WD 2007/ 146933 PCT/ US2007/ 070995 COLOR BALANCED
OPHTHALM C SYSTEM W TH SELECTI VE LI GHT | NHI BI TI ON
WORBMATEDSAPPLI CATI ONS [ 0001] This applicati on PGI/HS2007/070995
continuation-in-part of U S. Application No.
11/378,317 filed WMarch 20, 2006, and clains the
benefit of U S. Provisional Application No. 60/812, 628
filed June 12, 2006, each of which is incorporated
herein by reference inits entirety. BACKGROUND
[0002] Current research strongly supports the prem se
that short wavel ength visible light (blue Iight)
havi ng a wavel ength of approxi mately 400 nm- 500 nm
(nanoneters or 10-9 neters) could be a contributing
cause of AMD (age rel ated nmacul ar degeneration). It is
bel i eved that the highest |evel of blue Iight
absorption occurs in a region around 430 nm such as

400 nm CEFEOR BALARGEB'QGPHTHADPIICSSYSEEMS WITH bl ue

l'i ght worsens o§erCcIavEatiYATIAHBITION AVD, such as
heredity, tobacco snoke, and excessive al cohol

consunption. [0003] Light is nade up of

el ectromagnetic radiation that travels in waves. The
RELATEH®RAPPOIGYMRINS Spectrum i ncl udes radi o waves,

mllineter waves, m crowaves, infrared, visible

[0001] | i ght Thid'abg@ca‘ﬁioﬁhseet cc(nlt—Mﬁatﬁﬁ‘ﬂn;ﬁé ofans. Apﬁl@déﬁoﬁm YBOMR317 filed
rays. uman retina responds onllglgltothe vi si bl e
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March 14, @ﬂ% pod clagns ti benefitalfd6d r Ryeuigivael applreten Dim 60/RE2,628 filed
June 12Vb(§(?16b IegchI Ifgvmlc}f’ﬁ%ﬁé ﬁ‘]gépatea%le%q}eﬁé( retfé}glbée 199@%}1‘&11}? SI bl'e

Wavel eng pproxi na nm an
short est of approximately 400nm Bl ue |ight
wavel engths fall in the approxi mte range of 400nmto

BACKGROWND For the ultra- violet bands, UVB wavel engt hs
are from290nmto 320nm and UVA wavel engt hs are from
[0002] 320n nChﬁerﬂtGemtch[sﬁﬁﬁ)gl}I sipyrisubapremedei that shoig muaselsngth visible light

. ple | ay ese |layers |isted in order fromthe
(blue hgr% %%Vl%&w% elt%sh QES‘PHT‘??E;}W@ e&hé@ g 309ame (enppeteror 0 meters)

could bgg%gﬁﬁbuﬂl ¢ of AM@&%@ lelat%ﬂ G2 a1aP @ée‘rfé%ggg)( QY R¥RAeved that the
Ner ve ber Layer Gangli on I nner
highest E&V@koﬁ ldm:ﬂlgla)ﬂésorpylothmtsan aetngiotrlorqund #B@Inncellldhsas 400 nm — 460

nm. Research further suggests that blue light worsens other causative factors in AMD, such as

heredity, tobacco smoke, and excessive alcohol consumption.

[0003] Light is made up of electromagnetic radiation that travels in waves. The
electromagnetic spectrum includes radio waves, millimeter waves, microwaves, infrared, visible
light, ultra-violet (UVA and UVB) and x-rays and gamma rays. The human retina responds only
to the visible light portion of the electromagnetic spectrum. The visible light spectrum includes
the longest visible light wavelength of approximately 700nm and the shortest of approximately
400nm. Blue light wavelengths fall in the approximate range of 400nm to 500nm. For the ultra-
violet bands, UVB wavelengths are from 290nm to 320nm and UV A wavelengths are from

320nm to 400nm.

[0004] The human retina includes multiple layers. These layers listed in order from the

first exposed to any light entering the eye to the deepest include:

1



5) Quter PlexiformLayer 6) Photoreceptors (Rods and
Cones) 7) Retinal Pignent Epithelium (RPE) 8)
w®ewchie@3venbr ane 9) Choroid [0005] When | i ght PEEUS2007/070995
absorbed by the eye's photoreceptor cells, (rods and
cones) the cells bleach and beconme unreceptive until
they recover. This recovery process is a nmetabolic
rocess and is called the "visual cycle." Absorption
I)Ne“%#%%1 Y§%i ght has been shown to reverse this process
prematurely. This premature reversal increases the
2)Chn§hQ§%k%$ oxi dative damage and is believed to lead to
the buildup of the pignment |ipofuscin in the retina.
3) InnermiMesifesa Lavetp occurs in the retinal pi gnent
epithelium (RPE) layer. It is believed that aggregates
4) Bipobifr ark Hoaizawehl Cdlsr nmaterials called drusen are forned
in the RPE | ayer due to the excessive amounts of
5) Outel PaffoseilayerDr usen hinder or bl ock the RPE | ayer from
providing the proper nutrients to the photoreceptors,
6)Pmﬁ&ﬁbﬁﬁbﬁgngﬁum@(}ﬂ@gﬁge or even death of these cells.
rther conplicate this process it appears that

7)Rmnﬂmﬁ&nmthBﬁM§QMFI@ﬁ%orbs blue light in high quantities
it becones tOXIC causi ng further damage and/or death

Bruchfs M1 ceIIs. It is believed that the lipofuscin
8) ruCcons?‘ﬁlt:)uent A2E is at least partly responsible for

9)ChmrcF short-wavel ength sensitivity of RPE cells. A2E has
B€en shown to be maxi mal | y excited by bl ue Ilght t he

phot o s, re uIt|n fromsuch ex
100051 £ P 1Bt s BProThanbn e sue S Proforetk i b Gaddindones) the cels
bleach I COMe %ﬁre@éptwe u@hpﬁeil k&B%IaiPﬁ@ H&IRBry (b ERPHU @Etabolic process

l ens and retinal pignment itheliumprotection in

and is cglled the “vigual @aclg adbsompti blueslyglg hag _shgwh to 8Ferse ,ﬁps process
The Li.ght | ng care indu
premat i " grnpiee RSl AR U SRR ECH Gl O oo o
lead to {HYBuflagh @ﬁth@ @1gﬁwnl3 lipSub@h ¥h the @etfidC Thst tﬁﬂl‘d&fpcbclcﬁrslulﬂ the retlnal
| ace with reg@rd to blue light. For exanple, in

plgmengefmhﬁhuw(%ﬁé eintlt tsishisvashihat agBregaice RgXtrar¢edlulgr a@éerlals called
drusen %Jlé‘f(?ﬂn?e‘a‘%? ?l}evﬁ’g q%?ér JGflllg ?cﬁfﬁ g s%ilé g%ﬁ%g?ﬁgofu@ﬁt b¥usen hinder

cks u a-vio
or block tharkhif layedrovh pioviding Itl& Iﬁbpamuatemmo tlhmpl&mrec@a&e,svhlch leads to
t he envelop |s d SI% g to have enhanced transm s

damage; of Sy RROFAB! 1 o8 GRPHGHR (Hj0T0YIS SIRDFAY fheEwhen

hpofuscsiﬂ( §l§s%?§s ﬂlﬂ@ﬁ%lﬁrlﬁ’lﬂ Q]r Qﬁﬁ’t?esk?ﬂ &%Bﬁl@&o&& %Qﬁﬁlg@ﬁﬂﬁ%&lﬂﬁ% and/or
e are di sadvant ages assocl at ed

death of]\nht: fRPSEJQEhlss Ytss bereveddrat thedippfascintdoestitten dA2tois lpeleast partly

responsible for the short-wavelength sensitivity of RPE cells. A2E has been shown to be

maximally excited by blue light; the photochemical events resulting from such excitation can

lead to cell death. See, for example, Janet R. Sparrow et al., “Blue light-absorbing intraocular

lens and retinal pigment epithelium protection in vitro,” J. Cataract Refract. Surg. 2004, vol. 30,

pp. 873-78.

[0006] The lighting and vision care industries have standards as to human vision
exposure to UVA and UVB radiation Surprisingly, no such standard is in place with regard to

blue light. For example, in the common fluorescent tubes available today, the glass envelope



cosnetically unappeal i ng because of a yellow or anber

tint that is produced in | enses by blue bl ocking.
woRme/1¢498xi fical ly, one common techni que for bPCEUS2007/070995

bl ocki ng involves tinting or dyeing lenses with a

bl ue bl ocking tint, such as BPl Filter Vision 450 or

BPI Di anond Dye 500. The tinting may be acconpli shed,

mostly hGEk R Rt Lo e gy B Pl gl riston dhgome cascs
the envélb RlRLBh&arE 1A bhnSdd fdr¥Brissioah ¢l biMe rdeith FMBe spectrum.

ution has a yellow or anber color and thus inparts
a yeI
10007) 8, ¥ OpHtAlm @ TRG i AL bl Sk e F0GKidd EHRARIR Crnon.
Howeve:m‘dhesa araldised vansaget assa;tlhty:d wihrseolv eystenish & drierdmpleptiiey tend to be
erfere wth the col or per tion,of .alens
Cosmetlaglbfuna@a% Iif bReats pFY & O(W SF ORI rgrueed i gty blue

blockm%e Mk b’ﬁecm]ﬁll% ArRrcofmdh teéididuCrot bﬁ@'bld%km%' 19%1V6£SQ9@1%]5 or dyeing
forts have been nmade to conpensate for the yell ow ng

lenses veitlf @ blue blockopvtant suok as BPbFlhter Hnmk4iﬁb0ﬁBRItQmmon¢de 500. The
tinting %ggg?f‘%dﬁg}phg@eéig %0%?%}21 n%ﬁ%g@%\é geeg] 61: agg?,?ttegﬁtgg pto{1 %ontaining
a blue bSdk&Rt dyteli@uridh femdontt ﬁéd&@i’h}méﬁ%l‘fbﬂ AtRNt THALEES tHe§e solution
addi tional dyes to becone interm xed with the original
has a yqhlogreorsngek colgr erybfélus mveé\ﬁ@ryellm qr ampbRy Hnt tp grenapguko wayy people,
the app%a%%g%f ﬁﬁ%‘rg& w.Or din elt Yt Rlea e ﬁclin%/sgtﬁghse go%%&!cﬁ‘é%bﬂﬂ)r&fver the tint
may mtbﬂfae Wlﬂgthbyloﬁhdl @vion gerrmpt&)naff atlbies Uskt) endkirghit dfedt, fotmxample, to
Moreover, these conventional techniques
Correcﬂurpa@g}vreé%q oploreRf AdtEAffin 4ZBARISEN tr ansni ssion of | i ght
wavel engt hs ot her than blue |ight wavel engths. This
[0008] unwanE8Erts benedicen magdajo sampans#c ferdhe yellawing edie @f conventional

blue bl%ch(ﬁlgaflﬂte% u‘r*%r exgﬁﬁleabllug BFocg%f%rlensLQ ﬁ)agf%]be%ﬁ] rﬁ%ltgdvgv?/té taéiﬁ}%onal dyes,

a nee or an

such as Ibhﬁt real drtgv&nfdyés S effmt}nwy&:ﬂbm@@@m oThanasinengiabises dlic
blue light while at the sarretlrretransmttlngléin . .
additiongy guesdo frcongpy mixpdsy i @eiorigal Biva biseking ey cdpyerrraghile this

techmq{g%ﬁa% ¥Tdﬁ% QLREHE S %le B)ﬁcﬁ%ﬁ@ En@RBRIng d?ghé &S?eg Ipay.red reduce the

m c”system en worn a wear
effectivbmesis sf therbﬂlthJloctknpg)by allhlwitlg ators utthe ;bh&ylghe npectrom thrqugh r

wearer's c vision and further that reflect.
Morcovf ghieg RESARRN (Bl S b e b G e i eigp of light

waveleﬁ Bs MR&T185n Pige &bhEwdRY@L1RI TRAtuRRIhRY r@émc%eﬁ 'nﬁ@&ib b@nt&ult in
e wearer. This need exists as nore and nore " data i s

reduce(b‘aswﬂ pewgtytfor dlane ubdrght as one of the possible
contributory 3 WO 2007/ 146933 PCT/ US2007/ 070995
[0009] f act olrsview afticufoscgdege theraisiaored fdranlophtiamgic spuse tioft allows for

selectivf:tJ (lglqc gg?esqs)fl vlgagfgg] gthlsg W&E&E%W%%Uaggﬁm% 1266§(cess of
80% of visible light and being perceived as mostly color neutral by someone observing the
ophthalmic system when worn by a wearer. In addition, it is further important that such a system
not impair the wearer’s color vision and further that reflections from the back surface of the
system into the eye of the wearer be at a level of not being objectionable to the wearer. This

need exists as more and more data is pointing to blue light as one of the possible contributory



[0010] The present invention relates to an ophthalmc

system More particularly, the invention relates to
W@eooapoBml m ¢ system that perforns bl ocki ng oPChUS807/070995

i ght wavel engths, while presenting a cosnetically

attractive product. [0011]] An ophthalmc systemis

provi ded that can provide 80% or better transm ssion

of visible |jgh i nhi bit sel.ective wayvel enqt.h f
factors g e dpeticrafohy he 5ciog s und af Bindness Bk mdgngpiized world) and
also oth¥f &gl R&dakqr mance, and provide a nostly col or neutral

appearance to an observer |ooking at the wearer

wearing such a lens or lens system The system nmay use

various optical coatings, films, materials, and

absorbi ng dyes to produce the desired effect. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0012] FIGS. 1A and 1B

show exarTBI es of an ophthalmc systemincluding a
SUMMpéksx i BAE INVENTIOSc ki ng conponent and an anteri or

col or _bal anci ng conponent. [0013] FIG 2 shows an
[0010] exanpilhe presens iimgnaoriiedatesstejagophihafmpic vy demo piarh fpmicelarly, the
inventi G g ot PEAAISE St M KR AL AR B B,
while pesemmgendosimptiediyattedtivapodactc! ear or nostly cl ear

ophthalmc lens. [0015] FIG 4 illustrates an
[0011] exenpharaphialihidal ks iSyolRIR ok Rdpléside®B08dor tettdPrghsmission of
__coati n%.‘ [0016] FIG 5 illustrates the bonding of two
visible gl inbibiti seleebyroumentensthsiad hlug) light.@llow for thgsyqagaresgproper color

ion SASFRIRE AL U B PRSPt Ll A5LE P

wearer @& Al adaniur halsisgsismoTha sidtera nilyask iviigousapipgirventings, films,
. a col gr bal anci ng conponent, and an ophthal mc
matem@oﬁﬂo%béﬂ% Ing/dygp P BIeTpaABe IS ise T 192007/ 070995 [ 0019]
FI GS. 8A and 8B show exanpl es of an ophthal m c system
including a multi- functional blue blocking and

BRIEF HSURIPH@ENOMIHEAITRANENGS [ 0020] FIG 9 shows a
reference of observed colors that correspond to

[0012] Vari opfGEN IR ai0as HARRLLSnpIE LA ophltEimit Ay SBRMRCILMRg a posterior
transm ssion of the Gentext E465 absorbihg dye.

blue bldeB22orpo@ent bhd shensrivhelatsbmomgeempbnettie Gent ex E465
absorbi ng dye. [0023] FIG 12 shows the transmttance

[0013] of a Pphl)\Xrshobanateeamplosif using awlyt icsist dy formearpatitatmicispstem.
sui table for absorbing in the 430nm range.

[0014] FIG. 3 illustrates an exemplary system with a blue blocking component and a

color balancing component integrated into a clear or mostly clear ophthalmic lens.

[0015] FIG. 4 illustrates an exemplary ophthalmic system formed using an in-mold
coating.

[0016] FIG. 5 illustrates the bonding of two ophthalmic components.

[0017] FIG. 6 illustrates exemplary ophthalmic systems using anti-reflective coatings.
[0018] FIGS. 7A-7C illustrate various exemplary combinations of a blue blocking

component, a color balancing component, and an ophthalmic component.



[0024] FIG 13 shows the transmttance as a function

of wavel ength of a pol ycarbonate substrate with an
w@pirnefBecti ve coating. [0025] FIG 14 shows BCEUSWDTO70995

pl ot of a polycarbonate substrate with an

antireflective coating. [0026] FIG 15 shows the

transmttance as a function of wavel ength of an

uncoa ol onate sybstrate. and a pol ycarbonate ..
00191 S 0mor FES Bl A e Der g R s SRR RGNE b Snutti-
functio# bR WSokid B o1 drlfeland B g TBRWEndfIe Spectr al

transmttance of a 106 nmlayer of TiQ2 on a

pol yc ] i
0020 Do} S 1 o AR B Syl AR & s
coordinpeb.ycar bonate substrate. [0029] FIG 18 shows the
spectral transmittance of a 134 nmlayer of Ti02 on a
[0021] pol ycBI®homahews tHastdndingssioh@IY GErdtéxt FYBS5 absorbing lige.
color plot of a 134 nmlayer of Ti02 on a

[0022] POl yCRIDONahEws HéhbksBhsce dFIRSGENEL B4620bsoRANE dfde

spectral transmttance of a nodified AR coating

suita f - j '
00231 o R Py SRR B o S RERN SRTHL S ave
concentpdtmin softatde favdibsarbuhgARtieoB0nmgrasge.t abl e for col or

bal anci ng a substrate having a bl ue absorbing dye. 5
[0024] WO 20BKG.114693% s BETit ddSRXACO ZOD AmctidDOBIhvdrigth @22 pdipssbonate

t he spectral transmttance of a substrate having a
Sm”“a%ﬂﬂgl%b§%¥%kﬁ5Veﬁ%@?g{0034] FIG 21 shows the col or

pl ot of a substrate having a bl ue absorbing dye. ) )
[0025] [ 0035F1Gr| Id shows disosmbortihet of senetrcarbonpty wubrttateawidle am pntgeflective
substrate having a blue absorbing dye and a rear AR
coating. [0036] FIG 24 shows the color plot of a

[0026] SUPS! Eg(ﬁlsgs%‘g’{y? %@éﬂ'@%@ﬁ%%Qbﬁgt@%gﬁé‘%ﬁg&e@f an dndoated

polycarbér@RS bk trAB 6Rd @hoB cHUbSAtE Al tri@VhiflJarPariréfeecaAbS 5B @n both
R dye and AR coatings on the front and rear surfaces.
surtacces.

coating

[0027] FIG. 16 shows the spectral transmittance of a 106 nm layer of TiO, on a

polycarbonate substrate.

[0028] FIG. 17 shows the color plot of a 106 nm layer of TiO, on a polycarbonate
substrate.
[0029] FIG. 18 shows the spectral transmittance of a 134 nm layer of TiO, on a

polycarbonate substrate.

[0030] FIG. 19 shows the color plot of a 134 nm layer of TiO; on a polycarbonate
substrate.
[0031] FIG. 20 shows the spectral transmittance of a modified AR coating suitable for

color balancing a substrate having a blue absorbing dye.

[0032] FIG. 21 shows the color plot of a modified AR coating suitable for color

balancing a substrate having a blue absorbing dye.



[0038] FIG 26 shows the color plot of a substrate
havi ng a bl ue absorbi ng dye and AR coatings on the

W0 e@nt4@sdl rear surfaces. [0039] FIG 25 showsP@TiES2007/070995
spectral transmttance of a substrate having a bl ue
absorbing dye and a col or bal anci ng AR coati ng.
[0040] FIG 26 shows the color plot of a substrate

ooz P2 TR ELe BRSOl g, i At & oot L aneL 08 Ao

dye. the present invention relate to an ophthalmc system
that perforns effective blue blocking while at the

[0034] SaME FI(ET%%S%F H@1& éﬁ&%l‘%tshﬁﬁllalté’haﬁ‘z‘l eg;aﬁﬁlhb %ﬁsorl?mg dye.

product, normal or acceptable col or ception
user n t f.
[0035] vis ua ﬁggzl}f‘s owg%qe sg)\éﬁk l?t{arrﬁné@tslﬁlg@t efir% s:{jlgét{ragpflavﬁe% Pﬁlg %gsorbmg
dyeandﬁﬂempARMmd&m§n average transm ssion of 80%or better
transm ssion of visible light, inhibit selective
[0036] Wavel FKQchISSh@%S Bl dripldttofa shbdtRite IRbvared Pigic hbso@ll)lhg‘d’ye and a rear
for the wearer's proper col or vision performance,
AR coappgvi de a nostly color neutral appearance to an
observer |ooking at the wearer wearing such a |l ens or
[0037] | ens E}EtBmhons thaspedrdi éreimiftandveoi aambsteagehaving a bluc absorbing

transni ssi o f a systemrefers to the average
dyem“%é@ﬁ@ﬁ?%@f@ﬁh% ‘vﬁ@éﬁgﬁ #%? Sin a range such as the
visible. s rum A syste be characteri zed
[0038] by ¢ hEIG. oS ths rnshol sl e Shie aRorvifg dye and AR
COMH@%E%SE (ﬁﬁaﬁ@m%¥§ﬁﬁQ%;'n a mavelength range, that is

according to the sensitivity of the eye at

each e -
100391 5007, MR TR oS B BEREMACES \EhSH0: Rugtl o e apyorvine
dye andcoatlomigsancingl AR coatiiger i al s, and absorbi ng dyes to

produce the desired effect. [0042] Mre specifically,
[0040] €MDOdFTEIT6Sshels ol drRstdfarubRa PN Ldebiat bBRIbME dye and a

blue blocking in conbination with color bal anci ng.
color balgiingr AB#oattied- ng" or "col or bal anced" as used herein

neans that the yellow or anber color, or other

unwant ed effect of blue blocking is reduced, offset,

DETAJEEEQ@E&CRﬁQH@ﬁJOther“‘Se conpensated for so as to
produce cosnetically acceptable result, wthout at

[0041] H‘gcilﬁﬁgga 1 GIHE n%]{%gentt E}f’veﬁ{l&?&ﬁ%s A o}hﬂ{alﬁlﬁesalg%{ﬁethat

or exa wavel engt near
performs offeCtiverbloaplobleinp mddlk adthersaime dlmbqﬂowdmgni @isictiyallylattractive
articular, for e el en ths t

product413f We]%té lmcgtoggarcgptl H@:gae ignd g n][e?a/fr tralrllgrcr)litfed light for
good Vlrﬁéhrrlrg?ﬁfyg?irgo% ﬁeﬁﬂﬁc’é‘%/y%&hpﬂ p?évﬂé@h%ﬁ%rﬂ@&@éﬂ?%&% tH¥mission
of 80% or better transrmssmn of visible hght 1nh1b1t selective wavelengths of blue light (“blue
blocking”), allow for the wearer’s proper color vision performance, and provide a mostly color
neutral appearance to an observer looking at the wearer wearing such a lens or lens system. As
used herein, the “average transmission” of a system refers to the average transmission at
wavelengths in a range, such as the visible spectrum. A system also may be characterized by the

"luminous transmission" of the system, which refers to an average in a wavelength range, that is

weighted according to the sensitivity of the eye at each wavelength. Systems described herein



exanpl e at | east 80% Additionally, to an externa
vi ewer, the ophthal mc system may | ook clear or
wore®ri1ye9sd ear. For a system user, col or percepPCDOS208Y070995

be normal or acceptable. [0043] An "ophthal m c systent

as used here includes prescription or non-prescription

ophthal mc | enses used, e.g., for glasses (or

spect acl es), sungl asses, contact .l enses, intra-ocular, .
may usq S DU oSty s S ee SHOPRyy b P R o fesired
effect. treated or processed or conbined with other

conponents to provide desired functionalities

descr i [ ' ' : : P
00421 e R S I bt o AL Tau e RN fcbive blue
blocking abecorolanaticanw oip bélhabatarcisy S t(&ior milrmhings oa'"cot@ratmiced/'aas used

. lens. e ary ophthalmc terials jn¢lud | ass,. .
herein RS SRRy SRR ER10m P Gt e st &g ARgiine i
reducedBEESt] @hufralit AV PH R omBERhIcAISr BB t9Brdiveda BGhALcElly

known for various ophthalmc systens. [0044] An
acceptablohiesvdt, witbostyas thersameyiniqustudeg thetsifigetivsinossafiie blue blocking. For
conmpanent poster| to a ..col or-balanci o nent,. .
exarmpl ETRRGns RS Bt Db tong e Rkl b FURGY§ hrensiy. 1n
particulBRf@N&f@lc, GAIFIONERS atRYicke1200r 440aimingbe Bdcke@Br reduced in
) _ophthal mc conmponent such as a lens. The posterior.
intensity| ferthgsmeed fragsraisvipoalewtbledkad anvelenghs way simaakbnbighdevel, for
B - [.Sti I ' 1
cxampiSBESYL, TYRG, SIS Y ST AR Gt ok clor
or mosttodledr: Fal asgstdry us@ngudmetceptivy ntag e mermil orauddpadbieze a
yel low or anber tint of the posterior blue blocking
[0043] CONMPOAANLphthOmiPkRkITCausehBRLihEladdspraehifidBd dn-prescription
appearance. For_ exanple, to an external viewer, the
ophthalgphlchsgsised, s\estienglaspps (BoRewIde, sypglatsss.icpn@rtdanses,Apira-ocular
. u | i . .
s, SRR LS5he 580 RELRETLLARATRY, BRgp 001 Pl with ot
comporn@@tsad phadidandssitgd funbdticnadities dstribédih&urthor @ldtaili@yceh. eAgubSl herein,
in the blue_ |ight spectrum may be bl ocked or. reduced

an “ophithplgnapierily isene PV g¥9d1a 693 TaiseEn WSTHORCETgYssuch as a
B r . . .
cormecty SR e e S phh MR, M Sk S, Trives
and polyewledmatrgnisrialy dbdigh cdberdng e s ey e evedoarsl arg known for various
techni ques for blue blocking are known. The known
ophthalie \sies to bl ock bl ue Iight wavel engths incl ude
absorption, reflection, interference, or any ,
[0044] conbi Aatar8thatmpis sugem iy irlyde s Shig legkingsompougrfingsisgor to a

] . : y . '
color- b B R FoP o FE DI pgti PR G e Wibibencing
componisit mby aeqwmdory parbOf) an ophthalsnit taopencnpsuwpas tilams. dihe posterior blue
. concentration. The tintjng may be acconplished, for
blocking ¢qpppient FHRHSPIRS b@_hagmg éﬁ@p?wna% SEUDFHEY P Or
adjacen® RNraicR DeLrticBbHrRIcecht HbpIVRLAR! MY, Ohel@loraMBicing component
redet erm ned peri od

may reduce or neutralize a yellow or amber tint of the posterior blue blocking component, to
produce a cosmetically acceptable appearance. For example, to an external viewer, the
ophthalmic system may look clear or mostly clear. For a system user, color perception may be

normal or acceptable. Further, because the blue blocking and color balancing tints are not

intermixed, wavelengths in the blue light spectrum may be blocked or reduced in intensity and



of time. According to another technique, a filter is

used for blue blocking. The filter could include, for
W@@npie33 or gani ¢ or inorgani ¢ conpounds exhi bPET/H§007/070995

absorption and/or reflection of and/or interference

with blue |ight wavel engths. The filter could conprise

mul tiple thin layers or coatings of organi c and/ or

ani c sta er _may have properti
the trang s MG RaR TS D BTN IS OGN TEY BEptsh §5% for
unblocl@RHRGHvclcAy@ES, absorbs, reflects or interferes wth
|i ght having blue Ilght wavel engt hs. Rugate notch
[0045] filt Eh3 d?sr 580 Breo il l,%cf“ 1*? s4br l?lu?BiﬂcE aﬁré Effwh. The known
Rugat e terS are single t In |norgan|c
techmqubsetb bbtckibhie light mivelhngtheinlchlfde abgormteon, rﬁdh*‘xtl@ts cntbifatese, or any

cont L nuo bet we 1igh a | ow val ricated .
combingjor fergh- %ésls&w? oD g Brangiectiauecg R i pe inteddyed
with a U1&S b186itihY Gni, SEi®as EPIFiltS@ Vidioa N0 bt BRI DidaRE Byd 500, ® § suitable

are known to have very wel|l defined stop-bands for
proportigavos Icelrr@ntratnﬂm cT&leﬁgltlnwmaty tegregomplishied, fat exmpde.ibyrimmersing the
ns in {1 e gREs AR s PR B el RP RRaSpRa@bmiREa period
of time MAdEbrain@8 andtHlrechnfuc, & Eftédis tukatefot PRGbIckGig, I Talei fs pould

determ ne the performnce paraneters of the filter
include o grammpleforgandc osingrgapigrr@mpaiedsexbbitingsabspmphiop apdfor reflection of
f
andror i FARHEE A ol PEp AT g SRAZL Dl P il i avers o
coatingNoBorghni® 8dd/0BBoaadic kubB&itn o9 6 Eadhelaierahayviftive Iprdlﬁrtbs)ﬂ Wthh either

ference jn its entire ot her techni que for
mdmd%?lwz ithgPmRingtien Witk other f?ﬁﬁ%ﬁ%sasbéfrelﬁ?@ﬁ ewﬁqrieressw% k&ht having
blue llgM"\kHdéﬂ%ﬂ%r ] g!e%wh' Atepd %l&ﬁe @)E él@%?bﬁl@tbﬁﬁk% ﬁlters Rugate

depositing discrete |layers of nat i ng
filters atmngleﬂnafﬂims'ef inncgaxicrtlectiied ®. wlﬁchﬁheaeﬂrgctnve mdseg@scallates

o filt araneters.such,as . i ndividual | ayer )
continupyi RiBiee Fieh g R My TGy B el dangaiion g e aterials of
differerf? %’ﬂh@ﬁv@fndb@]{@ﬁ mgp sﬁd TiPNFug A HRERIaREk ¥ t@%@@%{@%l defined

paranmeters for multi-layer dielectric stacks

stop- bamiﬂ for woudlenuth hipcking, wishpetydutle ﬁf}b@ﬂlﬂﬁl(ﬁgoutﬁd@ tl@)lanﬁl ghe a

construc?t'ijmli I?aa?abrﬁ%}grg%@%? tfgl < lg?%cﬂbal%olq G gr%(i e tractlﬁe 111,de d)dg &on number of

refracti®f @EEx bdcilldtidgs)deasmin thd Berfrelaatc pahmpetnd tﬂ@ﬁ]@&r(eéﬂter of the
such that when viewed by an external observer

stop-bagh Y iHEY qfithe somprph ansrasas Wity thshost)/ dizmgﬁsﬁltegy gieahgclosed in

more ddtil ﬂlé\)f(\A;%IF})(FmB%SH?. o‘i)‘é%?ﬁﬁk& % é@&é)’%@f@%@%‘& oaPac of ro?'{l/‘ﬁ?ch is by

referendcoaktschg@ry. OAncb’rb&ttbqhnuilEszr blp® B%Z](lng liGhe lude Sﬁmuhl kayler diclectric

almc¢ system. i ncl paosterjor bl ue bloc
stacks. %%gﬁiéeﬁtdlei?%ﬂ%ﬂa%ﬁf% EF4ied Y aerRasitpg dierstnyers o iEhnaring

high an& WP&%@’EW@-%&:X Eﬁ%‘i‘laf‘so @ﬁﬂ%{p td @t FERAC 8Y%Een é&?%%fs%ﬁch as

de or surface 110 nvex anter de or
1nd1Vld13111 tdyac thidkaoss, r@viduah lasfysteém:timndex laed posbaerdfdaycblapetitions

detel’m%%ﬁ% gﬁpﬁg%g)ﬁﬁagieterg %’or Xlthgye? rdlelec%‘lc &acksn ophthal m ¢

[0046] Color balancing may comprise imparting, for example, a suitable proportion or
concentration of blue tinting/dye, or a suitable combination of red and green tinting/dyes to the

color-balancing component, such that when viewed by an external observer, the ophthalmic



a single vision lens, wafer or optical pre-form The
single vision |lens, wafer or optical pre-form may be

WO powraeh9es dyed to perform bl ue bl ocki ng. The BEIE/E81007/070995
col or-bal anci ng conponent 102 nmy conprise a surface
cast layer, applied to the single vision | ens, wafer
or optical pre-form according to known techniques.

t he. syrface st | ayer fjxe r. .
system Bt BACHB SRS ALY 85D SP B PPEHE e PLFRGR bt e halmic
system 9§ £ohelmislobr chéhSdithsstBrclddy. |1 ght, or a CO”bl nation

of the two. [0048] The surface cast |ayer nay be
[0047] f or megion A E}‘Fow%% oﬁ?ﬁt@hﬂﬁ s9%te1tnrlﬁclﬁ ing 'a‘f)oé’t'eﬁblotﬂué H182king

waf er or optical pre-form~”Since e singl e vision
comporeend)1 awfa@rantrioo podloc-hhlapeieg tmnmﬂa:asl(lﬁeeﬁachlcnmednem has a concave

.dyed to perf ue bl ocki n o]
postericg fafor Sultge | Rat 13 Sdrigsrt bpeorcilenan (0! P25, e 100,
the post®EEPHIEE BEJCM tcBRpsHt 20 B nfad Bl ok ANBIdRY hﬁl‘afml‘%)é@fﬂﬁbﬁent such as
be tinted mng a suitable “proportion op
a singletviision tegs.dyafer @ropbicelyire-dime tlondnglavisom leliis lweﬁera)n dptical pre-form

reen tin 4 urfac a ayer
may be by B TR s e o RS T B0 e et Yo P e 102
may co@pfikd £uirfaRe the 15lcnabpliod t@lt@@smge SflSldﬁﬂEﬁif mlferQﬂfoEﬁ@dl pre-form
pre-formthat has already been rocessed to
accordipg tpeknomaciRedquero Forseamle the wetape cast l@{vercrn@ay]@e afifigdl er bonded to
n
the 51ng\£euv?1f§1%ﬂéen§a\§1?fe¥\@1t (Zﬁtlcggpr?%}éfrfé g%‘l\l} )R(f%ébd% r%l'? c{)q tombination of
the twol nmersed in a heated tint pot which has the
appropriate proportions and concentrations of color
[0048] bal anTh&Qureite Sadt Maydr HAY Bk ifeidcd ohtBe SoHiveRGRIc @S dim&¥ision lens,
wi |l take up the col or bal ancing dyes fromthe
wafer o ptigai pig-forrs. Sinse i single viskindensy WgEdk ion gpiagah greefopmdiap een tinted
or dyed tﬁgérfo%{%l%% b} Ckl% t t%?ag NG &?ﬁ&(l« bF SMLARR08 Rh s &Wes@{ble
color concaveé surface

cosmetlﬂﬂiS}k ezdccm)ltdlﬁg@l lfhd s@fffﬁcevma‘stl’lay%r@ya@' fc@&k&hpleﬁbegtlntbdiwah@r suitable
or other coating, This js illustrated in 2,
proportm()é hleﬁmg@mewmﬂqgﬁw 60@9’:%19%% Qloigd wid gresn tlag}eg/ dyés.
si st 201 on the concave surface of the single vision
[0049] | ens Thapusface casy ;bft}teémay e ércpigd Niithoplor bilsaciag gdditiges affps it is

apphed% P% sfh Yé § Bﬁ %n%?&zlafe ?}%[10%[ p tng Hat RS alte%a?bg%lyqrggessed to

cone cosne

make it (Mlledj’loddmgt SIF(&Ckxaﬁble&hl&H)YudJﬂocth@mh@lﬁ tvidi@ leR§ gadférvr optical pre-
focal |enses having thick edges. 9 WO 2007/ 146933
form witicthessaergastie By o 1SeO8n* Smrr%ce 1Ry bR HRAICEE iha peated tint pot

which h‘bagl ae%:pfngéa? npr nléés(l)a Q:oﬁ'gé tleﬁkeotecﬁfo‘?ﬁhﬁg%lﬁg Id%s in a solution.

e or I ncluae
The surfyeh chsllayiec \w:lbtatke el ccﬁmdhllaa)sing dgfieslijbm thé solotororTo prevent the

blue blogcglg{glesllq (is‘: 31{5108 st B, f Egogtiﬁqggﬁefcﬁ e?.];gsg{bg]%g a-trtgreof the color

balanciSHy ACRs &Rghvd RYBEe mI? b%@kéd%r%eﬂ@df'@fmtﬁ @Hye fefi8t, c.g. tape or
convex surface of the col or bal ancing single

wax or other coating. This is illustrated in FIG. 2, which shows an ophthalmic system 100 with a

dye resist 201 on the concave surface of the single vision lens, wafer or optical pre-form 101.

The edges of the single vision lens, wafer or optical pre-form may be left uncoated to allow them

to become cosmetically color adjusted. This may be important for negative focal lenses having

thick edges.



vision lens, wafer or optical pre-formmy be masked
Wth a dye resist as described above, to prevent it
W@ 207n¢gp98p bl ue bl ocki ng dyes when the conbi naR¢DOS1087/070995

imrersed in a heated tint pot containing a blue

bl ocki ng dye solution. Meanwhile, the exposed surface

cast layer will take up the blue blocking dyes.
e R
balancif@bdrhpdrRaed 04 haf bebr fhlsn@ae &n §ft3mgmﬁue/e&h§5hen! Sith asWBiRdle vision or

or optical pre-form ion surface cast
multi- fdcayl@ns czmﬁ¢rd3r®etlcﬁé@de fmdﬂlepmt@rlot biuabhmhlglg@ommgn@m 103 may be

a surfacglfﬁ%[ laxea CiP nbaig 1s c?rﬁ 1§1g &oonr,I \9 c ({To]nﬁax Y acgI E%e co \Prgalgﬂcmg single
vision le@NSafendf Bptic pr| pﬂohﬁ @hayeamidRednwith aadycildidtias Hegaibed above, to
lens, with either a Iined or progressive type

preventfgking o bley blegins dyesrriendhe sorplingtiostis imppesed iy hepted tint pot
d r
contalmnggf]aO[ilgee%lgglahg ﬁ?g %(glqtlc\%a &é[%ét%}%ﬂl%pﬁe Cegﬁos%g \rﬁ‘g{f?ctg?cr#th%é gvi 1 take up
the bludjcblﬁi:klﬁg ghsws bl ue bl ocki ng and col or bal anci ng
functionality integrated into an ophthalmc
[0051] conpon%ﬁbuldwemﬁd@f%@d £Ha€ el sMrfaddcadPlBy dtabildbel 1B BE indéabination
portion 303 correspondl n to a depth of tint
with a rp@lﬁefpﬁadt iegisr thene sielovivenwicss vaferr opricatpse-foyme |la gddition, the

surface %E& tleg/%{k E%lﬁd Bgﬂpeglntg gh% 59\;7&1: @Bl sﬂﬁﬁ@ §1hl%§1|191{s {;vgfél gpﬁpt&%&pre -form,

mcludufgcmnlelsmoaiqjom@r Jtbusconsiepin tl&f siiglatispanedd, ataf@ r optical pi‘beform to a

er wi s clear or nostly clear ophthal mc co nent
multi- f%@[flea% wth qithghg pedyer Pgﬂgré?swﬁtyp% @ﬁﬁgﬁort Het %FS%EV sygface cast
|
aer B T b R A B b el optica!
pre-formay, for exanple, initially be a clear or nostly
clear single vision or nulti-focal |ens, wafer or
[0052] opt I CRIG.[B shofvarbine b‘[hﬂmﬁ% &al coler babsicing fuﬁdt@ﬁﬁht&imﬁgg@ted into an

sion or nmulti-focal |ens, wafer or optical  pre-f
Ophtha%w%mqeﬂft ot PRCIECH Y & Omﬂa?ém%l@nfi F0ft 2mArtion %Ot’*scorrespondmg

to a depfggl Qflﬁnt QRMEXiof Yhth %ﬁ%tﬂe?wfs@ @%ﬁf @‘q’eﬂé}g’éﬁ%ﬁ %ggﬁlgﬂﬁc clﬁgg%nent 301

ing or coating wt escr
at a pospﬂr'ﬂv 'raglmi theredmay be ibhietbloczknpg) rFair‘dmr AQ®rtidneyl2n nd)mg;pamding to a
ot o R L G R A A ol S SRR 301 e

frontal @tpin't&ﬁﬁ rcEgl@ﬁ fh@fe@f 2l vardiop Bﬁlﬁﬂﬁh?gTh@m&% Mius@R€d in FIG. 3 may
havi ng OCklhp%gfunCtl onal i may b created b

be produchta5p°elnkm/s atheoephthpfrate, conipenenit30l arﬁﬁs'o fariengmploamitraglydfe a clear or
mostly célﬁ%r sn}ﬁieg %Wg)%no\é %i(uéti 9 Zfe%g{/m %/fﬁlé%r élcgio F%F ?'%IglAn]C')het %lgar or mostly
clear siSROCRWR oFwiflaF8cal 8dnd, WaRr &if SPtical HOMYE@X M3y bE &iakdarith a bluc

peri pheral edges of the si ngl e vision or multi-focal

blocking g whilg fte fropfr coppex @ﬁfacg BerenderimapEEeIE93ae., by masking or

- RCH U200 7/ 0.7 b Lo
conting Sl P SR TR oy ¢ REREEEi o AP hesimgins e
posterioFlten@ot euirface of the clear or rnostly clear single vision or multi-focal lens, wafer or
optical pre-form 301 and extending inwardly, and having blue blocking functionality, may be
created by tint penetration. Then, the anti-absorbing coating of the front convex surface may be

removed. An anti-absorbing coating may then be applied to the concave surface, and the front

convex surface and peripheral edges of the single vision or multi-focal lens, wafer or optical pre-
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bal anci ng dyes will be absorbed by the periphera
edges and a portion 302 beginning at the front convex
waen7ae®3and extending i nwardly, that was | ef t PCRUB20DB070995
due to the earlier coating. The order of the
foregoi ng process could be reversed, i.e., the concave
surface could first be nasked whil e the renaining
0 s.ti.nted for cp n n,.th
form mfigh iP5 LS8y b etiedi™d rabgohctier T kise e golor
balanm%@@y&%ﬂ%%%bg&%d)ﬁ& ih%fpterlglfhtrélrgd & zQM atls&n@m(og B & the front
in

tinted for Referri ng now

convex Bingaceqnd antet)fblhg htawétrdb' éyswemeﬁamtmw due té therpatlicn goatglg The

eC| |caI

onder of B BedRe s OR ol VG RETE: &Pt AR RROURL maskea
while tHe@Bfainivad §Jrtion waptihea Eotﬂfo%rftﬁfaﬁbl I Thedale RERg could be removed

dyed/tinted with a suitable blue Iocklng tint,
and a degtth gt thigkngsscit thoonpayp rpeioe dfountinsgdahcibe masking &P‘ﬂléé’é tinted for

ng using a tinted in-nold coating 403. The

]ﬂuebkﬁgﬁﬁbld coating 403, conprising a suitable |evel

and/o pixture ancing d be . .
10031 5001 7 BaFPE HET ICRER QhopBuPREHARpt Y@ mel B e piipe an in-

mold cc&lﬁﬁgvn Mdr®EpcFiai, i ophhRisRabipendl 301 @udhh% aCMPI@Xision or multi-
surface of the ophthal mc conponent A col orl ess

focal lepsp yeshgsror optical pegy o which bes hagn alﬁ@id/@mtﬁé wﬂtheet suifable e blocking
tint, dyé: ?ra&th&gadég‘%ﬁ %%Ob%péaﬁ&% %gecﬁ) FEQ ??c%tca?tﬁé usu% a b P HERBId

cause
coating 4B amae ngmlotd- ¢oatidg GO}a,tcloﬁ@angtarsanSlﬂe tevel drﬁiﬁirfmlkmrwtff color
nvex surface of the ophtha onponent 401.

co u
balancipgdygsy mpy g%lamlwé ) ﬂ&%nﬁa ﬁ? PPQ L& 8yaQ én‘?%S]P‘H’V% for applying
the coaﬁ’r%mc? Bah& e glgga{rﬁfg %gﬁl @ﬁaﬁﬁtﬂg{cr&é@ggg}t gghgoé ;alefr?ge& monomer
402 rnag bc (ﬁtﬂvé nt mmirrmlredﬂaatvsi'e@mab coging[40054{l oRethelnnic ngrnpmwnt é01. The

processigi i HEBsaALArdl CHRE T ot B g il i gpnster

itself toGR¢ &nveR ls@'ﬁé%'e%theF (gihtlﬁl‘rﬁmoﬁlpoﬁeﬁﬂm?t ThORRLAA oMbk blocking
component 501 coul d be a back single vision or concave

ophthalgig $ysteen with eicofasdalantiap syrfacgabetingr Thepnirsel cpateng apuitd be, for
t he ap bl ocking tint to

ed/t
exarnpl%y .anti- reﬁl%cctilve 882!}111IgeO& | %%&18%12?1%}31‘(? c%al%n%kl ng. A second

chieve

100541 e} oReBrRsgIER GOt PabboRart s st pEhaey seifiscgo

ophthalfipd &&%o&ﬁﬁ SR BThe BRRIERE aRd tlféfoftﬁe)f %Qloﬁr Balfaﬁ‘@in b?&kexample a first
SIng e vision or concave surface nulti-focal |ens,

ophthalypa¢ eympsmenipiQ lccavlulqobeea baskringloyisien arpdrcave surﬁa@e anNfogal lens,
sible cul rabl e ve 502. The f 19 n vislon
wafer of e Gra BT X G BRER AR e gBaro b e e Bl Fhge e
desired Pvet H051e BRUkidgba geem&wﬁhamicwon@haﬂ@oe goﬁlldtﬂ'é%rfront single
before or after it was bonded with the back single
vision o cgiesp swfa%méléw@cghlma%fwr pptiqadpeer-forranaondggd peaffiged to the
. [
back sn%% {71%%11/1 eo)? §Ibc:ra Q Eﬁgfa o{:aé etnlg :\ﬁéfrep&l pstfcglgérg f&lmc‘ fgﬁnexarnple
using a pN\eer ¥igibia aoatlel adﬁ&swe ﬁdEr Ete ﬁothgjamrm cﬂ@on‘feﬁr surface multi-
examl e, y t echni ques descrlb%? %bov
1C cd Co

focal lens, wafer or opfical pre-form could be render orb Gfancmg either before or after it
was bonded with the back single vision or concave surface multi-focal lens, wafer or optical pre-
form. If after, the front single vision or convex surface multi-focal lens, wafer or optical pre-

form could be rendered color balancing, for example, by techniques described above. For
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11 WD 2007/ 146933 PCT/ US2007/ 070995 exanple, the back
single vision or concave surface nmulti-focal |ens,
wowerdoen4qs3 opti cal pre-form may be masked or CPREE/ES2007/070995
with a dye resist to prevent it taking up color
bal anci ng dyes. Then, the bonded back and front
portions nmay be together placed in a heated tint pot
containing.a . suitable soI c r
examplaa);gggac 1St HOPIPE CPRGNE SY n&Htl-tf%ca? Lﬂ?é W, elf:%rl %)In%al pre-form
may be BHsROCd I Datcd Wl eh a §RORSkt tﬁ'f))‘ev%ﬁt it 'Ebﬁtn%blﬁ)' &Tl&e&%dcﬁl%%yes Then,

enbodi nents systens, may be conbin th one or ~ nore
the bondert hackan{l &ont m‘tl()mmscbm&gﬂ@m placerning hiegted iotwotican@in@g a

suitableoh ot RTRTRY e Sloobfuns B iBeBlo KRETRRp R Patuncing
dyes. AR conponent 601, e.g. a coating, is applied to the
concave surface of posterior blue blocking el ement

[0055] 101, ARH 6&theSBEOLHcARLEPEMBOE MR Ustérfis, 3R] BeDrtfinddRith one or
convex Surface of col or bal ancing conponent 102.

more argi- mﬂeem\re)(ARd chmpenenaR Hmmhleﬂm 861G & bapypyi dexewplehtor the

ophital SRS o8 a5 ot Bbh 8 "1 EFIh TP SBTPRR Ffbonent 01,

c.g. a c&m eps appliddas eh@éon@wecymfab@b@wteﬂ@r BREPIRMHG cléifent 101, and a
GS. 7A-7C show further exenPIary systens
N et eok

second |A|Be¢qy1@pqﬁlgnta60§| ig apmicd dk thegonrsnyyeise kalancing component 102.

Slrmlarféro L@ ?E 9\3% g(ﬂﬁf%&%blgééd;ﬁp R gﬁ@]ﬁed thhd %‘C%JeAS’urﬁQe S’fg&t %@%ﬁ Clj)locklng

comporgnt D03 andakeoad AR mﬂmﬁﬁm0271@ 4p151haaltto ﬁteecofn%ﬂﬁdfaas of color
adj acent, but distinct, coatings or |layers on or
bﬂanm%&ﬁ%ﬂﬂﬁﬂ?“ tWh he anterior surface of a clear or nmost |y

EIIﬁphthalmc | ens 702. The bl ue bIockln% )
[0056] corrpoﬁ TPo3Cishoys duitlear icwemplaryt systeas| egludiag abéyertjocking

compon%ﬁ{?ﬁigaeéhtlorzlgﬁanc%s trnfp%qjmiﬁc et g 7th Gn! gﬁﬁlﬁfrﬁg rsys%ﬁlf g& $acludes a

clear or ear opht hdl'm ens

blue blcmﬁigi dognpoherdt708and ayelor Bélincrmg/ cdpdrentTBE thAnee ftﬁfneABs adjacent,
oating or |ayer 705 may formed on or adiacent 0
but dlSt’cnl% Caﬁtl’éﬁ 5 }aygﬁroma%@dﬁﬁertt ﬁ%th@cﬁmbﬁﬂ% aykaceioh g cleay ey mogly clear

ophthal%@?éﬂ 700 TRP1ud ﬁkocfntﬂge o BSnéﬁlt Qggis%sfeﬁﬂp&)gﬁg Eolzp §al§1‘f@ng

or - bal ancing co 704 are ‘arrange
comporgedj Aklerdn dboadj antmsth@pomna; snffaeefolic d:lhaar ot Ineoatly olrear ophthalmic

lens, an&?lgt l %/‘[ng q??p%ﬁfg = ?(;]g]%layg gqﬁr}eé? %PA}\% g)ta?lgg or fajlyer 705 may be

formed ®Rl0P 'édﬁé’én@ ﬁpﬂh@ AnABPARRRE of thd¢olofd aﬁﬁclﬁg Repesd. 701
may be formed on or adjacent to the posterior surface

[0057] of the, pig/ ?gsmrﬁ&yéf%@g? gg%ﬂgc%enz 9 a Iﬁ'&tl(ned'ala%%hng component 704

conponent n or adjacent to
are arraagft(b(m @r adwmﬁteto ghafostdnier suréae o6 therbsitr onnmlsiﬂ?y;lclear ophthalmic lens

0 ns 702 n Fl G
702. A%ﬁ tg? hB;I i&)‘?‘% %?q R & L P[‘fﬁ% Eaﬁcmg component
704. ARNROSSBMnent 701 may be formed on or adjacent to the posterior surface of the blue
blocking component 703. Another AR component 705 may be formed on or adjacent to the

anterior surface of the clear or mostly clear ophthalmic lens 702.

[0058] In FIG. 7C, the blue blocking component 703 and the color-balancing component
704 are arranged on or adjacent to the posterior and the anterior surfaces, respectively, of the

clear ophthalmic lens 702. Again, the blue blocking component 703 is posterior to the color-
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704 are arranged on or adjacent to the posterior and

the anterior surfaces, respectively, of the clear
wophwhaiosd c | ens 702. Again, the blue bl ocki ngPCT/US2007/070995

conmponent 703 is posterior to the color 12 WO

2007/ 146933 PCT/ US2007/ 070995 bal anci ng conmponent

704. An AR conponent 701 nmay be forned on or adjacent

balanc%%?%%%os%lftgﬁgsc;%gqt Iiztrgaé'r}%otﬁgtﬂ% &g@ eﬂc&%peg‘reto the posterior
surface HPIHEALOR0clQhg BSthAGRAE 760 ahdEn AR R 86m ?M&@?@S ﬁ’lfay b@ ?orrned on
col or - bal anci hg conponent 704. [0059] FIGs. 8A and
or adjacshotw theaspiertsalfadcofshe calay-Bdanding empdmenuH:t i onal i t y
to both block blue Iight wavel engths and to perform
[0059] col or Flad. aAca'nd@H‘ms\mwbam aqduttizilmeds ystemal ()i ingxlrlfiech fiontimndnt to both

For t he .conbi ned .functional ity .copponent
block bﬁ’ﬁjl Fewie qddﬂperfmgql%‘@%ﬁg%aw ¢ patbih single
compor2h€8UB. arn ck&dlp wamglemginda f@&tlﬁﬁéﬁty cbhiPSn AL Hiat Bld RN light

t he bl ue and eI|n1nat|ng he appearance of a” dom nant

wavelengthsoand; rafledt gone g@en Theé raslomdpichang this ws otellothab newtralizing the blue and

. _._conpanent e arran or It
ciminef RERE AR iR S oF S RETpBLEAPP € o BB REMegiriFioh
comporRANE (B By Be hﬁ‘ﬂfge& 03 or Altjec@p iy dialchtie dnetr 8Pfhe P@Merior surface of a
further 1 nclude an AR conponent 801 on or adjacent to

clear ophithafyaic lensed 02ntTdeiophthg mic hens§99 megyi fyrtheripelydeann AR gpanponent 801
on or adél%lc%ﬁ{ ooe?éﬂgptﬁl % Lre@rStPg Bg%erllc[rcggg%e O-E{%hga‘félﬁ%pfh}’hagrﬂ% lens 802.

i veness anci
be usef ul

d d/
100601 ;"7 s o ety ¥ Sfﬁeaﬁgﬁ AP e %ﬁt%?ﬂ%mpen%t%m%be useful to

observellhigt Etﬂﬁt@fe& %ﬂd/oir trefimiffey bP e sehahRUrah opBtalyic |rﬂa$erﬁ|l EThe observed
coordinates to indicate the color of observed I|i

light mgyybe hapmsearizag by Hé§éE coddtiatrate ndicta the ceipEOEQJ@ﬁafeﬁ éugh% by
compar%&l‘\clfl&% Cﬁglt%he?%gt eg&]];E (i%o?dljp 3\%2105%5? %kg %?@HSQS ¢ to

determﬁ’leflb\e@ﬁlwhnhé Ccﬂﬁls(b'ﬂ ths light. wa\AVyhtfead duk g(tlthelrsﬂ@iﬁbh/ﬁ]ﬁdsrhﬁsmn White
ave ClI E coordi nates of(%o 33,..0.33). Thus, the cl
light is a?f sede P@%CIE enordigates of OcidoP dhat 8. heglaser %Ibobgsrved Tight's CIE

coordlngteg’ é% 110 g@ §3 eth\é’h‘h{o?e hite’ ‘;‘% wal 3 o a?b%Qrv%b SES ¥ifracterize

cterlz the col or g or ancin
the colqnehr[ftmgmcbaﬂgncmgl ren®rm¢dbBa]ens,. (B3P, M3B I whité bt ﬂmyoebchrected at

the tonsy G5 e Garlegioe BB Gap ottt PEbiaser phn Brbd Fuaifgheht has
CIE of mt 6. 3905539fth@1*8%11 teQoBlor hPn c? ahd ﬁéﬁs Weled t?l’?‘lro’ﬁg’n thellens will

color shif tlng and itens viewe I‘OU h the lens w |
have a teqwrel @pprarogeal.c.afyeatoandl not beteshlftftdwt@la@@b & iteths dbsapted yathout the

ens. SEPDER QN THERUL b STREIEREN A0 52 B i oo
cosrnet16 Qpﬁé’a.ra&e 3@ it Wilendt@Ppeatitinteda U oBsdrddrWicing 6 @SERIfItle lens or
appearance, i.e., it will not appear tinted to an

ophthalggeisiear. Vhuswit p}vgdeﬁlrglglé forgfansmétadeand reffectaddiahh i hive a CIE as close

S is desirable for transmtted and
4m(033fg§?2%%%ggﬁlght to have a CIE as close to (0.33,

[0061] 0.33) FRS, P So%vls aI ¢GE 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
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[0061] FIG 9 shows a CIE plot indicating the observed
colors corresponding to various ClIE coordinates. A
WO edoenei9s poi nt 900 indi cates the coordi nat esSPEODUSBNT/070995
0.33). Although the central region of the plot
typically is designated as "white," sonme |ight having
CIE coordinates in this region can appear slightly
For e

04,0 BB Gonat oty A obreSiser ) RHeus T AROT P HgUBsance inan

ophthalffe ystcbh, 40 is WeditabRPREES.3Y @ jS‘?\Ithﬂ(l an W‘hlﬁé @1@}{9 kthat 9 ¥hsmiit®ed and/or
achi‘eve a col or-neutral appearance in an ophthalmc

reﬂecteé)bs'tﬂ@fmystem fohagle SIE abdrdinftes ag 0lo33to (0.3339.3B) gmosgibleafter the

tlransmi%l\'hsri]i %eﬂgg(;tgo \ )Tgle eﬂla rogzggrﬁﬂgi(ﬁ eﬁ?\é@pg%usepélrgreeﬁtl% %scat( e?eg%l)(ce to show
the cold?-sBik o@gerpaisssitb lerigdstsgstetnbghotghais mbsied @?16@\1\1@1056 dHiisted for
The CIE plot shown in FIG 9 wll be used herein as a
clarity. r ef erence to show the color shifts observed with
various systens, though the |labeled regions will be
[0062] omi t t Adisdrbing dykamiay pe ufcdaBd]in Mwbbramgmdgeegl cvfmyl dpbthalmic lens
st rate mater
by injeq R eW1Feiey B R s Bl TR ET For R S eRRY B g ien
transmiBSreiddedbsbitiph Qﬂjib@ﬁlek e mﬁ@% A infut SRECEai Bsdrb@bthe fundamental peak
transm ssi on and absorption pr operties. These dye
wavelengih ef thg|dyc enpt shoger gsaan¢hwaald@tivetic 40 thegagsence of a Soret band

typlcallﬁ Ot dgﬁ %%)ﬂ)hggue ?erg%ﬁie S rn@) rﬁ%gflﬁlgfmlrcgg fa'i]sg%clalde various glasses

and polyinpisGach ys ¢RBY, TRIVOX P, hyolydarboater pellsethizkesthdaylyte, silicone, and
opht hal m c material s |nclude varlous glasses and

ﬂuorop?ﬂdnvﬁ% though efiep matsriatsgngy) be gsrfl grskpie)knopg for wriswn qplghalmic

SyStemsoolynethylnethacrylate silicone, and fluoropolyners,
though other materials may be used and are known for

[0063] Var I ogéev%yb%glggb%aotny ﬁaeﬁ{gg fg%g?%} al %M ns%lttgrgp%%h Gbsorbance

ransm

is showﬁblsEI(B&rl@ell lﬂlesAnlﬁwrbalnee A GSreldfod idtheTﬂaﬁsrﬂbﬁﬁcfeb(aI) ®§ the equation,
is related to the transmttanc

(Aﬂ éT) k%v t he

= log@& 3918 It'hlS c%etthp %pg{nj_tpqge 18 pﬁtv&teﬁp Q apddd0 tRhe 1). Often

transmﬁtﬁr?c@giﬂiﬂr% GSal %rcgﬁga & '3 Bopnd 11§@,< T-llie Ead3 dy@f)l%gl& those
ransm ttance I S exp gss’as a percentage, 1. o< T

Wavelengtﬁ'i()l@%thaih%ﬂﬁﬁs dymailyqﬂhﬂde&luBMOCMVm engidngtisesish high optical

density @@& %ﬁ gfrﬁ@aq’\ﬁrgq}l%?ﬁr%% lalz)%{ag[gzg\é Ibgqﬂ:g ﬁil?elr gxla?f%%nétng)s I*eor example, E420
from G&téd Bl@Eksprl%%fgﬁls%f‘oWﬁ]nlnﬁ bbehet SxRhfE c?%@ﬁ&lude [Igorphyrlns
wavel en For exanple, E420 from Gentex bl oc

perylengyand [semi iﬂe/ebtéllabwn@matbiuhevaveb@egtbﬁ ary dyes include
por phyrins, perylene, and simlar dyes that can

[0064] absor Hihaabsbthﬂace/\a\shbﬂmgwmmngﬂﬂ@éﬁl bd heeluedsloy bexdoeticat of the dye
orter. el.engths can be reduced by a reductjgn.of
Concenf{f%@nd%s SR RUER By rGAEIS Thh ST4G R AYEE AGr A 4t e 4300
region. ¥80. 28 BASVES rh A AREI I FRGR RhrborA¥oshBsttalew B QRN concentration
suitable for absorbing in the 430nm range, and with some absorption in the range of 420nm —
440nm. This was achieved by reducing the concentration of the dye and including the effects of

a polycarbonate substrate. The rear surface is at this point not antireflection coated.

[0065] The concentration of dye also may affect the appearance and color shift of an

ophthalmic system. By reducing the concentration, systems with varying degrees of color shift
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region. FIG 12 shows the transmttance of a
pol ycarbonate substrate with a dye concentration
W@ 0orakdes f or absorbing in the 430nm range, anRCTH8$1907/070995
some absorption in the range of 420nm - 440nm This
was achi eved by reducing the concentration of the dye
and including the effects of a polycarbonate

strate. The.re sur f ace t this nqt
may be JHOIAF PEscolaniiE danct fobBarrne hoibaRtrarBe e it
coordin@e§ 8f Mferdhdeel ht k @B@@t&eﬁﬁﬁﬁssﬁﬁdangmlr Q&flchbh bf @k opRthalmic
opht hal m ¢ sys y reduci ng the concentrati on,
system.sl gtsemgayvret Weﬁd\t cfwgaoﬂ%gqe @esstom ygheeolehstfift causss pypthe system
due to A B R B R T B0 AR B IR B Mggien
incandedéun€ Hghthen dMlkoreeont ¢l gbatlﬁﬁleféffor@ ni@fRnesketd ¢1@ﬁtcte@ﬁa AG§stern
after transm ssion and/or reflection of the oghthaln1c

based ogyhg @pgunt by xyhi the ¢ T8 soerdliratns of incideat Hehters sutted wher bglight is
transmlgi&% %Iﬂf?orcrgh&rteélg%&te s$$4R€ %op Yx R‘;{ﬂﬁ? Saysﬁ/%t%{}? m%hqﬁ ggl{t tQfﬁth CIE

erences in us types o
coordinpes OE(()/Eﬂ 083) bdoness (hgh'gwlth SUUIEIOGT ki®.30, 0. Malﬁt!éESMﬁtlssmn may be
o and f] uor. scen [ It therefore may b
descrlb?ﬂsae@f%rw%aeﬂ 1,50 33»9{ SHRTCIgRREE b D Ae i Thus the
|3 ER)
color sﬂé’% ic?fi\'tik'ggla tagzst{ghlgnﬁgﬁésdﬁdw ‘SRul” 1t r‘%?‘t@t ed@lg\r)]vgy @Bihs 8hfear to a wearer

I's trans
ofﬂmsygﬁhe@mémﬂhydbhwms¢bebnmsf%mnewmmpgepbad&ﬁsbéhmsmwn(io05

I Wi t rdlnates of (0.33, 0.33)
+0.05) “gg?f@ﬂ% i‘?%ﬁ?ﬁﬁ?% TG (0.30, 0.30) after
transm ssion may be ?scrlbed as .causi ng 0
[0066] ghi £t Aor]eg ctloggn shor‘bg/)we %t}gt %QSém@%%maﬂq%p at(<18-111(9§yster1n may be
useful 19 %ﬁl lgU@H%le&tH%ue ?@él%oé{ﬂtﬁ{]eﬁ“@éﬂssﬁqhé’éf A sehSds@Witation of A2E. It

es how "natu t and V|emed Itens appear
has been shawvmdat exduciog irtchdens ngltteltr%(ﬁtswfnmn bheboud e8¢t ¢dnerdduce cell death by

about 8?% %g fso g}%gl}p? ush%%pgl%lo%%’ glﬂl élseblgéﬁ-a gqipltélgélatraocular lens and

retinal fiR@6&]e tpﬁhélﬁﬁ‘ﬁ' pEdtQMioh ‘31191% tJ‘ ‘@%ﬁ@i& RGFhctt S@@Sm(ﬂs 'v@lnSG) Jbp. 873-
an ophthal m c system ma useful in reducing c

78, the dil@@lpwrel Qéwtlwhphmcg@loeeéd bscreéffrf:wtls 1t gntingty. elw fuﬁh@ﬂbehsved that

excitati that duc o
reducmg e agn?ﬁn?P glﬁf: gFt P\ Igm %1%%% (228@8 rai % 8%11{1 1% as 5% may
similarlg@éduceeall Bedoly ancﬁ&ocwgeﬁé}%ons@ﬁd tlfefoor%Whﬁor réanetthEadverse

Sparrow et al., "Blue |I?ht absor bi ng i ntraocul ar Iens

Q

effects afrronditions prah apialapliie aepralaed masy|pr drEeeerpiéon i n vitro,
J. Cataract Refract. Surg. 2004, vol. 30, pp. 873- 78,

[0067] t he didbpeghaneabsbrbit dte m@y lpmuﬁ@d m)b]@tﬂe dnc&ﬁ,slralelﬁ aragpleegths of
its entirety rreduci
ight, ey i TR SE g i b enhe S8 MK Foh Slam Gy
blockinB HKthﬂBﬂﬁc |dd¥esAfvt a/%ll@w @81oPi MR is St dn@éiﬁséb[e%iidﬁﬁ aesthetically
deat h and/ or degeneration, and therefore prevent

dlspleasamg r Belafect thie celatieg ecolafriacag spatierany Pomplisd énorgor both

surface%{agms atggﬁ%ﬁ%@t%%@&&%ﬁ%@&ﬂer ation. [0067]

e used to bl ock
[0068] undeSIAEl reﬂeectlo VFAP?)n&)a mngs (Wthh are interference filters) are well-established

within the commercial ophthalmic coating industry. The coatings typically are a few layers,
often less than 10, and typically are used to reduce the reflection from the polycarbonate surface

to less than 1%. An example of such a coating on a polycarbonate surface is shown in FIG. 13.
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light, the dye may produce a color tint in the lens as

a side effect. For exanple, many bl ue- bl ocking
W@piwwh#issd c | enses have a yell ow col ori ng t hatPCBHUSIDENT0995

undesi rabl e and/ or aesthetically displeasing. To

of fset this coloring, a color balancing coating may be

applied to one or both surfaces of a substrate

cl th b 006 ) )
The colggip} SR cRGrE & AR BLFIh 4 “Piiie Rbssred Rttabs eplarfs quite
neutral.f Thd @3 keffictin¥€lvhs 68dcARUItS B@@ 219, tﬂi&eﬂ@&e&ﬁ@ﬁ’f‘%&'o@kewed to
ophthal m c coating industry. The coatings typical

have Clgrepogdifasop 9T @34, 0.061)t én ttagysitted dightlltnd Gliccopydinased ¢f;K0 334,
0336)are used to reduce the reflection fromthe
: pol ycarbonate surface to less than % An exanple of

such coat.ing on, a nate surface is_ sho in. .
100691 £1'G R bngnanbe el SRR U067 G058 oA Hhalfc device
to achicv®h Mgk Bhn@itthdticS SEORE kO diPatRNAWBhdvwh il IBG. 14 wAREL tht darker

is observed that the color is quite neutral. The
line 15 0o &he ABfcbeted ankyearhamato bakihe ghinney line 1620 i%4n uTlheated polycarbonate

st SRS o0 RIS g R GEALLPRER ome

natural &89 bﬂh%}ﬂtdﬁg tP4bsoptidd4n thePoBZaibonb @ Q6B rafR THRGIaktN@sar MR
be a ed to both surfaces of a |l ens or other

olycarb‘pwehw Firetc gesd fopthis exague baser trmnmiftrace losaaSrnrednetely 3%. In
|
the oph BT R, SR LR R0s eIl hrdu iR biGa v

transmittieetoffitlieniens. | i ne 1520 i s an uncoat ed pol ycar bonate
substrate. This AR coating provides a 10%increase in
[0070] t ot al 1 §aRe dct@dingi t§ o préRar RiveSichOAR coadhy @& oth@%8lor
of |ight due to absorption in the polycarbonate
balancing flyps mew be qemabiped Witk gnabsorpoRyya tbdiay Lrsunsltangews absorption of
e n
blue Wag%%?%ti(liq{%a{’ g(péc QMG 4{(‘)ﬁt§n geﬁérﬁgﬁmn&e% 0& tr%n%ﬁﬁft&%ce As

prev10u§l®&leisdiﬂﬁd,gﬂﬂﬁhﬂhdnyofaheh@hlﬁh tl&d43()01nbﬁﬁgﬁbtﬁalbfﬁea@pﬁ:alﬂyaresults ina
i ncrease the transmttance of the lens. [007

lens thag bgst RS raside &p@ﬁ cashy 1 ép%‘grég}é Fﬂllor H@é}ﬂh? ‘Egnach;qyé]e a color neutral
transrmﬁ&%te' ﬁg%s{){;né)&h{ﬁé ol 111%5}3@1%@{}&hﬂglf{e'dltgﬁ?ﬂgt%h@gverall transmitted

onbi n wth an a sor e to a
color o%thcrhghta e oph;thalltmo smemawbrdmg toghavawvehtamg ths hdjgshment may be

typi cal O nmre , d i ncrease
perfomiﬁﬁgﬁgﬁ% ff Dbt i‘ol@@% oS g By RS R st o
the light in the 43 nn1re ion al one typi.cal .
[0071] r es ul A (fthgst flf%ﬁéhet%’f S RYQ) / SEORE CPRGX e Cogbingt Ag%bmg

ophthalilx_ﬁ’c EH? ?&Hsﬂ'hﬂey rde@ichRavt B Iréf%g{loﬁ 902@1?1@ '/%M?ﬁl@se%mooﬁﬁe user’s eye).

transmttance, ast one-o

[0072] Coat I ﬂlg% ggycogﬁ lﬁgﬁ%fi tl?ehfr(t)tﬁ 08% Lés+1 r&g ?q\,]éesr chtlral tallofln%o offset

transm

the color@aA fréHultthgt forh it dbRyPEibh Gthe %ﬁb@ra&dh laaﬂllﬂiﬁﬂ to ﬂi&)&n’ﬁ&ﬂectlve
performed on the front, surface of the lens to create

functloq @iy p@gﬁplﬁ@eq g senanfigesl fgnses. 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.
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[0071] Air (farthest fromthe user's eye) / Front
convex | ens coating / Absorbing ophthalmc |ens

WG uw3t4@sE / rear concave anti-reflection coatPE@hUSANTI070995
(closest to the user's eye). [0072] In such a
configuration, the front coating nmay provide spectra
tailoring to offset the color cast resulting fromthe

absorption in the trate n ad on
100731 3 v B a0 o0 S F0RE PR 10 Bl AP ai o two layers of

other oHRRMAN in@RALL [FRASLHm llha?ﬁit@anRt fiet, of eMmer Ry nﬁ&%'d‘i’s@o?&l within
appropriate col or ?ance for both transmtted and
an opthplafi¢ ewtasidl. |Fog hxampln, thyr&lloades efnfigueationinmayde usedht  t he
col or bal ance allows for proper color vision; in the
[0074] case Aéf(fettestdrdrm gt usetie cg®l/ ophthalnan ceteray / fipm dwpldkalmic
Lp %@%ﬁoprlate Iens aesthetics. 16 WO 2007/ 146933
materia C?Y Y7 856998 [ 0073] In some cases, a col or
ancing filmmay be di sposed between two | ayers

[0075] ot her Thpfel Hlabeﬂinhcnwaﬁ@ plgp mapbe aspatng, guchassy hamoat Amahed to the
outer aIId/(LI‘rﬁllil L 88%%965 : a+§n ('gﬂg%(r %&gg_pﬁg?ﬁsfﬁe%%sml%}WF%Example, referring to
FIG. 3, anophtalnat systenreay becluded: ofhfitirdh]c materiélf%)rltdopsd witharblue-

.the user's eye) / ophthal.mc ma
absorbl% ﬁi’qq%ﬁdrﬁn@ or mgre, F‘?IQF Ea}la%ﬁu}g ]@z?réggé,ﬁ%g oy éuéqtﬂq%r cgg}gguratlon an
inner 1a&5}031ﬁ]m55h1§e £8416F bl ANCL PG shibMRIDY IFBMhabRic I £Q31H B0Y,303

Such as “a hardcoat, applied to the “outer and/or inner

doped V@lﬂr 4 hlve-absorhingatys. A@tih@maldeyﬁrs grmr/eut joohsgsasechpo 'R boatings, may

examle, ref

be dispayd pE ARG Hort e b Reteat ot S Sp Ao 8 by Gjter materials

and confighfationPhe ba ASQ Rirkgard 1% iR BB destRibed 6AMhQEspect to FIGS. 4-
bal ancing layers 302, 303. In another configuration,

8B. an inner layer 301 may be a col or bal ancing | ayer
surrounded by ophthalmic nmaterial 302, 303 doped with

[0076] a bl udhad eptidsil ﬁgnsjymi/or/-@dtingscﬂua]h a$ ARenostimgsdhay be used to fine-tune

coat i such as,AR,coatin be..di sposed on
the ove Gt rorBPi ol 8 LS e g B RRsr TR Ay TR RORGE S across
the visiBIeWp&dtiid B FwdMBitrRkinddng vadBflascORht @ tth@MscliBys 9@ s of layers
for exanple in the systens described with respect to

in the opfi@Scoatingg by thegovaitioriene or wptd lexdrs £41 besusgd de provide the needed
adjustmt%ﬁ{igf*tﬂggp%ﬁg@ @?ﬁ% coatings may be used to fine-tune

overa response of a lens haV|ng an
Transnls ion .variati

b
100771 35 P e T S oA e FE BT 3 SingleWyer of TiO, (2

commoh WICEdRing @hatdri®). tHIGE kb SRSwAiRE spasiiariaRittAX80Fa 106hh RAfck single
tical coating. In the invention one or nore |ayers

layer Ofcﬁﬁ)z béheselar plot ofr thisi sametlaysr resbgwa in Hifp ukt et Clb 00t1¢fé?00rdlnates
%, v) 1§ftfs%tow%' foP 2R &hbh&Rd hggﬁagégo REYIRESS e*lﬁ?é ey St ad £1E

or varila 'S pr yaS| yer o
coordiné®@s of (0.353, 0.251) 1720, resulting in a purplish-pink color.
[0078] 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 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
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conmon AR coating material). FIG 16 shows the

spectral transmittance of a 106nmthick single |ayer
W@R00Ti19233 The col or plot of this sane | ayer i SPGHUSRV07/670995

FIG 17. The CIE color coordinates (x, y) 1710 shown

for the transmtted light are (0.331, 0.345). The

reflected light had CIE coordinates of (0.353, 0.251)

. 1720, resulting,in a rplish-pink color. [007
materia 35 b F AT R s TEiohs b Ly erroghRgdscrilry. non-
limitingGRtbSanRfindIh& EdseMeMMdcRDd THIDFilm3 SofhawivalaBl®&om Thin Film
transmtted spectra and color plot for a 134 nm| ayer,

Center, dhouiF Gaic Fyadigblefomfdftyere Spssiyadné. valdfilmbrar @pgcal Thin Film

SYSt. he spitted |i.ght hi bi t.ed Cl E .
Softwa AT Bl 8 1 BMbs Po0 4} BHGLBMER e ar ot he
behavidrio@ b ARBEbathEocomEtiimdbesoathg 6PfiRN9, 0.229) 1920. The

transm ssion properties of various AR coatings and

[0079] t he predisehseRe@tingSh ikt IheRRA a BluR-d688Whel et be
art. For exanple, the transm ssion effects of an AR
combinedwithngofiorgedthér fdmkinprevidhi bkinddekofe, eslonRRlacciystem. The

. 2007/ 146933 PCT/ 0Q7/ 070995 terj.al be
coating TRY S8 oy put R DR i RSy th cotor o he
transmiRED P FSEre flEXEPEIAN The R@Asmikthdctand Go R Pt BN EXShpISe AR coating
Essenti al Macleod Thin Filns Software avail able from
are showTRimFIG S0 2ad Al erespachitely. THER RS w2 shpmehg frappmittance and color

plot. resg AR o BT b B b SRAL SREBEE I gl AR

coating "@hbddsd subytrdie abselsh rhostptrek1¢ in theel30 hah&ygionr inofudaly sékie
coating or other simlar coati or film [0079] .In ,

absorptigpdp it At geaien-t hee éfe%éﬂ%%%%%? wr%lblaec? bith'an appropriate

AR coag%l% gs; ﬁl??t?z{tpd NOFIBEe 20BY 1§ ﬁ}cr&g e drat ks | itGR8d bitle 9§Cistem. The

mto provide a blue blocking, color balance
transmigysiceumd cdloe plot Gatal dygd malystibe laningR caad Rivgatong drbshdwomt FIGS. 24
surface that is nodified to correct the color of the
and 25, 7¢SpRERCDt ed and/or reflected |ight. The transmittance
and col or_plot of an exenplarg?AR coating are shown

[0080] i 1y i 38 ABEOHRE a5, mpelpayticd & (e frangal abephibimiessysisayl.-c., the
surface E&i}ﬁletstr @(g*ﬁ hd é@%rb‘f% v@élger%?lﬂférsyst@ﬁg,t nglggﬁgﬁncthé ﬁﬁllls\fnig{?ﬁébre aftd color

ol ycarbonat € substrate having sor bi ng
plot shomitt indiGSaR6 ARl 27 aespiectgrelyT haltithpet tisudystenatsehilEiysdripls transmission

nost strongly in the 430 nmregion, . inc [
and tra Rk el Hla gt DTG Bt B« FHeO e 0.090).
Therefo?s! RS toRd EoR¥tcREcANMRILMRE i drft BRI ARPEIOREBHSEng &R, the front AR
coating as illustrated in FIGS. 20-21 to increase the

coating ayeer bl hodifigeh trdchtean dlee wsicesshiy eojartbetancatoeproduce a color neutral

conin R RRGR AR SRR oo LR PR By ics 2

and 29 &Bpccti@slpe tit thietanfighREidR)] bofin thdRraaOmiticd Gna ke crea)ighemay be
applied to the front of an ophthal m c system (i

optimizegho achigve gelor nawtrahias t It Mayrherielcrgd fasthaingsior eflostedilight to be
about 6% S$foMd thb ?&}@c{ibiﬂglekf& ge*h%n&iﬁ& BTk GRS oR AR sgrgtjel%f the reflection
can be further reduced by way of adding an additional different 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
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pl ot shown in FIGS. 26 and 27, respectively. Al though

the systemexhibits a high transm ssion and
woe@ngdsdsied light is relatively neutral, the PEFUSDEON0995

light has a CIE of (0.249, 0.090). Therefore, to nore

conpl etely col or balance the effects of the blue

absor bi ng dye, the front AR coating nay be nodified

FIG. 27 B 3ot SO TE LI o> Phan P Far e il @ CIE of

(0.341,b?3$£%cﬁéatﬁg%tl@$r dddctorchifihgur ation are shown in
and 29 respectively. In this configuration,

[0081] both fheid &rrﬁﬁghl.tahsgs ﬂ{bdﬁ&ﬁfnllcﬁﬁﬁ&fadtl &h%ct%ycoggng can be designed
optimzed to achi eve col or neutr Ity I't
to bloclpl(ﬂ)"’/é of thd bl light evavateagihao beedibicdde dHowglat, thl@ nipgy result in a back

reflocti ) gty 1 TofUHRr By Stearr THE e PEY REI DG Bennoving to th

wearer. | BRSNS con@AMEE dn RYsovidg fc adslinRdeRuBddelid inRHection with the front
i fferent absorbing dye into the lens substrate that

modlﬁed@utlde&m10n lsoatingi th desenstl clfastatar hg tabhlg‘fedval@lgdwh hirgguction of the

.H ver he.de n of confi
reflectiiR G A3y T P8l AikeRla BB EREE | Bh LB PRy Fea by o
wearer 8 416/sRInOTkiudthg §irel 0@ fmorb alReSS:EH PRBY Bakdiuee %6 BY RSs, or more

descri bed herein. The total transmttance is over 90%
preferabiid“peitI8ss- t he transmitted and reflected colors are

quite close to the color neutral white point. As shown
[0082] i n 18TWOr@OBTAIIGEHIBIRTENIB20 AR 00099 BuayFieGefeREd ta fsea diclectric

stack, a{l& g%{gﬁ Er(ejae‘[!arlle}q %IH{] t%?gggesges%n%lg use%g %%’9161' 61%%; 4%3 J[’}ransrmsswe and

reflectivdéHageRtdrRbcd dftanl phaliie sgat@r FoPbtdnpg. thd RORIAR lcbatsiR M d/or the
configurations, the front nodified anti-reflection

rear ARceoating glazzém niysle @6 §lf§qﬁ@ti thighnesses @rd/epowgesiplsttp aclypygea particular
color 0 ORLE LEFE 1, RS AORALD S HPUBSRY i B R o
matenatshﬁadvbﬁﬁmﬂy usellib %rdae:\/e&lltlrﬁ‘fecﬁeé &cemhgyl That (i:@ﬂleb.blc&rblabmbmg coatings
wearer. Thus ﬁx conbi qg an absor bi ng
may Cov?ﬁt 6h€t o SBifb cisp by aPloccRabigrEai 1hGrsu BTk WH]éOUft PEF{prming an
nti-reflection coating the desired effect
antlreﬂmgbg hiRHoR
e achi eved al ong with a reduction of the
[0083] \r/v:;lr gfrits 'ds\]{sh{lyse(ti egéotugl efﬂt&%%}:e nz)teh\rlg\?/eéﬁh‘g@{ig ?or%ﬂhe:)t}ei?élb
Accordﬁlgl%t @ﬂ? bhidk lbdier‘tgodkﬁl@ wmpﬁhéﬁts ARcesad bdilQS bevyindRide or be cornblned
uced to 8% or preferably 3% or
with bhtedde%]mgrﬁgeréo ﬁ’fb?lh%]tt?ré ﬁlaasfmcawerl@a@te a*%f@rsp gléffrf%ﬁlced"aterﬁq aand pass
filters, 155%}’1 tﬁ’@cklr L | %E% i ?ssoradl&{rSﬂce}ﬁ ok ¢ stack, and various
terials an | nesses may be used to further alter
t he tyra R ctiv ar t
[0084] oht hfa ér}nﬁl(g:gﬁﬁl go?ﬂ% ane%ftIOS qne oF tnﬁo P?%%?Ek%-%lgcg?%g&ﬁue-
blockmg m@bhﬁfquédwmy beagedAﬁi cﬁﬁ?]ahd:tﬁm vniuyoﬁher ma@l-bldakm@ltéd‘h@r@ei By way of

t hi cknesses and/or materials to achieve a particu
cxample gplyy 2 lsas ahlsnhgerapensat may ptikgmRotl: a due/ting H aragase .nar@ filter to

effectlvgg,qqoékﬁolﬁéﬁg{te the dielectric stack may not be

[0085] Any of the above-disclosed structures and techniques may be employed in an
ophthalmic 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
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materials traditionally used to create antireflective
coatings. That is, the color balancing coatings nay
wW@raet933 he col or shift caused by a bl ue absoP@i/ns2dye70995
in the substrate without performng an antireflective
function. [0083] As discussed previously, filters are
anot her technique for blue blocking. Accordingly, any

nm. 1 Pihet BALOUICB. (e BISNE A0 T e G Bel g b emgodiments, the

range may®R 430 hhers] (ﬁﬁfﬁ (NGB mERIZhE ophthhIBTiS systdth Blak @@N&Ensmission
filters, band- Eass filters, band-block filtersS, notch

of blue friai¢lengthowithiinghe ghayetdefined @ng@msnﬂwtmmaéw@% ofdneiderst
t he invention, .one
wavetofglfh, e Ry BT g PRl b0 BIR TR SRR o e iue
WaveleﬂgtEMQﬁthhe ove-detinedianges 6 Glibkitaiisialy S8Yo d’?&ﬂm@ént wavelengths In
nple only, a lens or |ens component g utiliz
other e@mdﬁmantayw PPihalanel systeny gy dinHbt e nTissiqreef thyblue wavelengths

within tﬁ%faﬁc%e Fd pal ggg(%otkluﬂ aﬂtiaglgtm"/({? g ]delﬁ'WaV% en%tiﬂg In other

ose I‘UC ures-”and ques

embodlﬁfet’pispt)he dphﬂhahﬂﬁc syNpdth Inddyrtingit ﬁyﬁsihﬁlaccbthd bhg vtfeazetehgths within the
er f or m bl ocki f blu

r.es i nvention. to
sbove-dRied g ERgENS Hevgtialg P ueidndtion mveﬁagt%éxwﬁg erfigdiments,the
ophthal%%@%@iéﬁ?ﬂﬁ? linRer MRUBL R MRe Blue Wa@@leh%gbglthﬁl tRE Ie’t&qzemned

hin a predeterm ned range i ments,
ranges toanbeammily bé‘VchﬁOnudtntMV@an 200thd4G88@liments, the ophthalrnlc

PCT/ US 007/070995 odi ment e,range
system ety 1R A TRTongg (i pTue e Elengihg FABI BBt s ed FRESto
substanﬁé!ﬁgﬂ)%%i’ 1&%6413@/&1%[@@-1@5 NMstill Btlf%["@&gbdﬁﬁféhﬁs; thte I3)?hthalmlc system

ophthalmc systemmay [imt transm ssion

may llnmfatmsen@smmso vihe hhun vehelengsby withisr the ébloweai@@@gd taaslges to Substantlally
30% of 3 1n %eal%mt I g%]tmn Ll nc d élmett\/\lgsmﬁl% )y%fha?mltc systern rnay limit

transmlﬁsli(ﬁﬂ&ffhé Slu@ ﬁvaﬁ%leh@tﬁs b«lltlhﬁl th%b@x‘ee&hginié& raMgefitosubientially 20% of
above-defined ranges to substantially 80% of incident

1n01den‘§,\)g@s§|l@g&tsh gn stk othgf srepodirspigi the ﬁpgthalm;[@ syﬁgeml Hay dingit transmission

L
wavelegdthd. rInlsdH rmthemmmbbdm@hh;stheldphmhm sys&e ogkiynenit $r,an$rimesion of the

opht h systemmay. limt transm ssion of the blue
blue wayalsa wetﬁsn £hRVe-ded FhgeLloqy %tﬁ%tbﬂllefa?r(o gingiglent wavelengths.

In still &HMM@&M tﬁ&c/ﬁ}f?ﬁalﬁﬁtcgﬂ@ﬁ{ mwﬁﬁhﬁ%%&%ssmmf@ﬁ@ﬁﬁe

nbodi nents, the ophthal’mc systemmy |imt
waveleltgﬂamwnhlssh@atboryﬁ deﬁeedoﬂaugem\salbmlgnahs 104 cnﬂmmdtrttewavelengths In

still oth\%g%r\é/l? fr:g,ltg etg? ﬂp‘%ﬁ%ﬁﬁc t@%be%g%ﬁ% t%?lttll,ﬁs 1%8%; (ﬁgﬁﬁ]&lle wavelengths
within Y &R dEMed taigbs o saBstaAF3ly @Y, f 1n€f31@ntbdvé&%léf@ﬁﬁ| SRAENStherwise,
within the above-defined ranges to substantially 40%

attenuaggn byrdic @phthalngio ey eergofi she dlestromagnetist speetrusrbow i yateneehs in the
above-s ec1ﬁ8(? patn gs may be thl‘éasnh 0%; or at least 20%; or at least 30%; or at least 40%; or

at least 50%; or at least 60%; or at least 70%; or at least 80%; or at least 90%; or at least 95%; or
at least 99%; or substantially 100%.

[0086] In some cases it may be particularly desirable to filter a relatively small portion of
the blue spectrum, such as the 400 nm — 460 nm region. For example, it has been found that

blocking too much of the blue spectrum can interfere with scotopic vision and circadian rhythms.

20



may limt transm ssion of the blue wavel engths within
t he above-defined ranges to substantially 30% of

W0 p@i7dei983 wavel engths. In still other enbodi neEPEBEUSI00E070995
ophthal mc systemmay limt transm ssion of the blue
wavel engt hs within the above-defined ranges to
substantially 20% of i ncident mavelengths. In stil

Converp B aaPaHne DR b DRV JRTIGE GHE ey ount of a wide
range oPIRWRIAPELRARH WIREH 8 4R cReRSIRRE iha |v¢e)ére¥@%oﬁﬂogléﬂl lcRR® and have

wavel engths. In still other enbodi nents, the
other adyjgtse leéifeats c Thys utemymddsuﬁlvlﬁ te blanls aireltivehy pérravheangpofighe blue
the a |ne

wavel en
spectrulf NGB RSt b Gl FOHES DR AAZRUERLAR Byt amountof
light in @tra@ﬁv&yr‘mdm ?b &clﬁd&%y@t@ﬁtth@m&( cﬁ)é@&&msnm%,ls m)% and 5-10% of
transni ssion o wavel engths within th

light haﬁ@wéfv%fqnﬁ@aofr"&ﬁgﬂ@s 1460 8 G A, ﬁaﬁ%/nm%néf@pm défe nm.
wavel engths. In still other enbodinents, the '
[0087] opht hat thecsam;tsmﬂsnvagweldngths of bhwdight e selcativelhblopktaders described

above, TS SR vy 4o dran BERY SolGlnERGeRE4ZPad 2 of other portions

of the V(Bhblleélwtl%ﬁlagn@ﬁd Hat@drh eyt tAemarRAtyahdbshtBy el €§s@im. Stated
the el ectronmagneti c spectrum at mavelengths in the

otherwigg @V@n@ﬂe@ by tleecpnhirdar sysigmp the ¢ P@Hzmagpe% speetram at wavelengths

outside tl?eatﬁ{l ﬁ Spg{t gé r%asl\lelgg{% %&1@21{11 g%é% 1 é)%gg Elrog?& 430 nm may

be 20%lce &st, BOYor ks, A0%d @dsds, 8% otlter ainbbéiasintsd 5% ordéss. at
| east 99% or substantially 100% [0086] In sone cases

[0088] i t MAKdBRioRANY, iefibbaindntsFIhd plebdnt iehiidid @by urther block ultra-violet
relatively small portion of the blue spectrunL such

radiatiogdhq H¥ Moul AWB-spagml handsegivetl as mefira-ggdaiapiation pith fygayelengths
gfamrﬁﬁﬁWOB d that bl ocking too nuch of the bl ue
ectrum can |nterfere with scotopic vision and

146933 PCT/ US2007/ 0
[0089) ?:'ornﬁ‘[i,‘%P R P i ol R e e P RO b an article
of cyewRhQ Gcl@limti&ieinan @RlorRERWar Qichas B élfassé2Batplabest fgles or

bl ue spectrum which can adversely affect the wearer's

contact'lgnisey. dgiseell cyemsak beense habluc-plpplang eeivpensat eff thesyssems is
I

posteno;lr—gﬁ Sﬂee c'g#or{f)ﬁﬁeén%ﬁg gg&gé)@e?]{t’ﬁﬂém ngg-b(l) eclsk%: % f%%{a)%héﬁ‘c%lyl aﬁ@g};s%\g closer
to the elxeap h}wgolc&y@n@mgtdaatpoﬁw whehttles eygweet @tworel Yhs optithalmic

amount of |ig in arelatively small range include
system g\ay @atsgh beriged ) Sé‘élk agicleg9é graputscinogs srgionlly iHpipnsablggigrocular
i ght having a wavel ength of 400 nm- 460 nm 410 nm -
450 nm and 420 nm - 440_nn1 [0087] At the sane tine
[0090] gg 3’2%%\;@?%%&%%&1%{1)6\?24 (lflfg’[%lé eas cﬂ%adr Séc?f%a ?llﬁ/strg gg}g%r described
herein. al®lvdvidr, ot WY becdppestidtaithat r&bdlﬁeﬂﬁdns Qﬁd 95{%th@§ of)thb éfivention are

ortions of the visual electromgnetic spectrun1nay

coverediy the ghave teacingsynd mathspthe ariew ok heaprendsd gtaggs without departing
from thQFﬁlﬁ[ MPtendld ?d%gé‘tof&% ifVentiBf ophthal m c system of the

ectromagneti c Spectrum at wavel engt hs

lenses.
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outside the blue light spectrum e.g. wavel engths
ot her than those in a range around 430 nmmay be 20%
wW@rora$®33 15% or | ess, 10% or | ess, and i n ot he€T/US2007/070995

enmbodi nents, 5% or |ess. [0088] Additionally,
enbodi nents of the present invention may further bl ock
ultra-violet radiation the UVA and UVB spectral bands
as well as infra-red radiation with wavel engt hs
greater than 700 nm [0089] Any of the above-di scl osed
opht hal m ¢ system may be incorporated into an article
of eyewear, including externally-worn eyewear such as

WHATEg €gl A38ED ISsungl asses, goggles or contact |lenses. In
such eyewear, because the bl ue-bl ocki ng conponent of
the systens is posterior to the col or bal anci ng

1.  eampaiamhic stitembbgribingcki ng conponent will al ways be
closer _ to the eye than the col or-bal anci ng conmponent
when & REst&peheIPPidNgior n. The ophthal mic system nay
al so be us | - 1Cl of manufacture as
surgically%?%gﬂgﬂyg Pg&%ﬁgﬁg&ocular | enses. [0090]
Sever al enbdgé thanilsodfs at lvasti 39 efitiglarin armewvslpagthfrargpmt hiyd
illustrated and/ or_descri bed herein. However, it wll
be apﬁﬁgeﬂgﬁéﬁf‘ﬁﬁ?e {1®CBat i ons and vari ations of
the I gweRid @8 f%%on%?cy@fc%r ﬂﬁbél%e%&?ﬂtﬁ@@&ﬁ%{)&aﬁtim light by

within the purview of the appended clains wt

theplyctandg fromthe spirit and intended scope of the

' tion. 21 2007/ 146933 PCT/ US2007/ 070 o, VHAT ..
| S CLXMRIER FEsy TR bR BySPR N DY POy fros dhe visibl

g&kﬁﬁﬂ[ayer conprising: an ophthalmc material; and a
ye that absorbs at |east 5%of light in a wavel ength
range; and a filmdisposed on the first |ayer;

wherein the filmcorrects, a color jnbal ance resulting

2. Thenysiwaef gring b fyrthes omprisipe a sseolayerof dhegrbithalmiqmaerial
I i SS| t 9
SPOSTOHRT B HIRLAA S AR IS ARl Ly BT DI the second
Ihyef.urt her conprising a second | ayer of the ophthal mc
mat erial disposed on the film wherein the filmis
di sposed between the first |ayer and the second

3. The system of claim 1 wherein the wavelength range is 400 nm — 460 nm.
4. The system of claim 1 wherein the wavelength range is 420 nm — 440 nm.
5. The system of claim 1 wherein the dye absorbs 5% - 50% of light having a wavelength of

400 nm — 460 nm.

6. The system of claim 1 wherein the dye absorbs 5% - 20% of light having a wavelength of
400 nm — 460 nm.

7. The system of claim 1 wherein white light has a CIE of (0.33+0.05, 0.3340.05) when

transmitted through the lens.
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10.

11.

12.

13.

14.

15.

16.

17.

| ayer. 3. The system of claim1l wherein the wavel ength
range is 400 nm- 460 nm 4. The systemof claim1l

wob@ra4d933 he wavel ength range is 420 nm - 440 PET/US2007/070995

The system of claim1 wherein the dye absorbs 5% - 50%
of light having a wavel ength of 400 nm- 460 nm 6.
The system of claim 1l wherein the dye absorbs 5% - 20%

| i ght vin wavel engt h of 0 = 4 7
The it ef e 2ty St i B e+ 82 LfRsof2yphen
{rOas?3a0ePBrollhIBOIAS) When transmitted through the
l ens. 22 WD 2007/ 146933 PCT/ US2007/ 070995 8. The
systemof claim1l wherein white |ight has a Cl E of
{ro. 330. 02, 0.330.02) when transmtted through the
bpgystamn offplaing | stherain thedirag laver ivtepmsireflackise oatiag dispgeqd on the
' LFetl [ j di sposed on the outer
g%tre?%hgg‘@%lﬁf gﬁg%]hyﬁgﬁl?n@sya%bstrate. 10. The system of
claim1 further conprising an antireflective coating
di sposed on a surface of the systemclosest to the
éheswtenaofdamet figther hempystenn adtireflqttioe systindisfosed e asurface
10 wherein the reflected |ight .observed by a wearer of
Phi? S fase 1 BesTE nER sy oM Ty o o of ol ai m
10 wherein the reflected |light observed by a wearer of
the systemis Jless than 3% 13. The systemof claiml
Thesgitdin bhelaity €0 WheRed the @dfectedllfht by @freicd fahdystem is
1 wherein the dye is a porphyrin. 15. An ophthal mc
kysthamdthat absorbs at |east 5% of |ight having a
wavel ength of 400 nm- 460 nm wherein the system has
an average transni ssion of at |east 80% across the
Yhe §Rk&En 8PAGA YRR i @Y $8FccBdARnPbb R ithyof wOREr SAEsystem is
than (0.05, 0.05) for light transmtted through the
bysthem3?d6. The system of claim 15 wherein the system
has an average transnission of at |east 90% across
the visible spectrum 17. The system of claim15

PRELFE I bRGaRY $ LHIAPHRNR i€581er@% Of 11 ght having a

The system of claim 1 wherein the dye is a porphyrin.

An ophthalmic system that absorbs at least 5% of light having a wavelength of 400 nm —
460 nm, wherein the system has an average transmission of at least 80% across the
visible spectrum and causes a color shift of not more than (£0.05, +0.05) for light

transmitted through the system.

The system of claim 15 wherein the system has an average transmission of at least 90%

across the visible spectrum.

The system of claim 15 wherein the system absorbs 5% - 50% of light having a
wavelength of 400 nm — 460 nm.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

wavel engt h of 400 nm - 460 nm 23 WO 2007/146933
PCT/ US2007/ 070995 18. The system of claim 15 wherein

WO b@®78y®8Em causes a col or shift of not nore tPEFUS2007/070995

(0.02, 0.02). 19. A nethod of making an ophthal mc
devi ce, conprising: doping an ophthalmc material wth
a dye that absorbs at |east 5% of |ight having a

vel ength of 400 nm - _ 460 nm nolding th pht hal i c
57 Sirear o cffan 5 PP g e GAies ApOs HE g Aat PpIegn(:0.02,
Lh@2first layer; wherein the filmcorrects a color
i mbal ance resulting from absorption of [ight by the
dye. 20. The method of claim 19 wherein the wavel ength
range is 420 nm- 440 nm 21. The nethod of claim 19
Mreptbpdhof makigg an gpkibplsyc doyice, SOmMPHFINE] ght havi ng a

| . - . . .
o ar i o PR AR RO Ty iy I09gTRA AR Gigor iant having
havavelgngth wéged emgt 460 h; 400 nm - 460 nm 23. The

met hod of. cl ai 9 wherein white light has a Cl E of
(0. 3361.03@{% @eyrgfh&@@lcm?éﬁlalemaﬁsfml ¥ ¥%r ough t he

devi C8apRine WG MeF Qflavel-al m 19 wherein white |ight
has acoRtmg < B R k0. 02) when transmi tted

t hr ougherehethd éNineerre@s a cdloe imedtlined redultoigafirom 2Bsonptaonedfilight by
ﬂ]?e filmis an antireflective coating. 26. The nethod
dé'Fai m 19, further conprising: depositing a second
| ayer of the ophthalmc nmaterial on the film wherein
the film is disposed between the first |ayer and the
Fhe mrthod@felaim a9 wherein the wavelength range is 420 nm — 440 nm.

The method of claim 19 wherein the dye absorbs 5% - 50% of light having a wavelength
of 400 nm — 460 nm.

The method of claim 19 wherein the dye absorbs 5% - 20% of light having a wavelength
of 400 nm — 460 nm.

The method of claim 19 wherein white light has a CIE of (0.33+0.05, 0.33%0.05) when

transmitted through the device.

The method of claim 19 wherein white light has a CIE of (0.33+0.02, 0.3340.02) when

transmitted through the device.
The method of claim 19 wherein the film is an antireflective coating.

The method of claim 19, further comprising:
depositing a second layer of the ophthalmic material on the film, wherein the film

is disposed between the first layer and the second layer.
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