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highest level of blue light absorption occurs in a region around 430 nm, such as 400 nm — 460
nm. Research further suggests that blue light worsens other causative factors in AMD, such as

heredity, tobacco smoke, and excessive alcohol consumption.

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

320nm to 400nm.

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

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

]



WD 20071146933PCT/ 1JS2007/ 070995 1) Nerve Fi ber Layer
2) Ganglion Cells 3) Inner PlexiformLayer 4) Bipolar
awe hni@ent al Cells 5) Quter Plcxiform Layerpd@)us2007/070995
Phot oreceptors (Rods and Cones) 7) Retinal Pignent
Epithelium (RPE) 8) Bruch's Menbrane 9) Choroid
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pigriefk E@gibliurPiRBE) 122041t iV8lievedAhat Bire@fed of Sxtra-cellular materials called
drusen are formed in the RPE layer due to the excessive amounts of lipofuscin. Drusen hinder
or block the RPE layer from providing the proper nutrients to the photoreceptors, which leads to
damage or even death of these cells. To further complicate this process it appears that when
lipofuscin absorbs blue light in high quantitics it becomes toxic, causing further damage and/or
death of the RPE cells. It is believed that the lipofuscin constituent A2E is at least partly
responsible for the short-wavelength sensitivity of RPE cells. A2E has been shown to be
maximally excited by blue light; the photochemical events resulting from such excitation can
lead to cell death. See, for example, Janet R. Sparrow et al., “Blue light-absorbing intraocular

lens and retinal pigment epithelium protection in vitro,” J. Cataract Refract. Surg. 2004, vol. 30,
pp. 873-78.

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

blue light. For example, in the common fluorescent tubes available today, the glass envelope
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A and 1B show examples of an ophthalmic system including a posterior

blue blocking component and an anterior color balancing component.
[0013] FIG. 2 shows an example of using a dye resist to form an ophthalmic system.

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

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

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

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

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

component, a color balancing component, and an ophthalmic component.
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[0022] FIG. 11 shows the absorbance of the Gentex E465 absorbing dye.

[0023] FIG. 12 shows the transmittance of a polycarbonate substrate with a dye

concentration suitable for absorbing in the 430nm range.

[0024] FIG. 13 shows the transmittance as a function of wavclength of a polycarbonate

substrate with an antireflective coating.

[0025] FIG. 14 shows the color plot of a polycarbonate substrate with an antireflective
coating.
[0026] FIG. 15 shows the transmittance as a function of wavelength of an uncoated

polycarbonatc substratc and a polycarbonate substrate with an antircflective coating on both
surfaces.
[0027] FIG. 16 shows the spectral transmittance of a 106 nm layer of TiO; on a

polycarbonate substrate.

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

polycarbonate substrate.

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

color balancing a substrate having a blue absorbing dye.

10032] FIG. 21 shows the color plot of a modified AR coating suitable for color

balancing a substrate having a blue absorbing dye.
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[00306] FIG. 25 shows the color plot of a substrate having a blue absorbing dye and a rear

AR coating.

[0037] FIG. 26 shows the spectral transmittance of a substrate having a blue absorbing

dye and AR coatings on the front and rear surfaces.

[0038] FIG.27 shows the color plot of a substrate having a blue absorbing dye and AR

coatings on the front and rear surfaces.

[0039] FIG.28 shows the spectral transmittance of a substrate having a blue absorbing

dye and a color balancing AR coating.

[0040] FIG.29 shows the color plot of a substratc having a bluc absorbing dyc and a

color balancing AR coating.

DETAILED DESCRIPTION

[0041] Embodiments of the present invention relate to an ophthalmic system that
performs effective blue blocking while at the same time providing a cosmetically attractive
product, normal or acceptable color perception for a user, and a high level of transmitted light for
good visual acuity. An ophthalmic system is provided that can provide an average transmission
of 80% or better transmission of visible light, inhibit selective wavelengths of blue light (“blue
blocking”), allow for the wearer’s proper color vision performance, and provide a mostly color
neutral appearance to an observer looking at the wearer wearing such a lens or lens system. As
used herein, the “average transmission” of a system refers to the average transmission at
wavelengths in a range, such as the visible spectrum. A system also may be characterized by the
"luminous transmission" of the system, which refers to an average in a wavelength range, that is

weighted according to the sensitivity of the eye at each wavelength. Systems described herein
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hercdh REHS 1RPER ry@lil(ﬂ»gor amber color, or other unwanted cffect of bluc blocking is
reduced, offset, neutralized or otherwise compensated for so as to produce a cosmetically
acceptable result, without at the same time reducing the effectiveness of the blue blocking. For
example, wavelengths at or near 400 nm — 460 nm may be blocked or reduced in intensity. In
particular, for example, wavelengths at or near 420 — 440 nm may be blocked or reduced in
intensity. Furthermore, transmission of unblocked wavelengths may remain at a high level, for

example at least 80%. Additionally, to an external viewer, the ophthalmic system may look clear

or mostly clear. For a system user, color perception may be normal or acceptable.

[0043] An “ophthalmic system” as used here includes prescription or non-prescription
ophthalmic lenses used, e.g., for glasses (or spectacles), sunglasses, contact lenses, intra-ocular
lenses, corneal inlays, corneal on-lays, and may be treated or processed or combined with other
components to provide desired functionalities described in further detail herein. As used herein,
an “ophthalmic material” is one commonly used to fabricate an ophthalmic system, such as a
corrective lens. Exemplary ophthalmic materials include glass, plastics such as CR-39, Trivex,
and polycarbonatc materials, though othcr materials may be used and arc known for various

ophthalmic systems.

[0044] An ophthalmic system may include a blue blocking component posterior to a
color-balancing component. Either of the blue blocking component or the color balancing
component may be, or form part of, an ophthalmic component such as a lens. The posterior blue
blocking component and anterior color balancing component may be distinct layers on or
adjacent to or near a surface or surfaces of an ophthalmic lens. The color-balancing component
may reduce or neutralize a yellow or amber tint of the posterior blue blocking component, to
produce a cosmetically acceptable appearance. For example, to an external viewer, the
ophthalmic system may look clear or mostly clear. For a system user, color perception may be
normal or acceptable. Further, because the blue blocking and color balancing tints are not

intermixed, wavelengths in the blue light spectrum may be blocked or reduced in intensity and
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with a blue blocking tint, such as BPI Filter Vision 450 or BPI Diamond Dye 500, in a suitable
proportion or concentration. The tinting may be accomplished, for example, by immersing the
lens in a heated tint pot containing a blue blocking dye solution for some predetermined period
of time. According to another technique, a filter is used for blue blocking. The filter could
include, for example, organic or inorganic compounds exhibiting absorption and/or reflection of
and/or interference with blue light wavelengths. The filter could comprise multiple thin layers or
coatings of organic and/or inorganic substances. Each layer may have properties, which, either
individually or in combination with other laycrs, absorbs, reflects or interferes with light having
blue light wavelengths. Rugate notch filters are one example of blue blocking filters. Rugate
filters are single thin films of inorganic dielectrics in which the refractive index oscillates
continuously between high and low values. Fabricated by the co-deposition of two materials of
different refractive index (e.g. SiO; and TiO,), rugate filters are known to have very well defined
stop-bands for wavelength blocking, with very little attenuation outside the band. The
construction parameters of the filter (oscillation period, refractive index modulation, number of
refractive index oscillations) determine the performance parameters of the filter (center of the
stop-band, width of the stop band, transmission within the band). Rugate filters are disclosed in
more detail in, for example, U.S. Patent Nos. 6,984,038 and 7,066,596, cach of which is by
reference in its entirety. Another technique for blue blocking is the use of multi-layer dielectric
stacks. Multi-layer dielectric stacks are fabricated by depositing discrete layers of alternating
high and low refractive index materials. Similarly to rugate filters, design parameters such as
individual layer thickness, individual layer refractive index, and number of layer repetitions

determine the performance parameters for multi-layer dielectric stacks.
[0046] Color balancing may comprise imparting, for example, a suitable proportion or
concentration of blue tinting/dye, or a suitable combination of red and green tinting/dyes to the

color-balancing component, such that when viewed by an external observer, the ophthalmic
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thickomigenent posterlor to a col or-bal anci ng conponent.
Ei t her of the bl ue bl ocking conponent or the col or
bal anci ng conponent nay be, or formpart of, an
opht hal m ¢ conponent such as & | ens. The posterior
bl ue bl ocki ng conponent and anterior col or bal ancing
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col or-bal anci ng conponent may reduce or neutralize a
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including a posterior blue blocking component 101 and
an anterior color-bal anci ng d8nponent 102. Each
conponent has a concave posterior side or surface 110,
115 and a convex anterior side or surface 120, 125. In
system 100, the posterior blue blocking conmponent 101
may be or include an ophthal m c conponent, such as a
single vision lens, wafer or optical pre-form The
single vision lens, wafer or optical pre-form may be
tinted or dyed to perform blue bl ocking. The anterior
col or - bal anci ng conponent 102 may conprise a surface



10049] The surface cast |layer may be treated with col or
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Whéb&ﬁnl &hs, wafer or optical pre-formthat hag/ws2007/07099s
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convex surface may be i mersed
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wasdipndecheitinihe dagy %1&}-16 glsmﬁﬁgfqnyavasg]g?u Lﬁ{l% aL{aces Wafer of optical pre-
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bl ue bl’ocki n urther, a portlon 302, corres di ng
forpgodd e mnldclcg celphipal q@eﬁlet foaeaBwla, Y %?Cb%ucatdﬁ%%‘gf&é’o"e For
clear or nostly clear ophthal mc conponent 301 at a
frontal or anterior region théreof may be col or
bal anci ng. The systemillustrated in FIG 3 may be
produced as follows. The ophthal m ¢ conponent 301 may,
for exanple, initially be a clear or nostly clear
single vision or nulti-focal |ens, wafer or optical
pre-form The clear or nostly clear single vision or
mul ti-focal |lens, wafer or optical pre-formnmay be
tinted with a blue blocking (int while its front
convex surface is rendered non-absorptive, e.g., by
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kal anci ng,, The col or bal ancing dyes wi Il be ghgalbRso7009s
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opmh@ma:myspmo mhey, lttnhéesp olde &y rgpsny(izck adee g have @

802. The ophthalmc | ens 800 nay
u)@urtggbq%ﬁcfﬁng an AR conponent 801 on or adjacent to

her t Id OFIEY ol iRB R 8 BRI dbS v &Wol ¢ eorabpdnlig to various
[M% Lar o&ﬁ?ﬁg ﬁﬁg eg§{01 “ g60]To quantify the nh
ClBtfedhivenksgerofecaopolot m@@htﬁnélp GepreaasDHlett 0-3p 1 Avfipugh the

c-en*%l ‘al 1(:g10];1 of thte plot typically is designated as “white,” some light havmg CIE coordinates in

this region can appear slightly tinted to a viewer. For example, light having CIE coordinates of
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observe light reflected and/or transmtted by a
substrate of an ophthalmc material. The observed

| wvghloMEwshe characterized by its ClE coordi n@@ss:b@/070995
i ndi cate the col or of observed |light; by conparing

t hese coordinates to the CIE coordinates of the

incident light, it is possible to determ ne how nuch

0‘%@ lor of the Ii ht was ﬁhlfteg due Ho t he

(0.5 8¢ 8L BRI IS A aé‘sq PEHYErWAN e [ ABiRY § Solefaitqi i grpggrance inan

ophft@lsic & Jrerg 00K désnabiesorgh 3¢,0. 3'3311ng (Sés)whlﬂémgat) ﬂtalﬂe tEh @8i&Ed and/or
an observed light's CIE coordinates are

reflggteshlyy the fstonyighaveif Cé’@ldi”taf%a? plospp&hr. t0c§3éﬁg I%?B%‘é‘? g the

tr an-Eﬁils@lBﬁW artedil z@elde pfb@klﬁ’)ﬁvns;ﬂ Ffd iongi1 % ubR IRAGH Ak reference to show
performed by a lens, (0.33, 0.33) white |ight

may be
the golpiethifiscpbagrvadheith wious sygms fhough hegpbaas el g @mittcd for
dmhpansn1tted |'i ght observed. If the transmtted |ight
has a CIE of about (0.33, 0.33), there will be no
[OOGﬂl or s b&bﬁ&bfﬂg ’dy%r}ﬁiay' ﬂe‘?f{r&u&éﬁ %g bﬁﬂgﬁ oy %tetl A€o a%%ﬁht‘ﬂ‘lll’nllc lens

have a natura pear ance, . , he color w
by igjsptanedoldiak ate dye Htf@ thetselmgrd@b@émvé@ vpduge iensas h\ethl semﬁc hght
. . X e
tlan%ggél?ﬁ%ﬁ./ %bé l‘gﬁtlélﬂg oFeg{}]éSs. \(;Tmtn?% dkg %chglgzarﬁ? X b%gtsl}?rgl%ﬁtamemal peak
wa\ab:pefzhméﬁmelye pr & shorjer raabﬂalncmmve@pgfeaduetuomhceﬂcqemceaﬁ a Soret band
typigg?’ ec{ uf.ﬁ)m Wyl u?mateH%:;Eggng{kbr}g ]p]ohqgé?rrnéc nsqeri.rt]grtlatlb 1&101”116 various glasses

andrpefyln&&isedh b @Fh—t39f O RISEE" apo@l'cElbaBatc,lp@ismetlD/hﬁ&h&By at®, s8®)pne, and
i ndi ca

0
uineBiE firdih EBPEPLTLT: PR TORAT A T CuBr e S i
syste@@r di nates. A reference point 900 indicates the
coordi nates (0.33, 0.33). Although the central region
[0068] the BlyGtaytoypraaglid ynly Golesidgnatedadsdcswhahirgiitincs @i®absorbance

c I na s in this region ca
T e e S L Rl
A =@ &y caoriditnates, tef rarPI2007i BAGIEAPGH 1dS20e7) 0@@&95
(0,4, 0.4) will appear yellowto an observer. Thus

tranyRiRRsFdS SSPETH B @ PSERaRP: i&pPar anc0Vn 2k F&éﬁ@wlmke those
wave a8 Mosd thard %Sda%ﬁ iid R8I R6via& B3locR 183 whi@hHaits wi high optical

white light) t is transmtted and/or reflected by
denyityd OBy 5 ¢ b ﬁim@rmmﬂed@m aviilgbledp Aigelesthasveiclsggthy. I rexEmple, E420
fron@G@fﬁ):x %cﬁ%édefghgh@éém 4&@%1 t@tﬁ@ﬁé’(‘e&ﬁla@%{e@fdc%& b&ﬂhynns
[ ot shown I n be used herein as
per Weﬁefrnéne“eﬂ«tl dyesﬁbaw cith ébb@'é)I applus maftlengtiyser ved with
vari ous systens, though the |abeled regions will be
[006# t t ed Tho#bserbardetay ShoftQOEIc/EGF kAt Idgwssd Py radaction of the dye
I halo
con+e§§!§tﬂ% ?Inrs] Qré%; &ﬁeﬁ&@ ﬁfa Cf?ltdﬁ cgiﬁgc% dd Al '[I%{l%ﬁ? rgE ISZ}B bt? );ﬂélctgc 430nm
regipmt G, éﬂl sh@bﬂh@@%@lttaemg pM}tChrbslpI’@@$LﬂJBt€at¢ wght dye concentration

bu1tll§lctai%§ r%s?ﬁo i) nma[lkq 43%?1%1 F t | or(?i v? :{Jhg% o%?tlo-gng R 1 gyg% of 420nm —
440mway ghsngs Iach)cfx cti fre relyeing the&bn&hmattoarof nlesckyn am@mcludm&, y the effects of

: po@éﬁéiﬁ?%?%%%Sﬂfc‘ﬁ’wﬁ)gﬁgﬁ;esf ettt %Sn‘%ﬂ%féﬁopw Gy

[OO%EP;RSL ?Kgﬁ)gﬁén 3(5,6 a #%Ieavé%(ﬁ%xe dp%%il g raB(gcoq?l shift of an

cmhmehynemhmtnn¢hﬁﬁmmimbemusmhnm@nemmamdnﬁWMgn@nB@yﬁaﬁspmrﬂnﬁ
t hough other materials may be used and are known for
vari ous ophthal m c systens. [0063] By way of exanple
only, Cientex day material E465 transnittance and
absorbance is shown in FIGS. 10-11. The Absorbance (A)
is related to the transmttance (T) by the equation, A
= logio(1/T). In this ease, the transmttance is
between 0 and 1 (0 < T < 1). Oten transmttance is
express as a percentage, i.e., 0%<T < 100% The E465
dye bl ocks those wavel engths | ess than 465 and is
normal |y provided to bl ock these wavel engths with high
optical density (OD > 4). Simlar products are



concentration. This and other dye materials can

achieve a transmttance of -50%in the 430nm regi on

FvG. 20d724889Ws the transmttance of a pol year baado07/070995

substrate with a dye concentration suitable for

absorbing in the 430nmrange, and with sonme absorption

in t he range of 420nm - 440nm Thi s was achi eved by

t he ent r at i e an
maf eI 1L RO Bh BlnRret ST &Y Fubl it
coosdinft @@ a ir Gfmahcctl@IhSch[amgemtfteﬂtMnmamtslbﬁ efid/@atil@nocefthecbhthalmic
The concentrati on of d ect e
YA EE S bGP SHITE T Ieh OB QORI Bt oy Bihe dyom
duert@ dmihmertcaem&@n@gmweabf 1@;1\1; typIal L& oM ddhis MATLY (19, sunlight,
col or shif

incazlé Eﬁmwfébdg@sre%wa&b%wﬁi fogharagteriggy gptem

bas&bd ﬂhc a@éuriﬂ $ednhanel ME@bRIBtck 0f bR MM QIR the light is
the CIE coordinates of a reference |Iight change after

trangp e adlel isAccigddivdlc yaieme Eor ompte. ¢ RestaphtHaghigt with CIE
cooﬁmtte%mf «. 33 @'3%&&@%&?@%«% Wleik 9r @Y, @@bﬁifﬂewdr@m%mh%my be

the color s causes by the systemdue to
des‘d‘ibrefi ey emeies acolovdifl ol(s 03.y 98k ovfmdre ginerally -0 4B i;ﬂ 03) Thus the
. hgh
colcl‘??fl ec'aﬁfs%‘c.i 39? %\%érnté 2161 ecgttteg (i’mé hzlr%?'& hi htghth él? g%g%g%%gpg%ocar to a wearer
of tmﬁt@m t/i(s foitizr descebddzeloay, S&jﬁiﬂﬁém&bﬂ@@ @nhifisef @miblm (=Bys,

Lchat e&%ﬁ ordi_nat incident |ight are shifted
i()'(\y/ﬁto OB i esbeterrlgcr%lgerﬁe?t ed and/or reflected by the

st em J e
1008t G Ar Suc SR TG Ay SU RN Ml byl b iy
usefof m(r@d@% cOll 8&h dfctte phdtodasmd S&iconn Heyeyleudescereibeon aSA2E. 1t
has geen &1%\? 314? I%BS%%gslplég%]éf ght'(ff]élgﬂ?ﬂ gmq%) agPutSﬁ%)%n(iDetn 6%%%?%‘(‘3&1 death by
abolyB08. Sy Sfoeeranipth, Cates. Ipamow Bedluralue libhigittording inttagywd lens and
0 a wearer. o system As further
retgh SR RRR E‘éi”&/\i’mtﬁt&iﬂé%”@ads&ﬁtﬁ‘ LR e SGrvql s 873-
78, thb @[Lclb&n@& whiOh @Shcok re{t&i @Zhofc’i’&c@m ithavietp eI@ﬂ; fuﬁhel believed that
achi eved. 00661A reduction_ in short-wavel eng

redyepgras Qb Al ke Light, db‘"rh Hdieh i@ taq 500 ey apes: Bg &t liffle ppo 7o may

simflBHUSHNRE c8BhdattgRloR deid8erh QoD Bt @@1’6%@5 ﬁr’e@en@fn 18848 thdhdverse
the eye, such as excitation of A2E. has been shown

effCﬁh af caugdions wgh pneraBaerTgHed meculs G’%‘@CWﬁWby about 50%

an reduce cell death by about 80% See, for exanple
[006j7énet RAIL tgﬁghra@\ﬂ}a@gblgg dye map) hga1sgd @H%locéfb’élé?sﬁﬁlﬁ@ deelengths of

light, Bifef c@r@%ly?ﬂ[odu@@e?‘c@&%nﬁ B thO s P QUBNL RPNl iR, man6 blue-
0@rotectlon invitro," J. Cataract Refract. Surg

olg opB@allmblentm a yehHewdpweing it 8 ofen wﬂe@ﬁtbicgand/oz aesthetlcaﬂ
J r

disp eﬁ?‘?‘ﬁ 2?6 g#i%?teh\% é)'io(?‘{x]lg ae&(f ds'glﬁﬁglhg ﬁ%@%%&ﬁ%%e aér;hg % one or both
surfpdegf 4 substedte msludingtite 4bﬂorbimg d48tet0 nm r ange, by as

little as 5% may simlarly reduce cell death and/or
[0068&gener AviipficctandARheréhor (@ hpheventerforeneeflitre atcheell-established
Wl’[hﬂ’g‘[\{lg grﬁmt%lfc dﬁ% Imccc dt% 1|1e1§%st‘?1 Slfﬁcl? rc%%g?t t}rx\??%]l 3G ax?]a few layers,
OftCIab?StDﬂhbm g ady eypmayy be ublﬁidﬁd utctucdatheméﬂeumdeﬁmm d’ﬁtlmlycaxbonatc surface
to | Csb tY1 ?09 tAl?lsexgm } 4 a ¢ t on cp U[ ur gown nﬂglG 13.

f'he I s aEPs FH@ P?é %% YRPRRFF & ﬁf

blue bl ocki ng opht hal nm ¢ | enses have a yel | ow col ori ng

that is often undesirable and/or aesthetically

di spl easing. To ofthet this &Blorlng, a col or

bal anci ng coating nay be applied to one or both

surfaces of a substrate including the absorbing dye

therein. [0068] Antireflection (AR) coatings (which are

interference filters) are well-established wthin the

comerci al ophthalmc coating industry. The coatings

typically are a few |layers, often |l ess than 10, and

typically are used to reduce the reflection fromthe

potycarbonate surface to less than 1% An exanpl e of



WO 2007/ 146933PCT/ US2007/ 070995 The col or plot of this
coating is shown in FIG 14 and it is observed that

t\We 00119033 S quite neutral. The total refl ectianas:008870995
observed to be 0.21% The reflected |ight was observed
to have ClE coordinates of (0.234, 0.075); the
transmtted Iight had Cl E coordi nates of (O. 334

ThelrY Rbsal B G AS TR TR TR N bR Bl i auie

neuaeahiTav et r&ﬂe@ﬁﬁc{e wisabsamddttabe e 21 Budhe aefleaad lighimat bigarved to

hevi RIS B D Bt b A i mrnied Fi i O chareugsd of 0334,

0.339). uncoat ed pol ycarbonate substrate. This AR coating
provides a 10%increase in total transmtted |ight.
[00dNer e | s\Rs@EBndIdabalapplRE o Bith kirghits cfuaceds@r aﬂh&&mﬂthaﬁﬂc device

i n the pol ycarbonate_ substr The partic
o dﬁﬁ?\gﬁ@&%‘tﬂhﬁf@%%g% R 468 &Uf%lpnmhgwwaﬂé & Whge ghe durker
linetI5aM BMhd ARRERCd RIfcaPon/PRELOXE MBRLRE ¥ne3420 Esintd€oated polycarbonate
ophthal mc industry AR coatings generally are applied

subgtigidy ohts ARycoHiBESTAvEIch MEP @arETNE PRIt Hel dheretgsome
ncmllﬁﬁ&,'s 0&" QQ{% QLd a%yéﬁmn ﬁf‘e%[}ghlﬁgnatt@%uq)t@atcp rﬁl%%@lttwulal

I nvention, AR coatings or other col or bal ancing fI|nB
polypaspopyc Bt ased Wrethis awnmbﬁshﬂsmtf@gsrw@%dpﬂapf Gwrggpately 3%. In
the § H?]!t‘a!lﬁl ﬁ&géy ﬂg 9 %‘s %Qﬂ@?:f | éjcﬁ)pﬂ@a/t%lb%ﬁlggtu&dée's gﬂtncrease the

plca y I'n mregi o and i ncreased

UmmmHMsﬂmﬁwaﬂ@B As previously descrlbed el i m nation of

the light in the 430 nmregion al one typically results
[0070d a | efrssysteas advasligpeha Esicdualention.o¥R cagngs or@ther color
bala;ftplggiﬁrgl rlnx Bcaéom%rncﬁ gxgts 1tan%E§eodg8g a}z@to%ﬁﬁ Y g%{ %mﬁﬁ%n%gﬁ%%%%lrption of
bluadicfaned ligbt, agjcaky intthed Iven algiont alalnsmdsbcétﬂarrsmﬂltmmc@fAb

htha accor.di to t .
prein G P Rr Ry Bk RhS RaPRER O I GptlRgesuts ina
lensfthambts Sttefr aﬁ@abéoldhhﬁstl &ospdealty @dbdethéd hight toodchiowt agolbemsitral

ctur 007 farthest fr
R o U AL e BT RO iy BHE RS B pgsmited
colos Bbsi nighte 14 oﬁ}ﬁlﬁﬂmﬁ@@ﬁ@ﬁ@a@tﬂﬁdh ngrtsﬁﬂce@¢dn9¢sh e0addjingnérintay be

(closest to th e 007 In such a
perfpgpd O@JP%{r?IBﬁw %Fi%ﬂ%% 1% 589 ﬁ‘éw%‘b“ect r aI
tallorlngd% set t he colgr east resultin on1t

[0 s or pt ' Iwe%ﬁ@mst%g%er SF¥)T RFRHEA POl ©t e & Aot

oph@Bolit @hb Qokirae/ febinGhtRB ahiy-Rifeadidycor@id @M sdshto the user’s eye).
conventional |enses. The tens therefore nay provide an

omrppr opr iAfueh § @dnﬂfgukaabm&eﬁ&ﬁ ofR Mndy TiaR S48 dpb@F] ANEring to offset
refl ected |I% In the case of transmtted light the

the cadgrespstisgauing 8081 hoasomgen B §peybstdr &t adgition dnthe .dﬁmﬁﬂ@twe
fun&id8 & pi@f1l ?&If&gma qn%hvsn%na %@& AL 3G & FBY:c PEQ Wk SAgid dne

appropria | ens aest heti cs.
appIPpOtY $Ae9BEPCTUSPB APNaTEoD S q r@@%ﬂ lighs ordheceseaf tragsmitted light

the aélg){dlsah@é ﬁ@%’ G pldﬂem({r@tng&q d4 ﬁ)@Q%%qc@ﬁ%te\ﬁ@l%ﬂt th¥lor balance may
pr0v1deythe appropriate lens aesthetics.
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ot her ophthalmc material. For exanple, a filter, AR
film or other filmnmay be disposed within an
opiohadmuessmat eri al . For exanple, the foll ow ng1/US2007/070995
configuration nay be used: [0074]Air (farthest from
the user's eye) / ophthalmc material! film
ophthal mc material! air (closest to user's eye).
[00 2;5;;rh: q(f'nglrcggegaatco agcnag,{' Itnﬁ\ég%dts[}e/rsedgbﬁ‘? een%\lzvo D Clb of
mh@wmﬂﬁdEHQEa@nﬂeﬁSI@&h@&[dﬁbﬁfAEdﬂﬁlM@ﬂ&lﬁmempphsdbmﬂmiwnmn
Far exa referr an.ophthal m ¢ system

FILG 3
an gwalé yi %%kaaﬁ%ﬁ?@lwtgeﬁﬂpggurm St 1 b a
00?‘953 2 30 e O P RS Lol G it ot

matki@yl @ hir Bdscsray uRes aygol or bal anci ng | ayer surrounded by
ophthalmc material 302, 303 doped with a

[00Tdjue- abSﬁfbjmgmdyangﬁdﬂhh®ﬁﬁ@bebam&mg&ﬁﬂdﬁ&ﬂm&ﬁﬁﬁlﬁ@ﬁwimﬂm

suc$ as AR oatln ﬁR be dIS osed on.qne_or (€ ot

oute 4pY/ge ’é%elc?’f” tRete Eﬁé‘t em™ey "Eonﬁﬁ‘llfﬁ 998 2{Fret et oy eﬁ%‘W’ ¢, referring to

FIGS B fdnl o@hthﬁlﬁh@@s@hﬁn@nﬁcl@%id @%{h@tm@ ﬁﬁtelfrays(beiop&le«dmh f Ble-
exanple in the systens scrib respect to_FIGS.

ab*‘ztbmg e a“.E’GU‘?GEl‘?H{?sCOl% bﬁlﬁ'&féfl‘g lﬁmrhéozaﬁ%fr dp ae%%&l CH’@@:‘%E’H an

inn@3ayBF3 (Faaly w&gasco!mdﬂa@cm%sm% shi@ounldBEDY dHhehalriie ngve@famdz 303
EF_fpectral response of ens havi ng an absorblng‘rPU
dopy wis mb%abwbﬁag v i Asiditipppigaxers #ne/oy cedtinbe sughes rRusnafisgs, may

be o\gﬁ)loLcdl%'ﬂQ)‘ﬁ@ OIatlﬂgl c\éﬁrféc%§ofatﬁc schp Cﬁ ‘wﬁpbcqrnd&lgt%o& Hé)& 51%%? matcrials

nunber of layers 1n thHe optical coating.
and jconfegytations mm&ebmsedrﬁmeethyl@nsﬂ@amstm desedhed wltbrlwmﬂéo FIGS. 4-
gg the needed adjustnent of the spectral properties.
1007711 n an exenplary system col or varlatlon 'S

[OOﬂ%Oduceqym Eﬁ@ﬁl‘ gl gﬂég\?‘\g Sati e;ls sI&l% A %Aﬁa}p&q}sle@g) fine-tune

terial spectra smttance
the avetdbipasttshicsponsd ofgi lend tay'eug aofabs'BrlﬁQg dyEh é" rgeesiopivatatioh across

t.hi IS shown
the \élallglfé dsfﬁ@ctrum I %/%[ kn(}wrla]n% varlﬁs as a l}@hc‘uo a_]te %11(9(1’10% a?;d gumber of layers

hat e ransm
in tHei c@hta amﬂmg 0 hBth_ invBntddmhc oifinercrigfcksaah d uscd ghprohad tiE fecded
adi ?1Qﬁt 9 1 %1 ?53 0.251) 1720, resulting in a
“ﬁﬂ?ﬁ‘? H”ﬁﬁl p8”’63100781Chang|ng the thi ckness of

e Ti er chan es the calor .of the,trans
00 e " ob e FPRER sl st 1Y ANa et or mion o
Com}fﬂo@tAI{ Gdiatlag h3drinm FRY a6 shehowaspebtrd h@mikdcantla 18nm thick single
ve n i.s system the transmtted. light )
ay bGP ERt Bt ol Bt anet b 1B B il E bty gpprdinates
(x, ﬁ)hew ﬁifoka@%ﬁﬂe hmhﬁudaa@hahg(@mr di3nst g8e fflcl@d B had CIE
The transm ssion properties of various AR

COO@BH’EGP ﬁ’é@ 3§ﬁ60 2Hg 16%%6?8%@% oPurB TRt G- t her eof are
known in the art.  For | e, the transm ssion
(0078 f ect sCB%ngaw thghickags ﬁ&thﬁ Eﬂl%aycéFhaalgﬁh%%olt)lmfé%%%mmed light

as sEfwrAR tHRran\¥ 1RO Q4 BB H IS200134 B AOAVE, shown in FIGS. 18 and 19

respectively. In this system, the transmitted light exhibited CIE coordinates of (0.362, 0.368)
1910, and the reflected light had CIE coordinates of (0.209, 0.229) 1920. The transmission
properties of various AR coatings and the prediction or estimation thereof are known in the art.

For example, the transmission effects of an AR coating formed of a known thickness of an AR
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mat eri al may be cal cul ated and predicted using various
conputer progranms. Exenplary, non-limting prograns

i woluehasbsssenti al Macl eod Thin Fil ms Sof t war epct/us2007/070995
avai l able fromThin FilmCenter, Inc., TFCalc

avai |l abl e from Software Spectra, inc., and Fil ntar
Cptical Thin Film Software avail abl e fron1FTG Sof t war e

mat r1SI I %re cg’l]gu Czﬁgl NQ pl%(}l(lf'} cg ugmdgr\yanf)ﬁ comémtex P glamgaﬁxcnépndxpf non-
hmlftmg mok,ﬂﬁ%gﬂldlwﬂeﬂss‘m&ﬁiﬁvlmm rithi g i rh oS dfvergpavesgbhd from Thin Film

Cert Gl BB FPPNRSr vt e 'R BB BT Gl fgl i

Sofe@koivabadllanced TeySifeme ARBcis0at OMg MBNodenage AR to predict the
coatlgg on the front surface tha g is nmodified to
tmh@ﬁ@ﬁg ARngoaing Grothst sinpar ¢lpg o filied and/ or refl ect ed
i ght. he transm nce and col or. pl of an.
100 el a R/ SYARRMS G%Pr%@ (@,1he WS R @%tluezkt?*%fﬁw%ﬁie may be

confb@&RRGHhI: dvc%hm, Jrb@Sr fild2tonel ida §1h@wow , b 18NSINEBHSRm. The
car bonat e

and colorlg% resp ect|vel%’ for a ﬁg
coaldiipyaty bt 8 MAGPAIgE an BledwnaBsBrpitags Bpdiigh iafetiectdhe ofer of the

tldn%@ttcﬂ ngd/mTJ@@ec%)ﬂqghts ul@l%ttlraﬁ’stn%tté’t{%% Qﬁ@@olmt o$ bif %Q{pl/arﬂf AR coating
430 mm region, including some absorption in the

are a@@n in FHES. apnap@éi mpecph@lyd{j .gaBd Q}ﬂhgwrfh(yn gemittance and color
C

ooFRHREOGH, S AR ABRAOR Ay R, R 1 B ptas e

coat@fg t%@ dwisiuématcﬁbeorbﬂr ennstmromgiﬂ oehami) molagronpineludihgsome

. . stynhat , ' .
abs%?{t% iR éf?.r(]) d Aglgq ré C?I X IC)(}AJF% g'gtgﬁﬁ g\%c g\gﬁblﬁgcfwg br{]appropnatc
AR apgiog rayluletaipp lFi[@ii 2l0621ttb1 enctauemthe oﬁerahtr@pmtthactemfahe system. The
B e e
and addegotidelypl ot shown in FIGS. 26 and 27, respectively.

Al t hough the system exhibits a high transm ssion and
[0080) ansm BheR bdagh]g alkemaebadpplied w thefrbmtal an biiehalefclsegtedi.c., the

surtpds e B 15 1e8 St QB L 1Y SrT b Lt ge 7 6 TiptyBiedieE fnd color
plotab@\m hi FgSdyeand i ercﬁﬁc@tﬁktc }ARXl@Qﬁglh g siidam behitmadi Higleehds@ission

hi th t d
S N A e T e R

TheR¥QE, t8imokddon 28] LOVF Bl1ARB (RN LreshOMAe blke Elbs@%m%@yeaﬂh@ front AR
9 respectively. In this configuration, both t

Coaft%dﬁasvnbetwdﬁeéﬁa aglipyedbe RegeIgIPoRRIIsS topeflvRe Asglor geutral
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Accordingly, any of the blue bl ocking conponents
di scussed could be or include or be conbined with blue
blvoekingsekd | ters. Such filters may include rugati®2007/070995
filters, interference filters, band-pass filters,
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wavelengths. In still other embodiments, the ophthalmic system may limit transmission of the
blue wavelengths within the above-defined ranges to substantially 5% of incident wavelengths.
In still other embodiments, the ophthalmic system may limit transmission of the blue
wavelengths within the above-defined ranges to substantially 1% of incident wavelengths. In
still other embodiments, the ophthalmic system may limit transmission of the blue wavelengths
within the above-defined ranges to substantially 0% of incident wavelengths. Stated otherwise,
attenuation by the ophthalmic system of the electromagnetic spectrum at wavelengths in the
above-specified ranges may be at least 10%; or at least 20%; or at least 30%; or at least 40%; or
at least 50%; or at least 60%; or at least 70%; or at least 80%; or at least 90%; or at least 95%; or
at least 99%; or substantially 100%.

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

blocking too much of the blue spectrum can interfere with scotopic vision and circadian rhythms.
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a dye that selectively absorbs at |east 5% of light in

a wavel ength range within 400 rimto 500 nm and a
fwbndiispsesed on the first |ayer; wherein thedniismwo7/070995
conpensates for a color inbalance resulting from
absorption of |ight by the dye; wherein the system has
an average transm ssion of at |east 80% across the
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(008 t he $ylditiemlly, cmbodiments of the present invention may further block ultra-violet

radiation the UVA and UVB spectral bands as well as infra-red radiation with wavelengths

greater than 700 nm.

[0089] Any of the above-disclosed ophthalmic system may be incorporated into an article
of eyewear, including externally-worn eyewear such as eyeglasses, sunglasses, goggles or
contact lenses. In such cyewcar, becausc the bluc-blocking component of the systems is
posterior to the color balancing component, the blue-blocking component will always be closer
to the eye than the color-balancing component when the eyewear is worn. The ophthalmic
system may also be used in such articles of manufacture as surgically implantable intra-ocular

lenses.

[0090] Several embodiments of the invention are specifically illustrated and/or described
herein. However, it will be appreciated that modifications and variations of the invention are
covered by the above teachings and within the purview of the appended claims without departing

from the spirit and intended scope of the invention.
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10. The systemof claim9 wherein the reflected |ight
observed by a wearer of the systemis |ess than 8%
11. The systemof claim9 wherein the reflected Iight
observed by a wearer of the systemis less than 3%
12. The systemof claim 1l wherein the dye is peryl ene.
13. The systemof claim1l wherein the dye is a

porphyrin. 14. An ophthalmc systemthat selectively
aWEAIHE GAIMEEEIS: 5% of |ight in a wavel ength range
wi thin 400 nm 460 tun, wherein the system has an

3V &L PR IERANS MR oRriQheat | east 80% across the
Vi g‘iﬁbggir%%ect rum.angnv\hger ein white light has a ClE of

(0.33% YOFCSR¥Y85) when transnitted through the

syst em an aEthatpie mgfesiab @pédf cl ai m 14 wherein the system
has an avdes tgssclettrebnitsebont lefst 36 of Bgls in 0% dangthssngehvathin
vi si bl e sp@Ehh W00 nk-andhe system of clai m 14 wherein

t he Séﬁl eﬁlsabsségr b?h ﬁrstlleaﬁt 50% of |ight having a

wavel &P 8154 301 ®7° The system of claim 14 ‘
wher ePheiR thefilo grepengiies forQ olaspmpalangs eyuigipg from absorption of
0. 33+0. 02yt byttiendyer ansm tted t hrough the system 18. A

et hoghekin TRk iyRGnAMs R B ddale WahsnflONb AT at RAFBOYSICRRS the visible
provi di n&c@u“z{n t layer conprising an ophthalmc

materi al ancfn,’a dye that selectivel absosb at | east

59 of WPFGROVI @ ORGT -14A08 TRTRIG 206 HEEH A m
and deptsoughnige systbinl m on the first |ayer; wherein the
filmconpensates for a color inbalance resulting from

"ib“ﬁ% &Eﬂe%%f %{ajx}l i1 %Ethg%oﬁlgﬁsigé/ 3 éec@l@cglayer of the ophthalmic material

disposed on the film, wherein the film is disposed between the first layer and the second
layer.

3. The system of claim 1 wherein the wavelength range is 400 nm-460 nm.
4, The system of claim 1 wherein the wavelength range is 420 nm-440 nm.

5. The system of claim 1 wherein the dye absorbs at least 20% of light having a
wavelength of 430 nm.

6. The system of claim 1 wherein the dye absorbs at least 50% of light having a
wavelength of 430 nm.

7. The system of claim 1 wherein white light has a CIE of (0.33+0.02, 0.33+0.02) when
transmitted through the system.

8. The system of claim 1 wherein the film is an antireflective coating disposed on the
outer surface of the ophthalmic substrate.

9. The system of claim 1 further comprising an antireflective coating disposed on a
surface of the system closest to the eye of a wearer of the system.
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wherein white light has a ClE of (0.33+0.05,

0. 33+0. 05) when transmtted through the device. 19.

The nmethod of claim 18 wherein the dye selectively
absorbs at |east 5% of |ight having a wavel ength of

420 nm 440 nm 20. The nethod of claim 18 wherein

the dye absorbs at |east 20% of |ight having a

wavel ength of 430 nm 21. The nmethod of claim 18
wherein the dye absorbs at |east 50% of |ight having a
v Ehesygtetn o tladiB 0 winirein tB2 reflétred ligtt bbsbrak bylaarveaaret 8f the system
wWhRtkehh ki te light has a CIE of (0.330.02, 0.33+0.02)
when transmitted through the device. 23, The nethod of
claim 18 wherein the filmis an antjreflectiv

dd a"{'lpqﬁystemz)j clayp & wlﬂg{eﬁbtg tfleptpdylight Q‘Bser\fegrb@/ﬁéyearer of the system
doleprthai 3§. depositing a second | ayer of the

ophthalmc material on the film wherein the filmis

glgsﬂ%isg/&mg %\éﬁﬁﬂl ]1 Creld tﬁ:?lgyémﬁégrglegg d the second |ayer.

systemof claim nthe system absorbs
at least 20% of |ight having a wavel ength of 430 nm
28, Therysteypsif elainod wdikewimthd dye wheewhyrit.he wavel engt h
range spans 60 nm 27. The system of claim 14,
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3 %edwﬂthm 40% nm-460 nm, wherein the system has an ave1%ge transm gssmn o?at east
80% across the visible spectrum and wherein white light has a CIE of (0.33+0.05,
0.33£0.05) when transmitted through the system.

15. The system of claim 14 wherein the system has an average transmission of at least
90% across the visible spectrum.

16. The system of claim 14 wherein the system absorbs at least 50% of light having a
wavelength of 430 nm.

17. The system of claim 14 wherein white light has a CIE of (0.33+0.02, 0.33+0.02)
when transmitted through the system.

18. A method of making an ophthalmic device, comprising:

providing a first layer comprising an ophthalmic material and a dye that
selectively absorbs at least 5% of light in a wavelength range within 400 nm-
460 nm; and

depositing a film on the first layer;

wherein the film compensates for a color imbalance resulting from absorption of
light by the dye; and

wherein white light has a CIE of (0.33+0.05, 0.33::0.05) when transmitted
through the device.

19. The method of ¢laim 18 wherein the dye selectively absorbs at least 5% of light
having a wavelength of 420 nm-440 nm.
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29. The systemof claim 14, wherein the full wdth at
hal f m ni nrum of the sel ectively absorbed wavel ength
range i s about 15 nm

20. The method of claim 18 wherein the dye absorbs at least 20% of light having a
wavelength of 430 nm.

21. The method of claim 18 wherein the dye absorbs at least 50% of light having a
wavelength of 430 nm.

22. The method of claim 18 wherein white light has a CIE of (0.33+0.02, 0.33+0.02)
when transmitted through the device.

23, The method of claim 18 wherein the film is an antireflective coating.
24. The method of claim 18, further comprising:
depositing a second layer of the ophthalmic material on the film, wherein the film

is disposed between the first layer and the second layer.

25. The system of claim 14 wherein the system absorbs at least 20% of light having a
wavelength of 430 nm.

26. The system of claim 14, wherein the wavelength range spans 60 nm.
27. The system of claim 14, wherein the wavelength range spans 40 nm.
28. The system of claim 14, wherein the wavelength range spans 20 nm.

29. The system of claim 14, wherein the full width at half minimum of the selectively
absorbed wavelength range is about 15 nm.
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