MULTI FOCAL OPHTHALM C LENS Technical Field (0001) The present invention
relates to a nultifocal ophthalmc lens, particularly to a nultifocal
i ntraocul ar | ens as one exanple, inproved in correcting visual acuity of
presbyopi c eye. Description of Related Art (0002) The nultifocal
ophthalmc lens has a depth of focus deeper than the nonofocal ophthalmc
s characteristic of the nultifocal ophthalmc lens is useful
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intraocular lens as one example, improved in correcting

visual acuity of presbyopic eye.

Description of Related Art
{0002)

The multifocal ophthalmic lens has a depth of focus
deeper than the monofocal ophthalmic lens. This
characteristic of the multifocal ophthalmic lens is
useful for correcting a presbyopic eye. Generally, a
presbyopic eye with a monofocal intraocular lens can
clearly see only an image of an object at a far distance
and an 'object located _between far distance and
intermediate distance, or only an image of an object at
a near distance and an object located between near
distance and intermediate distance. For example, an eye
with a monofocal intraocular lens having refractive
power for correcting far vision inwhich refractive error
is about 0 diopter (D), cannot clearly see an object at
near distance. Therefore, in this case, an eyeglass is
separately required. Hereinafter, diopter is expressed

by symbol D in this specification.
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Meanwhi | e, because of the optical design of the |l ens, a presbyopic eye with
a nultifocal intraocular lens can clearly see objects at far, near, and
internedi ate distances. A distance range of near, internediate, and far
visions are fromnear point of eye to 60 cm 60 cm to 1.5 m and 1.5 mto
infinity in front of eye, respectively. Although there is no particular
definition for distance range of internediate vision, in the field of
ophthalnog9gbﬁgl optics, a range from 60 cmto 1.5 min front of eye is
regar ded visual distance of the internediate vision. (0004) A
number of pat gni g, desqrd be diffeLent Goncent s 19rq. oRLLCAL desion, of the
mul tifocal intraocu ‘ens regarding correction o e pres yoplc "eye.
The below _are_the ex s _of .the_inven elated t opti cal
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to 1.5 m, and 1.5 m to infinity in front of eye,
respectively. Although there is no particular
definition for distance range of intermediate vision,
in the field of ophthalmological optics, a range from
60 cm to 1.5 m in front of eye is regarded as the visual
distance of the intermediate wvision.

(0004)

A number of patents describe different concepts for
optical design of the multifocal intraocular lens
regarding correction of the presbyopic eye. The below
are the examples of the inventions related to the optical
design of a.multifocal intraocular lens applied to the
multifocal intraocular lens including a center zone for
correcting far vision and an annular zone surrounding
the center zone for correcting near vision.

{G005)

Patent documents 1 and 2 describe the multifocal

intraoccular lens having a center zone for correcting far

vision and an annular zone surrounding the center zone

for correcting near vision. When seeing an cbject at far




In this lighting condition, alnost all light is refracted on retina

t hrough the center zone (zone for correcting far vision) of the nultifocal
intraocular lens, therefore, an object at far distance can be clearly seen
by a human visual system (eye, retina, optic nerve, brain). In addition,
in an average lighting for roomor lighting for reading, pupil dilates
when seeing an object at near or internediate distance. Here, the quantity
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resul ting
lighting for reading, pupil dilates when seeing an object

at near or intermediate distance. Here, the quantity of
light refracted on retina by the annular zone (zone for
correcting near vision) of the multifocal intraocular
lens increases. As a result, objects at near or
intermediate distances can be clearly seen.

(0006)

Optical performance of the multifocal intraocular
lens described in the patent documents 1 and 2, is easily
affected by the size of a pupil diameter. For example,
when an aphakic patient after implanted of intraocular
lens to replace the crystalline lens goes out at night,
under a lighting condition with extremely low guantity
of light, his pupil dilates to near maximum diameter.
As the annular zone (region for correcting near vision)
is not covered by the pupil iris, ratio of the annular
zone area to center zone {zone for correcting far vision)
area becomes considerably larger. Accordingly, the

gquantity of light coming from the center zone that is
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ocurments 1 and 2 describe the nmultifocal intraocular lens c
ing the dependency of the optical performance to the pupi

, by a configuration of repetitive arrangenent having the
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intraocular lens capable of reducing the dependency of
the optical performance to the pupil diameter, by a
configuration of repetitive arrangement having the
center zone for correcting far vision and the annular
zones for correcting near vision. A tctal area of zones
for correcting far vision and a total area of zones for
correcting near vision in this intraocular lens are
relatively equal. With & 1lens configuration having these
equal areas, a balance between image qualities of far
and near vision is retained.

(0008)

In addition, patent documents 3 and 4 describe a
multifocal contact lens having a three-zone optical
design. The optics body of this contact lens includes
a center zone for correcting far vision, a first annular
zone surrounding the center zone for correcting near
vision, and a second annular zone surrounding the first
annular zone for correcting far vision. Pupil diameter
in dim or dark environment is larger than in average

lighting condition, here the function of the second
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this optical design for a nultifocal contact |ens, areas of zones for
correcting far vision and zones for correcting near vision are designed by
taking into account the relation between visual distance and |ighting
condition with the size variation of pupil dianeter. (0009) Further,
patent docunments 5 and 6 describe the multifocal intraocular Iens applying
t hr ee- zone lgi]l cal desjign by t aki n% i nto account the relation between

vi sual gé& and's i ]tﬁ?tif‘ﬁg eoAg Ggh W TRt hersifa vaksaeron  8M pupi |

di anet er &aw r}%% the._c ﬁnt er zaone (zone for caorrecting far vision) , the
first anf heCEFoRE SHER fccblf@eéﬂ%lﬁgﬁlalv%’l%c’ca]n%lnﬁhea§éél§nd

annul ar zgone (zone %Or correcting far vision). The range of each zone is
speci fi e andItHfte Oranﬂolrgﬁ'é:%gﬂg of aFheVigdian f Giaf | APRasculrer lens is
t her eby deSIIEngeg Pat ent docunent 1: Gerpan Patent No.3332313Al1 Pat ent
document 2’ af’éht "R6 481365571 Patght YdotteBAe 3°VUS Phtest Note752123
Pat ent docunent 4 %§pane5ﬁ Eatent Laid Open Publication No.62-121419
Patent d&¢cUMERE s: Pateht “RE 51 30519° P&t eftl o lineft &2 @panase

Regi st er ‘id P tent %9%3022 5.Di scI ?lsure of the | nvention
19 1ng con i1on with e size variation of pupil

diameter,.
(0009)

Further, patent documents 5 and 6 describe the
multifocal intraocular lens applying three-zone optical
design by taking into account the relation between visual
distance and lighting condition with the size variation
of pupil diameter having; the center zone (zone for
correcting far vision), the first annular zone (zone for
correcting near vision), and the second annular zone
(zone for correcting far vision). The range of each
zone 1s specified and limited, and lens body of the
multifocal intraoccular lens is thereby designed.
Patent document 1: German Patent No.3332313A1
Patent document 2: US Patent No.4813955
Patent document 3: US Patent No.4752123
Patent document 4: Japanese Patent Laid Open Publication
No.62-121419
Patent doccument 5: US Patent No.5139519
Patent document 6: Japanese Registered Patent

No.2893022




Problemto be solved by the Invention (0010) In the nultifocal intraocular
| ens having three-zone optical design described in the patent docunents 3
to 6 of the aforenentioned patent docunments, the addition power and its
power distribution affect the optical performance nore than the areas or
dianmeter ranges in radial direction of the center zone (zone for
correcting far vision), the first annular zone (zone for correcting near
vision), and the second annul ar zone (zone for correcting far vision).
(0011) For exanple as shown in Fig.ll and Fig.12, in the multifocal

i nt raocul st Qgﬂgggc b%ﬂlé”l%@%rﬂ?lgnt docunents 5 and 6, a first far

zone 103 ce zone correcting far vision is arranged in a center

zone n t|c ne of , an al traocu Ien 100. Al so, an annul ar near
zone 104 ( %BE irs aﬁnufﬁ?Lzone% q?h ?ahgéa %SEbentrlcally out si de of

the first F one 103. Furt her, an annular second far zone 105 (the
second annu zone) is arranged concentrically outside of the near zone

104. Then, po ha I rel at. stant . value.is set on th near zone
104 (the flrsrﬁgnnuﬁafgzone%', ?o g‘raﬁé%:% OQulEYy DH€§“§5 BB n
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pati ent as a proper correctl ng near I on
documents 3 to 6 of the aforementioned patent documents,

the addition power and its power distribution affect the
optical performance more than the areas or diameter
ranges in radial direction of the center zone {(zone for
correcting far vision), the first annular zone (zone for
correcting near vision), and the second annular zone
(zone for correcting far vision}.

(0011)

For example, as shown in Fig.l1ll and Fig.12, in the
multifocal intraocular lens described in the patent
documents 5 and 6, a first far zone 103 (center zone)
for correcting far vision is arranged in a center zone
of an optical zone of an intraocular lens 100. Also, an
annular near =zone 104 (the first annular zone) 1is
arranged concentrically outside of the first far zone
103. Further, an annular second far zone 105 (the second
annular zone) is arranged concentrically outside of the
near zone 104, Then, power having relative constant
value is set on the near zone 104 (the first annular zone),

in a range of 3 to 4 D (2.25 to 3 D in spectacle plane),




the patient. A desired addition power for correcting near vision herein

i ndi cates the power prescribed for the patient as the proper power for
correcting near vision of the patient. Fig.12 illustrates a state in

whi ch the power of constant value 3. 5 Dis set in an entire region of the
near zone 104 in radial direction of the |ens, and a base power, which is
a refractive power of an ophthalmc lens required to enmmetropi ze the eye
of aphaki.c. patient .qr presbyopic eye, is set in an entire region of the
first fair%kg%)ﬁg 103 (ttqh% @éﬁ%?%&ogﬁ& YRe USecBAG SIEF1hB8Ae 105 (a he
second annul ar zone in_radial direction. (0012) However, such
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di stance _(f xanpl 25 to 40, cm.in front_of eye). 7 (0013) |In daily
activiﬂ(iﬁééﬁgeggaéﬁeapaﬁﬁﬁpabrE%lg'12 118ustrates a state in

which the power of constant value 3.5 D is set in an entire
region of the near zone 104 in radial direction of the
lens, and a base power, which is a refractive power of
an ophthalmic lens reguired to emmetropize the eye of
aphakic patient or presbyopic eye, is set in an entire
region of the first far zone 103 (the center zone) and
the second far zone 105 (the second annular zone) in
radial direction.

(0012)

However, such distribution of addition power
having a relative constant value in the near zone 104
of the multifocal intraocular lens 100 described in the
patent documents 5 and 6, provides a shallow depth of
focus of near vision. This is because the near zone 104
having the addition power of a constant value has only
one focal iength for the near vision. The shallow depth
of focus of near vision only provides an appropriate
imaging performance of near distance object placed in
a narrow range of near distance {for example, 25 to 40

cm in front of eye).




di stance that requires near vision such as reading, when an eye see

obj ects at near distances, an eye does not see or focus at only one fixed
poi nt at near distance, but an eye will continuously see many objects at
di fferent near distances fromthe eye. Shallow depth of focus of near
vision causes a difficulty when the eye changes its visual point at near
di stance fromone point to another where their distances fromthe eye are
signific%zilﬁ different, as in the case of conmparing foods on table or

gl anci ng Uhehdl i nes and phot ographs on a newspaper. Meanwhil e, when the
depth of focus_of _near vision L%.deep, the aforenentioned difficulty of
the near visiof% s98dihed @ AhtVatdseiul TEGFPYi st on abui ‘Egosfndwzfrk
confortabl e near vision can be obtained., (0014 Incidentally, in a
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has achi eved a precision of the post-operative
differgnt near'd%stancgs %ro%1t%e eve. Shallow depth of

focus of near vision causes a difficulty when the eye
changes its visual point at near distance from one point
to another where their distances from the eye are
significantly different, as in the case of comparing
foods on table or glancing at headlines and photographs
on a newspaper. Meanwhile, when the depth of focus of
near vision is deep, the aforementioned difficulty of
the near vigsion is solved, and a useful near vision acuity
and a comfortable near vision can berobtained.

(0014)

Incidentally, in a cataract surgery implanting
monofocal intraocular lens, most surgeons will target
a post-operative refractive error between -0.5 to -1.0
D (myopia) to compromise the uncorrected far vision with
near vision. On the contrary, most of the surgeons
practicing multifocal intraccular lens implantation,
will target post-operative refractive error of
emmetropia or a slight hyperopia (0 to +0.5D) to

completely achieve near vision and uncorrected far




refractive error within about 0.5D of the intended refractive error
target. (0015) Thus, in a cataract surgery with nultifocal intraocular

| ens, the surgery is perforned to achieve enmetropia or slight hyperopia.
However, sone post-operative refractive error exists in patients
inplanted with the multifocal intraocular |enses, and sone patients are
affected with nyopia as a result of about 0.5 D error fromthe intended
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confort qf_pg AIE (. Particularly in the multifocal intraocular
| ens of the %gFé§?§d§gﬁﬁ%ﬁ9§§%QF§'e of the aforenentioned patent

docunent s,y 4 pegyoptical performance of the nultifocal ophthalmc |ens
havi ng three-zone optical design is 9 affected by the power distribution

characteristicsg s, a pgundary Jegl on.of Jtypo,adiacent ,zones, or, corfecting

intraocular lens, the surgery is performed to achieve
emmetropia or slight hyperopia. However, some
-post—operative refractive error exists in patients
implanted with the multifocal intraocular lenses, and
some patients are affected with myopia as a result of
about *0.5 D error from the intended post-operative
refractive error. 1In such a patient, even with slight
myopia, the uncorrected far vision may deteriorate and
halo symptom in which light is diffused around a light
source, or glare symptom may appear in a dark environment.
Further, in myopia, a near point is shifted closer to
the eye of the patient, therefore a near distance
interval of the near vision is closer to the eye than
the patient expects, and harms the comfort of near
vision.
(001s)

Particularly in the multifocal intraocular lens of
the patent documents 3 to 6 of the aforementioned patent
documents, the optical performance of the multifocal

ophthalmic lens having three-zone optical design is




visual acuity. In a case of power discontinuity at the boundary of the
center zone (a zone for correcting far vision) and the first annul ar zone
(a zone for correcting near vision)with significant power difference val ue
of power distribution tends to strengthen the bifocal property and weaken
the nultifocal property of the lens. The ophthalmc |ens having bifocal
feature can give a high visual acuity and an excellent imge quality of
far visi near vision, however give a.owvisual acuity and a poor
i mage qua%)lf.Fgg%fecfh Y ﬁ?l& s af e WisSTohP U tAGit h%lf‘?rﬁ(?\ﬁeerr%i?géélﬁt ifuity of
t he power %&tﬂnid%urti on. with si gE(r)\i fi cgnt power difference value may cause
unwant ed- 1 rage 4 unp? pREnSendh® whern 28 Sit s AP B6i /O COERBAEEd T rom f ar
Vi si on tov?ggglvggiuo and ¥i ce versa. . (0017) Meanwhile, adding the
i nt er medi at 8 zonas " (¥ anst Fi ordt S S onts) PREFITN G LSt 7 Frivdttey Fowere f or
correcti interpedi ate vision at the positions between the center
zone andr}:tg%%gﬁﬁrrsyi Oafr;rﬁ%ﬁlgr C?&teelén%ionﬁeg\ﬁe&?rﬁe PEr SCTEfuF a9z & and t he
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power distribution tends to strengthen the bifocal
property and weaken the multifocal property of the lens.
The ophthalmic lens having bifocal feature can give a
high visual acuity and an excellent image guality of far
vision and near vision, however give a low visual acuity
and a poor image quality of the intermediate vision.
Further, power discontinuity of the power distribution
with significant power difference wvalue may cause an
unwanted image jump phenomenon when a visual point is
changed from far vision to near vision and vice versa.
(0017

Meanwhile, adding the intermediate zones
(transitional zones) having intermediate powers for
correcting the intermediate wvision at the positions
between the center zone and the first annular zone and
between the first annular zone and the second annular
zone to a multifocal cphthalmic lens, will improve the
visual acuity and the image quality of intermediate
vision.

Certainly, simultaneous images formed by the
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retina and reduce the imge qualities of far and near imges. |In addition,
actually, in daily activities, internediate vision corrected by the

i nternedi ate zone does not need a high visual acuity level as far vision
and near vision needs. A nultifocal ophthal mc | ens having w de
internedi ate zone area deteriorates the imge qualities of far vision and
near vision. This is because nost part of light energy is used by the

i ntermediate zone distribution of |ight quég¥ for _zone for

. the .
correcﬂrﬁf?gfm%ﬁ%?gﬁ anl ©26re” f or* Cor rett FAg'H i si 6% ecr &ibtd
(0018) Therefore, in. view of fthe cir% nst.ances descri bed above, the
obj ect i ve 6 “ CRICA D] L¥ et BT ANOP SR 93 d 2 et d° &8 TmiMEid ottt dpREhal mi ¢
| ens capabl e.of extending the clearly seen_visual r s of far and near
Visi o iR i R V1 hat ERE Nt BEt 012 S8r GHAd rioh SvPd T 2RS UHo
objectives of this invention are to provide a nultifocal ophthalmc |ens
capabl e of™#@8fcing the possibilities of halo and gl are synptons, and

m nimze the possibility of imge ju phenomengn., .SUMVARY, CF THE
INVENTI ON  (0019) 13936 56 Ve t RE 31bbt &ne. ddbcr Bid Vabovet 1E 5 1St/ aspect
of the p%%%@%mg@qg%éOgigw%gﬁggr%e@yééfé§a%he intermediate zone

does not need a high visual acuity level as far vision

and near vision needs.

A multifocal ophthalmic lens having wide
intermediate zone area deteriorates the image gualities
of far vision and near vision. This is because most part
of light energy is used by the intermediate zone, the
distribution of light energy for zone for correcting far
vision and zone for correcting near vision decreases.
(0018)

Therefore, in view of the circumstances described
above, the cbjective of this present invention is to
provide a multifocal ophthalmic 1lens capable of
extending the clearly seen visual ranges of far and near
visions and improving the comfort of far and near visions.
Further objectives of this invention are to provide a
multifocal ophthalmic lens capable of reducing the
possibilities of halo and glare symptoms, and minimize
the possibility of image jump phenomenon.

SUMMARY OF THE INVENTION

(0019)
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ophthal mc lens, including: a far zone for correcting a far vision; and a
near zone for correcting a near vision, arranged concentrically in an
optical region of the lens, wherein a power distribution is set to vary
progressively in aradial direction of the far zone and the near zone;
power is altered discontinuously to have a stepw se power difference at
boundary between the far zone and the near zone; and further a val ue of

the power diffefengeatat E%engg.?g%rlyem etyeen, e f aéb%&régt and 4.he_pear

zone is not greater than I mum val ue Of an 1 nterne power or

corr ect | ng, gBcknter regl abe od & on. LAZD) - A 550N gsp%ecra?eft ithe, pyesent

I nvention prOV|des t he oca ens (0] I rst aspect

wher ei n Qgg?gﬂaggwgg yahue in, Lhe N6aL. zone is less than an addition power
or

prescribe a patient, 'as a proper” power for correctlng near vi sion of

the patient. » Aothi ro?g gacx#rgétflrﬁeg o] e§g g/fgy .on, brovides the

mul tifocal ophth mc | ens irst or secon aspec efein a region

having a nmean %e\é\@éayalz 21% hat, .- Jc%fz?e@‘ﬁ%{[d ve relatiye tq t,he reference

power is inclu inth ar zon
arranged concentrically in an optical region of the lens,

wherein

a power distributicn is set to vary progressively
in a radial direction of the far zone and the near zone;

power is altered discontinuously to have a stepwise
power difference at boundary between the far zone and
the near zone; and further

a value of the power difference at the boundary
between the far zone and the near zone is not greater
than a maximum value of an intermediate power for
correcting an intermediate vision.

(0020}

A second aspect of the present invention provides
the multifocal ophthalmic lens of the first aspect,
wherein a mean power value in the near zone is less than
an addition power prescribed for a patient, as a proper
power for correcting near vision of the patient.
(0021)

A third aspect of the present invention provides
the multifocal ophthalmic lens of the first or second

aspect, wherein a region having a mean power value that
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(0022) A fourth aspect of the present invention provides the nultifocal
ophthalmc lens in any of the first to third aspects, wherein region of
the far zone next to the near zone has the nmean power value that is
positive relative to the reference power. (0023) A fifth aspect of the
present invention provides the nultifocal ophthalmc lens in any of the
first to fourth aspects, wherein a first far zone is arranged in a center

zone of th Lcal ' .and r..zone_ is.arranged
concent r ilcilyﬁtg&(%g?gﬁ%gtq%ﬁ%trl% g%n&f%gﬁegf???}s 4 &°Y%hel and AndRful ar
second far,_ z i a ged concentrically outside the annul ar near zone.
(0024) Aﬁ%?x?ﬂ%aéig%tgéﬁgThe present invention provides the multifocal
ophthalnipoggg of the fifth aspect, wherein the addition power value of a
regi on of the Zear zone next to the second far zone is |ess than an

addi tion ower. f regi on.of . the near._zone next.to the first far
5 "R EUEEER aBpelt ofe ThatoP e FruBkE i phobraze S5 he

zone. (0025) seven t he "present” I nventio .
SRR Sk ens Bl AR 00 SUI IS RIS el
I ess tha%ﬁf@dpgg%écts, wherein region of the far zone next to
the near zone has the mean power value that is positive
relative to the reference power.
(0023)

A fifth aspect of the present invention provides
the multifocal ophthalmic lens in any of the first to
fourth aspects, wherein a first far zone is arranged in
a center zone of the optical region, and an annular near
zone is arranged concentrically outside the region of
the first far zone, and an annular second far zone is
arranged concentrically outside the annular near zone.

(0024)

A sixth aspect of the present invention provides
the multifocal ophthalmic lens of the fifth aspect,
wherein the addition power value of a region of the near
zone next to the second far zone is less than an addition
power value of a region of the near zone next to the first
far zone.

(0025)
A seventh aspect of the present invention provides

the multifocal ophthalmic lens of the fifth or sixth
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value of a region of the first far zone next to the near zone. (0026) An
ei ght h aspect of the present invention provides the nultifocal ophthalmc
lens in any of the fifth to seventh aspects, wherein the power value of an
outer region of the second far zone is |less than the power value of a
region of the second far zone next to the near zone. (0027) A ninth aspect
of the present invention provides the nultifocal ophthalmc lens in any of

the fifthd0ocel bl Aspechte JUIFLE! Pahle fBa0 POUST, valle Qf Lhe, oyt er

region o sécond far zone'1's negative rélativ 0 € reference power.

(0028) | Bdenibaashect ob o e, present Jayenuion provides, the mijifocal

ophthalmc Tens in any of the first to urth "aspect’s, wher €i

zone 1S GIANGedsl D Re oG & 2908 Pf (LheC ANt 108l TEOLoN, 2pd an, anpul ar
far zone 1's arranged doncentrica | 'y out'si de the regron of “the mear zone.
(0029) An .eleventh aspect of the present invention provides the

mul tifocal ophthalmc lens of the tenth 14 aspect, wherein the power val ue
of the o%Qﬁjzéggion of the far zone is | ess than the power value of the
regi on

An eighth aspect of the present invention provides
the multifocal ophthalmic lens in any of the fifth to
seventh aspects, wherein the power value of an outer
region of the second far zone is less than the power value
of a region of the second far zone next to the near zone.
(0027)

A ninth aspect of the present invention provides
the multifocal ophthalmic lens in any of the fifth to
eighth aspects, wherein the mean power value of the outer
region of the second far zone is negative relative to
the reference power.

{0028)

A tenth aspect of the present invention provides
the multifocal ophthalmic lens in any of the first to
fourth aspects, wherein the near zone is arranged in a
center zone of the optical regiocon, and an annular far
zone is arranged concentrically outside the region of
the near zone.

(0029)
An eleveﬁth aspect of fthe present invention

provides the multifocal ophthalmic lens of the tenth
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of the far zone next to the near zone. (0030) A twelfth aspect of the
present invention provides the nmultifocal ophthalmc lens of the tenth or
el eventh aspect, wherein the nean power value of the outer region of the
far zone is negative relative to the reference power. (0031) A thirteenth
aspect of the present invention provides a multifocal ophthalmc |ens,
including: at |east one far zone for correcting a far vision; at |east one

t |1y i
opti cal TRORBR G TRE" nd TarBPEEK & Hhier OO ST DU TR 16 S071 B vary

n p
progressi Ye I t| of the far zone the near zone; power
i's aJter'%ﬁ%lsgght?ﬁﬁ%usg {E% h% %1%?%pﬁpw§r ?edPngﬂﬁuﬁs%fog
boundary t n far. zone_an the near_ zone; a progressive power
dlstrlbufggn%g' %gneagﬁadﬁ% %lgx%h%ﬁ Vi |n|¥y 5% he boundary between the

far zone apy he near zone has a value close to a maxi num val ue of an
i nternedi ate po&er for correcting an internediate 15 vision at the

boundary; the B %qwzreef%!c%eag%\/e\zecrt %fttrklls?m ; Oge%ft E?‘R‘reng 5.0%1 Brov:Ldes

the multifocal ophthalmic lens of the tenth or eleventh
aspect, wherein the mean power value of the outer region
of the far zone is negative relative to the reference
power.
(0031)

A thirteenth aspect of the present dinvention
provides a multifocal ophthalmic lens, including:

at least one far zone for correcting a far vision;

at least one near zone for correcting a near vision,

arranged concentrically in an optical region of the
lens,

wherein a power distribution is set to vary
progressively in radial direction of the far zone and
the near zone:;

power is altered discontinuously to have a stepwise
power difference at a boundary between the far zone and
the neaxr zone;

a progressive power distribution of the near zone
in the vicinity of the boundary between the far zone and
the near zone has a value close to a maximum value of

an intermediate power for correcting an intermediate
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i s designed to have a nountai n-shaped power distribution, and the maxi num
val ue at a peak of this nountain-shaped power distributionis set to a
power required for correcting visual acuity for seeing an object at the

i nt ended nearest distance or at a readi ng di stance; the progressive power
di stribution of the near zone is a distribution in which power gradually

i ncreases from the boundary between the near zone an the far zone to the

peak of gh@SﬂBHn%gjnﬁﬁgaEQQQQQ%?g.distribution; and the nean power val ue of

the far zone 1s less than r fence power. (0032) A fourteenth aspect
of the present ;i i r:QVJ : L | 1 erein
t he opﬁt hal m (J:Clk%ye%sr}tégagfﬁgégyéa%%aéggislg%‘t%?kgl%%?p(gf It}lq{ué;n%%]gﬁo%%cki ng
dye. A fi.f e h t. in i i.de : | 1] focal
ophi hal 1'6 [one: 2 hey orr the = SO Aarr s T ShE e S bt rer P ohe

fourteentf) Stﬂi?&trﬁaxii%?rﬁ‘n&;%g%g%‘&' %Lg%%gé d# Q?iiﬁ”i%%@ltteadiﬁﬂ%% A ey:-

Advant age of the [nventio ing to the present invention,

r 1 P SEri ' ' to.v rogressively_in ire i on of
gorgr Zo éﬂgﬁ%_éfggggq%gg%fgﬁ rg ig%garrggti%anﬁ%%gre ggggﬂ%%% d%%?% of
focus Ofégyrgb@irbp59gU%¥1§¥uity for seeing an object at the

intended nearest distance or at a reading distance;
the progressive power distribution of the near zone

is adistribution in which power gradually increases from

the boundary between the near zone an the far zone to

the peak of the mountain“shaped power distribution; and
the mean power value of the far zone is less than

a reference power.

(0032)

A fourteenth aspect of the present invention
provides the multifocal ophthalmic lens, wherein the
ophthalmic lens includes an UV-absorber and/or a blue
light blocking dye.

A fifteenth aspect of the present invention
provides the multifocal ophthalmic lens, wherein the
ophthalmic lens in any of the first to fourteenth aspects

is an intraocular lens to be implanted inside an eye.

Advantage of the Invention
(0033)

According to the present invention, a power
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the far zone and the depth of focus of near vision provided by the near
zone can be deepened. As a result, clearly seen ranges of the far vision
and near vision can be extended, therefore confort of far vision and near
vision can be inproved. In addition, according to the present invention,
the possibilities of halo and glare synptons can be reduced, and the

possi bi | diytafibuwagen unp can be vErR B Zegr «Bastv dMge; Lok nCanfwyipg Qut the
I nvention (0034) [A] First enbodinment (Fig.l to Fig.9) Fig.1is a view

i Il ustratéengoanoifntr dacukand amsi aof hemeye £ de, el Ng1aqf Fesk ebodi ment
of an ophthalmc Iens according to the present invention, and Fig.2 is a

view il |Tstratiouge a tResdeedh Lif of othe bt FaeCW: ia9iohepsovaid® se first
enbodi ment of the ophthalmc I ens according to the present inventlon,

wher ei n £hg. 24 A)zdse anSitdee e 1ob ft e chens rhedy r ki 8f othgrbRtiraagul ar
|l ens shown in Fig.1l, and Fig.2(B) is a view fromobject side of the |ens

body 11 lof the hetrmocuharchanbe Befigshed .Fi gs3a $ @ aphcshowing a pover
distribution in radial direction of the lens of the I ens body 11 of the

i ntraocut@en! ersnddsshainthe Hige | vasd dri gaRd k4 bS <& o ewainl lustrating
a depth of focus of the intraocular |ens according to the first enbodi nent
shown i re¥tgnldeahd tHegr@f oeenpanmgrt of far vision and near vision

can be improved.

In addition, according to the present invention,
the possibilities of halo and glare symptoms can be
reduced, and the possibility of image jump can be
minimized.

Best Mode for Carrying Out the Invention
(0034) [A] First embodiment (Fig.l to Fig.9)

Fig.l is a view illustrating an intraocular lens
from eye side, being a first embodiment of an ophthalmic
iens according to the present invention, and Fig.2 1is
a view illustrating a lens body 11 of the intraocular
lens, being the first embodiment of the ophthalmic lens
according to the present invention, wherein Fig.2(A) is
a side view of the lens body 11 of the intraocular lens
shown in Fig.l, and Fig.2(B) is a view from object side
of the lens body 11 of the intraocular lens in Fig.1l.
Fig.3 is a graph showing a power distribution in radial
direction of the lens of the lens body 11 of the

intraocular lens
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with a depth of focus of the intraocular |lens according to the
conventional art, wherein Fig.4(A) illustrates a case of the intraocul ar
| ens according to the conventional art and Fig.4(B) illustrates a case of
the intraocular |lens according to the first enbodinment. Fig.5is a view
illustrating a far point and a near point of the intraocular |ens

accordi nghtQnt e gggf;lqugd%- nt, shal _hnigig.bi%qgiﬁkgjgg%gﬁﬁgﬁigd W th

a a far pornt an near pol nt "of the Tntraocul ar T'ens act t he

conventipnakpant o heseis B . S4A) iiﬂﬂf’§5&@tl%ls‘rl a o £256 AU FBE ity aocul ar

| ens of the conventional art, and Fig.5(B) illustrates a caseof the

intraocullee fepst @i NGnto sttt 118ty egbedhrenti Fi g, 6:b8p8 NUEW
illustrating hal o synptom of the intraocular |ens according Fo the first
enbodi nentthcanpaped wift If hahe o syopeoimefr 4deui atr aeGid alc+erg iageor di ng
to the conventional art, wherein Fig.6(A) illustrates a case of the

i ntraocarthenswfveheicomkensronalwleteiandidFig{A(By lllsstuates a case
of the intraocular lens according to the first enbodi nent. Preferred
enbodi neénht £2%¢ tAE pEdsentinhvenacidami |1ehe descdmbdinper eondéhe by
referring to the drawm ngs. (0035) 18 An intraocular lens 10 shown in Fig.1
and Fi g.2P1%en41AN31 fHERI 2BFhE A M EB) ehslpsk oreacei agse sdaltheacuity

such as .a presb iC e, including a | ens bod
1n€&aocg¥£r ﬁ%ns accordgng to theyfirst embodiment.

Fig.5 is a view 1llustrating a far point and a near point
of the intraccular lens according to the first embodiment
shown in Fig.l and Fig.2, compared with a a far point
and a near point of the intraccular lens according to
the conventional art, wherein Fig.5(A) illustrates a
case of the intraccular lens of the conventional art,
and Fig.5{B) illustrates a case of the intraocular lens
according to the first embodiment. Fig.6 is a view
illustrating halo symptom of the intraocular lens
according to the first embodiment, compared with halo
symptom of the intraocular lens according to the
conventional art, wherein Fig.6(A) illustrates a case
of the intraoccular lens of the conventional art, and
Fig.6(B) illustrates a case of the intraocular lens
according to the first embodiment. Preferred embodiments
of the present invention will be described hereunder,
by referring to the drawings.

(0035)
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11 and a support menber 12. (0036) An optical region of the | ens body 11
has three zones for correcting visual acuity; a first far zone 13
arranged in a center zone of the optical region of the |I|ens, an annul ar
near zone 14 arranged concentrically outside the outer region of the first
far zone 13, and an annul ar second far zone 15 arranged concentrically
outside the outer region of the near zone 14 respectively. (0037) A

plurality of sup ort nmenber hown _i n Fi rotru e fromthe_l ens body
11, are made of $hb“§5ﬁ8cﬂ¥laﬁlf?8ﬁeﬁp et IFd% f?bﬂlﬁh@fﬁgﬁ%¥9a? F the

| ens bod 11. Ea port nmne 12 is pravided for positioning the
opti cal yaeglnBHJBf%PFfé‘ r‘??kbiblagyﬁlf%t i MEnd&P T pBSittitth iViisT @ lor

outside of an_eye of a |lens wearer.  Note that t he support nenber 12 is a
fl ange zdhef&MnEF Cardting Pﬁ?%ﬂﬁ?@épl%ﬁﬁbnlﬁFhﬂﬂﬁ ng WP thedy
ophthalmc lens is a contact f-d is an eyeglass frane when the

opht hal mit! | 8RE i% %Hp89é61d§§m gﬁé £0038) The lens body 11 is described
in detailvpﬁé% A 19 first far zone 13 and a second far zone 15 in the

| ens bod ére zones for correcting far vision, and a near zone 14 is a

region for correctin ear Vvi sion S
9 nop(%c regim1oftheqensbody]J_hasthreezones

for correcting visual acuity; a first far zone 13
arranged in a center zone of the optical region of the
lens, an annular near zone 14 arranged concentrically
outside the outer region of the first far zone 13, and
an annular second far zone 15 arranged concentrically
outside the outef region of the near zone 14,
respectively.

(0037)

A plurality of support member 12 shown in Fig.l1l
prbtrude from the lens body 11, are made of the same or
different material from the material of the lens body
11. Each support member 12 is provided for positioning
the optical region of the lens body 11 at the intended
position inéide or outside of an eye of a lens wearer.
Note that the support member 12 is a flange zone formed
around the ocptical region of the lens when the ophthalmic
lens is a contact lens, and is an eyeglass frame when
the ophthalmic lens is an eyeglass lens.

(0038)

The lens body 11 is described in detail herein. A
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in Fig.3, the power distribution is set to vary progressively in each
entire region of the first far zone 13, the near zone 14, and the second
di stance zone 15, in radial direction. Morreover, power is set to be
altered discontinuously to have a stepw se power difference at the
boundary between the first far zone 13 and the near zone 14 and at the
boundary between the near zone 14 and the second far zone 15. At this

poundary r pbeie ddie POWe! 13 LaS ADLURLIYG TR BOMRY £ o1 1] Duld on.nLunPs

r
fmmaMnmwmnumm%me ower in ar Zone, " to a nm

| nter medial §yPowen Jd) Adige DOR 200G - JOE; N (A § 0 SETBAAL & Rover 1S a

refractive power o ens require or i'ng an object

. . . : | _ . Th [
i AP ET TR 8L Bl RO, 100 XA £y e 205 108 XU 4Bl g an

intermedi ate power is a I ve power o ens

obj ect | agal el gt 2 may [l pter ipdlal e i stance (T o exanpl e 60, 6m 1N

addi ti on, here” "ad i nternedi ate ance refers to a di'stance

i i i nter tance rerers to'a drstance ety
ot ors {8 a AeRr et Ay st oo n PR PR S TSR A KA et mum

refers t ear est ance of "the’in

(T erredial ® Sl ANes TELRLS 10 A ERES A SLanas HnlReLiieml are

di stance.” Furf an internmedi'ate 2 ower refersto a bet ween
a far powgl and; @ ;near. pawer, and D{J}_eegivgirnum ionterrrg%i agetpowgr kggfers
to a | onwest power of%ﬁhe Irnfernedi ate powers, an “'he ©
altered discontinucusly to have a stepwise power
difference at the boundary between the first far zone
13 and the near zcne 14 and at the boundary between the
near zone 14 and the second far zone 15. At this boundary
where the power alters abruptly, the power distribution
Jumps from a minimum intermediate power in the far zone,
to a maximum intermediate power in the near zone. The
-minimum intermediate power is a refractive power of a
lens required for seeing an object located at a maximum
intermediate distance (for example, 1.5m). The maximum
intermediate power 1is a refractive power of a lens
required for seeing an object located at a minimum
intermediate distance (for example 60 cm). In addition,
here, an intermediate distance refers to a distance
between a far distance and a near distance, and the
minimum intermediate distance refers to a nearest
distance of the intermediate distance, and the maximum

intermediate distance refers to a farthest distance of

the intermediate distance. Further, an intermediate
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maxi mum i nt ermedi ate power refers to a greatest power of the internediate
powers. (0039) Further, in Fig. 3, an inner sub-region A of the lens in
the first far zone 13 is set to have a nean power value equal to or |ess
than and negative relative to the reference power. In addition, here, the
reference power refers to a refractive power of ophthalmc |lens required
to emmetr opi ze the eye of aphakic pati ent or presbyopic eye, and is

ot her wi se cal base power . % %fere ce power is used in the
above defd nl?l on %le?eﬁﬁdear R g&’dfet}fo}ﬁe Iii)o@\/e ot BR"6at " %uﬁ regi on

B of thelensmthe ir tfar zone 13 narrel region B next to the near

zone 14 it ThePHist f%P e 1517 R LGS déa art PoOér %Jésgreater
t han and ,positive reI at i ve to_t ref erence base .. The power
di stri buttlpon o? OFFE SUBCFES it pﬁ? le{“t/%ffﬁlgd;b%%? ﬁ’é‘“e?%fefa Fbhower
(base pom at the r adi us, .di stance a radual |y increases to about

the mini lmﬁperlrttatﬁlétng%l%? Bf’wea'&ﬁ%% antea9TER tREF, RH ¢he
second far zone 15, an i nner sub region C of the | ens, nanely
the sub- regl%}ﬁ Clﬁ]e&‘?npgatlﬁe %e%?wezro%e 14 is set to have a nean power

val ue gr $ Lhan 21 and positive relative to the reference power . The
power |str % tion of the sub-region C has a value about the m ninmum

intermediate p?“”tﬁ%rtaghqfig[gaaggelgher‘sub region A of the lens

in the first far zone 13 is set to have a mean power value
equal te or less than and negative relative to the
reference power. In addition, here, the reference power
refers to a refractive power of ophthalmic lens required
to emmetropize the eye of aphakic patient or presbyopic
eye, and 1is otherwise called a base power. The term
reference power 1s used 1in the above definition,
hereunder. In addition, the power of an outer sub-region
B of the lens in the first far zcne 13, namely a region
B next to the near zone 14 in the first far zone 13 is
set to have a mean power value greater than and positive
relative to the reference power (base power). The power
distribution of the sub-region B has a value about the
reference power (base power) at the radius distance al,
and gradually increases to about the minimum
intermediate power at radius distance a. Further, in the
second far zone 15, the power of an inner sub-region C
of the lens, namely the sub-region C next to the near

zone 14 is set to have a mean power value greater than
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gradual |y decreases to about the reference power at the radius distance
bl . Moreover, an outer sub-region Dof the lens in the second far zone 15
is set to have a nmean power value equal to or |ess than and negative
relative to the reference power. The power value at radius distance bl in
the sub-region D is about the reference power. The power distribution of
the sub-region D has a relatively constant power with increase of radius

di stance a(ggggggﬁ)ﬁl%d%léiadéf%“% troe%ggenaccg g)sowg}_,st a Ie Cﬁ?\ﬁe mean

gradual | y decreases as the radius i Stance hcT edses. - Furt

bower o 4, 088 ZOCGES i SEILLO.L VA UE LSS th&Qe?%osd’gegh%dd'tlon

power (3 to out in spectac e plane desired

add'tlonn&%ﬁlg&ew . R BN IPAIL PRYeL 0 o d16s Sibstegion 1 n 108 yleinity

of p0|nt P, ISt power ~ pr escri patlen as’ 3 pr oper

bover . T of, £91LaGY) ng. £eaL Wi sion o Lbe, pal e Thlg gidid)on. poyer is a

power vaI e require readi ng at° Ui st ance cnland ?fers on

pach pallef1nEeRUA L Noe BAS IROEL VT 3 49 ouPe WSl Lhe Rovery pr%SC“bed

for a patien roper OV\BI’ or cor'recti ng near VI S1 O he patl ent

5 about 3 0pAbS, TeaRco0URIo b L sH FEOLaNL Lhe YiEal L o ol nt b

i s about esi gn the powe $t7'buti on

nentione%éﬁgw Eﬁ% ‘ﬁdé@ttxeoBOW%ré”%ké&h&ﬁacﬁegatlve relative

to the reference power. The power value at radius
distance bl in the sub-region D is about the reference
power. The power distribution of the sub-region D has
a relatively constant power with increase of radius
distance (from the radius distance bl to the radius
distance c¢), or gradually decreases as the radius
distance increases. Further, the mean power of the near
zone 14 is set to a value less than the desired addition
power (3 to 4 D; about 2.25 to 3 D in spectacle plane).
The desired addition power herein is the mean power of
the sub-region in the vicinity of point p, and is the
addition power prescribed for a patient as a proper power
for correcting near vision of the patient. This addition
power is a power value required for reading at distance
of 30 to 40 cm and differs on each patient. Generally,
this power is 3 to 4 D. When the power prescribed for
a patient as a proper power for correcting near vision
of the patient is about 3.5D, the mean power of the

sub-region in the wvicinity of point p is about 3.5 D.
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aberration of cornea fromthe center to the peripheral of cornea need to

be considered. Fig.18 illustrates the characteristics of the corneal
spherical aberration. In Fig.18, paraxial rays at radial height of cornea
hn(n =0, 1, 2, 3..., hOis the radial height of paraxial ray fromthe

cornea center) above the visual axis are refracted each to a point in
front of focal point fOinside the eye. The greater radial height of
cornea hn O&Q%)greater point Pn shifts fromfocal fOto cornea side. The
greater I‘('adl al" "hei ght of paraxial ray fromthe cornea center, the greater

this paraxial RN refracted. In_other words, the . refractive power
and spheri cal a%rg%/%gieingﬁb%%ybortn%addelsn%: Iéast}‘?/\,i tﬂ?"f%jé icﬂjc%ﬁ&?% T REi ght

fromthe £oLpea center. él'hert feorer,e ing itvkée corréeal r%fracilieveicgoger and
it the corneal”"Sphefical® aberratiton have'te Rhdract 8rifst PSSt 98scri bed
above, in,order .t.o optim.ze the_optical performances .of the.miltifocal
opht hal m'acbeFgﬁg,l?rheo%oFﬁgéﬁeasp%regfncgl%eabceer?g?iroﬁonzi S Ef%rﬁg%ec%%gi dered
i n desi gniflg a nmulti focgl t%m%gal mc.| g%'ed (0041) How the corneal

t ake

. Q rinea nee o1l . . . .
spheri cal ab8riation T8 n ¥ ntS count, is described belowin

detail by.refepring 10 30 dMLAQCUAI 1803 ristics of the corneal
spherical aberration. In Fig.18, paraxial rays at
radial height of cornea hn(n = 0, 1, 2, 3., hO is the
radial height of paraxial ray from the cornea center)
above the visual axis are refracted each to a peoint in
front of focal point £0 inside the eye. The greater
radial height of cornea hn, the greater point Pn shifts
from focal £f0 to cornea side. The greater radial height
of paraxial ray from the cornea center, the greater this
paraxial ray will be refracted. In other words, the
refractive power and spherical aberration of cornea
increase with the increase of height from the cornea
center.

Therefore, since the corneal refractive power and
the corneal spherical aberration have the
characteristics as described above, in order to optimize
the optical performances of the multifocal ophthalmic
lens, the corneal spherical aberration needs to be
considered in designing a multifocal ophthalmic lens.
(0041)

How the corneal spherical aberration is taken into
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Fig.19 illustrates a state in which light rays are emtted froma |ight
source | ocated at distance of 60 cmin front of a cornea nodel. Ray Lx
made incident to cornea at radial height xI fromthe cornea center is
emtted fromcornea at position x2 then refracted to point Px. Ray Ly nade
incident to cornea at radial height x2 fromthe cornea center is emtted

from cor posi i - n.refracted.t 0J Nt ) described above,
si nce rad(}?ﬁgmi/l% i ?%rggﬁg%t%%jlﬁ bre:l(ﬁ‘ﬁsL?(Z,de%hagloir %V%tel@azrﬁbﬁgr & y2 is

greater ghap,+t-he defpactimes power at x2. Therefore, ray Ly is refracted
to point Py which is nearer to cornea than point Px. As a result, to

clearly see awiapj eoti1ipeistir£xeand spaicht 1By wheed tlpi@ﬁtc%?%i dently
positioned on the retina. Nanely, to position coincidently the point Px

and poi rimi Pyedn fishemr at lfayh § r LR conghticon shown sich ik g. 48, 6 R
refractive power to be added to refract ray Lx emtted fromcornea at
positiomx2ineédonto bE greatenethamwdelrefracti ve power to be added to
refract Ly emtted from cornea at position y2. (0042) As described above,
in this enbodiRentlx thede 2ungdsiariont @ofcohrepetitnaaicsi 4 heh ¢ ogalt pllane of
the optical systemof the cornea and the lens. Fig.20 illustrates

from tlhie cornea center is emitted from cornea at position

x2 then refracted to point Px.

Ray Ly made incident to cornea at radial height x2
from the cornea center is emitted from cornea at position
y2 then refracted to point Py.

As described above, since radius y2 is greater than
radius x2, the refractive power at y2 is greater than
the refractive power at x2. Therefore, ray Ly is
refracted to point Py which is nearer to cornea than point
Px.

As a result, to clearly see an object, point Px and

point Py need to be coincidently positioned on the retina.
Namely, to position coincidently the point Px and point
Py on the retina, from the condition shown in Fig.19,
a refractive power to be added to refract ray Lx emitted
from cornea at position x2 needs to be greater than a
refractive power to be added to refract Ly emitted from
cornea at position y2.

(0042)

As described above, in this embodiment, the
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i ght rays refracted by the cornea and the lens, are focused coincidently
to the retina. As shown in Fig.20, to refract ray Lx and ray Ly to the
retina, an intraocular |ens needs greater refractive power to be added at
radial height a for ray Lx than the refractive power to be added at
radial height b for ray Ly. To refract ray Lx and ray Ly to the retina, a

Lens i s ol aced hebind e Sio1 Aga 538 SNOUR N fidh 22 ¢ TS L5 checause Lo

refract ray Lx and ray Ly to the retina, the refractive po radi al

hei ght & yaisémbe roreas ecothan thesreheactine, paney ab jnadial height b. The
val ue of addition power a at radial hei ght]rl a and (3 atl radléla heei%ght b are

used to risfnactahe keghtactays iy omma dicstaoge aefd 60hemi(dhe, ngarest
internediate distance) in front of the cornea to the retina. Here, a is
t he nmaxifmemyetueodhdindennddi abet peweetdtna adizms siheightnagigndo(3 is the
maxi mrum val ue of internedi ate power at radial height b in the near zone
14. (0043 refigpl Favdsx rat@s ahd i tghtheays tiimem ardiisttaneecuafkrl. 5 min
front of a cornea nodel. In the same way as Fig.19, ray Lx nmade incident
to cornd® Bt TeRIFEITREAGIHE rRIf H3ohiVReP everesocentzddisl ahitaddaflr om
cornea at , position x2 then refracted to point Px. 25 Ray Ly nade incident
to cornds HNF i T Her ght X y2h # Pokll et hef&arafev @ enP R Li & OchEt 2 ddefdr om

cornea %%[¥§é£ggnﬁgaght b for ray Ly. To refract ray Lx and
ray Ly to the retina, a lens is placed behind the cornea
as shown in Fig.22. This is because to refract ray Lx
and ray Ly to the retina, the refractive power at radial
height a must be greater than the refractive power at
radial height b.

The value of addition power a at radial height a
and B at radial height b are used to refract the light
rays from a distance of 60 cm {the nearest intermediate
distance)in front of the cornea to the retina. Here, «
is the maximum value of intermediate power at radial
height a, and § is the maximum value of intermediate power
at radial height b in the near zone 14.

(0043)

Fig.21 illustrates the light rays from a distance
of 1.5 m in front of a cornea model. In the same way as
Fig.19, ray Lx made incident to cornea at radial height
x1 from the cornea center is emitted from cornea at

position x2 then refracted to point Px.
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then refracted to point Py. Ray Ly is refracted to the retina with a
refractive power 5 at radial height b. To refract ray Lx and ray Ly to the
retina, the refractive power at radial height a nust be greater than the
refractive power at radial height b. To refract ray Lx on the retina the
refractive power y at radial height a nust be greater than the refractive

power 6.RdhelLyahueleofirpoi@eny ab ladiméahgtghbda anth Sight Radidlodei ght b
are used to refract the light rays to the retina froma distance of 1.5 m

(the farthestorneteromdtareidi stdnaeddifrbnobbrimce Hf $Hgi¢ardiea o Here, y
is the mnimumvalue of internediate power at radial height ain the first
far zonetli@n ard Sitsethednpoium Mal ue of internediate power at radial

height b in the second far zone 15. (0044) By considering the refractive

pover of corneay Ly greatetratteadicustact Pam ata Motk HSa he £ hgcaddid i on
power of lens or power value at radius a is preferably made greater than

at radi ysoberFor thercaaddilt ironi gawen, of value a of the near zone 14 at
radial height a is preferably greater than the 26 addition power value 3
of the near zane ddfata@dialy hei ghhd hay Ly to the retina, the
refractive power at radial height a must be greater than
the refractive power at radial height b.
To refract ray Lx on the retina the refractive power 84
at radial height a must be greater than the refractive
power 9.
The value of power y at radial height a and 8 at
radial height b are used to refract the light rays to
the retina from a distance of 1.5 m (the farthest
intermediate distance)in front face of the cornea. Here,
Y is the minimum value of intermediate power at radial
height a in the first far zone 13, and & is the minimum
value of intermediate power at radial height b in the
second far zone 15.

(0044)

By considering the refractive power of cornea is

greater at radius a than at radius b, the addition power
of lens or power value at radius a is preferably made
greater than at radius b.

Further, addition power of value o of the near zone

14 at radial height a is preferably greater than the
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Furthernore, the power value y of the first far zone 13 at radial height a
is preferably greater than the power value 6 of the second far zone 15 at
radi al height b. (0045) The optical structure of the aforenentioned first
far zone 13, near zone 14, and second far zone 15 are explained further in
detail. In the intraocular |lens 10 herein, the power distributions of the
first far zone 13, the near zone 14, and the second far zone 15 are nade
on the anterior surface 16 of the intraocular |e s 10, homever t he power

di st ri buti®hs TPt RE Vst orénent iPoREd # Prst 2 F a7 02 Bnk? L Tatkln L 7dhed %, and
second far zone 15 can also be made on the posterior surface 17. (0046)

(1) Near “zone 14 The near zone 14 has a power distribution that IS
progressively altered frompower value a to power value (3 poi nts where

power alters abrtpthgrfirre: ntalt?é?owieéf‘éﬁﬁ-é’r? t/dJ%stfi‘%fﬁJe%fFolﬁaﬁo%?ﬁl? in an
t f t b F d F 3
Fadi Al Gihal 5 THEE Eifel ARy oh B PO TGt T BT O P SBRAr d

convex curve is referably made, mhereln t he addltlon pomer of the lens is
maxi m zed %t uepognt) fh EhR tREFREDVRF dPSS i but #bn R4 RS BR 1&iWard- 27
convex urw§ 5?n ophthal m c | ens can be made having gradual progressive
conflguraﬁt % The nmean power of

The optical structure of the aforementioned first
far zone 13, near zone 14, and second far zone 15 are
explained further in detail.

In the intraocular Iens 10 herein, the power
distributions of the first far zone 13, the near zone
14, and the second far zone 15 are made on the anterior
surface 16 of the intraocular lens 10, however the power
distributions of the aforementioned first far zone 13,
near zone 14, and second far zone 15 ¢an also be made
on_the postericr surface 17.

(0046} (1) Near zone 14

The near zone 14 has a power distribution that is
progressively altered from power value a to power value
B at points where power alters abruptly (hereinafter
referred to as inflection point}, in an entire region
(range from point a to point b in Fig.2 and Fig.3) in
radial direction. In the aforementioned power
distribution, an upward convex curve is preferably made,
wherein the addition power of the lens is maximized at

point p. With the power distribution having an upward
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the sub-region in the vicinity of point p is about the value of a desired
addition power. A desired addition power herein, neans the addition power
prescribed for a patient, as a proper power for correcting near vision of
a patient. The term"the desired addition power"™ is wused in the above
definition hereunder. The desired addition power is a power required for
seeing an object at reading distance of 30 to 40 cm and differs on each

patient. (eneral |y, (i s POWRL1Sh 3159 A Per\then, e, pguer. preseriged for
or o T it

a patient as a proper power correcting near Vvision he pa nt is
about 3. he r., Of : - i i e_ Vi Cinj int p
i's about§%£%dfélT e a 5gg§§ﬁ??o%é§%ﬁga£$gg?§?$ibE%%%nH¥§ﬁgB%%¥F¥£é$fy
descri be rein. . hStri | f . pr.o SSi t t he
region iﬁﬁtlfe&rllgarr rzb(;clncgtq\ﬁﬁi gh%Fi\}g?g{Lh%gs"ppoomgTS%lglﬁa ggldg?s%(rgglg}%lr ytl'lﬁ)iﬁ t he
vicini ty of1 4 Lhg Peasdh Of o Lihe senvexy shapad: curyeqcta ke, hhg v shial
acuity of near vision acuity close to the maxi num visual ~acuity even when

e PR AT B OB B o D VONET a1 BRI PPl (e

progressive part o region in the near zone ers rapidl

moving ¢l ase fo,a agd B ﬁybepé’P%‘Qﬁeir” fﬁiﬁe cpc”é\géc%iil%a(#izpé%%o@i.scﬁ_ucgg e of

the progreSsive paft of this ‘near”zoné S exp ned heréin wth the

Oracy ot ot o L A00ETt AL L Ao o¥fs 10El B0% 8 9pBUGM £L the
used in the above definition hereunder. The desired
addition power 15 a power required for seeing an object
at reading distance cf 30 to 40 ¢m, and differs on each
patient. Generally, this power is 3 to 4 D. When the
power prescribed for a patient as a proper power for
correcting near vision of the patient is about 3.5 D,
the mean power of the sub-region in the vicinity of peint
p is about 3.5 D.

The aforementioned power distribution is specifically
described herein. The power distribution of the
progressive part of the region in the near zone 14 in

Fig.3, has powers changed smoothly in the vicinity of

the peak p of the convex-shaped curve, to make the visual

acuity of near vision acuity close to the maximum visual
acuity even when the pupil diameter changes. However,
the power distribution of the progressive part of the
region in the near zone 14 alters rapidly when moving

close to a and §. The change in the power distribution

curve of the progressive part of this near zone 14 1is
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di stribution curve in the region of the near zone 14 changes froma
positive gradient value at radius a to gradient value of zero at radius p,
and to negative gradient value at radius b. Nanely, the absolute value of
the gradient of the power distribution curve in progressive part of the
near zone 14 decreases when the radius fromcenter O increases fromradius
a toradius p, and the absolute value of the gradient of the power

atoradius p, and ! Lh "
Chet Lot oL Sunke W PEOGT SPELS AR (o 0Ll i 1BE £80C 1+ SAaLRYLRANGES Tho

rom center i ncreases 0 radius he desi gned

pover valug, of. paver  gf Stibuvign In the Thistafar zong 13, the near zone

14, or the second rzoné 15 can be expresse y ‘the

Tz 2 rarr SEEEb Y o BER T Co Bl af SEAR beCF 1t Ralee of CBEsthhce from

+a2r2 +alr fractive power a adius 1 r

I , : - Od f I 1 al
ens center g ol ndex, of Lens zope g Genstant, i Or der of  pglynon a

equati on on’i progressi ve parts of . far
rone g IRATER, SPR B GBS AN SROoRR LR P00 0 U BT
can be exprepsqd By athe Jo11owk g 8IUaN 902 ! N hRe SXATPLE e value
of the gradient of the power distribution curve in
progressive part of the near zone 14 decreases when the
radius from center O increases from radius a to radius
p, and the absolute value of the gradient of the power
distribution curve in progressive part of the near zone
14 increases when the radius from center O increases from
radius p to radius b. The designed power value of power
distribution in the first far zone 13, the near zone 14,

or the second far zone 15 can be expressed by the following

polynomial equation.

[Equation 1]

_ n n-1 n- 2 1
Pm(r)- a,r ta, rota, r Fa.. +a,r” +ar +a,

P: Refractive power at radius r

r: Radius or distance from lens center
m: Index of lens zone

a: Constant

n: Order of polynomial egquation
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of this enbodi ment of nultifocal intraocular |lens having power +21 D
descri bed in paragraph (0061), the power of the progressive part of the
near zone 14 is expressed by polynom al Pl14(r), the power of the
progressive part of the far zone 13 in the center zone of lens is
expressed by polynom al P13(r), and the progressive part of the second far
zone 15, that is the far annular zone in the peripheral of lens is

o hoasoar 5 OFaT SE8Ba0 O o ks S bR on BEY Y 5L 6. Bt it 4
1o 0488647 L ohdss1rs AT eRETEI A adgél;%?’é%cﬁenﬁigé% e
poi nt p reRr eseﬁltqug nyl r%%%rpgtﬁgh%tugﬂ]fﬁ?ghmtg Cn%‘fpm ﬁ_{géglcl A XI rmm

- nhear V|sual aculty a’ wear er

about ofPno &El"alag(%a{tsl O3l f, oL p3. thm f{;ﬂ%t%"e %%eezp”p'é d't?é“at er
ca

under typ 0or ht1 ng conditi on. ther p0|nt p |s preferably

set 1o a pg rté@gea Lgtde £hoses ﬁgtgguae&foﬁsmer 0 3. LbgL e, near

vi sion can e refai néd even Hedaverdge pupil dianet e

smal | er '885 gg&'s"ge ‘%Pc?c‘iih%%tb”o%ht ﬁ'illté‘lafo&@% %E%rxeé‘%%'l%’}eo' 1ol cal

i ghting The or erment i oned required

powver s fOfla%,%%wgpét}e‘zbh% ﬁtdgg%él'x?@dGQnC%'aragraph (0061), the

pewer of the progressive part of the near zone 14 is
expressed by polynomial P1l4(r), the power of the
progressive part of the far zone 13 in the center zone
of liens 1is expressed by polynomial P13 (r), and the
progressive part of the second far zone 15, that is the
far annular zone in the peripheral of lens is expressed
by polynomial P15 (r).

[Equation 2]

P,(r)=5.579271r* - 6.4046047° +1.352660> - 0.172927+" +21.000059
P, (r)=30.8411087* —164.546812r° +312.553124¢° — 247.902804r" +91.932185
P.(r)=0.987169r* —10.0488647° + 38.048551r% - 64.889717r" +62.857009

The power 3.5 D at peoint p represents normal reading
distance of 35cm. To obtain amaximumnear visual acuity
of a wearer, the radial height of point p is set to about
1.5 mm. This value is half of 3.0 mm, the average pupil

diameter under typical 1indoor 1lighting condition.
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in front of eye, for exanple a = 2.0 and 0 = 1. 6 D. Wien the maxi num
addition power is 4.0 D, the maxi num near visual distance is about 30 cm
In this case, as the near zone 14 has all power values for focusing |ight
comng fromthe intended range of near distances, such as range W (Fig.
4 (B) ) from30 to 60 cmin front of eye, the clearly seen range of the
near vision wll be extended. Since objects at different near distances

L I T B P S

descri be tion a nto a

af or ement onegrsgheyh%al (egg %gb\h% eas %Eaﬁn%d |éag tv_rL kel ic%ﬁ?of

f ocused on e reti na. € |ntraocu ens

conventi gnal rt. shqwn_in %h % the i.St tion of the
near zon% 165 %3%%re aFPec e sp r?cgﬁ a éﬁ%ﬂ?%ﬁ g%gpk§pthe

| ens perlgpgéfEr In tgf 5 glstrlgytlon cun) Btgrpowgh |ncr Q%es in

31 the dir6ct1on t olar S perleherap home er, the omer changes

only Wthlfnoré)rgg% 1onéang%y'(§>n %% fi. rgo 1n§ zone, the near zone, and the
ep ffocus  of

second far Zone: “Thds near vision is shallow and
Wil | &ﬁa Iear imge quality only for reading distance (range
W (Fi g. 4(%5 rom25 to 35 cmin front of eye), as an exanple. In addition,

dis 1O the i nt g al g1t ol (e, 1ot enEnL) ned e, 3oL 68 gher ati o

regquired powers for seeing an object at position 60 cm
in front of eye, for example a = 2.0 and B = 1.6 D. When
the maximum addition power is 4.0 D, the maximum near
visual distance is about 30 cm. In this case, as the near
zone 14 has all power values for focusing light coming
from the intended range of near distances, such as range
Wi (Fig.4(B)) from 30 to 60 cm in front of eye, the clearly
seen range of the near vision will be extended. Since
objects at different near distances can be clearly seen,
the comfort of near vision will be improved. As
described earlier, with the condition a > B and taking
into account the aforementioned spherical aberration,
the refracted iight rays can be focused on the retina.
(0048)

Whereas, in the intraccular lens 100 of
conventional art shown in Fig.1ll and Fig.1l2, the power
distribution of the near zone 104 is more affected by
the spherical aberration towards the lens peripheral.

In the power distribution curve, the power increases in
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corneal spherical aberration, when the pupil dianeter enlarges, the
expected visual acuity of far vision decreases in |lens of the conventional
art. In Fig.4, Fig.5 and Fig.6, nuneral 18 indicates the retina. (0049)
In the near zone 14 of the intraocular lens 10 of this enbodi mrent shown in
Fig.2 and Fig.3, the power is set to a value less than the addition power
prescribed for a patient as a proper power for correcting the near vision

f th | o |
Fig. 12, Qi hotigh ¢ he uch %%ﬁﬁsﬁﬁﬁe% VR REap o b S 151

'”Creaseid P E%%ﬁg%% P%f%) hh%é%%%éh%4%ﬁ¥§%ié t? jalypst a

const ant n t € near zone |rrent shown

in Fig.3 tpezgrﬁ:gn han ?%tﬂ% Qeaégég)ncgbel%égonqie%iagpﬁ% ég ha\f val ue

of equal to ofr eés 0 € near poi A) (B))

is a neat %m@%?tgl sar | yosgen Jy Lhenears yLsi an Oél?gﬂl%m]%hﬁ

bei ng neith per opi a nor “myopi a but ennetrop|a ter |ntraocu ar Ien
| ant t
|l antation, et cospl el e oGLvsta) e sns, Agganpoildban

T g RS AR, B B e LR, 1
as an example. In addition, due to the integral effect
of the afcrementioned lens spherical aberration and the
corneal spherical aberration, when the pupil diameter
enlarges, the expected visual acuity of far wvision
decreases in lens of the conventional art. In Fig.4,
Fig.5, and Fig.6, numeral 18 indicates the retina.
(0049)
| In the near zone 14 of the intraocular lens 10 cf
this embodiment shown in Fig.Z and Fig.3, the power is
set to a value less than the addition power prescribed
for a patient as a proper power for correcting the near
vision of the patient. Namely, in the conventiocnal art
shown in Fig.1l1l and Fig.12, although the addition power
of the near zone 104 slightly increases in a range of
3 to 4 D, the addition power is set to almost a constant
value. Meanwhile, in the near zone 14 of this embodiment,
shown in Fig.3, the mean power of the near zone-14 is
designed to have a value ¢f equal to or less than 3.0

D.

(0050)
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enbodi nent. Since the nmean addition power of a conventional art is greater
than the nean addition power of this enbodinent, distance Li between the
near point 3 and the near point 1 is shorter than distance Lp between the
near point 2 and the near point 1. As the near point 3 of this enbodi nent
is not excessively close to the eye, the visual performance of near vision
can be retained. Further, the far point 2 is closer to the eye than the

7 2o SRS, e W LN, RSt 6o, feg-spatien

bet ween the far point 1 I'n the near zone 14

of the i ntyageylar,densyi0 afe hbLs anbodhienls 2nPOWe. f ABOR -G & pover

di stribution near vision 1s greater than the po range of the near

zone 104 10f4 £§ Le0% MO0, 5 DAY 00, AHEpTRARy, LA L Bola 10 & yal ue

| ess than ition p rescri r a patient as proper power

for COfrg)%@gog%f Neal, yi Sl Lnthe AL eRt,, TheLelorocgs shown in

Fig. 6 ( ocal” | engt e near zone 14 |l engthens. Nanely, the

iti i is f f he h.nt lar, 10.
Ther of or &L YT SAL RALE] A"t hr daghoTFe Thom “20n0 A WPIT: bec beased o the

S A AR R R L s 0 0 gl e Sl i

synptoms,; SINCELNS o is the near point 2 (Fig. 5 (A) (B)in the
conventional art, and the near point 3 (Fig.5(B))in this
embodiment. Since the mean addition power of a
conventional art is greater than the mean addition power
of this embodiment, distance Li between the near point
3 and the near point 1 is shorter than distance Lp between
the near point 2 and the near point 1. As the near point
3 of this embodiment is not excessively close to the eye,
the visual performance of near vision can be retained.
Further, the far point 2 is closer to the eye than the
far point 3, therefore the eye with this embeodiment can
see an object between the far point 2 and the far point
3.
(0051

In the near zone 14 of the intraocular lens 10 of

this embodiment, a power range of a power distribution
of near vision is greater than the power range of the
near zone 104 of the lens 100. In addition, the mean

power is set to a value less than the addition power

prescribed for a patient as a proper power for correcting
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clearly seen near point is not excessively close to the eye, the visual
performance of the near vision can be retained. By nmaking the near zone 14
havi ng progressive configuration between radial heights a and p, and

bet ween radial heights p and b, and setting the addition power a at radial
hei ght a and the addition power (3 at radial height b, so that a > (3, the
di stance range of near vision where an object can be clearly seen is

ext ended, ¢ god, Lhe. i,age, of  pbLEL cCan be. Cl early, sesn. at 4 hg L eLing.
art, mean ~ power o

Meanwhil e, In the conventi ona en the € near zone

104 of the; | I I j t | t
of the; %;\2}6%%0)0,” aanc%QLSfl%‘r?n%tﬂbsEf%f L9 eAn¥alue greqler e%l%fél%%ﬁr?rgéct i ng

addi tion po prescri be a pat1ent as a proper power

the near wiskou o 1he,08tan, Lhectocalodorglf . of ot 06 diear, zope 104

is shorter h |"eng i, as shown-in ore, the

posi tfon el ey of ogused, LiLght thal; papses, bt oyl Lhey negr. zane. 464 1s 3¢

closer to the Intraocular [ens and because ut ed

i der _on difieofgH 1348 Lhe assi Pi| Lthos ol chala Apd, 4! ke sywiams W |

increase in t environnent. Irst ar zone_ n ) second
far zone [ Ih%sflfé&u]::qrnsgé% 'I?Flﬁ %?X‘Hihﬁtﬁﬂ%zg%ﬂ%ﬁg-gnﬁ qﬂi??'?gned to
have powers to vary progressively from power at 'i s negative telative to
the referse)%ﬁtg%%ri}loa dark environment. Beside reducing the
possibilities of halc and glare symptoms, since the
clearly seen near point is not excessively close to the
eye, the visual performance of the near vision can be
retained. By making the near zone 14 having progressive
configuraticn between radial heights a and p, and
between radial heights p and b, and setting the addition

power o at radial height a and the addition power [ at

radial height b, sc that a > B, the distance range of

near vision where an object can be clearly seen is
extended, and the image ¢f object can be clearly seen
at the retina.

Meanwhile, in the conventioconal art, when the mean
power of the near zone 104 of the intraocular lens 100
is set to a wvalue greater than the addition power
prescribed for a patient as a proper power for correcting
the near vision of the patient, the focal length Fp of
the near zone 104, is shorter than the focal length Fi,
as shown in Fig.6{(A). Therefore, the position of the

focused light that passes through the near zone 104 is
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positive power y, in an entire region (range frompoint O to point a in
Fig.3) in radial direction. Also, the second far zone 15 is designed to
have powers vary progressively frompower S that is positive relative to
the reference power to negative power in an entire region (range from
point b to point ¢ in Fig.3) in radial direction. The powers y and S
herein are the pomers required for seeing an object at di stance 1 5 min

f f
ront o gj}/%gstrh 8f LSty Zcot.? S ES S‘H% iBg;Sﬁ% %]r uFONGH &3 ¥
or

deepen th ocus o n‘a-c seen ia ge Xi

(Fig. 4(B)) ar, vision I n. the ran m, and
i nprove co%f Jr? fuzi:red |ls? % 0 é%mg ﬁ/e a\/\/%%l ethae% soét‘l rst 1?arszone
103 and tn§ Ee ond nfar one %O%1Q§ t he |n££aocular Iens 10€h§

Fig.11 an 3‘ 125 PP ooher Sdietr 7Bt i"on” vardes F 8- al'tbst '35 constant
and cl ose to.the reference power value , therefore distance range Xp

(Fig. 4(A)e)I1 hFPﬁH§H5FIOM/ depth of focus of far vision where an obj ect can

Do oL car g SETT (f 0T ESUP £ oA TR0 2L R oy L ey fgter than
(0054) Ir]thefﬂgrgoggka%gfwgo%g i%mghéﬁnFig %HKEFlgd Fig.3 is
designed to have powers to vary progressively from power
that is negative relative to the reference power to
positive power y, in an entire region (range from point
0 to point a in Fig.3) in radial direction.

Also, the second far zone 15 is designed to have
powers vary progressively from power & that is positive
relative to the reference power to negative power in an
entire region (range from point b to point ¢ in Fig.3)
in radial direction.

The powers y and & herein are the powers regquired
for seeing an object at distance 1.5 m in front of eye.
The first far zone 13 and the second far zone 15 will
deepen the depth of focus of far vision, widen a clearly
seen range Xi (Fig.4(B)) of the far vision (for example
in the range of 1.5 to 6 m), and improve comfort of far
vision.

(0053)
Meanwhile, in the first far zone 103 and the second

far zone 105 of the intraocular lens 100 shown in Fig.1ll1

and Fig.1l2, the power distribution values are almost
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powers of the inner sub-region of the lens in the first far zone 13, and
powers of the outer sub-region of the Ilens in the second far zone 15 are
set to have a nean power value equal to or less than and negative relative
to the reference power. Thus, the optical power of eye of a wearer of the
intraocular lens 10 can be shifted to the hyperopic side, and this slight

hyper opicof$0a3 t Daeld | @39)s €an d mve the: | spge qg%‘déﬂ/, Qfaf@ Vvision of
the wearer of the intraocular |lens 10. (0055) The tar point 1 (Fi'g.5) is

t he poi ftharefarai distcarcaheraian Bbj ectigan (B )c) earlth sekalhyt he far

Vi si on f a ki c patient being neither hyperopia nor nyopia but

emet ropcfeapggt%f Forﬁqg@?}{”fgrr 7 érfs- Tl %@inoﬁgtjﬁzﬁt Cadpbgcedeard v

crystal lddenl epsr Axhalp POI DL PheaR aRhaki£ o Rat | bej Laafter the
inplantatio% gf rintxraopcular Ieng 18 gggtﬁfs g%%éﬁ?@ehsiggjgﬁggﬁg?:point

3. Thi s tilsahedeeisamsyb-tegifons iof et dimshtf, aanaonemtd r 36 sand wide second
far zone 15 of the jntraocular lens 10 having the nean power value that is
negati ve 't ef afi Vd St9®7the reference power, reduces the nyopi c power of the

patient @Wb§@?fting_the optical power of this patient to the hyperopic
side. In addition, in conparing the focused inmage in Fig.6(A)and (B), the
center imge ah the canvenséonalr 1ahis () sPoeadsnw dgr ot han thg center
| TRge Oggggis of the inner sub-region of the lens in the first
far zone 13, and powers of the outer sub-region of the
lens in the second far zone 15 are set to have a mean
power value equal to or less than and negative relative
to the reference power. Thus, the optical power of eye
of a wearer of the intraocular lens 10 can be shifted
to the hyperopic side, and this slight hyperopia (+0.3
D or less) can improve the image quality of far vision
of the wearer of the intraocular lens 10.
(0055)
The far peint 1 (Fig.5) is the point at far distance
where an object can be clearly seen by the far vision
of an aphakic patient being neither hyperopia nor myopia
but emmetropia after intraocular lens implantation that
replaced the crystalline lens. A far point of an aphakic
patient being myopia after the implantation of

intraocular lens 10 of this embodiment is the far point

3. This is because sub-regions of the first far zone 13
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enbodi mrent (B) , and the center image blurs wider with the increasing
radius fromthe center point. This neans that the conventional art in
Fig.6 (A can not obtain a clear far vision in the center imge and its
peri pheral, nanely wth the first far zone and the second far zone of the
intraocular lens. On the contrary, this enbodinment in Fig.6(B), can obtain
a clear visyal field by setting a nean power value that is negative

rel ative at’HytT'l]ée S B Aovie? En 1ohe ¥ i FBe Aart Zapeuded thenseddnd far
zone and.reduci ng the aforenentioned spherical aberration in the cornea.
As a resﬁjial‘fl%gpgﬁe JfCAR BXEST vB2pSRert valkué st mRIativposielabive ati ve
to the referﬁpce power, can be reduced by the sub-regions having the nean
power valtfed & K&t aF 8NFEYROWRT r el BEAVE & t1Re Mttt eneevwgswert thet he
first far zone 13 and the second far zone 15, and nyopia can be reduced.
Furt her, Pitfet @RFebY offhitgitﬁé’aﬂ ShRePPEHICa hbRPFAY ohit RAtl S iezasas with
the increase of the radial 37 height of cornea can be reduced by the
sub-regi & haVFngYRAHeRe&n SP®r val ue negative that is relative to the
reference power of the second far zone 15. In considering the corneal
spherical aber & i DAY HAR: t A& pORBP ARG yhet FaguRed imade firyst far
zone 13 of t%:z lens. is greferably great_er than the power value 8 at
radius bFitP thePLESShd Bhr Foife 48NEE Y HE'd@RsOT (HdpBeFonventional

art (A)spreads wider than the center image of this
embodiment (B), and the center image blurs wider with the
increasing radius from the center point. This means that
the conventional art in Fig.6 (A) can not obtain a clear
far vision in the center image and its peripheral, namely
with the first far zone and the second far zone of the
intraocular lens. On the contrary, this embodiment in
Fig.6(B), can obtain a clear visual field by setting a
mean power value that 1s negative relative to the
reference power in the first far zone and the second far
zone and reducing the aforementioned spherical
aberration in the cornea.

As a result, a part of an excesive power value that
is positive relative to the reference power, can be
reduced by the sub-regions having the mean power values
that are negative relative to the reference power in the
first far zone 13 and the second far zone 15, and myopia
can be reduced. Further, the effect of corneal spherical

aberration that increases with the increase of the radial
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In the intraocular |ens 100 of the conventional art in Fig.1l1 and Fig. 12,
the power of the first far zone 103 and the second far zone 105 is set to
be the reference power (0 D) . Therefore, the optical power of the eye of
the wearer of the intraocular |Iens 100 can not be shifted to slight
hyperopi c side. The far point 2 (Fig.5(A))is the far point of a patient
havi ng an a,phlgki C eé/e bei ng opia after the inplantation of intraocular

| ens 1001EEFREaRE e R NEE Wedh Ah& FHCHEi Y Bhangubhe s&xtoporaving is
shorter than distance I\/P between the far point 2 and the far point 1, and
t her ef or &€ tHe' P8 AW Sf VR Wear8F2tdfve heh Akt daockf AR tHéIRs 40 shethis
enbodi nent is reduced. Thus, the image quality of the far vision of the
eye of & 9EnERES HOVREI He TRPr 6FEPAn82Eh& PdBsibi-lities of hal o and
glare synptons_in the dark environnment can_ be reduced. (0057) (3) Boundary
of the first far FoMES18STio skgndoafaonBhes i amd ekhe Hicak126ne 14 38
As shown in Fig.3, the intraocular lens 10 has a boundary between the
first fafeiohd-NS RAWCSE Fedhuechet mpdpeRersiy tbeafdtrshffact konepoint),
and the q%n%a% Eet ween the near zone 14 and the second far zone 15
(povers +(3°to"BCat Y FECPEST Do ALY BAFRASF polas e &reger value

di scontinuously to have a stepw se power difference. Accordingly, the
light en r@%;ﬁ%gFﬁétQWbﬁgﬁmﬁmﬁecond far zone 15 of the lens.

(00586)

In the intraocular lens 100 of the conventional art
in Fig.1l1l and Fig.12, the power of the first far zone
103 and the second far zone 105 is set to be the reference
power (0 D). Therefore, the optical power of the eye of
the wearer of the intraocular lens 100 can not be shifted
to slight hyperopic side. The far point 2 (Fig.5(R&))is
the far point of a patient having an aphakic eye being
myopia after the implantation of intraocular lens 100.
Distance Mi between the far point 3 and the far point
1l is shorter than distance Mp between the far point 2
and the far point i, and therefore the myopia of the wearer
of the intraocular lens 10 of this embodiment is reduced.
Thus, the image quality of the far vision of the eye of
a lens wearer will be improved, and the possibilities
of halo and glare symptoms in the dark environment can
be reduced.

(0057) (3) Boundary of the first far zone 13, the second

far zone 15, and the near zone 14
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intraocular lens 10 is used only for the far vision by the first far zone
13 and the second far zone 15, and the near vision by the near zone 14. As
a result, an inage of far vision and an inmage of near vision are clearer
than those of the intraocular |lens having the internediate zone for

i nternedi ate power, and the inmage quality (contrast and sharpness) of the

far vision ands tdigonean rvimsigniganhe i ApLawRd:140058) s Heb ght s0fy
di'sconti nuous power step (power difference) at the boundary between the

first favcunneryvldandethe ceartr zepe ¥4 anbibelBoundary hetween the near
zone 14 and the second far zone 15 has a sufficient power difference for

separating (hevbiegp 06 dait viskeRchiom §hentBOR Of difal ¥hghanon the
retina 18. human vi sual system (eye, retina, optic nerve, an rain)

sel ecti teltywes@esha wégarz dnages eind 8h ek 8ic@h PEaliTREE Of 5NEFE KIS on  as
i nt ended, and does not see both inmages sinultaneously. Nanely, in the

conventiponab at .t heih FRges for meeh 39t by £A6 1t epuRdiate gﬁﬁsr%@” ng

i nternedi ate power (intermediate inmages) superinpose with the inmage of far

vi sion ansabwhhithewsbge tof Raak Vi Sker@ENs8 pdher eQnstd dehed i nages.
Meanwhil e, the lens of this enbodinent has a sufficient discontinuous

power didderemnce lfys separalipgtt herndwge ofabanny sitalr-dngm the i mage of
near vision on the retina, and therefore
intraocular lens 10 is used only for the far vision by
the first far zone 13 and the second far zone 15, and
the near vision by the near zone 14. As a result, an image
of far vision and an image of near vision are clearer
than those of the intraocular lens having the
intermediate zone for intermediate power, and the image
quality (contrast and sharpness) of the far vision and
the near vision can be improved.
(0058)
Height of discontinuous power step {power
difference) at the boundary between the first far zone

13 and the near zone 14 and the boundary between the near

zone 14 and the second far zone 15 has a sufficient power

difference for separating the image of far vision from
the image of near vision on the retina 18. A human visual
system (eye, retina, optic nerve, and brain} selectively |
sees a clear image of far vision or image of near vision
as intended, and does not see both images simultaneocusly.

Namely, in the conventional art, the images formed
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t he appearance of such a m xing of the constructed i nage can be prevented.
(0059) In addition, as shown in Fig.3, both sub-regions next to the near
zones 14 in the first far zone 13 and the second far zone 15 are set to
have nmean power values greater than and positive relative to the reference
power (0 D). Thus, the power difference can be reduced at the boundary

bet ween tihe tie¢ stirfosranend dde anbh e Weak nzonentthnaddadle t Behgundary

bet ween the near zone 14 and the second far zone 15; in this enbodi nent,
the powetintdetherdinseei smagted )0 tuyaktiapgds@ wanger Rl inbkg 22 fAs. a
result, the possibility of an inmage junp phenonenon is reduced, and when a

vi sual fiiedtlohs aahéinged Hoet Meenm=gei BE are HBj eGts Bdn f arh ist ange and
seeing an object at near distance, the confort of vision when changi ng
the visuadn$tehdtoad bemabtai .ned. MeRAHM 118, nceHhe neas zgre i4ihas a
progressive 40 configuration, its mean power value is |less than the

addi ti oremponed mprescrhbed for apofienerds adpseRS t PAWRH: s f Op oGy ecti ng
the near vision of the patient. Thus, values a and (3 are snaller than a

desi r ed cadfif ¢t rem qEowes r s Eplalier i nhy tset tingg & hermear ROVWe! oMakugqf hat is
positive relative to the reference power to power y of the near region in
the firdthd aimzore dS asdrt oripoweh SroftHderetina, and therefore

the appearance of such a mixing of the constructed image

can be prevented.

(0059)

In addition, as shown in Fig.3, both sub-regions
next to the near zones 14 in the first far zone 13 and
the second far zone 15 are set to have mean power values
greater than and positive relative to the reference power
(0 D). Thus, the power difference can be reduced at the
boundary between the first far zone 13 and the near zone
14, and at the boundary between the near zone 14 and the
second far =zone 15; in this embodiment, the power
difference is set to a value in a range of 1 to 2 D. As
a result, the possibility of an image jump phenomenon
is reduced, and when a visual field is changed between
seeing an object at far distance and seeing an object
at near distance, the comfort of vision when changing
the visual field can be cbtained.

(0060)

Since the near zone 14 has a progressive
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near region in the second far zone 15, the intervals of y to a and Qto 5
becone small. Thus, image junp, halo and glare synptons can be m nim zed.
In addition, in the conventional art as shown in Fig.12, the power

distribution is set so that the power is abruptly altered at the boundary
between the zone for <correcting far vision and a zone for correcting near
vision. Nanely, by an abrupt alteration of a curvature at the inflection

poi nt (1 RG)e MhELE croyal uid SpERacq 0L LN { 8L 4ane; Lals Taf, poner. and

curvature sur ce o t he "near zone “for near power eérsect "each O? her,

this | noleets PBaPOLRL {LiAR)c IRY BEEQP, 3, 20YLGE dRNETAL LR, GLRle

Furt her, inn icult to per accorda

af or emeniggned, seLiing, gHouRVere o L 10y 5 ehodi ment, as shewn b Fig. 3. by

setting the nean power~value a or enent i oned- boundary,

o of 2] 08 Sleh SHA YPLULE oS ofiee 100 U posel Bl by of ol are

can be reduced: chimin
Wi | |

. it ner i greBoaf -
be’ given Repetbtar T8CFG 3 bR Prg Do n e B SRR nefY ST e

i ntraocul ar, l.ens power_,of 21 _D. Here, powers at_radius distances a = 1.05
nm and brglfﬁ?ﬁvﬁngpntgﬁ% heEFT e %Bgef?ﬁﬁ% %Pgﬁ&'ﬂ?Fg%'%?erggﬁﬂ%tively.

Al so, po?%g%on in the first far zone 13 and to power 8 of the

near region in the seccnd far zone 15, the intervals of
Yy to o and B to & become small. Thus, image jump, halo
and glare symptoms can be minimized.

In addition, in the conventional art as shown in
Fig.1l2, the power distribution is set so that the power
is abruptly altered at the boundary between the zone for
correcting far vision and a zone for correcting near
vision. Namely, by an abrupt alteration of a curvature
at the inflection point (line) where curvature surface
of the far zone for far power and curvature surface of
the near zone for near power intersect each other, this
inflection point (line) may become a source generating
glare. Further, machining is difficult to perform in
accordance with the aforementioned setting. However, in
this embodiment as shown in Fig.3, by setting the mean
power value at the aforementioned boundary, the
alteration of its curvature becomes smooth, and the
possibility of glare can be reduced. Further, machining

will be easier, leading to an improvement of yield.

41




at radius distances a = 1.05 mMmand b = 1.75 nmin the far zone are 21.60
D and 21.28 D, respectively. Therefore, the difference between the addition
power value a at radius distance a in the near zone 14 of the lens, the
addi ti on power value R at radius distance b in the near zone 14 of the

| ens, the addition power value y at radius distance a in the first far
zone 13 of ér | ens, and addition power value S at radius distance b in
the second ¢ zone 15 of the lens and the base power 0 D are 1.97(=22.97
- 21.0), 1.64(=22.64 - 21.0) 0.60(=21.60 - 21.0), and 0.28(=21.28 -
21.0)D, respeli Fef3mPThe Maltde® PP ueSPad U R 3EaRce W bhteeaivadi us
distances a and b, is the greater addition power that 1is determ ned on the
basi s of 1HeSHBLPdst distance. Wien the val ues of the nearest distance as
the near zone_and, the_radi us distance are set to 30 cmand 1.4 mm
respectively, pgowertat3r éﬁﬁqﬂs“dgstzgncetkle. APEHE IRCWEr 18 DerRPRSANRLS 4. 13 D.
42 \When t@g val ues of the nearest distance as the near zone is set to 35
cm poverr ' FAGTEL O SEENCEEASAPRANH ST s034. 40 B, afEpei sPRWOr D, athe

af orenmenti oned power i s obtained by conmputer calculation of the cornea
nodel and & uﬁp&?‘é&la%@%%ﬁ:&°9ﬁemp‘eﬁ§1€s Bsfovn 15 able 4hasnAagmt he ray

traci ng net hod. S e of invented d lens is designed by nodeling the
9 Zone are E.9$%Pand22.64IL respectively.gAlsoYpowersg

at radius distances a = 1.05 mm and b = 1.75 mm in the
far zone are 21.60 D and 21.28 D, respectively.
Therefore, the difference between the addition
power value o at radius distance a in the near zone 14
of the lens, the addition power value § at radius distance
b in the near zone 14 of the lens, the addition power
value y at radius distance a in the first far zone 13 of

the lens, and addition power value & at radius distance

b in the second far zone 15 of the lens and the base power

0 D are 1.97(=22.97 - 21.0), 1.64(=22.64 - 21.0),
0.60(=21.60 - 21.0), and 0.28(=21.28 - 21.0)D,
respectively.

The value p at radius distance p between radius

distances a and b, is the greater addition power that
is determined on the basis of the nearest distance.
When the values of the nearest distance as the
near zone and the radius distance are set to 30 c¢m and
1.4 mm, respectively, power at radius distance 1.4 mm

is 25.13 D, and p is 4.13 D.
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optical systemof cornea and ray tracing nethod using a wdely sold and
known optical design software such as the optical design and eval uation
program CODE V (registered trademark), a product of Optical Research
Associ ates, and optical system design software ZEMAX(regi stered
trademark), a product of ZEMAX Devel opnent Corporation, USA. (0062) 1In a
| ens made of a terial having different refractive index or an optical
body having di ffETRritesHAbBES A FhRFUBSagre At 4Bstgncgnd sStéie hem sl ightly
from the aforenentioned values. In addition, the values of a, (3, y, and
S al so diF1RF i g‘irﬁt'rytf)r&% tHRr  BPHeneht | 5AEd Ul des taiere t hedl aws i s
designed with different cornea nodel. However, know edge regarding this
exanpl e and ¢ fi & ZerfbodPRENt? cah Be 4@ ied for designing a lens having
paraneters different _fromthe aforenentioned exanples, such as refractive
i ndex, opticalf YodyL SREFE R GhanF4r &R oF s 549topeBEd Ay £ epREIEIT

exanple of Fig.6, Fig.24 and Fig.25 show the results of halo sinulation by
usi ng sofctavg?‘glafl%l\ﬁ&g(,oa/i FHeaﬁ&rtrlﬁ% BPERet e eth e oor tifiahds BSem

respective y F'il . 24(A) .and Fig.25(A) are the results of conventional
arts, an®Fr§e %Eﬁ%&hﬁ‘ﬁ?z@(ﬁ)ﬂbﬁl § HENPekiFtEa Bit k¢ snebetheeht .

Tabl e 1 show the : . .
1s type of invented d lens is designed by modeling the

optical system of cornea and ray tracing method using
a widely sold and known optical design software such as
the optical design and evaluation program CODE V
{(registered trademark), a product of Optical Research
Associates, and optical system design software
ZEMAX (registered trademark), a product of ZEMAX
Development Corporation, USA.

(0062)

In a lens made of a material having different
refractive index or an optical body having different
shape, the values of a, B, y, and & differ slightly from
the aforementioned values. In addition, the values of

o, B, Y, and & also differ slightly from the

aforementioned values when the lens is designed with

different cornea model. However, knowledge regarding
this example and this embodiment can be applied for
designing a lens having parameters different from the
aforementioned examples, such as refractive index,

optical body shape, and parameters.
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paranmeters of an eye nodel of the conventional art and this enbodinent. In
this exanple, a circular object of a light source having a dianeter of 20
cmis located at a distance of 60 min front of the eye nodel having
paraneters shown in Table 1. In areal life, this circular object can be
a traffic signal at night, as an exanple. Light rays refracted by the near
zone of tdeegzhntraocul ar I ens appear as a halo pattern surrounding the
center imge of the light source. Here, halo appears |arger than the
actual image ofs thespeghtf isowcemplheF miaj OssurrQunds 1hg eeqters i mage
constructed by the far zone of the lens. Nornmally, as the nean power of

t he ne@rhéﬁnéh@emslgﬁem@rhaﬂm shiah ol patitcer ro peveresy fortherrd ar ger
and denser, which is induced by the | ower nean power set in the near zone
next to 4HEA¥ar ohk. &H\%rFrBéﬁﬁ pohRRete } heehedi© z4nawmf amise Pemsm,in the
conventi onal | des ter than t ower 44 of the near
zone of'ﬁ%éngﬁéjB f¥h gﬁ?ég?TﬂgpeEgﬁ% ?gégg §1H° FF §524 Tind

Fi g. 25, &f‘ecéh%%noglcg'ﬁhq %agﬁgrn?n@f ¢ £0578f g heaggnmt Ipogk)agl ds 1 arger

than the size of halo pattern of lens exanp as “Shown in
Fig. 25, thadoreaiiees ol ensién e@x%@mﬂle@lrtal aﬁtabpgcqﬁes sienser pihan halo

pattern of lens of this exanple. Nanely, the light intensity of halo
patternrafréamaseofs ahisnergepledsl| essthkandimatnefi drhel hake patt ern of
this embodiment.

In this example, a circular object of a light source
having a diameter of 20 cm is located at a distance of
60 m in front of the eye model having parameters shown
in Table 1. 1In a real life, this circular object can be
a traffic signal at night, as an example.

Light rays refracted by the near =zone of the
intraocular lens appear as a halo pattern surrounding
the center image of the light source. Here, halo
appears larger than the actual image of the light source.
Then, halo surrounds the center image constructed by the

far zone of the lens. Normally, as the mean power of the

near zone becomes greater, the halo pattern becomes

further larger and denser, which is induced by the lower
mean power set in the near zone next to the far zone.
The mean power in the near zone of the lens in the

conventional art, is designed greater than the mean power
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l ens in the conventional art, and with a lens of this exanple, a patient
wll hardly feel inconvenient. Nanely, it suggests that a patient
inplanted with a lens of this exanple will be | ess bothered by halo
synptonms at night than a patient inplanted with a I ens of the
conventional art. (0064) The performance of a nultifocal intraocular |ens
is affected by the configuration of each region of zones for correcting

o v 1S SR BBCP 11 CFELORL 8, 2OBF 11 51O RgLN e 2091 o
O o MUt 1958k Ty 205020 Lenscoan b sppunebu g o dhotpoccvioual acu ty
ccuily W, 9600 L 2102 SL3Lance oo oSl 9 aph S pat e gl =t on
P eSen s 1S4 TIE RLOPE Yol 5 LSl Lonath [ 2 i T exls o ver

and t he nult%foc | ens of_the conventional . art a | ai ned

her eunder™* ( 6@5%|5#Eb%3(§?%§ﬁ:tp?e‘??of§an 3§Sarjenafcfoé?:‘f%8f:l}fri?\{ee agégrture
diameter of Lhe.l g0z and bhe, RURd (JlareLer e 30 SPhaklS BaLhens, Results
Namely, the light intensity of halo pattern of lens of
this example is less than that ¢of the halce pattern of
lens in the conventional art, and with a lens of this
example, a patient will hardly feel 3inconvenient.
Namely, it suggests that a patient implanted with a lens
of this example will be less bothered by halo symptoms
at night than a patient implanted with a lens of the
conventional art.
(0064)

The performance of a muitifocal intraccular lens
is affected by the configuration of each region of zones
for correcting far vision and zones for correcting near
vision in the lens, the addition power, and the power
distribution, and so forth. The optical performance of
a multifocal intraocular 1lens can be shown by a
distance-visual acuity graph showing the relation.
between the distance of object and the visual acuity when
seeing it, and a distance-contrast graph showing the
relation between the distance of object and the contrast

(MTF wvalue}) that represents the image property. In

45




t hese di aneter change are also given. In addition, Fig.7 shows the
configuration of the far zone and the near zone 1in both the nultifocal
intraocul ar lens of the first enbodinent and of the conventional art.
Further, the base powers of both lenses are 21.0 D, and those power
distributions are shown in Fig. 3and Fig. 12. The maxi num addition power
of the near zone of the lens is about 3.5 D in both | enses. Al so, the near
zone of | 5., £podi nEent t idi b , in the
sub-regi%%hfﬁggﬁg viC|ni%§§§F t éggggﬁﬁggh%H§PB§3¥?Q’gﬁé?rggégﬁﬁi,ggnd

ot her su }pgé- : n V h itio I ual to
or |ess ?E%ﬁ%g. b?%C%ggﬁaﬁ?%gég?ﬁgbfeﬁgn%fSgﬂgﬂgbzgg%%¢S%gpggﬁfﬁﬁgg t he
addi tion : - app D_i I - [ of the
near zong%'}gég%gﬁﬁ%ghg?%%éfgﬂﬁﬁgggforé%%ng?gﬁe nggf%é: oreﬁ%gﬁgﬂ§l

eval uati [ e.s [ | del having 46 paranmeters shown in
Table 1 %gg:dg? anégﬂiéhﬁg?%gé%%ggxgﬁg?cal system desi gn sof tware ZEMAX
(registeQ%g16§fadenark) , a product of ZEMAX Devel opnent Corporation, USA.
The eval uation” was nade for each aperture dianmeter (2.5, 3.0, 3.5,and 4.0

) Lhal represgal s e, pURl| o odiane ef gl anaphakd cpatient . phe wyjsua

acuities that "still “can cogni'zed on the i mages o e simulated

visual aguidye ¢hargs MRl €e eVakuahed 10h 40 P8SERe LS pi1 diameter of
an aphakic patient. Results relating with a case where
these diameter change are alsogiven. In addition, Fig.7

shows the configuration of the far zone and the near zone
in both the multifocal intraocular lens of the first
embodiment and of the conventional art. Further, the
base powers of both lenses are 21.0 D, and those power
distributions are shown in Fig.3 and Fig.1l2. The maximum
addition power of the near zone of the lens is about 3.5
D in both 1lenses. Also, the near zone of this embodiment
has the mean addition power of about 3.5 D in the
sub-region in the vicinity o¢f the peak of the power
distribution, and other sub~regions of the near zone have
the mean addition powers equal to or less than 3.5 D.
Meanwhile, the 1lens of the conventicnal art has the
addition power that almost constant about 3.5 D in all
sub-regions of the near zone.
(0066)

Tc prepare the aforementioned graphs for the

evaluation, image simulation with eye model having
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The nean val ue of the highest visual acuities that can be recognized at
each di stance was set as the visual acuity, and the distance-visual acuity
graph (Fig.8)was drawn for each aperture dianeter, in which the horizontal
axi s and vertical axis are distance and virtual acuity, respectively.
(0067) [Table 1] 47 Curvature Conic Thickness Refractive constant radius
(nmm Note 2) (mm index Anterior surface 7. 8 -0. 2 0. 55 1. 37 7 of

3
CoTNea S RS 8L A% oo 22‘9% We@ﬁff@r@ne% Bvyu gﬁﬂre
t I Po f - ..
1 2ocul G ehEnn FORLRLESl WELagh © BPeunadd O bl 3 Brdeidd bl
t Th f.th t f f
P o oca o k) seorCPuli $gh %FPE?%?WL% LB RS TRORE T A, 1 enses
[ the c meweradum at the

f th 0di t
c ISo?p%)h gl 6%%q JSY§ :yaqcé'3 WS eseﬁofo 35h0gBfpture diameter
(2. 4.

center é mul'trfoca
5, 3.0, 3.5,and

0 mm} that represents the pupil
diameter of an aphakic patient. The visual acuities that
still can be recognized on the images of the simulated
visual acuity charts were evaluated on 10 observers.
The mean value of the highest visual acuities that can
be recognized at each distance was set as the wvisual
acuity, and the distance-visual acuity graph (Fig.8)was
drawn for each aperture diameter, in which the horizontal
axis and vertical axis are distance and virtual acuity,

respectively.

(0067) [Table 1]
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Note 2) To reduce the corneal aberration, a conic constant in the anterior
surface of cornea was used in the simulation with ZEMAX. (0068) Further,
to eval uate the distance-visual acuity graph, Landolt ring visual acuity
chart (see Fig.13) showing visual acuity index 0.2 (Landolt ring) to
visual 48 acuity index 1.0 and the eye nodel of Table 1 were used to
sinmulate with Zenmax for each aperture dianeter, the inmage appearances of
visual acuity chart in cases for the intraocul ar lens 10 of this
enmbodi nent and he—rnt+aocutar—+ens Lbb&f‘ll(‘t theconventio |a| art—The
sanpl es of the | mage sinul at ts hi s gﬂe ) fmbl
conventional arf for each d GPFY]%?H& dcangant i nTlgig% é& 'ﬁ}@é 0069)
sﬂ&& sk Q%b an obj ect

Visual acuity of 0.3 or gre USS\MBYUNoes 2 or
up to 60 cmin front of eye (npar viclnn\ R(a\(h)(r (d\ and Table 2

show the conpalArteriortzatfeeen t H2. r 8nge |W- Ol eé?rl y Gseeb’ 5y dn. e§&7 Tilth the

intraocul ar | engfldrfel this| enbodi nent hawgg near visioh vis aI aguity
0.3 or greater clearly seen-byi-an-eye-wtht

i nt raocul ar Iens‘,i,‘:’iff,fﬁ;s“rr c"‘"thE cﬁve&ti ofal a@t havidhg “Qecr | S|3r3\ﬁ $ual
acuity 0.3 or preater for |each.apecture_dianetdr (205, 3[Q, 333 g @#nd 4.0

my . Aperture

Anterior surface of| Note 1) 0 0. 78 11. 517

intraocular lens

Posterior surface | — 3 0. 00 0 18.38]1. 336

of intraccular lens

Retina @ | ———w—ee _— L

Table 1 Eve model parameters

Note 1) The curvature radius of the anterior surface of
intraocular lenses is on the multifocal surfaces of the
intraocular lenses of this embodiment and conventional
art, the curvature radius at the center of the multifocal
surface was set to 12.06 mm.
Note 2) To reduce the corneal aberration, a c¢onic
constant in the anterior surface of cornea was used in
the simulation with ZEMAX.
(0068)

Further, to evaluate the distance-visual acuity
graph, Landolt ring visual acuilty chart (see Fig.13)

showing visual acuity index 0.2 (Landolt ring) to visual
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(0070) [Table 2] 49 Aperture dianeter Enbodi nent exanple Conventional art
(nmm Distance range W Di stance range W 2.5 407-60 297-42 3.0 31-60 28-42
3.5 32-60 27-40 4.0 31-60 27-40 Table 2 Ranges W and W clearly seen by
eyes with intraocular |enses of this enbodi nent and the conventional art
respectively, having near vision visual acuities 0.3 or greater for each

apert ur eachii agt endDO71) 0 AsdShown apoveodB 1Fbg. &) (0) {c) ¢ and Jable 2,
t he di stance range clearly seen by an eye having near vision visual

acui ti esc®. Simnlgreatef ths zendet thancbbat agfrthecconvantitonal ard for
each aperture dianmeter. Under various pupil conditions, in i Nt er nedi at e

d|stanceuna@skap@uﬁhraﬁc@&adbﬂgva@duuﬁl@@uﬂ%@BQﬂ@érﬁoﬁﬁykﬁi§@sa$ozaphak'C
patient with intraocular lens 10 of this enbodi ment can see a near

di st anceclobj dett nooeudast | Y erand 1mor e£cleri by 4188 damaphakifg patjent with
intraocular I|ens 100 of the conventional art. (0072) Visual acuity of 0.5

](c)r g[ ea}iertfsor:aqmzf ed o  19B@I RE aphebj eehvainidi hancea 8@ cm g l.5 min
on Osamples of the 1image simulation results of this
embodiment and the conventional art for each distance
are shown in Fig.14 to Fig.17.
(0069)

Visual acuity of 0.3 or greater is required for
clearly seeing an object up to 60 c¢cm in front of eyve (near
vision) . Fig.8({a) (b) (c) (d) and Table 2 show the
comparison between the range Wi clearly seen by an eye
with the intraoccular lens 10 of this embodiment having
near vision visual acuity 0.3 or greater and the range
Wp clearly seen by an eye with the intraocular lens 100
of the conventional art having near vision visual acuity
0.3 or greater for each aperture diameter (2.5, 3.0, 3.5,

and 4.0 mm}.

(C070) [Table 2]
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50 eye(internediate vision) and an object at distance 1.5 mto 6.0 m(far
vision). Fig.8(a) (b) (c) (d) and Table 3 show the conparison between the
range Xi clearly seen by an eye with the intraocular lens 10 of this
enbodi ment having internediate vision and far vision visual acuities 0.5
or greater and the range Xp clearly seen by an eye with the intraocul ar

| ens 100 of the conventional art having internediate vision and far
vision visual acuities 0.5 or greater for each aperture dianmeter (2.5,

3.0, 3.5, and 4.0 mm. (0073) Emkdfdiient efé}ﬁﬁﬂeure di 2l drfenEidRQOAHENT
exanpl e Con wealiameter My D stance rat ce IaIIH 2115
105- 600 124fm@)0 3.0 104A-6ooD@anG§0'an£e Ws aooﬁﬁéamra ae% 600
1157600 Tahle 3 Ranges Xil and Xp f‘lQ;—\I"!\I seenPy eyes with intragcul-dr
| enses of this entdedli nent hnd the cdavéhtional art respddfidlely having far
vision visual acuidtfes 0.5 or greatlerbf or each japerture 2draeffeter (0074) 51
As shown abjove 1 n3Fpg. 8(a)[b)(c)(d)gsangy Table 3, the di ggamge range
clearly seem by arn gye havimg 31~80 57 ~40

Table 2

Ranges Wi and Wp clearly seen by eyes with intraocular
lenses c¢f this embodiment and the conventional art
respectively, having near vision visual acuities 0.3 or
greater for each aperture diameter

(0071)

As shown above in Fig.8(a) (b) (c) (d}) and Table 2,
the distance range clearly seen by an eye having near
vision visual acuities 0.3 or greater is wider than that
of the conventional art for each aperture diameter.
Under various pupil conditions, in intermediate distance
tasks such as reading and using personal computers, an
aphakic patient with intraocular lens 10 of +this
embodiment can see a near distance object more easily
and more clearly than an aphakic patient with intraoccular
lens 100 of the conventional art.

{(0072)
Visual acuity of 0.5 or greater is required for

seeing an object at distance 60 cm to 1.5 m in front of
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internediate vision and far vision visual acuities 0.5 or greater is w der
than that of the conventional art for each aperture dianeter of 2.5, 3.0,
3.5, and 4.0 mm Results given in Tables 2 and 3 show that for various

di anmeters, the intraocular |ens of this enbodi nent has a deeper depth of
focus of both near vision and far vision. Additionally,
Fig.8(a)(b)(c)and(d) show the distance- visual acuity characteristics of

the interpedia te%?_’ﬂnéh(i;é@% &Dgﬁo%ggt%ﬁrlo%g{eﬁ L85 (%%%g dkggght&ée dbameters

are hi gher than those o conv

dlstancerﬁmf ng%engr@%QE ?Esﬁﬂﬁ§ alFl%:%ﬂH§P?%ﬁggQr ?gTég%gﬁgﬁgggsgonds to

the visual acuity f each aperture dia 57 and

Convent i on ar e e Ehon 10" PRGOS (B oo End Tt €24 n IRTEN t e
MIF val ug, oty 1 Q.05 o1 grteﬁ%ej;ltyg%;Lﬁagsléns1aroe§r§o¢gfvgmggdqmene | mage

quality and vi si ere an ina can ‘be seen

(0076) [ gn ] 32,:Ap¢ ggg %e ggg ar S%S%gn¥%ntlﬁﬂ§g grt %%gﬁ_ Far

dlstance |stance ance nce val ue)

0. 05 CF% 49 & 9 08 gxﬂrgaxg'ru@ng 005 (MTE.val, uealeaél%,l%ewg 49- 60
18

135“-600

an eye with the intraocular lens 100 of the
conventional art having intermediate wvision and far
vision visual acuities 0.5 or greater for each aperture
diameter (2.5, 3.0, 3.5, and 4.0 mm).

(0073) [Table 3]

Aperture diameter Embodiment example Conventional art
(mm) Distance range Xi Distance range Xp
2.9 105~600 124~600
3.0 104~600 134~600
3.5 80~600 136~ 600
4.0 85~600 115~600
Table 3

Ranges Xi and Xp clearly seen by eyes with intraocular
lenses of this embodiment and the conventional art
respectively having far vision visual acuities 0.5 or

greater for each aperture diameter

(0074)
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3.0 120-600 33-60 143-600 30-39 3.5 146-600 31744, 51- 156-600 31-45 60
4.0 121- 000 35-44, 51 ~ 130-6 00 317-39 60 Table 4 Ranges of far distance
and near distance of this enbodinment and the conventional art where MIF
value is equal to or greater than 0.05 in the distance- MIF val ue graphs
shown in Fig.9 (a) (b) (c)and(d)for each aperture dianeter. (0077) From

t he above results, by conparing far distance and near distance of this

embodi rent wi ¢ In 3 henogenvanbenaly a5 upden. (he eqndif | engotrseaial

frequency 50 c/nmthat corresponds to the visual acuit

val ue e- {4, 05 @is%@@é@r)%éégg | 81Lhe ) phrespal dpval ug of Lhe JJpog quality

(contrast and sharpness e an i mage sti can-be seen-by human €ye

i i J i . d i.s. di f. t
seei ng aq&@é%@%oﬁhﬂ&ét%%ﬁ%r@ 3 fa&h'xﬁgggoyggnaiﬂﬂécm%@s @, bave

wi der range th e conventional art an e 1 nmagl ng performance

oo astq S BUORoEE) ) 0SB LoD, o Tl L TepUl ysbomn 1

Sho“’tha%éf“éggﬂtQp%&g&ygﬁjiameter of 2.5, 3.0, 3.5, and 4.0 mm.
Results given in Tables 2 and 3 show that for various
diameters, the intraoccular lens of this embodiment has
a deeper depth of focus of both near vision and far vision.
Additionally, Fig.8(a) (b) {(c)and(d) show the
distance-visual acuity characteristics of the
intermediate vision of this embodiment for various
aperture diameters are higher than those of the
conventional art.

(0075)

Further, the distance-MTF value graph for spatial
frequency 50 ¢/mm that corresponds to the visual acuity
of 0.5 for each aperture diameter (2.5, 3.0, 3.5, and
4.0 mm) was obtained. Results of comparing this
embodiment and the conventional art are shown in
Fig.9(a) (b) (c¢) {(d} and Table 4 in which the MTF value of
0.05 or greater was used as the threshold value of the
image quality (contrast and visibility), where an image

still can be seen.

{0076) [Table 4]
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of the near vision and the depth of focus of the far vision
enbodi nent are deeper than the depth of focus

depth of focus of the far vision

in addition to the aforenenti oned met hod
to absorb bl ue
stinulus |ight conponent,
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t he
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t he
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Table 4
Ranges of far distance and near distance of this

embodiment and the conventional art where MTF value is
equal to or greater than 0.05 in the distance-MTF value

graphs shown in Fig.9 (a) (b)

(c)and(d) for each aperture

diameter.
(G077)

From the above results, by comparing far distance

and near distance cof this embodiment with the

cenventional art under the condition of

spatial
frequency 50 c/mm that corresponds to the visual acuity
of 0.5, at MTF value ef 0.05 or greater which is the

threshold wvalue of the image quality {contrast and
sharpness)where an image still can be seen by human eye
seeing an object and its background, this embodiment was
found to have wider range than the conventional art and
favorable imaging performance (contrast and sharpness).

In
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preferable. (0079) Preferable exanples of colorant described in color
index (Cl) are; oil soluble dyes such as CI solvent yellow and Cl sol vent
orange, or disperse dyes such as ClI disperse yellow and Cl di sperse
orange. The colorant other than the aforenenti oned exanples may al so be
acceptabl e, provided that it has good conpatibility with the |ens
material. (0080) As yellow sh colorants, Cl soI vent yellow 16, CI sol vent

yel | ow Z%dght%%yent %8l o, 33, Glg sol yant éégwtfl CLnsQlyvent ; yel | ow
56, Cl solvent yellow 77, CI sol vent yellow 9 | sperse yeIIow3 etc,

are given; gAddid) Ly, (@5 yeld brown ol or Cl solvepf .yel | ow
14, C sol%/ent qyeI P%ﬁ 4 C1 sol \glglr]ft%h %)I ow 105, a.ga sol vent” yel %W 110,

Cl sol ventryebhQW d12n o LCh 3] 2 f@tco sb'gwo%l{éha@ +3Q W %g;rty%f%oé&é etc,

are given. Further, as orangis orants, sol vent ange

sol vent foi%g?e% aLC'mssoiaﬁrgnar@?a% %fsf%alﬁetofoa@@ ¢ i ool vent
e di

orange 80, ClI solvent orange 86, I sperse orange 4 are given. As

particul ar# yrpuef %@balwﬂ agts %ég@r aharenentl Qﬂee&tﬁ%%r Y Sy sC

sol vent yell ow 93
of the near vision and the depth of focus of the far vision

of the conventicnal art.
(0078)

Further, in addition to the éforementioned method
for reducing halo and glare symptoms, to absorb blue
light component £from near-ultraviolet which 1is the
stimulus light component, an ophthalmic lens is colored
and/or is made to have UV-absorbing capability by adding
colorant and/or‘UV—absorber. Thus, reduction of halo and
glare symptoms is achieved.

In addition, human crystalline lens is known to turn
vyellowish with aging, and when a transparent lens is
implanted after removing the crystalline lens, the lens
provides a suppressive effect for cyanopsia, being a
chromosomal due to difference in color between the
transparent lens and the human crystalline lens, change
of a color perception, deterioration o¢f contrast
sensitivity, and an impact of the UV-ray on retina.

Moreover, elution of the colorant and UV-absorber
used in coloring, is preferably minimized or to none from

the ophthalmic lens. Therefore, reducing the contents
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solvent yellow 44, Cl solvent yellow 16, C solvent vyellow 77, C disperse
yellow 3, etc, are given. This 1is because they are conpounds, w th nmaxi mum
absorption wavel engths set in a range of near 350 to 400 nm Nanely,

t hese col orants have absorption of visible light from 400 to 500nm and
have an advantage of sinultaneously absorbing the light from 300 to 400

nm a UV-absorbing range of the crystalline lens. (0081) In addition, as

the desi pable reachivencoloranty o ARYAZol 005 Psed fiopot | ue welikay dye

expressed by (fornula escribed i n Japanese Patent Laid

Publ i cat £g NpeL0- 1053241, 8ch AqPYrAZOl Ane: basarl vkeagt Lue e expressed by

(formul a described in apanese ent I cation

hb.ZOOO-gggggg% gTﬁh?tES ngag %¥%gflﬁﬁ%reT@H§(Wﬁ§£9£§§1ar Scoggi ed with

a material o tifoc mc lens and are not elute romthe

l ens. In,t ing fornmula, X illustrates a phenyl group or a 4-al kyl
phenyl g?o%g?ip%ég%%ula 1] 56 Formula 1 1133 [Formula 2] xl~

(0079)

Preferable examples of colorant described in color
index (CI) are; oil soluble dyes such as CI scolvent yellow
and CI sclvent orange, or disperse dyes such as CI
disperse yellow and CI disperse orange. The colorant
other than the aforementioned examples may also be
acceptable, provided that it has good compatibiiity with
the lens material.

(0080)

As yellowish colorants, CI solvent yellow 16, CI
solvent yellow 29, CI solvent yellow 33, CI solvent
vellow 44, CI solvent yellow 56, CI solvent yellow 77,
Cl solvent yellow 93, CI disperse yellow 3, etc, are
given.

Additionally, as vyellowish brown colorants, CI
solvent yellow 14, CI solvent yellow 104, CI solvent
vellow 105, CI solvent yellow 110, CI solvent yellow 112,
CI solvent yellow 113, CI solvent yellow 114, etc, are
given.

Further, as orangish colorants, CI solvent orange
60, CI solvent orange 67, CI solvent orange 68, CI solvent

orange 79, CI solvent orange 80, CI solvent orange 86,
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CF} MIOM X Zlyco ?1MFa-B K; u3 03C. (0082) In the multifocal
ophthalmc lens of this enbodinent, by using the UV-absorber together with
the colorant, arbitrary adjustnment is possible so as to absorb |ight ray
in arange from300 to 400nm As such a UV-absorber, 57 (1) Benzotriazole
group 2-(2'-hydroxy-3'-tert-butyl-5"-nethyl phenyl)-5- chlorobenzotriazole
(TINUVIN 326 by Cl BA-CGElI GY Corporation)

2-(2' - hydr thy. Ybenzatr, TINUWIN P by Cl BA-GEl GY
Cor por at ?&ﬁ;gﬁé%%%é;déggg%é M dlgtréér f&%{&t@& phenyl ) benzotriazole (TINUWIN

320 by Cl BA- GEAQY PPE%‘:@J‘Q £ 1 T
2- (2" -hydroxy3', g%%tert buty}%heﬁre era'Ioroﬁg%zgrag}lzzo?e(TlNUVIN 327

by Cl BA- GEl G hRqr d9Mco1 t CI t 11 I
> (3 Sy gxy%@ Ae@leqlorants ) CT solvenc vellew @3 GL,

Cl BA- GEl GY 1 Qpéﬂ?ﬁ ?ébﬂ‘%w( 24 Be@:ZPpQSlgfr?egl gléqlgw‘l‘l ¢l hyar 0%‘&69%%49&3“6”0”3

2- hydr oxy- 4- net enzophenbne oct oxybenzophenone
yellow 77, CI disperse yellow 3, etc, are given. This

is because they are compounds, with maximum absorption
wavelengths set in a range of near 350 to 400 nm. Namely,
these colorants have absorption of visible light from
400 to 500nm, and have an advantage of simultaneously
absorbing the l1ight from 300 to 400 nm, a UV-absorbing
range of the crystalline lens.
(0081)

In addition, as the desirable reactive colorant,
a pyrazolone-based reactive yellew dye expressed by
(formula 1) described in Japanese Patent Laid Open
Publication No.1l0-195324, and a pyrazolone-based
reactive dye expressed by (formula 2) described in
Japanese Patent Laid Open Publication No.2000-250256.
This is because the aforementioned dies are combined with
a material of the multifocal cophthalmic lens and are not
eluted from the lens. In the following formula, X
illustrates a phenyl group or a 4-alkyl phenyl group.

[Formula 1]
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2- hydr oxy- 4- dodecyl oxybenzophenone 2, 2'-di hydr oxy- 4- net hoxybenzophenone
2, 2" -di hydroxy-4, 4' -di net hoxybenzophenone
2- hydr oxy- 4- met hoxy- 5- sul f obenzophenone (3) Salicylate Phenyl salicylate
p-tert-butyl phenyl -salicylate p-octyl phenyl salicylate are given. (0083)
58 Also it is possible to use, a reactive UV-absorber having a chem cal
structure partially simlar to that of the aforenenti oned UV-absorbers,
and having a part copolynerizable with a nononmer applied for a base
material of the intraocular |ens. For exgnple, UV-absorbers conposed of

| or obenzotri azol e, and

2- hydr oxy- 4- acryl yl oxyet hoxyb&hzophenon

2- (2- hydroxy- 4- met hacryl oyl oxygt hoxy) - ?§

benzotri az Le C nd shown i {tPor a 3) descri@e&x?p"jpaanese Pat ent
Laid Open QCat) (Ve 11045, ef erabl e, SO0, as the other
benzotri azol e- reactive Wzabbkorber, the readtive UV-absorber having
the follow ng structural for a shown in (fornmula 4) described in

Japanese Patent Laid Open E§gﬁication No. 2000- 290256 is preferable. In
the formula, X indicates a hydrogen atom hal ogen atom

[Formula 2]

S, ﬁ N --4( T J

WMPO-H < X -

IBPO-M 1 X 5 H;C@'
HiG =

IMPC-B1 X H:,C{,"“é_}
B,C

(0082)

In the multifocal ophthalmic lens of this
embodiment, by using the UV-absorber together with the
colorant, arbitrary adjustment is possible so as to
absorb light ray in a range from 300 to 400nm. As such

a UV-absorber,
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C to &4 alkyl groups or d to C4 al koxy group. [Formula 3] NOon r Tq f

[Formula 4] 59 sa 2 r IIr f"~~\J""CE CSIGiallCH- /) [':li1~AiZ ~/~
CYPT k73[" -ilk O :1 ~" "l5ur-JIt'jVvV -4 ~1.M:: DES ok 4f 1130 f:Slg
T#,~ 31L1 , " - ~411V- Cl0Ol ()H74 N H ( Ff ii,43[fly CH Fla

13CtEICM) OL (0084) As a transparent lens material used in the
ophthal mc lens having a nmultifocal structure of this enbodinent, for

exanpl e, g har@eggloytryelraggg%rlgq_louﬁnd a hydrophilic and hydrophobic soft
pol ymer material are

2-{2' -hydroxy-3'-tert-butyl-5"-methylphenyl)-5-
chlorobenzotriazole (TINUVIN 326 by CIBA-GEIGY
Corporation)

2- (2’ -hydroxy-5’-methylphenyl)benzotriazole (TINUVIN P
by CIBA-GEIGY Corporation)
2-(2’ -hydroxy-3',5"-ditert-butylphenyl)benzotriazole

(TINUVIN 320 by CIBA-GEIGY Corporation)
2-{(2"-hydroxy3’,5’ -ditert-butylphenyl)~5-chlorobenzo
triazole (TINUVIN 327 by CIBA-GEIGY Corporation)
2-(2'-hydroxy~3’,5'-ditert-amylphenyl)benzotriazole
(TINUVIN 328 by CIBA-GEIGY Corporation)

(2) Benzophenone group
2,4- dihydroxybenzophenone
2~hydroxy-4-methoxybenzophenone
2~hydroxy-4-octoxybenzophenone
Z2-hydroxy-4-dodecyloxybenzophenone
2,2"-dihydroxy~4~-methoxybenzophenone
2,2"'-dihydroxy-4,4’-dimethoxybenzophenone
Z-hydroxy—4-methoxy-5-sulfobenzophenone
(3) Salicylate
Phenyl salicylate
p-tert-butylphenyl-salicylate
p-octylphenyl salicylate
are given.

(0083)
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given. The hard polyner material is not particularly 60 limted if it is
mai nl y conposed of nethyl nethacrylate, and the hydrophilic soft naterial
is not particularly limted if it is mainly conposed of 2-hydroxynethyl

nmet hacryl ate, and the hydrophobic soft material is not particularly
limted if it has rubber elasticity and has characteristics as a soft |ens
material. As a silicone-based naterial, one-conponent and two- conponent

type Iiquid sildgope; tubbepouhaty eures byo cgndensati oo god anadgitl on

reaction, can be given, as an acrylic'materi or exanp ., net hyl

met hacr ylat lngnda 'Qﬁgmﬁ*&aﬂ‘ @EHJ@&&O% Wgyﬁqa\d@&e (ﬂnfyg%' A i@k e,

n- hexyl acryl at n-octy acrylate nonyl acryl ate | auryl acrylate,

stearyl acyy! at.g, azfﬁf{é% YneABLAACIYL AL S e nygn@tm}ge'ggg#?wy'

net hacryl ate, steary acry at'e, etc) can be given ymer

obt ai ned dy. 6opoloues E!l%g iney of oremeatlonsd, e cogponents. under

exi st ence o i ng agents thy ene col dinethacry E) e,

arylmet NARYLan e O MBHAY| O) PEQBANRL 1L TRLNACT VB € ex LS RS POSSIDL e 1o

use. ens nateri one |nd or two ki nds é long chain

| at _ t d, th referable glass transition
acryl at e gy %?Egg%fé@é‘ %o@rﬁ?o%’ég 3déMt P g Tl

t enper at ure | ess ion, as the nononer copolynerized wth
2-hydroxy-4-acrylyloxyethoxybenzophenone,

2-{2-hydroxy-4-methacryloyloxyethoxy)-4-
chlorobenzotriazole, and benzotriazole compound shown
in (formula 3) described in Japanese Patent Laid Open
Publication No.08-311045, are preferable. Also, as the
cther benzotriazole-based reactive UV-absorber, the
reactive UV-absorber having the following structural
formula shown in (formula 4) described in Japanese Patent
Laid Open Publication No.2000-290256 is preferable. 1In
the formula, X indicates a hydrogen atom, halogen atom,

Cl to C4 alkyl groups or Cl to C4 alkoxy group.

[Formula 3]
HO, OF
N I
&ca;c&cn,ocnz—-@-ll
X

[Formula 4]
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met yl net hacryl ate, nononers such as fluorine-containing acrylate and
fluorine-containing nethacrylate can be 61 selected. (0085) As an exanple
of the multifocal ophthalmc Iens of this enbodi nent, 1.5w % of
UV- absorber T-150 and 0.02wt % of reactive yell ow dye HWO H contai ned in
t he conpound of a general fornula (1) were added to a m xture of
n- but yl acryl at e( n- BA) 42 g phenyl et hyl nethacrylate (PEMA)52 g, perfluoro
octyl et hyl ‘%gy propyl ene 2t hacryl at HRM 5131HP) 8 g, ethylene glycol

a

di met acryl A%g, ahd ALBN 0. 3% g, the 't'ﬁ"e m xture was
sufficiently $tirrpd yhi f | oy~ ILICIH GaE, §as, §-F=réTobt ai ned
pol yneri zabl e Hal-erTaf wa ced into a poly | ene (PP) resin nold for

opht hal m c | ens, mhlch was then heated froma roomtenperature to 60C for
30 mi nut es, held for 12 hours atv8pC, heated from60C to 90C for 15

m nutes, then held for 3 hours at 90C, heated for 15 mnutes from90C to
100C, held for 12 hours at 100C, and thereafter thermally polynerized
based on a pol ¥&€ri zati on programin which the tenperature was naturally
decreased to roomg €if eratbhgf obtained polyner was cut, to formthe
mul tifocal ophthgfmc of thils enbodi ngnt. Light transnittance

measur enent (Esanl I opht halmc lens, and a |ight
transm ttance obfal ne frg##‘ith;’g ﬁ

IO 3 c il
T-i54
H
1\ ! on Free
ii;{‘y-— v"’f DCI’{;("H["[I;G(.H; \ H=CH;
~cp,OH 3 f
M
CVFTL
iigr’

f/_\-- T

N T Of'HMﬂi:{}{ H;‘( U=y
Uyt Hg{.‘(} [[ f)—

C¥YPIRD
(0084)

As a transparent lens material wused 1in the
ophthalmic lens having a multifocal structure of this
embodiment, for example, a hard polymer material, and
a hydrophilic and hydrophobic soft polymer material are
given.

The hard polymer material 1is not particularly
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val ue of 10 | enses as shown in Fig.23(A). Further, the nultifocal
ophthalmc lens of this exanple was fornmed 62 by excluding the reactive
yel |l ow dye fromthe aforenentioned conposition. Thus, the |ight

transm ttance curve was obtained fromthe nean value of the transmttance
of 10 nultifocal ophthalmc lenses (Fig.23(B)), then conpared wth the
light transmttance curve of the lens containing the reactive yell ow dye.

Here, Fi g 23; desCribes ag . GoRAIAI VE-EXaR! &0 b8 1d G Lransni ttance
al (‘Gtatio 0 S

of the human crys ine |l ens n: "Sour cé uman cry &t 1T he | ens,

Lo, 3 1.SSI f l.ar. ia" | t. t hal nol
1776 o I85, * 1esy aePRILES) PO gr%%“‘?%?é%slﬂ%?iﬁég ur??fg;lla%fmil v
| d Ni - : t th [ t [ t
et on_of ABbUAR o VI des e dbbrada CRRRs o fier  trawehi MRSt ve (

i i [ i I h allj, I
u5Tng (ngseRthn Vel QUG IS Rt slasee |08 ED.Goretal e | o

[=F
curve than t e’ cur ntai ni ng ~onl

rve : L f | | i ah f 500. t 00
UV-a Sor?’%{%%?BGla%n]tw%ll‘th%gﬁl 1'fF QM Raléeru'b%er € gg%lCltg%nsaOI?%i}ba%nm a

stinmul us-l conp 0~ and ‘glrare synptons, Was o]

realize rc%dé’f%%?%rioétfélso asr'1dagls%rf¢sC sy%’r}gi;sorrrr:gabtdéygg%@ [ B] Second enbodi nment

(Fig.10) Fig. i'saviewillustrating Iens of an intraocular |ens

of the second %yx%“gﬁﬁ%c&%egwggg%nh%terial, one-component and

two-component type ligquid silicone rubber that cures by
condensation and an addition reaction, can be given, and
as an acrylic material, for example, methyl methacrylate

andlongchainacrylateornmthacrylate(n—butylacrylate,
n—hexylacrylate, n-octvylacrylate, nonylacrylate,

laurylacrylate, stearylacrylate, 2-ethylhexyl

methacrylate, nonyl methacrylate, lauryl methacrylate,

stearyl methacrylate, etc) can be given.

The copolymer obtained by copolymerizing the
aforementioned main components under existence of
crosslinking agents (ethylene glycol dimgthacrylate,
arylmethacrylate, trimethylolpropane trimethacrylate,
etc)is possible to use.

As the soft lens material, one kind or two kinds
of the long chain acrylate orlnethacrylate are used, with
preferable glass transition temperature of 30°C or less.
In addition, as the monomer copolymerized with
metylmethacrylate, monomers such as fluorine-containing

acrylate and fluorine-containing methacrylate can be
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| ens according to the present invention, wherein 63 Fig.10(A) is a view
fromobject side, and Fig.10(B) is a graph showi ng the power distribution
inradial direction of the lens. (0087) The intraocular |lens 30 of the
second enbodi nent includes a |l ens body 31 and support nenbers that are not
shown, and near zone 32 is arranged in the center zone of an optical
region of the I ens body 31, and an annular far zone 33 is arranged
concentrigcal Ly side the region of the near zone 32. (0088) The near
zone 32 is a region for correcting the near vision, and the far zone 33 is
a region @@@qurrecting the far vision. In addition, in these near zone 32
and the far zone 33, the power distribution in the entire region in

radial directigp Gﬁ%@&ﬁb&%"% 3% d S PI{ ARG, ) | ﬁt?é’i&ﬁé .rlo{?lgo%?t 0 to

point d, and the far zone is arranged in a rarige frompoin 0 point

e shown iﬂhigi&nﬂrgg?r%eﬁ DIPQW%SB%%%E%%‘%QP?V%Q tsrbea?l%?br! d’!wﬁ]?;‘rjs of

.. 1
near vision provi y the near zone e depth of focus o

Vi sion prawided by Jhe Lo gonge Akiase exbaRdadoAn AdChLI AN RREE 1S

altered I sconti nuou at 't oundary {(poi nt i ween

the near zong %%1@@9 theef ok, aane (33 WheLE tNeqe gt G g€ poVef A TLgrence
bet ween near p r-of t he nhear
n-butylacrylate(n-BA)42 g, phenylethyl methacrylate
(PEMA) 52 g, perfluocro octylethyvloxy propylene
methacrylate {HRM-5131HP) 8 g, ethylene glycol
dimetacrylate (EDMA)5 g, and AlBN 0.33 g, then the
mixture was sufficiently stirred while flowing nitrogen
gas, and the obtained polymerizable material was placed
into a polypropylene (PP) resinmold for ophthalmic 1ens,
which was then heated from a room temperature to 60°C for
30 minutes, held for 12 hours at 60°C, heated from 60°C
to 90°C for 15 minutes, then held for 3 hours at 80°C,
heated for 15 minutes from 90°C to 100°C, held for 12 hours
at 100°C, and thereafter thermally polymerized based on
a polymerization program in which the temperature was
naturally decreased to room temperature. The obtained
polymer was cut, to form the multifocal ophthalmic lens
of this embodiment. Light transmittance measurement
was performed tc this multifocal ophthalmic lens, and
a light transmittance curve was obtained from a mean

value of 10 lenses as shown in Fig.23(A). Further, the

multifocal ophthalmic lens of this example was formed
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zone 32 and far power of the far zone 33 has no 64 internedi ate power.
(0089) The near zone 32 is set to have a value less than the addition
power (3 to 4D) prescribed for a patient as a proper power for correcting
near vision of the patient. Also, the far zone 33 is set to have a nean
power val ue greater than and positive relative to a reference power (0 D)
in the ipner esab-u@ghgn, tiasel yeddiei sub- regi dbwnexdyéo tthesmearnzone 32 of
the far zone 33. Further, the far zone 33 is set have a nean power val ue
that is efuaemtotoroheds t hamendinggati ve relwhi:¥e tarde refgnance power
in the outer sub-region of the lens. (0090) By designing the optical
confi gurtata msamaft ¢ dmt & aoauhvar wiaen130a 88 cdeseidbeth aboyven vhewef bects
simlar to the effects nentioned in (1) to (3) of the enbodinents can be
obt ai ned-hd€ 0082 snist deserd bed dlbveulthe g esertpH tivenkiion hasskeen

expl ai ned based on the aforenentioned enbodi rents, however the present

i nventi orfig. AGt(H)i)nj ttedehheorba.redori ©xamé €l 1 gptaf enenent + eagd e

enbodi ments, the total nunber of far zones and near zones for correcting
vi sual cacuvéeyoifn tthhe bphiscalooaending ntraoewlsart 1 €8S vies 1dwegye.

Here, Fig.23 describes as a comparative example, the
light transmittance of the human crystalline lens
(Citation: Source of human crystalline lens, Boettner
EA et al: “Transmission of the ocular media” Invest.

Ophthalmol 1:776 to 783, 1962).

As a result, light transmittance curve (B) of the
lens containing only UV-absorber, shows that the light
of an ultraviolet region of 400 nm or less is absorbed.
Also, light transmittance curve (A) using the reactive
vellow dye is more closer to a human crystalline lens
curve than the light transmittance curve (B) containing
only the UV-absorber, and found UV-light from blue light
from 500 nm to 400 nm, a stimulus light component of halo
and glare symptoms, was absorbed to realize reduction

of halo and glare symptoms.

(0086) [B] Second embodiment {(Fig.10)
Fig.1l0 is a view illustrating lens body 31 of an
intraocular lens of the second embodiment, an ophthalmic

lens according to the present invention, wherein
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(first far zone 13, near zone 14, and second far zone 65 15) for the first
enbodi nent, and two (near zone 32 and far zone 33) for the second

enbodi nent, however a total nunber of four or five or nore far zones and
near zones nmay al so be arranged alternatively. (0092) Moreover, other
enbodi nents are given in the followngs. (1) In the enbodinent 1, the

near est Higt anga )ofis iat el avdifaten dblst anee Iase seknto FGG c1 (Howewer, the
nearest di stance can be set to a value greater or smaller than this

di stances Alrsapht hehbarithestthédi shanea ofdil 9t ef pediiat,e di st apge:was set to
1.5 m However, the farthest distance can be set to a value greater or
smal | er dihascthios, di St ahee.1423 .1 n the enbodi ment 1, the power is set to be
altered discontinuously to have a stepw se power difference at the
boundar (k& Ween t he near zone and the far zone. However, power may al so
be abruptly altered froma nmaxi muminternedi ate power to a m ni num

i nternedi at e FEowerimt rbhebbaundaey heiveen the nascondorehdikhbetf ar zone.
(3) I'n the enbodinment 1, the ophthalmc |lens of three-zone type having the

first famabndest helpear bazbneg 1 antd thepseeangdehaye zonehihs shewaott he nean
power of center zone or the first far zone may have

shown, and near zone 32 is arranged in the center zone

of an optical region cof the lens body 31, and an annular

far zone 33 is arranged concentrically outside the region

of the near zone 32.

(0088)

The near zone 32 is a region for correcting the near
vision, and the far zone 33 is a region for correcting
the far vision. In addition, in these near zone 32 and
the far zone 33, the power distribution in the entire
region in radial direction (the near zone 32 is arranged
in a range from point 0 to point d, and the far zone 33
is arranged in a range from point d to point e shown in
Fig.1l0(B)) is progressively changed, and the depth of
focus of near vision provided by the near zone 32 and
the depth of focus of far vision provided by the far zone
33 are extended. In addition, power 1is altered
discontinuously at the boundary (point d in Fig.10(B))
between the near zone 32 and the far zone 33 where the

stepwise power difference between near power of the near

zone 32 and far power of the far zone 33 has no
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the same or simlar value with the value of the nmean 66 power of the
second annul ar region or the second far zone. (0093) Also, in the

af orenenti oned enbodi nent, the ophthalmc |ens was explained is in the
case of the intraocular |ens for an aphakic eye, however the ophthal mc
| ens can al so be an intraocular lens for a phakic eye, a contact |ens, an
i ntraocul ar contact |lens, and eyeglasses. In the case of contact |ens, by

setting ng@egﬁggjggygrpﬁéw%pg boundary at the inflection point, the

change of curvature in ransition part is snoothed, and foreign body

sensatioq&ﬂygg contacting wth eyelid is reduced, then confort in wearing
is inpro énd the effect of eyeball novenent to lens fitting can be

e 1
reduced. Thus, thl"%e 4 dBge g aé |§é/ $fs fs%rt sl Qeofa tvha e el%fssl et?fi?ﬁearer

is inmproved, the ~possibilities of "hal'o and glare synp o ' "a

envi ronmeife | gahqqucsd aRe Jmkes eas! ofp rRULACtU NG, £ A S8, oL fhe, case of

contact Iens, € co aring i's Tnproved and ‘the ef . .
(11417, 500 Be UG o PRL O PESCLETL O, THELTRA Mg 00361 Fr o1 1
enbodi meqt, of AP oPRLAAL M ¢y ! §15, aggaLding {0 Lhe presgnt Jnvention.
power value greater than and positive relative toc a
reference power (0 D) in the inner sub-region, namely
the subwreéion next to the near zone 32 of the far zone
33. Further, the far zone 33 is set have a mean power
value that is equal to or less than and negative relative
to the reference power in the outer sub-region of the
lens.
(0090)

By designing the ocptical configuration of
intraocular lens 30 as described above, the effects
similar to the effects mentioned in (1) to (3) of the
embodiments can be obtained.

(0091)

As described above, the present invention has been
explained based on the aforementioned embodiments,
however the present invention is not limited thereto.
For example, in afcrementioned embodiments, the total
number of far zones and near zones for correcting visual
acuity in the optical zone of intraocular lens is three

(first far zone 13, near zone 14, and second far zone
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67 Fig.2(A) is a side view of the intraocular lens shown in Fig.1, and
Fig.2(B) is a view fromobject side of an lens body 11 of the intraocul ar
lens in Fig.l. Fig.3 is a graph showing a power distribution in radial
direction of the lens of the I ens body 11 of the intraocular |ens shown in
Fig.1 and Fig.2. Fig.4is aviewillustrating depth of focus of the
intraocular lens according to the first enbodi nent showmm in Fig.l and

Fig. 2, cqr@ﬁrfgr%hfé & ;dept %ﬂﬁoqu%@n ke +i. 8 rapgylag J gns; aceopding to
et S 1he

the conventional art, “wherein Fig.4 ustrates a case

i ntraocul@y- &R 9k t&%rcocr}yeergéeeﬂ'd %Mbo@me%'tg HP Ll ét%tteg a case

of the intraocular Iens according to the first enbodi nen 51s a view

Illustratd&gbérfefflrst %dffv@e%r @tf%&% ;a%&%%% L8NS s

accordi ng to the odi nent shown in Fig conpared with

afar paidy §ﬂgoak§@a£r9%'r{bteﬂ’f tl*&%]{r{%{i‘%bi r lens accor ng to the
a

conventl on art, wherein FIg ustrate a case of the intraocul ar
l ens of the, e ventional art, and Fig.S(B) illustrates a case of the
i ntraocular lens according to the first embodiment. Fig.6 is a view

illustrating aM%ql@o§¥gptog1tQ; éh%%ﬁggﬁﬁ%%grv\%?ﬁshgﬁg%r dlrrpgjtod#(_}ge first

enmbodi ment shown  in Fig. conpar ed omof the
i ntraoculegy | &P H@ceor di ng to the conventi onal

(1) In the embodiment 1, the nearest distance of
intermediate distance was set to 60 cm. However,
the nearest distance can be set to a value greater
or smaller than this distance. Also, the farthest
distance of intermediate distance was set to 1.5 m.
However, the farthest distance can be set to a value
greater or smaller than this distance.

{2) In the embodiment 1, the power is set to be altered
discontinuouslyixnhaveeastepwise.power'difference
at the boundary between the near zone and the far
zone. However, power may also be abruptly altered
from a maximum intermediate power to a minimum
intermediate power at the boundary between the near
zone and the far zone.

(3) In the embodiment 1, the ophthalmic lens of
three-zone type having the first far zone, the near
zone, and the second far zone is shown, the mean
power of center zone or the first far zone may have

the same or similar value with the value of the mean
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68 art, wherein Fig.6(A) illustrates a case of the intraocular |ens of the
conventional art, and Fig.6(B) illustrates a case of the intraocular |ens
according to the first enbodinent. Fig.7 is a viewillustrating the
configuration of far zone and a near zone in a nultifocal intraocular |ens
according to the first enbodinment. Fig.8 is a graph show ng di stance-vi sual
acuity charaetwsit stf ash©fsd bendntnaoqulardensnidr Rige ls @8dndFeg+2. Fig. 9
is a graph showi ng distance-contrast characteristics of the intraocul ar
lens in Fig. kcarel. Fig.2. Fig.10 is a view illustrating the |ens body 31 of
t he intraocul ar | ens, being a second enbodi nent of the ophthalmc |ens
accordi n@aa3 t he present invention, wherein Fig.10(A) is a view from
object side , and Fig.10(B) is a graph showi ng the power distribution in
radial directhomcof the | emss FRigolimehtaivhew i ldmstaatidio 2 | ens body of
the intraocular |ens according to the conventional art, wherein Fig. 11
(A) is apditdeaVinéw ahenbki gvadle)ldsnaqview ifiv ophebjecéesigde. thig. 12 is a
graph showi ng the power distribution of the conventional intraocular |ens
shown i anRimhdduiiar radiraé difcect kan abhdieidensye, however the

ophthalmic lens can also be an intraocular lens for a

phakic eye, a contact lens, an intraocular contact lens,

and eyeglasses. 1In the case of contact lens, by setting

the mean power at the boundary at the inflection point,

the change of curvature 1in the transition part is

smoothed, and foreign body sensation when contacting

with eyelid 1s reduced, then comfort in wearing is

improved, and the effect of eyeball movement to lens

fitting can be reduced. Thus, the image quality of far

vision of the eye of lens wearer is improved, the

pessibilities o©f halo and glare symptoms in a dark

environment is reduced and make easier manufacturing.

Also, in the case of contact lens, the comfort of wearing

is improved and the effect to lens fitting can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
{0094)

Fig.l is a view illustrating an intraocular lens
from eye side, being a first embodiment of an ophthalmic

lens according to the present invention.
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69 Fig.13 is a viewillustrating Landolt ring visual acuity charts show ng
visual acuity fromindex 0.2 to index 1.0. Fig.14 is a view illustrating
sanpl e imges of simulation result for each distance, being the inmage
appearance of visual acuity chart using intraocular |lens 100 of the
conventional art, simulated with ZEMAX in a case that aperture di aneter of

the eye nodel risy 3pmn)Fiids 18 isSi e V€Wl |d pIsthat i ng: sanpl g 1 peges of
simulation result for each distance, being the imge appearance of visual
acuity cHarwnushngiiontraccutlaFilberts(B100s of thewcameentdwnaktaetidesi nul at ed
wth ZE in a case that aperture dianeter of the eye nodel is 4mm
Fig.l6 i% a2¥i é®19 1Retratihge Eafpice Inbyascarl asi hginat i o Fésullt- for each

di st ance, bei I e arance of visual acuyity chart. usin

i ntraocul ar | gﬁ‘sgt 'hgoig?%t t?elaag}gnvgglﬁwoln%? art s ‘#é?é(f ‘fElQEI\/ﬁ% in a
case thatad@pelt gte«tivnBhes rofhe &y dPdehel $3MNL LY 11 b @y ew
illustrating sanple images of simulation result for each di stance, being

t he i mgat appeadarel efi svizuavnadu tBighar trusi Njg7@ .i ntraocul ar | ens 10
of the convenhi,onalL art, simulated with ZEMAX in a case that aperture

di ameter of the%ye THoiel*fY AMhU S R 18ngs dgntew F I Fasksaritnghe rel ati on

of intraocular lens according to the first embodiment shown
in Fig.l and Fig.2, compared with a depth of focus of
the intraocular lens according to the conventional art,
wherein Fig.4(A) illustrates a case of the intraocular
lens of the conventional art, and Fig.4(B) illustrates
a case of the intraoccular lens according to the first
embodiment.

Fig.5 is a view illustrating a far point and a near
point of the intraocular lens according to the first
embodiment shown in Fig.1l and Fig.2, compared with a far
point and a near point of the intraocular lens according
to the conventional art, wherein Fig.5{(A) illustrates
a case of the intraocular lens of the conventional art,
and Fig.5(B) illustrates a case of the intraocular lens
according to the first embodiment.

Fig.6 is a view illustrating a halo symptom of the
intraocular lens according to the first embodiment shown
in Fig.l and Fig.2, compared with halo symptom of the

intraocular lens according to the conventional
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refractive power or spherical aberration and radial height. Fig.19 is a

view illustrating the effect of refractive power or spherical aberration
of cornea when a light source is positioned at 60 cmin front of the
cornea. Fig.20 is aviewillustrating the light rays refracted by the

cornea and the intraocular |lens coincides on retina when a |ight source is
posi ti omed , atwb8remri n Fignt (@f) t heltosremt&Eg. 31 icsPe View i khustrating
the effect of the refractive power or spherical aberration of cornea when
a |ight isdurzeciid sposidnhsned atel mmvéntioenil of rtheancdrmeg. 6kikg. 22 is a

viewillustrating the light rays refracted by the cornea and the

i ntraoculldrus enstecoianciates ©f tleti hatwhercal 4 kght nsouc® + 81 pesSiki oned at
1.5 min front of the cornea. Fig.23 is a viewillustrating the relation
bet weenthwavel engt leranddiimghit transm ttance in this enbodinent. Fig.24 is
a viewillustrating 71 halo patterns in intraocular |lens of this enbodi nent
(aperture di aFgier? 49 amyieaenpariads wabihal @ patd@nAsS gurs € Dbhaegul ar | ens
of conventional art, wherein Fig.24(a) illustrates a case of the

convent ifenalz card andiadnkiay 24() iid laustlatieso aa tasetaefa ddib saenbedisnent .
according to the first embodiment.

Fig.8 1is a graph showing distance-visual acuity
characteristics of the intraocular lens in Fig.l and
Fig.z2.

Fig.9 1s a graph showing distance-contrast
characteristics of the intraocular lens in Fig.1 and
Fig.2.

Fig.1l0 is a view illustrating the lens body 31 of
the intraocular lens, being a second embodiment of the
ocphthalmic lens according to the present invention,
wherein Fig.10(A) is a view from object side , and
Fig.10(B) is a graph showing the power distribution in
radial direction of the lens.

Fig.1l1l is a view illustrating a lens body of the
intraocular lens according to the conventional art,
wherein Fig.11 (A} is a side view and Fig.11(B) is a view
from object side.

Fig.12 i1s a graph showing the power distribution
of the conventional intraocular lens shown in Fig.1l1l in

radial direction of the lens.
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Fig.25 is a viewillustrating halo patterns in intraocular lens of this
enbodi ment (aperture diameter 5.0mm), conpared with halo patterns in
intraocul ar Iens of conventional art, wherein Fig.25(a) illustrates a
case of the conventional art, and Fig. 25(b) illustrates a case of this
enbodi ment. Description of Signs and Nunerals (0095) 10 Intraocul ar |ens

(ophthal nic | efisy . 1B31iEi bstibar 12anes tlda Nealy zangn d618ecend farszpne 30
I ntraocul ar I ens (ophthalmc lens) 32 Near zone 33 Far zone 72 CLAIMS 1.

A nul ti facal tgphtihat fisc dremsingorpird saDgacwd ff@r rzeme {04 gonrecting a far
vision; and a near zone for correcting a near vision, arranged
concentrisdkky lin0an optical region of a lens, wherein a power
distribution is set to vary progressively in a radial direction of the far
zone and the rieag. zdneis powefeciws Bllesed i SEHNIHAMOUS! Vi dg@sSIEPW se
manner at a boundary between the far zone and the near zone; and further

simulation result for each distance, being the image

appearance of visual acuity chart using intraocular lens

100 of the conventional art, simulated with ZEMAX in a

case that aperture diameter of the eye model is 3mm.

Fig.1l5 is a view 1llustrating sample images of
simulation result for each distance, being the image
appearance of visual acuity chart using intraocular lens
100 of the conventional art, simulated with ZEMAYX in a
case that aperture diameter of the eye model is 4mm.

Fig.1l6 is a view illustrating sample images of
simulation result for each distance, being the image
appearance of visual acuity chart using intraocular lens
10 of the conventional art, simulated with ZEMAX in a
case that aperture diameter of the eye model is 3mm.

Fig.17 is a view illustrating sample images of

simulation result for each distance, being the image

appearance of visual acuity chart using
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a value of a power difference at the boundary between the far zone and the
near zone is not greater than a nmaxi mum value of an internedi ate power for
correcting an internediate vision. 2. The multifocal ophthalmc |ens
according to claim1l, wherein a nean power value in the near zone is set
to be less than an addition power prescribed for a patient as a proper
power fointoecectlayg feamdar of stba cohvtdet pahibantars, Thaumidddocal
ophthalmc lens according to claiml or claim2, wherein a region having a
negat i veviabeZ&gR poher awictls @ esipatt ape rec u e ed B PONEE i $hePreyd ded in
the far zone. 73 4. The multifocal ophthalmc |lens according to any of
clai ns Im¢del, ivhedmin a near zone side region in the far zone is set to
be the nean power value that is positive relative to the reference power.
5. The nul ti f dciad . dpht hal mac veresy aciclor di ag attal rafy a of rell it il tor 4,
wherein a first far zone is arranged in a center zone of the optical
regi on, m@frawtdnnel growear oz os@hiesr At & Angask coneanin | eald yradtiside t he
first far zone, and an annul ar second far zone is arranged concentrically
out si de hdeghmnul ar near zone. 6. The nultifocal ophthalmc |ens according
to claim5, wherein the addition power of a second far zone side region
in the near zdheyi$9setstoabevliess tiHanuahrating the effect of

refractive power or spherical aberration of cornea when

a light source is positioned at 60 cm in front of the

cornea.

Fig.20 is a view illustrating the 1light rays
refracted by the cornea and the intraocular lens
coincides on retina when a light source is positioned
at 60 cm in front of the cornea.

Fig.21 is a view illustrating the effect of the
refractive power or spherical aberration of cornea when
a light source is positioned at 1.5 m in front of the
cornea.

Fig.22 is a view illustrating the light rays
refracted by the cornea and the intraocular lens
coincides on retina when a light source is positioned
at 1.5 m in front of the cornea.

Fig.23 is aview illustrating the relation between

wavelength and light transmittance in this embodiment.

Fig.24 is a view i1llustrating
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addition power value of a first far zone side region in the near zone. 7.
The multifocal ophthalmc |lens according to claim5 or claim®6, wherein
power of a near zone side region in the second far zone is set to be |ess
than the power value of a near zone side region in the first far zone. 8.
The nultifocal ophthalmc |ens according to any of clains 5 to 7, wherein
t he powehavel e of eamsout Br imtegi oBuil it heegec fan L08RpbLS 1$eint 0 be
| ess than the power value of the near zone side region in the second far
zone. 74(9peTtaimal di hoeale opht batni) c doeiisa aeaokditg HH1 aNYatefe Lhgins 5 to
8, wherein the nean power value of the outer region in the second far zone
is set tbnbeinegatdwelarel didve toft heorefeiensaapowelxt 10. Fhe M tifocal
ophthalmc lens according to any of clains 1 to 4, wherein the near zone
is arranged.2d (@) cehlerstzoneesf at ha septd £alt iegeonvandi 8Raanaar far
zone is arranged concentrically outside the region in the near zone. 11.
The mnul tdfdcal copht k) micl 1 ens radoos dingatse «f ai 1h1@, ek el pmthe power
value of the outer regionin the far zone is set to be | ess than the power
val ue of the Rigidh dfs aanedrewona lsiderseginen itatbe Jart2ene. i42. The
mul tifocal ophthalmc |ens according to

intraocular lens of this embodiment {aperture diameter

5.0mm), comparedwithhalo patterns in intraocular lens
of conventional art, wherein Fig.25(a) illustrates a
case of the conventional art, and Fig.25(b) illustrates
a case of this embodiment.

Description of Signs and Numerals

(0095)

10 Intraocular lens (ophthalmic lens)
13 First far zone

14 Near zone

15 Second far zgne

30 Intraocular lens (ophthalmic lens)
32 Near zone

33 Far zone
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claim 10 or claim 11, wherein the nean power value of the outer region in
the far zone is set to be negative relative to the reference power. 13. A
mul ti focal ophthalmc |ens, conprising: at |east one far zone for
correcting a far vision; at |east one near zone for correcting a near
vision, arranged concentrically in an optical region of a |lens, wherein a
power distribution is set to vary progressively in radial direction of the
far zone and_ the near zone; power is altered discontinuously in a stepw se
manner at“LAM8undary between the far zone and 75 the near zone; a
progressive power distribution of the near zone in the vicinity of the
boundary between the far zone and the near zone, has a value close to a
nmaxi mum val ue bf Amihtéfoedilabphphedniton eeer,r eenpid @imd nt er medi at e
vision at the bogndar%; t he progressive power distribution of the near zone

i s designed to®ha%t Z°ABUMCE FOIRESEd Sowertadi stirsirii omd and the maxi mum
val ue at a peak ﬁéakhkénEUEBEab%t%Qéﬁi%& ROVES, distdi fution is set to a

power required for correcting visual acuity for seeing an object at the
i nt ended derzeseddisnanvérocadtl va imeadi g tdicstlanceyidheo Progressj ve power
di stribution of the near zone is a distribution in which power gradually

i ncreases” from
' a power distribution is set to vary progressively
in a radial direction of the far zone and the near zone;
power is altered discontinuously in a stepwise manner at
a boundary between the far zone and the near zone; and
further
a value of a power difference at the boundary

between the far zone and the near zone is not greater

than a maximum value of an intermediate power for

correcting an intermediate vision.

2. The multifocal ophthalmic lens according to
claim 1, wherein a mean power value in the near zone is
set to be less than an addition power prescribed for a
patient as a proper power for correcting the near vision

of the patient.

3. The multifocal ophthalmic lens according to
claim 1 or claim 2, wherein a region having a negative
average power with respect to a reference power is

provided in the far zone.
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t he boundary between the near zone an the far zone to the peak of the
nmount ai n- shaped power distribution; and the mean power value of the far
zone is less than a reference power. 14. The multifocal ophthalmc |ens
according to clainms 1 to 13, wherein the ophthalmc lens includes an _
UV- absorber and/or a blue |Iight blocking dye. 15. The multifocal ophthalmc
| ens according to any of clains 1 to 14 is an intraocular lens to be

' ed insjde an eye 6 ) ,

i pl ant J. fhe %ulthocal ophthalmic lens according to any
of claims 1 to 3, wherein a near zone side regicn in the
far zone is set to be the mean power value that is

positive relative to the reference power.

5. The multifocal ophthalmic lens according to any
of claims 1 to 4, wherein a first far zone is arranged in
a center zone of the optical region, and an annular near
zone is arranged concentrically outside the first far
zone, and an annular second far zone is arranged

concentrically outside the annular near zone.

6. The multifocal ophthalmic lens according to
claim 5, wherein the addition power of a second far zone
side region in the near zone is set to be less than an
addition power value of a first far zone side region in

the near =zone.

7. The multifocal ophthalmic lens according to
claim 5 or claim 6, wherein power of a near zone side
region in the second far zone is set to be less than the
power value of a near zone side region in the first far

zZone.

8. The multifocal ophthalmic lens according to any
of claims 5 to 7, wherein the power value of an outer
region in the second far zone is set to be less than the
power value of the near zone side region in the second

far zcne.
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9. The multifocal ophthalmic lens according to any
of claims 5 to 8, wherein the mean power value of the
outer region in the second far zone is set to be negative

relative to the reference power.

10. The multifocal ophthalmic lens according to any
of claims 1 to 4, wherein the near zone is arranged in a
center zone of the optical region, and an annular far
zone 1s arranged concentrically outside the region in the

near zche.

11. The multifocal ophthalmic lens according to
claim 10, wherein the power value of the outer region in
the far zone is set to be less than the power value of

the region of a near zone side region in the far zone.

12. The multifocal ophthalmic lens according to
claim 10 or claim 11, wherein the mean power value of
the outer region in the far zone is set to be negative

relative to the reference power.

13. A multifocal ophthalmic lens, comprising:
at least one far zone for correcting a far vision;
at least one near zone for correcting a near vision,
arranged concentrically in an optical region of a lens,
wherein a power distribution is set to vary
progressively in radial direction of the far zone and
the near zone;
power is altered discontinuously in a stepwise manner at

a boundary between the far zone and
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the near zone;

a progressive power distribution of the near zone
in the vicinity of the boundary between the far zone and
the near zone, has a value close to a maximum value of
an intermediate power for correcting an intermediate
vision at the boundary;

the progressive power distribution of the near zone
is designed to have a mountain-shaped power distribution,
and the maximum value at a peak of this mountain-shaped
power distribution is set to a power required for
correcting visual acuity for seeing an object at the
intended nearest distance or at a reading distance;

the progressive power distribution of the near zone
is a distribution in which power gradually increases from
the boundary between the near zone an the far zone to
the peak of the mountain-shaped power distribution; and

the mean power value of the far zone is less than

a reference power.

14. The multifocal ophthalmic lens according to
claims 1 to 13, wherein the ophthalmic lens includes an

UV-absorber and/or a blue light blocking dye.
15. The multifocal ophthalmic lens according to any

of claims 1 to 14 is an intraocular lens to be implanted

inside an eye.
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