10

15

20

25

30

SYSTEM AND METHOD FOR SELECTIVE LIGHT INHIBITION
RELATED APPLICATIONS [00011This application claims the benefit of
U.S. Provisional Application 5 No. 60/839,432, filed August 23, 2006, U.S.
Provisional Application No. 60/841,502, filed September 1, 2006, and U.S.
Provisional Application No. 60/861,247, filed November 28, 2006, each of
which is incorporated herein by reference in its entirety. 10
BACKGROUND (00021Cataracts and macular degeneration are widely
thought to result from photochemical damage to the intraocular lens and
retina, respectively. Blue light exposure has also been shown to
accelerate proliferation of uveal melanoma cells. The most energetic
photorfSYR M/ AN MEFIIHOR FOR SEABERHIG IAGENIe NS BB EION
500 nm and are perceived as violet or blue. The wavelength dependence
of phat iGi er all mechanisms is often represented as an
aﬁmmii@éﬁ?ggg described in Mainster and Sparrow, "How
MaeniBlue LigAhBShpplgaivi@laifratierbifeBof ). thasinokl 20pi3;akion

BXoPB0/%39:3 7 fied Kigub: 38, 9488, WIS ol atitsrASIRkIEsSaPhakic

AR, He R Lo andl) nd easel e Woretore

d6e8Gic24hritddute temben2s, R0 teadtiof, wiovhas éndbgmmacaliber ap tigal
drgLadRtion @f LRkdeps or cataracts. 100031The pupil of the eye responds
to the photopic retinal illuminance; in trolands, which is the product of the
incident flux with the wavelength-dependent 25sensitivity of the retina and
tHBACKeROWNIRa of the pupil. This sensitivity is described in Wyszecki

apsbdjles. Colehaiasegta QQ&Q%PH%Q&?QMQW&@%@H?%‘&%%X&P?J&@%m
Formulae (Wiley: New York) 1982, esp. pages 102-107. [0004]Current

- RO SRR IO e FTHRCSEIS T B L e TREFHN Y ViR 8R b f

arxprisuTt hae riisobicew sisie i ypaockletstapalifurtite withirdhe Samgmeeils.
eitbaisinelayssf thersalinpuduss il gt dpteraEle s WL ies 'SliNRd Bi

met §§|c Wasitleaeproduct is characterized by certain fluorophores; one of
IS PP B R PEEAY LA eoRitfudhe Xarelsrpthinraiiesoh
trhothigxpeitiicutamétliovepdibrecishaxisitedsmiist sigrifioaedysan bumtight
ragiztiomolbe Y AVERlehaah AL A3haRRAMRIC It IR e PERRT tBaf 2
ti mgi] point.is reache,d?,\gvhen a combination of a build-up of this metabolic
RN LGP i R0 RARIEAGE o 20 BET L 2 ek
obraeyssmuthowant frdrhommian IbuiEstBkivysiedndight withity eclaedtisclhoeter
wWihinenating cataimehiys Mﬁﬁ_tﬁd&@&m&'%?,ﬁﬁi@%@&%é&%hﬁé a
certain e]thresho&(il, apd a,blue Iltght stimulus of the proper wavelength
RS IR E3 BT R o ST RVER R AR ERE LRI ARER Frhieyever i
irerrferesquimtitab desradatiph pSiblotppy enettdyetis. activity which allows for
thedemper nutrgetsuimGeike the REMAI S BIOFhiMCRBIE WiIngiin LM B,
(atl%?a%g relgg digntggular de% teratlcz . AMD IS, c?lleved 0 be the leading
cHUSE OF BRSSP IR IGa i THBGBIF IS A s ratiekT st manden
tireratiswy tispetns odakentaeded area ¢f thgasteilo Flds peosisivignisthin
thrsigree epjhelal isyehstaringol epeddintaneyiRravoaublife.

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, metaboiic waste byproducis 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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2) Retinal metabolic activity and ability to deal with this waste typically
diminish with age. 3) The macula pigment typically decreases as one
ages, thus filtering out less blue light. 204) Blue light causes the lipofuscin
to become toxic. 5) The resulting toxicity damages pigment epithelial cells.
[00061It has been shown that if about 50% of the blue light within the
wavelength range of 43030 TIM is blocked, cell death caused by the blue
light may be reduced by up to 80%. External eyewear such as
sunglasses, spectacles, goggles, 25 and contact lenses that block blue
light in an attempt to improve eye health are disclosed, for example, in

Prrorb st NG B PR ABR dri e ath B ehenithalinisda\dease WadsRngth of
object is to protect th retiga ftor‘%ﬁ{?}i}s %hototoxic Iight inc u%ewiﬂ‘t:raocular

ARG S BRTEAEEES TS NERRARA ML HRRIE PRIt IS RS NAThE optical
pathhiettiweof erbriidnmefthidigistabotichveasttitsaesifit g bribeditpadosniin or
HELIGRAS T WILREMRR thatsaiecivebr aksprtiieg, anshviolet Haly: s

[000710ther lenses are known that attempt . to decreasfeﬂ%hromat'c

ARSIl B AR CHIL R AR SRR Bt B

aptidaistishay sisnrefcheca krtaie digeithekstinid, dnd abine i ghitstioeliarotths,
HEQUSQUMQNE ARCLY BEHS S HE R Nif diREESRNacHsambuedight

Zp?a different image plane than light at longer velen‘g,ths,][leqjclllrﬁ%tof
e TRe R e 16 PR BRI o SIBIO Bk TR ey or

enses are
diaspiibeat frnideBtsRaigntdtbe pikBG 86RttasRhve lcentibwig: HRMER(AES
SG8Rd QLA IRGRISONS ARAP A BiRevud 0L 1R RARREOSER ind U.S.
Patent No. 4,878,748 to Johansen. [0008]Conventional methods for
réﬂﬁﬂﬁﬁsﬁh@‘f@‘?ﬁé%posure of ocular media typically completely occlude
ligleoBelow a tifreshelitiavetickd pgthpastiile, tsdakiavirin grightsdrakerdage:
longer wavelengths. For example, the lenses described in 10 U.S. Patent
No. 6,955,430 to Pratt transmit less than 40% of the incident light at
wan Ao AT RTEHD BB R Be BTG b FRRLSE e
blue-lighifblagkingighswdit®osed by Johansen and Diffendaffer in U.S.
Paten Mo fARd¥asiRIRIlY alleruaigsdiabhvanens $an 6kany

throughout the visible spectrum, as illustrated in Fig. 3 of the 175 patent.

15 [0009TBHEHIY % range and amount of blocked blue light may be

difficait, e hackia gigmerio typiridiyriy drkssdigistaaif egts.dbisriitdang eut ey
vision ifigpe lggks through the optical device, and the color in which the
optical device is perceived, For example, shooting glasses appear bright

yellot FAtbliedt s s iR SR BRY IR ¥ %ften cause certain
colors) tdbe canismporeicippdamageviregnome @itisliabléls into a blue sky,

afipisg for the shogleh ek e ARSSLDRINGBIMYRE SRRNRimAdHYOre

accurately. While this warks well for shootiﬁ%?glt sses, |t W%JIOLPe ioht ma
uMAEESpER ST A AR oI St IR BB N A8H 4R HEh gy
thatredmueibip np ko RIS Bakinmpl epties vigibles sansiaissiopeaiasics goaglas,
stipaates-dilatianefthe Ruile Riatirraatinedmy RiliRpicesraseg Hix of
I|%ht to the internal eye structures mcludlng the mtrgocular lens .
isclosed, for examplé, 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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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 transmission, 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 30 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 dynamic
aperture of the pupil. Previous work to date has been silent on the
contribution of the pupil to prophylaxis of phototoxic blye light. .

(GO RSB BB RAGRT Eb A ERRIBHEI Bl BRSORME R Har R E§Hreous
degrade nightdipasios fredighbleaigte atypdifienidomege-fitpine|thapl lgght at
SEQIORIG, WRINA0ARIBRPUARAIGH! SF ROAUARIGINISIARLS ESWENYED Bue

expressed quantltatlve%m the luminous sensitivity spectra for scotopic

ableskiradpiecyiais et HBRIARS M BRI IRi @t R Satre! ehake
absem i) 640000 t4 Tthkatsdig W ISy Mteaodldas, #00si isSsuddbainercasé U.S.

ngztlger{{\tl (\)/viy‘gw%ﬂg)hﬁ gx?sgﬂe number of rod photoreceptors on the
retina that afe résponsible for low-light vision also decreases 10 with age,

tHR09%keased Soaueptionebyethodstferiedrnaing tus fighisrtarts aEgralding

nigkdivisipitafiptaxplaple osciilight SeRive anhitistipldsvediaaahh Wik alko
a b3 year;old intraocular,! n % _in.a - e on :
e ?S‘fé%ﬁto‘r?%é%aqz?z%o‘%%‘%éni?%%?giﬁh%ﬁ%%c%%é‘aﬁﬁ%ﬁ .

MéPitateahti s pat o> O toliyath ensmgessHbind A fdhe mciephiisht gt
Inaphthainaak 18003 65@Tmpps bR B, 001 PLE MG NTha dlue-light
pRrgachEs o lia blogking.ales Mavhekecuiolar BRlipRe Jligi iR
reduce the transmission below a spemﬁe ue or violet wavelength to
z&V9iEdy asenmprs lighliBhsaroliea tresheBeReridhanygibia spasEibked
campietel/inFaimagttitempefatgnt-or example, U.S. Pub. Patent 20

Application N 05/0243272 to inster i "l

R PR ARG RO, AR

Ogifisalt, 3 blockipe 3ad/qpods)ites Slisdigh Hitsekisglor balangas: sRigwision if

thses ks waveiangivpetuernidd) Arantdaddrm. Which dlockiitgirmmandaes

undesirahle,.since as, the edge of the long-pass filter s shifted-to,| er.
SR L Sl B S T S IS N Hi6 g

pretashenyite elasrsc RpfCauTs et SedtofecemsdnrAit BRI ae e
CRlQblisig ez SUAMMA R THHEHAMENI @ NefOBE 3bAdilbrilsppaenteed

ths%toﬁépaéqs ngly Q&M_ét%qu%ﬁ@uh&ivsvwsrm%tmi 3 SHRIEMALQ BIaGKuid be

and/or selectively inhibit Ight wavelengths without causing an
uareEptabiefebmrnmhSabnicerrlicatiany include windows, automotive
wipdsbields, lensas biasl deling tahtbalmit sk stiiiaaspetiagieisible

'%%‘?%ﬁ%@%%%&mé%”ﬁ%ﬁnl NHAREHIATISNEGS, AR SIS IREHYS I8AFE Supil
corneal In I b lied h

ays, special filters that can be applied'to camera flashes,

flipfrssenbrghiRf igb b drrinte ey sSHHe U RuAreRa i RatHkr dgns
thenlightiing Hiaoeant exditos frexas theséxtrirenitse ljcepiehadntie square of the

INSHMEHRISN. G0 AR B0 AR SR RIMGRE RGN HAduS AL
ﬁmsmission, 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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5 bio-microscope and other forms of instrumentation used to view the
human eye, computer monitors, television screens, lighted signs and any
other item whereby blue light is emitted or transmitted. When included
within a lens, the film may provide for even coloration or lack of most or all

‘coloration of most or all of the spectacle lens. 10[0014]The film may block

and/or selectively inhibit at least 5%, at least 10%, at least 20%, at least
30%, at least 40%, and/or at least 50% of blue light within the wavelength
range of 380 to 500 nm, and may be color balanced to allow for
perception of the film and a system into which the film is incorporated as

colorless to aV|e r observigg the film or system, Svstems ingemorating
SRS BRI ng%c') the lfrelps%ﬁlﬁ‘rlﬁlgr?trloﬁ also may have a photopic

Immsquﬁmmht@m&’%ﬁ&@BP%%ﬁméqlbmt and allow a user
30019) ObSGFV%GI}@r%tﬁ&hI G pehatingoile Blke-toobieivng mdsthitrmarmal

color wsmghthrou euﬁil@’?m ml(gnglDIg%{g?s?o ﬁg&t%()agpggg{t;gﬁ

(1] BIte lightto the internal Structures of the eye
wtaiexraumdwgbagm Mmzrr@fﬁ@m rawsino? T e pispiltrsRiesetks from

%&Mimwglﬂm&é tﬁﬁnﬁmksmsi?M@thgé&alﬂdrgyswlsadew&aﬁﬂarmmn
also may reauce, minjmize, or e iminat 0 istortio i
e R e

PEecitl gavices may prot ct tetin h with a
Inostantiailgrdesrtissseltninereasomabmalewid ogetbliaeush he sarabsr of rod

WeAREHIRIE 35 O estinR A Use 3spassab ot o shisipactingoaelss ShiicRBs
100161Devices and sgstems d?)scrlbed here n Iso ma {Qtect tE ading

h‘l‘jm’a?*g?eﬁ}?d‘ﬁ’{)?ﬁsﬁ% RERRIE Hf%y preventlng ifation oft en pupil
vzt distsntoRnTreaselb) ueomwmepmf&wmwmé%hm%ﬁ inas

A}Q%P IRHVRrAEHEGHYEhOhYBUH iakspsRive a8 def@flm/@rﬁm&akmn retinal
e

ments within and/or external 1o th lock,some tn%Lv
bﬂﬁ%‘?ﬁlﬂ”f?&%sﬁ?éogilce%ri?ﬁté‘"gptfaf‘ée% y a?%av%cﬁ l Cglgglrsﬁgb fght to

rébldMN@rhtM&hpﬁ@oe&tmﬂd@dF@mﬂ%c&désQPiBéahﬁé}e@P%y’ 87, pp-
maiyajg_sensitivity in low light levels (scotopic or night vision), reduce

CRBiaRsbic ety TSTR AFEEARS RO DI SEGA IBGR  cufeor

ACE Wher
bhighfites fijtete W dBRIBE @E@@mmb@lwméqg #zhmmet

5@99:%74@{%0%1%}9':“’13&%:%‘9&5&51%'ﬁgi?ﬂ@lﬁ{xa%qafddﬂéldmlﬁf@ﬂeﬁhy ?e
inventon SNOWS the optl ransmis IC O
aPﬁ%‘BE‘é’ﬁHf)‘Pgi‘f/’lﬁ%lVaécg’Pc? Ay 18" &gt%ges(ignt nven |Osr[1P€(?’h ?9?0 Cglts
shppticanaadim @mywﬁmmmmmaaé@éwmo Insaeoprs dempes
thie@l@mwaﬁdlﬁtme 8 Sitbwe%mmamlﬁ&smgnd tammﬂln@mmevf 123,
present Invention S 1. dla ter,as . a 0
f|8Id5 ﬁﬂ,%?ﬁgﬂég“[% %‘{E{Iﬁk?é g (())l\\{/vvlz %IB %V#e%l ase %1 Edn‘é{%nq%%héld

illoetirean&@0 and 450 nm. Such blocking may be undesirable, since as the edge of

the long-pass filter is shifted to longer wavelengths, 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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15[0023]FIG. 6 shows the transmission spectrum of a film according to the
present invention that is doped with perylene dye where the product of
concentration and path length yield about 33% transmission at about 437
run. [0024]FIG. 7 shows the transmission spectrum of a film according to
the  present invention with a perylene concentration about 2.27 times
higher than that 20illustrated in FIG. 6. 100251HG. S shows an exemplary
transmission spectrum for a six-layer stack of Si02 and Zr02 according to
the present invention. [0026]FIG. 9 shows reference color coordinates
correspondin%téo Munsell tiles illuminated by a prescribed illuminant in &La*t

lonsgs) IngRACELsa densos [eRsbeiRete 24ioue lanstis comeabiians sperialduisrs
shiftse fgiphiansalheetarftigrdpivorelatadl{iieing] Q03 1iEhGn g, @iB:shows of
cqlar shift indu by a el bluesblocki i WS a
ﬁ%ﬁ)‘a?g%f%%%ggﬁ f’f’s{%?@%én r%l%}}%gg&ge%géggs%égtgg% %?cué%j} ng to the
pphSeimisasoReIBURo]mch 252 SpERacans: PRALIHIBSRS RS, Sy camsra,
BuSkAIBrasepeting éthth Eoprase ThistendifmtiofDR3d] Ged iz s eye,
histogram summarizing.color distottion of a device accarding to
) Ay R
Ripedighhiagratsdsdranapifs bemnslugectwithis mierbhidedIBr Bierent
p60RIcTIPOEAlIoloralibnShiQdk af BRI Y Bkiat&llectacae st for

a gc u&a%is%gsubject. [0034]FIG. 16 shows transmission spectra for

Flous lenses according to the present invention. 100351FIG. 17 shows
¥ Ablary dyEbeftien ranrdlocihangfeiswltahvalidpiibit at least 5%, at least

10%, at least 20%, at least 30%, at least 40%, and/or at least 50% of blue light
within the wavelength range of 380 to 500 nm, and may be color balanced to allow
for perception of the film and a system into which the film is incorporated as
colorless to a viewer observing the film or system. Systems incorporating a film
according to the present invention also may have a photopic luminous transmission
of 85% or more of all visible light, and allow a user and/or observer of a system
incorporating the film to have mostly normal color vision through the system.

[0015] Devices and systems described herein may reduce the flux of blue
light to the internal structures of the eye while reducing or minimizing the dilation of
the pupil that results from reducing luminous transmission. Methods and systems
described herein also may reduce, minimize, or eliminate, color distortion in lenses
that perform blue blocking. Specific devices may protect retinal health with a
substantially colorless lens that, when viewed on the face of a person wearing the
lens, does not cause a cosmetically distracting color shift.

[0016] Devices and systems 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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10 100361FIG. 18 shows an ophthalmic system having a hard coat
according to the present invention. DETAILED DESCRIPTION
[00371According to the invention, a film in an ophthalmic or other system
15may selectively inhibit at least 5%, at least 10%, at least 20%, at least
30%, at least 40%, and/or at least 50% of blue light within the 400 nm -
460 nm range. As used herein, a film "selectively inhibits" a wavelength
range if it inhibits at least some Transmission within the range, while
having little or no effect on transmission of visible wavelengths outside the
range. The film and/or a system incorporating the 20 film may be color

alaRasd d9.8UP %y iR DSineRE! GRRLOMEY ARABFQING LANMALISRHB ST the
colorless  Systems _mcp&g%'ﬁlrn%ﬁg%m gce %@ﬁt%h% Qpresent invention
A A o B SV ft fo2ieh BFEER B Better of visible

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

W BHUCARBTRYY HHOBRIDHARISLFIC 1 shows an exemplary
embodiment of the present invention. A film 102 mg%gge qi%'lsposed
BEERRIRI

He8Zen two 1ElfErd FomsrephiBlRG AR PFIT™103. As

furibgtisiescribed herein, the film may contain a dye that selectively
‘Jﬁﬂ?ﬂ@j certaiyavelengihg s lialt Fhehrse MmalHakas b esinisemplry
ea

ny material suitable for a lens, ophthalmic system, window, or other
Sencarchidosif s PSRRI PR disposed. [00391The optical
t{eoBINission @Eexshtstcntasnmiay piathdlimcaostningctoding taveation
5 %Qgﬂfhb%nﬁ{& 2 where about 50% of blue light in the range of 430nm
nm Is blocked, while imparting minimal losses op other, wavelengths

WAPRSkhe visitTEs AbRuRrr R BRIRGHXEIBR LRSTH B IEC Brge™
eixeenpilaty, and it will be understood that for many applications it may be

dggisgple to selestivelyHiniLInsaithaRR AYe hilueriohficandionhgce.
specific Wavelen%ths 5 inhibited may vary. It is belleﬁ/%g ‘It{)?lat (n many
y

al9982htions cEIGSRFIARY BRPHLHGRRS HIPEIRRRE B8 fess than
5@uesf blue lighG Foshexampleatsmaspibe prefernedie Sbteatimatimatitie
2D 4020 RIS RISISIANN ARRAAh. B & RLRBrEBl AR BE i heraten

p%\ er about 10%, and more préeferably about 5% of light in the

sovi et leperhainld SRR AyIBIsHE L SARgHE? BNt of light may 10
ajma4pr preveriinI? ehalembgeaismisibigipertangyolightion kil bisnggo the
TR GORHE Wigh WSl NRMIGR Aot ARd(eroe R0l isRal R tha

vision and/or circadian cycles in a user of the system. [0040]FIG. 3 shows
aifnsiratet iRddF3dtated into an ophthalmic lens 300 according to the
PresEsit inventielG. Wishoevitds seamiplich sdrsativeen spgersofasasphipggmic

m 8Ei8‘¥§¥8? 2% Bladbickaess aldpadempidaygial ophthalmic material

is, gway of example only, in the range of 200 microns to 1,&)00tm'ﬁron§ll
169281 Similark! G=REPPERBIRE LT SAHEISF 8 SR IOB SUCR S an
attesibtivénatintishighdssaobeddihgitmaheip@dent bl eolon spa¢itm 401 may
bﬂ)mrporategﬂﬁjtq JREREMMAR LN BE-HE o RARHIMCRIMIBIWARBIOr tiles

layers of base 20 material 402, 403. For example, where the system 400

it PAERIRIEE windshield, the base material 402, 403 may be
wjoaizslield glagiGsl RBcdwnsendelos ebifi indilicod tinaleslsted dlumblerkimgous
oter systems, including visual, display, ophthalmic, and

[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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other systems, different base materials may be used without departing
from the scope of the present invention. 25 [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 30 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
R831be desirdbfe 16 Trrserkisiosrerisratane s selersiyemion e device
alesaiiadtoenegieisan poasitide. tAsMametiiatiesandpigigatfiim according to
ogaesent VRO RS USER AR BRI AL (R PREREING Yikotra
ack of a patient's eye for disease. In such a system, it may be important
forrthaubipsth of hifsrertarssiith the true and observed color of the retina.
fopsgother example, saonaimiotssphirpekiainiflighiing spegtrohefetit from a
aveleggth-custtomized filter utilizing the inventive film, [0043]In an
e%‘if%fuméﬁ?’?ﬁé inventive film may be utilized within a photochromaitic,
$838b-chronfdGor € Kb HBRSTISSIOBIFR A EoreY i NREBRESeaRG REN e

wogehigldinSgiba. system may allow for protection from UV light

engths, di nlight intensity,,and blue. light wavel j
A Ry b b T R
fe3shlue ligHtial®rheytmannphialptcatrsismde ving diiragtipecording to
ragaraiensintauhether the tinting is active. [0044]In an embodiment, a film
may allow for selective inhibition of blue light while being color balanced
and will have an 85% or greater scotopic luminous transmission of visible
IRBT AALEPDHACREIEAN seful for lower light transmission 15uses such
360317ying glasses@ifPer gl assasicald fikayipia\dpRiaRaseoivssgdtem
%z{f%gp ac%%gld lijrﬁutgl Ig{: Teaas§gg Cg qgg‘s?HE%%H@%t L %Saltlzlgrs§gm/§, at least
apﬁilca ions, it may b& cFeswaé’I’e or a systém according to the present

inQ¥naod o6 adrastitRly aiibikie Bk WithinnSeid@Aaped R0 8m rargehAvaispd
|HeRkQ USHa NS BNG E kylyahigbRsthan alRingld b dy picaihhitie ut 8AsB58Mme

Jeesse 20 Mable shecl um Thismahe g e vise . sxample
a base materia usegm € system infibits more ight across all visible
wisldlrwgusicagbsouisididhe Fange xIde Bl ander awstapinsarpesating e
High geseeolior balinesipsalitay keflesh Freredigbhagrassbvanelengtios user
52U MINDOUS VARSI 30382 10 el OHEHA ARin may
reduce, or eliminate prof)?ems. pgresent In conventional blue- 25blocking
JyAR ASS OfoRia B NeRS BRSSO E 8 S TLRT RS S Rfi v itd! e il nard frhar
PR i ic-blidadighig Tive i ofitheoe ygstaapo hdsemtkdyphatagicokinal
illuminance, in trolands, which is the product of the incident flux with the
VlSlOIr. e s . .
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lens, may reduce the total flux of light to the retina and stimulate dilation of

tregstisabanbifssesipRatisdsnbigdudhsPise fraterirl fimgiegals may

Whenyexpesalsiotsbridacly Ikng)iopinbelinidhgstial] tedowgibdmheetystem in
ene f ctuate a%;g é%a/alue that increases as the luminance falls.

%gﬁﬁ%ﬁ&tio aﬁ?e laﬁosnship between pupil area and field illuminance
[0039] The optical transmission characteristic of an exemplary film

according to the invention is shown in F1G. 2 where about 50% of blue light in the
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described by Moon and Spencer, J.Opt. Soc. Am. v. 33, p. 260 (1944)
using the 5following equation for pupil diameter: d = 4.9 -3 tanh(Log(L)
+1)(0.1) where d is in millimeters and L is the illuminance in cd/m2. FIG.
5A shows pupil 10 diameter (mm) as a function of field illuminance
(cd/m2). FIG. 513 shows pupil area (mm2) as a function of field
illuminance. [00481The illuminance is defined by the international CIE
standards as a spectrally weighted integration of visual sensitivity over
wavelength: L = K_ JL$AVAd2 photopic K JLeiV;d2 scotopic 15 where K";'
is equal to 1700.06 Im/W for scotopic (night) vision, K= 683.2 Irri/W for

REROBIC 64N MisiPRARd ihasRacHR tHipinersRIlFRaN Q{6 otV A
and VA' define the standard photopic and scotopic¢ observers. 'E e, .
AHSOE R PR HERU SEAIRG V6 SrRTR R ERTH g [ g Pe o
ekbhighae| KaliomialiscanEhace shaufor tReychppinasioss of Migide desirable
vailable at 2 {l iS ! isi
T

[obdgpkEpoEsn b isheiprss v dnaprnRRIc Ao i 05 RANDbsf an
iplaaesd R preRBhaat ,b@fbﬁwﬁﬁgd&éenmedmtbe lighmiFenewapdardimgy
© th%Eo”e*‘cﬂ'aiséle%&ele SR AEABD00RIE SrbrerdB o GaSoRtppIC
WREIS TR is the wave engt -éependent transmission of the optical

atesfeetl RIS 2 BP RO REGIARD Y Hfiatl e 2B ERTRRLAEH 10! b out 5% of

urgitgratdoninee valgesoeputbiftobitieguationié: 2foneteflighteay

Bl o%va{éfﬁye%é’dﬁé@gﬁd@ﬂégéﬁ%eé'ﬂ?gﬂ%l{%@*i’ﬂ&{; WHiB bElg ReIRIRACE
igure Photopic Ratio Scotopic Ratio Unfiltered

enough that the inhibition does not adversely affect scotopic vision and/or circadian
cyclesina usér of the system.

{0040} FIG. 3 shows a film 301 incorporated into an ophthalmic lens 300
according to the present invention, where it is sandwiched between layers of
ophthalmic material 302, 303. The thickness of the front layer of ophthalmic
material is, by way of example only, in the range of 200 microns to 1,000 microns.
[0041] Similarly, FIG. 4 shows an exemplary system 400, such as an
antomotive windshield, according to the present invention. A film 401 may be
incorporated into the system 400, where it is sandwiched between layers of base
material 402, 403. For example, where the system 400 is an automotive windshield,
the base material 402, 403 may be windshield glass as is commonty used. It will be
understood that in various other systems, including visual, display, ophthalmic, and
other systems, different base materials may be used without departing from the
scope of the present invention.
[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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1.000 1.000 Pratt '430 0.280 0.164 Mainster 2005/0243272 0.850 0.775
Present System 6 0.996 0.968 Present System 7 (solid line) 0.993 0.947
Present System 8 0.978 0.951 100501Referring to Table I, the ophthalmic
filter according to Pratt reduces scotopic sensitivity by 816% of its
unfiltered value, an attenuation that will both 5degrade night vision and
stimulate pupil dilation according to equation 1.1. The device described by
Mainster reduces scotopic flux by 22.5%, which is less severe than the
Pratt device but still significant.

another example, a film according to the present invention may be used in
instrumentation for observing the back of a patient’s eye for disease. Insuch a
system, it may be important for the film not to interfere with the true and observed
color of the retina. As another example, certain forms of artificial lighting may
benefit from a wavelength-customized filter utilizing the inventive film.

[0043] In an embodiment, the inventive film may be utilized within a
photochromatic, electro-chromic, or changeable tint ophthalmic lens, window or
automotive windshield. Such a system may allow for protection from UV light
wavelengths, direct sunlight intensity, and blue light wavelengths in an environment
where the tinting is not active. In this embodiment the film’s blue light wavelengths
protective attributes may be effective regardless of whether the tinting is active.
[0044] In an embodiment, a film may allow for selective inhibition of blué
light while being color balanced and will have an 85% or greater scotopic luminous
transmission of visible light. Such a film may be useful for lower light transmission
uses such as driving glasses or sport glasses, and may provide increased visual
performance due to increased contrast sensitivity.

[0045] For some applications, it may be desirable for a system according to
the present invention to selectively inhibit blue light as described herein, and have a
luminous transmission of less than about 85%, typically about 80-85%, across the
visible spectrum. This may be the case where, for example, a base material used in
the system inhibits more light across all visible wavelengths due to its higher index
of refraction. As a specific example, high index (e.g., 1.7) lenses may reflect more
light across wavelengths leading to a luminous transmission less than 85%.

[0046] To avoid, reduce, or eliminate problems present in conventional blue-
blocking systems, it may be desirable to reduce, but not eliminate, transmission of
phototoxic blue light. The pupil of the eye responds to the photopic retinal
illuminance, in trolands, which is the product of the incident flux with the
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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[0051]In contrast, a film according to the present invention partially
attenuates violet and blue light using absorptive or reflective ophthalmic
elements 10 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. 100521In
an embodiment, perylene (C20H12, CAS # 198-55-0) is 15incorporated
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.

%Qﬁjiﬁﬂ%ﬁiﬁ%&?%ﬂ?&%%&{ s Hadcsuisishownme i SmEheghange

minance that results from this filter is only about 3.2% for scoﬁ%ic
, as

diemaser eereraibnlustitnptsh abRY AVAHAJAt IFSEBRTE AR ARG HrRBHE;
foeptgyed in Taladibnarecstigdiiptberconcpupibtica ardifickinidsmufance

erylene in the devigasdegigasesihe ransmission al aAgRNseisn ol
Eg%%ﬂ%?ﬁé’ -ﬁéggﬁéf’?ﬁ%éf 7'%5)?%6w% the transni%siﬁgpeczugnﬁgf a
deilorangigquatihfia i ribAEseRiekion 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 redyces seatopic Hiumigance by less than 6% (g 3
and photopic illuminance b}‘/zeleléghg} O.(;%‘.gg\lkgte@hat reflection has been @D
removed from the spectra in FIGS. 6 and 7 to show only the effect of

ARROLRIIRN DY e S 100931 Bsawiheidhion penife aeIan Raye g

absorption in_blue or rqughly blye wavelengih range ittle or no .
RO TSRO PSR B b D G LRt Ch e HRS el e
dyes?)ilsstfatedan ¢f1G:1d Mnshadeeporphyrin, coumarin, and acridine

hases) molecuigs whichhmMayibadisrd sIaY iafR AQRQICIERIAHMS a
transmission that is reduced, but nqt eliminated, at 400,run.-460 um. The

Bl SRETLSE S H%rseelrﬁsfﬂélrté’fg‘r’grrﬁvgyeb%negt Bimilar dyes
based on other molecular sgruqty"rjaselgtlw]cepﬂaﬁpns that mimic the
transmission spectra of 10 iaeryle . porphyrin, coumarin, and acridine. ~ (0-2)
[0054]The insertion of dye i e fpfedrpatF 808t ding to embodiments
ofdbe RresenLnyaBticdsaRREsOmaished K susiss Rsthrds amilar

to those practiced In the art of optical manufacturing. The %{ig or dyes may
Herinbolopieddandiisen s e e fuminonsrifidsne p Bpaiens Coatthg2
inike thiniaibademdSnaargosaisd ibetosnin dtedistiictur e fiidency
includes e-impre A ted layer, oras.a c ' AtRuALMINS and
c?;‘/‘é‘?llr'ﬁ B?Z&%ﬁ‘%d &?{%8‘3‘5?%3&%{ : 'ﬁi&f‘é‘s 1?&%%)? i?l%ht%%oggnother emll)oagiment
dEhpdenlant s ecbelssige dovsrihayadabiedhlly reflective in the violet

ang PiwerspasH aldegisnsamehaciir allagtne alsenpauyayejeoghsmdyibe
agglied. %tgods éor degiggmg 20 appropriate dielectric optical filters are

STRIRArZed T 1extbooks such as Angus McLeod, Thin Film Optical Filters

(eeaw-Hill: Kyornomiionef axehipraty trapiihalsip slepeatinthedomn of an
Sixnlayen Slaok@b S 2 et dedana ceareinhto hepresent tovdintan tise
shown in FIG. 8. Referring again to Table |, it is seen that this optical filter
biockS ?)'hototoxic blue and violet light while reducing scotopic 25
illuminance by less than 5%-akg fﬂjm,gp’udmummmcby less than 3%.

' (0.3)
L=K, IT/,LC'Ade}b scotopic

where T; 1s the Wavelength-dcpcndent 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
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100561Although 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 30 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 cell death
may be reduced by inhibiting as little as 5% of blue light, while this degree
oFARleBibht reduction has little or no effect on scotopic vision and/or
Cinﬁgliéyémnawor OT TNOSE USIRG,IPE SYSi§iRetbbe ﬁ@gdjsesicaﬁrﬁmnatwn
according to the invention that selectively 5inhibié é)lue light is qe ibed
as H‘I’ﬁmﬁﬁ& an amount of light measured relatiV § the base system
incPepordtog the film. For example, an ophthal®@8&ystem may %$64a
polygarhonaie,of,eagrsimilar base for a lens. ylgégrials typically ytped for
such a base may inhibit a various amount of light at visible wavel D ths. If
a bRIESBIoRSHEHilm according to&he present ifvétition is adde t% e
sysPeeseiit 8181ed0 selectively ishikitiim®d, 10%, 20923 30%, 40%, @hd7or

predsogbly elinreasainpeoshitidTantosenaepiiofitiraicoesdilig fodttt reduces
blue-piacking:; b, W lor ASCahiatRg Vg BumaR ASHaL SURIE BIs
from neural processing of ﬁght signals that fall on retinal pigments wijth
driveradn Rishtiisivr apt AUBRRLT RERT RROTTReERESRMDY BB fckpliBh
miRthenmiaiyy Byoelgihspaaslitaorstopdtathip 2 gratingitihe sless setaé

thyee t‘ﬂé‘iﬂ‘%ﬁ:‘&tﬂe@?&%& ?&tgﬁ%ggdpatching functions with the spectral

irradiance. The result s thre€ numbers that 20 characterize the perceived
cH18P1N unifort &W‘W}Wﬁ&‘ﬁlﬁ%&é,tmﬁﬁrﬁ%‘%@ﬁ‘@gwfgﬁgﬁ by
theépaan issienatii enatignaisidg dbeaipirager (elledtiveapinbalsécelements
ARIeRE RIS SO AIROLED RIIRE SIS0 R ARRH A value.
alternative cofor standards are familiar to those practiced in the art of color
sSimEsBgl-FEerIS d95erdingdo ThPresebinpenisiov a5 feRnddn selgctively
brightnessesncth ictboisimanghcoltilithitmhtitptaomdeffaacbh pihwpit and
and b* axes. A uniform color space such as that defined by this CIE

SCOd)gl V1810 . .
standard may be preferred for computational and comcgljegratlve

aftions, st wretedimssh R ERRECrB thEAD A &re PdSortional
tadbapeagsitite of gotbeived dslor diffareneateatorean tviololsscisfitiat to
U6 QRN RN SPERR %Qg%rﬁ'éyéﬁs@sﬁ&m et AIE7SMEN PRe

described 30 in Wyszecki and Stiles, Color Science: Concepts and .

MERBBISS O aRRTERR DA dYirR S RORR UIIEY SNERF FBIRge gl mnance

[GRaAniaHHaal tdasiirrs cnlgisgp to 3Rsniethodsmadisystgrmndesosibed
SHo\R 12, YRE R AR QLSRRG RAIRIE S GG FHRLERYIRRMS L,

h
A non- limiting example of this is the Munsell matte color palette, which is

cApRSRBEI BRI ES LitkPeR SRS IRATd e S RdER SRR e transmission at
psychepiykisgihexperdingrttsRecbs Jast TG Gedioly sdiffenansrimesroe apéctrum
othel JThe RREUIAdIc0sRaldhese SierdsPeashues sl slandag

illumination conditionis. The array of color coordinates corresponding to
edrtherghdbis drvicrsrirriaely Blpskbmsra AfihRPHIRIRIARPIAE (ishiiiagthe
calevispacEIs. thdtreftrencedapeoibudistoridny derd thashEianh Fhkortde
The spectral irradiance of the color tiles is then modulated by a
blue-blocking filter and a 10 new set of color coordinates is computed.
Each file has a perceived color that is shifted by an amount corresponding
to the geometric displacement of the (L*, a*, ) coordinates. This

- calculation has been applied to the blue-blocking filter of Pratt, where the

average color distortion is 41 just noticeable difference (IND) units in (L*,
a*, b*) space. The minimum distortion caused by the Pratt filter is 19 INDs,
15 the maximum is 66, and the standard deviation is 7 JNDs. A histogram
of the color shifts for all 1,269 color tiles is shown in FIG. 10A (top).
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[0060]Referring now to FIG. 10B, the color shift induced by the Mainster
blue-blocking filter has a minimum value of 6, an average of 19, a
maximum of 34, and a standard deviation of 6 IND& 20
[0061]Embodiments of the present invention using perylene dye at two
concentrations or the reflective filter described above may have
substantially smaller color shifts than conventional devices whether
measured as an average, minimum, or maximum distortion, as illustrated
in Table II. FIG. 11 shows a histogram of color shifts for a perylene-dyed
substrate according to the present invention whose 25transmission

S ER-P SR d o O AR AR IS R ACHIER GOl Al e
obsevenfo e st safléntlal‘fy lower and narrower than those for

coaveniibREF 8 s Tdestapeenty, sttt pParrrang trdhkdysor
quasaple, simub3iopiHesuitn Hapmea thdy BavoSrehiftsoasdnismia bliad 20
PR SEas CeE Beas.
SNl Sivientnas tHx mepkeief $9rh yes fHugtrael gpddGply (‘Lneaw?svprphyrin,
(E&ﬁn*ab.ﬁ, RrathcAdiddvabed 28t vhich may be used singly or in combination
to give transmission that is reduced, but not eliminated, at 400 nm — 460 nm. The
methods and systems described herein therefore may use similar dyes based on other
molecular structures at concentrations that mimic the transmission spectra of
perylene, porphyrin, coumarin, and acridine.
[0054] The insertion of dye into the optical path according to embodiments
of the present invention may be accomplished by diverse methods familiar to those
practiced in the art of optical manufacturing. The dye or dyes may be incorporated
directly into the substrate, added to a\ polymeric coating, imbibed into the lens,
incorporated in a laminated structure that includes a dye-impregnated layer, or as a
composite material with dye-impregnated microparticles.
[0055] According to another embodiment of the invention a dielectric
coating that is partially reflective in the violet and blue spectral regions and
antireflective at longer wavelengths may be applied. Methods for designing
appropriate dielectric optical filters are summarized in textbooks such as Angus
McLeod, Thin Film Optical Filters (McGraw-Hill:NY) 1989. An exemplary
transmission spectrum for a six-layer stack of SiO, and ZrO» according to the
present invention is shown in FIG. 8. Referring again to Table I, it is seen that this
optical filter blocks phototoxic blue and violet light while reducing scotopic
illuminance by less than 5% and photopic illuminance by less than 3%.
{0056] Although 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%. 1t is believed that
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19 6 34 6 Present System 6 7 2 12 2 Present System 7 12 4 20 3 Present
System 8 7 2 12 2 [00621In an embodiment, a combination of reflective
and absorptive elements may filter harmful blue photons while maintaining

relatively high luminous transmission. This may allow a system according
to the invention to avoid

cell death may be reduced by inhibiting as little as 5% of blue light, while this
degree of blue light reduction has little or no effect on scotopic vision and/or
circadian behavior of those using the system.

[0057] As used herein, a film according to the invention that selectively
inhibits blue light is described as inhibiting an amount of light measured relative to
the base system incorporating the film. For example, an ophthalmic system may use
a polycarbonate or other similar base for a lens. Materials typically used for such a
base may inhibit a various amount of light at visible wavelengths. If a blue-
blocking film according to the present invention is added to the system, it may
selectively inhibit 5%, 10%, 20%, 30%, 40%, and/or 50% of all blue wavelengths,
as measured relative to the amount of light that would be transmitted at the same
wavelength(s) in the absence of the film.

[0058] The methods and devices disclosed herein may minimize, and
preferably eliminate, the shift in color perception that results from blue-blocking.
The color perceived by the human visual system results from neural processing of
light signals that fall on retinal pigments with different spectral response
characteristics. To describe color perception mathematically, a color space is
constructed by integrating the product of three wavelength-dependent color
matching fﬁnctions with the spectral irradiance. The result is three numbers that
characterize the perceived color. A uniform (L¥, a*, b*) color space, which has
been established by the Commission Internationale de L’eclairage (CIE), may be
used to characterize perceived colors, although similar calculations based on
alternative color standards are familiar to those practiced in the art of color science
and may also be used. The (L*, a*, b*) color space defines brightness on the L*
axis and color within the plane defined 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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5or reduce pupil dilation, preserve or prevent damage to night vision, and
reduce color distortion. An example of this approach combines the
dielectric stacks shown in FIG. 8 with the perylene dye of FIG. 6, resulting
in the transmission spectrum shown in FIG. 12. The device was observed
to have a photopic transmission of 97.5%, scotopic transmission ‘of 93.2%,
and an average color shift of 11 JNDs. The 10 histogram summarizing
color distortion of this device for the Munsell tiles in daylight is shown in
FIG. 13. 100631In another embodiment, an ophthalmic filter is external to
the eye, for example a spectacle lens, goggle, visor, or the like. When a

t nal fllter IS U he color of the Jvgarer face
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in dayll (D65) illumination are 9 1 7). 25Inter the
Pt f)%?fk% 5Fecsﬁ§alﬁc§ne] ese 20lor cgorg' Rates t té%l‘)%(é q;

shifdobstift m@mum@mdmgéomﬁsw%mdem@f Rifls* Ao
QA AAAR CTH S 2RAARORAD the ;gsg;lpwapmﬁ nme:vo e ringIRrwTits
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Ars(lrﬁméir}aﬁfﬂw@%ﬁhmmm §Fﬁ¢@®l°§ﬁ3éb%é¢rﬁ)l ahg Bratidisais éRlN‘]DS
upder davightdbeminatiansuaingddsiemsohiser biopking filkesgrasbome Jér
Tab e III Th % ta hovsin in Table L rgleé ah? g alized to remove any
EE @95% SRSy ‘Reffence Figure L* a* b*
8('_06@‘} b*) Referring now to FIG. 10B, the color shift induced by the Mainster
blue-blocking filter has a minimum value of 6, an average of 19, a maximum of 34,
and a standard deviation of 6 JNDs.
[0061] Embodiments of the present invention using perylene dye at two
concentrations or the reflective filter described above may have substantially smaller
color shifts than conventional devices whether measured as an éverage, mintmum, or
maximum distortion, as illustrated in Table II. FIG. 11 shows a histogram of color
shifts for a perylene-dyed substrate according to the present invention whose
transmission spectrum is shown in FIG. 6. Notably, the shift across all color tiles
was observed to be substantially lower and narrower than those for conveﬁtional
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 1l

Reference Figure  Avg.$ Min. 8 Max. & Std. Deviation &
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Skin 14-15 67 19 14 0 Pratt 39 17 44 69 Mainster 63 13 29 17 Present
System 6 67 17 19 6 Present System 7

@L5a%b") @Hasb) (L*a%b%) (L a*b¥)

Pratt 41 19 66 12
Mainster 19 6 34 6
Present System 6 7 2 12 2
Present System 7 12 4 20 3
Present System 8 7 2 12 2
[0062] In an embodiment, a combination of reflective and absorptive

elements may filter harmful blue photons while maintaining relatively high
luminous transmission. This may allow a system according to the invention to avoid
5  or reduce pupil dilation, preserve or prevent damage to night vision, and reduce
color distortion. An example of this approach combines the dielectric stacks shown
in FIG. 8 with the perylene dye of FIG. 6, resulting in the transmission spectrum
shown in FIG. 12. The device was observed to have a photopic transmission of
97.5%, scotopic transmission of 93.2%, and an average color shift of 11 JNDs. The
10 histogram summarizing color distortion of this device for the Munsell tiles in
daylight is shown in FIG. 13.
[0063] In another embodiment, an ophthalmic filter is external to the eye, for

example a spectacle lens, goggle, visor, or the like. When a traditional filter is used,

the color of the wearer’s face when viewed by an external observer may be tinted by
15  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
20 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).

25  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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67 15 23 10 Present System 8 67 17 19 6 [00641In an embodiment, an
illuminant may be filtered to reduce but not 10 eliminate the flux of blue
light to the retina. This may be accomplished with absorptive or reflective
&g%&q&% ﬁe}ween the field of view and the source of iIIumiq,%L%?&%%ig&éQ%
principles described herein. For example, an architectural window may be
covered with a film that contains perylene so that the transmission
spectrum of the window matches that shown in FIG. 6. Such a filter
typically would 15 not induce pupil dilation when compared to an uncoated

window, nor would it cause appreciable color shifts when external daylight
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used on_artificial illuminants such as flyorescent, incandescent fl
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the case of PVA film it may be prepared by gartl | or comIRIete h dr8Jey§is
FaplyPhnyestai o ranidaitd HEgtATE BrOUpL VAR YRATbE
dasiksibg albestonpeaddicial film forming, emulsifying, and adhesive
pfg%?fg?ﬁ' In addition, PVA film has high tensile strength, flexibility, high
25temperature stability _and pravi =YaliaVVaVla ier.
[0066]PVB fiReferapase prepdiedmontd re&tionPdf pé
butanal. PVEggRy be Suitable; inf sippegations thasrequirediigh strength,
optical clarity, flexibility and toughness,,PVB.also, has excellent film
forming and)gr(fﬁtesive properties. 5 [03%7]P A, PVB, and other suitable
films may beMimstded, cast from a soft}ion}3pindoated ard then cured,
or dip coatecbanggperred. Qsher mgnufagturing methods ;mown in the
art also may be used. There are,several ways of jptegrating the dyes
needed to cr}epﬁlsee (g éesr?red sp?ectralésliofi?g%f tr%g film. E?(gemplary

dye-integratiBresaptBosishcludd vapopdepdditiod dchemicllly cross

[0064] In an embodiment, an illuminant may be filtered to reduce but not
eliminate the flux of blue light to the retina. This may be accomplished with
absorptive or reflective elements between the field of view and the source of
illumination using the principles described herein. For example, an architectural
window may be covered with a film that contains perylene so that the transmission
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 through it. Blue filters
according to the present invention may be used on artificial illuminants such as
fluorescent, incandescent, arc, flash, and diode lamps, displays, and the like.

[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 linked within the film, dissolved within small polymer micro-spheres and
then integrated within the film. Suitable dyes are commercially available
from companies including Keystone, BPI & Phantom. [0068]Most dyeing
of spectacle lenses is done after the lens has been shipped from the
manufacturer. Therefore, it may be desirable to incorporate a blue- 15
absorbing dye during the manufacture of the lens itself To do so, the
filtering and color balancing dyes may be incorporated into a hard coating
and/or an associated primer coating which promotes adhesion of the hard
coating to the lens material. For example, a primer coat and associated
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17




10

15

20

25

30

25corresponding to the reference numerals 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. 30 TABLE IV  Lens Ref.
Photopic Ratio (VA) Scotopic Ratio (WO Circadian Ratio (M'X)
Phototoxicity Ratio (BO Unfiltered light (no lens) 100.0% 100.0% 100.0%

included in the primer coating 1802. The color balancing dye may be included in
the hard coating 1803 and the blue blocking dye in the primer coating 1302.

[0071] Primer and hard coats according to the invention may be deposited
using methods known in the art, including spin-coating, dip-coating, spray-coating,
evaporation, sputtering, and chemical vapor deposition. The blue blocking and/or
color balancing dyes to be included in each layer may be deposited at the same time
as the layer, such as where a dye is dissolved in a liquid coating material and the
resulting mixture applied to the system. The dyes also may be deposited in a
separate process or sub-process, such as where a dye is sprayed onto a surface before
the coat is cured or dried or applied.

[0072] A hard coat and/or primer coat may perform functions and achieve
benefits described herein with respect to a film. Specifically, the coat or coats may
selectively inhibit blue light, while maintaining desirable photopic vision, scotopic
vision, circadian rhythms, and phototoxicity levels. Hard coats and/or primer coats
as described herein also may be used in an ophthalmic system incorporating a film
as described herein, in any and various combinations. As a specific example, an
ophthalmic system may include a film that selectively inhibits blue light and a hard
coat that provides color correction.

[0073] EXPERIMENTAL _

[0074] A polycarbonate lens having an integral film with varying
concentrations of blue-blocking dye was fabricated and the transmission spectrum of
each lens was measured as shown in FIG. 16. Perylene concentrations of 35, 15,
7.6, and 3.8 ppm (weight basis) at a lens thickness of 2.2 mm were used. Various
metrics calculated for each lens are shown in Table IV, with references
corresponding to the reference numerals in FIG. 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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100.0% Polycarbonate Lens (no dye) 16W 87.5% 87.1% 74.2% 85.5% 3.8
ppm (2.2 mm) 1620 88.6% 86.9% 71.0% 78.8% 7.6 ppm (2.2 mm) 1630
87.0% 84.1% 65.9% 71.1% 15 ppm (2.2 mm) 1640 88.3% 83.8% 633%
63.5% 35 ppm (2.2 mm)

TABLE IV
Lens Ref. Photopic Scotopic Circadian  Phototoxicity
Ratio (V) Ratio (V) Ratio (M’;) Ratio (B3)
Unfiltered light 100.0% 100.0% 100.0% 100.0%
(no lens)
Polycarbonate Lens 1610 87.5% 87.1% 74.2% 85.5%
(no dye) -
3.8 ppm (2.2 mm) 1620 88.6% 86.9% 71.0% 78.8%
7.6 ppm (2.2 mm) 1630 87.0% 84.1% 65.9% 71.1%
15 ppm (2.2 mm) 1640 88.3% 83.8% 63.3% 63.5%
35 ppm (2.2 mm) 1650 87.7% - 80.9% 61.5% 50.2%
[0075] With the exception of the 35 ppm dyed lens, all the lenses described
5 in Table IV and FIG. 16 include a UV dye typically used in ophthalmic lens systems
to inhibit UV wavelengths below 380 nm. The photopic ratio describes normal
vision, and is calculated as the integral of the filter transmission spectrum and 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’y (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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1650 87.7% 80.9% 61.5% 50.2% [0075]With the exception of the 35 ppm
dyed lens, all the lenses described 5 in Table Wand FIG. 16 include a UV
dye typically used in ophthalmic lens systems to inhibit UV wavelengths
below 380 nm. The photopic ratio describes normal vision, and is
calculated as the integral of the filter transmission spectrum and Vk
(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 10is calculated as the integral of the filter
transmission spectrum and V'x (scotopic visual sensitivity) divided by the
integral of unfiltered light.. ' ; ngitivi o ircadian
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pdriamattpaobsMecBiue light while reducing pupil dilation, scotopic
sensitivity, color distortion through the ophthalmic device, and cosmetic
color of an external ophthalmic device from the perspective of an observer
that views the person wearing the device on their face. 20 [0078]Although
the methods and systems described herein have been described using
examples of specific dyes, dielectric optical filters, skin tones, and
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illuminants, it will be understood that alternative dyes, filters, skin colors,
and illuminants may be used. What is claimed is: I. An ophthalmic system
comprising a 'film containing a dye that selectively inhibits light having a
wavelength of 400 nm-460 nm; the film is interspaced between two

opht almlc lens layers; and wherein the system has a photopic luminous

Whs trésn%rlﬁl?é%ldh of at least 85% across the visible spectrum and a
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has a circadian ratio greater than 60%. 7. The ophthalmic system of

3. TR iurtey cemRYiSingR CAIR-RAIANCIIAERMRONERL (B« ratio less than

sovophthalmic system of claim 1 wherein the film comprises PVA. 9. The
ophthalmic system of claim 1 wherein the maximum color shift under D65

4. Thwopinbaihol apyMusrsalitialorystemetiesraused byptbeeystamigiandiss than

s50%gnore than 20 just noticeable difference (JND) units in the CIE (1,t, at, V)
color space. 10. An ophthalmic system comprising a film containing a dye

5. that gildetivalysisibitolightinaving bewav dlengykstoh 430 ynes-4680topiy; therinous

tranfihisdiigrspaced etwieén two ophthalmic lens layers; and wherein the
system has a photopic luminous transmission of at least 85% across the

6. ThfspnbtlagevtrsrsteRcfedined sdutspichamipeisitanisHivsion FfnsEpaisEethan

(O%than 15%. 11. The ophthalmic system of claim 10 wherein the system has

ic.luminous transmission of at least 95% across the visible
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wherein the film comprises PV The ophthalmic system of claim 10
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ophthalmic system of claim 10 wherein the system has a phototoxicity
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phototoxicity ratio less than 50%. 19. An ophthalmic system comprising: a
11. file cohtaiing adymthet reduces buhdeas thet eliminatedransimisgionwhinous

trandightibaving eweysieagdsofidasmnr-¢4R0wm; a color-balancing
component disposed adjacent to the film; and both the film and the
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of at least about 85% across the visible spectrum and a phototoxicity ratio
less than 80%, 21. The ophthalmic system of claim 20 wherein the coating
is a hard coat.

illun man lor System la(, caused
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16.

17.

18.

19.

20).

21.

22.

23.

24.

25.

26.

22. The ophthalmic system of claim 20 wherein the system reduces
scotopic luminous transmission by not more than 15%. 23. The
ophthalmic system of claim 1 wherein the film contains a dye from the
group consisting of coumarin 6, coumarin 30, perylene, magnesium
tetraphenyl porphyrin, yellow orange, and acridyne. 24. The ophthalmic
system of claim 10 wherein the film contains a dye from the group
consisting of coumarin 6, coumarin 30, perylene, magnesium tetraphenyl

. pohphytithaysitowsanangelaandmercyne:hdsystha hphthabwio systemtiofiess than

ckim. 19 wherein the film contains a dye from the group consisting of
coumarin 6, coumarin 30, perylene, magnesium tetraphenyl porphyrin,
yéhewrsiarte wintracigime. 19ev ereophgvalnic sy stebatefaxisimrano less than

wHEfein the coating contains a dye from the group consisting of cournarin
g;rgo “AEHAE‘ ?foﬂg?é P AR, 1R APRENY LAY YR Wio tess than
609

The ophthaimic system of claim 10 wherein the system has a phototoxicity ratio less than
50%.

An ophthalmic system comprising: a film containing a dye that reduces but does not
eliminate transmission of light having a wavelength of 400 nm-460 nm; a color-balancing
component disposed adjacent to the film; and both the film and the color-balancing
component are interspaced between two ophthalmic lens layers and wherein the system
has a photopic luminous transmission of at least 85% and a phototoxicity ratio of less
than 80%.

An ophthalmic system comprising a coating containing a dye that selectively inhibits light
having a wavelength of 400 nm-460 nm; the coating is the outer-most layer of the system
and is disposed on an outer surface of an ophthalmic lens layer; and wherein the system
has a photopic luminous transmission of at least about 85% across the visible spectrum
and a phototoxicity ratio less than 80%.

The ophthalmic system of claim 20 wherein the coating is a hard coat.

The ophthalmic system of claim 20 wherein the system reduces scotopic luminous
transmission by not more than 15%.

The ophthalmic system of claim 1 wherein the film contains a dye from the group
consisting of coumarin 6, coumarin 30, perylene, magnesium tetraphenyl porphyrin,
yellow orange, and acridyne.

The ophthalmic system of claim 10 wherein the film contains a dye from the group
consisting of coumarin 6, coumarin 30, perylene, magnesium tetraphenyl porphyrin,
yellow orange, and acridyne.

The ophthalmic system of claim 19 wherein the film contains a dye from the group
consisting of coumarin 6, coumarin 30, perylene, magnesium tetraphenyl porphyrin,
yellow orange, and acridyne.

The ophthalmic system of claim 20 wherein the coating contains a dye from the group
consisting of coumarin 6, coumarin 30, perylene, magnesium tetraphenyl porphyrin,
yellow orange, and acridyne.
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