OPHTHALM C SYSTEM COVBI NI NG OPHTHALM C COVPONENTS W TH BLUE LI GHT
"WAVELENGTH BLOCKI NG AND COLOR- BALANCI NG FUNCTI ONALI TI ES 5 Background

[ 0001] The present invention relates to an ophthalmc system Mbre
-particularly, the invention relates to an ophthal m c systemthat perforns
bl ocki ng of blue Iight wavel engths (hereafter, "blue blocking”) in
ophthal m c 10l enses, while presenting a cosnetically attractive product.
"Ophthal m ¢ system' as used here includes prescription or non-prescription
ophthalmc | enses used, e.g., for glasses (or spectacles), sunglasses,
contact |lenses, intra-ocular |enses or corneal inlays, and treated or
processed or conbined with other conponents to provide desired
functionalities described in further 15detail in the follow ng. [0002]
Current resear cCHPETHARMC YN £ QMBININGQRHTHALMISoE OMRORENIS h

i si bl | i ght bl | i ght havi I'Bhagt h of approxi mat el 400 nm -
200 s (nacor nJBbiIE H%BM%LE?‘?%QM&MQ% G ANRCOLOR-RALANGING00f  AVD

(age rel ated macul ar degener ati onfUNGTIQNARITIESed t hat the hi ghest |evel
of bl ue Iﬁght absorption occurs at or near 450 rim Research further

suggests thatsbd;mdd%t wor sens ot her causative factors in AMD, such as
e, and excessiye al cohol  consunption. 25[0003] Light

e rerghteyhpt ortoEpaL ot GRant BveRinAEies {hah PPN $Y§ieimy More
particularly, the invention relates to an ophthalmic system that performs
blocking of blue light wavelengths (hereafter, "blue blocking") in ophthalmic

10 lenses, while presenting a cosmetically attractive product. “Ophthalmic
system” as used here includes prescription or non-prescription ophthaimic
lenses used, e.g., for glasses (or spectacles), sunglasses, contact lenses,
intra-ocular lenses or corneal inlays, and treated or processed or combined
with other components to provide desired functionalities described in further

15 detail in the following.

[0002] Current research strongly supports the premise that short
wavelength visible light (blue light) having a wavelength of approximately
400 nm — 500 nm (nanometers or 107° meters) could be a contributing cause

20 of AMD (age related macular degeneration). |t is believed that the highest
level of blue light absorption occurs at or near 450 nm. Research further
suggests that blue light worsens other causative factors in AMD, such as
heredity, tobacco smoke, and excessive alcohol consumption.

25 [0003] Lightis made up of electromagnetic radiation that travels in waves.
The electromagnetic spectrum'inc!udes radio waves, millimeter waves,
microwaves, infrared, visible light, ultra-violet (UVA and UVB) and x-rays and
gamma rays. The human retina responds only to the visible light portion of

~ the electromagnetic spectrum. The visible light spectrum includes the

30 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
280nm to 320nm and UVA wavelengths are from 320nm to 400nm.



The el ectromagneti c spectrum i ncl udes radi o wav RN
T _ ctr ( es, mllinmeter waves,
m growaves, infrared, visible light, ultra-violet (UVA and UVB) and x-rays
aP %anna rays. The human retina responds only to the visible light portion
Io the el ectromagnetic spectrum The visible |ight spectrumincludes the 30
ongest visible light wavel ength of approximately 700nm and the shortest of
a]E)prom mately 400nrn. Blue light wavel engths fall in the approxi nmate range
of 400nmto 500nm For the ultra-violet bands, UVB wavel engths are from
ﬁQOnm to 320nm and UVA wavel engths are from 320nmto 400nm [0004] The
Eman_ retina includes nultiple layers. These layers listed in order from
E ehélrst exposed to any light entering the eye to the deepest include: 5
)d rve Fiber Layer 2) Ganglion Cells 3) Inner PlexiformLayer 4) Bipolar
and Horizontal Cells 5) Quter PlexiformLayer 10 6) Photoreceptors (Rods
and Cones) 7) Retinal Pignent Epithelli uml(RPE 8)..Bruch' s rane 9)
Choroi d [0004] The human retina includes mulitiple layérs. Theseqayers I}{g@a i
order from the first exposed to any light entering the eye to the deepest
include:
5 1) Nerve Fiber Layer
2) Ganglion Cells
3) Inner Plexiform Layer
4) Bipolar and Horizontal Cells
5) Outer Plexiform Layer
10  6) Photoreceptors (Rods and Cones)
7) Retinal Pigment Epithelium (RPE)
8) Bruch’s Membrane

9) Choroid

15 [0005] When light is absorbed by the eye's photoreceptor cells, (rods and
cones) the cells bleach and become unreceptive until they recover. This
recovery process is a metabolic process and is called the “visual cycle.”
Absorption of blue light has been shown to reverse this process prematurely.
This premature reversal increases the risk of oxidative damage and is

70 believed to lead to the buildup of the pigment lipofuscin in the retina. This
build up occurs in the retinal pigment epithetium (RPE) layer. ltis believed
that aggregates of extra-cellular materials called drusen are formed in the
RPE layer due to the excessive amounts of lipofuscin. Drusen hinder or
block the RPE layer from providing the proper nutrients to the

25 photoreceptors, which leads to damage or even death of these cells. To
further complicate this process it appears that when lipofuscin absorbs blue
light in high quantities it becomes toxic, causing further damage and/or death
of the RPE cells. '

30 [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
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15 [0005] When light is absorbed by the eye's photoreceptor cells, (rods
"and cones) the cells bleach and becone unreceptive until they recover. This
recovery process is a netabolic process and is called the "visual cycle."
-Absor ption of blue |light has been shown to reverse this process
prematurely. This premature reversal increases the risk of oxidative damage
and is 20 believed to lead to the buildup of the pignent |ipofuscin in the
retina_ This build up occurs in the retinal pignment epithelium (RPE) |ayer.
It is believed that aggregates of extra-cellular materials called drusen
are formed in the RPE | ayer due to the excessive amounts of |ipofusC n.
Drusen hinder or block the RPE | ayer from providing the proper nutrients to
the 25 photoreceptors, which |eads to damage or even death of these cells.
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light. For ek&el@. in the common fluorescent tubes avail able today, the
gl ass envel ope nostly blocks ultra-violet light but blue light is
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predetermn ye sol ut| on has a yellow or
15 anber coliara bemtet huSpotrmrt@tgm éj/éll-!edMP@?m%ﬁ‘ﬁ%lso'tuf“ﬁf‘ fRIIRB | ens. To many
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cosmstlcally intérfere with th or_lma col or
per ceptiidh oémaet esier ae@thuswmnaﬁ&j g yellpvs of apper tiptdp tﬁei(fﬁ&ﬂ OFEorrectly
perceive the,cqliory,QfapRehfck! & thisYlioRforsnder tint may be undesirable
cosmetically. Moreover, the tint may interfere with the normal color
perception of a lens user, making it difficult, for example, to correctly
perceive the color of a traffic light or sign.
20
[0008] Efforts have been made to compensate for the yellowing effect of
blue blocking. For example, blue blocking lenses have been treated with
additional dyes, such as blue, red or green dyes, to offset the yellowing
effect. The treatment causes the additional dyes to become intermixed with
25  the original blue blocking dyes. However, while this technique may reduce
yellow in a blue blocked lens, it also reduces the effectiveness of the blue
blocking by allowing more of the blue light spectrum through. Moreover, the
technique may reduce the overall transmission of light wavelengths other
than blue light wavelengths. This unwanted reduction may in turn result in

30 reduced visual acuity for a lens user.



20 [0008] Efforts have been nmade to conpensate for the yellow ng effect of
"bl ue bl ocking. For exanple, blue blocking | enses have been treated with
addi ti onal dyes, such as blue, red or green dyes, to offset the yell ow ng
.effect. The treatnment causes the additional dyes to becone interm xed with
25 the original blue blocking dyes. However, while this techni que may
reduce yellow in a blue blocked lens, it also reduces the effectiveness of
t he bl ue bl ocking by allowi ng nore of the blue Iight spectrumthrough.

Mor eover, the technique may reduce the overall transm ssion of |ight

wavel engt hs ot her than blue |ight wavel engths. This unwanted reducti on may
inturn result in 30reduced visual acuity for a lens user. [0009] In view
of the foregoing, there is a pressing need for an ophthalmc lens that wll

ber 1 orm B! VB C ] gl e Ao BERAPHRRL & 4 Bledin® ndafor huphuieect | on,
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[0010] Fl_GsP"%%C‘!édn'gmfﬂ%@\’/\’?@%ﬁg?‘é‘gﬂéf%lgn ophihal m ¢ sy s? e ncl udi ng a

post eri or blpeecdpiﬁoolid)rr@ue@mpﬂﬂ@rﬁ‘ta%ﬁ’ﬂf%%ebﬁYteEPf kght EEPETAHIE ng 10

conponent awawe@r@gng&hgm%ym@n@hmawgn pesent invention; [0011] FIG 2
y

shows an” exanple using a dye resist to forman enbodi nent of the present
i nventi on;

Brief Description of the Drawings
[0010] FIGs. 1A and 1B show examples of an ophthalmic system including
a posterior blue blocking component and an anterior color balancing

10 component according to embodiments of the present invention;

[0011] FIG. 2 shows an example of using a dye resist to form an

embodiment of the present invention;

15 [0012] FIG. 3 illustrates an embodiment of the present invention wherein a
blue blocking component and a color balancing component are integrated

into a clear or mostly clear ophthalmic lens;

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

20 using an in-mold coating;

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

embodiment of the present invention;

25 [0015] FIG. 6 illustrates embodiments of the present invention including

anti-reflective coatings;

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

30  according to embodiments of the present invention; and



15[ 0012] FIG 3 illustrates an embodi ment of the present invention wherein
a blue bl ocking conponent and a col or bal anci ng conponent are integrated
into a clear or nostly clear ophthalmc |ens; [0013] FIG 4
<ilTustrates form ng an embodi ment of the present invention 20 using an
in-mold coating; [0014] FIG 5 illustrates bonding two ophthal mc
conmponents to form an enbodi ment of the present invention; 25[0015] FIG 6
iIlustrates enbodi nents of the present invention including anti-reflective
coati ngs; [0016] FIGs. 7A-7C illustrate various conbinations of a blue
bl ocki ng conponent, a col or bal anci ng conponent, and an ophthal mc
conponent 30 according to enbodi nents of the present invention; and [00171
FI Gs. 8A and 8B show exanpl es of an ophthal mic systemincluding a

mul ti-functi e ocki -bal ' i [
embodi mont s 168 4ind e ege A0 ERCuRHY shEmBlos A G R Bpen: naeafig L nd 1
Enbodi ment s efnutthtunptierss iue bloeking endrasiiert kaleaciag COPRORBNTACOEY8FdMh t hat
perforns ef feemg%all%e {Sugftg]?g)gggé}g iWikignat the same tinme providing a

cosnetically ractive duct, normal or acceptable col or perception for
a 10 user, and a high level of transmtted Iight for good visual acuity.
100191 I\/tgre specifically, enbodinents of the invention nmay provide

ef fectivé blue blocking in conbination with col or bal ancing. "Col or
Detailed Description

[0018] Embadiments 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

10  user, and a high level of transmitted light for good visual acuity.

{00191 More specifically, embodiments of the invention may provide
effective blue blocking in combination with color balancing. “Color
balancing” or "color balanced" as used herein means that the yellow or

15 amber color, or other unwanted effect of blue 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
bh_Je blocking. For example, wavelengths at or near 450 nm may be blocked
or reduced in intensity. In particular, for example, wavelengths between

20  about 440 nm to about 460 nm may be blocked or reduced in intensity.
Furthermore, transmission of unblocked wavelengths may remain at a high
level, for example at least 85%. Additionally, to an external viewer, the
ophthalmic system may look clear or mostly clear. For a system user, color
perception may be normal or acceptable.

25
[OiOZO] An ophthalmic system according to embodiments of the present
invention may comprise a blue blocking component posterior to a color-
balancing component. Either of the biue blocking component or the color
balancing component may be, or form part of, an ophthalmic component

30 such as a lens. In other embodiments, 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 iens.
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bal anci ng" or "col or bal anced" as used herein neans that the yellow or 15
“anber color, or other unwanted effect of blue blocking is reduced, offset,
neutralized or otherw se conpensated for so as to produce a cosnetically
.acceptable result, without at the sane tine reducing the effectiveness of

t he bl ue bl ocking. For exanple, wavel engths at or near 450 nm nmay be

bl ocked or reduced in intensity. In particular, for exanple, wavel engths
bet ween 20 about 440 nmto about 460 nm nay be bl ocked or reduced in
intensity. Furthernore, transm ssion of unbl ocked wavel engths nmay remai n at
a high level, for exanple at | east 85% Additionally, to an external
viewer, the ophthalmc systemmy | ook clear or nostly clear. For a system
user, color perception my be nornmal or acceptable. 25 [0020] An ophthal mc

system acoorl ag.1 4, SHRY IR oo i RS BBABIof MBIGERT LERNCAIPI | S 2
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is posterior to the color balancing co al ways be
ori ented wi tHesteripdite blgcking sempopenhde Pr ge%gon%om ntllﬁat”y i CE?B\G k) Ir| kes the
col or bal a”%dgﬁa‘?é}méor}%ﬁexahﬁﬂ@r@ aaa@&emgn Tnbmu,ghetdpbtﬁﬂmeﬁ BRI ng
conponent to be received

7
conponent nﬂ?a)/&ﬂ!f(?ée‘i‘frorﬁ'%%?tw&ﬁ??e %{% " J%%rntgd lof ‘?r‘g?‘?‘ﬁ‘#@'ﬁ‘hg post eri or
bl ue bl ocki ngrrRMBPESIYptatile. Wﬁduceae@aossn'abiualbllchQm &8I appear ance.

For exanple, to an external viewer, .t b aok clear or
nost |y dloearba’?’bq'”%sgg?ﬁrgMoﬁ%?rm‘é%? \ngeq %ng e B\Mémgmn%@n%ﬁj

accept abl e. rﬁd?bb&ﬂool&@e&auseuctdw_nbhtwstﬂ/ eoﬁlth@tfaﬁﬁﬂﬁéddf‘t%ﬁépénm ng tints
are not intermxed, MV Hlee NS0 ) a8 bel fikasiBoh Ftlnblocked

wavelengths.

15 [0021] As discussed previously, techniques for biue blocking are known.
The known techniques to block blue light wavelengths include absorption,
reflection, interference, or any combination thereof. As discussed earlier,
according to one technique, a lens may be tinted/dyed with a blue blocking
tint, such as BP! Filter Vision 450 or BPI Diamond Dye 500, in a suitable

20  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 btocking. The filter could include, for
example, organic or inorganic compounds exhibiting absorption and/or

25 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 orin
combination with other layers, absorbs, reflects or interferes with light having
blue light wavelengths. Rugate notch filters are one example of blue

30  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



may be bl ocked or reduced in intensity and the transmtted intensity of
“incident light in the ophthal mc systemmay be at |east 85% for unbl ocked
wavel engt hs. 15[ 0021] As discussed previously, techniques for blue bl ocking
-are known. The known techni ques to bl ock blue Iight wavel engt hs incl ude
absorption, reflection, interference, or any conbination thereof. As

di scussed earlier, according to one technique, a lens may be tinted/dyed
with a blue blocking tint, such as BPI Filter Vision 450 or BPI Di anond Dye
500, in a suitable 20 proportion or concentration. The tinting may be
acconplished, for exanple, by immersing the lens in a heated tint pot
containing a blue bl ocking dye solution for sone predeterm ned period of
time. According to another technique, a filter is used for blue bl ocking.
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of the stop-ibdedmatgrinls. Simiarly t@tryﬁawafﬁtffSt%ﬁ’%hP%féf‘&ﬁ‘iew 8PS he band) .
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[0022] Color balancing according to embodiments of the invention 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

20 observer, the ophthalmic system as a whole has a cosmetically acceptable
appearance. For.example, the ophthalmic system as a whole may look clear

or mostly clear.

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

vision lens, wafer or optical pre-form according to known techniques. For



index materials. Simlarly to rugate filters, design paraneters such as
“individual layer thickness, individual |ayer refractive index, and nunber
of layer repetitions determ ne the performance paraneters for nulti-Iayer
di el ectric stacks. 15 [00221 Col or bal ancing according to enbodi ments of
the invention may conprise inparting, for exanple, a suitable proportion or
concentration of blue tinting/dye, or a suitable conbination of red and
green tinting/dyes to the col or-bal anci ng conponent, such that when vi ewed
by an external 20 observer, the ophthal mc systemas a whole has a
cosnetically acceptabl e appearance. For exanple, the ophthal mc systemas a
whol e may | ook clear or nostly clear. [00231 FIG 1A shows one possible
enbodi ment of an ophthalnic system according to the present invention. The

system 100 ud Q eKbP8 ﬁ@@@cmtmatm & vagich an
anterior co%% Bﬁ anmgun G(%ocrsr‘%ggg&ﬁma}& Q%rf\&s ste(r)n 100, gﬁﬁ%%stertl or blue

bl ocki ng colqmnwafermbphaql fse-form luﬁtlfllgl}@ﬁéb‘&rprdb\ﬁf‘ﬂ%q R @ %@ such as a
single VISI%W , wafer or optical pre-form The single vision |ens,

waf er or optical ‘pre-formnay be 30 tinted or dyed to perform blue

bl ocki ng. The anterior col or-bal anci ng conponent 102 nmay conprise a surface

cast |ayer, (ﬁ%g'g ‘?‘getsg é@@c%tng &Mé§b@ﬁo4n@é‘tﬁnn\lm esnax sige bEtle pre-form
accordi ng t& Wwn tec gues. exa the surf%ﬁa g'gﬁtlerjisayer nay be
affixed or bingtedision |€'h% vsﬁfﬁg%ow%’ Bre- ﬁ‘s Sipgs &1e BnISHYTRA Bre-f o

using vi si blgsar oﬂé{)tﬂcbgﬁb,foﬂﬁ r@sqm@w tiradd Gﬂdyléd tchperfauon bﬁne[to)@tzqqig 'I'he
surface cast |ayer nmay be f

con i si ngl e vi sion
| ens, waf er MY @a 2 XPIoW Qrpmbmr Cg{&ﬁi'éa% {RE" ?sﬁral |eéj\glclxgs)’ll;‘o{rll'gléfqg waf er or
ﬁptl cal pr eAfc@beu"@ th@%ﬂrﬂab@beét layerdyead, moepmnbtﬂ trelsinted Mtb@kl ng, it may
ave a

di ngly,
t he sur ggce%\évﬁgfgleﬁ%Q%?m%y?[)PJ& at Sr(wgf%y;égg? % S '%Itge %}t‘i&%f’ péd Macordi ngly

green tinting/dyes.

[0025] The surface cast layer may be treated with color balancing additives
after it is applied to the single vision lens, wafer or optical pre-form that has
15 already been processed to make it blue blocking. For example, the blue
blocking single vision lens, wafer or optical pre-form with the surface cast
layer on its convex surface may be immersed in a heated tint pot which has
the appropriate proportions and concentrations of color balancing dyes in a
solution. The surface cast layer will take up the color balancing dyes from
20 the solution. To prevent the blue blocking single vision lens, wafer or optical
pre-form from absorbing any of the color balancing dyes, its concave surface
may be masked or sealed off with a dye resist, e.g. tape or wax or other
coating. This is illustrated in FIG. 2, which shows ophthalmic system 100
with a dye resist 201 on the concave surface of the single vision lens, wafer
25  oroptical pre-form 101. The edges of the single vision lens, wafer or optical
pre-form may be left uncoated to allow them to become cosmetically color
adjusted. This may be important for negative focal lenses having thick

edges.

30 [0026] FIG. 1B shows another possible embodiment of an ophthalmic
system according to the present invention. In system 150, the anterior color-
balancing component 104 may be or include an ophthalmic component,
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10sui tabl e proportion of blue tinting/dye, or a suitable conbination of red
“and green tinting/dyes. [0025] The surface cast |layer may be treated with
col or bal ancing additives after it is applied to the single vision |ens,
~wafer or optical pre-formthat has 15 al ready been processed to nake it

bl ue bl ocki ng. For exanple, the blue bl ocking single vision |ens, wafer or
optical pre-formwth the surface cast layer on its convex surface nay be
imMmersed in a heated tint pot which has the appropriate proportions and
concentrations of color balancing dyes in a solution. The surface cast

| ayer will take up the color bal ancing dyes from 20t he solution. To prevent
the bl ue bl ocking single vision | ens, wafer or optical pre-formfrom
absorbing any of the col or bal ancing dyes, its concave surface may be

masked or Se@h&ﬁiagffsu%lé'@:@orﬁ%ﬁn{uﬁﬁf&%l Iofis GwafoRBPoBlicaireRomal imé coati ng.
This is illustrated In whi ch shows opht hal mc sten1 0O wth a dye

resist 201 onom@o&bw@am@c@wmoaen&%@?M@Pea W@‘?‘%‘—’n %,l@yer fer- 250r

optical pre- h%@tﬂa%lcormhﬁa@&geﬁe%mt/é}@s@faraﬁl&twéab@rﬁbbmmg/@ﬁg@ or opti cal
pre-formmay be |eft uncoa to all ow themto becone cognetlc |1y col or

adj ust ed. Thiisioflenpewaleper PRt Poe-TorayHanRe Mgeked WEREYRERNFESt hi ck

edges. 30s5[ 0@&8¢ridddabB, episeanRtdiang QQW%!QPHH@Q@em{emean opht hal ni c
system accorgba% to the resent. i nvent

h
col or- bal an e dn ‘Fefﬁﬁ“ﬁé§ g?m Heﬁ 'Qﬁg%%gﬁﬁéﬁﬁggagéﬁégg;nt

solution. Meanwhile, the exposed surface cast layer will take up the blue

blocking dyes.

10 [0027] It should be understood that the surface cast layer could be used in
combination with a muiti-focal, rather than a single vision, lens, wafer or
optical pre-form. In addition, the surface cast layer could be used to add
power to a single vision lens, wafer or optical pre-form, including multi-focal
power, thus converting the single vision lens, wafer or optical pre-form to a

15  multi-focal lens, with either a lined or progressive type addition. Of course,
the surface cast layer could also be desi_gned to add little or no power to the

single vision lens, wafer or optical pre-form.

[0028] FIG. 3 shows another embodiment according to the present

20 invention. In FIG. 3, blue blocking and color balancing functionality are
integrated into an ophthalmic component. More specifically, in ophthalmic
lens 300, a portion 303, corresponding to a depth of tint penetration into an
otherwise clear or mostly clear ophthalmic component 301 at a posterior
region thereof may be blue blocking. Further, a portion 302, corresponding

25  to a depth of tint penetration into the otherwise clear or mostly clear
ophthalmic component 301 at a frontal or anterior region thereof may be
color balancing. The embodiment of FIG. 3 may be produced as follows.
The ophthalmic component 301 may, for example, initially be a clear or
mostly clear single vision or multi-focal lens, wafer or optical pre-form. The

30  clear or mostly clear single vision or multi-focal lens, wafer or optical pre-
form may be tinted with a blue blocking tint while its front convex surface is

- rendered non-absorptive, e.g., by masking or coating with a dye resist as



such as a single vision or nulti-focal |ens, wafer or optical pre-form The

" posterior blue blocking conponent 103 may be a surface cast |ayer. To nmake

this conbination, the convex surface of the color bal ancing single vision

.lens, wafer or optical pre-formmay be nasked with a dye resist as 5

descri bed above, to prevent it taking up blue bl ocking dyes when the

conbination is imersed in a heated tint pot containing a blue bl ocking dye

sol ution. Meanwhile, the exposed surface cast layer will take up the blue

bl ocki ng dyes. 10 [0027] It should be understood that the surface cast

| ayer could be used in conbination with a nulti-focal, rather than a single

vision, lens, wafer or optical pre-form In addition, the surface cast

| ayer could be used to add pomer to a single vision lens, wafer or optical

pre-form inclu nultl ver gﬂgkﬁ Vi Si on

| ens, wafer S?Crg)&fj Y"’H?% r?‘nr afg i%@@é@gﬁmﬁ%ﬁgm §(;%I“‘ either a

lined or pr@ghmmwpﬁthiearonmoglyG@@r siagle Yision A aEE- ey er coul d

al so be designed to.add li r shBd=ing Bluen | ens, waf er
s S kUM A el

or optical ows anot her ih accor ding to
the present bR@kimgemnttimalityn niyde greatibd by BnRKISFIGAd cnﬂ”o $aM%5nci ng

f t I t 4. Aerrei-
funct | ongl | Ly &kod IAACANAA: 1B Peaflnhivaab mey pormenoe

ens 300, a portion 303, cgorres I to a
depth of ti mbspeired catingrmantierabe épﬁhﬁ%post@ecﬂoéﬁ"f‘v%?“ <% @”%qﬁ é'%gt

opht hal ni ¢ Cgﬁﬁ&‘& é%oén@&eﬁprwﬁié‘agéﬁ oftBEisPRId Visioaadr mmli-oealdéns
bl ocki ng. = ,

a portion 302, corres%}%% grmz;Sto a. deﬁ%%‘t Bft i nt
penet rat i on waierorn ¢rtical prerip@anay Bgtingd XU RFOTHIHT harm conponent
32% gt a Irg’?’bﬁ" Qéloﬁﬂél%ﬁbﬂb M@ @lot haaeehg BRys bdl belkbsotimdancthag. The
enbodi men

produc s fo onponent
301 rmy 10f opesRERs édQ?fh?E‘ijéﬂ W%}*'B%%gz e@ﬁ}"“&ﬂ%sm‘?‘t%ﬁgg&g n%ﬁeg vi sion or
mul ti-focal aln%r@ctemﬁgEnv@érdqpmazabamemmmd dmetoaibel@ahefcﬂoaﬁ'ﬁgt Tpecl ear
single vision or nulti-focal

ical WRaeebe
tinted. wit rpraequJfl}Belﬁq)@QRiWrPFﬁ?g %Li'?jgje i Vergfggng @céﬂéggnéﬁ%ce i's
r ender ed nom&smrspbevmskedguh;lél%eWMImm pﬂr‘tt@oa’vﬁlmgnﬁﬁﬂtfﬁ" go'8ye resist as

descri bed previously res i bbb thicknebdat
posterior cAfERE Sy “é‘& fcotaﬁgggpggfooe{ﬁenﬁdélgﬁ%dc gjalP singl e vision or

mul ti-fagal therencaad mgiar lefipiritvddd py g mraﬁklsgpoawdb%%fl h§'4nwar dl y, and
havi ng bl ue QI Ci(Ckl ng functionality, may be created by tint penetration.
Then, the am'PeKing-

[0029] Referring now to FIG. 4, in other embodiments of the present
invention, an ophthalmic system 400 may be formed using an in-mold

20 coating. More specifically, an ophthalmic component 401 such as a single
vision or multi-focal lens, wafer or optical pre-form which has been
dyed/tinted with a suitable blue blocking tint, dye or other additive may be
color balanced via surface casting using a tinted in-mold coating 403. The
in-mold coating 403, comprising a suitable level and/or mixtures of color

25  balancing dyes, may be applied to the convex surface mold (i.e., a mold, not
shown, for applying the coating 403 t0 the convex surface of the ophthalmic
component 401). A colorless monomer 402 may be filled in and cured
between the coating 403 and ophthalmic component 401. The process of
curing the monomer 402 will cause the color balancing in-mold coating to

30 transfer itself to the convex surface of the ophthalmic component 401. The

result is a blue blocking ophthalmic system with a color balancing surface

-10 -



5 absorbing coating of the front convex surface may be renoved. An
“anti-absorbing coating may then be applied to the concave surface, and the
front convex surface and peripheral edges of the single vision or
-multi-focal lens, wafer or optical pre-formmy be tinted (e.g. by
imersion in a heated tint pot) for col or bal ancing. The col or bal anci ng
dyes will be absorbed by the 10 peri pheral edges and a portion 302

begi nning at the front convex surface and extending inwardly, that was |eft
untinted due to the earlier coating. The order of the foregoing process
could be reversed: i.e., the concave surface could first be masked while
the remaining portion was tinted for color balancing. Then, the coating
coul d be renoved and a depth or thickness at 15the concave region |eft

untinted by the masking could be tinted f iLBeecti@029] Referring
now to FI G caating B‘P%&W&Eﬁ%ﬁtl?@ﬁ%‘l‘%getfﬂgéﬁ%g%mghicé?\;{f/ler%t Ton, an opht hal ni c

system 400 gBytiREof #EBREErtPNADha daatingl d 20coating. More specifically, an
opht hal m ¢ conponent 401 such as a single vision or multi-focal |ens, wafer
or optical pre-formwhich has been dyed/tinted with a suitabl e hlue

bl ocki ng ti peo30fyRetsring mew addicL by stilyotiher @abetiMeAtaREEY P8 Sur f ace
casting using a,tinted in-nol L i Kkheraiti ng 403,

conpri si fig &5‘?’?%%0@\5‘8%‘8%&% %ﬂ %Bgmj eso%‘?%céoﬁgf@g%akanci ng dyes, may
be applied torigoaentnves kiug blackingeind the other crlarhialpnaidg- ERLRIF™R Gt

appl ying the coati faggcioéintlkevisiphtdnabntaveconponent
401). A col @rfﬁgg%p%ﬁ@gngéﬁw;’ﬂ%ggﬁeﬁlléPgd@?n andg ureg b ttwgen t he

coati ng 403 sarfdcophiltiédasl dﬁ@oW@é@féﬂtOPA‘Gﬂl.pr‘?ﬁ@”‘b‘r@ﬁe@g@% “@ﬁ‘rl Ag the nmononer

402 will ca ARGIDG hdhidR HeaRairb o devad oBOIuerineiing. Atsel f to
t he convex %@ﬁ{%%t%?‘ﬁggg%ﬁ?ﬁhp ' n

al mc conmponent. 401. The result 1s.a blue
bl ocki ngooptsehahdriophthpdmisrsampenent 698 GPU A mgsgﬁf Ziglon c(k:}oég{]ib%)é. The
i n-mol d coatd ng S Phid-rO&1 14, vfan®l ehticarprenibimy eéhdst dvaffisedta g or a

Do TNt o bﬁtﬁ{sdﬁéﬁggt@géh[ Sher L 00301 Refer i RO, Flafbr Ghodasirbl | ot her

form, for example using a UV or visible curable adhesive 502. The front
single vision or convex surface multi-focal lens, wafer or optical pre-form

15  could be rendered color balancing either before or after it was bonded with
the back single vision or concave surface multi-focal lens, wafer or optical
pre-form. If after, the front single vision or convex surface multi-focal lens,
wafer or optical pre-form could be rendered color balancing, for example, by
techniques described above. For example, the back single vision or

20 concave surface multi-focal lens, wafer or optical pre-form may be masked
or coated with a dye resist to prevent it taking up color balancing dyes.
Then, the bonded back and front portions may be together placed in a
heated tint pot containing a su'itable solution of color balancing dyes,
allowing the front portion to take up color balancing dyes.

25
[0031] Any of the above-described embodiments of the present invention,
or embodiments not explicitly disclosed herein, may be combined with one or
more anti-reflective (AR) components. This is shown in FIG. 6, by way of
example, for the ophthaimic lenses 100 and 150 shown in FiGs. 1A and 1B.

30 In FIG. 6, a first AR component 601, e.g. a coating, is applied to the concave
surface of posterior blue blocking element 101, and a second AR component

602 is applied to the convex surface of color balancing component 102.
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5 invention, an ophthal mc system 500 nmay conprise two ophthalmc
“conponents, one bl ue bl ocking and the other col or bal anci ng. For exanple, a
first ophthal m c conponent 501 could be a back single vision or concave
.surface multi-focal lens, wafer or optical pre-form dyed/tinted with the
appropriate blue blocking tint to achieve the desired |level of blue

bl ocking. A 10 second ophthal m ¢ conponent 503 could be a.front single

vi sion or convex surface nmulti-focal |ens, wafer or optical pre-form
bonded or affixed to the back single vision or concave surface nulti-focal

| ens, wafer or optical preform for exanple using a W/ or visible curable
adhesi ve 502. The front single vision or convex surface nulti-focal |ens,
waf er or optical pre-form 15could be rendered col or bal ancing either before

or after it _was bonde th the i Qﬂg@%g(ﬁurface

mul ti - f ocal Sinalggly: ﬂ/gT%rAV}%POnggﬁg& B E[fbgﬁlgd% é;&Erﬁe%{av%t he fro 526 singl e
vision or cpeseRostitédteking tomponet 1|0@nsnd@eﬁe@9n6r‘\%ﬁt>m?8r‘eﬁ'r 4%8rm coul d
be rendered qu}@rtﬂgslﬁ%gﬁ%%gﬁu&%e %9%}] *%da'%‘“é gg,lg,gbggﬁ{smtescrl bed above.

For exanpl e@Pp Vi Sion or concave surface nmulti-focal |ens,
waf er or optical pre-form may be masked or coated with a dye resist to

prevent i t '(:)‘d'g?%r ?r%? aceegﬁgbpﬁle @§enﬁﬁ%uoh@ebﬂf§ﬁ%@b&@dﬂ%nd front

pOfthﬂS m In a eated tint pOt con Eh-& n%a sui tabl e
sol ution of momr b*anIthAngardQ@ﬁhalmWéMﬁtﬁ@‘ f9feinciuiges HBHEHANS t ake up
col or bal anging, d¥es702 0k GO ikin g bhpaRenSTlemat bhetbrestion ment s of

t he present |nven Ion, ments not ex C|tI herein, may
be conbi ned adjacknb it dtstlﬁ@ir éoéfr'ﬂQS-cP"éf‘Y%fétqr\@'p o8 g?rﬁb%éh@%pm s is shown

in FIG 6, lggﬁ%@é(% C@g@%?h%stlfy@leér%rmﬁlmhﬁﬂeﬁsGOQeﬁl’sfesblme(Dl@"FdWQlSO shown
in FIG. 1A’and 1 In FIG

R co a coating,
i s applited p@"ﬂ%%bﬁ%iﬁ@%ﬁ?‘f‘%@@ tB‘? CB@Q’@ n(?n chrlﬁ org(%)ﬁg%’?gﬁent 101,
and a second pR:AOIPPRYYstEE shﬁfaaé@lfﬂeﬁcle(ar d)rhmosﬂ),nv‘@ﬁr suhthakeicdensol or

bal anci ng conponent 10 | ar | first 0, laves 7@BPl i €d tO
t he concave aAR&eating Obl?é’f"é% %}?’"&% gf(l%\@@%%%nééﬁ%%@, 3’and a second

AR conponenty£PBe ksmagpbh e atiacthietodbe vaiersustideee of tosdpr-paPAREANg
conmponent 104 5[ 0032] Further enbodi ments of the present invention are
illustrated'®®r#P8. 7A-7C. In FIG 7A an ophthal nic system 700 includes a
bl ue bl qeki ng conponent 703 and a col or bal anci ng conponent 704 that are

formed as agacents RUl7d! PhIAGE bIdtRAY QRpSHert F88MhaXbIo-bAdhaagnt to the

anterior _
component 704 are arranged on or adjacent to the posterior surface of the

clear or mostly clear ophthalmic lens 702. Again, the blue blocking
component 703 is posterior to the color-balancing component 704. An AR
20 component 701 may be formed on or adjacent to the posterior surface of the
blue blocking component 703. Another AR component 705 may be formed
on or adjacent to the anterior surface of the clear or mostly clear ophthalmic

{ens 702.

25 [0034] InFIG. 7C, the blue blocking component 703 and the color-
balancing component 704 are arranged on or adjacent {o the posterior and
the anterior surfaces, respectively, of the clear ophthalmic lens 702. Again,
the blue blocking component 703 is posterior to the color-balancing

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

30 the posterior surface of the blue blocking component 703, and another AR

component 705 may be formed on or adjacent to the anterior surface of the

color-balancing component 704.
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surface of a clear or nostly clear ophthalmc |lens 702. The bl ue bl ocki ng
"10 conponent 703 is posterior to the col or-bal anci ng conponent 704. On or
adj acent to the posterior surface of the clear or nostly clear ophthal mc
.lens, an AR coating or layer 701 may be fornmed. Another AR coating or |ayer
705 may be fornmed on or adjacent to the anterior surface of the

col or-bal ancing layer 704. 15 [00331 In FIG 7B, the blue bl ocking
conponent 703 and col or-bal anci ng conponent 704 are arranged on or adjacent
to the posterior surface of the clear or nostly clear ophthalmc | ens 702.
Agai n, the blue bl ocking conmponent 703 is posterior to the col or-bal anci ng
conponent 704. An AR 20 conponent 701 may be fornmed on or adjacent to the
posterior surface of the blue bl ocking conmponent 703. Anot her AR conponent
705 may be forned on or adjacent to the anterior surface of the clear or
nostly clear ophthalmc lens 702. 25[0034] In FIG 7C, the blue bl ocking
conponent 703 and the col or- bal anci ng conponent 704 are arranged on or

dj tt ly, of th
crbar opht ndPiEaP FIGE 68 5na e HiSw bt 8 bﬁ’ﬁé@%ﬁﬁg"’a“ Sﬁ’ﬁ‘ﬁﬁ‘m“‘f?oy P
posterior tcsytstwn@owrdfrtgyaﬂoahelmgsmmpmém othe syslaR diest 01 may be
formed on or ddéﬁ Jeg%;'tbqtrﬁ %p’cxé]cﬁh%?éék%lg@f}%iﬁ%éﬂénﬁf\sta% +8|p@ﬁoh+ockl ng

conponent 763 onen formed_on or acent to
t he ant eri orccdorfaaareing mdydo@obmbmdll@ﬂcﬁ‘weééﬁﬁmﬁ‘f 899 4F°rFi‘f(‘j§8 "FI Gs. 8A

and 8B show anql oﬁ%ﬁqeed‘@ﬁ%aﬁé\ky eBg\angmgﬁbmc& 5iYsighn \ie@msrtithgaha t he

present invention e sy ionality to

both bl ock biefiect sogha gmmmmmwamiangtbseérﬁﬁikM%P%‘Htr%%f%?rfg‘?rc?@ Vay be

gggg'ozggt' Pra%wcﬁ{alﬂﬂuhﬁbﬁ?gfﬂ?ﬁﬁﬁéaé%e oFQrdoﬁmémlwomheh@wml nelde f unctional ity

ht mavelengths nd refl ect sgngegkggghand red
wavel engtths eambiepd fotQﬁ'@§3%anﬁ”ﬁ8 ? RAYPT8TERECR P TRt g
appear ance Ofiifsr GuThR@iibr 6P pbdtetibesuriee of Beear ophthalmic lens 802.
While the present embodiment concerns only a single blue blocking/color
balancing component, it is envisioned that it would first act to provide color
balancing and then block blue light, in accordance with the present
15 invention. The ophthalmic lens 800 may further include an AR component

801 on or adjacent to either the anterior or the posterior surface of the clear

ophthalmic lens 802.

[0036] As discussed previously, filters are one technique for blue blocking.
20  Accordingly, any of the blue blocking components discussed could be or

include or be combined with blue blocking filters. Such filters may include

rugate filters, interference filters, band-pass filters, band-block filters, notch

filters or dichroic filters.

25 [0037] In other embodiments of the invention, one or more of the above-
disclosed blue-blocking techniques may be used in conjunction with other
blue-blocking techniques. By way of example only, a lens or lens
component may utilize both a dyeftint and a rugate notch filter to effectively
block blue light.

30
[0038] Any of the above-disclosed structures and techniques may be

employed in an ophthalmic system according to the present invention to
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10 conbi ned functionality conponent 803 may be arranged on or adjacent to
“either the anterior or the posterior surface of a clear ophthalmc |ens
802. Wiile the present enbodi nent concerns only a single blue

.bl ocki ng/ col or bal anci ng conponent, it is envisioned that it would first
act to provide color balancing and then block blue light, in accordance
with the present 15 invention. The ophthalmc |ens 800 may further include
an AR conponent 801 on or adjacent to either the anterior or the posterior
surface of the clear ophthalmc |ens 802. [0036] As discussed previously,
filters are one technique for blue blocking. 20 Accordingly, any of the

bl ue bl ocki ng conponents di scussed Could be or include or be conbined with
bl ue blocking filters. Such filters nay i nclude rugate filters,

interference filters, ban sfllt band- hl e filters
or di chroi ¢ PEFofErkiocking Pg@g 9%‘”8}’ EPQ%‘%‘B& ReQ 556 HT{ hééq%){\%gé\@?on one
or nore of tnﬁ@nﬁi@@%ﬁeﬂb&ﬁém@éﬁﬂgm@ﬂ mwllgig ttle@tmi f@aésberm'yﬂ"bé used in
conjunction with other, blue ocki n iy 13 only, a
| ens or Iené”%%ﬂﬁﬂﬂ@ﬁgrﬁﬁ9eﬁ??ep%$ag%$§ﬁn'J (1t aw@yéﬁ§a at e ngtch
filter to efd@std remusunee k/-Hpwe drirginus) am:qtooaa]w (bery b@twqemeabout 440

above- di scl osed truc RS Hm afréapht hal m ¢
syst em accoril'@§ a&"f‘ﬁgégf‘@eﬂ?" it R, Be RIRIONE) cdndn

Nvention to perform bl ockin f [bl ue
| i ght wavemmym 4t algsutrRSanm4Be., hefwas ko HB0M BRIARBY AR ANY- (Re

wavel engt hs jgéal%h&r erf%@&éﬁ%e%?%&?’aﬁ@é’m% Ml o 4¥estat-er sbaedorenge

centered at range nmay extend fro 450 m +/ -

(pl us or m n(ue), baberan aloutrA2Q nre. 3ndb?é2%éﬁ0é‘l§@ut'”@ﬁ‘6 OEN i 460

nm. in oth T BY aB¥ttens ifrf @&m@m abeutaéjkﬁht 20 nm
(i.e., bet mgén(?gﬁ% Hégr%&%?égﬁg{%%ﬁt 478 nc%' n @ ot her X%%Odl ment s,
the range® maymexdesidut A8mnmmo IRkt othefsEuRo eﬁ?ﬁ (theéa 9% BENEEN 'About 420

nm and about, r&ﬁ‘lts@;fﬂm /ﬂa&sdtldo ,%fteé pEhRsENEItLE 400hem acgbout§08xt end from
450 nm +/ - abou nm (i.e., between about 410 1&“331 %@gn &?tf QL 428 nm. In
sti I | ot her =mboli ?@h@%‘mqﬂﬁ% 'the b THARPIGSYSIST 9% Sh3Ut 50 nm
(i.e., betwegn,abRsths mt@m@éﬁb\@@éﬂndﬂ}@ngﬁé to bnbﬂabwiyrﬁﬂ% of the
opht halmc systemmay limt transm sstl)(gcg of sbtueom%\ﬁ%m giF sz n the
above- def i ne'dchdﬁﬁb‘é@\’?'@r‘ghhﬁst'ﬁr?tth%ﬂ 9 egts: e PHERE sV arengt E1 In ot her
enbodi Mepy s, jihieaABMdRbLtheste mavalengths within the above-defined ranges to
substantially 80% of incident wavelengths. In other embodiments, the
ophthalmic system may limit transmission of the blue wavelengths within the
above-defined ranges to substantially 70% of incident wavelengths. In other
embodiments, the ophthalmic system may limit transmission of the blue
20 wavelengths within the above-defined ranges to substantially 60% of
incident wavelengths. In other embodiments, the ophthalmic system may
limit transmission of the blue wavelengths within the above-defined ranges to
substantially 50% of incident wavelengths. in other embodiments, the
ophthalmic system may limit transmission of the blue wavelengths within the
25  above-defined ranges to substantially 40% of incident wavelengths. In still
other embodiments, the ophthalmic system may limit transmission of the
blue wavelengths within the above-defined ranges to substantially 30% of
incident wavelengths. In still other embodiments, the ophthalmic system
may limit transmission of the blue wavelengths within the above-defined
30  ranges to substantially 20% of incident wavelengths. In still other
embodiments, the ophthalmic system may limit transmission of the blue

wavelengths within the above-defined ranges to substantially 10% of
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15limt transm ssion of the blue wavel engths wthin the above-defined
"ranges to substantially 80% of incident wavel engths. In other enbodi nents,
the ophthal mc systemmy limt transm ssion of the blue wavel engths within
.the above-defined ranges to substantially 70% of incident wavel engths. In
ot her enbodi nents, the ophthalmc systemmy |imt transm ssion of the blue
20 wavel engths within the above-defined ranges to substantially 60% of

i nci dent wavel engths. In other enbodi nents, the ophthalmc systemmay limt
transm ssion of the blue wavel engths within the above-defined ranges to
substantially 50% of incident wavel engths. In other enbodi ments, the
ophthal mc systemmay |[imt transm ssion of the blue wavel engths within the
25 above-defined ranges to substantially 40% of incident wavel engths. In

still other eppodinents, the ophthal m AMALImiks9&@em ssi on of
the bl ue walfél Qpﬁgeﬁﬁpﬂﬁanﬁﬁngﬁbré¢@%§%ﬁ%§ﬂ$g§%%§ﬁ&o shggtaatially 30%
of i nci dent megMBhienghdraission cftthée blust Wavelendsbelwitbint §1e 30V ofHTal mi ¢ system
may |imt transm.ssion _of. b : L i it ddper above- def i ned

30r anges tormttgﬁf'gaﬁa%?ﬁgﬁg%%ﬂﬁ?%%ﬁ%nt _\Aﬁgiwetnrgt t|1_s. in still other
enbodi ment s enitoeirehts hinkmphtisalstie Rystep maydimititranseneeen G e PliRe bl ue

wavel engt hs within.the -def i | sebbehaaty a4 of iddderndf

i nci dentSMW@IVE[‘]?&?HBS.W'FﬁRg%((?EES\é% ﬁgﬁn%@&%\?ﬁgﬂt s, the o%g{}hal gl c, system may
limt transmiavelengtief Intetilliother ambedimegihihappMhaESYSIRN 84 Mhed ranges

to substant ir%b's%is%%r%f ﬁw@ﬂﬂ&%v&%\ﬁ@{r@%{mﬁ thd Bbie-Lbfimschengestodi ment s,
t he opht hal F‘n systemnmay limt transm ssign of ;[he bl ueﬁ5 V\%}/o(?_{g}pgt hs
within the abbsientief eciingiges wevelensbanpiaipt PSSy A RETEN
wavel engt 1S ynd Bofiilic Y/ BniHRIEBRIRagidte Aptlial &l wassistaimimy | im |
transm ssion of the blué wavel engths wt hi g g{}e a(%QKee-SQEBb/ngpa{%gggs to
subst ant.Pal ltye ebevE-sperifiek ANIREVEPLRE A LasE i &6t IPWSE “af't enuati on by
t he opht hal mipe, sk eERLUOt et esdst 60BgDEhE Lasp8OYs; omehteashieengehs in
least 80%: or at least 90%; or at least 95%; or at least 99%; or substantially

100%.

15 [0039] Atthe same time as wavelengths of blue light are selectively blocked
as described above, at least 85%, and in other embodiments at least 95%, of
other portions of the electromagnetic spectrum may be transmitted by the
ophthaimic system. Stated otherwise, attenuation by the ophthalmic system
of the electromagnetic spectrum at wavelengths outside the blue light

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

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

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

25  radiation with wavelengths greater than 700 nm.

[0041] Any of the above-disclosed ophthalmic system may be incorporated
into an article of eyewear, including externally-worn eyewear such as
eyeglasses, sunglasses, goggles or contact lenses. In such eyewegr,

30  because the blue-blocking component of the systems is posterior to the color
balancing component, the blue-blocking component will always be closer to

the eye than the color-balancing component when the eyewear is worn. The
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10 the above-specified ranges may be at |east 10% or at |east 20% or at
‘least 30% or at |east 40% or at |least 50% or at |east 60% or at |east
70% or at |least 80% or at least 90% or at |least 95% or at |east 99% or
.substantially 100% 15 [0039] At the sane tinme as wavel engths of blue |ight
are selectively blocked as descri bed above, at |east 85% and in other
enbodi nents at | east 95% of other portions of the el ectronmagnetic spectrum
may be transmitted by the ophthal mc system Stated otherw se, attenuation
by the ophthal m c system of the el ectromagnetic spectrum at wavel engt hs
outside the blue light 20 spectrum e.g. wavel engths other than those at or
near 450 nm may be 15%or | ess, and in other enbodi nents, 5% or |ess.

[ 0040] Additionally, enbodinments of the present invention may further bl ock
ultra-violet radi,ation f rad: faasifadlde &s infra-red
25 radiatiorf %%%%ﬁ*%‘ﬂé?&é‘gs?’g%‘g%@iﬁ%‘ﬁﬂ%é‘gﬁﬂ%@efoozu] Any of the

above- di scl asegicalphiniadmtablesptra@eulaiyensesi ncor porated into an article of
eyewear, including externally-wrn eyewear such as eyegl asses, sungl asses,
goggl es or contact |enses. In such eyewear, 30 becauﬁe L(hﬁ‘ﬁgl Ee-bl ocki ng
conponent of (0042 Sevesatemisodiments efdhe inyantien @se sPEFLFAN ) ¥ ponent , t he
bl ue- bl ocki ng, GrPARARLA Weldin AV <Rt fliasespieciched B rduifuatihos

col or - balanci'ng conponent when the eyewear |s worn. The ,ophthalmc system
may al so be anbeeriatiosgeh the inveniean e ‘Fﬁ%’ﬁﬂ?%bi’ H?eeagg"%%f '@Isla;/&%i npl ant abl e
i ntra-ocul ar, R8s purview of the appended claims without departing from the spirit

and intended scope of the invention.

10
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[ 0042] Several enbodi nments of the invention are specifically illustrated
5and/ or described herein. However, it will be appreciated that
nodi fications and variations of the invention are covered by the above
teachings and within the purview of the appended cl ainms w thout departing
fromthe spirit and i ntended scope of the invention. 10 CLAIMS: 1. An
opht hal m ¢ system conpri sing a bl ue-bl ocki ng conponent posterior to a
col or-bal anci ng conmponent. 2. An article of eyewear conprising an
opht hal gy syst em the ophthal m c system i ncl udi ng: a bl ue-bl ocki ng
conponent to bl ock wavel engt hs of the el ectromagnetic spectrum between
about 400 an G i ' |.s one of
an opht %le;gn j}) %ﬁggg%s{égqy?mg%,ﬁlg%eﬁé%%@ngg% g%%ﬁkgﬁog%ﬂ?ﬁgﬁgo&drl ens; and
a col or-pala |né) conponent, wherein the color bal anci ng conponent is one
of an ophthalm c.|ens or a |ayer. on ar or adjacent an ophthal mc
Cene B " alilenE e PR ER LG s, oF SPubRrTO R (o cause
t he ophpﬁg‘ld’rﬁgc systemto appear clear or npstly c|ear; the blue bl ocking
conponent i s® PHSOEICkBE compensat todierk wanckrgihn gl & ﬁ%&‘ﬁ%‘ﬁ?g,ne%ﬁ’etcﬁ%mopht hal ni ¢
syst em betaamiboyt 440 and abeut 389y wiherse thahlup Hlosking kemppnedt SOREGhET i ¢
spect r uppldiplwicdenssadeen oalsat orpgpcar@n apathelmsoBngignd 3. An opht hal mic
system t hat & eolembabgukingabmipondngrysheneiv thegokor balansing swnpymentfis ohsefsne | i ght of
at | easopi8iimorlemonre,layehen.gicar sraidshcaphe mabphitalinerisnsconpri ses a
col or - bal ancwhgeieltien®ir batadcing eomponentisdonfdirdtatorrhgsel tenephtlvaiprd systsmdo
bl ue- bl gpcamdeat onmostBNdledrithe blue didekingebapbesht Weposiegmgiohise ¢atortbaganbinge | i ght
spect r ugBmponent; and the ophthalmic system transmits at least 85% of wavelengths of the

electromagnetic spectrum outside between about 400 and about 500 nm.

3. An ophthalmic system that is an ophthalmic lens having a transmission of visible light of
at least 85% or more, wherein said ophthalmic lens comprises a color-balancing element and
wherein said ophthalmic lens comprises a blue-blocking component that blocks selected
wavelengths in the blue light spectrum.

4, The ophthalmic system of claim 1, 2, or 3, wherein at least one of the blue-blocking
component and the color-balancing component is an ophthalmic component, an ophthalmic lens,
a wafer, or an optical pre-form.

5. The ophthalmic system of claim 4, wherein at least one of the blue-blocking component
and the color-balancing component is a surface cast layer.

6. The ophthalmic system of claim 1, 2, or 3, wherein at least one of the blue-blocking
component and the color-balancing component is a portion of an otherwise clear or mostly clear
ophthalmic lens.

7. The ophthalmic system of claim 1, 2, or 3, wherein the blue-blocking component and the
color-balancing component are distinct layers on or adjacent to an ophthalmic component.

8. The ophthalmic system of claim 1, 2, or 3, wherein said system attenuates the
electromagnetic spectrum for wavelengths from about 440 nm to about 460 nm by at least 10%.

9. The ophthalmic system of claim 1, 2, or 3, wherein said system attenuates the
electromagnetic spectrum for wavelengths from about 440 nm to about 460 nm by at least 50%.

10. The ophthalmic system of claim 1, 2, or 3, wherein said system attenuates the
electromagnetic spectrum for wavelengths from about 440 nm to about 460 nm by at least 95%.

-17-



4. The ophthal mc systemof claiml1, 2, or 3, wherein at |east one of the
bl ue- bl ocki ng conponent and the col or-bal anci ng conponent is an ophthal m c
conponent, an ophthalmc lens, a wafer, or an optical pre-form 5. The
opht hal m ¢ systemof claim4, wherein at | east one of the bl ue-bl ocking
conponent and the col or-bal anci ng conponent is a surface cast |ayer. 6.
The ophthal mc systemof claiml1, 2, or 3, wherein at |east one of the

bl ue- bl ocki ng conponent and the col or-bal anci ng conponent is a portion of
an otherwi se clear or nostly clear ophthalmc lens. 7. The ophthalmc

system of cl fhdRphthafmicQYstdn oMRBIEH D, bR8, VhitenRhiaGkitda LaRIRANE Mas@¥d, bhe
col or - b%@éi&igﬁ& FURE I na e@icqg%tcﬂu Surdi@Y BE $1.% g{ sg@&hﬁﬁent to an

opht hal m ¢ conponent. 8. e ophthal mc system laim1, 2, or 3,

wh i i {t t | egt ’ i t | th
Fr om abit, ARG S K ﬂt}i&@%ﬁ%ﬁoﬁ?a BB oo SR SR I o
systen15 H@P%Ph%i, 2§a% %ﬁ%?@b $ai d system attenuates the

el ectrompgnet.i c ectrum for vel engt hs from ahout 44 mto about. 460 nm
by st 1 Bhor  Bessaoipnicsmue b FBF L D4 dy AT SR broci R e
sai d syQEHraBvprelsacthheredrtlber AM®Ret i ¢ spectrum for wavel engths from
about 440 nmto about 460 nm by at |east 95% 11. The ophthal mc system
of clai M1, Phe ephttelmigisestern of gémls%as@tr nvvhergindhg hlge blockiag sempmmnif

wavel engiiyises a rugeted]lise tan anterferendedilispechandpessilist,debantrdlask ddtet, jagietch

spect r ufilter, 4 @ichibirefilbgpharrahwtiidawy dietastrof staskai m 1, 2, or 3, wherein said
system bl ocks ultraviolet radiation in the U/A and UVB spectral bands. 13.
The ophthal nTlee ehstabnicalsteh af thailn 12, wigteid theities-Blockisg tenpyshteroniprioeks

ul t ravi edndtblodkffilered radi ati on with wavel engths greater than 700 nm  14.
The ophthal mc systemof claim1, 2, or 3, wherein the blue bl ocking
conponent conprises a rugate filter, an interference filter, a band-pass
filter, a band-block filter, a notch filter, a dichroic filter, or a

mul ti-layer dielectric stack. 15. The ophthal m c system of claim 14,
wherein the bl ue-bl ocki ng conponent conprises a band-block filter.

-18 -



