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OPHTHALM C SYSTEM COMBI NI NG OPHTHALM C COVPONENTS W TH
BLUE LI GHT WAVELENGTH BLOCKI NG AND COLOR- BALANCI NG

wouLGhaNAL | TI ES Background [ 0001] The present PCT/US2007/006748

invention relates to an ophthalmc system More
particularly, the invention relates to an ophthal mc
systemthat perfornms bl ocking of blue |ight

wavel engt hs (hereafter, "blue blocking”) in ophthal mc

| enses, while presenting a cosnetically attractive
product. "Ophthalmc systent as used here includes
prescription or non-prescription ht hal m c | enses

o PHENALIG SR E L E QB INBIGIOBHIHAL MG FQMRONENTS
contact |enses, intra-ocul aWldhses or corneal inlays,
anBLYEBUISHDWAVELENGTHB LOGKINGAND: GOMORBBALANCING
conponents to provi de BUNMCHONMALEEIEShal ities

described in further detail in the follow ng. [0002]

%rr!ent 'refearch strongly supports the prem se that

s ength visible Iight (blue light) having a

W]emﬁdﬂpm‘seapm\@mﬁntrala\teéwanmprﬁ@@nnms@m@mcﬁes
er.s) be a contributing caus

8%&&%%"58 'mm rea%fséﬁerammﬁa'mtc JYStep) thébea#D orms
bisdkindef Blmgﬂ{n t wRIENG hslzhépedﬂeehim@@wa&hgz ir?e Hfh°a|m|c

at or near m Research further suggests

iengeas. Whilecrresepties acasseticallyratirastive prpdagd, "@ebtrheé@lc
BOSRAT s uE8AFsE u%m&@% P?é%ri%’ﬁﬁﬁ%?‘ﬁ% -Bieseiption ophthalmic

consunption. [0003] L I's made u
ensasy usad)riedi, fon glasae$ or speataclesy @pgnglaa;smv@@ntathbnses

%tﬁ%&ﬁfé‘?%ﬁéé§ou58%te%vmlé 'éﬁ%?eét%ﬂ M@E@%?%d Py gpmbined

Imeter waves crovva rared, 'Vi'sl
withr ether cbetpqrigts &mprawdy deaited fu rav;ts)mtieg slesearibey in further

EI& pwmg fg)ﬁchwng responds only to the visible Iight

por I on" of ectronmagneti c spectrum The visible
i ght spectrumincludes the | ongest visible |ight

iR e R R e A

W eidtitaNigiBledlight{BRie light) having a wavelength of approximately
400 nm — 500 nm (nanometers or 10™° meters) could be a contributing cause
of AMD (age related macular degeneration). It is believed that the highest
level of blue light absorption occurs at or near 450 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 spectrumbincludes 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 UVA wavelengths are from 320nm to 400nm.
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of 400nmto 500nm For the ultra-violet bands, UVB
wavel engths are from 290nmto 320nm and UVA

woavewliesgehs are from 320nmto 400nm US2007/ 008Z2@S2007/006748
[ 0004] The human retina includes nmultiple |ayers.

These layers listed in order fromthe first exposed to
any light entering the eye to the deepest include: 1)
Nerve Fi ber Layer 2) Ganglion Cells 3) Inner Plexiform
Layer 4) Bipolar and Horizontal Cells 5) Quter

Pl exi form Layer 6) Photoreceptors (Rods and Cones) 7)
Retinal Pignment Epithelium (RPE) 8) Bruch's Menbrane
9) Choroid [0005] Wen light is absorbed by the eye's

phot oreceptor cells, (rods and cones C
[0G04] tﬂé‘tmhemmrm@ptlnvlédaﬁmwt@welﬁy%% Ss6 Byels AR

ord GGG Dfr8E BRpabed f BRY AGAE bitefh qaé%ywd; the deaiplest

cyc I on of Iue I'i ght has been
,ngbggm to reverse this process prematurely. This

e’y& Leversal i ncreases the risk of oxidative
1)%%& Ro“P¥®hel i eved to lead to the buil dup of the

2)}[@Qﬁ§ﬁﬁn Cenef usci ninthe retina. This build up occurs

eretlnal ment epithelium (RPE) layer: It is
3)Yaneeiexitonm La¥Rfr egat es of extra-cellular materials

4)%@0%1’ dHd'eerizantalfcuiged in the RPE [ayer due to the
essive amounts of |ipofuscin. Drusen hinder or
5pDoter RIgxifeme LaY@Er from provi di ng the proper

GflgEB{o‘?QE%ptW%Uﬁ§dQ%%@@f@tOrs whi ch | eads to damage
even dea hese cells. To further conplicate
7 Rietinpl Bigesent Epithslssm RPRAt when | pof uscin absor bs

ue |,] A gh quantities it becones toxic,
8?5&%‘%’1@%}? Pﬂ%r damage and/ or death of the RPE cells.
9) Choroid

[0005] When light is absorbed by the eye’s photoreceptor cells, (rods and
cones) the cells bleach and become unreceptive until they recover. This
recovery process is a metabolic process and is called the “visual cycle.”
Absorption of blue light has been shown to reverse this process prematurely.
This premature reversal increases the risk of oxidative damage and is
believed to lead to the buildup of the pigment lipofuscin in the retina. This
build up occurs in the retinal pigment epithelium (RPE) layer. ltis believed
that aggregates of extra-cellular materials called drusen are formed in the
RPE layer due to the excessive amounts of lipofuscin. Drusen hinder or
block the RPE layer from providing the proper nutrients to the
photoreceptors, which leads to damage or even death of these cells. To
further complicate this process it appears that when lipofuscin absorbs blue
light in high quantities it becomes toxic, causing further damage and/or death
of the RPE cells. '

[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

-2-
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[0006] The lighting and vision care industries have
standards as to human vi sion exposure to UVA and UVB
woadi7abon Surprisingly, no such standard is i RCPIUSZ®7/006748
with regard to blue Iight. For exanple, in the comon
fluorescenttubes avail abl e today, the gl ass envel ope
nostly blocks ultra-violet Iight but blue light is
transmtted with little attenuation. In sonme cases,
t he envel ope is designed to have enhanced transm ssion
in the blue region of the spectrum [0007] Ophthalmc
systens that provide blue blocking to sone degree are but
nowl. . lopcvast! bisckeadvaivddietllight bu
t“&F?ﬁ@ﬂ%@@ég%&ﬁa}e@gﬁg@g%l e, the? tend to

’ b
blaedight imhwﬁtmbwéhllimfgaﬁgn%g@.om 8OVE| qq;;@spﬁ'leaﬁ%qlope
isyﬁgigr%thﬁé:, b%vé) rgﬁsgfég%%%ﬁnlsﬁﬁﬁﬁﬁnw the BRiDIeRfidh BOthdVbr e

n technrque for blue bl ocking
sﬂ,éb{ﬂ]n\(_es tinting or dyeing lenses with a blue bl ocking
tint, such as BPI Filter Vision 450 or BPlI D anond Dye

500. The tinting may be acconplished, for exanple, b

y
[q I §gMhaRec sgserms tiratlrevide tluatblpding énsamd drorge are

bl Ki d | f X
cpewnodiorevntheyarelbia et SRR bR LA bystoms.

l i li auae of a yellow
Féﬁggégwip‘l)é, tﬂtgg@énﬁ% Bk cusnétivatlyiunzgpiealiag oeichu

I nt the lens, To nan eopl. e, .t he e ;
oobmierding ghatow repdusiin EENEes _r%(ﬂld@%%%f%@%’? 3@‘?'% gm"y'
o%%écrcr)e S ljeiétapiéw%%\’ Blue Bl%%k%?ﬂhvcﬂﬁhésﬂﬁh&iﬂg&&m@eimg lenses

| | g fe
it & bhus blocking tixaawte ASIEP LORPEVETGH Jpc BT PifMohd Dye
@@gﬁfqggﬁgﬁ?%?@%fn%é a'dcggmtpg@heé' & exbANN8)] bEfrhatdrsingahe lens

ensa or the yellow ng effect of
b laUsediba tiit pot cEotaimrgrepblee HPokNGIYEIGHEIPR IOy e

b treated with _additi
SR b L e oo et or
dihBat BB apauRes irmpartaddyéliconal athbes tnd to e lans. To many

Intermxed with the_gr.igipal blu ' ;
Rk he ARRaanEs oF SUEARTa S Ao PLA R Y Sidesirable
é}#s%?%tﬁia@?k MoledNer, the titsnay Btudes: with teé necmial epless

0 e

ue bl ocki ng by. al.] Qw. n re of th
peérghptien of erlgns uﬁlebg'gﬁ.xmw aﬁféﬂt WP}"h%xﬁ'BBf?n ?% gé”%%’"

SEPURR hBLAYFERA oGl srsiign. of 17 ght vavel engths

[0008] Efforts have been made to compensate for the yellowing effect of
blue blocking. For example, blue blocking lenses have been treated with
additional dyes, such as blue, red or green dyes, to offset the yellowing
effect. The treatment causes the additional dyes to become intermixed with
the original blue blocking dyes. However, while this technique may reduce
yellow in a blue blocked lens, it also reduces the effectiveness of the blue
blocking by allowing more of the blue light spectrum through. Moreover, the
technique may reduce the overall transmission of light wavelengths other
than blue light wavelengths. This unwanted reduction may in turn result in

reduced visual acuity for a lens user.
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than blue |ight wavel engths. This unwanted reduction
may in turn result in reduced visual acuity for a |lens
wa2er7/1092052007/ 006748 [ 00091 In view of the forPegwiSmy;/006748
there is a pressing need for an ophthalmc |ens that
wi || perform blue blocking with an acceptable |evel of
blue light protection, while providing for acceptable
col or cosnetics, acceptable color perception for a
user, and an acceptable | evel of Iight transm ssion
for wavel engths ot her than blue |ight wavel engths.
Brief Description of the Drawi ngs [0010] FIGs. 1A and

roffP NS AThE Tpfigci AREHIA Abtesuing Amstiol erlioppiaimic

conmponent and an anterior ..

lefis tisdt Witl performybluenbloaksing Wil 8n@cssPiaPle (MG Bie ight
the present inveption: BES azidepted® color

profegign, yhileRrov @g&?%c%é?l%'nbad@@r%%driﬁnenf of et,9 he

pSVcBDABH fbina @Rkr,qiNd BAREREPFRILE: level Of light argmigsion for

enbodi nent of the present inventiqn wherein a blue
wBVeleriotp @U\%é‘?@hpp%@&g%ﬂ%ﬁné%%anci ng component are

integrated into a clear or nostly clear ophthal mc

lens; [0013] FIG 4 illustrates form ng an enbodi nent
BoiefDesqription ofithe IaWiNaSi ng an i n- ol d coat i ng;

[dcf’l‘r?r)i“hé%GM% id 4B SHoW EzampRsl 6itar vphtEtiasystem including
(o4 6)

onents to form an enbodi nent of the ese .
aiposterioavipe[hoaldng cogPanant ansk %@B?%&%L‘ﬁél%@"‘&‘?
the present I LRbdd | reseff invehtion;
CE%qu$§§ S(’FBW%F@d%E ;\%ﬂ, ?ﬂhﬁg rate various
conmbi nations of a blue bl ocking conponent, a col or

LTSRS <GB oploa BE B sk proner

i nventi on;
s ARTEAt OF kIS préserannvestioshow exanpl es of an

ophthal m c systemincluding a multi-functional blue
bl ocki ng and col or-bal anci ng conponent according t

g 10 .
[66P20i N tsillgbtratee an estuidimeneaf thenpredentinveation wherein a
b[I)Sg %Fc;crf(tlrlwg? gomponent and a color balancing component are integrated

into a clear or mostly clear ophthalmic lens;

[0013] FIG. 4 illustrates forming an embodiment of the present invention

using an in-mold coating;

[0014] FIG. 5 illustrates bonding two ophthalmic components to form an

embodiment of the present invention;

[0015] FIG. 6 illustrates embodiments of the present invention including

anti-reflective coatings;

[0016] FIGs. 7A-7C illustrate various combinations of a biue blocking
component, a color balancing component, and an ophthalmic component

according to embodiments of the present invention; and
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[0018] Enbodi ments of the present invention relate to

an ophthal mc systemthat perforns effective blue
wohkowkioseg2whi | e at the sane tinme providing a PCT/US2007/006748

cosnetically attractive product, normal or acceptable

col or perception for a user, and a high | evel of

transmtted |ight for good visual acuity. [0019] More

specifically, enbodiments of the invention nay provide

ef fective blue blocking in conbination with col or

bal anci ng. "Col or bal anci ng" or "col or bal anced" as

used herein neans that the yell ow or anber col or, or

[ogflfﬁ [ EIEYR Sgpeéé §ﬁ5w(gx#ﬁﬂ%smf%mhbﬁnic€s#mad,including

neutralized or otherw se conpensated fqr so 0as ;
a huli+focctizenzh bhuees biocking and &@Kﬁﬂlﬁi@)ﬂ‘@“@ COMRONEHLAGEAY ing o

at the sa | i og:the effectiveness of the
e%‘bﬁg'%?%@@&b?ﬁgég@ﬁg%&émmveI engt hs at or near 450
nm may be bl ocked or reduced in intensity. In

particul ar, for exanple, wavel engths between about 440
nmto about 460 nm may be bl ocked or reduced in

Die[gifé@tjég.cr@ﬂ(mer more, transm ssion of unbl ocked

“waverengths may renmin at a.high |ey r at

(03881 Egbammts P Pycent myetiiondeip bR SHRRReat

sgaghhﬁ{di’ipﬂ‘erﬁ#ﬁiseéﬁémwel (99K bidcking whiletttthy saieatimeRyoviding
syst em user, col or er Cept 1 ONn

may be.nornpl or .
acosepeidslly aragi® PISUsHIAEIFHYE 26 PRI SoRy RTgeRtion for a
| figvErBk geBd WAsLt eiepityse a
“ggﬁg"qﬁ%ﬁ nfgg‘vggﬁggﬁéﬁfl%dstleri or ll't o a col orbal anci ng
conmponent. Either of the blue bl ocking conponent or

cqlor bal apciing a4y pRVideof
o nie RGNS cLABRERLs BRthelfuofion Ridy br
cEfabtv e blocking ipostrebination with 606k P?@%po&l%‘ﬂf and

anterior cplor b ' YN
oelRyind o SRy e T RERPRFAD iBkng matinb yeflow o
Hhbancaphidrathecuhwastetbefiestaftiiee blagking iscigdyged. ofiset,

conponent i osterior to 0 ' ticall
eohpbeRor oRaBRtine canipsy ey 97 bs 1P pRtRIRd cosmeticall
cHPRALIS Pedinatwitinitdanhe lsagt tifiernerusing thessffeniveppss of the

al anci ng conponent, before passi.ng thro | locked
e bloakN% o ﬁéﬁ'f“pll% ‘ﬁ%"‘?‘%@gf%\?e%* %W$4{e4%ﬁggwg'a yﬂe#:l.) ocke
o‘}*}Sdp?&a’w #HtaRSiHNIIrCoARIRURIA! foTaikahasiscwavelongtits hetveen
a yellow or anmber tint of e .. it
about 440 nm to about 460 nm may be blocked or reduced in intensity.
Furthermore, transmission of unblocked wavelengths may remain at a high
level, for exarnple at least 85%. Additionally, to an external viewer, the
ophthalmic system may look clear or mostly clear. For a system user, color

perception may be normal or acceptable.

[0.020] An ophthalmic system according to embodiments of the present
invention may comprise a blue blocking component posterior to a color-
balancing component. Either of the blue blocking component or the color
balancing component may be, or form part of, an ophthalmic component
such as a lens. In other embodiments, the posterior blue blocking
compbnent and anterior color balancing component may be distinct layers

on or adjacent o or near a surface or surfaces of an ophthalmic lens.

-5-
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posterior blue blocking conponent, to produce a

cosnetically acceptabl e appearance. For exanple, to an
wext@rmgdo2vi ewer, the ophthal mc system may | oBkTaISE®@I/006748

or nostly clear. For a system user, color perception

may be normal or acceptable. Further, because the blue

bl ocki ng and col or balancing tints are not interm xed,

wavel engths in the blue |light spectrum nay be bl ocked

or reduced in intensity and the transmitted intensity

of incident light in the ophthal mc system my be at

| east 85% for unbl ocked wavel engt hs. [0021] As

di scusse ' p%ﬂé'?\'t or b tie bblee batencing
Becaing t ?ﬂéﬁéﬁ’gﬁé@%ﬁﬁ{. ques %Bg?t%gkrm ue Light .o ont
cOtR¥Ehamyitivill iaheayslbealriemted With resperbin a gger So that inciden

terference, iading .

g stk i Gk BRI PapBReht BeiBie pdSei dpteightne

blgielfﬂlsa(i@ %H‘Vﬁdriééﬁ 16 becrebbivekl gthe nser'sseyes. Jhepplor-
ilter ion 450 or BPl Di _ ; _

e oo e AP M s e o

pgﬁﬁﬂBFB@@ bidBRAg dhpEMeip e prdjudenarensmegicaliy aceertable

eated tint pot containing a,bl b '
appéanainos. fl'ld-‘rr @%ﬁp'ﬁr EU@'IP I H@b"'ﬁg‘fee]roﬁ‘%g&'t%ﬁeﬂ?‘% system .
i ' digdri eolor pevsapticromay be

g 80K cithyi &t fABSAY Efoat? SF’“?S“G“FS@ clugto. 1o exaanre.
norrgahorcaareftadleg drithelo REEANR ! H'l“rﬁuli’ PR MRS D&IBOH

and/ or_reflecti j i fise bwid ligtitl trum
iR fis SR IR, MayctoRytnanat s o Ciole
ridy be loioakes! @1 redoeri g dntansiar gaR toe AP AGPEIRIL O

iri,"ql‘ll %tétr P%EEQ \tn%gégﬂh%\'rﬂfc SteRAtGy ML aEIbs£85 YMbramblocked

y or 1’m conbination wth other
walbsrsgthebsorbs, reflects or interferes with |ight

havi ng bl ue |ight wavel engths. Rugate notch filters

are one exanple of blue blocking filters. Rugate
[bbD11ERS AsSusHeagbrevidusly, fietmmiques Foblyerilecking|ase <P¥e-
I n whi

Thix b e gmiaee FoRar 118 TOREPVEldhcis it dBsStion.
rgﬁ%gt?(m(),S?Meirfége%e,td?ﬁ_?ééﬁ'hbmasionﬁhd;e_ﬁd‘fte rrendisefissed padier,
I hdex e.d. | an | , rugate | . .
acsondiog toding \REhnices AHERS Sth DR s PyEl LA Hie plocking

wave

e
greportidradi concentration. 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 period of time. According to another
technique, a filter is used for blue blocking. The filter could include, for
example, organic or inorganic compounds exhibiting absorption and/or
reflection of and/or interference with blue light wavelengths. The filter could
comprise multiple thin layers or coatings of organic and/or inorganic
substances. Each 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 dielectrics in
which the refractive index oscillates continuously between high and low
values. Fabricated by the co-deposition of two materials of different

-6 -
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period, refractive index nodul ation, nunber of
refractive index oscillations) determ ne the

woeodraosmnce paraneters of the filter (center 8ETiUS2007/006748
stop-band, wdth of the stop band, transm ssion within
the band). Rugate filters are disclosed in nore detai
in, for exanple, U S Patent No."6,984,038, whichis
fully incorporated herein by reference. Another
techni que for blue blocking is the use of multi-Iayer
dielectric stacks. Multi-layer dielectric stacks are
fabricated by depositing discrete |ayers of

r }énc%%l(/g?fﬁ@ﬂ gé‘ Pg Bi@ dnb OMOE)?frb to filters @ knowiretd kdne very

weeli diefii mdeﬁtopﬂ%a;\%i:fgr Qayt@%?gth ,ﬁﬁq‘?’&h@ﬁ,ﬁﬁ%t@rﬁr fle al’ff:enua%on
°H§‘f‘i‘$ fﬁ%égn{!‘e e Mrdwgn% rgfnétéﬁéeéf thermter (d)@ématlon

ormance

péiied eaffractive timddos mgdydein, mrrggg)gﬂr r;,fracﬁggu ggié}g gﬁ@atmps)
dﬁg?‘n‘g&% n%_ ie?ffgrr%gﬁ{:g Eﬂ‘é?%'e?&s‘?%h& Piter S@é?\téﬂﬁﬁfﬁé $§t8p-band,

roporti on or oncentrati on of
mhkhth&:ftthatsmgbéme transmission amnrm theband).i Rugste rf@grsaﬁaa

greentl es tp the cglo
TR RSk SR % T0BR0B whin
ﬂgg)ggata?ﬁrgte%/ﬁé@m By r@fecobabe m'ctaercmrmtqueabryolue blocking is
thy yﬁg raf @Snga}gﬁ%a@%nq: gtoﬁrgkgr igaltl‘j?y «{j&ﬁ?% éHk% are
fé@r@@%]ap FRPURchae IQ?él%l dr;fl aﬂteenbmlg hight and law refractive
ht m'c S St em accor di ng Br esent i nventi Oé]s

ibrex EYRSe dats L GHMIAYY (19 VgaE fé#%ﬁs?‘%%‘ BPARE G
119(9 UR0AF ﬁyeﬂ%cﬁﬂ&@"inéﬂh@d Ryet PbRAcihA Mdekngnd number of

npone I'n system 100,” t he posterior

IMMlpegtlonapet&fman dhe mﬁoﬂé‘aBPelﬂ%?”@éerérfobl Uﬁ,“ AR
‘ﬁ Iglgggqe&stguch as a single vision lens, wafer or

_ e-form The single vision Iens waf er or
optical pre-formmy be tinted or dyed to perform bl ue

(3B o B0 A 8 AR GRS, BERERSBhuG Ry
c?crg%b%? ighéétagmgn gcnsexamﬁler aosruntamle pedpqptien fog cencentration of
K )
t‘ﬁ%@l@r-ﬂél%‘n%mg component, such that when viewed by an external
observer, the ophthalmic system as a whole has a cosmetically acceptable
appearance. For.example, the ophthalmic system as a whole may look clear

or mostly clear.

[0023] FIG. 1A shows one possible embodiment of an ophthalmic system
according to the present invention. The system 100 may include a posterior
blue blocking component 101 and an anterior color-balancing component
102. In system 100, the posterior blue blocking component 101 may be or
include an ophthalmic component, such as a single vision lens, wafer or
optical pre-form. The single vision lens, wafer or optical pre-form may be
tinted or dyed to perform blue blocking. The anterior color-balancing
component 102 may comprise a surface cast layer, applied to the single

vision lens, wafer or optical pre-form according to known techniques. For
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| ens, wafer or optical pre-formusing visible or W
light, or a conbination of the two. [0024] The surface
woast7/logper may be fornmed on the convex side oPCThS2007/006748
single vision lens, wafer or optical pre-form Since
the single vision lens, wafer or optical pre-form has
been tinted or dyed to perform blue blocking, it may

have a yell ow or anber color that is undesirable

cosnetically. Accordingly, the surface cast |ayer nay,
for exanple, be tinted wth a suitable proportion of
bI ue tinting/dye, or a suitable conbination of red and

Q ?eéﬁ n%;.u@a%%xgéﬁ laPQgﬁ%’ DSl GHsoriist to gesingieywision

ncing additives after it is f
leﬁ@laham droptical pieafgirm usingoisiblerer, UYdiaht. @ a Gpmhingtion o

pre-formthat has already been processed to nmake it
thgtye- bl ocki ng. For exanple, the blue blocking single
vision lens, wafer or optical pre-formwth the

[0?)%{; ?%gg Cs%?ftaglea @%rélr:ntﬁ?sy é% %aﬁ é#’{}tg‘éectq;m%x%‘?de of the
SIEQ%r \ﬂ%ha\bﬁszaﬂé?rdrl dblﬁ:aﬂﬁtb-mr_lrzﬁ eStnmet thersingle \deippdens,
e T ot B Bt P08y 6 BB MBEcng
rrfagl HiJePS eTSwFHreé’rﬁBér E&er Mdtas bh@lékirﬁblemcrm;hehcal@ on

S, warer opti cal preformfrom gg&}dﬁ’w‘
Actardingipr ossurfagenenslyeier ey, B amPIS.or deEH A
s&%ajh%ﬁ)r%{)%ﬁ%ﬂl c@%lﬁéftln%%}m@ gy e duisbid comtmattcﬂpef red and

I ng isis illustrated in FIG 2,
grdtrctintiigidgespht hal m ¢ system 100 with a dye resi st

201 on the concave surface of the single vision |ens,
wafer or optical pre-form 101. The edges of the si %
[OO;fB]OFI‘Hdeeélﬂ'faclmfémt Ixra]yeroqnaydm treateds withncaiay t}?éa:p@f\g additives
uncoat e ow t that has
ol tiar £8P fo RS OEE VRt BES Fefeearental pre fous
AreBa9bdenvpragebbéd ko atgesit bLROBIBEKIAGG. qufemm the blue

%m@‘l’eﬁ oI AT r i BnS o Syl i BRRE gast

redd RS 069{/@* E@H@Bé irhdy be'mamestd 104 hmytebetlrthmot Wthh has
clude an opht hal m c conponent, such

the SpPROPIAMATOPORIREE AN AYTCIRITAOTS O é?'aﬁsigf%ves ina

solﬂﬁlon. The surface cast layer will take up the color balancing dyes from
the solution. To prevent the blue blocking singlé vision lens, wafer or optical
pre-form from absorbing any of the color balancing dyes, its concave surface
may be masked or sealed off with a dye resist, e.g. tape or wax or other
coating. This is illustrated in FIG. 2, which shows 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.
[0026] FIG. 1B shows another possible embodiment of an ophthalmic

system according to the present invention. In system 150, the anterior color-
balancing component 104 may be or include an ophthalmic component,
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posterior blue bl ocking conponent 103 may be a surface
cast layer. To nmake this conbination, the convex

weuod7ao0of the col or bal anci ng single vision Pemas2007/006748

waf er or optical pre-formnmay be masked with a dye
resi st as described above, to prevent it taking up

bl ue bl ocki ng dyes when the conbination is imersed in
a heated tint pot containing a blue bl ocking dye
solution. Meanwhile, the exposed surface cast |ayer
will take up the blue bl ocking dyes. [0027] It should
be understood that the surface cast |ayer could be

Silad B HRGBIVIEIGH @F niitifodanieht| whfsradr,optitiah pre-foram ahe
single vision, |ens, wafer or optical

- f I
reietieuhluerleckdng compenant 103 PV RSP a%écggé&ntﬂ%v%d de
rﬂgﬁ@'frthi%%cﬁ"nﬁih?%ﬁ, {eSedHV dxeilifactPdtheol@Pbaledting single

pre-form including multi-focal power, thus converting
visiendeng) wafer sirepticehpre-iremay he giasked wigh a-dxs s as
tiv P ' f ' kve
Gl 058, o (o U1 bRt oAy
abrebinadionds igmeztsed imdchdated [tint pot aontabvieg a blueHdocking dye

si.ngle yision.len f [ §

058, KBl VEhSE AE SoBL e [BRSbue
oer@gtdyedvention. In FIG 3, blue bl ocking and col or
bal anci ng functionality are integrated into an

opht hal m ¢ conmponent. More specifically, in ophthalmc

ito;%m] 3RG&hoaidPpe iner93d that thessuafatiegastdagedequld bef used in
I nt penetratlon Into W se .cl ear, or

. pel § ) n_qgthe I . st |
combinasion Wi m BultoiasshdRherohan a singlbaYisin, ok yfafRr or
bBEEQYre TBYM Do RiddRide, @6k sDEacE wakiRyer @opif bé @8edd8.add
corresponding to a depth of tint penetration into t

. he.
pOWer ip gesingleyision lems waies P aplispHRIRAPAT. '%%Bﬁéﬂv'?"foca'
tinds | QSiohast k YpRE&form t
Bt e SRR LT At o o«
prutiHioed less,vdth eitker I lied shtiagrassivediperadditian 1 Ofgpurse,
or | Lot Lally } , I
4 FBCR L 0 LA b1RE o8 iiod o 3\ 61 B3ovter o the
pingjid vision [Ene, wladar orooptiasd pPrg-fetnear si ngl e vi si on or
mul ti-focal |lens, wafer or optical pre formmay be
tinted with a blue blocking tint while its front
[ooRe}XFEsIrd alsews :inother embodiment according to the present

invention. In FIG. 3, blue blocking and color balancing functionality are
integrated into an ophthalmic component. More specifically, in ophthalmic
fens 300, a portion 303, corresponding to a depth of tint penetration into an
otherwise clear or mostly clear ophthalmic component 301 at a posterior
region thereof may be blue blocking. Further, a portion 302, corresponding
to a depth of tint penetration into the otherwise clear or mostly clear
ophthalmic component 301 at a frontal or anterior region thereof may be
color balancing. The embodiment of FIG. 3 may be produced as follows.
The ophthalmic component 301 may, for example, initially be a clear or
mostly clear single vision or multi-focal lens, wafer or optical pre-form. The
clear or mostly clear single vision or multi-focal lens, wafer or optical pre-

form may be tinted with a blue blocking tint while its front convex surface is

- rendered non-absorptive, e.g., by masking or coating with a dye resist as
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rendered non-absorptive, e.g., by masking or coating
W th a dye resist asdescribed previously. As a result,

wea prri9on 303, begi nning at the posterior coneavyas2007/006748
surface of the clear or nostly clear single vision or
mul ti-focal |ens, wafer or optical pre-form 301 and
extendi ng i nwardly, and havi ng bl ue bl ocking
functionality, may be created by tint penetration.
Then, the antiabsorbing coating of the front convex
surface may be renoved. An antiabsorbing coating may
then be applied to the concave surface, and the front

dq%%glﬁsﬁ pf;%(/i?p@%& aRd A% Pﬁhsrp%lrtlc%jg@§ Bég”hhfhgﬁan@iemostenor

focal lens, wafer or optical
convaveasurfauiesaf the. qiﬁartgr mnestly sless singlg VIsian Of rﬁylﬁffo%ﬂ?ns

f | b
wg%rg@(@gglcgﬁggena Crgﬂ A a«{)ﬁélg E%@QFdlﬁ,gaﬁét{ ?%r\;mgo%'u e

bIBEKhG rfuﬁ@n@ianmanfayauetcreamdaby siot peoetration o TheRgiiyanti-
aé%lrn%géa‘t;{?gatgﬂ etf tq{glnth'osputgga%e%% T Fé?ﬁo@é’(! | lt\‘f-‘nrantl-

ol ng I‘OCGSS coul

f § a)lthén(bwsﬁ(yl@ecswmmecbdrfa@.aﬁ@the front
LTS R el g re

e renove

- 8 tidted Cb vat&arsmgl iora heéted tint
w%ﬂ% (gtgﬂgqp &tk FEES e (egcby

e maski'ng could be t|nted,f

I
pbi)dokccnlg»r bpl}mpy}g REhgrqqlqrgbqa{gmplpg yjfl bq ﬂB i%'r%gd by the
bohedxrsarface
pg g?%ﬁ@g}é%ﬁgafnc{ﬁ %Ppﬁc?hs g@ﬁ HeguRiih 28 athéllfrgﬁp
aNgreSdérpmogfmwardly,, th;;h U\;@HE%AIW‘%IQ%%&? Ce%glierscg)ajimgs The
omg q@%b%fﬁqs n% grro{)gg dj % raveRsed: Weé SthdEopgdvecalirface

inted wth a suitable
cBlieeridst ekhasked whjledie remalmlhg oKt wagctintgg FBECRISF or

bgge!diaqq%d é?a %fé‘%ﬁr}ﬁ‘;?%&d’%l ih \Z%t‘gahbrg Egptrﬂomgskness at

conpri Si n%
tﬁé‘ icbAbh@e k&yieh 18R dhented by themaskingotouldig tiniedigr blue

dyes, may be applied to the convex surface nold (i.

W@-, not shown, for applying the coating 403 to the
convex surface of the ophthalmc conponent 401). A

| or | 402 be filled
[882312@52%%38 e 1oy ot dn apemaea oAl aETesent

lér\ge?rgfgrbaa} anP:l ngﬁ?‘ifc' %téﬁ%@?ﬁ?ﬁ%f&%dﬂ Ulsmgamsm -trindd
coating. More specifically, an ophthalmic component 401 such as a single
vision or multi-focal lens, wafer or optical pre-form which has been
dyed/tinted with a suitable blue blocking tint, dye or other additive may be
color balanced via surface casting using a tinted in-mold coating 403. The
in-mold coating 403, comprising a suitable level and/or mixtures of color
balancing dyes, may be applied to the convex surface mold (i.e., a mold, not
shown, for applying the coating 403 to the convex surface of the ophthalmic
component 401). A colorless monomer 402 may be filled in and cured
between the coating 403 and ophthalmic component 401. The process of
curing the monomer 402 will cause the color balancing in-mold coating to
transfer itself to the convex surface of the ophthalmic component 401. The

result is a blue blocking ophthalmic system with a color balancing surface
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transfer itself to the convex surface of the

opht hal m ¢ conponent 401 . The result is a blue
wohoewkioseg2 opht hal m ¢ systemwi th a col or bal aneCn®s2007/006748

surfacecoating. The in-nold coating could be, for

exanpl e, an anti-reflective coating or a conventiona

hard coating. [0030] Referring nowto FIG 5, in stil

ot her enbodi nents of the present invention, an

opht hal m ¢ system 500 may conprise two ophthal mc

conmponents, one bl ue bl ocking and the other col or

balancing For exanple, a first ophthal m c conponent

501 coqul d, be bac ig ME-refiedthee
comting; - Sifng Ao 5t BRalpiC AbaNe:
co%fflﬁa/dr'é‘bﬁﬁvdhttdhdl hemippatmgl ate blue blocking tint to

achi'eve the desired | evel of blue blocking. A second

opht hal mi ¢ conponent 503 could be a front single

[063@1 F&rnﬁg rhWtcsErG 35gnmﬂntofu?épegibouenemmﬁté\ra mesclant
pre- or onde af fi xed ..t ngl e
mvels’mcom an onbﬁh@agl@ W¢ab%0¢rmqy C‘?'@BH?% ﬁ%&ﬂﬁémﬁb
%l\t éﬁ o'fiidb Jc%n@éﬂaﬂhé odsérmeblar biMancing. sFot example
esive front S|ngte Vi Si on

a ﬁcstwhtlsalrma@enmcmentfﬁgb aeoyld he a ha single gb?tl?lg Qf concave
tbrréﬁ?ceﬁf, &L{Ej ?%‘lf“%l fol€ RIS g) de&' re-ahaageadineed dth the

't was bonded wi th the bac
aﬁbﬁjp‘f’l@t@bk@hhﬂmgsﬁmtftawmﬁnetﬁhef@ﬁ%'leq g6l of bl tiaping. A
an [OL ’ ¥iohl gHtamv
sgggﬂfgypgﬂ'}a? g:ec?mpppeﬁg %g C gﬁﬁbé %%nt%ﬁ@l'gg\gl c ex
sQFScé prumtigocaldehs, wafedararpticel me-fg?&l’fbrb@inﬁl@d IR |xed to the

npl by tech d E i
bg)ég smgiﬁ v§¥% Sg CS;" %\Jg% sgﬁgg% HQ@H—f@?&“ ns, \Héfé?ﬁfﬂ?ﬂt@al pre

ve Surface [ti-focal
bR Sor WRhSIpIO UsRf 4 LA opvisile coralslg a@m@%o T he front
coated wth a dye resist t

singla o ongaevex suracs r faRiAEhhokoeh H icaPpRatct
cBch{ b8 '?én&'@ﬁédb&olbpBélafh@rngoéma?cbefmeaoheﬁeed wambomﬁd with

contarning a suitable solutio

n of
tidy @apkasllmgjwwfgon IPE CONSAYE }§HFf?F‘B ﬁnltllﬁ (%9 | Ieﬁ%aw‘éfé}%r optical
baI gﬁﬁ qp?i‘?&e?h? h%%éingf@wlsﬂfn bheomsy surtiase muigdocal lens,
resent | nvent i on, o enbo ma%frwle by

W@Fer ex niptlcaltw-fmrmq;dd@eh@néprﬁ REIPT ba\HRI Sl

erhniat Gt uSchfle, BRTBAGRSIGle Tision o5
t§ﬁ'6Wﬂ“Pﬁ &ﬂﬂéh EJg))%fv\%?/a30/#2ct’)rf(S(exa i e, f or t?{? 0 me
dtaee siifacentultbosh @ns, wafer Ghoptice! PrerTaEn 2y B3'Mkske
or coated with a dye resist to prevent it taking up color balancing dyes.
Then, the bonded back and front portions may be together placed in a
heated tint pot containing a suitable solution of color balancing dyes,

allowing the front portion to take up color balancing dyes.

[0031] Any of the above-described embodiments of the present invention,
or embodiments not explicitly disclosed herein, may be combined with one or
more anti-reflective (AR) components. This is shown in FIG. 6, by way of
example, for the ophthalmic lenses 100 and 150 shown in FiGs. 1A and 1B.
In FIG. 6, a first AR component 601, e.g. @ coating, is applied to the concave
surface of posterior biue blocking element 101, and a second AR component

602 is applied to the convex surface of color balancing component 102.
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In FIG 6, a first AR conponent 601 , e.g. a coating,
is applied to the concave surface of posterior blue
wohowkiosey2 el enent 101, and a second AR conponeRCTAB2007906748

applied to the convex surface of col or bal ancing

conmponent 102.Simlarly, a first AR conponent 601 is
applied to the concave surface of posterior blue

bl ocki ng conponent 103, and a second AR conponent 602

is applied to the convex surface of col or bal anci ng
conmponent 104. [0032] Further enbodi nents of the

present invention are illustrated in FIGs. 7A-7C. In
FLG, 7A S (ie8 tbnké ¢dasave sudace of
SINH A R AR eamp S DS HPe

color bal conpone
poétetidriiie dlecking uemmme@a L Q@eﬁpd A3RCON %SN% gﬁent 802 is
apgﬁgéi ég gﬁ%?:[agv% gﬁagg ﬁq ?ﬁ‘ém@ Q:oh’ikﬁ:riﬁﬁtelfozlor

ophthal mc | ens
702. The bl ue bl ocking conponent 703 is posterior to

[0522] f,%;ﬁéérb%%%géﬁ%@éo{fqﬁgeﬁg %‘?@ nvgﬁ]tlcﬂ{ a Illﬁ%ﬁ'ﬁedﬁ’\ FIGs.

nmost

729 haj s | #MSan éﬁhﬂ«%lmsystgnovom ayﬂmdé’@a b‘rug ‘bicking
ortred. Anot her AR coatin

camponeatd] G end & GPIEh BaiERCard BomERnPal LO% i o foRnests
acﬁ?l:gﬁt Bt ﬁ%@l'nﬁﬂ c'o@ﬁﬁgg ér@QﬁB(])r adjaBe torBe anteripr ue

mponent

| or - pal '
smmk:eaofea a;ieamgeﬂogw gﬁeaggpgglgﬂ%rlq nshia ggpggmg Bfdtking

rior

cc%rgfoﬁggt 2h3 5%1 ﬁo%?%? tQfhdTBSIor-batdriiig ephigasient 70ker@n or

ocklng conpo

nent, 703 1S .
a@ﬁ&bat toomet postador suGace af tirFigar eb Hﬁ?fﬁ'él e3igRPtRRINIG lens,

one 70 r AR chatihgor layer 705
§P?EP9 & hgﬁ?dgfﬁﬁﬂ%f&ﬂ%g’ o%ﬁlgtnhgﬁ co n;go ne nt!j 703.
m%ﬂpb@ iRl onpGacetds thepnberigravas eRlpncing
to the anterior surface of the clear or m)stly cl ear
layeRt’®4t mi ¢ | ens 702. [0034] In FIG 7C, the biue
bl ocki ng conponent 703 and the col or bal anci ng

[&%gﬂﬁ (rl];'ﬁ Z\%é ?ﬁb%'ﬁgggﬂgg%é% %{ltaf(%]é H%OWctl‘eoalancmg

respectlve

éﬁﬁacﬁ etf7 &%@ré‘hged BA%r @iffacéApaothe pbetéfIQIesurface of the
|

t 703 t
Gl N T RN W
comgc%émdid%nm(ﬁos@gﬁ&(’%rlhetdblor—balancmg component 704. An AR

component 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
{ens 702.

[0034] InFIG.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 o the color-balancing

* component 704. An AR component 701 may be formed on or adjacent to

the posterior surface of the blue blocking component 703, and another AR
component 705 may be formed on or adjacent to the anterior surface of the

color-balancing component 704.
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the posterior surface of the blue bl ocking conponent

703, and anot her AR conponent 705 nmay be forned on or
weadp@aest2t o the anterior surface of the PCT/US2007/006748

col or - bal anci ng conponent 704.7 006748 [0035] FIGs. 8A

and 8B show anot her enbodi nent of an ophthal m c system

according to the present invention. In the system 800

of FIGs. 8A and 8B, functionality to both bl ock bl ue

i ght wavel engths and to perform col or bal anci ng may

be conbined in a single conponent 803. For exanpl e,

the conbi ned functionality conponent may bl ock bl ue

I i ght wavel engths and reflect some green and red

wavel engt hs as well, thus neutralizing the blue and

elimnating the appearance of a dom nant color in the

| ens. _The nbi unct | ' ide
(0833 SR SbB i aNEF pirbofRBRALE o dphuiEineS
sRAShEsE@rdmy foake presentineentiophimtiersystean§08es FIGs. 8A

le th t embodi rent :

w055 el B SR B A g OBt
cEBF bl FRATbé bobihed fn asfingletcontpanantians. ciboexample,
e L B TGP0 s

(R L VAR aRaé!l, §Ads Preutrlizidpdbe iue
r Céis#h‘geér]s{%égqgﬁdtj‘g??g{h or t ggposteri or,ss ;Jf ace o]ththe
antestiminpting)herappparanceo. a foseanteoles Beiiedgps. 'he
el WSl Vuiohbli ' dobmier adjacent to
Bl fEappoRefio) Fybe o gedymer adacen
eithapteatierior ot tivs postasior supacerofisgiearngprpihalaic lens 802.

IR SR R 391 sk ngesr

b‘@?é\ﬁbiﬁ%&@n’fdcﬂfrtee[*itt,sit isbamndsibh]edrthat it wadd fiFgiach e provide color
dichroic, filters . m?

halvnGing Rci RN BIoEK piie g il S crdftiod WAdHETIES0R

it &1ftidi. OTké Bphtresliic ipress0tindyefunthed inglude gunBtgaspponent

th other bl ue-blockj t echni
B gn O AireeThio BURET EBRBUEERT ORie P ErL ShEe S the Sear
(%%fﬁﬁéhgf; |éwg|31892‘rugate notch filter to effectively

oo ue

i ght.

[0036] As discussed previously, filters are one technique for blue blocking.
Accordingly, any of the blue blocking components discussed could be or
include or be combined with blue blocking filters. Such fiters may include
rugate filters, interference filters, band-pass filters, band-block filters, notch

filters or dichroic filters.

[0037] In other embodiments 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.

[0038] Any of the above-disclosed structures and techniques may be
employed in an ophthalmic system according to the present invention to
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[0038] Any of the above-disclosed structures and

techni ques may be enployed in an ophthal mc system
weaeowrigéng to the present invention to7 006748POEMUSLINMI06748

bl ocki ng of blue |ight wavel engths at or near 450 nm

For exanple, in enbodinents the wavel engths of blue

i ght bl ocked may be within a predeterm ned range

centered at 450 nm In enbodi nents, the range may

extend from 450nm +/- (plus or mninus) about 10 nm

(i.e., between about 440 nm and about 460 nm. In

ot her enbodi nents, the range may extend from 450 nm

ér[/ffi{nh OC&W%S?%Q light wal éﬂ?ﬂs 2 op he@ﬁ A50mran d=dlkamimple

ments, the range
mQéthﬁdirrférﬁthéQ/aualeﬂgthamlbdueg@gmrhlpp ked m%tpgvg@ ina

b

RSt SRR LT A0, T dipos noe e
e;ﬁ%ﬁétffcﬂ'ﬁ ;"{m}“f"" +f~h(pltlmbmﬁnusa)mhaut4lmnmﬁl endeiween abmyt 440

. i
v ABOUHHSL ATy RBy SR gnts. Sab fide FiR Sxtepgdrom
450 AR 4/t PRk, Betwehoatott AG0 nrbanch phoubd & om). In

systemmay |limt transni ssi on o 6%‘91%
<l othen srmRoiTAES JbRTABES TG SR eyl ERELTET AT gy, 30 n
(|o h%ﬁﬁ{é@%”éb&@tvﬁi@ REt BRd abduelBemneThpdstiteother em’apdlments
almc systemmay limt trans sion of t engB
tr;mﬂgm@emmm Fiom HE0B\d= ABPHHAY %ngesb?@“e out 410
ubs

8%@gh?é&bﬁtrﬁﬂfo%?ﬂpﬁ%ﬁ%%@gﬂemgtthé rahgeohagextend
frbi’raﬂsmrsﬁmbnabtbutmmi (iee- mh@fé\r%ﬁig@tp@quq] pﬂm and about 500
r\ﬂg)s\e/lﬁeq%{)h rﬁgn %Soﬁ&néﬁﬁ Eénf’\lrh y figve {t‘?énérﬂﬁésﬁiﬂﬂbf blue

Vs h?%\r”]@t?ﬁ)mtmmme sbane¥defm|edrraoges e sybg%mygﬁﬁ {g@?{gpﬁs
e a
AT USRS, EbRe L0551 AR BL Sy may
nmggag%@seﬁg% 6}’ He mtanr? dvag@lbngﬂwnmlmsmerahﬁvem@f inpdeanges to
in

sossantielly 205 o5 GUEEen HarBERET Ty BRG] RETEYdMsrte, e
cfdfgﬁgl'rr“@ '%5/§tent1 %gﬁﬁﬁﬁth?éﬁ@rﬁlsguﬁi &frtheelué iwavelengths w1th|n the

nsm ssifron o ue wavel el

amnwledefGTQChwlg&ﬁri@e‘wttséa%ﬁﬂiyt%E’gql'T‘R}'\gl%g”@?’ b{Hfat | other
ﬂiﬁ%’tgsthe‘ fthblrhi c%ﬁém%?@hﬂ?ﬁéﬁsmis@on of the blue

emmay |1'mt tranhsm ssion, of Ih
wavelengths wnthln the above—def ned ranges to substantially 0% 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 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 wavelengths. In still other embodiments, the ophthalmic system
may limit transmission of the blue wavelengths within the above-defined
ranges to substantially 20% of incident wavelengths. In still other
embodiments, the ophthalmic system may limit transmission of the blue

wavelengths within the above-defined ranges to substantially 10% of
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bl ue wavel engths within the above-defined ranges to
substantially 30% of incident wavel engths. In still
wobtheriogobodi nents, the ophthal mc system may PCWiUS2007/006748
transm ssion of the blue wavel engths within the
above-defined ranges to substantially. 20% of incident
wavel engths. In still other enbodi nents, the
ophthalmc systemmay limt transm ssion of the blue
wavel engt hs within the above-defined ranges to
substantially 10% ofi nci dent wavel engths. In still
ot her enbodi nents, the ophthalmc systemmy limt
. t.ransm.ssj : REnts, thietdphthalneic system
massoiwaig'.eﬁ‘@aﬁ%aﬁﬂﬁtgp?ﬁ'%éﬁ‘i‘?%‘ﬁti al | _5%?01‘ i nci dent |
mag Vielienghémission of the bbnemav@ﬁﬁgthﬁﬂ%‘P'g,t iabove-detine

opht hal m _c, syst,e hl Rer bl
reRarB e RUPRET TR o B it haRABRLES, O Al dier 01 ue
erﬁﬁﬁahﬁéﬂﬂgagﬂe/oéﬁmfalmﬁnwm?m m?yéimjhgﬁngmlasap%gf the blue

ot her enbodi nents, the ophthal m
weyRinsBR SRR e AR Oy B Sy 0 ciden
waREKAGHRL | festif aaesnittocirestanhe aldnthalio syiesh mav limit
wavel engt hs. ated ot herw se,. .attenuatjo

traphmiﬁﬂigﬁ of thasblag WVQIREQ@qSe‘HWP' r?bﬁr?g}olvg @%@é‘% %(r?"nggts to

s¥@é’t3bﬂ%[) %ﬂ%oir)f‘igg:h%rﬁ hexRisRstAs | iStdtecroiteswisey attenaation by

eas east 20% or at |east 30%. or .
tHecaphthétvic system ofdhstelegipmaangtic seactuERy vayelghoths in

| east 70% _Qr Yot Wagtt1dogast abRUst RO%Abr at least
“reeaé?"%%% C'o'ng%nbggﬁaggaa ora subst ant | al | % IéOO‘( %: or at
3D00IN] atAbastiD%Baoeat laast 59 %r atderstR0%i oppLIEas Zﬂt""

ar ectivel C o4 18Bsvey %abr kebstantially
'%@%S%yﬁdori A '8?%%?6%%62 F?ree?ar#?%z{% east 95% of other
1poet i ons of the el ectromagnetic spectrum nmay be

transmtted by the ophthal mc system Stated .

ot herwi se, attenuation by the ophthal mc system of the

[@?@@]t [ RENRIHS liFieas Waveitngths ef bhug hightaaresielectively blocked
ue light spectrum e, wayel epgt hs 8%, of

a descrivier abab. 197 8501508 Ot Ot B Emiogiierlshicd e 98%

o‘%ﬁgp gbﬂ%‘?\%%f tR%eidctisthagné @O 4péctAsdirhag e trgnsmitted by the
enpodl nents of the

cmhtham"payetemaﬁtaﬁ%f@%as&éﬁghgé’%% ﬁé%{oﬁ%% Hiehstern
l | : | &t : I Hslue light
%ﬁg\gteeé%d?(ﬁfghab%@c %ﬁ]gctrr@m Atwarelvhgihsvaveldenthensiue lig

spectrum, e.g. wavelengths other than those at or near 450 nm may be 15%

or less, and in other embodiments, 5% or less.

[0040] Additionally, embodiments of the present invention may further block
ultra-violet radiation the UVA and UVB spectral bands as well as infra-red

radiation with wavelengths greater than 700 nm.

[0041] Any of the above-disclosed ophthalmic system may be incorporated
into an article of eyewear, including externally-worn eyewear such as
eyeglasses, sunglasses, goggles or contact lenses. In such eyewear,
because the blue-blocking component of the systems is posterior to the color
balancing component, the blue-blocking component will always be closer to
the eye than the color-balancing component when the eyewear is worn. The
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[0041] Any of the above-di scl osed ophthal m c system
may be incorporated into an article of eyewear,
wonei7ade2og external | y-worn eyewear such as eyeglasSe®;/006748
sungl asses, goggles or contact |enses. In such
eyewear, because the bl ue-bl ocki ng conponent of the
systens is posterior to the color bal anci ng conponent,
t he bl ue-bl ocki ng conponent will always be closer to
the eye than the col or-bal anci ng conponent when the
eyewear is worn. Theophthal mi c system may al so be used
in such articles of manufacture as surgically
L npl | £al - r 4/ds Sfavanafacture as
opfiifRI Ry fet bl A6 bR et huc i%gci fically
sutdicsily intantaie trajosdlar lpnseSer ei n. However, it will
be appreciated that nodifications and vari ati ons of
the invention are covered by the above teachi ngs and
[0944]i Bevegalrsmbbdimentstdieheppantion aespasiiigaldiisirated

departing fraomthe irit and.i : i
A SADARAPTPE. DREer. a5 RRPEE R mddifations
R Prlctiona oF thé w&itmr{egcmngﬁ mﬁhﬁmmve_rﬁe@ﬁhmsea“d

col or - bal anci ng conponent. 2.. The. -
veitin fhe pURBET ihe REPBTEEd TR W0t Sana ot e i

] &B@Qﬂﬂ@inv@nti&?ﬂe opht hal m ¢ system of
%ﬁ%ﬁﬁgﬂggﬁﬁmwein t he ophthal m ¢ conponent is one of a

| ens, wafer or optical pre-form 4. The ophthal mc

system of claim1, wherein the col or-bal anci ng

conponent is an ophthal mc conponent. 5. The

opht hal m ¢ system of claim4, wherein the ophthal mc

conponent is one of a lens, wafer or optical pre-form

6. The ophthal m c system of claim2, wherein the

col or - bal anci ng conponent is a surface cast |ayer. 7.

The ophthal mi¢c system of claim4, wherein the

bl ue- bl ocki ng conponent is a surface cast |ayer. 8.

The ophthal mc systemof claim1, wherein the

col or - bal anci ng conponent is a portion of an otherw se

clear or nostly clear
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ophthal mc lens. 9. The ophthal m c system of claim 1,

wherei n the bl ue-bl ocki ng conponent is a portion of an
wobherws®e clear or nostly clear ophthal m c | eR€T/US2007/006748

10. The ophthal mi c systemof claim1, wherein both the

bl ue- bl ocki ng conponent and the col or-bal anci ng

conponent are ophthalmc | enses. 11. The ophthal mc

system of claim 1, wherein the col or-bal anci ng

conponent is an anti-reflective coating. 12. The

ophthal mc systemof claim1, wherein the-

bl ue- bl ocki ng conponent and the col or-bal anci ng

c I nct layers on or adjacent to an

oﬁiﬁﬁéeﬁ‘éeﬁwﬁﬁ& 2007/ 006748 13. The opht hal mi c

system of claim 12, wherein the bl ue-bl ocking

conponen d.the col or- or

;SR APTYGAEIE 2E R P 2 ySBIRRARE] bofpen@nt

\(I:\gnp‘ggﬁgpﬁﬂ_ﬁblgt&mwﬁbl IEabm'ga:cmymmtof claim12,

erein e ue- bl ocki
c @ of he gphRaliC 8Y Hh@ﬁglaéme gﬂﬁ(}%’ 'gﬁ%a@g%tbl?gklgg
pOStﬁ6#ﬁ?n§HfE%%@o@ﬁﬂkmﬂupﬁhhbahEht conponent 15. The

t | 1
blAIcT b thgmi6 AR O SR oMagred: “bea?ﬁﬂ%‘a"“'c component

COMpANGAL ofLg ﬁ§~°«9§f‘efr'o\‘@p¥canp@tfoaﬁh acent to a
post eri or sur?ace of phthal mc . c
ant.eTherophthélmie soffstqrn @f @tﬁﬁ%m whereln
opht B Hchett i SRhiIRficbdmpiRhe! N the

conponent 1 ncl udes H{J' ;
175, Trre.ecxmmhalmysyeme:ﬁcdﬂmwawhenemg!Pf%PQ E{'wéc componen
bl ue- blockln i nterference
filtdOoneSi A gnggﬁgﬂeer'gr 691??!?@%]‘%& claim1, wherein
t hg, binecophibalnitgsystemamfetaim Acwhersin dhe selerhalancing
filt ecromponent is a surface cast layer.

7. The ophthaimic system of claim 4, wherein the blue-blocking

component is a surface cast layer.

8. The ophthalmic system of claim 1, wherein the color-balancing
component is a portion of an otherwise clear or mostly clear
ophthalmic lens.

9. The ophthalmic system of claim 1, wherein the blue-blocking
component is a portion of an otherwise clear or mostly clear
ophthalmic lens.

10. The ophthalmic system of claim 1, wherein both the blue-blocking
component and the color-balancing component are ophthalmic
lenses.

11.The ophthalmic system of claim 1, wherein the color-balancing
component is an anti-reflective coating.

12. The ophthalmic system of claim 1, wherein the blue-blocking
compenent and the color-balancing component are distinct layers on

or adjacent to an ophthalmic component.
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19. The ophthal m c systemof claim1, wherein the

bl ue- bl ocki ng conponent i ncludes a band-bl ock filter.
wa@aQoorheopht hal m ¢ system of claim 1, wherein POEUS2007/006748

bl ue- bl ocki ng conponent includes a notch filter. 2

1. The ophthal mc systemof claim1, wherein the

bl ue- bl ocki ng conponent includes a dichroic filter.

22. The ophthal mi c systemof claim1l, wherein said

system attenuates the el ectromagnetic spectrum for

wavel engt hs from about 440 nmto about 460 nm by at

| east 10% 23. The ophthal mc system of claiml,

2@@2?%& LIRS 's5SHeR bEBKAhER, Mirereirette biegiotkiog

ramtor wavelfengths from about 440 nmto about nt to
460 comippnent boddhe zohar-iantind SOMPRIIGAtArE AL %’rﬁ@?ce
claim1, wherei j oMb Eenthe

el ec?PcﬁP&%‘ﬁ%{?e%@as%egéftpﬁnéérgﬁhm&el engt hs from about

440y WRstaphabakic498tetmobglaim 12a8hersingisblugnllocking

opht hal m ¢ syst of ¢l ai . ' ' : t
att chaEsoert anabg ARt ipShaR &re Vi P Btjacent to
}AﬁVebeﬁtgitQﬁ%%émar\]@éeﬂgﬂédﬁl thairbic cdropone®d nm by at

east 40% . The ophthal m c,system. [ Y ;
wht-dine %&W%V@t%ﬁﬁt { mvblﬁtwégaﬁ'ﬁfé?‘?%’ﬁ‘a%hmkng

S peCtcBHﬁiJernt%\éﬁﬂh%f&ﬂ&Sbélbﬁmn@tmmpéﬁénhana esabotively on or

460 | 50% 27.Th h | m
o s Souaray Syt DL RLORAFUfy 4R SRR anc an

el eCt RERGNSIkEoS BEHE SiRthImib X Phengarts f rom about
440 nmto a

out 460 nmby at |east 60% . €.
oph6 Feerophthaiminsyster) o glaim TyWhegsip t@gﬁug-}gqcmg
attenua I iit6r.spectrum f or
mve|°é’ﬁ’é§‘§%‘5¢‘38§|“§%%ut 40 Fnllraégo about 460 nﬁ be/.at
| ea3ITHO HphR@Imithsysipin tiglaine 1s phespinghedlygihlacking

SpectrRPr B Lt B R e E IR0 it

18. The ophthalmic system of claim 1, wherein the blue-blocking
component includes a band-pass filter.

19. The ophthalmic system of claim 1, wherein the blue-blocking
compenent includes a band-block filter.

20.The ophthalmic system of claim 1, wherein the blue-blocking
compenent includes a notch filter.

21.The ophthalmic system of claim 1, wherein the blue-blocking
component includes a dichroic filter.

22.The ophthalmic system of claim 1, wherein said system attenuates
the electromagnetic spectrum for wavelengths from about 440 nm to
about 460 nm by at feast 10%.

23.The ophthalmic system of claim 1, wherein said system attenuates
the electromagnetic spectrum for wavelengths from about 440 nm to
about 460 nm by at least 20%. _

24.The ophthalmic system of claim 1, wherein said system attenuates
the electromagnetic spectrum for wavelengths from about 440 nm to

about 460 nm by at least 30%.
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about 460 nm by at | east 80% 30. The ophthal mc

systemof claiml1l, wherein said system attenuates the
wehermmweongnet i ¢ spectrum for wavel engt hs fronmpabmwsk007/006748

440 nmto about 460 nmby at |east 90% 31. The

ophthal mc systemof claim11, wherein said system

attenuates the el ectronagnetic spectrum for

wavel engt hs from about 440 nmto about 460 nm by at

| east 95% 32. The ophthal mic systemof claim1,

wherein said system attenuates the el ectromagnetic

spectrum for wavel engths from about 440 nmto about

4 mb t % . hh i tattenofates
~20,TH8 B pftanfe St s dalim 1l rien Binhediar systarm e
el eheaiagnemiagnstie speatruofor weamalngthRfram ahost 4GP

440 nm.t.o out, 4 osuUbstantially 100% 34. The
opht%hﬁ%dt&gggl%ggl’e%%kgprﬁ'l, wherein said system

t Fen'ﬁﬁé bphitialhresystBivobtiamvie vérereinssaid system atienuates
el ectromagneti c spectrum out si [ t 440 nm to
specﬁ%ﬁ%@?ﬁ@ﬂf‘@%&ﬁ’gc?gﬁf? V@%ﬁ%’%ﬁ?ﬁsﬁbs@rﬁ of

cl ai ?B&ut XE6He\ By SRishssyooem transmits at | east 95% of
wavel engt hs of t%

the el ectronagnetic j t
{8 Bha@antaamis SYEtEnof ST o ST SP %S’Eéibﬁ %i%#a est
cl ai W R she¥sing forbivasdiengtits fromi abhey nm to
r adi {aﬁellglr? I'n the éL?(JVAéband UVB spectral bands. 37. The

opht hbbut 468 ywn bnasfeastfitior, wherein said system

P S bl Srnelapty oabam el opion s

[ Urt ltes elmrnagmRfiGAPSAMAGH WaYEITONES BGhaRPUL 440 A 1o

he SbReRIPR I GRBRI 0 o0 oP 1ol et

C 0p@ AN dphibatmiazcsy stevedfataginhd . whereis said system attenuates
the electromagnetic spectrum for wavelengths from about 440 nm to
about 460 nm by at least 80%.

30. The ophthalmic system of claim 1, wherein said system attenuates
the electromagnetic spectrum for wavelengths from about 440 nm to
about 460 nm by at least 90%.

31. The ophthalmic system of claim 1, wherein said system attenuates
the electromagnetic spectrum for wavelengths from about 440 nm to
about 460 nm by at least 95%.

32. The ophthalmic system of claim 1, wherein said system attenuates
-the electromagnetic spectrum for wavelengths from about 440 nm to
about 460 nm by at least 99%.

33. The ophthalmic system of claim 1, wherein said system attenuates
the electromagnetic spectrum for wavelengths from about 440 nm to

about 460 nm by substantially 100%.

34. The ophthalmic system of claim 1, wherein said system transmits at
least 85% of wavelengths of the electromagnetic spectrum outside the

blue light spectrum.
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el ectromagneti c spectrum between about 400 and about

500 nm wherein the blue bl ocking conponent is one of
wanowpeal mic lens or a | ayer on, near or adj RCEMS2@M006748

ophthalm c I ens; and a col or bal anci ng conponent,

wherei n the col or bal anci ng conponent is one of an

ophthalmc lens or a |layer on, near or adjacent to an

ophthalm c | ens; wherein the col or bal anci ng conponent

is configured to cause the ophthalm c systemto appear

clear or nostly clear; the blue bl ocking conponent is

posterior to the col or bal anci ng conponent; and the

oppt-hal i o, Syst ' t 8in S&80syktem transmits at
Wgtp?e-hé%Bpﬁg%ﬁ‘fﬁét%ﬁgéﬁ%ﬁnggﬁgﬁ spect,rgm out si de . th
bet weast ab%L6f walelengthsbolthesgectiamagpetiasrepiiLpiiside the
I ens?lng\é{q:r]]grsgﬁ%ﬁ%sm ssion of visible |ight of at

| eas , “‘Wherein said ophthal mc | ens
C%@Thé%‘bhﬂw&ﬁii@éy@t@n&oﬁbﬂ@na,evmreiraa@id\ﬂ’y@wmrb'@‘éﬁj“'tra'

ophthal mc | ens bl ocks' sel ect v in the

bl uevipieFadiatieatn the Lﬁ’é.a”%ﬁ'é\ggp%cg'}aﬁggwéhs of claim
4%7.%8%3&1%%1%:: 95 @im BRCRMT Novietreire saidrsyistent bosksryitra-
green and red wavél engt hs42. The ogl‘&tgp@%ﬁé%ﬁens of

cl ai wioles, ragiasion; with navelanaths 9raaler e bl ocked

b ' ; irc1 | faRhep toriprismglan anti-reflective
mﬁﬁgb%ﬁq}h&ﬁ%&@%&g V\g‘;glia‘e%t hs a?e gl cggked by a

r ugatenfpdnest. 44. The ophthal mic | ens of claim 40,

in 1 isimgt hehainicsypstelyy thae
m e?'tet'%(ﬁeegf%ﬁﬁelgsr %@fﬁsﬁ@@oﬁ? Eal mc Iisgss1 of claim
40, oiphtielmic bystest swludingavel engt hs are bl ocked by a

band- pagsyid bletidnd BompBReRPHY BRERWaVefiftat ofitié m 40,
electromagnetic spectrum between about 400 and about 500 nm,
wherein the blue blocking component is one of an ophthalmic lens or
a layer on, near or adjacent an ophthalmic lens; and

a color balancing component, wherein the color balancing
component is one of an ophthalmic lens or a layer on, near or
adjacent to an ophthalmic lens;

wherein
the color balancing component is configured to cause the

ophthalmic system to appear clear or mostly clear;

the blue blocking component is posterior to the color balancing

component; and
the ophthalmic system transmits at least 85% of wavelengths of

the electromagnetic spectrum outside between about 400 and about

500 nm.

40. An ophthalmic lens having a transmission of visible light of at
least 85% or more, wherein said ophthalmic lens comprises a color

balancing element and wherein said ophthalmic lens blocks selected

wavelengths in the blue light spectrum.
41. The ophthalmic lens of claim 40, wherein the color balancing

element reflects some green and red wavelengths
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wavel engt hs are bl ocked by a band-block filter. 47.

The ophthalmc |lens of claim40, wherein the sel ected
woaveliesme hs are bl ocked by a notch filter. 48PCThS2007/006748

ophthal mc | ens of claim40, wherein the sel ected

wavel engt hs are bl ocked by a dichroic filter. 49. The

ophthal mc |l ens of claim40, wherein the sel ected

wavel engt hs are bl ocked by a nmulti-layer dielectric

stack. 50. A lens that blocks blue |ight wavel engths

and in addition reflects sone green and red

wavel engths in order to col or balance said lens. 5 1.

The Lignspl ophiHafnidientiiticsait 6] Wherlinrhbskivuted

neutrarlzes ue color of the | ens.
wavelengths are blocked by a tint.

43. The ophthalmic lens of claim 40, wherein the selected

wavelengths are blocked by a rugate filter.

44. The ophthalmic lens of claim 40, wherein the selected
wavelengths are blocked by an interference filter.

45. The ophthalmic lens of claim 40, wherein the selected
wavelengths are blocked by a band-pass filter.

46. The ophthalmic lens of claim 40, wherein the selected

wavelengths are blocked by a band-block filter.
47. The ophthalmic lens of claim 40, wherein the selected

wavelengths are blocked by a notch filter.
48. The ophthaimic lens of claim 40, wherein the selected

wavelengths are blocked by a dichroic filter.

49. The ophthalmic lens of claim 40, wherein the selected
wavelengths are blocked by a multi-layer dielectric stack.

50. A lens that blocks blue tight wavelengths and in addition reflects
some green and red wavelengths in order to color balance said lens.

51. The lens of claim 50, wherein said color balance neutralizes a

blue color of the lens.
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