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WD 2008/ 024414 PCT/ US2007/ 018593 SYSTEM AND METHOD
FOR SELECTI VE LI GHT | NHI BI TI ON RELATED APPLI CATI ONS

wao 8¥8d2447hi s application clainms the benefit ofpddk/Bs2007/018593

Provisional Application 5 No. 60/839, 432, filed
August 23, 2006, U.S. Provisional Application No.

60/ 841,502, filed Septenber 1, 2006, and U. S

Provi sional Application No. 60/861,247, filed
Novenber 28, 2006, each of which is incorporated
herein by reference in its entirety. 10 BACKGROUND

[ 00021 Cataracts and nacul ar degeneration are w dely

t hOlENVSTEM ASS METHOD FORISEINECTIVE UEGHJCINHIBIEION
i ntraocul ar lens and retina, respectively. Blue |ight
exposure has al so been shown to accel erate

Iggg}\irﬁggppmcmnwgal mel anoma cells. The nost
energetic E hotons in the visible spectrum have

[RBOHI engt hEhis applicatios gipims thebensGbofhSa g vipienal Application
rgaf.f L3082 %100 Rh&lst 95, Wogeu. .S *ﬁm\lx@mﬁﬁe&gﬁmaﬁ&?wence

of ot Oxi cl'ty” sumred over sns IS often
Whﬂ@mﬁé@ Smotcanbexclt, 2696, a:m;léb&r Prroyvisionah Applitation No.

r .
QBRSPS OGS Ys. 20, SR S Yhich SPHEURE R Hffein by
raﬂs@éhce\initszntmm. 1523-29 and Fig. 6. 1In eyes W|thout
an intraocul ar | ens (aphakic eyes), light with
wavel engt hs shorter 20 than 400 nm can cause danage.

BACRIGIKOUNIYes, this light is absorbed by the

aocul ar, | ens and th ore does not.,contribute t
oBbnor o r ettt By ic s sgeterition srh pid Ao ug orogpult from
ﬂ%%oﬁ@ﬂﬁda@ Babgd fdaht @itFacRiilaf Bha bAc tetina] RGPE2EvAINE BlUPIikht
of the_ eye responds to the hOtOPIC retina

GXPPEHEE ﬁamléo been showg tg ageclerghs prplifesationofyvgal raglapema gells.
Tﬁ&hgﬁ%elféetié l%t‘bhs ih@e WRTSIE 8PN RRRNIA engd® between 380

sensitivit t he retina and the &rOJected area of

M09 pod i erasavedt qs.wlps,oq bslﬂ@l ¢Bke WBerlensih dgrondeRse of

%(}an?%lltc ia{ Irve %g%gegﬂ!j gl‘;?ar% ae ?’%ﬁe%g%%?%)acggéz,

spsetrupasyeb ad fodesoribed in@daiateCand Sprrraves Eove Michdloaléght

i &Y Ry, TRt P QR Rglp 3,y PR RN S8 B bl Fie. 6

Iace@anwithbm ani intraoculldrder80(aphakiceyesk mghhwhthuva\deheylgthsmhorter

tina, due oI|g eract eret
A 0P st 0% phKiE eSS ivtiatis frsbliratsy
iafadcldr lédsidapérefors do&nsot @bniribatento $étinad bﬁﬂﬂottﬁd’ﬂélt)b bWaver it

LhRSLuse consLLuent {35, e g, een shown that

[0003] The pupil of the eye responds to the photopic retinal illuminance, in

trolands, which is the product of the incident flux with the wavelength-dependent
sensitivity of the retina and the projected area of the pupil. This sensitivity is
described in Wyszecki and Stiles, Color Science: Concepts and Methods,

Quantitative Data and Formulae (Wiley: New York) 1982, esp. pages 102-107.

[0004] Current research indicates that over the course of one’s life,
beginning with that of an infant, metabolic waste byproducts accumulate within the
pigment epithelium layer of the retina, due to light interactions with the retina. This
metabolic waste product is characterized by certain fluorophores; one of the most

prominent being lipofuscin constituent A2E. It has been shown that this particular
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WD 2008/ 024414 PCT/ US2007/ 018593 fl uorophore is
excited nost significantly by blue light radiation of

wo heswaMel engt h of  about 430 nanoneters. |t 1gcT/US2007/018593

theorized that a tipping point is reached when a

conmbi nation of a build-up of this netabolic waste

(specifically the Iipofuscin fluorophore) has

achi eved a certain | evel of accunulation, the human

body's 5 physiological ability to netabolize within

the retina certain of this waste has dimnished as
fluprephergdnexcited srest sighificantly Ry blysdight ragigfiop o ‘E% vavglgpeth of

' € 1045 Ui 208 it 8 NiPpthCiHaS rébicHEEWhER abe
aﬁkgg?{%@?&gbéﬁseved Z)té%at ttﬁhgbdrgﬁ@gn ttrwen f.urthgr

cambisetier ef abuitd-up of thiz metabplig svastedggecifiqply dbplipefuscin
activit | ¢h I : g ' »get

nfgroplietel hildchilnRl aRhainibyel o Seuditor Mle hifheeuddy 07

phsialbgidalnabilityao niktapeliee atithimihe rélix ¢estabedf thisedasteo base

the. | eadi ng ca f  bli i,n_t.h .
s i SRR B ARG T L B 00
piopet Wheelphgh eaused finddés teebdftirmddp Itas bulievedithdtithe divsen then

Ao TR e BoTp R RIE (Db Ry g A for
tiRPrbpdrihubi@erieR) gettd thelphbforvd@piats thigiceatrbyiting toTAMD Ifage

with age. 3) The nacul a_pi gment pi cal | y decreases as

related myeular degenerationh r‘f\-%}g b%‘fel}eég‘i e i {?}@ I%dg‘}& c.a“.%Oﬁ)

bﬁhmsgmg_emﬂ?es the |ipofuscin to beconme toxic. 5)
ng

The resul ti oxi city damages Pi gnent _ epi thel i al

[0S s. [ 0dem a theorgtical Perspediiem theHallowingAppears kp takg place:
the blue light within the wavel ength range of 43030
nmis blocked, cell death caused by the blue Iight may
bel) adastebuibdupigecurs Bl tempigment epitheliellevel stanting from
sungl.asses,; spec l.es, goggles, 25 and contact

| ens rztsa{l??'aftm%lpgg'c(%ﬁgl&e light in an attenpt to inprove
ey?d) [Resinhhmatabolik axtivity add abiity exdend wath this Wass: tyPecabimt

No. 6,955,430 to Pratt. Qther ophthal mc devices

whos &BBIELY I 2880 protect the retina fromthis

phe)t qthexhaculd giginehtgbitdly dedresaseo asibag agasgthas filtadhg out less
Iensg}ill.r These ophthal m c devices are positioned in the
opt i € 'h between environnental | i ght and the

r edy Bludlightdansdsahé Mpsfpdiaitebedonty ©x2) coated with
dyes that sel ecti vel(é absorb bl ue _akgij vioglet |ight.

[ 090 Theaesdiing oxidly dapReghHP\RENh ERIthgIp - to decrease
(6006 MBL | C 1AREI BeRhisRGwn BYat D Holat B@If e bluglikht within the

Chromatic aberration is caused by optical_ dispersion
wafvelength range of 430+30 nm is blocked, cell death caused by the blue light may
be reduced by up to 80%. External eyewear such as sunglasses, spectacles, goggles,
and contact lenses that block blue light in an attempt to improve eye health are
disclosed, for example, in U.S. Patent No. 6,955,430 to Pratt. Other ophthalmic
devices whose object is to protect the retina from this phototoxic light include
intraocular and contact lenses. These ophthalmic devices are positioned in the
optical path between environmental light and the retina and generally contain or are
coated with dyes that selectively absorb blue and violet light.

[0007] Other lenses are known that attempt to decrease chromatic aberration

by blocking blue light. Chromatic aberration is caused by optical dispersion of
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2 WO 2008/ 024414 PCT/ US2007/ 018593 ocul ar nedi a
i ncludi ng the cornea, intraocular |ens, aqueous

waiauimi1and vitreous hunour. This dispersi onpdOEsH65018593

blue Iight at a different image plane than |ight at

| onger wavel engths, |eading to defocus of the full

color image. Conventional blue blocking |enses are

described in U S. Patent No, 6,158,862 to Patel et

al., US. 5 Pat ent -No. 5, 662,707 to Jinkerson, U.S.

Pat ent No. 400, 175 to Johans and U Pat eni .No.
ogulgrgediagngl Bdlas kB cQIRea, s puIpeuT, Andlviftgpus
hiAgHE] ms Qisﬁ@rsidn%&us%&( Bﬁﬁ:Ul t Qf a Qﬁ'f&éi{t 1m€§€’bl&ne than light at

typically conmpletely occl u t bel.ow a threshol d
lmvevVem@wgthsamad@aﬂ%bfocws @é Ghﬂ 1%& coigHmags pQQHY%‘“QPa blue

r e i
ol R R 1Y S fidlaieq 1R STERER S, & PR A TRERANELI D
PhhaﬂNéOS/;ﬁéi 70he Jinksrsien {U.5i Btentd¥o. ilfidli)el Wrigtiabansen, apddJ.S.
as h in Fig. 6 of Pratt '430. The
PBTCHE Pi ﬂog{"‘ 9%?3 %\i\{%ﬁ ens di scl osed by Johansen and
[0908] endaf fEunventidhabmeladds for fdducibg B, lighf expasurd effdoplar
attenua [ e..than.60%1 hr.o hout
midda BPE pseewgfmlygg%ﬁ? e 4 tprgeialy Wayeishify, white also

reduéhgX sll% 2t060AGF vWEBRkRAGINE] thecaiﬁ;ng,aha hshsedasatibed in
of bloc Iue |ight may be  diff

lbﬁdlf%s?ntuhlmu%?iﬁ‘ﬁé’tslpﬁét kg ok ep gy e eyanidins e a

“?a%%ﬁmk%s Rhel ds 6507, | BQKEWh M Pit0B Jf'PEatQPBIOC Athethivd-Light
and color in which the d$)t|cal devi

bireoking lpesidiscloseddyalabipasengnd difisgdaffesdn WS a‘iﬂa%f&rNCb Crfe1 75
sk {1&@%@&%& tht & Iﬂsr% el 60% a{hﬁlgﬁb@me DEkiKlk 85&&Bm, as

cause ceftai’n colors to become nore apparent
ilratadiie 29 3 of thedKiSgaténmit o a bl ue sky, allowi ng for

R bRy BB e prohars

diffiealt] axoblotking asd/or inhﬂnulﬂlgib]he lighnafectpectt Baldnwe, calorvision if

ophthalm c Iicat ns t .ha e d, t
ceBrord st O nbieel Rsen 54 Dol 10 ayel G opBedlebicdhs
Pefctiedl T @Rample] sHootifig gla&fés&bpéﬂilbaltgﬁSyélldvahmdmloolﬁ bId&Ehght
1|[i)UI| Dl ation_of the g reases the flu ég
helppoties EhEser AR Fafse cpma cp 81 (i Resomeaharg ARG iER™ on one
ib Moincint4 bluBRRy, ARdiAETdriRe shdofs o bdrathe adjeanbelﬁg thtgeted
to these structures increases as thﬁgssguare of th

spapeTandmaare Peruraisly, Wil i WOHGOKE o SHOBHE RBSHF-bwould be
ddhgé%up:“f forwla{nlg, Jpgq%gg AphtRldas. transm ssion, relaxes

from2 3rm di aneter, wll actuall

[PAt0lease IKthas bl@p@efognd Biatieorpientionsd b!‘t?“flﬁéklﬂétf?drﬁ‘&e%ys""e
t%a% %t{gsgg B tlh %m“]ﬁeg §lida Jﬁ@@%@&l pbﬁﬁt%rpc‘ff the pupil

e anount of th I'ght that
mmpawgelse fhux Of]bghté@ thednternal eye structures including the intraocular lens

and retina. Since the radiant flux to these structures increases as the square of the
pupil diameter, a lens that blocks half of the blue light but, with reduced visible
ﬁansmission, relaxes the pupil from 2mm to 3mm diameter, will actually increase
the dose of blue photons to the retina by 12.5%. Protection of the retina from
phototoxic light depends on the amount of this light that impinges on the retina,

which depends on the transmission properties of the ocular media and also on the
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whi ch depends on the transm ssion properties of the
ocul ar nedia and also on the 3 WD 2008/024414

wdsebshE4907/ 018593 dynam c aperture of the pugit/us2007/018593

Previ ous work to date has been silent on the
contribution of the pupil to prophylaxis of phototoxic
blue light. [00111 Another problem w th conventi ona
bl ue-bl ocking is that it can degrade night vision.
Blue light is nore inportant for lowlight |evel or
scotopic 5 vision than for bright Ijght or photo
dyriagiio aperture @f therpupili Previguswerkctocdage hasheen sientiaay t 5
t he ic and
P HE pEATE b EREBhO GO bRETEAR. 2
[ooe aLti ons Aomtize ptcﬂ:éexa Iysith gariventierial hDE-hlocking isihal it gan

{. |
achled g’ B PSRty bpdRe BAREw NI br Wotdbic
visRinl than Fdidlright Egliteﬁ phosipid @siony a tesuk gttt isvexpressedal so

decr eases the incre bsor n b
FFFED s Denp B TR P ESr Ao RLC Bpapic Viden
PHOSL i cEICIndO%IdANVE redetiohopduse mesababrpslensufuoo itd %50 am light

reduced by 33%in a 53 year-old ntra l.ens q%gpfﬂﬁ

by Suzgosular fegs fisse.tg eprpasg aturmly ithassn v@bwe

6t81'e% tof orhd rSHO AR fre $&g§h§1bl%|ﬂ)f/ 1owB1i gt VidiBh also decreases
escrl ed in Mainster and arr ow, "How. Much Lig

“‘i;ﬂlcaﬂedtha mecreased shepiptien by theBrltraqculaaé?ﬁSHarlﬁe?rtam %G@admg
n%gg)t 81t siorlD Bror e& F'co?(%nc L%q;?s%ng;ﬁ(}ﬂf i le@d BRPFIR3E R83

ue bl oc so ‘may include cutoff or “high-pass
yéad-dld listrdogulae btuns end A5% inan&nyeasiolhlepe| &he tensigadiefwesp retinal

wa I F 2 L& w,
pf‘?tﬁﬁl"%[)@vdlggc’t%pichsr eéﬁbgggv\%\?é?engt E ed ,ﬁﬁ% E| ock g&l&o
“HohiMatk Lyghn Shabkiesiti I0dnTiastrelty’’, Brof. memhnel 2008, v. 87, pp.

@g? Pat ent 20 Application No. 2005/0243272 to
1 ﬁgter and Mai nster, "Intraocul ar Lenses Should

m k UV Roglivahiiénal aﬁlﬁi‘o%}fdsetb bhmtbwnknngausmmaygimude cutoff or

neshopies ket topduce i a5 Biip e R Ao P Tribl

WREWREH t6eraANEbreREmpid hll ﬁ'gﬁhbélbﬁ%hhfé@hdmw&@ﬂengm may be
undesirabl e, since as the edge of the IQSEIQ}
bigoked completsly P abpnash coTBRigE!y- \AB%‘?XQHQE% Y-Sty Fatst of
Aﬁ{]ﬁlcm *\Io as40% /023892 | tJ‘Maﬁﬁ@& ahfs1dinitad, “fduasculdSLenses
evi ous descri bed, this can de?rade scot gpi ¢

Ssbenlsi Blka Ragiatipm apd Yialetbyt st Biuelgght, oArchs Qb vl 23,
(DVENELONLE ARIEtbciing bE B LEnPERNY dathcbital vibBlchgn

I'n or on a W de vari et systerrsto
bbhmﬂn 490chhdra 59 @ine Srick dlackingmay be pn lrlablghsemce as the edge of

heto %lg-epr.']—.lgt Eﬁerwls tsﬁ&léh & ?o%%%p@agaengths, dilation of the pupil acts to

increase the total flux. As previously described, this can degrade scotopic sensitivity

and increase color distortion.

SUMMARY OF THE INVENTION

[0013] A film is provided that can be included within or on a wide variety of
systems to block and/or selectively inhibit blue light wavelengths without causing an
unacceptable color shift. Such devices may include windows, automotive

windshields, lenses, including ophthalmic lenses such as spectacle lenses, contact
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unaccept abl e col or shift. Such devices may include
w ndows, autonotive w ndshields, |enses, including

wophkladsig ¢ | enses such as spectacl e | enses, cpt/aSiooHo18593
WD 2008/ 024414 PCT/ US2007/ 018593 | enses, intraocul ar
| enses, and el ectroactive | enses, corneal inlays,
special filters that can be applied to canera
fl ashes, fluorescent lighting, LED lighting, other
forms of artificial lighting (either to the Iighting

filament enclosure or the fixture |tself) pht
lenges; intraeavartlerses.Andielasroacti et Iemses cenpreal & av%@ éﬁ%@s that
ca.nq)r(l: :}%hg&{gg{a%era Ralil C?Qi fﬂ&&&%ﬁﬂ%tm?@dLﬁﬂ‘ﬁéhtfn%r 8ePforms of

I ONn use o vi ew t he human eye, COﬂpUt er
artrﬁmal bglsting (eltheri te |thmhshtnmeﬁismeni gyivlasuresorghe fixmute asgiD),

o (i\tllglaﬁ i I e wher I?nlas d;erghg &%ﬂ#es gghéa%nggscg f?n ur% cﬁa{anfra,

blarxﬁﬁérdéeo;ﬁﬁndeomér ﬁm’n@ bﬁtnsnrnmantahan ksesf torvpew tlm hugh4n eye,

colorati on of st or all .of t tacl
ORI ey i FeR i Fens RS s ifRE wpdttoy
blak liRES emifted &t rdrRafitted. W0Hen ﬁblulde@&tlthﬁo%eml the édmtmay
30% at l|least 40% and/or at |east 50%60ffblue [
pravidsifar evea SRiRranahet lack ghpestar loratigp Bt mest %’ﬁ’&‘%
qggwﬁghg% bal anced to allow for perception of the film
a systeminto which the filmis hﬂ%pngyratgg ﬁ
[%’éﬂbrl ess The fimmaleck padlpy selertivaly iphibg eff teast
1@%?5@19& b0 Emaétsb%i afchbt 4094 2ndfor At HaBiS 00 of BRie light
resent invention also may have a phot opi ¢ | um nous

wummmv@scbngthannwmﬁo ta 08 not, anfl may by ¢aler halageed topllpw

o e AL B PRl Shid Y AT ooy o
colbHesno talvnmgrbbshmrgybc édm or [sgHes1 S[\Zetmrxsescca'n@rat}ys adrm
a?qﬁ)é(fipﬁ ?oe&q é)|res§{1{1 Y 1on 29 Sty e ! Ipngvet Ji Bl\?;%tgfncq{x ous 'tlg.nngsglon

res

of B $WoI6r Zhdig of B vikiblatight) aﬁd a]I&:v tahxsexpamh/cbr dblsal\'er eﬁiuis)tssﬁm
from reduci | um nous ransn1s

NGRSt e SLPItH BBV TS Sy ViSO CESua P Rrssn

[6U15¢! | M NXWeVices ah@Eysiéris Bésciibed héreinanayg sedutdete fherdfdiloe

bl ue bl ocki ng ecifjc devi rotect reti

AP the (A s chibe 19 Yo TGRHeger PR e difajon of
1 RthAteddIR ok Sediiting 1RAYITRS tMAGHIsEdN! Methb@nd Si@l@fns

not cause a cosnetically distracting col or hlft
degoibed hesein dlae man dedire BIEMIEs BF FIFBthaHe FRIOR &F%Owenses
t}Earl BL25im bIkg H%m&g spetifie ?ae%&&mnap BEALQ Lt hbAtH wighta

y preventing dilation of the pupil mhlch acts to .,

subscmlaﬂ}a cololessdlrns treharhephaevd 91 the fecs fifeparepnvearing the

f t d
RS ot sk e S Py P o AR P o

[@0X63r nal tRevides angeystems described herein also may protect the human

retina from phototoxic blue light by preventing dilation of the pupil which acts to
increase blue and other photon flux to the macula. Absorptive, reflective, or hybrid
absorptive and reflective optical filter elements within and/or external to the eye
may block some, but not all, blue light from the eye’s image plane. By allowing
some blue light to reach the retinal plane, devices and methods described herein may

maintain sensitivity in low light levels (scotopic or night vision), reduce color
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may bl ock sone, but not all, blue light fromthe eye's
i mge plane. By allow ng 30 sone blue light to reach

wo beseisinal pl ane, devices and net hods descripegus2007/018593
herein may maintain sensitivity in lowlight Ievels
(scotopic or night vision), reduce color 5 WO
2008/ 024414 PCT/ US2007/018593 distortion caused by
blue-filtering, and reduce cosnetically undesirable
tints of the wearer's face when it is viewed through

the blue-filtering device, BRI EF DESCR| PTI ON. TH
dBRRPNEEISS? Py Die] HEFFRS. Snd NS SOPTBRITEI PRASSTARIF TG of the
WP Fh 0w hiéh it EviBwEs &itbugh M DMd-Aleridd@hdde. FI G 2

shows the optical transm ssion characteristic of an
exenplary filmaccording to the present invention.

\ps%gﬁ]ﬁ%g%fﬁ opht hal m ¢ system
Bﬁ‘gféﬁiﬁ%ﬁpﬁ%e 10 present m%(/ention. [0020] FIG 4
[GO1TyWs an @EI6plshows aryeplithalavc device gedooding o theaqesent
.invention. [0021] FIG 5A shows pupil dianmeter as a
MVeABPRon of field illuminance. [0022] FIG 5B shows

[0018] | ar eFIGS2 shéwsitheiopticalf trdnsaiistidnl dhardctaistie of 28 exemplary

ﬁ¥’0023] FIG 6 shows.the . transm ssion spectrumof a
maerRrdug taithyPesent ;veniPRsent i nvention that is doped

(0919 Per yImaes duewyhe efcrhplaryspiiidiniOfyston acovrdiagit@the
and path | ength yield about 33%transm ssion at about
PEESONtRYCI®024] FI G 7 shows the transm ssion spectrum

(66208 T1 1 MAGCALHLNY ah @xérﬂﬁlar)p%%ﬁﬂﬂhqdowﬁﬁ_idmép&deht a
_perylene concentration about 2Z.27 tinmes higher than
mveation20 illustrated in FIG 6. [0025] FIG 8 shows an

GEALP 2Ty h%A fOfneticn 3f fidd Sumitanek
[o gipoz anﬁc}h%r@&rghgggg%_iﬁ%g&{l%&?ﬁe preéent i_]nve_n]tninon.
[p@R226] FI GIG SBrsbaws pupid resacs adunetroncafdredd Hinagance.

BT P bed 17 Pl MR Spsphia FEgpeb ol Bth ftofing 5 e
pré&@RhvEition thidAs diysadswith penlogrdymvdiere the profwnt of horideptration
spf gt Seih g AP PP POn AR UM Toi ot
[002:8- bl ockFimy 7 showk Effe transmission spectrum of a film according to the
present invention with a perylene concentration about 2.27 times higher than that
illustrated in FIG. 6.

[0025] FIG. 8 shows an exemplary transmission spectrum for a six-layer
stack of SiO; and ZrO, according to the present invention.

[0026] FIG. 9 shows reference color coordinates corresponding to Munsell

tiles illuminated by a prescribed illuminant in (L*, a*, b*) color space.

[0027] FIG. 10A shows a histogram of the color shifts for Munsell color tiles
for a related filter.

[0028] FIG. 10B shows a color shift induced by a related blue-blocking
filter.

[0029] FIG. 11 shows a histogram of color shifts for a perylene-dyed

substrate according to the present invention.
[0030] FIG. 12 shows the transmission spectrum of a system according to

the present invention.
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[0029] FIG 11 shows a histogram of color shifts for a
peryl ene-dyed 30 substrate according to the present
wo BogRtdsen. [0030] FIG 12 shows the transm sspOrUs2007/018593
spectrum of a system according to the present
invention. 6 WD 2008/ 024414 PCT/ US2007/018593 [0031]
FIG 13 shows a histogram summari zing color distortion
of a device according to the present invention for
Minsel | tiles in daylight. [0032] FIGS. 14A-14B show
representative series of skin reflectance ectra
[0p3Hm subj BKG.sl Jpshopysrar hiptegram graparizing gglozdi #‘P’@Pn pfa device

acggﬁ‘{\%é%é tEiflVerFi@nrfof Rfun8at 8126 $n 85&%@’& um for a

I'an 00341 FIG 16 shows transm ssi on
[0982ict r a fEIGS/ a1r4|Pod|éBISbﬁweSpr&%Q§1®‘4tmer$gﬂF$)° sk reflegtapes spectra

|nve G 17 shows exenpl ary dyes
ﬁ%’BCSB ﬁd)fdﬁ)&?rﬁ%]rﬁr@esent i nvention. 10 [0036] FIG 18

[08BBMs an Bpbi Hoshowe sSyeskempldrpskingefediamag spoctrum for a
accor di to the present invention. DETAILED
Caytegpian SRS [ 0037] According to the invention, a film

[0034pN OPhF{GI 16 show's tednsiissionsdpedtra fdy varipus ehesstacoeking to
inhibit at |east 5% at |east 10% at |east 20% at
thle@a%an%‘é}V/&mH’tn | east 40% and/or at |east 50% of bl ue

ddsﬁi“ W t m@ H‘ﬁlo‘wpe)&ﬁipiarﬁ@ PeddBchRligE to the pricsemit mventlon
herein, a fil sel ecti vel |nh|b|tg ve| en
[0036ke if FIGi ST RPIAEIC SETAE: having & PAGL{Reccording to

m\glrpt,ggegtﬁlb,gm;&pge while having little or no effect on
transm ssion of visible wavel engths outside the

range The filmand/or a systemincorporating the 20

PR &ibefoRal anced to allow for being
percep on by an observer and/or user as colorless.
[B33] ens | Aoooptingtd thg inventipm aftloo indimephtbalitie opethgrsystem

| h o
ol SRV 0 BB PP 0B 18 ok M1 ISR SO0 e
46WExfitU6r htQedst BQ‘VJ dsfrtﬂu@hghthaﬂfm rtha 400 st 469 nro me As used
nost | y. nor ,SI on 0038 !
A R R N A AT R R R S
trl%ni@ﬁ}én bﬁt}ﬁ&h fHeqangk, bsﬂﬁmnmg\mné alyes sffect onaginsmsssihn of
one or nore base, nateri

Vi MeBAnBEF BRI et R e TR B GRUAT A S EPnpTRpratng the
film may be color balanced to allow for being perception by an observer and/or user
as colorless. Systems incorporating a film according to the present invention may
have a scotopic Juminous transmission of 85% or better of visible light, and further
allow someone looking through the film or system to have mostly normal color
vision.

[0038] FIG. 1 shows an exemplary embodiment of the present invention. A
film 102 may be disposed between two layers or regions of one or more base
materials 101, 103. As further described herein, the film may contain a dye that
selectively inhibits certain wavelengths of light. The base material or materials may
be any material suitable for a lens, ophthalmic system, window, or other system in
which the film may be disposed.

[0039] The optical transmission characteristic of an exemplary film

according to the invention is shown in FIG. 2 where about 50% of blue light in the
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selectively inhibits certain wavel engths of |ight. The
base material or materials nmay be any nateri al

woriokahlies for a |l ens, ophthal mic system w ndowgT/0$2007/018593

other systemin 30 which the filmmay be di sposed.
[0039] The optical transm ssion characteristic of an
exenplary film according to the invention is shown in
FIG 2 where about 50% of blue light in the 7 WO
2008/ 024414 PCT/ US2007/ 018593 range of 430nm 10 nm

is blocked, while inparting mninmal |osses on other
rango of éh@fmg 10 amiinblogked; wditls impap g pimm2kiqgses on other

wav?\? %}e\é ﬁ”’lhtg[ehr tzxp gr\é%b r&ggéu%m 2The trax’r?ﬁﬁ?ﬁjaﬁ‘ EowRBFId. 2 is

for many applications it may
eioamﬂw, aﬁxbitevﬂltb@ widemstdadvbatyfor miany applications i ampysgsdasirable

e light S i fib

L N
lmtﬁd%iy 0&1’9' ¢eis iberiewdlstgﬂ/ayx ey apphicatints Olf;]l pezthemtydmb

ocki n ess % exa
rhuoshgr PIBRSHITGPE Plasmedes e ot Pk gt For SR magymay
bEBEéfeﬂPécﬁtfo%&the@ behibit 308Gt 409%, Snorelpeéferabby ybcilp eo%, aﬂ%
more_ preferably about 10% and nore ref er abe Qut <o
F%Lgfl)ya out 5% of

p@fsr@b 4bP§h¥0%ﬂnPFFePr&fﬂ§a‘2!B@ oivh 103 et gt o

L RNinthe 466480 ARahSE. §&E&Nehﬁfnhiﬂlgﬁ§ a mné:chxﬂédﬂm fight may
reventlon of danage due to h- ener [ight, while

aBewrfgr prevéntion ofélmgﬁ du b higheprey; H0; whilckedbe Rppimal
egg\}{ﬁr tﬁg e HMHiGitibn %?Qg ﬁ 4 aﬁvgﬂs§l'y%'?fe@(’s@oﬁfp1&h%ﬁﬁ%%r circadian

I'n a user system [0040] FIG 3 shows a
cycllesnnszodscmﬁﬁxewstatred into an opht hal m c | ens 300

(BEHR chod BeoabeR® R 0ifeqbbafke aFkFoiindihic 1ens 300
aa&ﬁﬁ?gjafn tlg:Tﬁtésdnh isientes, vaferé \i,tvgs ﬁatﬂmic}ied)betwmh layers of
ophibapa g e 08 4 B iRkt Ry Ghe FERLRYS Spdpaiic
nutBiA18¢, Iy wY 6F exAniplOvlyin R Bk oF 206 ptiérens tbon,ooe tiérons.

as an autonotive_w ndshield, accordi b resent
[0944dnt i on. Smikfly F i # sheysse CXFWBEW{) Sgecnégo taﬁgn

aﬁvoﬁﬁ&me"vﬁgdsmélar £ecbldih® t(ﬁﬁ\@% wsehEidvaiione e ﬁhayuen S‘m@f be
base 20 material 402, exanpl e, where, t

ingspersiedontoj the aypterndBfoYhere s ﬁMlé‘Pedl bety/gen ‘&é{%l@ of base
rﬂatax%l'@b dFo‘}'Qﬁaﬂ%Ye %eﬂ dshiteh %08/ifas addmiotive windshield,

conmon use understood that in varjous

the hase mgtsmdn%ﬁ 40%cmay ba ngds:hﬁﬁ glags apisLpmupHY Matdy It will be
u%laglgt %?ﬁgt 1? )(/glggﬁgs thtgl‘I sf @[’Iﬁnfthﬁlﬁfg el rdl%ﬁy,%\‘nttﬁﬁmc and

Ing-fromt scope of the_ present
dtharesgstems, dnﬁEre[nObaﬂSZ]matnrldn maythsdisad withont dgpartayg from the
s%SSQ 5(%19 gresenttllﬁ]\?enltfg)\rlle ntion rmay be
[0042] In an embodiment, a system according to the invention may be
operated in an environment where the relevant emitted visible light has a very
specific spectrum. In such a regime, it may be desirable to tailor a film’s filtering
effect to optimize the light transmitted, reflected, or emitted by the item. This may
be the case, for example, where the color of the transmitted, reflected, or emitted
light is of primary concern. For example, when a film according to the present
invention is used in or with a camera flash or flash filter, it may be desirable for the

perceived color of the image or print to be as close to true color as possible. As
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operated in an environnment where the relevant emtted

visible Iight has a very specific spectrum In such a
wo e@siBs414t may be desirable to tailor a fil mpcT/us2007/018593

filtering effect to optimze the light transmtted,

reflected, or emtted by the item This my be the

case, for exanple, where the color of the transmtted,

reflected, or emtted 30 light is of primary concern.

For exanple, when a filmaccording to the present

invention is used in or with a canera flash or flash

ariqtherggxample, MMCB@&% tohe Presentipyentionaay betseddn or

P2 RyE Forl dibkRs€ Olnuch &
m%{gg‘tsn,gﬁﬁah@% Wscringthe b8 £FafnPS dykor ditsd Olutuc

systean,libmag g rrpllperta@t for the flocant de mjerferetwith thedaisand observed
c I lg}é’ g Vle ré}u{na?yAg (S‘%XLJQI e' Eeci‘tta[lh' BRI zﬂﬂﬁtggf lighting may

I'ng aflent s eye for disease.
bénefin fidam sy\&velenguhtcunwymbed fihgantileumg theinyeméive film not

[(i()élsh nt er 8 h }rrggf é#éuxenvaepl 1V Ogﬁgr#g,% &tﬂ#z%ﬁ \\g{hiﬁ Qe

certaln
pﬁditbblf:bﬁiaﬁb Ele@ﬁb-lcﬂﬂmﬁﬂyoﬁ:}hﬂgﬁbld tifitrapittealmic lens, wmdow or

wavel engt_ h- custon1zed filter
aptopptive Wipdelfelin SUFP 2 RHEP Mt ‘}d%“hé’ B BT, ﬁé‘&
\Jaeelléhgthg Z6 kb cWdrllight ﬁte:ﬁﬁ?tdﬁﬁfmwnghtﬁva\el@gﬂfsﬁn ah bﬁmmment
or changeabl e tint ophthal mc | ens, . windp

whreohe tinGeg i IRt oln thisembedimentdhs Bl s "SAIpo lightgravelengths
mtt%t%ta'ttﬂgu{eﬁ %'Q)Lﬁé defedfite ré&@i’cﬁéﬁﬂﬂ'tvhﬁ:théi“tﬁ@ﬁﬁtlrfgiﬁ laban.

| ntensity, and Blue |ight wavel engths in
[@Hd] r onnedn am@nm&r@eq%ﬁtm maiyr?élq“sf%éﬂesfe‘fq ipibitigp of blue

1 \?’l’ell? c\%i g?];b %Qﬁcécd M@lblbdakllﬁ ahi 888} oMEeeleP Btéisic luminous

utes may effective regardl ess of
tl\M'lﬂhissmntolﬁ wisiblp ﬂlghg Suchadilm/may be meain] fardower light transmission

enbod]
o575 D A ivipR sl Aol cltes Bha RV TROVYE idehbisdt st
pbﬂhﬂnﬁﬂm%ﬁ&mmnmgwsaiemnssnﬁnpnanyun1nous transm ssi on
i sibl ch. a f. Y fu
(P4t °t ¢ st spple gt BEKACe AeRES Fird sybi dcdtfifing to
ﬁ@ﬁ’trfe‘éelﬂ hmagn t@medﬁwynmbgdﬂue hgliteaslestribied biatein, and have a
per f ormance, due t se ntras sensi
IpeYs TRRTMISHAR Oégeﬁﬁ thag abepcs 5% éb‘a’éébrgﬁﬁ’ &ofQsp the
V@Slﬁ%%%&!ﬂl@& COTKRkk AchytH the B&emlﬁﬁé Nor biﬁtﬁilb | ®Bask @naterial used in
selectively inhibit blue lig as descrlggd herei.n,

e Sha TS AT RS At TOR PO S ePBES QYR BT index
o%?e/ﬁ’ac'ﬁY)H' CA%'J éf)eéll?i@é&m% 1e38%h iAdd:06%. L 1) I%Qséélrﬁé}blleﬂect more

spectrum Thi s may he case where, for exanple

light ecrasst ‘ea\reéfrn%i@elaadlng tq f BrEpeNLHARSHHFHR leshitan 8 ‘.V'g ht
[6@5 ss all T h§619 | fedfy &t ammﬁa ;q'Hﬁleh‘Qs ﬂr&&nhirﬁﬂﬁrveﬁtmiiﬁl(blue-

ef racti on. a specific exanple, high index (e.g,
blocking systamss, fteagay bqf fesirablede eeduce gt ngt elirsinalgs fanwRigEAB of

pho?o%wﬁg bh2 li?'glxlt.u Fhe Blsi1 bf @8 UL $&b0Rdd Bfe pRSIBpid 2ehnal

illuminance, in trolands, which is the product of the incident flux with the
waveleﬁgth-dependent sensitivity of the retina and the projected area of the pupil. A
filter placed in front of the retina, whether within the eye, as in an intraocular lens,
attached to the eye, as in a contact lens or corneal replacement, or otherwise in the
optical path of the eye as in a spectacle lens, may reduce the total flux of light to the

retina and stimulate dilation of the pupil, and thus compensate for the reduction in
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[0046] To avoid, reduce, or elimnate problens present
in conventional blue- 25 blocking systens, it may be
waolesishahe to reduce, but not elimnate, transpapekg7/018593
of phototoxic blue Iight. The pupil of the eye
responds to the photopic retinal illum nance, in
trol ands, which is the product of the incident flux
with the wavel ength-dependent sensitivity of the
retina and the projected area of the pupil. A filter
pl aced in front of the retina, whether tFi@ibhe eye,
ﬁdg illyminance: Whse grReser dpa stegdy mugangeinithe fipld the puptl o
aﬂne?eh geﬂérm flliE5te@ hbGiR a\Bihle thinAEEsERME thOfunfihiiRe ik
optical path of the eye as in a spectacle
[0047F, nay A fuadenal relatienship Betiygeropunil Yre ardfiglddlluminance

et. t h

AESHERRE Moo nd yhterd O SR8, Riny V(B 31580 6707 y e e
foPloWihiH2quarion Ia59®il dimmkettri | | um nance. When exposed to

a steady lum nance in the field the pupil dianeter
generally fluctuates about a value that increases as

the lum nance falls. d$£@®~3tadh@og¢l)whDal rel ati onship 0.1)
bet ween pupil area and field illum nance described by
Moon and Spencer J.Opt. Soc. Am v. 33, p. 260 (1944)

K 2l t

\J}%Bﬂgls él? %nﬁhr%% %Y’%i'lgis ?Si’éjﬁﬁxhﬁﬂm'fc@ in E&eypd IFSiGIagR Bbws pupil
dianietérrtame) as aaﬁudctll_on of fi¢ld i mnumum«:é/@l Dn FEQ/ 3B sheyepupgharea

sha as a function of field
GP' ﬁﬁ1¥§ﬁ%é°% ﬁhgqﬁ&ﬁrgﬁggE shows pupil area (mmR)
[amtsaa fu ncmmnnmhufanedc d delﬁhadrbn treceterjpioag] CIE, etandards asa

n s def L
S%ficgﬁﬁ]ﬁ ég(i’g%d ‘é‘te%?)téc’ °r af' Ty st sensnﬁ"g V%} gg'?la? on of
visual sensitivity qyqu ebqngth mho,cKJLQ vd 2
photopic (0.2) L = 2 scotop|c 15 where 0.2)
K'," is equal to 17QD=06 ngﬁvdbr sooedpii ¢ (ni ght)
vision, Kme 683.2 ImW for phot opi ¢ (day) vision and
vitege Kpe i dqalal folrT00MEIne ™ farisestopicl(night)i visien,\K,a683.92m/W

define .t he standar hot o and s Q bserver,s. ,
coRRoRaRY (58 VIR ENURE SPoraL TS ShC Ry BRSGHY Sind
dbf’ hé‘ﬁlters%ﬁgrd' ﬂ}lotc?plg and §doBdfi€ obsePlerd THERIMiKahS EficRht

Charl es Psychophysi cs of Vision avai | abl e
fmot@es Ko end 7 wer@vlll@itrewdrmop &+ BiguenRipENGetel Kelipniatinand

é Egu A“IL% Ipﬁymgso&?szm' ’Czu/aﬁﬁble lpcor por at ed by

erende
http /lwebvision. med utah.edu/Phychl.html, last visited August 8, 2007, which is

incorporated by reference herein.
[0049] Interposition of an absorptive ophthalmic element in the form of an
intraocular, contact, or spectacle lens reduces the illuminance according to the

formula:

L=K_ |T,L ,V,dA photopic
it * (0.3)
L=K, ITALC' V,dA  scotopic

where T is the wavelength-dependent transmission of the optical element. Values
for the integrals in equation 1.3 normalized to the unfiltered illuminance values
computed from equation 1.2 for each of the prior-art blue blocking lenses are shown

in Table L.

10



[0049] Interposition of an absorptive ophthal mc

element in the formof an intraocular, contact, or
wopagloaahe | ens reduces the illum nance accor dpaguto7/018593

the formula: L = K,,, JTALe. Avzd. 2 photopic 25 (0. 3)

L = KmJT, zLC.,V, 'd2 scotopic where Tx is the

wavel engt h- dependent transm ssion of the optica

el enent. Values for the integrals in equation 1.3

normalized to the unfiltered illum nance val ues

conputed fromequation 1.2 for each of the prior-art
TBIRIE bl ocki ng | enses are shown in Table |. 10 WO

e 370 et w 50 ‘5"' . er - -
GiEF e S8hot opi ¢ Ratio SEOY 6pic | 5"' n i|T0I tggrkggopll.c §age
cl)ugfggcre&’r att '430 0.280 0.164 Mai nk08® 2005/ 0248900

. 850 0. 775 Present System 6 0.996 68 Presept
Sf/”?ftefﬁ@ (solid line) 0.993 0.947 ?—’rgg(zent Syst elr?ﬁlg4

OMTiRtd? 2903/00Q95@] Referring to Tabhgsd, the 0.775

ophthalmc filter according to Prat duces sc iC
sBresentiSysten by 83. 6% of Pts unfil te{"gégval ue, an8'tgg§

af’xtegé}t{%{y]s&ﬁl that wil b_(mwli{:c)de_gr adgons ght vi si 0p.9and
stinmulate pupil dilation according to_equation 1,1.
TResserdyisem descri bed by8Mai nster r88d8es scot opPE>?
P22 5% chrTs—tEss—Severe than tne Pratt
device but still significant. [0051] In contrast, a
[6030 accorREfagingdo (Habled; deaphthatmanfiltaracperdingdp Pyatt reduces

att enuat es .vi ol d.blu i ght [ ' }
srappEseryevibpRy Faefh e G Sitierd Vb A SRR i born
d%ﬁn?_ﬁlé taigm ZisidWm%mlw papil dilagort Aaordibgsoéquatien 1.1. The
unfiltered value. Surprisingl - di

demie drsBRt Oy N BAEFOT BRSPS VoL 07 80 (g o fessBevere
thdihB iPratta&lasd hadtilageficat. bl ue 1ight, while having
l[ittle to no effect on photopic and scot ogi.c Vi siﬁ))p.

(peV82] | n larForiBYd? FERRCCOSLNGIIR Hie RIESHHIDIENETpaFta
att@fiates Holet &nd blue light using absorptive or reflective ophthalmic elements

while reducing the scotopic illuminance by no more than 15% of its unfiltered value.

Surprisingly, systems according to the present invention were found to selectively
inhibit a desired region of blue light, while having little to no effect on photopic and
scotopic vision.

[0052] In an embodiment, perylene (CzoH;2, CAS # 198-55-0) is
incorporated into an ophthalmic device at a concentration and thickness sufficient to
absorb about two thirds of the light at its absorption maximum of 437 nm. The
transmission spectrum of this device is shown in FIG. 6. The change in illuminance
that results from this filter is only about 3.2% for scotopic viewing conditions and
about 0.4% under photopic viewing conditions, as displayed in Table 1. Increasing
the concentration or thickness of perylene in the device decreases the transmission at
each wavelength according to Beer’s law. FIG. 7 shows the transmission spectrum
of a device with a perylene concentration 2.27 times higher than that for FIG. 6.
Although this device selectively blocks more of the phototoxic blue light than the

device in FIG. 6, it reduces scotopic illuminance by less than 6% and photopic
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15 incorporated into an ophthal mc device at a
concentrati on and thickness sufficient to absorb

waehesih244y thirds of the light at its absorptimirus2007/018593

maxi mum of 437 rim The transm ssion spectrumof this

device is shown in FIG 6. The change in illum nance

that results fromthis filter is only about 3.2% for

scotopic view ng conditions and about 0.4% under

phot opi ¢ viewi ng conditions, as displayed in Table I.

I ncreasing 20 the concentration or thickness of
llpampameby less than @ex%déoreébatéa@@éwpﬁ»@s beemesmoyed Srpmythe

7 hovvs
FRTAFRICH B W EA LR, hE R o1 Sbidiiod bPNIRIVET
[@0B3¢ ent r atDyws thez‘thztn pmglehe ghagrhavé stmonghahsofpionAn Gluegor

S ObEE R e RO HEh aBlPELRe TPpRefhelbifore

visﬁﬂae n&ﬁ@q@mmplesl dﬂggtﬁ&g{nsgﬂtmytfgg?) $n7 }?l(‘)(?nls"g §0chede porphyrin,
ot opi ¢c

DY A Erife Sl PRIEAIISS MICHGRY of Hegd SRy 9r i gpbination

td Eﬁre %ﬁ&n{sﬁmwm i§ retucéd1 But shratintidated, 4t1408.nn6—a6d nih.t The

ow only the effect of absorption b e.d [LOO
nw}le%dsapﬁévstmaﬁeﬁabfﬁ S hpreforFanay %ﬁ@%ﬁ&%‘?ﬁ# ‘%‘h"ther
Q&;bzﬁ'r strubRrE Yt K ohédhtraiBY e atdic (R B8ssmRsoh |sf>édtﬁ ofr
sorbance 1 n other regions of the 5 visib
pspé@tec pemphpsinAsiuatarss ardedidiRtes, illustrated in FIG
[&8‘.?44' ncl Ud@}] eﬂ’m‘ﬁb dy&ﬂlWe'dﬂmcﬁ%ﬂ@%dogdl R td&SB8Ediments

cul es e used singly or in conbdination
of dlemrvsnt na/nemxs mambetahmmplsshpé By deverseometheds familiar to those
at d, .at n
e PRi G artirttn It TSy GRS E Ancorporated
ddxy:eﬂy bas dct snbswatb,erddedrtd epullyarenstcpamm& nmbited into the lens,

.concentrati nst Y t o)
PRRATIa 8 1 BPSRyTR Bt o ARy S pegPREE 1oy o
cofipokifesmiaterianwith diryempm@atehemonmaﬁaﬂeqo ath accordi ng

to enbodi nents . of the resen

(99 npl i sHeEFOBHNEItY é?%‘g L\a/‘?(‘eﬁq}‘? H‘rvef"égli‘ A gkeéecmc

ﬁﬁlgg ihefid ﬁa&mtlia»&eﬁéém&fm oY VieRt aR@Bhik apédtral P@glo{ﬁ‘@ddye
es may be |ncorporat ed  di rgctll%ﬁl nt.o

P'&Y%at la’agréefvatvs eneths mAvhs applisdMgthods F&I. d%é’&n}% 0

%)Eﬁ) ﬁfésdlellzétn'c%ﬁf:ﬂoﬁl%r? fhel sGn@ndrell M tekebovks Hﬁdﬂﬁs@\ngus
i ncl udes dye |npre nated | ayer, or as.
MMM@M TappHEG RSPS9 An Sxemplary

trﬂ gﬁ,ﬁs@%tgpsétﬁﬁn f.£.095§11 ﬁee&eﬂ wglézom@m%c&m@%rm@t

nventi on a ectric coatlng 'S
meaent mivegtiqneis shewn e FIG, § nRefgirdigsagabnte "Bahla%l dbis seqnpthat this

?1%51%?&% d&kﬁfgpﬁfo&g{ {; Gﬁxte & vﬁ;let 1??.8%! 1@@8&1&&%&8&)&@

SI gnin appropriate
mumhmte: by lespthandi% fand photspunﬂummmaqc by dass ithrant ¥4t books
[38&?1 as Angﬂﬁough many conventional blue blocking technologies attempt to

inhibit as much blue light as possible, current research suggests that in many

applications it may be desirable to inhibit a relatively small amount of blue light.
For example, to prevent undesirable effects on scotopic vision, it may be desirable
for an ophthalmic system according to the invention to inhibit only about 30% of
blue (i.e., 380-500 nm) wavelength light, or more preferably only about 20% of blue
light, more preferably about 10%, and more preferably about 5%. It is believed that
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McLeod, Thin Film Optical Filters (MG aw Hill: NY)
1989. An exenplary transm ssion spectrumfor a

wo boosloamer stack of Si02 and Zr02 accordi ng t op¢ty€s2007/018593

present invention is showm in FIG 8. Referring again

to Table I, it is seen that this optical filter bl ocks
phot ot oxi ¢ blue and violet |ight while reducing
scotopic 25 illum nance by | ess than 5% and phot opi c

il lum nance by less than 3% 100561 Although many
conventi onal blue blocklng t echnol .enpt to
cal o T e RERIS R PUEMTIPUHE 28 RS ) 6 Dot il this
d{ﬁé&e@f lglpe ﬁgﬂ&%ﬁ% &idnNBS liktle HBRY efféh Bh's@&bbiér\ﬁmbﬁ ahd@yr be

esira Ibit arelatively small anmount of bl ue
c1kcagtanbehlivpreﬁﬁwpfresmz@ewet@%t undesirabl e effects on

[03)%2 Op' ¢ \Assdsg hefeln Wla'lb 1[%3{1% ﬁ)btlhg imenfifh t}ﬁl"t‘ selectlvely

hal m C sys em accor I nventi on
inhiBitstbliie Hghtyis d&eribe® @@/ﬁmfbnmg amsambm of I@Orr@eﬂuthelanve to

ﬂ%?ge S)ﬁ?%ﬂfflléoﬁ(?ﬂlgtl télpngiﬁlalb ga Diey Eﬁ nI %quyg%s%&%’rﬂy use

%‘E}ﬁlbahity oiibﬂide}' sinilar lb/hsd for heénse\Mdtehhhttypldﬂly\MBed for such a
8/ 024414 PCT/ US2007/0 93 deat h
whiRjt 2 m%ﬁst%magfl 1851 taf ¥'S§§ e sy aengfio ‘Jﬁ 7 g
bwakin% i a%coﬂﬁ’ﬁ RANe brdakmtantérdidh i§ Eﬁ’d&lttb Qlve i}&&nﬁ it inhg
no_ef f ect scot opi ¢ Vi si on I
SeBEhOR S0k Eh AR et srar 105685 41 REie Eipleneths,
a@lenregélﬂed ﬁ‘:l{tivle'ﬂ) %?&Qﬁ&hﬁ @£ 1igh thet WoWHel tRihisinit@dd at the same
sel ectively inhibits blue light is described as

Waﬁﬂﬁbgth(shglmabmﬁpf&e filyht nmeasured rel ative to
(0038) PaSe _SHRUAGhOICAIRR e bclddEd htrklR mbpinifkAERlafd

pht halm ¢ system nmay use a pol ycarbonate or other
psifesiabbyrelinsisatef e shift imrmolorvgresprian shat yesulis frogn talyer@lchrng

uch a_ base Vg
P e pettB e B pd Al Vish QL Rs QI lrat bldickecle of
thBt §1gﬁal@ﬂﬁsﬂmton nwaaitplgments vaﬂdtb(ﬂfetamt speetrslsbpanse | t
t] veI i nhibit 00/(11 300/ 40%

y 1Q sel .
cBrip e isgs GrdesriSe ol Rerwhh grbemAAlly E ot sphte is
chdiRictedayt 1gtetgi’eﬁm%rm¢lﬁiodﬁét dfi tgi‘bb vt'zivat(en‘gmaldiei)eﬁeem t<):olor
transmtted at the sanme . .wa e absenc
mptchipg funictigns wish 5*8‘?LSPFﬁ'éald’érP1\£‘GB ghaf é‘e} S mupPeat
cﬂﬁ%@t‘eﬂzé’rﬁﬁé P VEdZR1ora M¥unilBéred @rak yb9ldolorrpice, whith has
shift in color perception that results from

benyestahlished by the qg“’ﬂ*r?‘%’o‘[“&ﬁm'ﬁé’r“@lﬁ drdld B\ regr( HEm2y be

u%cﬂéﬁhaﬁéé%ﬁ@gkﬁ:%ﬂ)eﬁ Soldr MASEEIALimaP 6A8RhiéhsHased bht
signal s that on retinal pigments with different

alipetivatolprepetnsds & drndias e oseRractierddadhs abaf gappicience
r o (15ak+ Yox) BofoP b Pcc HRARE brfghtn the L*
cgnlgs;x 5*@8%““ nt egr a%il %bg )t ﬂ% pl?%guct of three =
awss\anldeolyirtwithap grdelatte dafingd by the a* and b* axes. A uniform color
space such as that defined by this CIE standard may be preferred for computational

and comparative applications, since the Cartesian distances of the space are
proportional to the magnitude of perceived color difference between two objects.
The use of uniform color spaces generally is recognized in the art, such as described
in Wyszecki and Stiles, Color Science: Concepts and Methods, Quantitative Data
and Formulae (Wiley: New York) 1982.
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mat ching functions with the spectral irradiance. The
result is three nunbers that 20 characterize the

woedserMmed color. A uniform (L*, a*, b*) col orpepasHo7/018593
whi ch has been established by the Conm ssion

Internationale de L'eclairage (CIE), may be wused to
characterize perceived colors, although simlar

cal cul ati ons based on alternative color standards are
famliar to those practiced in the art of color

sci ence and may al so be used. Theegl‘So a*, b*) col or
[0059Le def iAmeeptisel designeacsopting tath stams denribed

£, | A -
iy 0y B B e e
1

lintitmglewathpimpf this 151thé Munsell fmatte colop palgite onbich igermprised of

léggptcgkgiles%zaqﬁgk g;gé{% é;ﬁgab}llgﬁé&ﬁ)g B%ﬂfno@yﬁﬁfﬁ legél?{lments to be just

notig@ablydiffereht freinceack ethet.oT oy spdct&eﬂerremaacebeﬁ thesertilesis

obj ect s. he .use.of .uni formcol or rally. j
nieabish i o mynStion 2pPaEenS TP RER ofSyIRY Sordinads
cM&‘ésﬁngﬁh géacﬁtdﬂ thése tiled ilumigitenbe a ualsrmmgml ﬂl[ldnnant in (L*,

ods antitatjve ta a FormJ Wle
a%ﬁ)yolygsaacei%twml)% & BelprisEa s olious i FIS. Y. The
spXeraPira0thne b ! coﬂﬁ&il&ﬁhsmdﬂﬁl&eﬁ%thu%lMdfg filest and a
systens described herein may use a palette o‘;?‘?ﬁ’fe&‘ﬂ

newaet efcolrioperdintes issemputsdy iFash tlshas apsregive
%@Hﬂ&%ﬂ%ﬁﬂt §oﬁ&pbﬂ(ﬁn%’k@ﬁﬁ‘al deoMRiriEdisPhemén |oﬂﬂeQL* a*,

is compri sed color tiles that have

bkervrdinnigh| Irhismlqyyatmy@h bptnyanpligd te sdrnerblackingdiliss of
PlraﬂtS RX &E'agg‘%?la )501%} ti{s%rﬁgﬁ 1sf 41 telﬁﬁf&e%lg Qifferdfte (JND) units

Irr ance o ese tiles is nmeasured under
i (Ia'n ady b:i“)lsbacwm Theet horimuoondistortinnscauedebytheBratp filtebisdP INDs,

ﬂi(l: oor di nat gsgﬁﬁoyoéh%z.ﬁgngﬂnr ge %wﬁqg ? nJ?ﬁf%%q ?R%?sté%’%ﬁ of tgc color

shifls fo0alb1,26Packr titestif shaved erlém‘.teOAc(top)ol or distortion

(@ co o Ntredee kI BRERIG S AR, heNigjnster

blud-618EkiAR Gilter B&: N@nifRim Odlueof Gramefiyel’dﬂtIQSa hfaximum of 34,
conmput ed. Each tile has a perceived color that is
%ﬁ?ﬁfa@ﬂa’@)ﬂeéﬂ?“&ﬁ&mt%respondl ng to the geonetric

[0ocIp! acemanhbaineh® dflthe ?l%sent iVehti6® asidp patydéne dijeias two

cal cul ati on has been aE ied to the blue-blockin g
cpnegngratipns orphe reflectipe filkey Jescribed, a&;@ge TYdrRve sehsigntiay smaller

cbﬁ)r@ﬂlﬂslﬂﬁin aRvEaERN BeHids ol @RGandal i aH"Ahta$erag8 rfﬂmmum or

b*) space. The m nimum di stortion caused th
nmxampnf diptoetion, gs illpstraed in Tablefk F&ilhihews aé’esmaﬁ'a' qfr?@br

sﬁﬁér}gpﬁ ? rs'?e\ﬁ'e &H}}cg @uf)sctra?c a]clxgﬁhn Frothe E)%Eﬁﬂh@éntmaw}%le or

1,269 color tiles is shown in FIG 10A
tanem)ssiopBHETunREs ominrig FGwo+ lofaby, the gnft acrpss al cgfor tiles

h' fbtseljvgcij %C@eds&tahggll%%% L4 narrower than those for conventional

devices described by Mainster, Pratt, and the like. For example, simulation results

showed (L*, a*, b*) shifts as low as 12 and 20 JNDs for films according to the

present invention, with average shifts across all tiles as low as 7-12 JNDs.

TABLE II

Reference Figure Avg.$ Min. Max. & Std. Deviation 6
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bl ue-bl ocking filter has a m ninum val ue of 6, an

average of 19, a maximum of 34, and a standard
waolessatisen of 6 IJNDs. 20 [0061] Enbodi nents of p¢1r€s2007/018593

present invention using perylene dye at two

concentrations or the reflective filter described

above may have substantially smaller color shifts

t han conventi onal devi ces whether neasured as an

average, mninmum or maxi mumdi stortion, as

illustrated in Table 11 ELG 11 shows a.histogramof

color shifts for alferybBneddyatibil be%at,b*hcc ol g ,b*)

t-o—the—present—nventgnmwhose g5 tTamsTESST oM
Pralycctrumis shown in FI'G 6. Notably, théeé’shift acr o8s
Malmskercol o(r]I tiles was ofsserved t6 be subs3antially 6

ower and narrgower thap those fqr conventj onal
PregentiSygtemyescri Bed by I\/gi nster, Pratt, ant the |ike.
PreS&t SS%R@AP! €, simul atiorp resul ts4 showed 2o*, a*, b*)3

shifts as low as 12 and 20 JNDs for fil according to
Pfe?ﬁés}’ﬁfremsent i fvention/ with avér age shF? s across afl

t Fes—as—towas—7- 12 JNOB. ~3U TABLE IT Rei erence
Figure Avg. S Mn. S Max. 6 Std. Deviation 5 14 WO
[(BAB/ 024414 aRETbOSGBT, DasBigipatign of rgfle¢rive aewﬂfa,baorpnvs

J* * b* * * * . . i - 9 6
chipes® py bt hadhpibie bt $hyd thaflathing ABTEHS e
Ihindus Fassssisdiony Thismay allodv 4 Bysterh @0Gstdinjgrio dlre invention to avoid

enbodi nent ,...a. conbi nation of reflective,and.ab ti

OB TG PUPL At PEASCIN PRPLAVER] SRmA8S 0p Bt Witiqhs 3Rd Fodut
cl_?_%:h' atsedrﬁbﬂ.lg lA&leJxaﬁaipwaifyhfsiagbmagu gbimbites theadislkettseistacks shown
.This may allow a syste cor di to the invention to
83 &8 SByi0G BRINEES HUpP! F Gt T PSP AR FRs s SREgiem
SHAWRUEFLE. 17, Offle devideas GHREVER 8IBAve Lol rahnission of

An exanple of this apfproach conmbi nes the dielectri

93 tS§elesooRtFANSTHSSIIN®T B Zifer nd ALAYSERSF SOfRS SHifEobt hﬁ%s The
o G A R e e
daylghtns shovonindflG. 3. 5% scot opi ¢ transmi ssion of

o . i
@@Sﬁ 6 an%%o&%ﬁéﬁggd,g%},g an}] hitanRic tﬁkg#i\%cmlﬂ% hOeye, for

ogram sunmarti zi n stortion I's device
ekamnplelespotiaciellens; gbgede,ivisordenthe dike. Mehemipogdifienat fifter is used,

tt:ll'eséolor of the wearer’s face when viewed by an external observer may be tinted by
the lens, i.e., the facial coloration or skin tone typically is shifted by a blue-blocking
lens when viewed by another person. This yellow discoloration that accompanies
blue light absorption is often not cosmetically desirable. The procedure for
minimizing this color shift is identical to that described above for the Munsell tiles,
with the reflectance of the wearer’s skin being substituted for those of the Munsell
color tiles. The color of skin is a function of pigmentation, blood flow, and the
illumination conditions. A representative series of skin reflectance spectra from
subjects of different races is shown in FIGS. 14A-B. An exemplary skin reflectance
spectrum for a Caucasian subject is shown in FIG. 15. The (L*, a*, b*) color
coordinates of this skin in daylight (D65) illumination are (67.1, 18.9, 13.7).
Interposition of the Pratt blue-blocking filter changes these color coordinates to
(38.9, 17.2, 44.0), a shift of 69 JND units. The Mainster blue-blocking filter shifts
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[00631 In another enbodi ment, an ophthalmc filter is

external to the eye, for exanple a spectacle |ens,
waoggheiyi sor, or the |ike. Wen a traditionabct/iubioer/018593

is used, the color of the wearer's face when vi ewed

by an external observer may be tinted by 15 the I ens,

i.e., the facial coloration or skin tone typically is

shifted by a blue-blocking |ens when viewed by

anot her person. ThIS yel | ow di scol oration that

acconpani es bl ue ht abso

f
thesolmscperdinajesiey i ? eumfﬂﬁ‘é (?%? %& gd &923)? éy 9%%}%%% PrRyjene
ﬁ;ta: & (1%9& edsl{élr%lh chidsek 4@Bidr GRIft Sforil 8 TNIRS 6f bikehirdRBMES the

nsel les, wth the reflectance of t he
Maisssterrfilters A mm@fﬁhbgqmwwlqr@hlﬁ pbacexsmplay Caucasian
Muns as sh
skip Hg??r dayp Pﬁtplilllgh'xééétioﬁl E\grl%ﬁé B egjvlvoagiﬁ% filt§rs s shown in
Table UITi nThi datacshosintin dlable 1Aefee preammaamd/@ @mqve gny pffect

sklg reflec%wﬁce spectra from subjects of different
caused by abase, FI GS. 14A-B. An exenplary skin

TagIlegtance spectrum for a Caucasi an subject is shown
in FIG 4% Tha(l* * x

—%b——b-}—%@#ﬁ%——ﬁ€€+d+ﬁﬁ%€5—6
this ski quweaasu i ght F(a‘_m) Lf1 ud nali*on®dr*ea’sB™. 1,
18.9, 13- 25tmteTPgs{{ T 0g; Of 1pegratt o
bl ue- bl ocking filter changes these col or coordi nates
to (38. 9&mﬂ7 2, 44.0), a shd?t &7 694IND ufPts. The
Mai nst er blocklng f||te§3sh|§ts 15 WO,
2008/ 024 % ﬂf&/USZOO?/OlSSQ the col or coordlnates
by 17 JNPrésent System(62. 8, 13. 672913).1;y cont6ast, a
perylene filt as des rlbe eﬁgin gauseslﬁ col or

e

shift of F&Riept %ysj one t of t

Nh|nsterpﬂﬁaﬁmymansunnary 067tha7cosset|c c®l or shift
of an exeanaLy_Caucasgan skin_under

i1lum nation using various bl ue- blocklng filters is

[6 &91‘1‘“ in %n-gﬂ?nﬁ)ddliﬁlentq}?ll%lgmfttﬁ%é ﬁlte-nr@@ |tc?re'du!’:@f)&rnot

are normalized to renove any ect caused y a base
elintizaté e, fluRkAGL Hu¢ lightReftes retive  Fhigunay be agponiplished with

St e S A iEst bdoo FA e ufd

1H’Hirﬁﬁﬁ[ibn oyinpehe prificipleéddasnbed h@ﬁ% Ent emlamn&reﬁteswral

vs?i%flg\g &%ag%%cqvga%cvg‘?ﬂbﬁw o aﬁtconéunsl Aelrﬁ%ga{]lham t%smission

spectrum of the window matches that shown in FIG. 6. Such a filter typically would

not induce pupil dilation when compared to an uncoated window, nor would it cause
appreciable color shifts when external daylight passes throu gh it. Blue filters
according to the present invention may be used on artificial illuminants such as
fluorescent, incandescent, arc, flash, and diode lamps, displays, and the like.

[0065]) Various materials may be used in making films according to the
invention. Two such exemplary materials are Poly Vinyl Alcohol (PVA) and Poly
Vinyl Butyral (PVB). In the case of PVA film it may be prepared by partial or
complete hydrolysis of polyvinyl acetate to remove the acetate groups. PVA film
may be desirable due to beneficial film forming, emulsifying, and adhesive
properties. In addition, PVA film has high tensile strength, flexibility, high

temperature stability, and provides an excellent oxygen barrier.
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10 elimnate the flux of blue light to the retina.
This may be acconplished wwth absorptive or

wo edos@edsive el ements between the field of viewe@ndsiodd®oisses

source of illum nation using the principles described
herein. For exanple, an architectural w ndow may be
covered with a filmthat contains perylene so that the
transm ssion spectrum of the w ndow mat ches t hat
shown in FIG 6. Such a filter typically would 15 not

i nduce pupil dilation when conpared to an uncoated
[8066H0w, nEVEWEImManay beprgpared figm aEraghpa of Blyyinghpicphol in

bASA. gﬁ}ﬁ ErPA? helakhbi8br W%oﬁs%&%&é lugﬁkﬁlgnéth | dpeical

accor “he present "I nventi on be used on
chh’ty,fﬂemlnlltyl dnduonghansss RVB hlwasfekenileesﬁbmformmg and adhesive
I ncandescent, arc, flash, and diode | anps, displays,
PIPSTYS5e | i ke. [00651 Various materials may be used in
[0069] ng i |FWA AREBI shdethesuitableXilnismuanbe extrudedocastfibm a

exenplary materials are, Pol nd
SR, S ARELAT ™ e of i CoHEe el BRE Rt Ghery | ¢
rER FRurigaReheds Iyoviaitt tha lartGilso aybt asad. [Tidrohrgseeeral ways
pol yvi nyl” acetate to renove tHe acet at e %r%q S ﬁﬁﬁ
of integratipg thselygeasedsd te crsate the dBifrersPEFEAl PRt RoF b 1y,
%‘@H’J iy Q«%te%'agoﬁﬁfbﬁ%d%%clﬁﬂ@%dr deositldh, aﬂfﬁ'hi‘chﬂﬁ cross
m has ghtensHe strength, flexibility gh

lipked e/mqu the frim, disselved wythinsraalhPRIYISERIGHR- spheret P’é‘i‘m fién
ﬁ%g%ge{a DRI im. 8 WBIEQ08/ 02 ¢ ARGt SARABICHSRO3

m may e prepared froma Teaction of
cpuipauien yrichalinpKeystome, Bt &nBhantpye nay be suitable for

[@{f icat | ]?IPI% { f %oq%gl:é 1D 1GRes i ORI bRer tfl@'iérﬁ@ias been

rity, toughness. PVB
shipped lfiond tlielrhmuﬁ'mumn gT hmdfoacihtemlay be dpsitabla tojipeorpgrate a blue-

0 VA PVB, and ot her l. [
a%ﬁ 1Pty dunbe o BRRUBLIES of s 1R aBelr 19T titering and
oWresdlanbingdiyps ﬁﬁ&ﬂ)ednwirﬂoﬂal’eﬂnnm katd c@atimgrand/or an associated
manuf acturl met hods rt..al be .
RIURE CoFiiRg ‘é( @f%‘é‘{??ﬁ aﬁﬂ °P Be %H‘f ©3Has f"n‘&n?% rgtedal
M%séﬁ‘«ﬁpteoa 9&&@& eodt hgd d@ﬁicfa@éi'l 5@ ebitalre pfief addedab thidwep of a

film e-i.ntegration met hods i nclude va
swepeds iansi o ot ﬁpbtﬁﬁlnyc Y63 o 0 SHHR AP IrERY CUHE Process t

Jrhjvx'& a@iiSis A1\ RieabiidyHnd seARdH repigtaiB®for e fiskl %B&ﬁfce STR&Hard
Integrated within the film Suitable

evehiveiceilnlis 3n euiar-mapl layerafthe sxstAvaANddnay ke a?%gg,{ the fron,
ek Sc%r%@h Rl orfk ah BAUOH A LO088he ¥psiémdyei ng of

spectacl e l'enses Is done after the | ens has been
[OB6%ped f r BIG.t18shaws anh sxemplary system Bayipg 2 hard ¢pajingd 803 and

HeRLEARLE 28isl PASHORRERE Brithd?|cHEr 1802. Exemplary hard coatings and
adhesion promoting primer coating are available from manufacturers such as
Tokuyama, UltraOptics, SDC, PPG, and LTI

[0070] In systems according to the invention, both a blue blocking dye and a
color balancing dye may be included in the primer coating 1802. Both the blue
blocking and color balancing dyes also may be included in the hard coating 1803.
The dyes need not be included in the same coating layer. For example, a blue

blocking dye may be included in the hard coating 1803, and a color balancing dye
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15 absorbing dye during the manufacture of the |ens

itself. To do so, the filtering and col or bal anci ng
wolY®s/opRYs be i ncorporated into a hard coati ng pagi9f00BmMsso3

associated primer coating which pronotes adhesi on of

the hard coating to the lens material. For exanple, a

pri mer coat and associ ated hard coat are often added

to the top of a spectacle |lens or other ophthal mc

systemat the end of the manufacturing process to 20

provi de additional durability and scratch resjstance . .
mbblded irethei paamernoating 1 802rrEhe toler balging dys may i’% e “‘%ﬂ n

lg®) becaatiag egonn
40({5??‘% 188 gﬁdﬁ%rﬁlgéb@?ﬁg ??ﬁ?jéﬂnback lsurf aces
[(101711 he symamr ahd bawl| copts@ccardinghiovthe inveatienpiay by deposited

ste a_hard 0
oS5 Rt N S0 08 000 BT g i
evpatdtiogSspidring sanddihesiaah vagrayisposigop Thedrlue blacking and/er
avaj |l abl.e from nanufa turer uc T ,
cqlpy P%{@ﬁlp% gyesg e "f!fé edéﬂ &a ayer[ 16)63;61:%3 sgtn? tate tr!rlg same time
afe W yér Mich @s Wherd IR id3olved iha aqhidlnbahhg) niamgﬂ dyebthe
and a color balanC|n%6F%§ ﬁﬁg be i ncl udE in t%g.
respltingmixyie pRRfieddgshe BYFASHIBE RE S5PBHE UbF or
sALAD B s N AR o sTRYUcIDSs WhEeWBR ik Bpriahi&d &b d surface before
coating 1803. 30 The dyes need not be included in the

ﬂEaWEtéé%ﬁ¢h@*k&9éFaPF@$iexanple a blue bl ocking dye

(% be | ncd Haadoh! & oft ﬁhh ﬂfgﬁﬁmﬁ;ﬁdnamwameve
Lnci ng “dye i V\O SR oA PET U007 018505

bemrfitsidesdribed hereinpvithessped 4o pAidm1 Specifially.dBe gpat or coats may
s%%ﬁgfng% %lﬂy Sl Fﬁéhg @%Hﬁiﬁ ?desﬁﬂﬁlé}ﬁfo@oﬁ@aﬁdﬂg scotopic

|ng primer coatli ng
vils&GQ cirfahad thyfrhsyand @hdtoham«dtycbacls Hardbeatithgnd/er privacr coats

%/s%nﬁaﬁcg F‘Ef&f‘%@‘?%eﬂﬁgﬁ SI t(F lr?g, d)hﬂgalﬁ g/%ge?n M&S%ﬂtﬂl J‘ﬁlm

bocoat
a§ ﬁés’t}ﬁbé@ Btrefiy in aldy ﬁidamroat combirafiohg. eAs A gpe@ﬁngjexample an

oo oy SR ey Hp 0 e Bt G AR e B B b
cbst tﬁﬁﬁﬂ&nﬁ@idccﬁbr ¢difeciane tine as the layer, such as

where a dye is dissolved in a liquid coating nateri al
0931t he RXDERMENTAL ure applied to the system The

[(0R al so ApyLRarvdaRNeIédsadving 2 infe@Ra Tadmowili 0a§hRE Of
sub-process, such as where g dye is spragpd onto a
conpnBBOBRA L Bc- DIRG GV e THRGRREARIGhe PRSP Spectrum of

eggrp‘[elngw FE&QZ&% As Bveh £0AG. 280/Pefy18ifd dBREeRAOoNEBY 35, 15,

perform functions and achi eve benefits descri bed

Taraeil 3-8ppmh (Weightbasip @t a lans thicknsss of £20mm yereused. ¥ agous
&ém&‘%’&h&l%& gorsc%lcﬁ?%d \S%%O'vﬂnhbl*atblm Gyilthh ﬂJ?ércné’éﬁ' l e

mal ntal ni ng desirab ot oplI c_vi sion scot Of)
corresponding to the reference numera]s in FIG. 16. Since the selective absorbance

of light depends primarily on the product of the dye concentration and coating
thickness according to Beer’s law, it is believed that comparable results are
achievable using a hard coat and/or primer coat in conjunction with or instead of a
film.
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vi sion, circadian rhythnms, and phototoxicity |evels.
Hard coats and/or priner coats 15 as descri bed herein
w@bsgopRYs be used in an ophthal m ¢ system i ncopEpUsiin 8593
a film as described herein, in any and vari ous
conbi nations. As a specific exanple, an ophthalmc
systemmay include a filmthat selectively inhibits
blue light and a hard coat that provides col or
correction. [00731 EXPERI MENTAL 20 [00741 A
pol ycarbonate | ens having an integral filmwth
varying. concentrations of blue-blocking dye was
fabricated and the transm ssion spectrum of each |ens
was neasured as shown in FIG 16. Peryl ene
T@dﬁd@ﬂVrations of 35 15, 7. 6 and 3.8 ppn1(m5|ght

hacti o\

OO 9 )

Lens /5y | ousm net rﬁﬁfg : Ilrﬁé\flfl’ﬁi";d fo$°°338'ﬁ fzh?'éf%"* Rowr: pgfotoxicity

Table 1V, with ref RARCES)25 Ratiog¥pIndi Rgtib@VI’NE  Ratio (By)
reference nunerals in FIG_ 16 _Since the selective

Unfilebablighince of |i ghtl08&%ends prliOR&% 1y on thQé)'éroduct 100.0%
of, the dye concentration and coating thickness

C)COI‘dI ng to Beer's law, it is believed that

Polycarvopatedidns r elgiibt s a825%achi eva®l-£%usi ng a7h3bd coat 85.5%

(nod and/ or prinmer coat in conjunction with or instead of a
YPI'm 30 18 WD 2008/ 024414 PCT/ US2007/ 018593 TABLE |V

3.8 pprar(8.2Raim) Phot6api c S8R6Bpi ¢ Ci r8@B¥an PhotdtO% city 78.8%

7.6 PR BB 5313%%3 L 00¥b9%500° 0% E58%00% 100. og'y%no 71.1%

15 pﬂgle(@%nﬁ? %cartﬂmate g&B% 1610 833 8% 87. 1% 63,3%2/0 85. 5%63.5%
no dye 8 m 1620 %86 90 %78 8% ~o
35 ppm 23 FHN) 2. 2 fP%P 163%7%? 0% 84. 9% 71° 15 opm>0-2%

(no len

4000 It
REED 57 7on s BoeorPhsy 3*5“%%5%““"7*”&%?5&’ ‘”“Pﬁﬂ?‘?‘éﬁ‘ﬁ*ﬂ%‘”“

5 1mfl“abl¢dV%1dﬂiiﬁﬁ d§ éerlndemUVadye wn@alhe nswkin ppdthalmgicdenssystems
O HBPLR bt ﬁgﬁ? fid @10%%0'}&}1 U§fe Bhotpd¥&iid YBcFBES ¥ormal
ed I'n op ¥ a %]t'] C

ens systens
vision, and is calculated as the mtegral of the filter transmission spectrum and V;

(photopic visual sensitivity) divided by the integral of unfiltered light and this same
sensitivity curve. The scotopic ratio describes vision in dim lighting conditions, and
10 is calculated as the integral of the filter transmission spectrum and V’, (scotopic
visual sensitivity) divided by the integral of unfiltered light and this same sensitivity
curve. The circadian ratio describes the effect of light on circadian rhythms, and is
calculated as the integral of the filter transmission spectrum and M’; (melatonin
suppression sensitivity) divided by the integral of unfiltered light and this same

15 sensitivity’ curve. The phototoxicity ratio describes damage to the eye caused by
exposure to high-energy light, and is calculated as the integral of the filter
transmission and the B, (phakic UV-blue phototoxicity) divided by the integral of
unfiltered light and this same sensitivity curve. Response functions used to calculate
these values correspond to those disclosed in Mainster and Sparrow, “How Much
20  Blue Light Should an IOL Transmit?” Br. J. Ophthalmol., 2003, v. 87, pp. 1523-29,
Mainster, “Intraocular Lenses Should Block UV Radiation and Violet but not Blue
Light,” Arch. Ophthal., v. 123, p. 550 (2005), and Mainster, “Violet and Blue Light
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to inhibit UV wavel engths bel ow 380 nm The photopic

rati o describes normal vision, and is cal cul ated as
wo besiopdsgpral of the filter transm ssion spectpeiugsndz/018593

Vx (photopic visual sensitivity) divided by the

integral of unfiltered light and this sane

sensitivity curve. The scotopic ratio describes vision

indimlighting conditions, and 10 is cal cul ated as

the integral of the filter transm ssion spectrum and

V' X (scotopic _visual sensitjvity% di vi ded by _the
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damage. .t o e e caused b exposure to high-ener
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t%taﬁ@r%ss%rs%vwwwn@uge&%@wa{éfs‘ ipine gt eyl ghf o the
466hinul BEnmiBgsR, WalaH] FRVIBEPA pHolopid IiASRWitRREeSEsidn of

I n Mai nster and Sparrow, "How Mich 20 Bl ue nght
atdhent labiowtrB5{/opndre Rheteioxseitygpation of lsshiga aheyt 80%dpare v

p%?%gﬁl@&sﬁs%ﬁ%j Adut 708, Ak preferhBly18QGHARIbIE BOTS arl ek

lation and Violet but not Blue Ljght,k "
praferablydpdstthart abouy 50%2 As previngely(desaed, apkotppiciymaous

ol e o4 5 PO g i

defepibedhatedct i on vs. Phot oreception”, Br. J.

hal nol.,, 2006, .v. . 90 - -92. For.sope. .. .
[%ﬁ i cat i ong, Prmeiplesidsp %’mé%qlﬁﬁeolg g”?ad%?e Sk 3 ed Eor g%eldsl Hurminants,
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descri bed herein. 15 [00771 The principles described
herein may be applied to varied illumnants, filters,
wenasskisn t ones, with the objective of filteripgresner018593

portion of phototoxic blue [Iight while reducing pupi
dilation, scotopic sensitivity, color distortion

t hrough the ophthal m c device, and cosnetic col or of

an external ophthalmc device fromthe perspective of

an observer that views the person wearing the device

on their face. 20 [00781 Although the nethods and
WHATINCIABEPISE herein have been described using

exanpl es of specific dyes, dielectric optical filters,
skin tones, and illumnants, it will be understood
that alternative dyes, filters, skin color

1i | | uAinrephthalmig sysem cumprising ovlmgbas Solestively infibits light having
PCT/ HS%%Q%Q%%O rmg'lé‘-ﬁ6b§ngvﬁle|}@|9 tllleséysaem A%k a photopic

opht stem conPrlsn ng a filmthat selectively

i nhi hinimohs tymsnkissiom gf atdeass vedws B§Vhacmpssabe visthle spestyum and
rim erein the.. otopi ¢ | um nous

tr angmg{sos%xﬁc%‘f g&?@%ﬁ@%&&ﬁ? 5% across the visible
2spec The wphthdimia spstemotfeidim ¥ whewin thelsystemtliag @ phiotatexicity
80% 2. 1The 0 h%hql@‘i,/c systemof claim1l wherein the
syst & %5%5%*“@& X0t'oxlcity ratio less than about 70%

33. Trheophihamhigisystemsifeiains 1 ohaicin thewlystemi ras alphogotetieity
has a Fhoto oxicity (yrati o |l ess than about 60% 4. The
opht i "rﬁeﬁsé’%fﬂé‘?ﬂtgp tlaim 1 wherein the system has a

4phot qthexphitalmiclsgite dfessim haheriothc s§O%n Has afhetotoxicity

ophthal mc systemof claim1 wherein the system
r educ® eothgpakout 30 -nous transmi ssion by not nore

st han 1§RQhthhRc s9stelhhdT PAhT hdhBicin SésysteimaededesisBotdpic

wherein the systemhas a circadian rhythm ratio

gr eatheminona frapistion dynoymornhag ghewdidh-c syst em of

6C! al Pyl o{prh%nﬁir sg TR d13141eh Pwheled tHRalysief I8 a circadian rhythm
conmponent. 8. Th ophthalmc systemof claiml wherein

t he fratiogretepthagabom\0%9. The opht hal m ¢ syst em of

12 A L RS 3 Sl e
t he syaipenents not
The ophthalmic system of claim 1 wherein the film comprises PVA.

9. The ophthalmic system of claim 1 wherein the maximum color shift under
D65 illuminant of any Munsell Color System tile caused by the system is not
more than about 20 just noticeable difference (JND) units in the CIE (L*, a*,
b*) color space.

10. An ophthalmic system comprising a film that selectively inhibits light having
a wavelength of 400 nm — 460 nm, wherein the system has a photopic
luminous transmission of at least 85% across the visible spectrum and
reduces scotopic luminous transmission by not more than about 15%.

11. The ophthalmic system of claim 10 wherein the system has a photopic
luminous transmission of at least 95% across the visible spectrum.

12. The ophthalmic system of claim 10 further comprising a color-balancing
component.

13.  The ophthalmic system of claim 10 wherein the film comprises PVA.
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nore than about 20 just noticeable difference (JND)
units in the CE (L*, a*, b*) color space. 10. An
wE B ¢ system conprising a filmthat sel epti/vsloyr/o18593
inhibits light having a wavelength of 400 rim- 460
nm wherein the system has a photopic | um nous
transm ssion of at |east 85% across the visible
spectrum and reduces scotopic |um nous transn ssion
by not nore than about 15% 11. The ophthal m c system

of claim10 wherein the system has hot opi c .

14 unt RORSPRRAASR PR Gl 0 b FingBs Fikgiale cpjgy shiftunder
Vi Si Ple8 ifiRBRIatiROf Ay MURSeIPOBId: ByBlet ¥ Theseddfy the 8ystem is
10 further conprising a cal or-bal ancin C onent

) l onp .
13. mMolemersithamabaut 2Qyust aptiesably diffsrenge (INEP LS IRLhG CTE{L™,
conpr4 1 WD 2008/ 024414 PCT/ US2007/ 018593
14. Hﬁﬁﬁ\éﬁgﬁ)ﬁ%b system of claim 10 wherein the .
15raxi Fheoplsthelmis systemof ¢bimD@swhereimthe aysteyn hes a phgtotoxicity
Munsel ]l .Col or tile caused by the systemis not
nor erk}twgﬁsség%gy%‘%%’s’t noticeable difference (JND)
16Ini t Thé ophthalnft Eysterh,of clim 19*Whereinghe sysiers hag B phdtetoxicity
opht hal nj c stem | aim 10 wherein the system has a
phot &tﬁﬂeﬁ‘%"al?%ic}h%ﬁess than about 80% 16. The
12pht lrak BpEthaisic egsten ofichkiim [0whireinsthe sysiem s b photosoxicity
phototoxicity rat iégo ess than about 70% 17. The
opht F\aélorﬁeﬁs @%P@Ht_ tlaim 10 wherein the systemhas a
18hot qi@X%phRibhdmiclsgéted dfetim! lBWhéreihe 608&em s a phetotoxicity
opht hal mc system of ocI aim 10 wherein the system has a
phot &atipdess thgn abeiti384-ess t han about 50% 19. An
opht hal m ¢ system conprising: a filmcontaining a dye
that reduces but does not elimnate transm ssion of
19 ghtArhephithgdmac skstean eergpPAsIBE: 400 nm - 460 nm and a
col or - bal gnelngL ARG HASRORRY bRtURERY clifidafe
film 20. %[I}Elg{]%)pr t 1a1"%1 system of cl a% 19f3 vvllﬂélr ein
t he smasaissioasfdightizivigg « wavelangibof 400 amsn#6@ nov and  at

east 85% Ao Rk Qthsdres dihdsSa 8hjabi o ttHm, 80%

20. The ophthalmic system of claim 19, wherein the system has a photopic

luminous transmission of at least 85% and a phototoxicity ratio of less than
80%.

21. An ophthalmic system comprising a coating that selectively inhibits light
having a wavelength of 400 nm — 460 nm, wherein the system has a photopic
luminous transmission of at least about 85% across the visible spectrum and
a phototoxicity ratio less than about 80%.

22. The system of claim 21 wherein the coating is a hard coat that is an outer-
most layer of the system.

23. The ophthalmic system of claim 21 wherein the system reduces scotopic
luminous transmission by not more than about 15%.

24. An ophthalmic system comprising:

a lens;
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21. An ophthal m c system conprising a coating that
selectively inhibits light having a wavel ength of 400
woBesda®s Nm  wherein the system has a phot opi gcT/us2007/018593
| um nous transm ssion of at |east about 85% across the

vi si bl e spectrumand a phototoxicity ratio |less than

about 80% 22. The system of claim 21 wherein the
coating is a hard coat that is an outer- nost |ayer of
the system 23. The ophthal mc systemof claim 21
wherein the systemreduces scotopic | um nous

t ransni ssiadirstnpating coppiming a firsh Bye that suincesbut goes not

opht ' . IRAMalok . _

2008 BiRHle TNBARGEEEET 88ine L pRiSieneer t0 nm - 460 nm. the
cont hami cogt disposed ondpeutdranostetrfaesofithe lapgeandnot

elimnate transm ssion of. |ight [

200 nm - - #s5oui cophing i editd s Ay Vi SaRkEesd

out ecolshifisdaniaidsy te firktalyeens; and a second coati ng

280 ormerpHEm L SEE 24 BRETP O spae st F Cay e e

cl ai RorhdWosti® 13 thdRarlicoatingoating is a hard coating,
and the second coating is the hard coating. 23
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