up to 95% or more also may be achievable

using the techniques described herein.

[0221] The principles described herein may be applied to varied illuminants, filters, and

15 skin tones, with the objective of filtering some portion of phototoxic blue light while
reducing pupil dilation, scotopic sensitivity, color distortion through the ophthalmic device,
and cosmetic color of an external ophthalmic device from the perspective of an observer that

views the person wearing the device on their face.

[0222] Several embodiments of the invention are specifically illustrated and/or described
20  herein. However, it will be appreciated that modifications and variations of the invention are
covered‘ by the above teachings and within the purview of the appended claims without
departing from the spirit and intended scope of the invention. For examples, although the
methods and systems described herein have been described using examples of specific dyes,
dielectric optical filters, skin tones, and illuminants, it will be understood that alternative

25  dyes, filters, skin colors, and illuminants may be used. Also, the terms "a" or "an" as used in

herein means one or more, unless specifically designated as singular.

[0223] Example 2: Nine patients were tested for contrast sensitivity using dye
concentrations of 1X and 2X against a clear filter as a control. 7 of the 9 patients showed
overall improved contrast sensitivity according to the Functional Acuity Contrast Test

30 (FACT™sine-wave grating test). See Table VI
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016,1 Ilera largil rat WD 2010/111499PCT/ US2010/ 028680 WHAT | S CLAI MED
I'S: 11. An ophthal m c system conprising: at |east one bl ue-blocking 2
conponentwendicatii49east one phot ochrom ¢ component, 3whePeirustone/028680

bl ue- bl ocki ng conponent continuously and selectively filters a 4 sel ected
range ofWHAJRIS CHAIMER/H:engt hs i ncl udi ng a wavel ength at about 430 nm and
5wherei n the phot ochrom c conponent, when activated, filters visible |Iight
6i ncliudi ng wavel engt hs ' - I a f j

vavellengt ns. 12, Tre. oy <SLARUFARICRARG CRRERIE P Rt ESO M i o on
acrogs tdeenpouérgiahll @t kpeohe phdtochrbméc @gliponahted systemis at | east 20% | ess
than the average transm ssjon_3across the visible spectrumin the inactive
systém 13. The systisisipfhehlys-plopkingirapwppent sentinpepslyend pelpciielysiiléns of t he
2sel gct f - i cli is |less
Ehan -t hav sy aramupr Mkt dkclOHR, RENLIR 4 PalpiheREh Kb EROTRLET,
wavelsengt hs i n t hewhanaatthoghosycht@me chthpdhent sybkdrneantiofited, fdtans disiblhleghei n t he
aver gge transm ssion of the 2sel ected ran of .hlue |ight wavel engths in
the &ctifdPdaesrichs SOUPR T e rarea?é)gfixk&rla%}éwmlaﬁ@ ssion of the

sel ected range of blue light wavel engths in the inactive system 15.The
system of clai m 4,2 whergicnyta FCRIiRIE wheRMs Heesb@Be BindnliSsigsalreglgd range
of bl ue Ilght wavel engt hs in the activated systemis within 5% of the

aver dge 3iiblaspedteen tirthe ficttvatedsabtemtiedt leash g8%Ydessphyetheiageragoagmsinesiarhs i n

t he i3naca§0%0vsgths VslgigwsﬁécﬁmTh%tﬁgﬁa«gmeogys{%lma}i m 1, wherein the bl ue-bl ocking
conmponent” 1°S "not photochrontC.

1 3. The system of claim 1, wherein the average transmission of the
2 sclected range of blue light wavelengths in the activated system is less than the average

3 transmission of the selected range of blue light wavelengths in the inactive system.

1 4. The system of claim 1, wherein the average transmission of the
2 sclected range of blue light wavelengths in the activated system is within 20% of the average

3 transmission of the selected range of blue light wavelengths in the inactive system.

1 5. The system of claim 4, wherein the average transmission of the
2 sclected range of blue light wavelengths in the activated system is within 5% of the average

3 transmission of the selected range of blue light wavelengths in the inactive system.

1 6. The system of claim 1, wherein the blue-blocking component is not

2 photochromic.

1 7. The system of claim 1, wherein the blue-blocking component

2 selectively filters at least 20% of light in the selected range of blue light wavelengths.

1 8. The system of claim 7, wherein the blue-blocking component

2 selectively filters at least 50% of light in the selected range of blue light wavelengths.

1 9. The system of claim 1, wherein the selected range of blue light

2 wavelengths includes wavelengths from about 420 nm to about 440 nm.

1 10.  The system of claim 1, wherein the selected range of blue light

2 wavelengths includes wavelengths from about 410 nm to about 450 nm.
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17. The system of claim 1, wherein the blue-bl ocking conmponent 2sel ectively

filters at | east 20% of light in the selected range of blue |ight

wavel engtwe.20l3L1T4ve¢ system of claim 7, wherein the bl uepbirarskémg2sssmponent

2sel ectively filters at |east 50% of light in the selected range of blue

| i ght wavel engths. 19.The systemof claim1, wherein the selected range of

bl uelli ght 2 wavelldngt hEheisystemddslamle Wageimthetselspted bange of bredight o about

440 pm h i i he range of blue |ight

2 vva\?el e‘%%‘lt%}]%;gi&lﬁzllblcaﬁ g%sgkgthgbﬁ? a\erag{n@a oI%ttO ﬁo@ﬂtﬁﬁé ﬁ% about 450 nm WO

2010/ 111499PCT/ US2010/ 028680 111. The system of claim 1, wherein the

sel edt ed range of 12 ue Theglbte@ ofialegineln Girfiser comptides avense bengddisorfal blweabout
further conprising at

400 nm tq about 460 n 112. Th stemof claim 1, .

least orlodkig ‘EQU&PQFH%}‘%-@‘%QBY%E%%H@ ach%ﬁ‘i?ﬁé?’ﬁget dtavelengbs incBI4ng 3 | ters a
sel egt eq:hmﬂgﬁ,opgotﬁ@tvtgg@ggths including a 3 chronophore other than A2E.
113. The systemof claim1l, wherein the systemincreases contrast

2sensitivity by at least 1 point on a sine wave grating test. 114.The
systém of cl ai m 1, 3wherBicrsysthm dfiedesmi v avhareaid the sagitinvadreabes gatteast 2has a

yel | gwness {&ng,eB( of1 I ﬁs than 8. 115. The,[. sytst em of claim 14, wherein the
i nacti veCRHAY'Er DR PALT RaME VL £ SIACIKRS P8I P Bwness i ndex of |ess than 5.
116. The systemof claim1l, wherein white light has CIE (x,y) coordinates
2o0f (0. 330. 05, 0. 330. 05)hewyetomt sfansmi I, iddrdimtheugietitb end/pegdtivied spdémar
activated system 117. The systemof claim1l, wherein the bl ue-Dblocking
conpdnertas 2gsioivnass endex of fossthapfe of peryl ene, porphyrin, counarin,
acridine, and derivatives thereof 118. The system of claim 17, wherein the

bl ueqbl ocki ng CO”pl%f‘e”tTl?eF‘sgﬁ'EBﬁli FeFaimelay WABRiPthe talfld é(xt?&/érvaf’ctit«!&@& SRtent19. The

system of claim 17, wherein the bl ue-bl ocking conponen
2 has a yellowness index of less than 5.

1 16.  The system of claim 1, wherein white light has CIE (x,y) coordinates
2 0of (0.33£0.05, 0.33£0.05) when transmitted through the inactive and/or activated system.

1 17. The system of claim 1, wherein the blue-blocking component

2 comprises at least one of perylene, porphyrin, coumarin, acridine, and derivatives thereof.

1 18. The system of claim 17, wherein the blue-blocking component

2 comprises perylene or a derivative thereof.

1 19. The system of claim 17, wherein the blue-blocking component

2 comprises porphyrin or a derivative thereof.

1 20. The system of claim 19, wherein the blue-blocking component

2 comprises magnesium tetramesitylporphyrin.

1 21. The system of claim 1, wherein the blue-blocking component

2 comprises a blue-blocking dye at a concentration of about 1 ppm to about 50 ppm.

1 22. The system of claim 21, wherein the blue-blocking component

2 comprises a blue-blocking dye at a concentration of about 2 ppm to about 10 ppm.

1 23.  The system of claim 1, wherein the photochromic component is

2 activated by at least one of UVB, UVA, blue light, visible light, and infrared wavelengths.
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2conpri ses porphyrin or a derivative thereof. 120. The system of claim 19,
wherei n the bl ue-bl ocki ng conponent 2 conprises nagnesi um
tetranmesiwglpovpiMeei n. 121. The system of claim 1, whereipaTituseoiblozsss®dl ocki ng
conponent 2 conprises a blue-blocking dye at a concentration of about 1 ppm
to about 50 ppm 122. The system of claim 21, wherein the bl ue-Dbl ocking
conpdnent 2 conpriXes allisisyeten dekdimg dydcin the pbploerorag fapp@rntibout 2 ppm

to about,_ 1 . l,aj rein. the photochrom c
conpgnenatcaug%tg‘gggé?ﬁ%/%ttggeeryMaéig’ DhPA b db%jae%ﬁ? blue Iight, visible
l'ight, and infrared wavel engths. WO 2010/ 111499PCT/ US2010/ 028680 124. The

systa@m of cl ai m 235. wheriei systeheofRibih@3hvhoten tho photoelnbniscanpgaichyviat ed by at
| east. one of B,. WWA, . and infrared vﬁeigengt hs. 125. The system of claim
Ut

23, dherdSiiatehRy RS &Y clasHu: O iq #Rexf A0 BY- | § ght having a

wavel engt h of about 380 nmto about 410 nm 126. The system of claim1,

further conprisingeg le“lfeis%t@hof%?a?mﬁb?urﬁié@%@rﬂhﬁiingh@j\nﬁﬂéﬁ wherei n the W
filter is positioned postefior 2 to the photochrom c conponent. 128. The

system of claim 26, wherein the UV filter does not filter the 2 wavel engths
t hat lacti vat e t he Zhot ddmrsgpice detpyordnwhesitathd dGY Eéct iy ppsipprsgamsterior

acti vat itgr&.1 thgo.cﬁho%ﬁsc%%le@ e%ft claim1, wherein the systemis an ophthalmc

| ens, 25pecet%col & ENS PC8RtAct 1ens, intra-ocul ar |ens, corneal inl ay,
corneal onlay, corneal graft, 3electro-active |lens, w ndshield, or w ndow.
130. The system of 28 ai MRSystamarfeldimtdtewhyiretie L5V altsipdses acl ltdrels. 131. The
systemof claiml1l, wherein at |east one of the photochrom c 2 caonponent and
the BI ué&ﬁe&?@g{ﬂaéhaé SRPGeHE PhetophreBEG EoRPRSHGIRGLACLE IS PEsVERs 2gpatipRe
systemof claim1l, wherein at |east one of the photochrom c 2 conponent and

the Rl ue- bl ocki ng mOMPoRRNL st JfREAM 1ZGthetdin IHRQyS¥SLEM ophthalmic lens,

2 spectacle lens, contact lens, intra-ocular lens, corneal inlay, corneal onlay, corneal graft,

3  electro-active lens, windshield, or window.
1 30.  The system of claim 29, wherein the system is a spectacle lens.

1 31.  The system of claim 1, wherein at least one of the photochromic

2 component and the blue-blocking component is present throughout the system.

1 32.  The system of claim 1, wherein at least one of the photochromic

2 component and the blue-blocking component is localized in the system.

1 33.  The system of claim 1, wherein the blue-blocking component
2 comprises a blue-blocking layer and/or the photochromic component comprises a

3 photochromic layer.

1 34, The system of claim 1, wherein the blue-blocking component is

2 anterior to the photochromic component.

1 35. The system of claim 1, wherein the blue-blocking component is

2 posterior to the photochromic component.

1 36.  The system of claim 1, wherein the blue-blocking component is not in

2 physical contact with the photochromic component.
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133. The system of claim 1, wherein the blue-blocking conponent 2 conprises
a bl ue-bl ocking | ayer and/or the photochrom c conponent conprises a

3phot ochrwoi2et0iay®p. 134. The system of claim 1, whereinpchasbéomdsBocki ng
conponent is 2 anterior to the photochrom c conponent. 135. The system of

claim1l1, wherein the bl ue-bl ocking conponent is 2 posterior to the
phot dchr oni ¢ conpcient . Theagstrreofo{amamwdrrein Hichluc-blapldng cempepent and the

bl ueQbI ﬁ}%blo%gtp?n%ggg@@géenit §rer18tterljn&eg physi cal contact with the photochromc

conpone em of clarm1, wherein the bl ue-bl ocking conponent
and the 2 photochrom c conponent are interm xed.
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