MANUFACTURI NG METHOD OF | NTRAOCCULAR LENS Technical Field (0001) The

present invention relates to a manufacturing nethod of an intraocul ar |ens

for manufacturing an intraocular lens inserted into an eye instead of a

crystalline lens of an eyeball. Background Art (0002) Wen a crystalline

lens is getting cloudy due to a cataract, etc, the crystalline lens is

renoved and an intraocular lens is inserted instead. In recent years,

with a spread of an U trasonic Phacoenulsification and Aspiration in

particul ar, an MANEHROTHR INSSMERECcanF DETRISECURAR MENa snal |

i nci si onal wound has been developed and is put to clinical use wdely, for

the purpose of reducing a postoperative astigmati smand a surgical

invasion. This is a soft intraocular |Iens capable of inserting the

i ntraoculTachrensalr @metle snmall  incisional wound with its optical part

bent, by using a soft material in an optical part nenber. (0003) Froma

structur &b0&dpect, the soft intraocular lens is classified broadly into a

type that an optical part 1 and a support part are conposed of different

ki nd of The present invention relates to a manufacturing
method of an intraocular lens for manufacturing an
intraocular lens inserted into an eye instead of a

crystalline lens of an eyeball,

Background Art
(0002)

When a crystalline lens is getting cloudy due to
a cataract, etc, the crystalline lens is removed and an
intraocular lens is inserted instead. 1In recent years,
with a spread of an Ultrasonic Phacoemulsification and
Aspiration in particular, an intraocular lens that can
be inserted from a small incisicnal wound has been
developed and is put to clinical use widely, for the
purpose of reducing a postoperative astigmatism and a
surgical invasion. This is a soft intraocular lens
capable of inserting the intraocular lens from the small
incisional wound with its optical part bent, by using
a soft material in an optical part member,
(0003)

From a structural aspect, the soft intraoccular lens

is classified broadly into a type that an optical part




materials, and a type that the optical part and the support part are
conposed of the sane material. The intraocular |lens of the type that the

opti cal

mat eri al

part and the support part are conposed of the different ki

part conposed of a soft material such as foldable silicon, acrylic
and hydrogel, and a support part conposed of relatively harder nateri al
such as pol ypropyl ene and pol ynet hyl nmethacrylate, with its tip end
opened. Hodewversuppelrta pype dréntoagoudad dfendilidge et sadvant ageous
factor that a higher cost is required due to a conplicated manufacturing
step almbhoeghi s1abildriy in aypeyehstrelhat i vely csat | phaat osyid w©ind there

is a high possibility that sone troubl e occurs

opti cal

pappcand phe tsupper tcomas sedr e £othesethné thet diihar.entTiké

materials. Meanwhile, the soft intraocular lens with the optical
t he suppbnt rpardutempdset offt heesaypardtlestakhe doesi nall bave: sucd a
di sadvant ageous factor, and therefore has been highlighted recentl
thei de@b t ¢, pas ta amnuf amporsiand ot hhe ofi Athersaft kiimd r@adcul ar
lens with the optical part and the support part conposed of the sane

mat er i almaaendcel cut 5i ggnretaibtly andsa icast enobdi ro eigodxdam dxel gi ven.
The race cutting 2

(0004)

a circular optical part composed of a soft material such
as foldable silicon, acrylic resin, and hydrogel, and
a support part composed of relatively harder material
such as polypropylene and polymethyl methacrylate, with
its tip end opened. However, such a type of intraocular
lens has a disadvantageous factor that a higher cost is
required due to a complicated manufacturing step
although stabllity in an eye is relatively satisfactory,
and there is a high possibility that some trouble occcurs
at a joint part because the optical part and the support
part are composed of the different kind of materials.
Meanwhile, the soft intraocular lens with the optical
part and the support part composed of the same material,
does not have such a disadvantageous factor, and
therefore has been highlighted recently.
{0004)
Incidentally, as a manufacturing method of the soft
intraocular lens with the optical part and the support
part composed of the same material, a race cutting method

and a cast molding method can be given. The race cutting

nd of

is generally constituted of an approximately a circular optical

resin,

at a joint part because the

nd of
part and

y.




met hod i ncludes the steps of: applying nmechani cal machining process to an
intraocular lens material including an optical surface; and nolding it
into a desired shape. Meanwhile, the cast nolding nethod includes the
steps of: injecting a raw material nononmer into a nold having a shape of
an intraocular lens; and polynerizing and nolding the nononer. As a nethod
utilizing the cast nolding nmethod, for exanple, nethods disclosed in
pat ent docunent 1 and patent docunent 2 are known. (0005) According to the
met hod dinsthaskd imclhdepat ¢éte dooepentoi; oaprdwimge mécaarnensabpti cal
surface is fornmed by the cast nol ding nethod, and the other surface is
formed byathd machi wngceprsoresse Actoridingabeulwer nethed diasamised in the
pat ent docunment 2, both surfaces of the lens optical surface are forned by
t he castinolldidigng metrhodptdm: t heusuppoet pard e lshaped iy punchi ag
processi ng, |aser processing, and cutting, etc. Patent document 1: Japanese
Pat ent Ldedi@zeh Ruldpeati oleaNoHDB8, 91286 Ratent motdnergy &wetlapdnese
Pat ent Laid Open Publication No.1992-284258 Di sclosure of the Invention
Pr obl em t ncBe: st vidue byt ebe briventri pact3ng a raw material monomer
into a mold having a shape of an intraocular lens; and
polymerizing and molding the monomer. As a method
utilizing the cast molding method, for example, methods
disclosed in patent document 1 and patent document 2 are
known.
(0005)

According to the method disclosed in the patent
document i, one surface of a lens optical surface 1is
formed by the cast molding method, and the other surface
is formed by the machining process. According to the
method disclosed in the patent document 2, both surfaces
of the lens optical surface are formed by the cast molding
method, and the support part 1s shaped by punching
processing, laser processing, and cutting, etc.

Patent document 1: Japanese Patent Laid Open Publication
No.1988-91230

Patent document 2: Japanese Patent Laid Open Publication

No.19%2-284258

Disclosure of the Invention

Problem to be scolved by the Invention




(0006) However, according to the aforenentioned race cutting nethod, the
optical surface of the intraocular |ens conposed of the soft materi al
needs to be formed by mechanical cutting (race cutting), and for this

pur pose, a workpiece is cooled and hardened to a glass transition
tenperature or less. This involves a conplicated step and nakes it
difficult to nmanage the workpiece, and further requires polishing for
renoving cutting marks. In recent years, |enses such as an aspheri cal

| ens and(aownefyractive lens requiring extrenely high degree of optical
desi gn have been devel oped. However, when such a |l ens requires polishing,

the optical sunéreedor metabibihigghtaccuhacy aife r&esheayetb dy pobeshing,
and generally it becones difficult to exhibit a desired optical

perfor mpgetifgirdehod,n theasgchall pavelessegereraled gkaReu P4 pcessi ng
are stuck to the optical part, such a cutting powder is hardly renoved

even by 1gfkl idwnpekishio wheckofits haequanil ynysasd ito npaufractmeding | OL.
(0007) Meanwhile, the nmethod utilizing the aforenentioned cast nolding is

preferabbe imeahpeiidal hadutheng | sraee peabhkemg) yemna ther aftaregenti oned

race cutting nmethod. However, in a case of the cast nvolding nethod,

particulpiakydse A gaserapiadoopst ype lidy Whahnhthelsupgotb a glass
transition temperature or less. .This involves a
complicated step and makes it difficult to manage the
workpiece, and further requires polishing for removing
cutting marks. In recent years, lenses such as an
aspherical lens and a refractive 1lens requiring
extremely high degree c¢f optical design have been
developed. However, when such a lens requires polishing,
the optical surface formed with high accuracy 1is
destroyed by polishing, and generally it becomes
difficult to é€xhibit a desired optical performance.
Further, in a case that powders generated during
processing are stuck to the optical part, such a cutting
powder is hardly removed even by tumbling polishing which
is frequently used in manufacturing IQL.
(0007)

Meanwhile, the method utilizing the aforementioned

cast molding is preferable in a point that there is no
problem given in the aforementioned race cutting method.

However, in a case of the cast molding method,

particularly in a case of a loop type in which the support




4 part is narrow and thin, there is a problemthat deformation occurs due
to contraction during polynerization of the nononer, or a problemthat a
desired shape and size of a lens are hardly obtained. Further, even when
the cast nolding nethod is utilized, the cutting process is needed in nost
cases in a process of a final product. In this case, there is also a
problem that the cutting powder is stuck to the optical part as described
above. In order to solve the above-described problens, the present
i nventi opars pievi ded,rand aarnd diject ofthehe pieseat pnwvéritdmon Hlsato
provide an intraocul ar |ens nmanufacturing nethod capable of elimnating a
possi bi | ey oafmast i cki ngoafcuhe cutitieng tpowderoot rdust i gener dtued rdyri ng
processi ng, and capable of stably manufacturing the intraocular |ens
havi ng apodesigrdzatdwracyfatther etabhomelry, | ow castprdkans fohasolaing the
probl em (0008) First means for solving the above-described problens is a
manuf actdesng arbt hbdpef aand i sireocuf aa lems aoEphigidiy anboptiinead . part
having a front optical surface and a rear optical surface that constitute
front anBurgdrer swwv¥aveshehn &hlersystamb hdsugportt ipadti provided «oh, an
outer peripheral part of the optical part for supporting the optical part
in an eyehe cutting process is needed in most cases in a process

of a £inal product. In this case, there is also a problem

that the cutting powder is stuck to the optical part as

described above. In order to solve the above-described

problems, the present invention 1is provided, and an

object of the present invention 1is to provide an

intraocular lens manufacturing method capable of

eliminating a possibility of sticking of the cutting

powder or dust generated during processing, and capable

of stably manufacturing the intraocular lens having a

desired accuracy at a relatively low cost.

Means for solving the problem
(0008)

First means for =solving the above-described
problems is a manufacturing method of an intraccular lens
comprising an optical part having a front optical surface
and a rear optical surface that constitute front and rear
surfaces of a lens; and a support part provided on an
outer peripheral part of the optical part for supporting

the optical part in an eye,




5 wherein a nold is used, having an optical part nolding part for formng
a nenber becom ng the optical part by nolding, and a support part nol ding
part for formng a nenber becom ng the support part by nolding, wherein
the front optical surface and the rear optical surface can be directly
obtai ned by nolding the optical nolding part, and the support part can be
obt ai ned by applying a additional machining to the nenber obtained by
nol di ng, the nethod conprising the steps of: injecting a raw material of an
i ntraocul ar | enBeiritin khendlidid hesepql yWBKiiZiggadr dief deailngpdhe raw
material, then machining the nenber becom ng the support part into a
shape of mbhelisupposttpditr ifoemshat @ nlwibar beasimihe theowrtptoptstal
surface and the rear optical surface in the polynerized or hardened
menbers pretcdveradwibgt handphi calppart meli ngoparin®f pkhe mbbd, and
rel easing the optical part nolding part fromthe nold. Second neans is the
manuf act fivirog metdadenbetrhé e ot aecwies 4 eppoadcaradir igbtyombhel fig st means,
wherein the support part nolding part of the nold has a sectional face with
a shape weheaccionptietedrauppasptipant sdr fatebynal sacs i paalk baae ¢acl udi ng
an optical axis
surface can be directly cbtained by molding the optical
molding part, and the support part can be obtained by
applying a additicnal machining to the member obtained
by molding,
the method comprising the steps of:
injecting a rawmaterial of an intraccular lens into
the mold, then polymerizing or hardening the rawmaterial,
then
machining the member becoming the support part into
a shape of the support part in a state that at least the
front optical surface and the rear optical surface in
the polymerized or hardened members are covered with the
optical part molding part of the mold, and
releasing the optical part molding part from the
mold.
Second means is the manufacturing method of the
intraocular lens according to the first means,
wherein the support part molding part of the mold
has a sectional face with a shape of a completed support

part if cut by a secticnal face including an optical axis

of the optical part, and with an arbitrary shape if viewed




of the optical part, and with an arbitrary shape if viewed 6 fromthe
optical axis direction, and machining by the support part nolding part is
applied to the nmenber becom ng the support part so that the shape of the
menber becomi ng the support part viewed fromthe optical axis direction
corresponds to the shape of the conpleted support part. Third neans is the
manuf acturing nmethod of the intraocular |Iens according to the first or the
second neans, wherein a raw material of the intraocular lens is injected
i nto thefnokd,thwhi chtiisaheaxpel yiterézedoor, dwdderedimndg mya ©Shate that
pol yneri zed or hardened nenbers exist in both the optical part nol ding
part andsubbe rstuppertt pactl diohgdi nea par ti of aighel held, t ¢ he henbemsheare
machi ned together with the nold so that the shape viewed fromthe optical
axi s di rieeticonnaq the stambert becdanspgthhe opil salagrctt ame kenkenber
becom ng the support part corresponds to the shape of the conpleted
i nt raocubarcomdnsy tHoar shppeans psrthe iraneflafrom ngarethodcefl tdel s
i ntraocul ar |l ens according to any one of the first to third nmeans, wherein
t he nol ddhas cani apper nmot dpandisa tbovele naldgpé he Mmethed conprliesigg t he
steps of: injecting the raw material of the intraocular |ens

support part.

Third means is the manufacturing method of the
intraocular lens according to the first or the second
means, wherein a raw material of the intraocular lens
is injected into the mold, which is then polymerized or
hardened, and in a state that polymerized or hardened
members exist in both the optical part molding part and
the support part molding part of the mold, the members
are machined together with the mold so that the shape
viewed from the optical axis direction in the member
becoming the optical part and the member becoming the
support part corresponds to the shape of the completed
intraocular lens.

Fourth means is the manufacturing method of the
intraocular lens according to any one of the first to
third means, wherein the mold has an upper mold and a
lower mold,

the method comprising the steps of:

injecting the raw material of the intraccular lens

into the mold, then polymerizing cor hardening the raw

material; then




into the nold, then polynerizing or hardening the raw material; then 7
machi ni ng the nmenber becom ng the optical part and/or the nenber becom ng
t he support part together with the nold in a state that the nenbers exi st
bet ween the upper nold and the | ower nold, so that the shape viewed from
the optical axis direction corresponds to a conpleted shape, wherein in
the machi ning step, nmachining is applied to the nold with the nenbers
existing inside in such a nanner as digging into one of the upper nold and
the | ower nolmaohitvhengitthe roemblre opeiceal i @yi <k r eett iona al engrt a
virtual contour line that partitions so that the shape viewed fromthe
optical axdgodi téet membeor besponisgtithetheppotpl phed sbape Heor aridept h of

passi ng through one of the nolds and to a prescribed depth of the other
nol d, owvke awlehtimeacstaurf ertencet bl tkenlcontoskildinene Eivkich mrams is the
manuf acturing nethod of the intraocular |ens according to any one of the
first touppeur o Inkansd wher dowetthend hily asoukdnat anse i shapsoftiewadir aocul ar
| ens. Sixth nmeans is the manufacturing nmethod of the intraocular |ens
accordi ngrbe anypeonepfithé faxdts t@ifedtthoreansyr Wagpeintd hecsola is
conposed of plastic resin.

completed shape,

wherein in the machining step, machining is applied
to the mold with the members existing inside in such a
manner as digging into one of the upper mold and the lower
meld of the mold from the optical axis direction along
a virtual contour line that partitions so that the shape
viewed from the optical axis direction corresponds to
the completed shape to a depth of passing through one
of the molds and to a prescribed depth of the other mold,
over an entire circumference of the contour line.

Fifth means 1s the manufacturing method of the
intraocular lens according to any one of the first to
fourth means, wherein the intraccular lens is a soft
intraocular lens.

Sixth means is the manufacturing method of the
intraocular lens according to any one of the first to
fifth means, wherein the mold is composed of plastic
resin.

Seventh means is the manufacturing method of the

intraoccular lens according to the sixth means, wherein

the plastic resin is polyolefin resin, polyethylene




Sevent h

according to the sixth neans, wherein the plastic resin is polyolefin

means i s the manufacturing nethod of the intraocular |ens

resin, polyethylene 8 resin, or polypropylene resin. Eighth neans is the
manuf acturing nethod of the intraocular |ens according to the sixth means,
a glass transition tenperature of a material conposing the soft

wher ei n

i ntraocul ar

of the

lens is less than 35C. Ninth neans is the manufacturing nethod

i ntraocul ar | ens according to the sixth neans, wherein a nmaterial

Tent h

conposi ngetshien sobtr iprtryoeubagrl dremsresian. pol yner of acrylic nononer.
means i s the manufacturing nmethod of the intraocular |ens according to the

si xt h neans,

whégeitth mebneat h@nt hfeormanpdrtdngr Adhesiatch stir erfgthheo t he

mat eri al conposing the optical part is previously applied to an inner

surface

bfi ttrteeo ool d rmade ©fa ptastding riesi theEkdvwart mearass whdibhein

manuf acturi ng nethod of the intraocular |ens according to the tenth neans,
wher ei n ai gliass treatgenti dort empanrtd thgradbésbvaastaengl hcbapdeingat eri al

an active light, which has its em ssion peak at 150-300 nm wavel ength

range antdhkas@f funetbiraoébabr desosposes. &ds oxygen wt@cul e to generate
ozone and deconposes the ozone to generate active oxygen speci es,

Ninth means is the manufacturing method of the
intraocular lens according to the sixth means, wherein
a material composing the soft intraocular lens is a
polymer of acrylic monomer.

Tenth means is the manufacturing method of the
intraocular lens according to the sixth means, wherein
a treatment for impafting adhesive strength to the
material composing the optical part is previously
applied to an inner surface of the mold made of plastic
resin.

Eleventh means is the manufacturing method of the
intraocular lens according to the tenth means, wherein
in the treatment for imparting adhesive strength to the
material, an active light, which has its emission peak
at 150-300 nm wavelength range and has a function that
decomposes an oxygen molecule to generate ozone and
decomposes the ozone to generate active oxygen species,
is previously irradiated to the first polymer under

existence of oxygen.

Advantage of the Invention




is previously irradiated to the first polynmer under existence of oxygen.
Advant age of the Invention 9 (0009) According to the above-descri bed
means, an intraocular |ens can be manufactured, by which the possibility
that cutting powder or dust generated during machining can be elim nated
and in addition, the intraocular |ens having a desired accuracy can be
stably manufactured at a relatively | ow cost, by selecting a material.
Best Mbde for carrying out the Invention (0010) FIG 1 is a view show ng
an intra¢éalo@) | ens nmanufactured by a manufacturing nmethod of the
i ntraocul ar | ens according to an enbodi nent of the present invention,
wherein FIG 1A¢apridsimgpl ao viehe Flabovad-@e)sdsibesdi danvbgw, Fld&n 2 is a
view showing a nold used for the manufacturing nethod of the intraocul ar
| ens actotdiamgubaan kabedi cent lné tenpraseniredyeriy onhiwhertgia FI G
2(a) is a cross-sectional view showing a state that an upper nold and a
| ower nobdsarié isepayatiedt tnomiesrotder ,canth+t GeRefhldddaring
cross-sectional view showing a state that the upper nold and the | ower
nol d arraconmeicted toneabk otlidmimaaest abedf ibei ngddbkdedy, the
intraocular lens having a desired accuracy can be stably
manufactured at a relatively low cost, by selecting a

material.

Best Mode for carrying out the Invention
(0010)

FIG. 1 1is a wview showing an intraocular lens
manufactured by a manufacturing method of the
intraocular lens according to an embodiment of the
present invention, wherein FIG. 1(a) is a plan view, FIG.
l(b) is a side view. FIG. 2 is a view showing a moid used
for the manufacturing methed of the intraocular lens
according to an embodiment of the present invention,
wherein FIG. 2(a) is a cross-sectional view showing a
state that an upper mold and a lower mold are separated
from each other, and FIG. 2(b) 1is a cross-sectional view
showing a state that the upper mold and the lower mold
are connected to each other in a state of being molded,
and FIG. 2(c) isaplanview. First, the intraocular lens
manufactured by the manufacturing method of the

intraocular lens according to the embodiment of the

10




and FIG 2 (c) is a plan view. First, the intraocular |ens manufactured by
the manufacturing nmethod of the intraocular |ens according to the
enbodi ment of the 10 present invention and the nold used for the
manuf acturing method of the intraocular |ens according to the enbodi nent
of the present invention will be described hereafter, with reference to
FIG 1 and FIG 2. (0011) As shown in FIG 1, an intraocular lens 10
manuf actured by the nmanufacturing nethod of the intraocular |ens according
to the epbediarenti rofen béonpaedent eimyedtiu vadhiasr arheptdcaf apanirildg and two
support parts 12a and 12b provided on an outer peripheral part of the
opti cal mparhokl sofasthe suppordothéaoptilkahspariccdddinganteye.tHde
optical part 11 has a front optical surface 1la and a rear optical surface
| I' b cons¢mbetdimgentr ot tanel peasesur fasesndfien | ehd.l Not edebatr ithed
intraocular lens 10 is obtained by nolding an approximtely a discoid
nol ded phedectf ierwhivdiiit hee feptarcad partFIE. i3 bhochedIEn & .central part
and a support part precursor nenber 12 (a part shown by dot line in FIG
1(a)), bébagla menber fornmed in an annul ar shape and a nenber becoming a
support part is fornmed in its peripheral part, and machining the support
part precursoksnesbewnl? iim tHHiG. nol dedapr odlutctraotoislhapésens 10
manufactured by the manufacturing method of the
intraocular lens according to the embodiment of the
present invention has an optical part 11, and two support
parts 12a and 12b provided on an outer peripheral part
of the optical part 11 so as to support the optical part
11 in an eye. The optical part 11 has a front optical
surface lla and a rear optical surface 11lb constituting
front and rear surfaces of a lens. Note that the
intraocular 1lens 10 is obtained by molding an
approximately a discoid molded product in which the
optical part 11 is formed in a central part and a support
part precursor member 12 (a part shown by dot line in
FIG. 1(a)), being a member formed in an annular shape
and a member becoming a support part is formed in its
peripheral part, and machining the support part
precursor member 12 in this molded product into shapes
of the support parts 1lZ2a and 12b by machining such as
cutting.

(0012)

Further, as shown in FIG. 2, a mold 100 used for

11




of the support parts 12a and 12b by machi ning such as cutting. (0012)
Further, as shown in FIG 2, a nold 100 used for 11 manufacturing the
intraocular |l ens according to the enbodinment of the present invention has
an upper nmold 20 and a lower nold 30. As shown in FIG 2 (a) , the upper
mold 20 has a front optical surface nolding part 21 for formng a front
optical surface Ila in the optical part 11 of the intraocular lens 10, a
support part nolding part 22 for nolding nmenbers becom ng the support

parts Imanarmc diZzbr iand ahél angerpadu P8r heing admsbel nbortopariéti oni ng
these nolding parts. The lower nold 30 has a rear optical surface nolding

part 31 é@bobidmamy afraaie ppeisealt suhfaca 1db hast ey opspeal masrg 11 of
the intraocular |lens 10, a support part nolding part 32 for nolding
menbers beconing Iseesuppard 3part R and dRbr1canz (a)f,| ange upgeet vi ng
part 33 for receiving the flange part 23 of the upper nold 20. Further,
mononer eser 2o hasra @ronendpkatdon smy falsoms o oyi gdadt @i dots
ordinarily used in a cast nolding nethod. F (0013) As shown in FIG 2(b),
when t hefoppengral & 2dnandpttike 1 ower £ aeled 13Q dre wtonngst edatlo peacth ot her
so that the flange part 23 of the upper nold 20 is fitted into

11 of the intraocular lens 10, a support part molding

part 22 for molding members becoming the support parts

12a and 12b, and a flange part 23, being a member for

partitioning these molding parts. The lower mold 30 has

a rear optical surface molding part 31 for forming a rear

optical surface 1l1b in the optical part 11 of the

intraocular lens 10, a support part molding part 32 for

molding members becoming the support parts 12a and 12b,

and a flange receiving part 33 for receiving the flange

part 23 ¢f the upper mold 20. Further, monomer reservoilr

or air ventilation may alsoc be provided, which is

ordinarily used in a cast molding method.

(0013)

As shown in FIG. 2(b), when the upper mold 20 and

the lower mold 30 are connected to each other, so that

the flange part 23 of the upper mold 20 is fitted into

a flange receiving part 32 of the lower mold 30 in a state

of molding the upper mold 20 and the lower mold 30, spaces

are formed between the upper mold 20 and the lower mold

30. Then, among such spaces, a space formed in the

central part becomes an coptical molding part 101, and

12




a flange receiving part 32 of the lower nold 30 in a state of nolding the
upper nold 20 and the | ower nold 30, spaces are forned between the upper
nold 20 and the lower nold 30. Then, anpong such spaces, a space forned in
the central part becones an optical nolding part 101, and 12 a space
formed in its periphery becones a support part nolding part 102. Thus, for
exanpl e, the approximately discoid nolding product can be nolded, in which
the optical part 11 is formed in the central part and the annular support
part precussetemerhated2ins ifter MRer i pheirtys pecbpher al spaspo riby psuppl yi ng
the raw material to the lower nold 30 for nolding, and connecting the
upper middd2Act patrdte lomer ™TeLe, 3o @kp 14, cuhtablpp @S¢ elesi n nol d
is used as the upper nold 20 and the |l ower nold 30. However, it is
pr ef er ald £scbd dusRo PHdstig Cpesiuchaviarg exceld eakdsol ventwHeshstance which
does not generate deformation of a lens material due to a raw materi al
mononer ,owhdcpar tgLut anlly iss pokyeer iizatthe ceniaraer pmde ahdpalhyol efin
resin such as polyethylene and pol ypropylene is preferable. Further,
adhesi veastteagt sumppatt noatt epreeniréor menasti g ddheSsvmest riength to
the lens material polynerized in the nold nmay be previously applied to an
i nner wal4sopetietpd astli @aesj nbpolsthpy i@ ot the raw material to

the lower mold 30 for meclding, and connecting the upper

mceld 22 to the lower mold 390.

(0014)

A cuttable plastic resin mold is used as the upper

mold 20 and the lower mold 30. However, it is preferable

to use plastic resin having excellent solvent resistance

which does not generate deformation of a lens material

due to a raw material monomer, and particularly a

polymerization container made of polyolefin resin such

as polyethylene and polypropylene 1is preferable.

Further, adhesive strength imparting treatment for

imparting adhesive strength to the lens material

polymerized in the mold may ke previously applied to an

inner wall of the plastic resin mold. Owing to

appropriate adhesive strength imparting treatment,

separation between the lens material obtained after

polymerization and the mold can be prevented, and a

reliable transfer of the inner surface shape of the mold

is realized, and in addition adhesive strength between

the lens material and the mold is enhanced and peeling

13




appropriate adhesive strength inparting treatnent, separation between the
| ens material obtained after polynerization and the nold can be prevented,
and a reliable transfer of the inner surface shape of the nold is
realized, and in addition adhesive strength between the Iens material and
the nold is enhanced and peeling 13 off and protrusion of the lens materi al
fromthe nmold during machi ning can be prevented. The adhesive strength
inparting treatnment is not particularly limted, provided that the
adhesi onctd thel pot yoerfiszesh | eds t At ehal mat enbanced;cmnthkomExanpl e, a
conventionally known technique and apparatus such as frame treatnent,
primer tdeatment madhiavng etcamdiadi oprerveaitedt, arrhe el gahkiscate surface
treatment, etc, can be used. As the shape of the optical surface (front
opti cal surtacgHiampareangoptieeaimeaut fiace ot ph rmriovh ded 1gnltiha deher
surface of the nold, spherical, aspherical, toric, bifocal, multifocal,
and furtpeoviefadctine, dilfd r acthe/e] oatcto hé agesl g@aarhe«gi varndiowever,
the shape of the optical surface is not particularly limted, provided
that it maseefifectiverrdsaaneapt zcal fdesiganwp lthe ai pbracout aonledrisy  and
al so an outer shape of the nold is not particularly limted, provide that
it Is a snbwable dhapgukoandreambactine (WOASys frame treatment,

primer treatment, ultraviolet radiation treatment, and

electrical surface treatment, etc, can be used. As the

shape of the ocptical surface (front optical surface 1la,

rear coptical surface 11lb) provided on the inner surface

0of the mold, spherical, aspherical, toric, bifeccal,

multifocal, and further refractive, diffractive, etc,

surfaces can be given. However, the shape of the optical

surface 1s not particularly limited, provided that it

is effective as an optical design of the intraccular lens,

and also an cuter shape of the mold is not particularly

limited, provide that it 4is a suitable shape for

manufacture.

(0015)

FIG., 3 to FIG. 9 are views for explaining the

manufacturing method of the intraocular lens according

to embodiments of the present invention. The

manufacturing method of the intraocular lens according

to the embodiment of the present invention will be

described hereafter, with reference to the drawings.

{001le6)
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FIG 3 to FIG 9 are views for explaining the manufacturing nmethod of the
i ntraocul ar I ens according to enbodinents of the present invention. The
manuf acturi ng met hod of the intraocular |ens according to the enbodi nent
of the present invention will be described hereafter, with reference to
the draw ngs. (0016) 14 FIG 3 is a view showing a state of injecting and
nolding the raw material into the nold 100. As showmn in FIG 3, raw
mat eri al nononer 50 of the lens material are injected into the upper nold
20 by a raw mtECi aB iRj ectWarew48hbsaedl{5s34ak) o ft Henjébeihewerndrol d 30
is assenbled thereinto and a lid is put thereon (see FIG 3 (b)) . The
raw mat efi¢ adimenares rofw tiet Eens Indirero alheisesll el @0i.s 2Arok hpar iiaul arl y
limted, provide that it is publicly-known nonomer, and publicly-known
t hermal FpolyRertaat manddd &l atonocard ploapalhardrd zatmane riiri 1 iaateor, etc,
can be used as polynerization initiators. Further, in order to give a W
absor bi ngn pewvered a rithe t hebtgipead maitd aachlyas :daammao:rem)lamringelctt of or
exanple, a polynerizing ultraviolet ray absorber and a polynerizing
pi gnent ,4 @t ¢scealIie, used) as copol Wies 1 owaponenids.3 ( Q0d 73 s sblextled he raw
mat eri al nononer nol ded by the upper
thereintc and a 1id is put thereon (see FIG. 3(b}). The
raw material monomer of the lens material used here is
not particularly limited, provide that it is
publicly-known monomer, and publicly-known thermal
polymerization initiator and photopolymerization
initiator, etc, can be used as polymerization initiators.
Further, 1in order to give a UV absorbing power to the
obtained intraocular lens or coloring it, for example,
a polymerizing ultraviclet ray absorber and a
polymerizing pigment, etc, can be used as copolymer
components.
(G017)
Next, the raw material monomer molded by the upper
mold 20 and the lower mold 30 is polymerized in these
molds. As a method of polymerizaticn, for example, a
methoed of heating and polymerizing the raw material
monomer can be given, wherein a temperature is increased
gradually or continucusly in a temperature range of 25
to 120°C and polymerization is completed in several hours

to several tens of hours. Further, for example, a method

of performing photopolymerization can be given, wherein
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nold 20 and the lower nold 30 is polynerized in these nolds. As a
of polynerization, for exanple, a nethod of heating and pol yneri zing the
raw nmaterial nononer can be given, wherein a tenperature is increased

gr adual

ly or continuously in a tenperature range of 25 to 120C and

net hod

pol yneri zation is conpleted in several hours to several tens of hours.
Further, for exanple, a nethod of perform ng photopol ynerization can be
wherein 15 polylnmerization is performed by irradiating the nononer

gi ven,
with i

obd 1heare i £ Btd oms lpengt hirtletebi Ded adl a 8Cagr darRCR otdne r

absorption of activity of a photo initiator such as ultraviolet ray or
visible wight.1ikbit héysamhorwexanphe, whker elies ¢t metdeteen ipasd orim ng

pol ynmeri zation in conbination of the method of heating and pol yner
t he nonoseecanthride nmeibad ebsperdiol dhngo fphet epeliyyger iczat i:onphAitd hi s
time, atnosphere in a tank or a chanber for polynerization is set
at nosphereitafadder swgas aychuas rarganl e At mspherr cvakikdre priegsiri zed

state may al so be all owed for polynerization. Thus, a discoid polyner 12
is fornemurhawimg fbe epidngale, patedd iB hensenbHalo Pasé r Wotdmitrhg front

opti cal

surface Ila and the rear optical surface Ilb forned there

i Zi ng

in the

n, and

havi ng thelsugpartapaeh grecismsiol nematiern ab £ 12hkomeathdd ot Beaitricigt er ence

(0018)

and pelymerizing the monomer and the method of performing
photopolymerization. At this time, atmosphere in a tank
or a chamber for polymerization is set in the atmosphere

of inert gas such as argon, Atmospheric air or

pressurized state may also be allowed for polymerization.

Thus, a discoid polymer 12 is formed, having the optical
part 11 in the central part with the front optical surface
1la and the rear optical surface 11b formed therein, and
having the support part precursor material 12 formed in
its circumference.

(0018}

Next, the discoid polymer 12 thus obtained 1is
subjected to machining into a 1ens shape by mechanically
cutting process, by not taking out from the mold 100 but
in a state of being pinched between the upper mold 20
and the lower mold 30, namely together with the mold 100C
(see FIG. 4 to FIG. 6). Here, FIG. 4 is a cross—-sectional
view showing a state that the discoid pelymer 12 is fixed
tec a fixing jig 60 and is machined by an endmill 70

together with the mold 100, FIG. 5 is a perspective view
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Next, the discoid polyner 12 thus obtained is subjected to machining into
a |l ens shape by nechanically cutting process, by not taking out fromthe
nold 100 but in a state of being pinched between the upper nmold 20 and
the lower nold 30, nanely together with the nold 100 (see FIG 4 to FIG
6) . Here, FIG 4 is a cross-sectional view show ng a state that the
di scoid polyner 12 is fixed to a fixing jig 60 and is machi ned by an
endm |l 70 together with the nold 100, FIG 5 is a perspective view 16
showi ng ahstatrey tshatt dthe th st ot ide pol gaeri d 2 disymab) eet ed stibeaahdai ng by
the endm || 70 together with the nold 100, and FIG 6 is a view show ng a
state that mheldistoydbypolyaeentzi 51 subj eciedt hermachii tgebwmdhe endmi | |
70 together with the nold 100 wherein FIG 6(a) is a cross-sectional view
and FIG160h)ans BIfl.ad VsewvidWGIwAagshawmate Fh&t dheddbisrg imchi ni ng,
the endmlIl F 70 that machines the | ens shape digs into the |ower nold 30
in a machdhiymg di¥2ct & oaubt]j e tdept hoomasihi ght hy ber Mg eadsliiltl tther eon, so
as to pass through the upper nold 20 and the polynmer 12, and not to pass
t hrough thgeltdwer windld 3the Aacdrdli ndly, whwetagnmeehcni ngauppes and | ower
surfaces of the polynmer 12 are set in a state of being covered with the
nol d 100 rbbies smkt hgniatl posswbberd oFIPr eveld) atlbesi gl of &iew ti ng powder
or dust generated
(0019)
As shown in FIG. 4, during machining, the endmill
70 that machines the lens shape digs into the lower mold
30 in amachining direction at a depth of slightly forming
a siit thereon, so as to pass through the upper mold 20
and the polymer 12, and not to pass through the lower
mold 30. Accordingly, during machining, upper and lower
surfaces of the polymer 12 are set in a state of being
covered with the mold 100, thus making it possible to
prevent adhesion of a cutting powder or dust generated
during machining, to the front optical surface 12a and
the rear optical surface 12b.
(0020)
When a thickness of themold 100 is relatively large,
the thickness of at least either one of the upper mold
20 and the lower mold 30 of the mold 100 may be machined
to be thin (to the degree of not reaching the polymer
12 pinched between the upper and lower molds 20, 30) by

a lathe, etc, prior to lens shape machining. As a

mechanical cutting process, a method that is ordinarily
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during machining, to the front optical surface 12a and the rear optical
surface 12b. (0020) When a thickness of the nold 100 is relatively |arge,
the thickness of at |east either one of the upper nold 20 and the | ower
nold 30 of the nold 100 nmay be nachined to be thin (to the degree of not
reaching the polymer 12 pinched between the upper and | ower nolds 20, 30)
by a lathe, etc, prior to |l ens shape machining. As a nechanical cutting
process, a nmethod that is ordinarily 17 performed by a skilled person is
adopt ed.pdbreveisd ordi aarsdiyl ladf gdeabbe soét aidigaecul arebeasart eri al
is soft at a normal tenperature, and therefore, when such a lens materi al
i s har dlyr#hahirmedy at aa frardesb 1 et erpet at seeaddulan benwlfigdeiritan a
desired intraocular |ens shape by cooling and cutting a copol yner.
Furt her ,is exefit iat & aasend hateriherbens atptaid alhoesonet, haea shatdness
sufficient to be gripped by a cutting nmachine, although the materi al
itself can benmechaniealiby cuts byhagddlyi ngnaridinuwtti kg, id caorbe Imachi ned
wi t hout applying conplicated pre-treatnment, etc, by polynerizing the
mat eri altemptheatplast i tt oo Hdato taadbeéngr ppedshy dda ntctsdeng amchi ne
and machining it together with the nold. (0021) After the discoid polyner
12 i s macdmaeshbpethg cooling and cutting a copoelymer. Further,

even in a case that the lens material does not have

hardness sufficient to be gripped by a cutting machine,

although the material itself can be mechanically cut by

cooling and cutting, it can be machined without applying

complicated pre-treatment, etc, by polymerizing the

material in the plastic meld that can be gripped by the

cutting machine and machining it together with the mold.

(0021)

After the discoid polymer 12 is machined by the

endmill 70 together with the mold 100, cut pieces of the

upper mold 20 and the lower mold 30 are removed and the

intracocular lens 10 that has undergone machining is taken

out. FIG. 7 is a view showing a state that a cut piece

25 after the discoid polymer 12 is machined by the endmill

70 together with the mold 100, is separated and removed,

wherein FIG. 7(a) is a plan view and FIG. 7(b) is a

cross-sectional view. FIG. 8 is a view showing a state

that the intraocular iens 10 is peeled off from the lower

mold 30 together with a cut piece 24 after the discoid

polymer 12 is machined by the endmill 70 together with
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endm || 70 together with the nold 100, cut pieces of the upper nold 20 and
the lower nold 30 are renoved and the intraocular lens 10 that has
undergone machining is taken out. FIG 7 is a view showing a state that a
cut piece 25 after the discoid polyner 12 is machined by the endm ||l 70
together with the nold 100, is separated and renoved, wherein FIG 7(a) is
a plan view and FIG 7(b) is a cross-sectional view FIG 8 is a view
showing a state that the intraocular lens 10 is peeled off fromthe | ower
nol d 30 tlegemdrd Wi 0h,awdidrpieceIZA. attan tihe 4 sceiwd sipohymer thke i s
machi ned by the endm Il 70 together with 18 the nold 100, wherein FIG
8(a) is wewilew showt ngotthel apeel edsi ntiriagocudad | 115 10, 8ahg FliG &b) is a
cross-sectional view of the lower nold 30 after the intraocular lens 10 is
peel ed of fosEBE2XYtidrnashowhewn ¢&-f Gthe Lbe&eatit mpilece3@5 dfowarngtee part  of
the upper nold 30 is renoved, and next, as shown in FIG 8, the cut piece
24 formigtaapartl®e®t ke upper igolpdke BOdi © fifeel ed of f from the intraocul ar
| ens 10, and subsequently, the intraocular lens 10 is peeled off from the
| ower no{@03@) As a nethod of peeling off the intraocular Iens 10 fromthe
upper nold 20, etc, a lens may be peeled off by physically directly
gripping it. Abwlvewn DnefF3Grfadcetafe tthe Ilpenscées2 Bxposad oy ar et ng

of the upper mold 30 is removed, and next, as shown in

FIG. 8, the cut piece 24 forming a part of the upper mold

30 is peeled off from the intraocular lens 10, and

subsequently, the intraocular lens 10 is peeled off from

the lower mold 30. As a method of peeling off the

intraocular lens 10 from the upper mold 20, etc, a lens

may be peeled off by physically directly gripping it.

However, one surface of the lens is exposed by removing

the cut piece of the mold covering the 1lens, and

thereafter the mold {lower mold 30} with the lens yet

stuck thereto may be mechanically pressed from the side

with no lens stuck thereto. Thus, the lens can be taken

out without being damaged.

(0023)

FIG. 9 is a view showing an example of a method of

peeling off the intraocular lens stuck to the lower mold

30, wherein FIG. 9(a) is a view showing a state that the

lower mold 30 is fixed to a fixing Jjig 80 with the

intraocular lens 10 faced downward, and the lower mold

30 is pressed downward by a pressing rod 90 from the rear
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the cut piece of the nold covering the lens, and thereafter the nold
(lower nold 30) with the lens yet stuck thereto nay be nechanically
pressed fromthe side wth no | ens stuck thereto. Thus, the |l ens can be
taken out w thout being damaged. (0023) FIG 9 is a view show ng an
exanple of a nmethod of peeling off the intraocular |lens stuck to the | ower
nold 30, wherein FIG 9 (a) is a view showing a state that the |ower nold
30 is fixed to a fixing jig 80 with the intraocular lens 10 faced
downwar dsideqd tahed | pner 9ol 3€ ssvpkessatbWonwowar ¢ dwta phessitigerod 90
fromthe rear 19 side, and FIG 9(b) is a view showing a state that the
i ntraocul at rlkensu 18ri sepeelled iof foedhad, oliy .t haHwes hody shewneithdd G 9,
the intraocular lens 10 can be taken out w thout being damaged. At this
time, itsheswef fiact¥ve. t99 coioé the densulagetlhenswiith ddve el d saceh har den
the lens noderately, for inproving the release of the lens fromthe nold.
(0024) &uttinethowehetingy cutmgdede obttbhRrimotdmeqveri hg efbheclenssis
renoved, only the nold cut piece is peeled off fromthe |lens and the |ens
i s stucktdocord afhd hkensppergeatide Fowar: moligs. mba doraded t@rsecurtehd hi s
state, one of the nolds to which the lens is supposed to be stuck,

lens moderately, for improving the release of the lens

from the mold.

(0024)

Further, when the cut piece of the mold covering

the lens is removed, only the mold cut piece is peeled

off from the lens and the lens is stuck to one of the

upper and lower molds. In order to secure this state,

one of the molds to which the lens is supposed to be stuck,

may be strongly treated before injecting the rawmaterial

mcenomer, even when adhesive strength imparting treatment

is applied only tc one of the molds of upper and lower

molds to which the lens is stuck, or the adhesive strength

imparting treatment is applied to both upper and lower

molds. Further, it is also preferable tco use a method

of peeling off the lens from the mold by putting it into

water cor alcohol so as to be swelled therein, because

the lens can be taken out without being damaged. In the

obtained intraocular lens 10, an advanced optical design

having high accuracy, with meld inner surface

transferred thereto, is given to the optical surface,

and the optical surface has no cut powder or dust adhered
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may be strongly treated before injecting the raw material nonomer, even
when adhesive strength inparting treatnent is applied only to one of the
nol ds of upper and |lower nolds to which the lens is stuck, or the adhesive
strength inparting treatnent is applied to both upper and | ower nolds.
Further, it is also preferable to use a nethod of peeling off the |ens
fromthe nold by putting it into water or alcohol so as to be swelled
therein, because the lens can be taken out w thout being damaged. In the
obt ai nedc hatreaacul ah il@ns ik0, gah cattandedwpt hgalsideskegma davinAg di gh
accuracy, with nold inner surface transferred thereto, is given to the
opti cal Bnukathe iandddeudptdi talnssunf deeahasmpd «tiédponden oy wdust adher ed
20 thereto, which is generated during shape nachining. Thus the
i ntraocutar pldnssAOniys rae gohpket.ed product with no polishing required.
(0025) Hereafter is shown exanples of manufacturing the intraocular |ens
10 by theooamyfacturing nethod described in the aforenentioned
enbodi nents. However, the present invention is not limted thereto. O
course as the midreefttewsiadshpwinhexexad e Himeena heceafrtiarg tHde
aforenentioned nold 100 is used. <Exanmple 1> 65 pts.wt. of 2-phenyl ethyl
acryl ateinB8aptccuidr lens 10 by the manufacturing method

described in the aforementioned embodiments. However,

the present invention is not limited thereto. Of course

as the mold, etc, used in the examples given hereafter,

the aforementioned mold 100 is used.

<Exampie 1>

65 pts.wt. of Z-phenyl ethyl acrylate, 30 pts.wt.

of 2-pheyl ethyl methacrylate, 3.2 pts.wt. of butanediol

diacrylate as a crosslinking monomer, and 0.3 pts.wt.

of 2,27azobis (isobutyronitrile) as a polymerization

initiator, were prepared in a sample tube, which were

then stirred sufficiently, to thereby obtain a

homogeneous monomer mixed solution. The mixed solution

was 1njected 1into one set of upper and lower

polypropylene molds having the optical surface on the

inner surface, and polymerization was performed in a

pressure polymerizer based on a predetermined

temperature program in a nitrogeh atmosphere under

pressure of 0.2MPa. Namely, the temperature was

increased up to 50°C for 30 minutes from a room

temperature, the mixed solution was held for 12 hours,

21




of 2-pheyl ethyl nethacrylate, 3.2 pts.wt. of butanediol diacrylate as a
crosslinking nononer, and 0.3 pts.w. of 2,2 azobis (isobutyronitrile) as
a polynerization initiator, were prepared in a sanple tube, which were
then stirred sufficiently, to thereby obtain a honbgeneous nononer m xed
solution. The m xed solution was injected into one set of upper and | ower
pol ypropyl ene nol ds having the optical surface on the inner surface, and
pol ynmeri zation was perforned in a pressure polynerizer based on a

predet erth Bete mpempalat s PHOG 2dh k& dau Pl ¢ & AgeIr @S pher 8: Hndeds, pressure
of 0.2MPa. Nanely, the tenperature was 1ncreased up to 50C for 30 m nutes

froma rolhen tenpet ainplee;atdhee mvsed cohttinavwvesyhend feoisdd hauriss 21 the
tenperature was increased up to 100C for 300 mnutes, then the tenperature

was contimpeusdy s0cheasekdp 49d 4RO HokekD SH Yt €6n ARG hika drisxed
solution was held for 2 hours, and the tenperature was decreased. Thus,

the sof2 hottraqcumad thkestraipsriatuwas o yderirzedsed 002B8hushexthe t he
obt ai ned pol ynmer was cut out into a | ens shape by nechanical mlling,

wi t hout $@aktndritreatuflraaom 1é¢he o toe bt 1i wass spaflenafr beedg pi nched
between the nolds. At this tinme, the endm Il digs into the nold so as to
pass throwughetthe upper side nold and the pol ynmer and not

Next, the obtained pclymer was cut out into a lens
shape by mechanical milling, without taking it out from
themold but ina state of being pinched between themolds.

At this time, the endmill digs into the mold sc as to
pass through the upper side mold and the polymer and not
to pass through the lower side mold, at a depth of forming
a slight slit, andmachining was performed while spraying
a cocl air set at -20°C. In addition, before lens shape
machining, the upper side mold was machined to be thin
in a machining direction of the endmill by using a lathe,
50 as not to reach the polymer.

(0027)

After lens shape machining, the cut piece of the
mold covering one surface of the lens was removed, in
such a manner that one surface is exposed and one surface
is in a state of being stuck to the mold. Thereafter,
the lens was put in a refrigerator and cooled at 10°C
together with the mold, to thereby slightly harden the

lens. Subsequently, the mold with the lens yet stuck

thereto, was mechanically pressed from the side with the
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to pass through the lower side nold, at a depth of formng a slight slit,
and machi ning was perforned while spraying a cool air set at -20C In
addition, before |l ens shape machining, the upper side nold was machined to
be thin in a machining direction of the endm Il by using a |athe, so as
not to reach the polyner. (0027) After |ens shape nachining, the cut piece
of the nold covering one surface of the |l ens was renoved, in such a
manner that one surface is exposed and one surface is in a state of being
stuck tol¢he nolkdstihek edfeeeto t e |Ensrebky peimawne athef L eger &trarm and
cool ed at 10C together with the nold, to thereby slightly harden the
| ens. Sublsequehtlly, Nohedhelsd om oif the tehspyetiest ackdu b heyeth oy awasd
mechani cal ly pressed fromthe side with the 22 lens not stuck thereto, to
t her eby demivg tshepensathdminde welsdreNo @uhesidon roft Hdeclotit ipadtier or
dust generated during shape machi ning, was recognized in the obtained
| ens, andethe sefid i nthraocab At | ens gyt bmg Aengpolieshing,iragnd dmvi ng t he
optical surface with the nold inner surface transferred thereto, was
obt ai nedec 1 0628)n wExamp| lpa 23 nion tihee gamecwady sas fidhee exahpl €he oicier t han a
point that the adhesive strength inparting treatnent was previously
appl i ed tmnehe sumes csurtfraces 6t ramal ofheleto, was obtained.

(0028) <Example 2>

In the same way as the example 1 other than a point

that the adhesive strength imparting treatment was

previously applied to the inner surface of one of the

upper and lower sets of polypropylene molds used in the

example 1 (the mold becoming the lower side of the endmill

during lens shape machining) for 10 seconds in the air

by the low pressure mercury lamp (produced by SEN LIGHTS

CORPORATION “OPTICAL SURFACE TREATMENT APPARATUS

PL16~110"), the soft intraoccular lens was c¢bhbtained.

When the cut piece of the mold covering cne surface of

the lens was removed after lens shape machining, only

the mold cut piece was peeled off from the lens, and the

lens was in a state of being surely stuck to the other

mold to which the adhesive strength imparting treatment

was applied. No adhesion of the cut powder or dust

generated during shape machining was recognized in the

cbtained lens, and the soft intraocular lens having the

cptical surface to which the mold inner surface was

transferred, and requiring no polishing could be
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upper and | ower sets of polypropylene nolds used in the exanple 1 (the
nol d becomng the | ower side of the endm Il during | ens shape nachi ni ng)
for 10 seconds in the air by the | ow pressure nercury |lanp (produced by
SEN LI GHTS CORPORATI ON " OPTI CAL SURFACE TREATMENT APPARATUS PL16-110"),
the soft intraocular | ens was obtained. Wen the cut piece of the nold
covering one surface of the |lens was renoved after | ens shape machi ning,
only the nold cut piece was peeled off fromthe lens, and the lens was in
a state obtheénregd surely stuck to the other nold to which the adhesive
strength inparting treatnment was applied. No adhesion of the cut powder or
dust gepecaved <tkingishape nachi ning was recogni zed in the obtained
| ens, and the soft intraocular |ens having the optical surface to which
the nol d i nneriswlaceamaswatyr agstarr ecangnte r equit hemrgt hapal pshirmg coul d
be 23 obtained. (0029) <Exanple 3> In the same way as the exanple 1 other
than a pohat that moreomenomerx e xa oot ibhowaas ussedl as ttieer aww
material, which had a conpositional ratio of 72 pts.w. of 2-phenyl ethyl
acryl at enaBeptis Wt .wiof chehbyl a oemracy it Abea s mettsistofof 2t pt&l.war.o et hyl
met hacryl ate, 20 pts.w. of 1, 4-bis(2-hydroxyethoxy)phenylacrylate, 4.5
pts.w. @of 2-phenyl ethyl acrylate, 3 pts.wt. of methyl

methacrylate, 5 pts.wt. of trifluoro ethyl

methacrylate, 20 pts.wt. of

l,4-bis(2-hydroxyethoxy)phenylacrylate, 4.5 pts.wt. of

neopentyl glycol diacrylate as a cross-linking monomer,

1.5 pts.wt. of 2-(2-hydroxy-3-tert-butyl-5-methyl

phenyl)-5-{2-methacryloyloxyethyl) benzotriazole as a

UV-absorbing component, 0.03 pts.wt. of

4-(b5-hydroxy-3-methyl-l-phenyil-4-pyrazolyl

methylene}~3-methacrylamino-1l-phenyl-2-pyrazoline-5-

on as a yellow coloring component, and 0.3 pts.wt. of

2,2'"-azobils (isobutyronitrile) as a polymerization

initiator, the soft intraocular lens was obtained. No

adhesion of the cut powder or dust generated during shape

machining was recognized in the obtained lens, and the

scft intraccular lens having the cptical surface to which

the mold inner surface was transferred, and requiring

no polishing could be obtained.

(C030) <Example 4>

In the same way as the example 2 other than a point

that the monomer mixed solution was used as the raw
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neopentyl glycol diacrylate as a cross-linking nononer, 1.5 pts.wt. of
2- (2-hydroxy-3-tert-butyl-5-nethyl phenyl)-5-(2-nethacryl oyl oxyet hyl)
benzotriazole as a UV-absorbing conponent, 0.03 pts.wt. of
4- (5- hydr oxy- 3- net hyl - | - phenyl - 4- pyrazol yl
met hyl ene) - 3- net hacryl am no- | - phenyl - 2- pyrazol i ne-5- on as a yell ow
col oring conponent, and 0.3 pts.wt. of 2,2'-azobis (isobutyronitrile) as a
pol ymeri zation initiator, the soft intraocular |ens was obtained. No
adhesi omrmat etrhiea Tutwipowtiehagr adgstmmenikatec durabgoshdpsd 6 pushiwt ng was
recogni zed in the obtained |lens, and the soft intraocular |ens having the
optical sbrRagéramwyhiecihyl heeirblad 1 whetesur¥acetwas ttr ansf erbed, yand
requiring no polishing could be obtained. (0030) <Exanple 4> In the same
way as thergdatpte 2 other thafla point thatptwewsonomer m xed sof ution
was used as the raw 24 material, which had a conpositional ratio of 56
pts.w . 2of22{pkerfyluethyplctnEel hathyl:atle,1 3bephgiwmt . of n-butylkthacryl ate,
90 pts.wt. of 2-[2-(perfluorooctyl)ethoxy]-I-nmethyl ethyl nethacrylate, 3
pts.w . r¢tdelmdehaetglycol3 di methawkyl at ecls thethydssie | i nkilygeabnoner,
0.3pts.wt. of 2,2'-azobis (isobutyronitrile) as a polynerization
i nitiatolinmehdasofylimter ascuharctenas dsiiobtgimedomia, 0.3 pts.wt.,

of 2,2’ -azobils (isobutyronitrile) as a polymerization

initiator, the soft intraocular lens was obtained. No

adhesion of the cut powder or dust generated during shape

machining was recognized in the obtained lens, and the

soft intraocular lens having the optical surface to which

the mold inner surface was transferred, and requiring

no polishing could be obtained.

(0031) <Comparative example 1>

The soft intracocular lens material was polymerized

in the same way as the example 1, and thereafter the upper

and lower molds were disassembled, then one surface of

the discoid polymer was exposed, and the other surface

was set in a state of being stuck to the mold. Then, the

endmill digs into the mold so as to pass through the upper

side mold and the polymer and not to pass through the

lower side mold, at a depth of forming a slight slit on

the mold, and machining was performed while spraying a

cool alr set at -20°C, and the polymer was cut out into

a lens shape by mechanical milling. After lens shape

machining, the lens was put in a refrigerator and cocled
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adhesion of the cut powder or dust generated during shape nmachining was
recogni zed in the obtained | ens, and the soft intraocular |ens having the
optical surface to which the nold inner surface was transferred, and
requiring no polishing could be obtained. (0031) <Conparative exanple 1>
The soft intraocular |ens material was polynerized in the sane way as the
exanple 1, and thereafter the upper and |ower nolds were di sassenbl ed,
then one surface of the discoid polyner was exposed, and the other surface
was set 48 B0 atgyof hbei nythttiek o1 thei ind drathernhdthen<epdrddcdigs into

the nold so as to pass through the upper side nold and the polynmer and not
to pass wvhsowghudhetol awer msodd,mdd, tht raekdept high tflor agdarnsitdght slit
on the nold, and machi ning was perforned while spraying a cool air set at
-20C, anbethbe pélumeequas tcly, otheimbadd ad edisl shapkeebyemechars cat m | 11 ng.
After | ens shape machining, the lens was put in a refrigerator and cool ed
25 at 10€£tto@et hexswnelehidrel ovlld)y iprasskeat e tdmat thre ssidé ave thvaso stuck to
the nold, to thereby slightly harden the 1ens. Subsequently, the nold to
whi ch t heehenstwaskyehe rsttuck, twas hhechhri cally puessedt froemst Heranhde with
no lens stuck thereto, to thereby take out the lens from the nold. In the
obt ai nedthensp 1la .| otl roft lcautolpoadiers! drenglusd sl genef at et duwideg stecehi ni ng
were adhered to the

dusts generated during machining were adhered to the

surface exposed during shape machining, and the lens of

an acceptable level in outer appearance test could not

be obtained. Further, subsequently, tumbling polishing

was applied to the obtained lens for 72 hours, by using

glass beads with particle diameter of 0.8mm. However,

the adhered cut powders could not be completely removed.

(0032) <Comparative example 2>

After the soft intraocular lens material was

polymerized in the same way as the example 3, the soft

intraccular lens was obtained in the same way as the

comparative example 1. In the obtained lens, a lot of

cut powders or dusts generated during machining were

adhered to the surface exposed during shape machining,

and the lens of an acceptable level in outer appearance

test could not be obtained. Further, subsequently,

tumbling polishing was applied to the obtained lens for

72 hours, by using glass beads with particle diameter

of 0.8mm. However, the adhered cut powders could not be

completely removed.
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surface exposed during shape machi ning, and the lens of an acceptable
| evel in outer appearance test could not be obtained. Further,
subsequently, tunbling polishing was applied to the obtained lens for 72
hours, by using glass beads with particle dianeter of 0.8mm However, the
adhered cut powders could not be conpletely renoved. (0032) <Conparative
exanple 2> After the soft intraocular lens material was polynerized in the
same way as the exanple 3, the soft intraocular |ens was obtained in the
sane way(@as3the <Comparait vee egampleld. 3bn the obtained lens, a lot of cut
powders or dusts generated during machining were adhered to the surface
exposed duri ndAEhape mhehi siodg, iandraheullens dferam acezeptdbile Ml in
out er appearance test could not be obtained. Further, subsequently,
t unbl i ngp pblvinst nge dag nappld exeme whe clb dilmedekenme ford, 72hkowrasi t by usi ng
gl ass beads with particle dianmeter of 0.8mm However, the adhered cut
powder s totkdomtldpe leonpl ebel wheabned 26 tOG333amE€ome atEvéexanpl e. 3>
After the soft intraocular lens material was polynerized in the sane way
as the exampke 4 ivheesamprlentraotol ahd erst aasesbtlgmead Bnliohe shne way
as the conparative exanple 1. In the obtained lens, a lot of cut powders
or dust scyen@cat@erdurdmgdrathsi idegewariteed during machining were

adhered to the surface exposed during shape machining,

and the lens of an acceptable level in cuter appearance

test could not be obtained. Further, subsequently,

tumbling polishing was applied to the cbtained lens for

72 hours, by using glass beads with particle diameter

of 0.8mm. However, the adhered cut powders could not be

completely removed.

Industrial Applicability
(0034)

The present invention <c¢can be utilized for
manufacturing an intraocular lens inserted into an eye,
instead of a crystalline lens which is removed when the
crystalline lens is getting cloudy due to a cataract,

etc.

Brief description of the drawings
(0033)
FIG. 1 is a view showing an intraocular lens

manufactured by a manufacturing method of the
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adhered to the surface exposed during shape nmachining, and the Iens of an
acceptabl e |l evel in outer appearance test could not be obtained. Further,
subsequently, tunbling polishing was applied to the obtained Ilens for 72
hours, by using glass beads with particle dianeter of 0.8mm However, the
adhered cut powders could not be conpletely renoved. Industrial
Applicability (0034) The present invention can be utilized for

manuf acturing an intraocular lens inserted into an eye, instead of a
crystal linerkemsi Wwhrchl ¢égsr enbeed ditten tthe aer ygshblodimeehensofstdgetiting
cloudy due to a cataract, etc. Brief description of the drawings (0035)
FIG 1 israsendwigtiosihgoan iwhtenedol &T1d.ens(ahahafactlredvbhgvaand

manuf acturi ng method of the 27 intraocular |ens according to an enbodi nent
of the DE€sedt(bnvenaticomigherdiav FIG 1(a) is a plan view and FIG 1(b)
is aside view FIG 2 is a viewshowng a nold used for the nmanufacturing
met hod of the Fh&ractulizr kerslaecorldwgnat oat heo bdbots eentf of tthee present

invention, wherein FIG 2(a) is a cross-sectional view showi ng a state
t hat an manufacturing method of the intraoccular lens according

to the embodiment of the present inventicn, wherein FIG.
2{a) is a cross-sectional view showing a state that an
upper mold and a lower mold are separated fromeach other,
and FIG. 2(b) is a cross-sectional view showing a state
that the upper mold and the lower mold are connected to
each other in a state of being molded, and FIG. 2(c) is
a plan view.

FIG. 3 is a view showing a state that a raw material
is injected into a mold 100 and molding is performed.

FIG. 4 is a cross—-sectional view showing a state
that a discoid polymer 12 is fixed to a fixing jig 60
and is machined by an endmill 70 together with the mold-
100.

FIG. 5 is a perspective view showing a state that
the discoid peclymer 12 is machined by the endmill 70
together with the mold 100.

FIG. 6 is a view showing a state after the discoid
polymer 12 is machined by the endmill 70 together with
the mold 100, wherein FIG. 6(a) is a cross-sectional view
and FIG. 6(b) is a plan view.

FIG. 7 is a view showing a state that a cut piece
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upper nold and a |l ower nold are separated fromeach other, and FIG 2(b)
is a cross-sectional view showing a state that the upper nold and the

| ower nold are connected to each other in a state of being nol ded, and
FIG 2(c) is aplanview . FIG 3 is a viewshowing a state that a raw
material is injected into a nold 100 and nolding is performed. FIG 4 is
a cross-sectional view showing a state that a discoid polyner 12 is fixed
to a fixing jig 60 and is machined by an endm || 70 together with the nold
100. FI &55ipsrenperspestfitve vilesy dhowiongl pstarent Hat 1is hwadihdooid pol ymer
12 is machined by the endmlIl 70 together with the nold 100. FIG 6 is a
vi ew show nfhe siradeiaflt éf0 t hegditdsoi dwipdl yohes melids IfHthi wbedpin he
endm |1l 70 together with the nold 100, wherein FIG 6 (a) is a
cross-setiFonalaviewa phdFrGevwed b FEGa pllan v ewcrPlsG-Fett iandew
showi ng a state that a cut piece 28 25 is renoved after the discoid

pol ymer 12e¥s machined by the endmill 70 together with the nold 100,
wherein FIG 7 (a) is a plan viewand FIG 7 (b) is a cross-sectiona

view. FIG 8 iBI@.\iéw showengshostiang a Isatates it aoculretrabems a0 i s

peel ed off froma |ower nold 30 after the
lens 10 is peeled off from a lower mold 30 after the

discoid polymer 12 is machined by the endmill 70 together
with the mold 100, wherein FIG. 8(a) is a view showing
the peeled intraocular lens 10 and FIG. B8(b) is a
cross-sectional view of the lower mold 30 after the
intraocular lens 10 is peeled off.

FIG. 9 is a view showing an example of a method of
peeling the intraocular lens stuck to the lower mold 30,
wherein FIG. 9(a) is a view showing a state that the lower
mold 30 is fixed to the fixing jig 80 with the intraocular
lens 10 faced downward, and the lcower mold 30 is pressed
downward by a pressing rod 90 from the rear side, and
FIG. 9(b) is a view showing & state that the intraocular

lens 10 is peeled off.

Description of Signs and Numerals
(0036)

10 Intraocular lens

11 Optical part

lla Front optical surface

1l Rear cptical surface
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di scoid polyner 12 is machined by the endm |l 70 together wth the nold
100, wherein FIG 8(a) is a view showng the peeled intraocular |ens 10
and FIG 8(b) is a cross-sectional view of the lower nold 30 after the
intraocular lens 10 is peeled off. FIG 9 is a view showi ng an exanple of a
met hod of peeling the intraocular |ens stuck to the |lower nold 30,

wherein FIG 9 (a) is a view showng a state that the lower nold 30 is
fixed to the fixing jig 80 with the intraocular |ens 10 faced downward,
and the lawer 3wpgo3ld imsaptepsertudeomienranibyra pressing rod 90 fromthe
rear side, and FIG 9 (b) is a view showing a state that the intraocul ar

| ens 10 18apedldd offupPesdrigetiron of Signs and Nunerals (0036) 10
Intraocular lens 11 Optical part Ila Front optical surface |lb Rear
optical 30rfadérpr2® @ Sdpport part precursor nenber 12a, 12b Support part

20 Upper nold 30 Lower nold 100 Mol d 30
30 Lower mold

100 Mold
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Claims 1. A manufacturing nethod of an intraocular |ens conprising an
optical part having a front optical surface and a rear optical surface
that constitute front and rear surfaces of a |lens; and a support part
provi ded on an outer peripheral part of the optical part for supporting
the optical part in an eye, wherein a nold is used, having an optical part
nol ding part for form ng a nenber becom ng the optical part by nol ding,
and a support part nolding part for formng a nenber becom ng the support
part by nolding, wherein the fronfleptigal surface and the rear optical
surface can be directly obtained by nolding the optical nolding part, and
the support pakt Bamapelbbehiméddymedppldyiafy anaddittizonadlmaciansg to the
menber formed by nolding, the method conprising the steps of: injecting a
raw mat e P&EPrafs Bngian cadcutat pens havéonag aef noht,ophérnagobymera e ng or
hardening the raw material, then machining the nmenber becom ng the support
part int®ndaa siftape attife lsapporcpamiat renstatettchdtraatt lsgedtretdwe front
optical surface and the rear optical surface in the polynerized or

har denedS WEABESS ap & eovearedll wenki tthesupprirdalppatt proivwh digdpamt aof t he

mol d, and rel easing the optical part nolding part fromthe
outer peripheral part of the optical part for supporting

the optical part in an eye,

wherein a mold is used, having an optical part
molding part for forming a member becoming the optical
part by molding, and a support part molding part for
forming a member becoming the support part by molding,
wherein the front optical surface and the rear optical
surface can be directly obtained by molding the optical
molding part, and the support part can be obtained by
applying a additional machining to the member formed by
molding,

the method comprising the steps of:

injecting a rawmaterial of an intraocular lens into
themold, then polymerizing or hardening the raw material,
then

machining the member becoming the support part into
a shape of the support part in a state that at least the
front optical surface and the rear optical surface in
the polymerized or hardened members are covered with the
optical part molding part of the mold, and

releasing the optical part molding part from the
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31 nold. 2. The manufacturing nethod of the intraocular lens according to
claim1, wherein the support part nolding part of the nold has a sectional
face with a shape of a conpleted support part if cut by a sectional face
including an optical axis of the optical part, and with an arbitrary shape
if viewed fromthe optical axis direction, and machining by the support
part nolding part is applied to the nenber beconing the support part so
that the shape of the nmenber becom ng the support part viewed fromthe
optical mgils. direction corresponds to the shape of the conpleted support
part. 3. The manufacturing nethod of the intraocular lens according to
claimi1 or 2, ¥hefleemanvawciatrrhglmethphecfinheaortracdwhsrilsensj ect ed
into the nold, which is then polynerized or hardened, and in a state that
pol ymer i 2€@ ¢ rotihar denedl admbdrs exist in both the optical part nolding
part and the support part nolding part of the nold, the nmenbers are

machi ned togeter@iltth tihe grepgordo naeat mheédshmeperarewed themntdkdopti cal
axis direction in the nenber becomi ng the optical part and the nenber
becom ngh&Beaseppditcpattfzoprespondsshapche Shhagpemilethd soppiet vd

intraocular lens. 32
part if cut by a sectional face including an optical axis

of the optical part, and with an arbitrary shape if viewed
from the optical axis direction, and machining by the
suppoert part molding part 1is applied to the member
becoming the support part so that the shape of the member
becoming the support part viewed from the optical axis
direction corresponds to the shape of the completed

support part.

3. The manufacturing method of the intraocular lens
according to claim 1 or 2, wherein a raw material of the
intraocular lens is injected into the mold, which is then
polymerized or hardened, and in a state that polymerized
or hardened members exist in both the optical part
molding part and the support part molding part of the
mold, the members are machined together with the mold
so that the shape viewed from the optical axis direction
in the member becoming the optical part and the member
becoming the support part corresponds to the shape of

the completed intraocular lens.
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4. The manufacturing nethod of the intraocular Iens according to any one
of clains 1 to 3, wherein the nold has an upper nold and a | ower nold, the
met hod conprising the steps of: injecting the raw nmaterial of the
intraocular lens into the nold, then polynerizing or hardening the raw
materi al ; then machi ning the nenber becom ng the optical part and/or the
menber becom ng the support part together with the nold in a state that

t he nenbers exist between the wupper nold and the |ower nold, so that the
shape viewed 41 dhe eropfesmrExi g mf tleedi oh tdoe lespoadsutla a leguhpl et ed
shape, wherein in the machining step, machining is applied to the nold

Wi th the2aeatsrisnexiatany Phs @ N 3U8E & t@agnew%r@iggth@ metlod one of
t he upper nold and the lower nold of the nold fromthe optical axis

di recti oma @l édg LRPYEr M@l d candodr Jowert Retlpartiti ons so that the shape
viewed fromthe optical axis direction corresponds to the conpleted shape
to a depth of Ta8shedhat otghPeiesind the mtessamf 1o a prescribed depth
of the other nold, over an entire circunference of the contour line. 5.
The manuf act urdhgyeFELAGH tdfe e’ M rasbeallap fl EAe ladcrdFngatto legmp one of

clains 1 to 4, wherein the intraocular lens is a soft intraocular lens. 33
into the mold, then polymerizing or hardening the raw

material; then

machining the member becoming the optical part
and/or the member becoming the support part together with
the mold in a state that the members exist between the
upper mold and the lower mold, so that the shape viewed
from the optical axis direction corresponds to a
completed shape,

wherein in the machining step, machining is applied
te the meld with the members existing inside in such a
manner as digging into one of the upper mold and the lower
mcld of the mold from the cptical axis direction along
a virtual contour line that partitions so that the shape
viewed from the optical axis direction corresponds to
the completed shape to a depth of passing through one
of the molds and to a prescribed depth of the other mold,

over an entire circumference of the contour line.

5. The manufacturing method of the intraocular lens
according to any one of c¢laims 1 toc 4, wherein the

intraocular lens is a soft intracocular lens.
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6. The manufacturing nethod of the intraocular |lens according to any one
of clains 1 to 5 wherein the nold is conposed of plastic resin. 7. The
manuf acturi ng method of the intraocular lens according to claim®6, wherein
the plastic resinis polyolefin resin, polyethylene resin, or
pol ypropyl ene resin. 8. The manufacturing nethod of the intraocular |ens
according to claim®6, wherein a glass transition tenperature of a nmateri al
conposing the soft intraocular lens is less than 35C. 9. The nanufacturing
met hod of the intraocular Iens according to claim®6, wherein a materi al
conposing the soft intraocular lens is a polynmer of acrylic nononer. 10.
The manuf act ur ¢ gl retrhgu bt cther i nurmethbar o fl ehs hotoedingl 40 Id@msm 6,
wherein a treatnent for inparting adhesive strength to the materi al
conposi ngccotie opei tal apar tories pf evi adsisy lagp i%ed whoe arinnmdére msutflace of
the nold made of plastic resin. 11. The manufacturing nmethod of the
i ntraocular cogdens adcapdpagitco ceaim.10, wherein in the treatnent for
i nparting adhesive strength to the material, an active |ight, which has
its em ssion peak at 150-300 nm wavel ength range and has a function that
deconposes an oxygen nol ecule to generate ozone and deconposes the
7. The manufacturing method of the intraocular lens
according to claim 6, wherein the plastic resin is
polyolefin resin, polyethylene resin, or polypropylene

resin.

8. The manufacturing methed of the intraocular lens
according to claim 6, wherein a glass transition
temperature of a material composing the soft intraocular

lens 1s less than 35°C.

9. The manufacturing method of the intraocular lens
according to claim 6, wherein a material composing the

soft intraocular lens is a polymer of acrylic monomer.

10. The manufacturing method of the intraccular
lens according to claim 6, wherein a treatment for
imparting adhesive strength to the material composing
the optical part is previously applied to an inner

surface of the mold made of plastic resin.

11. The manufacturing method of the intraocular
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ozone to generate active oxygen species, is previously irradiated to the
first polynmer under existence of oxygen. 35

lens according to claim 10, wherein in the treatment for
imparting adhesive strength to the material, an active
light, which has its emission peak at 150-300 nm
wavelength range and has a function that decomposes an
oxXygen molecule to generate ozone and decomposes the
ozone to generate active oxygen species, is previously
irradiated to the first polymer under existence of

oxygen.
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