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SPECI FI CATION Met hod of manufacturing contact |ens nmaterial and net hod of
manuf acturi ng soft contact |lens TECHNI CAL FI ELD [0001] The present
invention relates to a nethod of manufacturing a contact lens nmaterial
having a snooth surface with good water wettability and durability, and to
a method of manufacturing a soft contact |ens enploying the contact |ens
mat eri al ~obtained by the above nmet hod. TECHNI CAL BACKGROUND [ 0002]
Cinical results have indi cat egpmetFrdrowpl y of oxygen fromthe

at mosphere di m ni shes when wearing contact |enses, resulting in the

i nhi bi ti oMethod obmapalacteping lkehtaet leneinbteniat osi methnd of hiagkkaniumggsbfit he
cornea. Accordingly, attenpts have been made to inprove the oxygen
permeability of materials to provFeaddensr contact |enses. [0003]

Water-c contact- | enses are known to produce a pl easant wear
conf ortww’ghiqﬁ‘gm bility of the material, but the oxygen perneability
t hey aff is i stur

y [g(?(ﬂt]h Tlhggﬁésehﬂﬁﬂeﬁp&{ ré?{ite%"ﬁf g n% Case'aﬁ?ﬁaﬁnﬁ He dotdch &ng0 e

.cont ent e len exa wat er - cont al ni ng soft

cont act haesfAhavidaea MyGBNuPREERAh @dd waef iegildiMy ok durabilis aad tovet h an 80
percent water content is about 40 x 10-11 (cnR/s) (nLQ2/nL x nmHg); an

adequat enethodinf roamdastgeng doesft montacedois employingr Hsacorfant lsue materzd ons,
soft cont act Ienses havi ng | ens conponents in the form of
si | i con@btBRrdhihggb H’fﬁ?‘@ﬁ&&og and sil oxane macroners to increase oxygen

per neab s having |l ens conponents in the form of
fluori njﬂcgﬁyg[?‘g{“ﬁ%gﬁgﬁoﬁ%@%fo prevent contam nation have been proposed
For g@é JApPHAGSE k’ﬁﬁi&aﬁhvﬂ?%d’éét@dﬂtthﬁiu I %ﬁﬁ;ﬂ? Nof K @en n

2001- 31 di scl oses a soft contact |ens materia haV|ng good erX|b|I|ty
and oxygmﬁos_iﬁkfmahmhﬁsws vétiep! wyarfiy sontadr lon®ss, hepulting m diemiathihyition lodxane

structure in a side chain. However,

- corneal epithelial cell mitosis and thlckemng of the cornea. Accordmgly, attempts
have been made to improve the oxygen permeability of materials to provide safer
contact lenses. |

[0003] Water-containing soft contact lenses are known to produce a pleasant wear
comfort due to the flexibility of the material, but the oxygen permeability they afford
is lower than that of hard contact lenses due to the moisture content of the lenses. For
example, in the case of water-containing soft contact lenses, the oxygen permeation
coefficient of a material with an 80 percent water content is about 40 x 10
(cm?*/s) - (mLO»/mL x mmHg); an adequate amount of oxygen does not reach the
comnea. For such reasons, soft contact lenses having lens components in the form of
silicone-containing monomers and siloxane macromers to increase oxygen
permeability and contact lenses having lens components in the form of
fluorine-containing monomers to prevent contamination have been proposed. ‘For
example, Japanese Unexamined Patent Publication (KOKAI) No. 2001-311917
discloses a soft contact lens material having good flexibility and oxygen permeability
employing a macromer having a dimethylsiloxane structure in a side chain. However,
employing silicon components and fluorine components in lens materials generally

tends to decrease the water wettability of the lens surface. As a result, contaminants




enpl oyi ng- silicon conponents and fluorine conponents in lens materials
generally tends to decrease the water wettability of the |ens surface. As
a result, contaminants 1 in lacrimal fluid conmponents tend to adhere,
soneti mes conprom sing wear confort. [0004] Under such a situation,
“various surface treatnment nethods have been proposed for contact |enses to
enhance the water wettability of the surface. Japanese Exam ned Patent
Publ i cati on (KOKOKU) Showa No. 63-040293 discloses a treatnment nethod in

whi ch coaldciehaflusd dksiiRnRteRPloyddheieh ahietiBRS@mpiremedtweiednmiger a

_ hydrocarbon at nosphere essentially not conprising nitrogen or oxygen, after
whi ch  t[B@04]ens eBndaresuek po sédatian, owyripas, surfaes dtpptment rmethody hake begdr ophilic
- property of the lens surface. In such a coating nethod, a silicone

hydr ogelProrassd ifer qantast kearses torpnhpneesthe Waker vectigsility oh the syriage watepanesponever
to obtain the final S pro ter tyr.eat] e.lens with plasm, an
organi c ES‘B’W@# Pé}ﬁ@#@iicgf%@kp@r%ogﬁlgo%Hg(g?g\péscg%ﬁs Pmﬁ‘%‘gd

nonomner ' : L1k t ' [ j ns is

b1 ol ogi caitfiod 3R FRkiSh BRtid BF e ApAIghelion? lefes 1Y dhdted Wi 7, or age
sol ut i omy(iRReMiondatERkpHer® BYsentillst A6t Lodipridite hivedpes Wrsddywh ealterf whichwed by

hi gh-pressure steamsterilization processing. In such steps of extraction
with an the tesescasodxpesed tosargigensthatebphiotreasing te hydeephilic pvepteety dfnthe oduct i on

~using physiol qgi cal saline or, a soft | contact ] ens storage soluytiop, the
“vol une dfns; pEtacens I waeh @ epating Juethed ?oglk@fﬁ?e]%’éﬂ%ei lent) i, treaiedcwithhe

coating filmis.a rigid filmwth gn extr ly. hi cr osslinki ensity
Chat 1o HespieumilA oat Firpiping ilet o 0uETiby B %o b ol R3S eI TRARFRS Ve
pol yner flifly BERGHsALAR plhhall A ofgATK SolvBntt fRh! &N 51coHSIT RCEmpIbYEd 46 ect

| evel of separation and ~ cracking of the filmcaused by the extraction and
swel | i ngegbepanpdyputedrheairteriyoligomerss uhé egpuértthbirgintiphedsitieh &itham

sterilization treatnent, rendering the lens unsuitable for use as a
cont act léensnis Wislegicallydimdesirablont Acphysialogictlesadipe, sofd goBlact dgnsneterage

(nexam nee Patenl EUELL S on (KAL) Shotp, B SEL001003 sl el gses
9o, SBIPYRE PR A TS0 A Pl A1,
et ched auel as ARbEoL GRhél like A@Rvatdtantrbdubof ¥Rl sHYstolshitAnRalisker & ot Chi ng
effect attributed by _ _
contact lens storage solution, the volume of the lens swells by about 10 to 50 percent.
»Thus, since the coating film is a rigid film with an extremely high crosslinking density
that is formed in a hydrocarbon aﬁnosphere, there is a problem in that the polymer film
separates, forming cracks in the lens surface. The defect level of separation and
cracking of the film caused by the extraction and swelling steps is exacerbated by the
subsequent high-pressure steam steriliz_ation treatment, rendering the lens unsuitable
for use as a contact lens worn in direct contact with the eye.
[0005] Japanese Unexamined Patent Publication (KOKAT) Showa No. 62-031803
discldses a plasma treatment method with a mixed gas of a saturated hydrocarbon and
oxygen. However, in plasma polymerization with a mixed gas of saturated
hydrocarbon and oxygen, the polymer film that is formed by the plasma is etched away
more rapidly than the film formed on the lens due to etching effect atiributed by

oxygen plasma. Thus, considerable time is required to achieve a desired film

. thickness, which is problematic for the commercialization of this method.




oxygen plasma. Thus, considerable tinme is required to achieve a desired
film thickness, which is problematic for the comrercialization of this
method. 2 ..... .. .. . [0006] "Application of plasna polynerization on
silicone rubber contact lens surfaces and its effects” in Collected
Articles on Polymers (Vol. 42, No. 11, pp. 841-847, 1985) describes a

pol ymer fil-mw th good water wettability and durability enploying

N-vinyl -2-pyrrolidone ("NVP" hereinafter) nononer. This nethod pernmits the
formati qoogd] a pAppieitidd biMplsht peRther2hesn WAt §iBbdde FubbeN doslde@Rinki ty.
However, the NVP enployed in the coating is a known carci nogen when in a
vapor sudbees Mhkiits esffdcts)i ingCollgraad driiolaorer Foburhs {¥oINVR, a¥0.gbls egp.i n

pl asma vgﬁ}ﬁocessin , great care nust be exercised for the safety of workers

and at 1847; 4885) dusggbest ypelymar HBm #ithoeqndewatst aveiiabibiteard dyrability
ci al i.zati op. .DI.SCLOSURE OF ] . NVENT]I 0007] Accoxdi ngly, ,th
b oot Comn @y R RvERR (VPR DhEbTanen aumpiner” | g Hetho B

havi ng f it t L Phihbiyy such
that* DeRIROHR: RHERAGE o ShinRer A i M5kl AL e b T an
extract ildwéiegRh¥INVIP eaipl@fe@dithe $0AURNTs HUAbWATaRINEEN Wheht Wad @dpor
‘i.ntroduction step enpl oyi ng physiological saline or a soft contact |ens

st or age stabé.ut Valmsn &npleyihg ghrgmrie ssonemsise anehs tasr NMPz as | gases gheplasiphe film
that is forned on the lens surface is.able to withstand vol unetric o
swel | | nProfcssing greplscasp guysh e cxereaed for the,safelyref wessrshyid plaverksées-ci enci es

h b wh he | ' el | havi f
vt er v B ERAsS aiPat Protf PR B AR el nG” (G008} The pr esent

i nvent i qiseglcdieRe lor aumEinashefolganuf acturing- a contact lens nmateria
conprising a contact |ens base material and a coating fornmed on at |east a

portion [0607 surdAonlinglyshé dbjeassl thepeisead invahivnds fo pdivilleeniinget ldnens base
material is processed by plasma polynerization in a mxed gas atnosphere
of net hanaterg] dapisigsa smpath sarfece wWith gopd avatat wittehiliy asdrdutahiliy such that,
nonpol yneri zabl e gas at nosphere to formsaid coating. Furthernore, the

br eSent Ay EHRSARE LnarBY AoV AR EHeRS BYUREAGP At P GX RS SID With

an organic solvent such as alcohol, a water introduction step employing physiological

saline or a soft contact lens storage solution, aﬁd a high-pressure steam sterilization
step, the film that is formed 6n the lens surface is able to withstand volumetric
| swelling of the lens and the surface of the lens does not have deficiencies that become
problems when the lens is worn, as well as having surface water wettability and
durability adequate for wearing.
[0008] The present invention relates to a method of manufacturing a contact lens
material comprising a contact lens base material and a coating formed on at least a
portion of a surface of said base material, wherein | |
said contact lens base material is processed by plasma polymerization in a
mixed gas atmosphere of methane and moist air, and then treated with plasma in a
nonpolymerizable gas atmosphere to form said coating.
Furthermore, the present invention relates to a method of manufacturing a soft
“contact lens, wherein
water is introduced into the contact lens material manufactured by the above

method to obtain a soft contact lens.




contact lens, wherein water is introduced into the contact |ens nmateri al
manufactured by the above nethod to obtain a soft contact Iens. 3 [0009]
The present invention can provide a soft contact |ens having a snooth
surface possessing good water wettability and durability, and nore
particularly, a soft contact |ens conprised of hydrogel that contains
silicone as a | ens conponent. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
[0010] The present invention will be described in greater detail bel ow.

[ Met hod jgfooyanufet pesdid ifRMtLAAT canepBvidet £bR! dontRe 1@iseRMig hnstesdth on
relates to a nethod of manufacturing a contact lens material conprising a
cont act shefase hesessimat grodavatendetatd bt andgdifrebilitgl and natre padistlagy, poefii on of a
surface of said base material. In the nmethod of manufacturing a contact

| ens natcentagy leps camprissded dxdrogal ibat sastrinsgliepneasadens ¢EMongalse material is

process I L I i ] gas at nosphere of nethane
and noi ?&@M@ﬁ%@%‘%@@jﬁﬁmmf a nonpol yneri zabl e gas

at nosph o f i i i : | contact |ens
base naiggvﬂl Cgﬁg‘3%%9%%?@%%@9@§&%%%%bg%ﬁ982%§%§ﬂ§ﬂ%1ﬁgﬁgogel1 preferably
a SifiCgN@ﬁH&wﬁﬁﬁmﬂdﬁbuﬁm%?dmﬁmj@ﬁ@ﬁﬁ&ﬁﬂpf becom ng a hydrogel, having the
shape of a contact |ens. Base materials that are commonly known as those
for soft contdte present nenentien enfaiesytods nBlawi Hf manxéacpirag dfcostacthlensont act

| ens base materials are base materials conprised of copolyners_obtained by
pol yrer iBateral £OmBEsingea spniget lean dasomstatial ppd Recqayne dpmmsiyonshismst 2 or

silicone-contalni ng macronpnoner. and at ..l eas ne hvd ilic mer. An
exanpl e PSFUaHC ab 5‘?‘?%§bq%resa’_§ioﬁ’al58 %elﬁagh oﬁjeifhei néleth?‘? Pg &%Fﬁng&g%sq ?dg:%/}} -
gamma- MeLNAGLNLAXYPHE g%és%h! ARBNti$N Sa ¥ RMPIE 14§ Yse filaldfaP REproLasEd By NI
macr onononer 1s a sil oxane nmacronononer having a nunber average nol ecul ar
wei ght  gflasalaoptlyrhefiffdiondn X0mBRA gok atmespheley i thethamearst moist vireadithan si de
chain, such as that shown in General Fornula (I) below [ Chemical fornula
1] 4. treated with plasma in a nonpolymerizable gas atmosphere to form said coating. '
- [0011]  The aforementioned contact lens base material can be a polymer capable of
becoming a hydrogel, preferably a silicone-containing copolymer capable of becoming
a hydrogel, having the shape of a contact lens. Base materials that are commonly
known as those for soft contact iens may be employed. Specific examples of such
conlact lens base materials are base materials comprised of copolymers obtained by
polymerizing a mixture of at least one silicone-containing monomer, or
silicone-containing macromonomer, and at least one hydrophilic monomer. An
example of an applicable silicone monomer is
tris(trimethylsiloxy)- gamma-methacryloxypropylsilane. One example of a
silicone-containing macromonomer is a siloxane macromonomer having a number
average molecular weight of about 1,000 to 10,000 with a polysiloxane structure in a

s.ide chain, such as that shown in General Formula (I} below.

[Chemical formula 1]




3111 H2C?CHII-OtRBOR6 OC! R5-i Co RCOHHR/ R2 R3 Rq

Si-1-0Si Osi-CHOCH2CCH2CH3 (1) 4 R1 RR n RB H3 HZCC -0O-R90--R2 OO
I-R5 I C?2 RC OPHHI[In the formula, RlL, R2 and R3 are each’

i ndependently selected fromCl to C4 al kyl groups, R4 is selected fromd
to C6 al kyl groups, R5 is a residue inin which NCOis renpoved from an
aliphatic, alicyclic or aromatic diisocyanate, R6, R7, R8 and RO are each
i ndependently selected fromd to C3 alkylene, nis an integer of 4 to 80,
‘and m and §Hare each |ndeﬁendent(1y an integer of 3 to 40.] Exanples of

hydr ophlﬂzcgcmeoﬁ(ﬁgoér%raehwtgmm{—my: met hacryl at e,
N, N- di net hyl a(% yl am dem N-vi|1nyl -pyrrolj done, and rret hacrylic acid.

Japanese Unexam ned Patent Publication {( KOKAI') No. 2001-311917, Published
Japanese Translation of a PCT Internatipnal Application (TOKUHYO) Hei sei
No. 10-509763, Ja;aanesenpnexamsned Pat ent Publication (KOKAI) No.
2003-228029, PulgIJ_é g Be_%@_-El’ﬁiB%h digbpOf a PCT Intern SI onal
Application (TOKUHYO\ Hellsei No. 117502894, “and the |ike can’be referred
to for details reg&tding Rrontad® | ens b e materials that are suitable for
use in the present invention. [0012] The| contact |ens base material can be
manuf acture@Hby vari ous cgnventlcpnal techni ques (such as | athe cutting,

spin ca _a_nd ctjuring nethods), in-the cast nolding

manuf acﬁi#ig ﬁ%&g ]FVe %_g‘ 1‘?" u%ﬂ%oved fromthe nold, and then

processed to f(brm a colti ngH( prdtessed by plasma pol ynerization under a

- mxed g adtr tedvmth Ias o blegas
2t mosphal trcoune iy ke apbig) e e rBr AR SeEked sl PR e,

coating & d ORI L1 &4 ﬁbﬁaéi t@C@%![]%’l%Po@% Rpﬁsaﬁeg{dﬁ@q&l@&mdm@q@%act | ens

_base mat eri‘al . The coat| ng is formed By processing t
removed from an aliphatic, alicyclic or aromatic diisocyanate, R6, R7, Rg and Ry are

each independently selected from C1 to C3 alkylene, n is an integer of 4 to 80, and m
and p are each independently an integer of 3 to 40.]
Examples of hydrophilic —monomers are 2-hydroxyethyl methacrylate,
N,N-dimethylacrylamide, N-vinyl-2-pyrrolidone, and methacrylic acid. Japanese
Unexamined Patent Publication (KOKAI) No. 2001-311917, Published Japanese
" Translation of a PCT International Application (TOKUHYO) Heisei No. 10-509763,
Japanese Unexamined Patent Publication (KOKAI) No. 2003-228029, Published
Japanese Translation of a PCT International Application (TOKUHYO) Heisei No.
11-502894, and the like can be referred to for details regarding contact lens base
materials that are suitable for use in the present invention.
[0012] The contact lens base material can be manufactured by wvarious.
conventional techniques (such as lathe cutting, spin casting, and cast molding
manufacturing methods), in the cast molding manufacturing method, the lens is
removed from the mold, and then processed to form a coating (processed by plasma-
polymerization under a mixed gas atmosphere and treated with plasma under a
nonpolymerizable gas atmosphere as set forth above).
[0013] In the present invention, the coating is formed on at least a portion of the

surface of the contact lens base material. The coating is formed by processing the




5 contact |ens base material by plasma polynerization in a m xed gas

at nosphere of nethane and noist air (referred to as "first step”,
hereinafter), followed by plasma treatnent in-a nonpol ynerizabl e gas

at nrosphere (referred to as "second step”, hereinafter). In the present
invention, the term"processing by plasma polynerization"” refers to
generating a plasma state by an electrical discharge in a suitable degree
of vacuumin a plasma pol ynerization device and formng a thin film

( pol yrercohiakiMent Mas@ ehatéridd HOpMEMA ipbih&iadsn o 4 hexalugdsagimospharbefbase
material, and "treatnent with plasma" refers to nodification of the

out er nostethanecandofmoist eriss (nefeasd tof ay "fitshetepjshereinaier).afolipived by plasma
nonpol yneri zable gas. {_, [0014] FIRST STEP I&F%;hﬁéﬁéi rst step, the contact

| ens badwaipgnéringe penpplyaed RS AtEeRRhers, 28t #ons¢99d Hfed gas

at nospher.e.of thape and moist air..Specifically, the .co C S base
mat er i aﬁlefeéanWfrTOduﬁbd&\ent%reﬁe | A% tlB‘g’l ytllr%Sr iqé;%r%i :)?1110 gsﬂn%er%a“ﬁdb 1zealglﬁgacuum IS
gener at e BBy tdiBrsPhol btbhatiiots HHisaV b B LHE:16aMEACIiEMARR! G 2

certai n%r%‘%%re.m%en tseoc nt a%t gIeeﬁjga{sbaase rra‘li%/eri al is conlve;}dgégle into a

- vacuum gaitile degide af viaau i b plabavgolyherizdidntdeoivetandammingsothin fint o t he
surface of the device, occluded gas on the interior, and gas that is

di schar deelymer filmhfeest with polyaedzaljagas emthstsurfacaabithethage matesial.l4ad ar e
adsorbed to the contact |epns base material being pracessed, i s .discharged.
Thus, K oEsTmEDE WD BSRA e pre BoRp W CHITH B W8 pHIEE RSt ST Tt Ffice o1

pr ocessi b l.asna .no I Is 0 contributes to reducing the

vari at i otﬂngllj%sg ngal}%fa}q?“?&bée%{&?eo@%ﬂé%@és a%‘g lots and within lots, and is
desirabljgof4jom gRBTRIAG i cal and comrercial perspectives. The arrival
pressure whén drawm ng a vacuumis preferably equal to or less than 1.35
Pa, nore pref éniaht yfietuadp, tthe arontaes dedshbasel naeriad. is quessed dyoplakmss t han
1.35 Pa is preferable because the variation in quality (the _variation in

coat i ng PolmeKiratiey ibe mirecheasrasaeshieryol Bethanmandanoist Al obrecifitillyetbe educed
T e N R R
0 T B e U Rt ML 90081 i e
range. When the contact lens base material is conveyed into a vacuum device and a
vacuum is drawn, in addition to gas adsorbing to the surface of the device, occluded
gas on the interior, and gas that is discharged through seal materials, gas, moisture and
the like that are adsorbed to the comtact lens base material being | processed is
discharged. Thus, keeping the arrival pressure in the device constant prior to
processing by plasma polymerizétion also contributes to reducing the variation in
quality between processing lots and within lots, and is desirable from both practical
and commercial perspectives. The arrival pressure when drawing a vacuum is
preferably equal to or less than 1.35 Pa, more preferably equal to or less than 1.30 Pa.
Equal fo or less than 1.35 Pa is preferable because the variation in quality (the
variation in coating thickness) between processing lots and within lots can be reduced
due to the effects of gas adsorbed on the surface of the device and gas adsorbed to the
contact lens base material, as mentioned above. To discharge gas within the device to

within a certain range in this manner, it suffices to employ a vacuum pump having the

ability to reach the targeted degree of vacuum; a hydraulic rotation pump, dry pump, or
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ability to reach the targeted degree of vacuum a hydraulic rotation punp,
dry punp, or 6 any commonly known punp nmay be enpl oyed. Any neasuring
apparatus capable of measuring the pressure within the prescribed range
may be enpl oyed to nmeasure the degree of vacuumw thin the device;

exanpl es are di aphragm vacuum gages and Pirani vacuum gages. Further, in
the present invention, to uniformy and efficiently process the surfaces
(front curved surface and base curved surface) of the contact |ens base
nat er i a|an?%bﬂﬂld’1’ﬂﬁl%ﬁ'&$@ﬁumbfiﬁ‘ayCEH‘élﬁﬁloyb&nSAHyaﬁﬁaS‘(ﬁir%rd krati® qapsbleoabl y
‘placed on a tray for support. Since the interior of the device is in a
st at e ofmensaring theuprassuid within the girestbibed ramgsupmobe etipboyedrio antashrgribe base
“material through Iinear contact, such as contact of equal to or greater
than 1 pesee®f vagiumwithin thedevice ermpls EofiepbremspsupaLazesanddriral o

Ay rras SR EHER | Fulbnihing SERBPOTER TS L ea e ne B toBhEr o7 Rl o
steel, tﬁ@ﬁu@fceﬁgﬁh&y&ﬂv@i stulteel l&é@tmeﬂl surfa_@@égﬂ tHNGtdch Serfiegiicee of

vacuumw thin t evi ce has reached the prescri pressure range, a

m xed Qgasatefial RiMpHBcARE, RS SontadtNehsSbdstniAeti edpiafrablyhdaddd\wiceirapnd  a
base for a coating that is flexible, able to wthstand swelling of the

| ens, aridr spEsses sSigcegthmdiniericer ofmiet dbvibe tiy imrad stdter abineat yaguwt,oit ted on t he
surface of the lens. The use of ist air . in the first step results in a
coat i ng 9esirahlnAQisHpPaTt &hg BPntactylens basg material fhrough linear |°8W§$‘= SHeP B&rmits
"the formatjon of a,snooth surface such that,c l1] not
form i n ephackobe AL AT weaft Tel T febl, M e RORER M bl el VL o

or gani ¢ salNAnb ialeiseadc &ldbARY! of(theicBhtasdichd baR ﬁlﬁﬁﬂeﬁﬁh&ﬂlri@(?f&_ﬁisﬁ@" -
hereinafter) or a water 1 ntroduction step enploying physiol ogical saline

or- the |Adsematefial bt iy esamionlyl éniployed in vidvant devivdsimicht asastathlasebieels to air
containing equal to or greater than 100 ppm of noisture. Mist air in the
f or m of mneyybegmplowed af the gy eagietiialt o or greater than 150 ppm of noisture is

ef 150 1,000 ppm.s. pr.eferabl, d 150 400 . is of
Even_or Q481" or e g dceleh et GuBUE i gruce S BRbehit e erELE8t han 150
. _pr : orSTHe o Loy heog
Pormed Snospficrehdy, HANEEL bR GnPRAR GG hOR E RSRLLAAtNARE ML B IT 11} T
and Cr_a%ksas%nﬂ)rtmphﬂm@fe th2nd fld:Pide¥BleOR wkhsied |swlingt 6P3hs U&ly, agdal cohol
0

-extraction. Exanples of noist air
 possesses good water wettability and durability is formed on the surface of the lens.
""The use of moist air in the first step results in a coating film having flexibility on the
surface of the lens, and permits the formation of a smooth surface such that cracks and
the like do not form in the coating film on the lens surface even after extréction with
an organic solvent such as alcohél (referred to as "alcohol extraction", heteinafter) or a
water introduction step employing physiologi_cal saline or the like. In the present
_invention, the term "moist air" refers to air containing equal to or greater than 100 ppm
of moisture. Moist air in the form of dry air containing equal to or greater than 150
' ppm of moisture is preferable, 150 to 1,000 ppm is more preferable, and 150 to 400
ppm is of even greater preference. In this process, moisture content of less than 150
ppm in dry air is undesirable because the crosslinking density in the film formed on the
surface of the lens increases, tending to form a rigid film, and cracks and the like tend

to develop in swelling steps such as alcohol extraction. Examples of moist air

preparation methods are:  mixing moisture as an impurity during dry air




preparation methods are: mixing noisture as an inpurity during dry air 7
~manufacturing; mxing noisture by causing dry air to pass through distilled
wat er ~when introducing dry air into the device; and boiling distilled
water in a glass container such as a flask with a rounded bottom for
exanpl e, mxing the steamthat is obtained with dry air, and then
introducing the mxture into the device. [0016] The mxing ratio of nethane
to nmoist air (nmethane:noist air) enployed in the first step is preferably
fr om 50868 Ombing theiBtukobyriausifg RIrgRaf td Qassolluounl ditikied veareedi ng
"this ratio is undesirable because the rate of filmformation on the _
sur f ace whert rddenmgt drydsirt mtoldbe akeyice( tand poibing sHistilpdt watsr | ince eglass) and
the water wettability follow ng high-pressure steamsterilization that is
carried wataipsrisgeh ppa Yok Hithiangundrs #otioan. 167 rAmRale.dBRARg thestagmtihabes. A
proportign .of . ne ne. ex di n thisratig s U i-able as a filmformed
on a fl e‘%t%lfl%d %&[@%Bﬁtg@ﬁﬁ?%ﬂgmggggg&e TRe eflP‘i"%H?e%%‘{lg%?s formed on the
surface he l'ﬂﬁsnngﬁﬂ% 0, | Eh ARl img, and -
t he Iike[@g}é]t he rigid p ?@Eiﬁe?ﬂ??@%&ogdc%?ﬁéggqﬁo Si gﬁﬁgdnﬂgeenggﬁgégd by
swel | i nathe st stbpiingreferably fromn30:60 6 FDES0abAsyd fohovolame45 At grofbrtidh. off 0017]

In the first step, a m xed gas of nethane and noist air can be introduced
i nt'o t hemdist kit excapdinghibiswatih ds ondesirablsi hecauserthe saic b€ il farmatian on Hier oduced
to forma rrix%g]égis within the devg ce. In the first ste t,is desirable

for the BaEct TS deppeRtto APTREEL (s PEACFIRE Bet BOTRES) A TS AT t he
(ol he s, Vb ORTRRY 1t BIANE ol XHRAIAGM ei! Al W Thef | ©

using a ai n a‘constan pressure evice. The

flow ratgushideBe FnXEstodR& s8helBichaB&eaRE. MBiRbpditn of BRthahs ckédedRBuCed
into the device is preferably 1.5 to 20 seem nore preferably 2 to 10

sccm f othisaratieis eededitableass & filer foaded @humiexibleatdttorsd lens BOGusg tHeor

exanmpl e. [0018] The processi ntg by plasnma polynerization in the first step
i s desi rfalp phat dofiermedean Hietsufaeh of ghslengdensisdn begerpe diged FudntepaRHandevi ce

d th i thin t deyi ce has.Db tabilized, Th i
condi t | e g W diser e e R TRt oot Db yEELmaPE SIS D eyanpi o,
a pressusrvﬁeli#eé.h'fhetlﬂﬁdx\?«f%’dﬁﬁ% H'Iofré'gzte?ergtﬂy@?ofm@gg'ssts gnge output of 10 to 80
r of a

W and a po _source n-low guenc out to 15 kHz during
plasma g@oerRt i O tAE Firstesiep, abineed! Psimaktheheaid et ipemaidinteotetadal

into the device, or the methane and moist air can be separately introduced to form a

mixed gas within the device. In the first step, it is desirable for the gas to be supplied
without interruption to the interior of the device, with processing by plasma
polymerization being conducted while using a vacuum pump to maintain a constant
- pressure within the device.” The flow rate of the mixed gas of methane and moist air
that is introduced into the device is préferably 1.5 to 20 sccm, more preferably 2 to 10
scem, for a device with an internal volume of about 150 to 700 L, for example.
[0018] The processing by plasma polymerization in the first step is desirably
conducted after the gas has been introduced into the device and the pressure within the
device has been stabilized. The processing conditions during electrical discharge are
suitably selected; for example, a pressure within the device of 4 to 10 Pa, a discharge
output of 10 to 80 W, and a power source with low frequency of about 6 to 15 kHz
during plasma generation are desirable. Internal electrode-type and external

electrode-type devices may be employed, for example. In all cases; known devices




el ectrode-type devices may be enpl oyed, for exanple. In all cases, known
devices 8 nmay be enployed to carried out. The duration of the processing
by plasnma polynerization in the first step can be set taking into account
the desired thickness of the film and may be, for exanple, 3 to 20

- mnutes, preferably 4 to 10 mnutes. [0019] SECOND STEP In the second step,
to the contact | ens base material following the aforenentioned first step,
pl asma treatnment is conducted in a nonpol ynerizable gas atnosphere. In the
present iy eadt efplovedetondiRahbli, ¢ PhORBIritomOloftthe gRREdsHE Ganphemaenhanced
by conducting the second step after formng a coating base on the surface
of t he poblyrhertdatibe s theaSest stap ean bk setntaking ihfor scostidhe dFiedribichotsgoéri zabl e
gas enployed in the second step has an etching effect, functioning to

i ncr eas dh¢ AkmrandaENbe.iter xsimie Bt tp 29rminiescprsfarshly fyo dPaMPHESt he coat i ng

t hat han n f | ens base material in the first step. The
second P ﬁcan 1 d with the sane plasma device as the first
step, or with jof t a Vi CEy :

vor kabi 11ty and Hlee B R e e I e
second sif@Rrieatibmd fiest sk, biskmh (sdabRentnistddadsas® i hasmpoerizeble | gast hat
‘case, once the processing gas in the device has been discharged

f ol | owi ragmbsphefa. r dn the presenttiaventiopothgrhedronibliceprpastte op theyeiting cemdesecond
step is introduced. In the first step, i.n the case of a sj Iic?ne ydr ogel ,

it is poabaned byrondugtingde serondiatepratipe fRrang acoatingbasg pR,ihe suriacs othe

extent that the .confact angl.e 0] egr i cones
about 56ﬂ? 8°nt6€t Ialésgf’aésgzm?atﬁg?lﬁgq{é%n %g?epgng S ﬁ%ﬁ@%&%?@g%ﬁ%&ﬁo&%?d-drop
met hod gAPhEYiciEnd Hicp! had 6 MEHiRE ofithe BRGNS kEAnERsd fRARYdBpHlieat er
hydrophilic property to the lens  surface, and it is possible to Increase
the contmeéperngl thet@athpby eddhimegeemating thdidhas dbar forerticonthd lemskase[ 0020]
The "nonpol yneri zabl e gas” enployed. in the second step refers to a gas not
‘havi ng thaserialoipethe yfiresf stefppoBia sasgnd mtephranshe eersictsg it Shrasgpropls®Rng. Such
gases can be broa di vided. intg_.those that, do not. contribute to chem cal
react i off§YVIeest eg-lggti ﬁ’i%torg‘?ﬁ@éé,gﬁﬁﬁn{ ﬂ@@atdﬁéﬁcepoﬁfw BenFBecélegrﬁ%cal
react| O%o&%iliﬂp i@ tthQaIYlfé, thgs cf%é%%ﬁé &é Q%:g&%ﬂ%ﬁ} ChRhcP thd NEesHd tst%ﬁe'

Speci fi ¢ exanpl'es are helTum  ar
following the first step in the same plasma device. In that case, once the processing

gas in the device has been discharged following the first step, the nonpolymerizable
gas employed in the second step is introduced. In the first step, in the case of a
silicone hydrogel, it is possible to increase the water wettability, for example, to the
extent that the contact angle of 105 degree in unprocessed state becomes about 30 o
60 'degree, in the contact angle measurement by a liquid-drop method employing
distilled water. The second step can impart a greatér hydrophilic property to the lens
surface, and it is possible to increase the contact angle to about 40 degree, in the
aforementioned case. |

[0020] The "nonpolymerizable gas" employed in the second step refers to a gas
not having the property of depositing on the surface by plasma processing. Such
gases can be broadly divided into those that do not contribute to chemical reactions,
such as inert gases, and those that contribute to chemical reactions but do not have the
property of depositing on the surface. . Specific examples are helium, argon, Iz, O,

N3, H»O, NH3, and air.  Of these, oxygen, argon, and air are preferred, and oxygen is
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N2, H20 . NH3, and air. O these, oxygen, argon, and air are preferred, and
oxygen is 9 of even greater preference. The "air" referred to here can be
noist air. The noist air described in the first step above can be

enpl oyed. [0021] In the second step as well, it is desirable to conduct the
plasma treatnment while introducing the gas into the device w thout
interruption and using a vacuum punp to maintain a constant pressure
within the device. A pressure within the plasma device of 4 to 10 Pa, a

di schar gff &adh prdat@f préferdReS80THY "#RUrefeP@IVRl h&r@Wa ewnbdidt hiew The emigncy of
about 6 to 15 kHz d%ri ng plasma generation are desirable. Wen the

i nt er nalainvddscrieedoifh théErsp ktap mhodessande dnsplapslit 150 to 700 L, the flow rate

of the nonpolynerjzable gas is preferably 1.5 to_20 sccwﬁ@nore pref erably
2 to 10 [98¢hh ~ TRdheisecand siepars Welb ihisaderiraplede coaivy the plasmadeabinertst ep can

gas oGy st faBIBE ity inbafe dedite bl uR MRS s el = 508uBhonae 1 o
5 minut g,glgaﬁggn@ £h:£5 abhoant }éas&g%ﬂﬁ&&afe-de{v%.ZZIAﬁegsaﬁéwngmqﬁ@pnanagrrred on.

t he sur e contact lens base material by the above steps. |

suffi cesdeiee dfftetociBPh,NYdischddge bapuedf DM t@B0 IWEagid apPoet soarceowith Hew{
surface of the base material, but it is desirably fornmed over the entire
sur f ace fofqueney bfskoutet tor 1 akHzTheinghplekme generhtiomh erecdesiteblg. | vhamidet ant

R N e
el || psonet gh | Bslad,of, dhireahly ) Beasyy ag.t bt RLEKIERS) (gf1d Rappoati ng

~fornmed o contac eh ase~”materi a han” aut c ell1 psoreter,
it is algR RRSRIbEhE BlaRd poddMifl tcls8EhdaRh dinYelseC@RINYEHRY acoPurithe
conveyor tray, neasure the thickness of the filmthat is fornmed on the

si | i con thakhingarte andic Lk of tifel procedbingkgmsanplsydin thei sekomd stepf farhe
coating that has been formed on the contact |ens_ base material. The
t hi cknesxamplepitemabgiseidbEcordsied mingtasr erbprefsady priefeniayios. 100 to 200

Angstro ~coating thigckness .of al.to reat t han 90, Angstrons i s
pr gf er agﬁgzﬁec‘glfgém?& c%Plf g% ?‘H&’%O@h%ggg&fﬁaﬁ% oﬁ@g?copgascﬂetngﬁagge 5%%“@33’% not |
result i e Sqy | i fnt 1 i.0h- st eam
Cori 1 i Sk RooftEREST: WU fF MELGAG i e foabR Uil IO pBIRGEM frcb Bor
yi el ds mh&ac@xﬁm&ermam; bhtyit is 108=Bly Fdvkichasiep then@itité agifudd H0thsof t

contact | ens]

base material. The thickness of the coating is important with regard to the water
wettability and durability of the lens surface. The thickness of the coating can be
measured with an automatic ellipsometer. Instead of directly measuring the thickness
of the coating formed on the contact lens base material with an automatic ellipsometer,
it is also possible to place both the lens and a silicon wafer on the conveyor tray,
measure the thickness of the film that is formed on the silicon wafer, and adopt this
film thickness as the thickness of the coating that has been formed on the contact lens
base material. The thickness is preferably 90 to 250 Angstroms, more preferably 100

- to 200 Angstroms, A coating thickness of equal to or greater than 90 Angstroms is
preferable because it affords high coating heat resistance and does not result in a
decrease in water wettability following high-pressure steam sterilization. A coating
thickness of equal to or less than 250 Angstroms yields high oxygen permeability.
[0023] [Method of manufacturing soft contact lens]

The method of manufacturing a soft contact lens of the present invention is
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The nmethod of manufacturing a soft contact |ens of the present invention is
10 the nethod wherein water is introduced into the contact |ens nmaterial
manufactured by the aforenentioned nethod to obtain a soft contact |ens.
The water introduction can be conducted by a known nethod. Specifically,
the contact lens material obtained by the aforenentioned nethod can be
imersed in physiological saline or a soft contact |ens storage sol ution
to introduce water. [0024] Follow ng processing to introduce water, the

soft conh@glketHodnshaéin wager i8tittidducge thtd yheddoRes $n8 gnatéridl niingfecprred byr e
steam for exanple. The contact lens material can also be subjected to the
ext r act itbhaforeragniioned wicthvodan obtagmaiseft softeefdensori or to the water

introduction treatment. This extraction treatnent can be cqonduct by :
known met hods:Theywater nggdpetinn ¢anbs %v%teéiﬁ&ngﬁ%w ?@@%n%@éﬁgf’ﬁ >i goner s,
and the like remaini in the l.ens,: ' i.ql:0gi cal |y
~undesi rg%ef (é‘(.nﬁg‘ftﬁg%s mflﬂegila EQ‘P@J ngdﬁ:&%?%ﬁrf@ﬁﬁ%(}%ﬁ?%g@ #%tﬁg}g{ﬁe ?ﬁ% eis)g&?fl gce of
the Congfns;&ipio%ibm 6842 dr 3l sofitBhtaelen® Bb IR RE1URYN k) MtehEOHateE. t he present
invention; it 1s possible to reduce or prevent separation, cracking and
the | i kq0@f4]t he dlaiing plodessigg ttheinabove- daser ithredofexonact las cdo dat nent
and water introduction treatnment. Thus, according to the present invention,

a soft otanilized Hyepwcessingowiithnhighrproastircasicnmy Jorapepmaple-abihe contegt ladi tion to

hi gh surface, snppt hness. can be obt ai ned, EXAVPLE 0025 he present
oont | G AIcR 1% T HBieC AL e KR ST e HAES "B AT SNV ar .t he

bresent e Waldludriaitbn tAhEH, | Snls bbb Mol B AR bE SonkiR0EE Dy !

I
Manuf act'iring contact 1ens e materi uring

Synt hesiigofh MBE6@TBchReAmbi RArBRBYSHnfIIARKi¥&RY Bosdtaégasligdniss, anef
i sophorone diisocyanate, 0.025 g of a catalyst in the formof dibutyltin

di | aur atthe likewsbrafning imfherventuyt lene nitdriat thae amrtdologivellyrindasirebleas Ssrcer r ed
under a nitrogen gas _flow Next, 2 '

al pha- bifgye o seljabiy3ilexible. mﬁngdmo%yﬁ%ﬂm Pb b £YRFiosys PstiAlithstiRy | si | oxa
e ot oRhESAE R o Rl GRS R B SRl B B 20 o
for 48 hou s, ERRMg and the like of the coating during the above-described extraction .
treatment and water introduction treatment. Thus, according to the present invention,
‘a soft contact lens of good water wettability and durability in addition to high surface
smoothness can be obtained.
EXAMPLES
[0025] The present invention will be further described below based on examples.
However, the present invention is not limited to the follawing examples.
[0026] 1. Manufacturing contact lens base material
Manufacturing Example A:  Synthesis of macromer
~ To a three-necked flask were charged 8.88 g of isophorone diisocyanate, 0.025
g of a catalyst in the forrh of dibutyltin dilaurate, and 45 mL of methylene chloride and
 the mixture was stired under a nitrogen gas flow. Next, 20 g of
alpha-butyl-omega-[3-(2,2-(dihydroxymethyl)butoxy)propyl]polydimethylsiloxane
was precisely weighed out and added dropwise to the flask over about three hours, and
the mixture was reacted. When the reaction had progressed for 48 hours at room

temperature, another 0.025 g of dibutyltin dilaurate and 23.3 g of polyethylene glycol
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tenperature, another 0.025 g of dibutyltin dilaurate and 23.3 g of

pol yet hyl ene glycol 11 nononet hacryl ate (PE-350) were precisely wei ghed out
and added dropwi se to the flask over about 30 minutes. The m xture was
covered with alumnumfoil and .stirred until the absorption band (2,260 cm
) corresponding to the isocyanate in IR (infrared radiation absorption
spectra)- anal ysis di sappeared (a reaction of about 48 hours at room
tenperature). Methylene chloride was further added to the solution, after
whi ch t hgontnidthd@ylaas (PIRSFBdwidet frecistiargcighedaont ind addadedrepwisdedbytdieat ed,
and filtered. The solvent was then distilled off, yielding a macroner with
a nunberflashvesteagbonb B8 cmimieswe iThht moftwz, 989 cobersédvith abohipgmy feihand
conversign). [0027] Manufacturjng Exanple A-1: Manufactuyring contact |ens
base matSAFAIIAGR OB BANG (o2 PBhARTRRCRUREBITET ST ARt I

Manuf acturd n | e, A out fooo 3 - .

e (s GRH B, S lmBierdd) Shdin cipppered s renctn of PO A o

N, N-di mafhwd AciophAtEntRradROUt MY iOheOcHIbrid RAS PG JMBEEKE Me bdlutidie  form
of 1-anilino-4-(4-vinylbenzyl)am ™ noant hraqui none, and about 0.18 g of a
pol ymer iafiat iwdiicH thel inditare wis tvashetlowith aflarge quantity of water, dehydrated, and

phenyl bi s(2, 4, 6-trinet hyl benzoyl ) phosphi neoxi de were m xed for about 20
hour s atfilteresom Thenpeiventuwas thenpdisiilecd off, riisldimen® rorasemen it 8 rnumied ni xed -

Comorr e ol 8 AR R Bl STt o Corn e o
o Ve WPYACT, SRpERIRERBE ALY SRR LRl b g o0 ot o1

pol ymeri zat i oztiad £odedhf HReE siiP@hY "RbérdAfoneiePdHlifdd WBSMagIRVE@EnEr oM t he
nold, yielding a contact |lens base material. [0028] Mnufacturing Exanple

A-2: MaridaaglierrAngbadni g df etnis(tdnmttiyldloky i gofmicheethatyloaypropatsilemgnoner
obtai ned_in Manufacturing Exanple A, about 15 g _of . o
tris(tr iabevhyl.éig@%N@mﬁhmﬁﬁ@dw oy V9| & Pf arreloringgpateriapinsthg of

N, N-di net hyl | ami de, and ab 0.18 g of . |
pheny: gﬁlg’(’é Sftc gﬂﬁﬂ%@h@?ﬁ@ﬂﬁﬁﬁlmﬁﬁaﬁ&%?%’ v APy @ ']fso & Hobt 20
hours Alyo | RAYHEHPET At Ur i BoPr €pare jg m xed gmnomer s@lpfion. Thg m xed

nononer

phenylbis(2,4,6-trimethylbenzoyl)phosphineoxide were mixed for about 20 hours at
room temperature to prepare a mixed monomer solution.. The mixed monomer
~ solution was then placed in a contact lens-shaped casting mold comprised of
polypropylene, the upper and lower molds were combined, and polymerization was
completed by irradiation for 20 minutes with radiation in the UV to visible light (380
to 450 nm) at about 35 mW/em’. When polymerization had ended, the
polymerization product was removed from the mold, yielding a contact lens base
material.
[0028] Manufacturing Example A-2: Manufacturing contact lens
About 4.5 g of the siloxane macromonomer obtained in Manufacturing
Example A, about 15 g of tris(trimethylsiloxy)-gamma-methacryloxypropylsilane,
aboﬁt 105 g of N,\N-dimethylacrylamide, and about 0.18 g of
phenylbis(2,4,6-trimethylbenzoyl)phosphineoxide were mixed for about 20 hours at
room temperature to prepare a mixed monomer solution. The mixed monomer

solution was then placed in a contact lens-shaped casting mold comprised of
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sol ution was then placed in a contact |ens-shaped casting nold conprised of
12 { polypropylene, the upper and | ower nolds were conbi ned, and
pol yneri zation was conpleted by irradiation for 20 mnutes with radiation
inthe W to visible light (380 to 450 nm at about 35 nmWcnR2. \Wen
pol ynmeri zati on had ended, the polynerization product was renoved fromthe
nol d, yielding a contact |lens base naterial. [0029] Exanple 1 The contact
| ens obtained in Manufacturing Exanple A-1 was placed in a plasm _
pol yIer ippfirepyletRy ithe uppért dhdalbvien ir@dlaa wero lcufiil, ah® yblylizkliodRsa vacuum
was drawn to an arrival pressure of 1.24 Pa. Next, a m xed gas of nethane
and noi sompdéted bymiradiatien torddentmudsi eith tElatppnin the U & mistlafghta@B0
(et hane: noi_st air) of 60:40 gégﬁsszOW/rate: nmet hane = 1.8 (sccm, noist

e

air = 112 (3%chy) Wasehont rdUueelernt o Mien qolyreerizefign phatedidedg By pl asma
P F euondy epSaRE S SR rriives oBo e Bl Ageling fomtagh, dchs Fose ™

processifg.gas had been di scharged fromthe device, 3 (sccm) of oxygen was

introduced into the device and plasnma treatnent was conducted for 2 m nutes
at a priesmre GkathpRal a frequency of 10 kHz, and a di scharge power of 40

W The thickness of a filmforned on a silicon wafer processed together

wi t h the | ens Thascontashdenseobtained bo dvagacttngs thxamplanidt-h was placasihin ac

el lipsometer. [003Q] Fol]ow ng,processing,. the |ens i rsed for about

5 hour s HasmaRalyasdFationgsviced i ifianHnteraa polumpheqoul 478 19 And arvagemt i on,

packed .ty A €05, SHLRPLAG,£B5P 00 ¥ SHRESGhedal0c Bt BppLessYEe gt eam

sterilizati on processing a or mnu oW ng et hods

wer e emphoedsth QRE&MRiohNS0phl)asieh Qinikihg hed %r)ne@lﬁféé}hﬁ?s@ B ef @(yzla.b uate it

for water wettability (contact "angle neasurenent) and the -durability

- (scrubbi(pgs flowalte! imethanet= 1.Bdsdeyd aplst lairc= 12 @ean))the mtrofaed. infbhder esul t s
are given in Table 1. As shown in Table 1, the lens obtained in the present
exanpl e devigd aadsproerspingstyf plasmefpedenegzagion yas gorsticiedt or SwaxinEes ki 8y and

dur abl | Il}rgs’sm%no% 4alga? %ut%éq%engyhc\)? {§ El}—lz,pegn%pa? afskﬁasl'gg is)ov%ersgff lfO & e%, clon%Q S

the processing gas had been discharged from the device, 3 (sccm) of oxygen was

introduced into the device and plasma treatment was conducted for 2 minutes at a
pressure of 4 Pa, a frequency of 10 kHz, and a discharge power of 40 W. The
thickness of a film formed on a sﬂicon wafer processed together with the lens was
measured at about 200 Angstrorris with an automatic ellipsometer.

[.0030] - Following processing, the lens was immersed for about 5 hours in
methanol, replaced with a soft contact lens filler solution, packed into a lens shipping
case, and subjected to high-pressure steam sterilization processing at 121°C for 30
minutes. The following methods were employed to observe the surface of the lens
obtained and evaluate it for water wettability (contact angle measurement) and the
durability (scrubbing durability) of the hydrophilic film on the surface. The results
are given in Table 1. As shown in Table 1, the lens obtained in the present example
had a smooth, soft surface (Fig. 1), good water wettability and durability, and adequate
physical properties as a soft contact lens.

[0031] (a) Inspection of external appeérance

| After wiping moisture off the surface of the lens, a VH-8000 digital HF
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[0031] (a) Lnspection of external appearance After wi ping noisture off the
surface of the lens, a VH 8000 digital HF 13 m croscope nmade by Keyence
Corp. was used to exam ne the surface of the lens for scratches and
cracks. [0032] (b) Evaluation of surface water wettability (contact angle
measurenent) After w ping noisture off the surface of the lens, the |lens
was attached on a support and the contact angle was neasured by the

| i quid-drop nmethod with distilled water. [0033] (c) Scrubbing durability

t est Thenlcessop@mapk d§edeychcd MRrRakd Keditbexhald tha safhée 60Mhedehs frns
cleaning [  solution was enployed to scrub the front and back sides of the

| ens, arsdrat¢ieslapdsrasks t horoughly rinsed with distilled water. This
cl eani n&p&/cl e was_repeated, and the nethod described in (b) was then used.

to neasuP@3%he dBhEselbatigngrisugpeewatey wetiabiliggontapt anglemesyrayeiths t o

eval uate the durability of  the drophilig film he surf ; 035]
Exanpl e 2 The q{t\g@gnélgﬁyugstogf ﬁ]gasu?‘:lrjﬁm?\/ﬁﬁmealg?%&ﬁ%gengx%%qtfgag%dloé/\gs pl aced
in a plsﬁg BRA XA LR AR1cHGYd ffaduted By Ak 1@.&1&@@1!, i RiR digteEt 170 L)
and a vacuum was drawn to an arrival pressure of 1.24 Pa. Next, a m xed
gas of ngitkane and noist air (noisture concentration 150 ppn) with a

m xing ratio (methane:nmoist air) of 60:40 (gas flow rate: nmethane = 1.8

(seem), [AB3Ft ai(e) Scrubbing dumabjlitywest i ntroduced into the device and

processi ng by plasma pol ynerizati on was.conducted for 5 mnutes at a
r osoure of 4 e g pias Rigere Mote R 5 TRnknd: & S Gomect o FLeBRng) W

Iy PSR OSSR LR 8P TR,

(sccn) oOF OXygen egvice an asma treatnent was

conduct afofoREhi9 HhdMt §ith AistiledPWERS U Ehi®fcldnfR, ctld WpEURPEMtedfankiOtnkHz, and
a di scharge power of 40 W The thickness of a filmforned on a silicon

waf er prmoehss ddscribgé il €) wad theh heed enmenase the comtescti nagleateabou20, BRA
Angstrons with an automatic ellipsoneter. Subsequent processing and

eval uat i ¥helegningeydlesria cxtluaie the derebdityigf the hadwphdisdileton theshefaeame  manner
as in Bﬁ&%]e 1.Ex'grln%lee¥al uation results for the Iens are given in Table 1.
‘The contact lens obtained in Manufacturing Example A-1 was placed in a
plasma polymerization device (with an internal volume of about 170 L) and a vacuum
was drawn to an arrival pressure of 1 .24 Pa. Next, a mixed gas of methane and moist
air (moisture concentration 150 ppm) with a mixing ratio (methane:moist air) of 60:40
(gas flow rate: methane = 1.8 (sccm), moist air = 1.2 (sccm)) was introduced into the
device and processing by plasma polymerization was conducted for 5 minutes at a
pressure of 4 Pa, a frequency of 10 kHz, and a discharge power of 40 W. Next, once
the processing gas had been discharged from the device, 3 (sccm) of oxygen was
introduced into the device and plasma treatment was conducted for 2 minutes at a
pressure of 4 Pa, a frequency of 10 kHz, and a discharge power of 40 W. The
thickness of a film formed on a silicon wafer processed together with the lens was
measured -at about 170 Angstroms with an automatic ellipsometer. Subsequent
processing and evaluation of the lens after processing were conducted in the same
manner as in Example 1. The evaluation results for the lens are given in Table 1.
The lens had a smooth, soft surface (Fig. 2), good water wettability and durability, and

adequate physical properties as a soft contact lens.
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The | ens had a snooth, soft surface (Fig. 2), good water wettability and
durability, and adequate physical properties as a soft contact lens. 14 {
[ 0036] Exanple 3 The contact |ens obtained in Manufacturing Exanple A-1 was
placed in a plasma polynerization device (wth an internal volunme of about
170 L) and a vacuumwas drawn to an arrival pressure of 1.28 Pa. Next, a

m xed gas of nethane and noist { air (npisture concentration 150 ppn) wth
a mxing ratio (methane: nmoist air) of 60:40 (gas flowrate: nmethane = 1.8
(seem, [0D36]t aiBxample 2 (seem) was introduced into the device and
processing by plasma pol ynerization was conducted for 4.5 mnutes at a
pressure of 4 The, camtdot denseolotyined it (Miifactariog £xdinplh dv-§evaropleeedin 40 W
Next, once the praocessing, gas had been discharged frg he .devi ce, 3
(seenm) drlasmepRlRNREZAtanAevVEEUREE aninterag] & obEns ebahawy 18&;@ FRIEBSPHRN was

ducted f 2.m f .
2 a1 sonav ey =Bt fiesiye B 78 e dlorgy Bovef egt PORRRHsRhg BT 20
waf er pracessisdrd 7 }a&%ﬁow ﬁ%ﬁﬂag»bﬁﬂﬁ e RS HAEAEnEmARAUY o1 BO:40NgSt r ONB

W th an automatic I psonet er ubsequent ~ processi ng and eval uati on of

the | enggad flew rafed eRHMNEG- W8I (Scemd)) ehiditaty +11.2 (secimi)®as introdecedaintd theExanpl e
1. The evaluation results for the lens are given in Table 1. The |ens had
a smoot hleviefandsproéassiag (15 plasiB) polymeatization waseonduited for hhdniauteatst ki ty, and

adequat e physi cal _properties oft , caontact | ens. | e 4 The
colnt act BresfercodfthPret Fwewam? i@?&fzmbdtﬁ geR?Y%&é?fgﬁgl:éaEéi%gg € plasna
pol ynerization device i £ h_an._ntern vl ume . of 0

Do A PSR A8 gl Bk e R Mg vacuom

_ _ \ préessure out "T. a m gas of
met hane iandduddBiiffo fel ddvIR Shd! hRsHANEEMLER e cefhcRiiMor'l nkindtefllaXiang ratio
(methane: noist air) of 67:33 {(gas flowrate: nmethane = 2 (seen), noist air

= 1 (st gipgsumasf i4nP#,08 deencyt of 10heHeesid e disdhargeopesei nf 4yWol ddwa
pol yneri zati on was conducted for 6 mnutes at a  pressure of 4 Pa, a

f r equendiickhessotka-filmafieamed ens pilicge Whscprogessed tagethqawyith dhelens (as
Pr oce'ssirplgas red Qta %bg&erllsg | iﬁghs%rro esd “Ii{hO?ntahu%orggt\{é %‘Ia’lipsgm@etr.e n)SuBsﬁeq%é%gen was
processing and evaluation of the lens after processing were conducted in the same
manner as in Example 1. The evaluation results for the lens are given in Table 1.

The lens had a smooth, soft surface (Fig. 3), good water wettability and durability, and

adeguate physical properties as a soft contact lens.
[0036] Example 4
The contact lens obtaine(i in Manufacturing Example A-2 was placed in a
plasma polymerization device (with an internal volume of about 170 L) and a vacuum
was drawn to an arrival pressure of about 1.25 Pa.  Next, a mixed gas of methane and
moist air (moisture concentration 250 ppm) with a mixing ratio (methane:moist air) of
67:33 (gas flow rate: methane = 2 (sccm), moist air = 1 (sccm)) was introduced into
the device and processing by plasma polymerization was conducted for 6 minutes at a
pressure of 4 Pa, a frequency of 15 kHz, and a discharge power of 44 W. - Next, once
the processing gas had been discharged from the device, 3 (sccm) of oxygen was
introduced into the device and plasma treatment wés conducted for 1 minute at a

pressure of 4 Pa, a frequency of 15 kHz, and a discharge power of 44 W. The

thickness of-a film formed on a silicon wafer processed together with the lens was
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i'ntroduced iirnto the device and plasma treatnment was conducted for 1 mnute
at a pressure of 4 Pa, a frequency of 15 kHz, and a di scharge power of 44
W The thickness of a filmformed on a silicon wafer processed together
with the lens was 15 neasured at about 220 Angstrons with an automatic

el li psometer. Subsequent processing and evaluation of the lens after
processi ng were conducted in the same manner as in Exanple 1. The

eval uation results for the lens are given in Table 1. The lens had a

snoot h, mektreduatf absut YO AnEtremswWaithadn | dutgmativd elipsadakter.t ySulssequdnius it
was adequately sufficient as a soft contact |ens. [0037] Exanple 5 The

cont act presessingtaai reydluationmd thedens afiny Mveesping were wadugieddedhs same pl asma

s Or cbRIEST A8 IRERRGRIS b oLEn EABFLOD b el R 2 I [ee s of
s REFERRIC pr B L fedodas of
(ot hand ara TP s T8 3456, 60 Saler S@Busf dad Mol e gD 1S ©

ai = 1aZas(bgimkdly Waicidt ho8 WsRdonthitliend he device and processing by plasma
pol yneri zation waS conducted for 6 mnutes at a pressure of 4 Pa, a

frequendg03i] 10 Hskimpleehid a di scharge power of 40 W. Next, once the
processi ng gas had been discharged fromthe device, 3 gsccrr) of oxygen was
i ntroduced i nt’I&letqv@mémseolame%|la§\%nufa@at%ﬁtxamk Aohawast Rlacedoin 2 ni nut es

t f 4 Pa, f . of 10 kHz d isch f 40
o o D i B Rt ol e o P 5 R 850B L O,
W th the,len an ABAAHBRUAL opBOMl 1 0L R0 Uil Jhs B nftAEBRA ©
el i psoneter. Subsequen processi ng and eval uation of- the Iens after

processim@stvar Bn6ified 64 REntratic SO SHITR) withANAIxi@Sratio (edtifpk endist alh)@f
eval uation results for the lens are given in Table 1. The |lens had a

smoot h, 600f( (guarfioac eaté:Fingthady = bBddcanal eroisterit &bi. i(soonghdvadintbducedy, and

adequat e physi cal -properties as a soft_ contact |ens. [0038 anpl e 6 The
cont act 1p@erBe gpyige Ardipiosetngprplesma pglmesizatien Kag cv&glcmdaf]eégx MRUES bl asma

pol VT 3OS 0By LR, LPSFSEEL 0Pl U gle SRR o0 2 vicuum

met hane @apdhe processing gas had been discharged from the device, 3 (scem) of oxygen was
introduced into the device and plasma treatment was conducted for 2 minutes at a
pressure of 4 Pa, a frequency of 10 kHz, and a discharge power of 40 W. The
thickness of a film formed on a silicon wafer processed together with the lens was
measured at about 190 Angstroms with an automatic ellipsometer. Subsequent
processing and evaluation of the lens after processing were conducted in the same
manner as in Example 1. The evaluation results for the lens are given in Table 1.
* The lens had a smooth, soft surface (Fig. 4), good water wettability and durability, and
adequate physical properties as a soft contact lens.
[0038] Example 6

The contact lens obtained in Manufacturing Example A-1 was placed in a

plasma polymerization device (with an internal volume of about 170 L) and a vacuum
was drawn to an arrival pressure of about 1.24 Pa. Next, a mixed gas of methane and
moist air (moisture concentration 300 ppm) with a mixing ratio (methane:moist air) of
60:40 (gas flow rate: methane = 1.8 (scem), moist air = 1.2 (sccm)) was introduced

into the device and processing by plasma polymerization was conducted for 4 minutes
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noi st air (noisture concentration 300 ppm with a mxing ratio -
(met hane: noi st air) of  60:40 (gas flowrate: nmethane = 1.8 (sccn), nois
air = 1.2 (sccn)) was introduced into the device and processing by plasm -
pol ymeri zati on was conducted for 4 mnutes 16 at a pressure of 4 Pa, a
frequency of 10 kHz, and a di scharge power of 40 W Next, once the
processi ng gas had been di scharged fromthe device, 3 (seen) of oxygen was
introduced into the device and plasnma treatnment was conducted for 2 mnutes
at a presspresutf ofM Pa, a frefiic@@yedy iz, kad khHtischang povibr o¢arge pawgr of 40
W The thickness of a filmfornmed on a silicon wafer processed together

Wi th t heorce tlee pvasessingagag hed bagn dischargebfiomrthe tedos nfscdmpof exgtgenwitasc

el li psoneter. Subsequent, processing and evaluation qof the |l ens after

proc essilﬁgocéwg g b deuiee #d RESEA HieatRER RS Son UtedhiRh minutesrgpa

eval vuatign resultspfor £he |en RY in.Tahle 1. The, a

snoot h, pgf% esét #a%ae’,aéf}fgge%&t éfr %\E/)veelg?%lb%%l flydlsa%ﬁr% by P ébe@fidﬁgdequat e
physi calihRkARRTIf £8i1ASom&Pbh aCﬁﬁEé}PRNalf@rnﬁrocésQ%&]ge ARAkethe 1ERE veent act

| ens obtained in Manufacturing Exanple A1 was placed in a plasm

pol yrer imedsued aievbew (20 tAngtroimst edthahn vartarEticofellifsometed. 70 Shbsegnehta vacuum
was drawn to an arrival pressure of about 1.24 Pa. Next, a m xed gas of

met hane rapekssinpiantd eviafuatiamicStthe dewsonféermproatssing Bo® gymdycted tin the saseng rati o

et e L ) a8 2 RS S B G TR At
PO 8 AL B o RSBl A Y °

pr ocessizagqeas phatadprperics ahakerdohtadMehdie device, 3 (seem) of oxygen was
introduced into the device and plasma treatnent was conducted for 2

m nut es [603Y pr &&sumpde Bf 4 Pa, a frequency of 10 kHz, and a di scharge power
of 40 W The thickness of a filmformed on a silicon wafer processed
t oget her wi t h Thisecaniaes lgpgsobtpingd un Manufagiyang Exgmphhdst vwssrkfechima

fter protRE R SR B i ERE danbnar ABt 420 13 e Angrui. The
eval uat g oy 5n bl PRshBOST A5y AR | NIAY ik eal BE lebiBcad o
r ura an

snoot h, soft surface, good water wettability an ity,
moist air (moisture concentration 300 ppm) with a mixing ratio (methane:moist air) of

53:47 (gas flow rate: methane = 1.6 (scem), moist air = 1.4 (scem)) was introduced
‘into the device and procéssing by plasma polymerization was conducted for 4.5
minutes at a pressure of 4 Pa, a frequency of 10 kHz, and a discharge power of 40 W.
Next, once the processing gas had been discharged from the device, 3 (sccm) of
oxygen was introduced into the device and plasma treatment was conducted for 2
nﬁnutes at a pressure of 4 Pa, a frequency of 10 kHz, and a discharge power of 40 W,
The thickness of a film formed on a silicon .Wafer processed together with the lens was
measured at about 100 Angstroms with an automatic ellipsometer. Subsequent
processing and evaluation of the lens after processing were conducted in the same
manner as in Example 1. The evaluation results for the lens are given in Table 1.
The lens had a smooth, soft surface, good water wettability and durability, and
adequate physical properties as a soft contact lens.

[0040] Comparative Example 1 (Processing with hydrocarbon alone)

The contact lens obtained in Mé,nufacturing Example A-2 was placed in a
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adequate physical properties as a soft contact |ens. [0040] Conparative
Exanple 1 (Processing with hydrocarbon al one) The contact |ens obtained in
Manuf acturing Exanple A-2 was placed in a 17 plasma pol ymerizati on device
(wth an internal volune of about 170 L) and a vacuum was drawn to an
arrival pressure of about 1.23 Pa. Next, 3 (sccn) of methane was

i ntroduced into the device and processing by plasna pol ynerizati on was
conducted for 6 mnutes at a pressure of 4 Pa, a frequency of .10 kHz, and

a di schyjlgenapopmefifatibn dbviceNewith anCiftendlRSLIRROGLSRIUNY 704 ahad vaesuim
di scharged fromthe device, 3 (seen) of oxygen was introduced into the
devi ce anah qrawana anr eavaepiessnas of ebalu dt 23 Phor Next, &i (sesmgisofamethape eéggur e of 4

Pa, a frequency of 10 kHz, and a discharge power of 45 W The %&Lckness of
a film flafredusedinta thy deviesangarrasesping by Plasina prEnpasatipn Masorad et ofas

t_about 200 Angst i th tomatic el hi t
ot ocese e A garepieon tore e S R B R BPRE b e T
the SATNeTRBAE, RS dﬁe&‘%@ﬁseh%? bEBe cﬁyﬁmalﬁ&nrﬁétﬁe&&d ar (dch@) logns are

given in servation the I ens surtace reveal ed cracks,

‘render i ngyb&ie waRNatrddsdedt iakd ¢headevice andtphisingd arosmeht guas Tondhdtedvdsr 2hought
that the fyl | mformed with nmethane was forned as a rigid coatifr)\g?on t he
| ens, anuinites at egréssgrewdst Banabfrequeocyvof he kldzdanhe disebgree power e W.ng of

the Iens_in the al cohgl extraction,and water introduction sieps, resulting

in cr acﬂ%e.th{‘?@@gﬁﬁ](’f@fﬁﬁ‘a gnp.saligangw e’(?’i"&?@%éf%ﬁﬁw Wtha{'{’?rf%?édvaﬁas of

saturated hydrocarban d, o ) e _co . i.ned. i

Manuf actrﬂ?alsﬁ%g/jcgEia(%r?p?&e{ %ﬁq ‘A\X/\%%%%%gcg}ﬂi ﬁﬁaﬁﬁ%ﬁ%{één%ﬂg’gﬁ@ﬁ%l zgy?%ﬁu%letvi ce

(Wi th anhokehhaingValUR R forale Ubnsl Rerl prodiding WakUstRduvRE idrB¥nake an
arrival 'pressure of 1.27 Pa. Next, a mxed gas was introduced into the

devi ce aharreows iatEample 1. ( Toenyalobtiorerdsahe fantheZels eengived iwXyblen .and

processing by plasma pol ynerization was conducted for 7 mnutes at a
pr essur dleservatipn, ofsthe flers) qenfiaop 1svealerl kraeks.aigadering thenlspyangsiable af azs w

he | endonge tegaGliecd it Spodeust e g A v, elihe R femma as "1
~elli psorﬁei‘igfd' c%ﬁeﬁyﬁ&t 1&5,0&%%“&)&1%@ WY id 0 withstand the degree of .
swelling of the lens in the alcohol extraction and water introduction steps, resulting in

- cracks. 7 _ |
[0041] - Comparative Example 2 (Processing with a mixed gas of saturated
hydrocarbon and oxygen) '
The contact lens obtained in Manufacturing Example A-1 was placed in a
plasma polymerization device (with an internal volume of about 170 L) and a vacuum
was drawn to an arrival pressure of 1.27 Pa. Next, a mixed gas was introduced into
the device at flow rates of 1 (sccm) of methane and 2 (sccm) of oxygen and processing
by plasma polymerization was conducted for 7 minutes at a pressure of 4 Pa, a
frequency of 15 kHz, and a discharge power of 35 W.  The thickness of a film formed
on a silicon wafer processed togéther with the lens was measured at about 70
Angstroms with an automatic ellipsometer. Subsequent processing and evaluation of
the lens after processing were conducted in the same manner as in Example 1. The
evaluation results for the lens are given in Table 1.  Since the film formed on the lens

surface was thin, water wettability following high-pressure steam sterilization was
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the lens after processing were conducted in the sanme manner as in Exanple
1. The evaluation results for the lens are given in Table 1. Since the film
formed on the lens I (f surface was thin, water wettability foll ow ng

hi gh- pressure steam sterilization was 18 poor, and the | ens was unsuitable
for use as a contact lens. [0042] Conparative Exanple 3 (Processing with a
m xed gas of nethane and dry air) The contact |ens . obtained in

Manuf acturi ng Exanple A-1 was placed in a plasma pol ynerization device

(W th amioRtBHARS 1end WaBBnQfitaBRAYE usk/dd A donddedlensvacuum was drawn to an
arrival ‘pressure of about 1.23 Pa. Next, a m xed gas of nethane and air

( noi st ur[GO@Z]ncer(fasmparmmvd)Efa?npdprS](ch"lrodeessg witdht dhimdicadh gais g’ methane gndedrifane: air)
of 60:40 (gas flow rate: nethane = 1.8 (sccm, air = 1.2 (sccm) was
introducd® into the device and processing by plasna polyrreri zati on was

2 G sohar ge. pdier caacdedy o Rl 35 Mak @%&ﬁﬁg ige@wﬁ%équ‘ﬁg e
di schar gﬁ%nﬁa}’ g%@ﬁzgcﬁ)\ﬂ cﬁ:e%ice\:jga ith té?ﬁal Y\@@out '1‘%) g%ﬁﬁdvdcﬂﬁlﬁ the

devi ce treat ment con ucte mnutes at a pressure of 4

Pa, a frw%k‘&ﬁ‘@% 18tn hfkivatpresand oflablha AT BE m&i@ra pfixctilzadlof Neothaneamae t he
' proceSS| ng gas had been di scharged fromthe devi ce,. 3 (sccm of oxygen was

i nt r oducdd (mnistire lencewiatien &b ppmsmaletss)eamthfmtmm ltabnc(mlmefam) & mi nutes

at a pressure of 4 Pa, a frequency of 10 kHz, and a dj scha ovver of 40
W The QOmQ(@edlovorate m?thﬁﬁ‘qﬁrlrﬁa(fc%fﬁ) §1%| 11 % G RS 1HR9eR et her
wtht asured,at ab Q

he, | ens stro t aut
ol 1 1 psorfevir = rosfitte oY piBmesvged A art S Potfﬁﬂ ﬂel%t%?%# Por
pr Ocess'pﬁ‘gs \ﬁf'er ﬁﬁﬂdé’ﬁ 1'1&:1;I ok g kfﬁr@nd ARORAr %@Eower & € Next [hRe
eval uation res ts for ens are given in . “nservation of the

“lens surthaq@ocfeesdﬁglgad Iedaledeq, disehaced figmt the devite, BnGutmplif oxggem wasont act
lens (Fig. 6). It was thought that the fil mformed with the m xed gas of

net hane inimdduney iator thna@evmr amti plasma tréaginentcwag corfdustedt fas 3 snsutes gt at he
cont |19 vac S0ePhe £ R LISLEM e, cores, oL SueLl Lo, e sns 10 (he
]???Ef‘r 'sf*g%] pﬁ%ée{& ﬁé?&? bgafiﬁ%eseagcﬂg haiaélﬁt ﬁgﬁew@r&e%?c%sk’,ngc%? Ry YEddsn the
introduced into the device and plasma treatment was conducted for 2 minutes at a
pressure of 4 Pa, a frequency of 10 kHz, and a discharge power of 40 W. The
thickness of a film formed on a silicon wafer processed together with the lens was
measured af about 220 Angstroms with an automatic ellipsometer. Subsequent
processing and evaluation of the lens after processing were conducted in the same
manner as in Example 1. The evaluation results for the lens are given in Table 1.
Observation of the lens surface revealed cracks, rendering the lens unsuitable as a
contact lens (Fig. 6). It was thought that the film formed with the mixed gas of
‘methane and dry air was formed as a rigid coating on the lens, and the coating was
- unable to withstand the degree of swelling of the lens in the alcohol extraction and
-water introduction steps, resulting in cracks. A comparison with Example 1 shows
that the processing gas employed in the first steﬁ differed, being moist air in the one
case and dry air in the other, revealing that the admixing of moisture produced a major

-difference in the results.

[0043] Comparative Example 4 (Processing with a mixed gas of methane and dry
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case and dry air in the other, revealing that the adm xi ng of noisture
produced a major difference in the results. [0043] Conparative Exanple 4
(Processing with a m xed gas of nethane and dry 19 air) The contact |ens
obtained in Manufacturing Exanple A-1 was placed in a plasm

pol yneri zation device (with an internal volune of about 170 L) and a vacuum
was drawn to an arrival pressure of about 1.25 Pa. Next, a m xed gas of

met hane and air (noisture concentration of equal to or less than 0.53 ppm
with a igiging ratio (nmethane:air) of 67:33 (gas flow rate: nethane = 2
(stem, air =1 (seen)) was _introduced into the device and processing by
pl asma pol ynerfheatdntact iess oltathed tiedMaonfactring fikaeplatA-a m&npgmcbimfa 4 Pa, a

frequency of 10 kHz, and_a_di scharge power of 35 W Next, qnce the
pr ocessi Mesneppolbimgripation ¢aviceravidern MG pduae of é‘é?ut§7?§éé*ﬁa O¥aCUYRy gen was

introduced |nto . the device and pl as at ngnt, was_ condugct r

m nut es ¢S a‘gpéggﬁpgw&? PEespyge Ogas?%%‘/ gﬁe}i‘()amlé? & Cfél? %P“{sn%haélrage power
of 40 W._. .t hi f i ial f 2hmi ed
Poget ner5dBishk SPREHalbn B dobll IEBIRAS MRl 033 AT A £ miBLRCATECT

aut omat i GneBhdricREY BTt 67:33 Jubs FNe Rite: Piedieme s+ (s@h)pdiroF 1 figcchghsvaf t er
processing was conducted I n the sane nanner as in Exanple 1. The

‘eval uat i introdedlints thodeviteardprocessimgdinmasmnpatpmeszationObzsetonductohiast  t he
E R TR
ary ot Motk e i ook, erh pof nien ARiRhTOhEp Bl apted " GARIGEST 72
o e R e Lo 50 por)
The cont@giutdsens fbisaieefd Ph, Mragdeney of i10 &Hzx an heliskhdrgegower af ¢l Wn a

pl asma pol ynerization device (with an internal volune of about 170 L) and a
vacuum - Testhitkawss afe Gim &rmiedain apvibean ivafenpraspesgd tagetter peth theskens wasni xed

025 D1 IEL A0S ANy o' ok ROEAIGS, SORESH.uRhaR SRRt BB, 1oL
1.2 (s eelm)):es\gﬁﬁ rﬁ&fl&? gfjﬁl% QerlsWrRr b&%e&%\’é s conducted in the same manner as in

Example 1. The evaluation results for the lens are given in Table 1. Observation of

‘the lens surface revealed cracks, rendering the lens unsuitable as a contact lens (Fig. 7).

A comparison with Example 1 shows that the procéssing gas employed in the first step

differed, being moist air in the one case and dry air in the other, revealing that

admixing of moisture produced in a major difference in the results.

[0044] Comparative Example 5 (Processing with a mixed gas of methane and

moist air (moisture concentration 50 ppm)

The contact lens obtained in Manufacturing Example A-1 was placed in a
plasma polymetization device (with an internal volume of about 170 L) and a vacuum
was drawn to an arrival pressure of about 1.23 Pa. Next, a mixed gas of methane and
air (moisture concentration 50 ppm) with a mixing ratio (methane:air) of 60:40 (gas
flow rate: methane = 1.8 (sccm), moist air = 1.2 (sccm)) was introduced into the device
and processing by plasma polymerization was conducted for 7 minutes at a pressure of
4 Pa, a frequency of 10 kHz, and a discharge power of 35 W. Next, once the

processing gas had been discharged from the device, 3 (sccm) of oxygen was
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and processing by plasma pol ynerization was conducted for 7 mnutes at a
pressure of 4 Pa, a frequency of 10 kHz, and a di scharge power of 35 W
Next, once the processing gas had been discharged fromthe device, 3
(stem) of oxygen was 20 fi introduced into the device and plasma
treatment was conducted for 2 minutes at a ':. pressure of 4 Pa, a
frequency of 10 kHz, and a discharge power of 40 W The thickness of a film
formed on a silicon wafer processed together with the | ens was neasured at
about 19btrédhgset rigrsthl ddvi@natl plimki ecathbdtpearedeiucteBuios tgmites pr acessi ng
and evaluation of the lens after processing were conducted in the sane
manner ggessnreErbidpPa 4 frefuencyvaf W&t kidn meisaldls:hfarge poweer] eh40aVe dheen in
Table 1. . Observation of the Ie . surface reveacL ack renderl ng the

| ens undhickaessofa film fopnedon a 0‘{ PYESE T FPCCSEe S B pREati ve

Exampl es_3 an S g u ' as of
nmet hane %%aﬁuﬁay a%lab t\,\’{g?/fdue%tr%gﬁsbgvtngln Waa%u?rﬁ%?%\%}g%go e{ep ﬁmj%gg?rge of
cracki ngym §1n%‘ 81 Slallafiof YTABBLER! bR ﬂfocéemgpﬂe@evmdaaeauﬂ%@@ame

i nadequat e 45] As shown in Table 1 and Figs. 5 to 8, when the coating

was for nﬁaﬁn&tfabl in Exaygiicotar The efslnatiomsesokts fiamthe lemssmtgméﬂ yn dableai.ni ng no
nitrogen or oxygen; when the coating was formed with a m xed gas of mnethane
and dry Qbservatind ofhtba letse swéreei teyeqled mhmené@nﬁ the lgnsyriunadtaglesans met hane

and air conta ni n isture conteﬁt of ab as , i ative
Exanpl e§°¥ta°§ ig. C%C&G%ngfogdo Fro’fnll?@r 1¥ﬁ ?Sa%é’ndrzgﬁﬂegﬁlﬁb t he
| ens un}%&g&hg @85 %ogi&@tg& prt gy m%égp%afshsf ‘h?&ﬁéﬂégaﬁ@ g%%imgevew%ang a

m xed gdas a“satura rocar bon a drative Exanpl e
2, the fdubghhdl riﬁgrcménieﬂelmh e Q)fféYéMcﬁﬁgabbpﬂmmu@tc@h@éht@ﬂ@ﬂ obgot he
oxygen plasma, precluding the rmation of a film of adequat e thi ckness on
t he | engppsuwhacensidunet mmlxamateng i nsuffl cient water wettability. By

contrast, as shown in the Exa es, lenses that were coated with a m xed

gas of rBP4Hne ahushemnsin Fable haad Eigsi ades. whemBiscroships tan darsed with 2

V\ggzg]b ! l[ I tg.\éqc q%% (sgclflraasbﬂlelsthm}/é) e%sl.’]e%hv‘ﬁjy goxﬁe?itninsgfr%crtna'ogenaosr (():x%f%teg C\gvhlne ges.

| coating was formed with a mixed gas of methane and dry air; and when the coating
was formed with a mixed gas of methane and air containing a moisture content of
about 50 ppm, as in Comparative Exampleé 1, 3 to 5, cracks appeared in the lens
-surface, rendering the lens unsuitable as a contact lens. When the coating was formed
using a mixed gas of a saturated hydrocarbon and oxygen, as in Comparative Example
2, the film formed by the saturated hydrocarbon was etched away by the oxygen
plasma, precluding the formation of a film of adequate thickness on the lens surface
and imparting insufficient water wettability.

By contrast, as shown in the Examples, lenses that were coated with a mixed

gas of methane and moist air had surfaces of good smoothness, water wettability, and

durébility, and were satisfactory as contact lenses. -

[0046]  [Table 1]

21




21 Water Scrubbing durability FilmExternal wettability (Contact angle
(degree)) thickness Exanpl e appearance (Contact (Angstrons) of |ens
angle 10 times 20 times 30 tinmes (Degree)) 1 Good 200 44 45 44 46 2 Good
170 43 40 38 40 3 Good 150 45 45 45 45 4 Good 220 43 45 42 40 5 Good 190
41 44 44 45 6 Good 120 44 42 44 45 7 Good 100 48 47 48 49 Conp.Ex. 1
Cracks 200 - - - - E 2 Good 70 89 - - 3 Cracks 220 - - - - 4-Cracks 150 -
- - - 5 Cracks 195 | NDUSTRI AL APPLI CABI LI TY [0047] The present invention
can provide a soft contact lens, and nore particularly, -a soft contact

| ens copprised—pf—ahydregel—that—eontains—stHteone—as—atenrs—conponrent;
having |a surface that is snooth and|haWagood |wat er Vietrtldimg iduyabalnty
durabillity. BRI EF_DESCRI Pl ORilgF THE DRAW NGS [0048] [Fig. 1] Fig. 1 shdws
a nicrdscope phot Bytessh (175%) of t heveliabflii g of t Heontesisingbpidedmerd) i n
Exanpl & fikample appearance (Contact
(Angstroms)
of lens angle 10 times | 20 times 30 times
(Degree))
1 Good 200 44 45 44 46
2 Good 170 43 40 38 40
3 ~ Good 150 45 45 45 45
4 Good 220 43 45 42 40
5 Good 190 41 44 44 45
6 Good 120 44 42 44 45
7 Good 100 48 47 48 49
Comp.Ex.
1 Cracks 200 — - — _ —
2 Good 70 89 - - -
3 Cracks 220 — — = —
4 Cracks 150 - — - | —
5 Cracks 195 - — — —
INDUSTRIAL APPLICABILITY
[0047] The present invention can provide a soft contact lens, and more particularly, |

a soft contact lens comprised of a hydrogel that contains silicone as a lens component,
having a surface that is smooth and has good water wettability and durability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048]

[Fig. 1] Fig. 1 shows a microscope photograph (175X) of the surface of the lens

obtained in Example 1.
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22 ki [Fig. 2] Fig.- 2 shows a m croscope photograph (175X) of the surface
of the lens F i obtained in Exanple 2. [Fig. 3] Fig. 3 shows a m croscope
phot ograph (175X) of .the surface of the lens obtained in Exanple 3. [Fig.
4] Fig. 4 shows a mcroscope photograph (175X) of the surface of the |ens
obtained in Exanple 5. [Fig. 5 Fig. 5 shows a m croscope photograph (175X)
of the surface of the lens obtained in Conparative Exanple 1. [Fig. 6]
Fig:. 6 shows a mcroscope photograph (175X) of the surface of the |ens

obt ai-neqFigh 2Pormiar atshyars Exali@oscope fhbtdgrapl (F5X) of tibowsface ot clicokmepe

phot ograph (175X) of the surface of the Iens obtained in Conparative
Exanpl eObIai{lﬁigE@}nnFi;@ 8 shows a microscope photograph (175X) of the

surface of the lens _obtained in Co aratlv | M5 [1]
A met hodFiss Marfliead tshPPag BIGEHORE PO e ‘g‘ﬁrﬁ“fé%é% sheoSmeact | ens
base mat f rlal ting formed on at |l east a portion of a surface of

- said bas q]élp?xﬁ%lp??/zerel n said contact |ens base material is processed

_ by pl asg[p %Ql' yr}’qél 2ahbes d Hn&osé@pé%o%%’%alﬁf ('ﬁ%&)%ﬁh@fsu%&é‘%ﬂ%@[bﬁ‘ls i st
air, then treated with plasma i'n a” nonpol ynerizable gas atnosphere to

form s aiobtinal inBxanipdd 5The rret hod of manufacturing according to claiml1,
wherein said contact |ens base material conprises silicone. [3] The rret hod

of manufli B ri’ggaécsbr)ﬂ’ﬁ rigmierosdopt mhotagraph (Wi eginths ssugfaepEthe dang
conprises equ éo or ter ttfan 150 ppm of noi sture.
obtained in Comparat ve xample
[Fig. 6] Fig. 6 shows a microscope photograph (175X} of the surface of the lens
_ obtained in Comparative Example 3.
[Fig. 7] Fig. 7 shows a microscope photograph (175X) of the surface of the lens
- obtained in Comparative Example 4. ‘
~ [Fig. 8] Fig. 8 shows a microscope photograph (175X) of the surface of the lens

obtained in Comparative Example 5.
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[4] The method of manufacturing according to any of clains 1 to 3, wherein
the mxing rate of netane and noisture air, netane: noist air, in said
m xed gas ranges from50:50 to 70:30. [5] The nmethod of nanufacturing
according to any of clains 1 to 4, wherein said nonpolynerizable gas is at
| east one selected fromthe group consisting of oxygen, argon, and air.
[6] A method of manufacturing a soft contact |ens, wherein water is
i ntroduced into the contact |ens material manufactured by the nethod
according to any of clains 1 to 5 go.AM®&in a soft contact lens. [7] The
met hod of manufacturing according to claim®6, which conprises subjecting
the contact lens material prior to said water introduction to extraction
treatnment _with an organic solvent. 3f~ 24 . . _
[1 A method of manufacturing a contact lens material comprising a contact lens
base material and a coating formed on at least a portion of a surface of said base
material, wherein
said contact lens base material is processed by plasma polymerization in a
mixed gas atmosphere of methane and moist air, and then treated with plasma in a
nonpolymerizable gas atmosphere to form said coating.
[2] The method of manufacturing according to claim 1, wherein said contact lens
base material comprises silicone.
[31  The method of manufacturing according to claim 1 or 2, wherein said moist
“air comprises equal to or greater than 150 ppm of moisture.
[4] The method of manufacturing according to any of claims 1 to 3, wherein the
mixing rate of metane and moisture air, metane: moist air, in said mixed gas ranges
from 50:50 to 70:30.
[5] The method of manufacturing according to any of claims 1 to 4, wherein said
nonpolymerizable gas is at least one selected from the group consisting of oxygen,
argon, and air.
[6] A method of manufacturing a soft contact lens, wherein
water is introduced into the contact lens material manufactured by the method
according to any of claims 1 to 5 to obtain a soft contact lens.
[7] The method of manufacturing according to claim 6, which comprises

subjecting the contact lens material prior to said water introduction to extraction

~ treatment with an organic solvent.
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