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Sl LI CONE WeBPa¥§12 DEVI CES COVPRI SI NG AN | NTERVEDI ATE CARBONCEGEH/IRESIAND
GRAFT POLYMERI ZATI ON FI ELD OF THE | NVENTI ON The present invention is
directed toward the surface-treatnment of nedical devices such as contact *
| enses anm ) ! ants. I n particular, the present invention is
directed mmmmmmmmmf nodi fying the surface of a nedical device to
increase its higconpatibility or hydrophilicity by coating the device with

a polynerized carbon | ayer followed by graft polynerization onto the carbon

| ayer by free-radical rdlfﬂ“liﬂﬁ[‘ﬁfEﬁT'Bﬁ‘ Hfc@NgTononers to forma
hydr ophi lic ri He I @ﬁ he present

i nvention i s%ﬁg“jﬁk‘ﬁa aéé% '3 i o(? O&{vi ce having
such a surface coati ng. i‘

3Q from

silicone-containing materials have been investigated for a nunber of years.
Such materials can generally be subdivided into two najor classes:
hydr ogel s and non-hydrogel s. Non-hydrogel s do not absorb appreciabl e

anounts of water, whereas hyHIEIgROF THEINVENTIONNd retain water in an
equi libriumstate. Hydrogels generally have a water content greater than

about five welhapresentdryantion s ditacteddowausithe sudacgeeaatrmens of medical devigssut

and hyar iyt s, PR Neouss SRR e ER MotbdS T P00 B Ployet AR R 0

non- wet t afitded W faaeRthodT b Sfodifying & suifdcbeofai tméthvs dedite fochefpasezas t he
need for rendering the surface of contact |enses hydrophilic or nore

hydr ophi biosompatihiktysirdydeaphilicity hysepting thedewice with & polymetizadegebonayesce

i mproves_.t.he wettabili of the contact,!|ens rth tear fluid in the eye.
mrs 1 Rty 8o ottt iRt i BRE Dl b o AL e gyl ot
of conti AugikauréesT mbRGAES ., tol fo8m S hii@ophilis RIRREHA kéaonddFp WokiMY ovektBesur f ace
of a continuous ~m-manon WD 00/71612 PCT/ US00/ 13051 wear |ens nust be
desi gned carher layier.y The presgnt isventiopuis alse ditested tady eonsect denscar; asher mediepl as

cor neal . 0f I . | ynphocyte infiltration. Silicone |enses
have beegg‘g%}l%d@?%%ﬂm%geﬁcﬁﬁéhu face-treatnent to inprove their surface
properties, for exanple, in order to make the surface nore hydrophilic,
depositresistant, scratch-resistant, and the |ike. Exanples of conmon

pl asma surface treatnents incl udBACKGROUND contact |ens surfaces to a

pl asma conpri ¢ 04. i 1 g : f . naU. S,
Pat ent. Mo, 4 C8Bacs leptes, il G351 SiiER lpy iR HaRRs He SEAMRVEnigRa
mononer s fasa ruatbeexdngehs, Buch nfdtdriant cdo gerbrdl§3bO4abdisiddd (i wwanhmajort i ons
of oxidizjng agents_and hydrocarbons, for exanple, water and ethanol as in

WO 95/ 046t88Searlaydroasls andmonchyidepgels. dton-lwdrogels-dn aetiabserd gppreriable amoypts

treat nen n C 0 ISt 1T s I LSk t t wth
a plas na%gfﬁég%’ %@#f&gg@ggagx%gﬁsgﬁo?ﬁ%&g%ﬁ atl&ﬁ;/rgra%céﬁl(l)n p as rréx; For
exanpl e, HydfogeBagenetallohavé, a3 didteb Content Emateanhai abdut fillesweigheperaemrandess f or
providing a barrier coati ng@;)n a silicone_ or polél;ret hane | ens wherein the

lens i s SRS cemaoniyobefiyeen abqytitermio 2poyheightycwelghepsresnks Regardleshol/hgly a

hydr ocar h X i A [

hydr ophi P‘%@??@dﬁg&t b, ‘féﬁlsh’éag?%é%&@ﬁ‘%%xs%%?ﬁ{:‘;’“‘ﬁlg%lér?r’%se?egra %@r‘r’ﬁ le 02
(oxygen gelstivelynaydrophdby] hogevettablesurfstes. ai r, or the |ike, the plasma tends
to etch the syrface of the lens, creating radicals_and oxidized functional
groups. \Wen s shilledi t%w%hgxﬁlpa&éewg@a%ﬁgﬁweitﬂfﬁer@zna&ﬂseéﬁrf?@rﬁfer s the
surface lehd r itd C 1ndiiNEN f such
sur f ace ondet e Mo SR BRI * In RS The biGoRANE 20 uS

si | i cone comthetrlend surfaey improvies tiepwettabiiity aff thdheormsaot lases withttéar fluddiin thee. g. ,
silicone nol gﬁul ar chaj ns adj@cent the |l ens surface are capabl e of rotating

thus exp&¥F-ng Ty dft SPROBIRIOYISOHIESWERE QoFHoR RTcthe sipmtagt dgnsessy dh theogiseRfs have
been fou 3 i ééh% L : i t r car bon
pl asnas, 'Egrrx]ﬁx!ﬁ?giv){e E‘leir}nilah ,E%%g%%g |E 1? éi)g&taﬁ?%{‘éar (t)'n?ngl&er?ac% é’?g féo?t%%{lg few
Angstrons to several thousand Angstrons thick) upon the surface of the

| ens, thereby creating a barrier between the underlying silicone materials
and the outer |lens surface. Follow ng deposition of a thin r on
the lens to create a barrier, plasnma oxidation can be enplmmmmmmmlllllnmlmease
t he hydrophilicity of the surface. Al though known surface treajlg;?gguts can be
effective in inproving the surface properties of non-hydrogel silicone
contact | enses, problens are encountered when such 2 WO 001 71612

PCTI USO0/ 13051 ' treatnents are applied to hydrogel lens. Silicone hydrogel
| enses are coated in an unhydrated state, but subsequently hydrated during
manuf acture and prior to use. This hydration causes the lens to
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WO 001 71612 PCT/ US00/ 13051 periods of tinme, which coating, in the case of a
cont dct | M@ 00ME1Z| mul t aneously tearwettabl e and hi ghly perFfe4¥yt18¢51
oxygen. It would be desirable if such a bioconpatibilized | ens was capabl e
of continuous wear overnight, preferable for a week or nore w thout adverse
effects to the cornea. SUMVARY OF THE | NVENTI ON The present invention is
direct ed wesdesk mustiraiesighd)inoe 6hlydfor Sorhfodt) bat odvoiTddvefse Tedctionssuthhier
silicon-containing nmedical devices, including a nethod of nodifying the
surface oforpeal gderastinflammation, on bmephasyterisfibgalienphi 1 i city or wettability.

urf ace . _ _ phi | _ ,
fol 1 owed by o SPEOR0IpRaTiys EEsh SRR e A Hebihch ERPIRBe BUE .

of the caglfie Emﬁies,lfbréexampfeﬁtﬂ erdee tedkérdidt surface mdtehydrbptitic, sdepbsice i s
pretreated with an oxidizingaila§na prior to deposition of the carbon

| ayer, i nresistiat sergtqhrygsisiant, aat theilike. dixamplescoficommanaglesma spsface freatments

uch a moPkBeE SBEHER R b sRReRR A B R, "0 BrcE RS I
present i gxypieh a8 fdrSexcinphes;tindy SoPatedt Mok 4,065,874, 1EI420bné 4lI1a@ne; (di cal
devi ces, including contact |enses, intraocular |enses and vascul ar

i npl ant s, varipusnydsecarhonemenemeisoadp 01 examplg, U PatentiNen#dpd.Pd%nand (I i s

meant that the materd al..bein i S..an o i.c.pal yner .c r{sing at
Teast 1 veonerali SR gtk leh! SR Her s or BRIl 80 8°, ©
100 per cenyo9%/04609 ahd B).$.i Fatdift NoTa 6328441 SeqléntiaBplabfa SOfRRItFaftherly avdei ght
silicone. The present invention is especially . advantageous for

appl i cat i akso koowbnsugbtas|thesscsompsisinges first eatmnat Wjliraoplesma of asiingre gaseorr i gi d

gas- perneabl e erigls. The invention is especial v a r
silicone_R§H¥B§§$“88§FVﬁhEﬁ§?°FEWJ?%ﬂ%%s?°¥ﬁ§?86%ﬂi§aﬁ§e%qﬁgﬁfgﬂﬁ%&ﬁ“b|ass
of materi pbgmanMet G 61eFBEdsSE Prycksatfof préviding- 4 ibaliRe doatiNg®n & $HNNEoneNdr
containing water in an equilibriumstate. Silicone hydrogels generally have

a wat er coplyurethage densevharpinrihe bnnstis sphjectedetogtn elgetried rglow dischange (plesmanl vy
bet ween about .ten to.about ei ghty weight rcent. Such terials ar

dsual 1y pPEshg h, baRedin hiphet € on B bE  Olvect 15 "o & o e

sili coneCﬂp&;@B\%ﬁiBﬂy 5Pthe N&s safficeat | east one hydrophilic nononer. Either the
silicone 4 001 2?1612 PCTI USO0/ 13051 cont ai ni ng nononer or the

hydr ophi | i ¢ oMt pxidiging plasmpoier gxamplerQus@xygengasy vajemhydragen peroxidenker

bei ng defi ned as noner havi It il e poly i zabl e functi.onalities)
or & sepafilt & ek i plasma dohdhtocoleh o shrtags fithe ARS8, reptEiadicd i g
NMONOMer i C oiidlided fufétiohab grdupbhewhen ieéd a9 tif sdié lshfaRerddemgshd axidativy |

known in the art and nunerous exanples are provided in U S. Patent Nos.
4, 136, 250 renflersabe surfacenfasilicns: less wore hglropldlio > Hlowewer, thex@yerage of such

S, 310, 779; | f i cab L con- i ni.ng.
mononer | ¢ SHARESTeRBR AR Ponfe @ andihe b TuSpetite 60 SAOPAL Mot
An exanpl enas9frefdinkappareny at thesarfidead itk 16m5e {d1g.asilivdriccmoRoglaREfainsSadjacent

represented by the followng Formula |: R1I9 RI9-Si-R9 OO Rt9
X~( CH2) h- re lonsssurfacecargrpgpablezof otating thius pxposing hydrpphgbic efoups so thenottels - O

ndepende ST ele sp B B ARRE e el TOUEE U R Bndiea B o§BRS i1,
repr esent eehcRy Hyli®ocafionPl&niikoniiry &ther lemadégbsit anEianarudarniye (fengbms a

| ower al kyl or phenyl radical; and h is 1 to_10. Sone preferred bul ky
monomers dew ARESHABISy10058METab fhousand singstrems Hiick) (upry )the |sarfaceppf the lens,

TR S and| TR0 PERDIR peeROMen TR MBS ER S E ok, At Bl e

referred tsarfage. TRofowiag deposition of a thin carbon layer on the lens to create a barrier,

plasma oxidation can be employed to increase the hydrophilicity of the surface.
Although known surface treatments can be effective in improving the surface

properties of non-hydrogel silicone contact lenses, problems are encountered when such

2



WO 001 71612 PCTNS00/ 13051 Such bul ky nononers nay be copol ynerized with a
silicone NR#¥HERoner, which is a pol y(organosil oxane) capbetUM¥En
unsaturated group at two or nore ends of the nolecule. U S Patent No.
4,153,641 to Deichert et al. discloses, for exanple, various unsaturated
groups, including acryloxy or nethacryl oxy. Another class of representative
si | i cone-génfhanitsiane applied ety hydrogeluitas. SHilicemenagdrogéli IBhe@ ate nvhted ahbanat e or
vi nyl carbamate nonomers su .

1, 3-bi s[ Mﬂwgita@dywp,b‘amubsg%}lﬁg& hydsatpd duringrmanyfacere ppchrugreto use. This

3-(trinet Ly ORV! 1Yk Ry tes
3-(vinylo %%robolf‘?f?%shl 0 %ﬁ%%ﬂr@éﬁ?&é{i&sﬁv&% r??f“é’?‘?‘“&ﬁ%‘? Iag?]% t;en to about
3-[tri s(tiwenst furtent irpxolhme| Yédeningupbn therwhter asrhentrifahe lens. Such swelling

3-[tris(trinmethylsiloxy)silyl] propyl allyl carbamate; .
3- [ tri s(tof hedens commenly max eduse plasma qoatinesciarasenka delaminate, and/or rub off.

t but yl di .1o Y. L hyl,..C Hadd 1 FRRYA = vipyl
car bonat €; ane(ki“§l {nlref ﬁ%ég ‘%5 Iclg ﬂ\{ﬂ iér?gt%wg{)}?&ﬁsg Ilcé:sallrlﬁ%t?tﬁe@ hér{ltofe @ﬁl@g@%f
si |'i con- clefi$ étpahsien aldteieby chusihg/IRes dégshptisiet hanepol ysi | oxane macr onononer s

(al so sonetines referred to as prepolyners), which may have hard-soft-hard
bl ocks 1i ke t rYaneysopaients, disclesg theegraBingnafy Rydrephiligope atherwisy biocempatiblet hanes

0 scl ; . e " . . S ohi o "Th
Rot e of eRnEyercp e Tt Yr 8lopBARbin! 8o el illnd Bbre itccuialote 017
Hydr ogel sFor'exdmiple)tl.S.FHateyp Plo. $80F6¥ feJanfsinad @k teadhés. thé graftlbByindriafor 1996) .

PCT Published Application No. WD 96/31792 discl oses exanples of such
nononer s, OfaR @mymlbwﬁmasedh@hwriqmzﬂlm@ra@rég the, suidgcer efne densrinjthes

For i ag. Pievaie of SO0 el agl. BFEITuCIE AR SRARHIRL by 1€ B0 T80 0 O
£+ D G D igarb i 6 DEGips 6n the WGl Grlid Rerish &IPatent 1o 760053 19Kk ¥t al.

di radi cal , an al ky cl oal kyl diradical, a cycloal kyl diradical, an aryl

di r adi cal diselosgs qngpéy yaraffing £dpelymeria\hierpmpatiblezmatesieh ¢ the sirface @fdenot es
an al kyl diradical_, o | radi cal I l,gal i i cal ,
an ar yIy dlgurbggl 83’ r%?lggéﬁgkﬁcgﬂg{/r?adgﬁdrg%éfﬁléa S?al\t/e?lké% 15?%582%8%&;?438’%% ons and
whi ch naydigcleieithe gidficpolyinbriifation ofD-ReirbxyeisY efethadryilite byaisthgCdpolmeric
denotes a urethane or, ureido linkage; a is at least 1; A denotes a dival ent
pol yner i cPolymerzgtiopfnitigtor GPmPTiYNg p RFroxy BXpape. Sj - O Si - (CH2~, ~Rs P wher ei n:
each Rs indepe n -ah. al 3 0- i a I oup
having 1 to 1oﬁg§r on g?@ngﬁaﬂ%ﬁm%{oc%tsgﬁééﬂét F.‘Z&rm"?. n&%%%galbié vvebee%{ car bon
at ons; m probleddatic eshd tundatisfavebrp fors severall fda8ons. h@he périvusd@mplicativneliag been ght  of
400 to 10,00Q; each of E and ,E _independently denotes a _polynerizahle

unsat ur at B¢ Bylaneous sad undesired, barsppolymerjzatign (Rf| Ahevinylivomongmer _beieg ) w

hyar ogen, E2RG et g i R pRymiet Tl Sl SRR R Bibera Al

problem has been the depth and density control of the graft. Grafts of excessive depth,

grafts of insufficient density to achieve the desired property modification, and the
swelling and degradation of the medical-device substrate during the process has
occurred. Graft polymerization into interior portions of the substrate beneath the surface
of the substrate can cause distortion of the medical device.

In view of the above, it would be desirable to find an improved optically clear,
hydrophilic coating for the surface of a silicone hydrogel contact lens or other medical
device that does not suffer from the aforementioned disadvantages and which is
economical to produce. It would be further desirable to obtain a coating for a contact

lens or other medical device that is more comfortable or biocompatible for longer
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radi cal wherein Yis -O, -S- or -NH; 7 W-U 00/ 71612 R25 is a dival ent
al kyl'ene M@PMHEOIhaving 1 to 10 carbon atons; R26 is a al k\ICTFEIPAIP! havi ng
1 to 12 carbon atons; X denotes -CO or -0OCO; Z denotes -O or -NH; Ar
denotes an aromatic radical having 6 to 30 carbon atons; wis Oto 6; x is
Oor 1; yis Oor 1; and z is 0 or 1. A preferred silicone-containing

ur et hane paivds®T tirfe,rwhick Loaligy] il héQaseldfa Cohthgt: lehdylib kirthl€aneéustyordatd3 CH3

E" OCN - R2~- NCOCH2CH2QCH2CH20CN- R2~- NCO( CH2~, Si-O Si-(CH2 HH H H CH3 CH3
p a H H Hvettabdeonandy -highboarermepblerHteciexyese R2 It \WwiaaHdi be desisable ifesaeh 2 and i s

br ovi des. HodaibydbitiZatinehas GRRb brORRRRE RRAr B prefrifie Pk IOR 07 "

R27 is a oif host withouvhdverst effeotstasd coradal. er renoval of the isocyanate group,
such as the diradical of isophorone diisocyanate, and each E'" is a group

represented by: CH3 / széU%@Eg%QéF ﬁ%@?ﬁvﬁfﬂ@éﬂr esentative
silicone-contai ni ng nononer T nonmers. Such nononers
have been usedThe prévent mvertiomis diredled toMAr@Ghrfaéd FreRGIENCOD/silRBhd-contact

fluorosiljcone hydr og,eI\,I s to reduce the (%cg:urrul %ti_on of deposits _on contact
| enses malfBsesiad othes silicoa-containingmgdical dgvises, paglading peaethod ofsmodifying the

5,079, 319 5 e;.u i = LR no j.Ng
certain ff‘%ga(rlfn%f?%%oélé telégrgotl?psﬁ?rél%;%iis- %@%ﬂﬁﬁ%gty‘%@éﬁogﬁﬁ £o |c|r?prove
conpat i bi treityhehetooampnisé eobysly apbi dévicearwitisid icarhoac tuyer)i fullogvedobpngafic
units, as described in U S Patent. Nos. 5,387,662 and_ 5, 321,108. In one

pr ef er r edPRl¥SHZIR: obe hydeonhilicepelyaier ogtesithe syface Rf the f@rbaralayer ojn a
conpri ses._(l i i / ) . 14 i zed)
510 50 pRieLdrR tnboddeil § Sonph IS RRAN RhedEalt i Al Bl R PR 2
macr onmonotedéposibioh @f THe gebarelyer, fif edder abimprde ddhesion pE tpediirborbidysteiTiet  of
one or nore polysiloxanylal kyl (nmeth)acrylic¢c nononers, and 10 to 50
percent, Ppresentiysniionis alsp distoted toamedigal dexicgieomprisiag gysyriaphimpde bydirbner .
Exanpl es gf ophilic nmononers include, but are not limted to,

et hyl eni calnry unsat urated | actam contai ni ng nononers such as N-vinyl
pyrrolidinone, nmethacrylic and acrylic acids; acrylic substituted al cohol s,
such as 2hydroxyet hyl met hacryl ate and 2hydrox et Icr | at e and

acryl anmi des, such as r2Ehakl

carbonate or viyy, r : OTEr S5 ’- A “: sed i . e Nos.
5, 070, 215, L e At aBBYE e BB IFel is Bt A ARRH stutacy’ tharbBIaY |

4, 910, 277 silicodee mdayehl ofevides,C inchudinge reontaict llerses, aimpacaidr lensesnand kvaséwdat i n
the art. The above, silicqone materials. are nerely exenplary, and qther

mat eri al sPBlanissto impreve theirbigcompaibility By thsr termsiliqoarnt is sueeabthat sy di ng
to the pr (WAt j : A 1 | i i nd
are bei ng Reatd bEMEHAA DA brafhy pohaie: eORDrLRe 4P lef MDA Yy RlEe

nmedi cal deilicows .(-O%ie linkapex); prafetably 00 td 468 péreerdabyl wdiglstnsilicone] ambren and
deposition processes (also referred to_as "el ectrical glow discharg

pr ocessespye‘%%rablyr%ﬁntw %Oapﬁtr?ﬁ“ﬁ JbYdwFight éﬂg’ﬂP?-aéﬁleu%FF“E HEVERNAN i3] eSBesiAllye
prelimna . j Ll b I ric
Coati ng. - Dbt EPURIRRY I RREIGHE, HR stlcoflc MNEEBAD 0 i ERIE ' R
4, 143, 949 gagip&hizablé materials. STUG thvefition Kl dspeviajly sivaitaggons dsrsslicone ydsigel known
in the art, a brief overview js provi decf EI?I ow., Pl asma s,;irf ce treatnents

i nvol ve p&e@timgusrivear lenses; dlyidrogelsans aguell-knoymyslass of fuatgrialp,ohich eqmprse The

el ect 11 oabyfloaaNArac. AR Heiher 24} Qe SRR, (PHBY GPlah ediBRi e,

al t hough crowave an reguenci es can used ri
Silicone hydrogels generally have a water content greater than about five weight percent

and more commonly between about ten to about eighty weight percent. Such materials
are usually prepared by polymerizing a mixture containing at least one silicone-

containing monomer and at least one hydrophilic monomer. Either the silicone-



9 w0 00/71612 PCT/ US00/ 13051 produce ultraviolet (UV) radiation, in
additi on WP HEIIAR absorbed by atons and nol ecul es in thei r PGHYSWIIP
resulting in energetic electrons and ions, atons (ground and excited
states), nolecules and radicals. Thus, a plasnma is a conplex m xture of
atons and nol ecul es in both ground and excited states, which reach a steady
stat e af tedhtaitieg dichoher of theshydesphilic Hoforaer mey Hindtion &k acdrossditkiry aefit causes

t hese excited atons and nol ecules to collide with one another as well as :
t he wal | Saofcraspainkeranpring adefinede asurg amenemen nhaving emuliple; cpolymerizaileed. The

deposi ti coat | ce ; t el has
boon shoinflondifil] dc', pRRS b IR bo'eniployedl”® MipiPatlB! Sidoe, 100
of sputt edontignifg prédopterits aniss &t asepinsihei forhatiddb pOrsilicone dydivgeldegroswdled from

the gas phase and polynerized in a | ow pressure atnosphere (0.005 to 5
torr, prememapinythe artand,nymerops,examplas aresprovided in {bS PatpntANegy 4el38%5Auous or
pul sed pl LU y ' 0 ) . d pl asma,
for exanp ’gﬁén“éﬁ?é‘bgggr ?’234’?%%&1@&2?1? ég}gﬁé’ggg’n ’ #}dé?gmﬁ?&f?%%dgédf tion,

| i qui d nitrogebxangplés nd applidablen silicohcamdining anntbengiz waporiacladé wikyt he gas
phase onto _a substrate and subsequently use the plasm to chem cally react

t hese matRyysilpxanylalkyl; (reethlagyiic mpenomeshe A examplsrisbulky pelysilegnylakyl he use

vt age. (s yhEhoRbmpRL kel el R W LB HERARRTNS L oven the Moot

chem cal -resi stant substrates, including silicones. In one enbodi nent of

the present invention, which will be desgribed in terns of a contact |ens
al t hough al so applicable to silicon nediqal devices in general, the nethod
sequentially conprises: (a) subjecti Rgotthé—Bui di zed surface of the lens to
a pl asma-pol yneri zati on deposption with C R,to C 10 saturated or

unsat urated hydrocarbon to fgftm a Eﬁéﬁ‘meri_c carbonaceous primary coating
(or "carbon layer") on th n X;s'lf €"“ ﬁ@"(?é‘)’RQrafting a m xture of
mononers (inclusive of nmacrprers) onto tige cangen | ayer by free-radical
pol yneri zati on of the rmonon®s to for g_lshy rophilic, bioconpatible
secondary coating. Preferably, step (l{:{]? [ glf9eceded by subjecting the
surface of the nedical device to a plasn®jexidation reaction so as to nore
effectively bond the polynerized hydrocarbon 10 WD 00/ 71612 PA#NS00/ 13051
coating to thewh?@ﬁx:i n order to resist delam nation and/or cracking of the
0

surface coating fromthe | ens upon |lens hydration. It has been found that

by subj ecti ng Xhkienotes +@atredNRsi | i cone hydrogel lens naterial to plasma prior
to subsequent pl asma. pol rization .g. deposijion of a carbon |ayer),

the surface ofgatcﬁiilf@ﬁgp%ggbt:l%g%o&h&&%@?%&eé‘yhd t he hydrocarbon pl asma
that is subseq t iﬁ’d’e% i . N | ens
is ultimtely érrfhw(;gelil%{r om gﬁ%éyggodgeg?&%gtlg‘??i?@%? 1cafs’ %?@?g@éﬁ(o\f\ﬁe%réﬁ t he

| ens typieptesentekipands by ten to about twenty percent), the coating renains -
intact and bound to the lens, providing a nore durable coating which is

resi stant to del anmi nation and/or cradkbng. In step (a) then, a thin

hydr ocarbon coating is deposited on_.td!ﬁe kens, which is necessary to provide.
for nore conpl ete coverage of the un ler'Fﬁ ng silicone material. In step

(b), the carbon surface is exposed t R19and reacted with, nixture of

nononer s under free-radical polynerization conditions, resulting in a

hydr ophi | i ¢ powherein eachRin dndependentlyl denwtestaclowar albyl anphemyd eadicadyrbdr i ng t he
carbon coati ng, of st (a) hydrophilic. As nentioned above, it is preferred
toinitially o 1% Pell he surface of the | ens; for exanple, a silicone

hydr ogel Cont'Q&ﬁHSpi‘&@{red epSiky S rhdtotleRd | ¥reO%héth o%r&ﬁ’ﬁ !ﬁ?é{trﬁﬁetﬁﬂ-

oxi dation plasnma to'render the subsequent hydrocarbon deposition nore

adher ent siloxy)sdahe s tririhethylsidoxyisitylppopyd f methacriylates somgtilnes acfemedlto ahed in

an at nosp conposed qf an oxidizing nmedia.. It is prefeaed_that a

rel ativel ?ﬁf{@p@%sara%e&yﬁlﬁ@}%&lﬁgmyg SYH}Y? i faTDATpLS, n SAFHUNGS, TedRrredo P 2% or
exanpl e. qpiN-¢qt air drawn through a five percent (5% hydrogen peroxide
solution. For exanple, plasna oxidation nmay be carried out at an electric
di scharge frequency of 13.56 Mz, preferably between about 20 to 500 watts
at a pressure of about 0.1 to 1.0 torn,S preferably for about 10 seconds to
about 10 minutes or nore, nore preferably about 1 to 10 mi nutes. The
contact lens can alternatively be pretreated by providing an am nated
surface by subjecting said object to an ammoni a or an am noal kane pl asna.
Those skilled in the art wll know other nethods of inproving or pronoting
adhesi on for bonding of the subsequent carbon |ayer. For exanple, plasma
with an inert gas will also inprove bonding. It would al so be possible to
deposit a silicon-containing nononmer to pronote adhesion. In step (a),

Y Y o " o, o




hydrati on due to differences in expansion between the |l ens and the coating,
causi'ng tIWOP¥RSIZ o rip apart. Therefore, the thickness of RCHASYOStar bon
| ayer shoul d be | ess than about 500 Angstrons, preferably between about 25
and 500 Angstrons, nore preferably 50 to 200 Angstrons, as determ ned by
XPS anal ysis. To graft the polynmer coating to the carbon |ayer, an
initiator may REcH BRIk WREndnters MMEEbE chydIfmerizdd With s sllied! fidcfoRIVACRICE
(including macroners) to react with the surface. In any case, the carbon

| ayer nuswhinh is e pdly(@rganasilexanekcapped withtamdinsatyragedgroumeatitive or avase emds of

attachnent, of {he po { he face, e vant age ,of the use of

di ol efi nshieomf)iﬁpﬁk’t hy‘g:h}?)ﬁ ﬁgyéﬁgﬁgﬁﬁ h%t Bg}?gg‘?tf?zfttl’e s%]f’?eé’s? ro?xafrf?ie’
initiati oRafdus@nsdtiraftal growysi mehiddy @tHoRy bemetadyRxeNt . When enpl oyi ng

ot her hydrocarbons to formthe carbon |ayer, an activator or initiator may
be enpol yed t oAspthet claneof representativenpiligpne-eontainipgamonomers inchides jsdicons-f ace.
Al t er nat el conventi,onal, techniques,for.the initiation 0 raft, ..

pol yneri zﬁ%%yﬂw sBihonaty t°5_ 'E’ng cﬁqIB%rHatFaféqunc?rSc_rsélﬁ%_eg'fjerlo§<')ms[)4f' ot her
functi onakiglRyeabsmabxygsi- laid?t@u'hrﬁbﬂ)ypﬂﬁilgiq%%} PR tirREHy Ty 1) BrdpyFOr vigpanpl e,
it has been known in the art” that various vinylic nononerS can be graft

pol yner i zeatbomte; poB-(viaylogutsshonyitbiv)papylH ths(trangbysildxy)silane]r eatdelris(iri-h

ar oups on e e sl oproed ST rtm e 4B BiIRIK aroBts 80 A
3,070, 573 carb@¥natenst ansquist@ihxeqmmo&?jsiwgp%yﬁ he syRglt r at &arfnkf natiyely, a
carbon layer formed by plasma nmay already contain radicals that when
exposed t bugldimethylstioxyatipdi dinyyr earbenate:a trimetbylsiiplethyt ovinyly gerbonatdi cands .

Addi ti ona rTﬁ/ cor.ona. t;eahrrent is al so capable of formng radicals for

| . plas
reaction \ﬁ‘?‘ﬁtﬁ@]ls yimshvd Ximy. | %‘éﬁtﬁr ated nononers or polyners. Still another
way to pronpte Agier RMs¥ MBIf ZakédOcdntaihifgP! R8MGnérs€ahclhdQ SpHIShretiafe- f OF
exanple with argon or heliumin plasnma form to formfree radicals on its
out nost s prlyaidesne masnoroanciers (algp séraemesdiferaddstonast prepodymers),t whith mmy

et i ot o 5vS bEEaecHaRd bloeks Mk bl Sreshie, lpSact s Htumntfy ot S ey
may be f onpRghrRY atesi§tlosdl iR S VRIS of Blfdaﬁ@ns?incld@ﬁnéiﬂY?ﬁ#@lﬁﬂ"h}ﬁve”at ed

nmonomer or nixture of nonomers capable to underg]m ng graft addition
pol yner i z&Bulloh Ralysiloxarylalkylf dethadryatee subBoelyurethan¢-Rolybitnxane ablydroghler’e one

or nore of, the n rs bS;, hot recyapl y. s b i ter .0l vent
auch s ¢ dPerEL ) Arped bngh S3RaS Rl uobisiatSe’ BotBhoiPGE FRERALS (o
enhance t Rgphichtithi Not WH6/S PO BIREIORS dxBmph8 TGUSLHIn&hars! whRhYdiRIdsart | on
system The graft polyner may be the reaction product of a mxture of
nononer s éohgrebysinaerperatediby refarendgyinl its gntitetys Furthemexamplehef silieansrmethaneesence
of sone hydrophobi ¢ _nononger. aksa,be,ysed to inpart desired properties
such as régqng ﬁ%@%‘i?‘?ﬁ%f%ﬁﬁ%‘%‘h%ﬁh%ﬁ )sition. In one enbodi ment of the
invention, an activated material or nedical device such as a contact |ens
can be di pped in a nononer solution conprising at |east one hydrophilic

monomer (e ter m " FARORAFD* Gl " PANDFE iasl usi ve of "macroners, " al so

referred to as "nmacronononers”). Preferably the m xture of nononers

conprise o 100 I rcent .of drophilic nononeric units, preferably
50 to 100 | e perg%r(ﬁ)gﬁﬁﬁg‘\ﬁﬁ*b*%ﬁé 60 to 100 nole percent. As

i ndi cat ed above, other nononeric units which are hydrophobic optionally may
al so be used in amunts up to 35 nole percent, preferably 0 to 20 nole
percent, nost preferably O to 10 nol e percent. Exanples of hydrophobic
nononers are al kyl nethacrylate, fluorinated al kyl nethacryl ates,

| ong-chai n acryl am des such as octyl acrylamde, and the |ike. Hydrophilic
nononers nmay be aprotic types such as acryl am des (N, N-di net hyl acryl am de,
DMA), lactans such as N-vinyl pyrrolidinone, and pol y(al klyl ene oxi des) such
as net hoxypol yoxyet hyl ene net hacryl ates, or may be protic types such as

met hacrylic acid or hydroxyal kyl nethacryl ates such as hydroxyet hyl

met hacryl ate. Hydrophilic nononmers may al so include zwitterions such as

N, Ndi et hyl - N- met hacr yl oxyet hyl - N- ( 3- sul f opr opyl ) - ammoni um betai n (SPE) and
N, Ndi et hyl - N- met hacr yl am dopr opyl - N- (3¢sul f opropyl ) - anmmoni um bet ai n ( SPP)
Macromers useful in this invention include, for exanple, those described in
U S. patents 5,525,691 and 5,177,165 to Valint and McCee. Suitable

hydr ophi i ¢ nononmers for conprising the hydrophilic reactive polyners

i nclude generally water sol uble conventional vinyl nononers such as
acrylates and net hacryl ates of the general structure: R2 H2C=C- COORS 14

WO 00/ 71612 PCT/ US00/ 13051 where R2 is hydrogen or nethyl and R3 is
hydrogen or is an aliphatic hydrocarbon group of up to 10 carbon atons

.




where R2 and R3 are as defined above; acrylam des and net hacryl am des of

t he fornmulWORYTIE2 CON(R4)z Ri where R4 is |ower al kyl of 1PCEUSOMRI0BLN
atoms and R2 is as defined above; nul eates and furmarates of the fornula:
R300CH=CHCOOR3 wherein R3 is as defined above; 15 WO 00/71612 vi nyl
ethers of the formula H2C=CH O-R3 where R3 is as defined above; aliphatic
vi nyl conmgerde of the fornul a RRCH=CHR3 PCT/ US00/ 13051 where Rz is as
defined above and R3 is as defined above with the provise that R3 is other

t han hydr ogen; Dhdenotasrap alkylistinadical, an alien eydealkylaliradicak i cxsloglkyl diradical,di nes,

pi peri di ne nd. 1w dazol F v ac uch )

N-vi nyl - 2%9&1 gFF@S%@%%%@WZ‘E@ﬁ&%’%@W& %g’er@u(f aef&%%’ol ubl e nmononers
are: 2-hydroxye Batlotés atralRyldliRditdl Ry ¥IREIRPY dirddichl, ImClky by oPoy IRy D@iyddical,

pol yet hoxyet hyl -; and pol yet hoxypropyl acryl ates, nethacryl ates, acrylam des

and met ha@nyardrdidical ae ay jalioyland diradidabbaving i taed0 earben atpmscangd| whirkl say

N- et hyl i net hacryl am de, N i met hyl, acryl am.de, N,
N- di met hy|°ﬁ‘é‘f‘%?aeé¥iﬁ epmige mﬂl‘aﬁﬁf F%{hﬁﬁé{“ g‘h“é“’N, N- di et hyl ani noet hyl
acryl ate and mdeasiey h atethaRbrb@dsRakaggpondi ng acryl am des and

met hacryl am des; 2-and 4-vinyl pyridine; 4-and 2-methyl -5-vinyl pyri di ne;
N- et hyl - 4vi nylags pdessilhe; 2- et hyl - 1-vi nyl i ni dazol e; N

N-di net hyl al | yl ,agi ne: di. yl anm noet h i ther; N vinyl pyrrolidone;
acrylic and rretphgl%'{rb%siac 1{;@%@;130% ocnllgl@,%l’lcofgt&ollj%?@l{}?i ,imaric and mal efic
acids and the | ower hydroxyal kyl nono and di esters thereof , such as the

2- hydroxethyl fiunarate and nal eate, sodium acryl ate and net hacryl at e;

2- met hacr yIwy! oxyet hyl sul fonic acid and allylsul fonic acid. Suitable

hydr ophobi ¢ copol y iz e nononers include water insoluble conventional

vi nyl nononers such ciyl ates and nethacryl ates of the general fornula
HZ C~- COORs —#{€Hg) PisOrsSatef(CHellabove and RS is a straight chain or
branched ali phati c, cliogl i phatic or aromatic group having up to 20 carbon
atonms which is unsubs it$ d or 16 WD 00/ 71612 PCT/ US00/1' ~051
substituted by one or nore allcoxy, alkanoyloxy or alkyl of up to 12 carbon
atons, or by halo, especially chloro or preferably fluoro, C2 to CS

pol yal kyl gpeoy. of 2 to about 100 units, or an oligomer such as

pol yet hyl ene, pol y(nethyl methacrylate), poly(ethyl nethacrylate), or

pol y(gl yci dyl resclnRs indepersientiyriiertanesem alkyd oe iiproasubistitoted| ajlo geoupheviag l;

acrylam deg | Bagb0h atbase which fiay contan Sihél Thkhges befwedh carbod atoms;

m’ is at least 1; and

p is a number that provides a moiety weight of 400 to 10,000;
each of E and E' independently denotes a polymerizable unsaturated organic

radical represented by Formula VI:

(VD)
Ra3
Rz“\fx\(cm)w—oox— (Dr—(Ar)y—Ros—
Raa
wherein:
Rj3 is hydrogen or methyl;

Ry4 is hydrogen, an alkyl radical having 1 to 6 carbon atoms, or a -CO-Y-Rys

radical wherein Y is -O-, -S- or -NH-;



H2C=C- CONHRS where R2 and RS are defined above; vinyl ethers of the formula
H2C=CH O R® W RS i s as defined above; vinyl esters of PREUSBYAIFa
H2C=CH OCO- RS where RS is as defined above; nal eates and fumarates of the
f-or mul a RSOOC- HC=CH- OOORS where RS is as defined above; and vinylic
substituted hydrocarbons of the forrmula RICH=CHRS where Rz and RS is as
defi ned above Is gkgg |6 [ r exanpl e: nethyl,
et hyl , propyl,§¥§%%?§§¥?¥ b t???mg?ggxye E;??oﬁgﬁﬁggﬁgghyl, et hoxypr opyl ,
phenyl, benzylRjsdys hlkybradical Having WtaOl D GarBad &emBCT/ US00/ 13051
hexafluoroisopgg@ |, q@an-o§%¥ -acryl ates and nethacrylates as well as the
correspondi ng 5@5%1 50T et hacryl am des; dinmethyl fumarate, dinethyl
mal eat e, di et hyljefdtbBict® -NgEL hyl vinyl ether, ethoxyethyl vinyl ether,
vinyl acetate, vinyl propionate, vinyl benzoate, acrylonitrile, styrene,
al pha- met hyl st fr demmteslanrezoraati radical/havitg 6 td 3@ carbomatbmset hyl ket one, vi nyl
stearate, 2-hexene and 2-ethyl hexyl nethacrylate. The graft pol ynerization
is typically cwrs0d&boxis Q or I tyds Prosdeardz 6550 er ol vent. Det er mi nation of
reactivity ratios for copolynerization are disclosed in Odian, Principles
of Polymerization, 2nd Ed., John W]l ey Sons, p. 425-430 (1981%, t he
di scl osure of MnPekerred siHeQnersoniainigs ireinane manemen ds depfesented by, Fermaylaeq
met hod ac@anyli ng to the present invention, the carbon-coated contact |ens
or other medical device nmay be exposed to graft polynerization by i mrersing
the substrate in a solution containing the polynmers. For exanple, a contact
| ens may 68hi aced or di pped for a suitable period of tine in a solution of
the reactive nononers in a suitable nmedium for exanple, an aprotic sol vent
such as acetonitrile. Suitable solvents are in principle all solvents which
di ssol ve the| ngnoner ugpd, for exanpl gygwater: gl cohol %ﬁgc C@ﬁ | ower

t 1 de

al kanol s, for exanple, Jethanol and thanol ; carbox uch as

G et by! T oFaRREAS RSO e B O Ry =N RS ST ap e o or
met hyl ethyl| ketone; Ketones such as acBtone Br cycl oh€éHanpQ®s hydr ogafbons
such as tol uene; ethers such as THF, dinethoxyethane or di ®xane; a
hal ogenat ed hydr ocarbons such as trichl oroethane, and al so m xtures of
sui tabl e solvents, for exanple m xtures of water and an al cohol, for
exanpl e a water/ethanol or water/nethanol m xture. To pronote the
free-radical grafting, the substrateHmy opionally be i Mmersed irHa first
solution containing an initiat OE--_f_gbkl]oM\ﬁzq &ﬁz@iﬁbéh%ﬂ@d&hﬁzlf-lﬁio—
substrate in a second solution contad ning the nonofrer M X gfe. ypi Ea
pol yneri zation initiators include &te-radical -generating pofynerization
initiators of the type illustrated by acetyl peroxide, |auroyl peroxide,
decanoyl peroxide, coprylyl peroxide, benzoyl peroxide, tertiary butyl
per oxypi val ate, sodi um percarbonate, tertiary butyl peroctoate, and
azobi si sobut yr ebietein fis eXleBl . anklis prférableB dridge iy Adéasnl andwpreferdtdy & 1, p
illustrated by diethoxyacetophenone can al so be used. The curing process
will of c#ud sembernehigh psevidesremointy weight of 480 tad 8,008 ang s/ prefegably at least

characterhgthC fy: C ] ] S] f LRitiator
o el oy ol R f i CIRIE sollod Serfolil oP e RSRBS rouh s ot e U0,
001 71612 RirdditiOPidopRSrbné didsoclanate, Wi gich Feis aqiduptreptebentéd byt ur e of
nononers. A m xture of the above-nentioned nononers may be warned with
addition of a free-radical fornmer. The hydrophilic reactive polynmers are
attached to silicone nmedical deviggs which may be made by conventiona
manuf act uri ng processes. For exalpPe, contact |enses for application of the
present invention can be nmanuf CBy+mg various conventiona
techniques, to yield a shaped artid] e having the desired posterior and
anterior |lens surfaces. Spincastin@ nethods are disclosed in U S. Patent
Nos. 3,408,429 and 3, 660, 545; preferred static casting nethods are

di sclosed in UAotteat @Mss NOS. rdprésedtativd aslibofie-tOtaitiy frohomersofintlages
nmononeric mxture is often foll owed by a machining operation _in order to
provi de afluerinasied menemersyi nduch JBeRaNRrs f havg beemhfpsgdr it i the. fommation exfanpl e,
U S. Patent No. 4,55S, 732 discloses a process in which an excess of a
nmononeric mxture is cured by spincastigg in a nold to form a shaped
article having an anterior lens surface and a relatively |arge thickness.
The posterior surface of the cured spincast article is subsequently | athe
cut to provide a contact |ens having the desired thickness and posterior

| ens surface. Further machining operations may follow the |athe cutting of
the I ens surface, for exanple, edge-finishing operations. After producing a
| ens having the desired final shape, it is desirable to renove residual
solvent fromthe | ens before edge-finishing operations. This is because,

L T B - - . I 1 N 1 T o -




by evaporation at or near anbient pressure or under vacuum An el evated

t enper at uMé0 886 enpl oyed to shorten the tinme necessary PETARPAYLYEk e t he
diluent. The tinme, tenperature and pressure conditions for the sol vent
removal step will vary depending on such factors as the volatility of the
di luent and the specific nononeric conponents, as can be readily determ ned
by one skilhbresilicand l(ijﬁlr@gdls toAfed¢elthe Gictimdlatiore b L dépdite o eohtadi ense tade
tenperature enployed in the renoval step is Breferably at | east 50C, for

exanmpl e, Berefiong@s descaibed in UsS. Fatentdes. 4P 5ha87 8,073 10 and8H0, ble nTheriser
i t o 2 t.m fl.¢] f t t
orovar - th AR BoltRids iy 88 fethnboiuafilr fi6e BRibs e IRAR, DON

nmor e t hanhiwebbsh FoGREnd iprovd Pompafibility betweenpthel Rydrophilio candositicohwan five
percent by weight or |ess. Follow ng renoval of the organic diluent, the

| ens i s néxataigingraenaseericomits) a5 desqribgd dn Bty Faprnt Dies 5,3\%72%2:@1495&?&@#0& i ons.
The machi ni ng i S . I . .1 Ng, Ok S | edge
and/ or surf ace.ﬂ %@ﬁe& g*eﬁ%,ﬁ %mu%cﬁd%%?ﬁltﬁeg 1&&%&@@538511}7&%%%@%%} gtr"l%grgﬁbef ore
or after thaphgdsi@l dulls thel Basethd rRAbAMerBlittupattiat iPrcapelymetiyed)theo I5ens is
dry rel eased fromthe nold by enpl o%/i ng vacuumtweezers to lift the |ens
from t he mefcent, prefesablyd0dn 26hly weight plsone orimere silicane nagrompnogrersadadai cal

t f ' ti
sur face.  BoicBu> ERAPARNC 30 (o N5 SN, WP Sl M ot 86 SR8 SRIISona A 0,
order to ymeth)deeylichfiomdnies, Mmidd® 0f50tjeecent prefefablySENEIN pdréent,ts weiplet of

rel ease/ machi ni nq_ operations, the lens is_subj ected to surface treatnent
accor di ng athydrophilisreenamer; Bxamplesof hydroghidie maonomennipokude, b faregnat dimited

porymor | 2 vy GRS o bAoAk o RS SFaS KB BlrRle,

treat ment ndvRiyiRS REbBSiabglien it racedic dissskiangr talbohoB) augas agt 1-ow
pressure, preferably at radio freg_‘uency é&?/pi cally, 13.56 Miz). As
nent i oned hidiowrethylmiethasrydate r iandy 2diydearyedularylate s and e acrylpmidesns sughd as

sur face. of Ve IBRidC ind RaPaishelhtogrplshas bl 23R br bl Rebille' " 11
initiati omndiomitrd Sishes Aiglosed Ht LB Fatent Didsi 5000121 N ehderazdinene ionemeree
el ectrons present in the plasma cause the formation of ions, excited

nol ecul es Sughas disglepediincHiS Patgnt Noy 56240277 oRther tyfrpphilic aapnqrees twilliben
t hensel Ve%pkﬁeﬁth@oﬂ??kiﬁ@@%ﬁh@ﬁaawel | as with further ground-state nol ecul es.
nay be un

The plasna treatnen erstood as an energy dependent process
i nvol vi ng ener Jélkiabogasiliconeanatbials afeanerelyeaxemplary,aand othen matterialofoe ugd @ace at
the surface of the Ieni), one needs the requjred tzpeci es (el ement or

mol ecul e) SPbstiagss thatsan bengfdydemgcontrd grp1ding 1© 1R PFENL iRyRNtign haye besscy

pl asmas geg i i i i i JTypical |y,
Pho " par { Fhied o BB afom et bolle SnERBLAG oo iR Rise SINBHER 311 e
di st ri but ilemeoindsstrergyedical devieeener geti ¢ species. In a | owmensity pl asna,
the el ectron energy distribatitﬁg céan e.r Iatedgij the rati g, of the

electric field eruhigehmethor dplasma oxifating and SEPOSITRN PROESSEH o
(Elp). Th [ i I St j i : ure,
flow rat egalg+ qg%}sargﬁs)?&%tsc%?&?s%gﬁw E‘éﬂé{‘)‘gfg?&’%@% )bgwﬁw\g@ési?l QHB&?‘P %san.
Backgr oundurfadeonpmt thenmedicpl deviee tpeslimnobrygte, theecmialently bonged arafindpf a
reference,, incluydes. the, foll.ow %g: Ai.%T Bell, Proc. Intl. Conf. .Phenom

| oni z. GadWerophiGOlBETIGRORHNE. o RXAAP ﬁé@ﬂfgmlwwma%srﬁgpfm d4a4.5.1977) ;
J. M Tib 19 & I en, Macronol ecul es, "A Mdel for
t he Kinet ilyggén(t)ygﬁ’lésrré C)ﬁé&%;ﬂggﬁdgﬁ*#’%ﬁm& 653 ( 1977); J. M Tibbitt,
M Shen, A T. Aléough Juchvprocessed are Sudll krfdvanin, the attf abtief averdeariaprevidedat i on

of Pl asma- Poly i zed drocarbons”, A 10, 1623-1648 (,. 1976); C. P. Ho, H.
Yasuda, J .be&% gﬁ@,sm pce treatments ypyolvg PAssing Saelenirics dBF‘éFEE%l“BB‘P%BaSof

met hane applik he I St : -037
(1088): 11 ioEchradple" TR pIRERaP bistharbE AR5 RoRE By HRRRARy (ogfeally 1358

Pol yrer i za¥He)) abthotglt miebedvendd dtseat fregmendesHyalr be asdion Flectrdsal AREhABS (
1974); R Y. Chen, U S. Patent No., 4,143,949, March 13, 1979, "Process for
Putting a Hydrophilic Coating on a Hydr8phobic Contact |ens"; and H.
Yasuda, H C. Marsh, M O Bungarner, N. Mrosoff, J. of Appl. Poly. Sci.,
"Pol ynmerization of Organic Conpounds in an Electroless @ ow D scharge. V.
Acetyl ene wi th Unusual Co-nononers", 19, 2845-2858 (1975). Based on this
previous work in the field of plasnma technol ogy, the effects of changi ng
pressure and di scharge power on the rate of plasma nodification can be
understood. The rate generally decreases as the pressure is increased.
Thus, as pressure increases the value of E/p, the ratio of the electric

. oy ~ A YVARDES Al A r/msAamsms ot Lwrseses] A S sr-ea




Fol |l owi ng hydration, the |lens nmay undergo cosnetic inspection wherein

trai ned i "¥@@BTHIZ | nspect the contact |lenses for clarity Z&dYN¥1¥Lence
of defects such as holes, particles, bubbles, nicks, tears. Inspection is
preferably at 10X nmagnification. After the |lens has passed the steps of
cosnetic inspection, the lens is ready for packaging, whether in a vial,

pl astic bpiodii6s ulbadiohd €LUTVY kadddtida] inCaldition 8 bein@rabsdbed By Riofi@ ahlendledugesi N a
sterile condition for the consuner. Finally, the packaged lens is subjected
to steril inztheirogas sipte.ciesulting iin energetith eleeyontscandcionsipatoms égropnd and exsitedt i onal
aut ocl ave ref . ai r rizat]an ritj.zati cycl e,
sonetinme th%tsef rrgél%?‘gx%gﬂ gggdéﬁ?a?@st’lglggm %%z#mae%cé/%f)@?{egs%tﬁ% %fgag‘b%raé@i at ed
by the skidoictllesrin bath. gfduad emdbéscitel estares, OWhithi fegcH 2 stbadiOGtafe hfer2f@ C for
a period of 10 to 120 mnutes. Follow ng sterilization, the | ens dinension
of the st @isFhargeds begwes Theycirmlatingc rleetmigeli Held; epusesothgse excitgdeatoms aand

axcampl o5, Hsties]ohsS sofRHe it Bt e e A B b e B o

exanpl es, ofithe\dtérid befghtdatedondi tions and details should not be construed
at unduly limt this invention. EXAMPLE 1 This exanpl e discloses a
repr esent at i ve Thedepesitiornreicy epgting fremsa plasmpioato the surfacs of Bandterigl das hepn

VS0 b0 71818 hsdits PO BBH, Eh-Onafin Blefed Mifud eBCetalRy B doflsree™"® =2
subst r at e (dpatter-adsBieds BépoRtRn)I0 Avbh6mblsOard 66 Cdedbsitbdt foinhthePEAS Phdse and

i nvention: TABLE 1 Com onentParts b Wi
t F2D2020 TRPSermed i 2 Hpw aessemarancsphere (B005 favy/tors,1ireferbly 9104 tool-§ ¢etbng

terial ' .above: TRl S tni et hyl sil oxy) il yi
ot hacr yt SRR et on S oh S MBURE. diably, Mk e bRl Eodo
crossl i nkiwags! &S ddaRited [adntl) Foryexdipld, m8dbd fhpiled 1 0PMiRREcINAS onhed/ 5662
and 5,496,871. Darocur a W initiator IWT a tint agent, nanel

y
1, 4- bi s[ 414 ad¢itiomaliquid sityagen gpylinghkas hesniutidizeditn ponsiguiercapersEOUsBItE: 2asThi s

Exanple illustrates a,tvpical ocess.for preparing.a contact lens.prior to
e burt adofter S ptars o, BREERny e PHERNY 1§ SABRISANY ceflouR
hydrogel Ingf&ass WaHehesubbtigte. HoWelé! plasmay ddHRTBqifireth@BRVST etRiral €3slingT0! ded
from pol ypropyl ene nol ds. Under an | nert nitrogen at rmsghere, 45-pl of the
f or nul at i A hepting tej caasetheiesisedadenosisionp digy ob pighariattage 2 s 409 | rtetsesbly and
covered Wwiht r | Yp /eX.: < | d
hal ves vver2 g%gg%?tgﬁﬁ%%n%ﬂpcxgﬁgﬁﬁe&gﬁx J}gnc?)lseﬁl ,?&gggéls gq%&%%ers’ell&glg@&red
for about siligongsnutes in the presence of UV light (6-11 mWcn2 as neasured
by a Spectronic UV neter). The nold was exposed to UV light for about five
(5) additional Inneembodiment ofthe pissent payentigp,swhichiilbbe defgriberbin termseef arer e
mai nt ai ne r | . . ah T n.to r - anol .
Subsequengf)@t%cﬁ%gs %fgk{iqosutgg ﬁseo Ji})?)'ﬁ%&blb Yo @11%85 (fr?&hc?all deVit& in geneﬁmg rﬂ%ﬂboecf(
sequentially comprises:

(a) subjecting the oxidized surface of the lens to a plasma-polymerization
deposition with an C1 to C10 saturated or unsaturated hydrocarbon to
form a polymeric carbonaceous primary coating (or “carbon layer”) on the
lens surface; and

(b) grafting a mixture of monomers (inclusive of macromers) onto the carbon
layer by free-radical polymerization of the monomers to form a
hydrophilic, biocompatible secondary coating.

Preferably, step (a) is preceded by subjecting the surface of the medical device to

a plasma oxidation reaction so as to more effectively bond the polymerized hydrocarbon

10



WO 00/ 71612 PCT/ US00/ 13051 edges were ball buffed for ten seconds at 2300
romwi th avoevuei2of 60 g. EXAMPLE 3 This exanple ill ustrat BETAHSSFEEH '
nodi fication of a contact |ens according to the present invention. The

| enses were made fromthe fornulation of Exanple 1 (silicone funurate, 36%
wat er upon hydration). A plasma chanber was prepunped to 0.01 torn, prior

to pl asmagdg glorapt lefd i @t RREF ddIAAMafio® b.ﬁ’di&l cratiing Bf Hﬁesu?l*a@é%hn The
surface nodifrcation consisted of an initial oxidation plasma at 1. 0 torr,
200 wat t sfrbmr théllms upamuleas hiydration.adf las Heen foumd tliav\/byesubjsemng(t}mmmdpher e
(air drawn,.thr er oxi de.sol ution). Subse uent drocarb

Cont i ng. ( SHEPAIOHEPEE) (RS FelRoth Grebups BTG SEn A 2 AT FODFRAROR e wat t

for 5 mingalostion 5f05 caftR BYES, EUREAGLVRUhE QedsR iRPHEA 16 Wtk Bind! the

surface was rendered hydrophilic by electrical surface treatnent with a
manual TAWfdEGearddh Isa@'szMactsrsmhseqsymiyednpoSimdmretbe\Ime Thus,doaexampde, efithen ai r

t at til f. 250 t

peak ol colBdS WUNEEYeTate 2 0rAPEY AR & DRURID) (VhefRn b I
produced gmidallpREpAES B teATRd LbouThem&p@ef&m%e%at eﬁﬁhﬁnatawre bRmel six
with a three second tréatment per side. The 1/ 2" bal | el ectrode

was hel d tmthteHensc enviding fa mhre dwable dohtengs which"is (réﬁlﬁaﬁ tc r@elaimmomhemdé;mr face.

Gymeal o Cetng thafeg (HRen it RipCa or g s tipogted i pd bt wigs %
Angst r oms néée%@a?y's RAB@U1de 1o ok EafipleRs @eRe S URtuRRrIVhg dIRdfe BiMRHal dhes.

Thi s deposition nmade use of a net ut adi ene gas whi ch
accel er at et&pdhl;ltﬁematm junface ishexpossustos and m@sd whuhcmluamdinanmmrbundeneposi t

to form The ide hlndthed S|t|on toc I ver the,
Substr at e FEREHI ROBRLAIE: AR fersr 1P o s PRy .go?ssve sqéwgt he
out er nost 400 ARDHE BB shiffced AMBLAH geRbbn @(f)auh@%f%q:éﬁ (A kPR The
carbon coating was an excel | ent substrate for the attachment of secondary

coatings by gr &stmentionedabovst 1tomprefdrweosra0dhsdamghzcdm sunfpse nbthe lenspfared i n

one of two_ ways 1 ojon treatrrent for three ds e}

di ppi ng ofty™ °n*b§f8ﬁ%‘¥ g’ﬁf‘ P89 SANLHPUP W@Tf@ r‘%“\’/%l &z dah'ﬁbe ‘PSSIq?&Wed by
aut ocl avi peidagéi plagtha @&?énaephﬁéraebwqaamq;yd&fcaﬁomweﬁoﬂ Riok18dIREnt 8- theOf t he
but adi ene utili 2| ng an appropriate initiator and nononers. 25 Wb 00/71612
PCT/ US00/ 1885 Bugh elypxldaﬂlmpo%ﬁw;i@lsyn@f beragcpmplishedfin ap -atmesphensrrompasedand

foll ows: A _solution D| e hilic,sutrface-active cr,oner
(Conpos: ¢ FBRSIAERE S, I FFeRRoRg Bper 5oV H0 Mol A58 Rt P iR, ™ e
100 m of jflepxyeaaitdo %ﬂn&iﬁta@fdﬂﬁﬁ tRfoRPRaSTle PJefdthE E5%) Byl nWIth a
but adi ene plasma were placed in vials under a nitrogen atnDsphere

vial s wer @efoxidecsplutiann Foneexampleo iplassen gridation sra;ean b@i camdpwcedan nleawcoven

at 90C overnj The | en rin I fled
wat er . ed Sc*‘%éel eﬂ‘s‘%‘%cy\/\%frsgigpeﬂﬁ%d PIG*, ?egp ﬁ%@fg %ﬁh ﬁ? #Paced
in boili ng»msairerofawutfoopfo houss, fkrm;eforcubbetdlo Je%BbcE 8 about 10 mmutes or

Conposi ti onConposi ti onConcent rati onConcent rationSol uti on(nmol es per (bg/ 100
m ) 100 more, more preferably about 1 to 10 minutes. The contact lens can alternatively

T S R e P R T

st ruct ur alanfaéfinesliéant Plashfae TiUsy REille@fin GREOFIl kedvs othep AfbtHddERY uﬂl_growné
generalized as follows: OO~ ~CH3 CHB ~NO-S CCHOH~ H2 ~ 00O
F F F HN prpramgting adhesion for bonding of the subsequent carbon layer. For example, plasma

with an inert gas will also improve bonding. It would also be possible to deposit a
silicon-containing monomer to promote adhesion.

In step (a), after the preferred but optional plasma-oxidation surface treatment, the
lens surface is subjected to a plasma polymerization reaction in a hydrocarbon

atmosphere to form a polymeric surface on the lens. Any hydrocarbon capable of
11



HF ~HSto NOThe structural fornula for the polynmer of Conposition C
may be gemeood/11sed as follows: OH O 113 OO OO ~ -1 CH3 SPOTAUSWI0/B0EI O FF O
FF FF O FH F x=80nol €% y=20n019% 27 W O 00/ 71612 The structure of the

sul fo-betain used in conposition Dwas as follows: ~-NOO.. OO0 Sv O

PCT/ US00/ 13051 The | enses at each step of the process were anal yzed by
X-ray Ph Ofa&ﬂn%ﬁ‘iihgrin RRES LSRR e Rhy beiutfized; )howWedB?, thehyira&iBorCinasoer

and after full processing as indicated below. Al fully processed |enses
wer e aut obé¢ ivagasenus/state slurinp polymerizatien adhaistaboibing poingbelbwsibout 200°C

El t i PHI del .5600., .Thi i tr, t il d h ti d Al
B ot o g bl SO0 LI Sl MU L 260 2 mRnech ot 20
this inst{Jmmt 15&bén Qt_oﬁxs}ﬁfci‘xﬁiﬁr@&h‘éw&&mﬁfs@tﬁ?&d&@alﬁi%ﬁ@%rﬁﬁ&frﬁ&.‘ on

was 5.0 X 10-8 tort. This rnstrument used a hem spherical” energy anal yzer.
The i nst r Eremplek doclade, Aublare nob likstedttbp € 1wiot €1 HHpre8FA3A CetsiCin alkdhks,

software. The practi cal asure of sanpling depth for thig instr nt at a
sampl i ng. EMgRes, BF el Asean, SHATE: REHeuio IMENG BB HESEG EIDIBEng o
| ow resol Hfdtpgrené,% ¥né E?@lBﬁé(a{xQ}%e?l%gS,ea%tytl&le? A1881¢ 1 {0/ RfonRitREBRISas

present o e sanple sufface | H gh r'esol ution spectra would
be obt ai nbenzene,tstyrene, alethpdstyrenccanddhe iké¢ mamberemployed: eAoisikriowm isuthey ary,

scans. The elenental conposition would be determned fromthe high

¢ esol ut i ofPSBFcboR SrORRRTYY, Py ImpRsiiEA oF SubSURuPL s B evTe BemsBlE ( i)
peak at 23Pa¥midd S plRbfAl VaRonRQsiindt{on8 ditfkéi hjirdtarbbN i Rsabeasdunder

t he phot oel ectron peaks after sensitizing those areas wth the 1 nstrunental
transm ssi on f Thetusoof @htb €8 hyimcanboss ferctbe porpesd of carlom-crabing siibsohtes is

interest. Since XPS.dges not.detect the sence Qf hydrogen. or, hel i um
hece ol cARARARRPYS foh 06 SoBPIRIMIISR vk TISkREDH deRaaiian i, BRIpcs, et

per cent ag [ t t AbiN
Tabl o5 3° Ly} o i re St X5 hidiBhel HIRBRT) B St RS T BRRRE o kb
| enses anabtanedbuters, isdbatylene, 2dd Andybutadiene) arel meferred) ot eastbwith respect to

el ectrons). .These tables outline the attachment qf t secondary, coafi ngs
appl i ed t%\ymﬁlaﬁgn@w Sfrates: Q‘FFemégF BRI JEFS .ILWQE QRnE TBAE SR Rdce was
chem cal | § i thaf : L C, n 28
20 00 71670 CRUAHEARRH Sud sl ) RRAEN A RIS Ag o BRI BET
utilized the bydrogdh spstrateeinswater br zalthecandoare noote gadneote aracking whiclces fesy t he
creation of .free-radicals.on the carbon, surface, for..the attachnent, of a
mononer | QSRS G WE &6 lanert camBon Bains 1B RS APesition DIASEA EASJESHHS e

car bon- modpitifd tRitlarCRIdFe N¥EbRIThe Wger B Shil Batfhgh RAFEHEAMBRM 8L N2
The corona-nodi fied, carbon-coated silicone hydrogel "substrates were then

di pped i ntwre kxpandhblepaspeaiallyowhen enating hydnogelshibsttatdsde saliffemor gvatdrt pol yner s
were attached to.the supface.as evidenced fromthe, XPS data jn_Tables.3 and
4 bel ow. The. adt Ppes TopEhel D JFesh STotPRL A0 1 HOTE UPGTSRElsn g 159 B and
aut ocl avi ighleRts sudl Qs TARIGtadicab €5 $Soptene! MRSpAGiCHRIY | preferred Osestitigt frP
enCar bonSi |'i conCHgC- OOCOLAs Recei ved, ' Ext ract edAvers

a0. 0l 7. 45 co@ings thatc@s . ioare. Béxibis pd\expandabde 10 vatergaoMdte flexibiOcoatings are and
Met haneAver s

a0. 03. 10. Gscipllyprefered faso highryang enses thebexnspd sonsidsrahly gpombyBais: onaaver s

a0. 022. 51. 574. e &M%aﬂ%ﬂﬁbé QBpdsited from 9lasma for example, in a low-
or STDEVO. 01. 90.61. 30. 63. 73. 01. 1Cor onaAvers a0.017. 63. 775. 03. 7Oxi dat i on

(wet ) STDEWIesSUreAtmasph@. (AhdwHhthietoAy tare) a4, radio. frequendy. G4 BI6I Mgy at7aboR( HEMA)
D pSTDEVO.,10. 90, 51. 30. 13..52. 52. 04BPol yner ( Fl yar/ PVP, 25/.95) Aver s
a3. 318. 84.@6*8.181?50*7%%54%??5?1330;) . gL?‘%m.t? .srcesﬂsgo J?. %mséfszpur&?rg, ~2.9

O more preferably 30 seconds to 3 minutes. Other plasma conditions may be suitable as

will be understood by the skilled artisan, for example, using pulsed plasma.
If the hydrocarbon coating provided is too thick, it can cause a haziness, resulting

in a cloudy lens. Furthermore, excessively thick coatings can interfere with lens

12



OO0Oo~.r NbnOOwO .. O c~ TABLE 4 SteDescri |ionFONCSi 1 -
20xi dat i orV@AAE: a a0. 08. 70. 690. 70. 1But adi ene PCT/US00/13051
Pl asmaSTDEVO. 00. 40. 60. 40. 13AF! uor o/ PVPAver a

all.519. 65.761. 12. 1( 25/ 75) / hydr at ed/ wat er STDEV3. 52. 70. 63. 91. 13BCorona/ Bet ai
n/ Hydr at - Avera a4.122. 16. 362. 92. 0edSTDEV5. 72. 20. 55. 51. 04AAut ocl avedAver a

a2. 317. 34 h§drdtiér daStORRréideSth dxpadsiont BEMEEH ehedeasl ANERR coating, causing the
a2.317.34.872.82. 6STDEV0.60.80.7_.1.41.4 00 J O~ 1r Nbn .~ 00wO ..

WO 00/ 716|1@an:an;$|@0/ 1’@@5@@%@@@@%%&1&@#@0@@@3 almﬁl;d)by:]qsxﬁsp gat a
howed th il
Gopos t  f PbitIO0ARESRORS, SALRRT beSiaT Bith 33 o580 ARG dhate BiksBabig "

al i phat i ¢ 5036 DOM AnBstesie) @s Héte@rined by XIPStanblysis0 no oxygen (0. 1-2.5% atonic
conposition). The plasmas enployed in this exanple were 5 typically high
wat t age (50- 40Fogeft the polymerpeatingtodhe garbom layer, an inityopway be pmployediy

’ . _ e Sl it .
Cconos: t i iy el aBaR otk dd B BSPRIA Bililnd 1, CO81 19
t he subst rsaifase. WA anye ¥ae) the dadbyn Ayerinustier rerdddreaabeiuctivaiel) to ptbotenages of

t he net hane pl asma carbon-coated surface appear to 10 be conpletely coated.
Many of t ke ¢avalent attachmentef the pelymsr tosthe surfasee Quepadyantage ofthe usgrefduced in

e A e R e o S

substrate | SOprop e net hane

coati ng Walyineizatdén Heelte st Wheg em@lisng0dthér iy dfcRbidans oRih i coul d be

seen in the AFMinmages to delam nate fromthe expanded 10% expansi on)

silicone Ippthopdaver, anmciyigorerjaiiatsr maybecmnobyedde speeddhe tiegresdiogbgtafl a curl ed

fashion as _if the.coafhn , nat | var .. when an. oxygen.pl asm
raa Ue 1 P belymd RGP 8t RR Y%, IR0 chPen S M B0} BLiRRNE e

del ani nat ig@#k pélyR@teativarhiylse diptied & B chiboh e fNreI0p&Sxy b Gther i f t he

nmet hane gas in the plasma chanber was replaced with butane, isobutylene or

1, 3 but adifuneionglgsounsthptrgnatsglinitiptecsraihpelymerieationd Foy examnsl]g,rit kaslhgen expanded
i . The 2 i epe. i
(1055 o ASREndR i B PHASOIRY R RRANAR ol S GET R ool PhplE

coating cadbdttatesarhicllhaetbeeh €irdt ieated @dth ionidinghadiatish inithdprefenay df o55en Or
heliumto the base plasnma gas. The coatings were determned to be

t r anspar erff WifoPzene thisrmenerawyr grewrshn the swrigee of s3id sebstratealSep Lo SgPafcos he
perfor mn%odﬁ9fo%dl3%,%?ﬁ>rti§ﬁ&g, foP o¥ddiZafion %?the substrate. Alternatively, a

carbon layer formed by plasma may already contain radicals that when exposed to air,
form peroxide groups that decompose to oxygen radicals. Additional plasma/corona
treatment is also capable of forming radicals for reaction with ethylenically-unsaturated
monomers or polymers. Still another way to promote graft polymerization is to plasma
treat the substrate, for example with argon or helium in plasma form, to form free
radicals on its outmost surfaces, then contacting these radicals with oxygen to form
hydroperoxy groups from the free radicals, followed by graft polymerizing ethylenically
unsaturated monomers onto the surface.

The grafting polymer may be formed by using an aqueous solution of the
ethylenically unsaturated monomer or mixture of monomers capable to undergoing graft
addition polymerization onto the surface of the substrate. In those cases where one or

more of the monomers is not appreciably soluble in water, a cosolvent such as tert-butyl

13



EXAMPLE 4 This exanple illustrates a surface nodification of a contact |ens
accor di ngW@HE1pr esent i nvention enpl oyi ng further exanpPE¥USPVHSHoner

m xtures for graft polynerization. The | enses of Exanple 1 (silicone
frumurate, 36% water upon hydration) 30 were anal yzed directly fromthe

pl asma chanber and after full processing as indicated below Al fully

pr ocesse@ldoBbFiay BEhsday eflifdney B solubllityof theYBbAtrhéin the 4080 sigraffg N, N 32
WO 00/ 71612 PCTl{JSOOllSOSl di et hyl acryl am de (DMA), was prepared by

di ssol vi rpgly@negizatien systeh.sti |l ed DMA in 300 ml of purified water. Solution B
was prepared di ssolving 2 f DMA.and Q.01 of, et hyl enegl ycol

di net hacryl ate ?IYF}?g%‘éS% coﬁeaf)tfﬂx\ﬁr?%bg\?/ggww&wd{l?%@ms pr epar ed
by di ssolgghipgisihgbnPMrnéhiliréphili®morbiaetst Mheptiahdl gkéseﬁ&%f%ﬁw ous exanpl e)
5in 100 m "of purified water. A solution of Vazo 64 0.2 percent

(wei ght / \hydrophobicenawiness may also ba usedtarivipatidssipadapopertiesssuch 20@sistanesas added
to each lens.vial. Th regox catalyst pair was a 10 % (w v) solution of
armoni umPEPE RIptEindepositgio, (/) sol ution of tetranet hyl enedi ami ne. A 50
~1 portion ofmemeenfRliithémdf MRS BvattiRd ah AcOrid maRsiabaBbdicalldvide’s@dt ment s
were carried out overnight. Sanple vials were opened and the treatnent 10
sol ut i onsaswerentasp|lense damibendippeditio Buhoromet Sabtiere chuiprisingdathjeastnene

aut ocl av cle. Table 5 bel ow gives sanple nunbers, cgrrespondi ng

£ eat mondyaioalio RRuGeD, (55 45 SmoBimih, b Frdih A Rive s RdOBers HHSY enses
wer e ext rafhed te R Hidredodh@s™)t 0 any treatnent. 33 WU 00l 71612 TABLE 5
PCT/ US00/ 13051 Sanpl ePl asmaPost Cat al yst Tenp. Si de

(AQ sN sd sSi Rreferabily rthe rmixgareveh tffonoamere neasmprise 1 to 100 mole percent of
P1NH2But adi.en None80CA186. 87Q. 74, 5 H2But adi eneDMVANone80CA15. 65. 172. 86.
50. 13Nk BRI PRARBHES B 8 Rl L6 b 100 iR BB BOARBIERDATE 73 973
95, 500250¥2Rckraae! DPHRARAGHND. GinGSAISRerORN GRihast 8eiBhBOneB0C
32.96. 950. 64. 62. 6027NH2BuUt adi ene/ DMAI None80CA15. 74. 7?3. 36. 10. 102EGDVASNH2BU
t adi ene/ DitichalheB8RYALSS. [B41sed 5 0OREEDMA 10 I§PBlet prdcenh aprefenddly Oloma0 sod: P

15.5 4.1 75.9.4.6 0. 202 10NH2But adi eneDMAVaz o .
6480CAL 7. BFECES 100% .@%%W@&F&%ﬁ&iv%ﬂpﬁs of hydrophobic monomers are
6480CA20. ljfﬁé{h&gylaﬁ- ﬁﬁ&lﬂmﬁlﬁﬂ' e €e$Olong-chain acnglamides such as oc

; 1
6480CP21. 56. 562. 29 60. 213NH2But adi eneDMARedoxR™ T. A14. 57.177. 30. 90. 2?,4NHZBut
adi eneD\VRedamideT and5the7likg 4. Slydnphiics MuaRmensimaye bnErdtx RyflesPsech7 8s 570. 57

. 30. 116NH2But adj e .RedoxR. T. AL5. 37..8742. 70. 1EGBI\/A1 H2But adi. ene DMA/ Redo
YR T. ALg. 1 ?W@@ﬁﬁ?(@ﬁﬂlﬁﬁ%ﬁd?’%@%&o% P ‘."‘3@?’%‘7&1’%@9%@ EGDMAL
INH2But adir R Brilied) 1dhich as 2H8h okPEtagNE ZRMRL 8B LYAhREdoXR T. A
17.27.270. 15. 40. 2SPE21NH2BUt adi eneDVA RedoxR. T. P185. 468. 1°8. 20. 2SP

Sanpl ePl| apratetpersuch ag sefaaenylisi agid or hydroxyalkyl methacrylates such as hydroxyethyl
(AQ sNI sCl sSi 2 | s er.Tr.eat ment Tr eat nent or, o

bARN DBy (BETRTERGh o NINTRPHIE amRab s TR Ak iactpde v erions BHENBH AR e, 42
2.284. 74-&%Mﬂﬁﬁﬁ%@?ﬁ&gﬁmmpﬁyﬁ-ﬁﬂﬁ%%eﬁﬂﬂQSFE?nﬁBNW,ﬂUt adi en

el NoneNoneR. T. P23. 14. na02nean
dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl)-ammonium betain (SPP).

Macromers useful in this invention include, for example, those described in U.S. patents
5,525,691 and 5,177,165 to Valint and McGee.

Suitable hydrophilic monomers for comprising the hydrophilic reactive polymers
include generally water soluble conventional vinyl monomers such as acrylates and

methacrylates of the general structure:
R,

H,C=C—COOR;
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WO 00/ 7161 2 PCT/ USO0/ 13051 Many ot her nodifications and variations of the
present i WR@AVTI6R are possible in |ight of the teachi ngs hBFEUS00IPSE 5 -

t herefore understood that, within the scope of the clains, the present
invention can be practiced other than as herein specifically described. 35
WO 0D/ 71612 CLAI M5 PCT/ US00/ 13051 1. A nethod for treating the surface of a
silicone nedical device conprising: 5 (a) subj ecting the surface of the
lens 10 aviiréRy® W@rogERor #Rthy And R34 hydfogen o@id‘difﬁl@ﬁ@tﬁ@l@‘dr@éaﬂﬁ@?@%@ to
forma polyneric surface on the | ens having a thickness of 50 to 500

Angst r omsof upriel 10 lsrbgn atomssybstitited byrone or mese yater solubilising graups sucheds| vy

unsat urat ed nmononers couprisi nd hydrophi | ic..npnoners onto.the carbon

U T ace. LIRS SHERY I a8 Yot e BRORRRG: « PO Rt fRg SRlae

bi ocorrpat%bhﬁw&_u oR€ 2 t@Hodull €00 BPetttlg W] GrSubRituté 8y BRE BPfhoR subfatdi M 1,
wherein the nmedical device is a silicone contact lens or in intraocular
devi ce. Ighogphamhwmlfenateophasphariats, serboxathide csutfonsraidewd pbesphdearnide granpa,
silicone (?ryd.r el %Spti nuous-wear contact lens. 4. The nethod of clains 1
to 3, whe éplﬁ‘g%?ﬁtg?r 6 step (a), the lens is 20 subjected to a plasma

pretreat ment tRrefefdblPRe i @igdosier of pdlpRePHRE A8 pHIgbthiRAE gHLbION. 5. The
nmet hod of claim4, wherein the plasnma pretreatnent conprises oxidation of

the sur f csympeyleneglyol pelathylenepyapsteneh iy edlpolyhsionyethylgnefbesrylz®),6. The

t hod of ¢l ai 4 Wh i.n. th | \ t t.iS. d at 10 t
1500 viar (et @ittsityl abRTETIGD, OGN TN BV CRAER e i T Ble T 2011 O
torn. 7. ViRt ieshdlf, polyabfldniduRlEhdylahedPARSIPadi) PolgayFRat | S

conducted in an oxidi zi ng atnosphere conprising a gas sel ected from at

| east onesubfonatghgsidiyme salt, polyfethplene exide)apolytefhiengarride=pronylens oxidedohol |
wat er, an n.a, .36 00] 7416 13Q51.8, The nethod of claim
1, wherei 1%)1?(%5%81@%‘“ ’ %]lygl\gr%}cl zl‘zcé féﬁy@&%%{dﬁgsfegﬂlofﬁ’ is conducted in

an at nos fccHARREd, fiR@rddEErecR aDEspoadnérf thedeof:0 10 carbon atons. 5 9. The
met hod of claim8 wherein the hydrocarbons are aliphatic or olefinic and

conprise 4 to @rdamisies and methacrylamigpeofihe fymulf cl ai m 9, wherein the
hydr ocar bons conpri se at | east one of butane, isobutylene, 1, 3-butadiene,
and isoprene. 10 11. The nethod of claim1l1l, wherein the hydrophilic

nononers ar}@zC=('j-CQNI-[R3

Ry

where R; and R; are as defined above;

acrylamides and methacrylamides of the formula
H,C=C-CON(Ry),
R

where Ry is lower alkyl of 1 to 3 carbon atoms and R; is as defined above;

maleates and furmarates of the formula;

R3OOCH=C HCO OR3

wherein R; is as defined above;
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macr onononers. 12. The nethod of claim11l, wherein the graft polynerization
is conductWe@o¥/f61s t he presence of an initiator on the surP&TAISEY/1306k
carbon layer. 13. The nmethod of claim 1, wherein the nonomer m xture
conprises 10 to 100 nol e percent of nonomeric units derived from

hydr ophi |l i ¢ nononers selected fromthe group consisting of acryl am des,

| act ans, pol y(vwh{retheepthe fomadlacr yl ates, 20 nethacrylic acid or
hydr oxyal kyl nethacryl ates. 14. The nethod of claim 13, wherein the

hydr ophi lic QEFE-GH sel ected fromthe group consisting of

di net hyl acr ylrrgﬁf de,ﬁa(grlf?l am de, hydroxyethyl nmethacrylate, and N-vinyl
pyrrolidinone. 25 15. The nethod of claim1l, wherein the nononer m xture
conprises 0 to 20 npl e percent hydrophobi ¢ nmonomers or nononeric units
derived fwbereRads apdrfisied 2ho¥oners. 37 WD 00/ 71612 PCTNS00/ 13051 16. The

met hod of cl ai msﬂhaﬁ%ézﬂ&n{:%dggf&%%nﬂﬁxi ce is dipped in a nonomner
| t m X

sol ution conpri sing ure of nononers. 17. A silicone nedical device
i ncluding a hydrophilic surface, wherein said 5 surface conprises: (a) a
carbonaceous | ayer attached to the surface of the lens; and (b) polyners
grafted to RfHc&@HBan | ayer by neans of free-radical graft polynerization
said polyners derived froma m xture of nononers conprising hydrophilic

nononers. 10 .. Ih ical dewice of, claiml7. . rein. the di cal device
12" 1 white Ran e el A58V 81 R af el AR vl UE SloPisk s 5 B 1 e
medi cal dfhgh G9droger? ailll | cone 15 hydrogel continuous-wear Lens. 20. The

nmedi cal device of claim 17, wherein the nononmer m xture conprises 10 to 100

nmol e percent o¥inybswbstituted hetdrocyclss sugh ds vinghpyridinesppipetidinesandrimidazeles ect ed

fromthe gr .C isting,of acrylam de | act ans,
pol y( al ky%&ﬁ%%&’i‘t’ﬁﬁéﬁﬁ%ﬁ fhhps v 631?@“‘?2@?9% c acid or hydroxyal kyl
met hacryl at es. I&hde]%oﬁg@i&@eﬁﬂ%E&%ol%l&h&idﬁx&@ue%%ﬁf&yétﬁﬂ-;@%@phi lic

nononers are selected fromthe group consisting of dinethylacryl am de,

acryl am déhyAseaypropel +d;B-diksdrerypydpat-epolsetionyethyby kngyr r ol i di none. 25 22.
percent | nIAVEBRBERIP IS RIREs e Petr RSPt M BEORTTAR B0l
oo ARSI il ol teiod i N0 A 1 .
- - diméthylécrylainidé, N, N-iiimetﬁylmeﬂl’acfylaxﬁide, N, N- c-limeth-ylf and N, N-diethyl-
aminoethyl acrylate and methacrylate and the corresponding acrylamides and
methacrylamides; 2-and 4-vinylpyridine; 4-and 2-methyl-5-vinylpyridine; N-methyl-4-
vinylpiperidine; 2-methyl-1-vinylimidazole; N,-N-dimethylallylamine;
dimethylaminoethyl vinyl ether; N-vinylpyrrolidone; acrylic and methacrylic acid;
itaconic, crotonic, fumaric and maleic acids and the lower hydroxyalkyl mono and
diesters thereof , such as the 2-hydroxethyl fumarate and maleate, sodium acrylate and
methacrylate; 2-methacryloyloxyethylsulfonic acid and allylsulfonic acid.
Suitable hydrophobic copolymerizable monomers include water insoluble

conventional vinyl monomers such as acrylates and methacrylates of the general formula

Ry
H,C=C-COOR;s

where R is as defined above and R is a straight chain or branched aliphatic,

cycloaliphatic or aromatic group having up to 20 carbon atoms which is unsubstituted or
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ﬂ ] ca]U]ca]an'izéfpggﬁ31 f%‘kgéf]“ ca Ca] ca} caj I:a] (L:J]a] cz?]Jca] Jca] cZa] caj ca] L\a\?cg] LaU] cal
ca] cal] ca] cal vigjeatdeafthe freuldMer ' wp On@d val gb] Xca
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910% ()-| R SpliebteR alP@i¥rie% P Eokdiis & 10% u& () - sF: ! 10% u& () -
RsOOC-HC=CH-OOORs

where Rs is as defined above; and

vinylic substituted hydrocarbons of the formula

R,CH=CHR;

where R; and R is as defined above
Suitable hydrophobic monomers include, for example: methyl, ethyl, propyl,
isopropyl, butyl, ethoxyethyl, methoxyethyl, ethoxypropyl, phenyl, benzyl, cyclohexyl,
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solution of the reactive monomers in a suitable medium, for example, an aprotic solvent
such as acetonitrile. Suitable solvents are in principle all solvents which dissolve the
monomer used, for example water: alcohols such as lower alkanols, for example, ethanol
and methanol; carboxamides such as dimethylformamide; dipolar aprotic solvents such
as dimethyl sulfoxide or methyl ethyl ketone; ketones such as acetone or cyclohexanone;
hydrocarbons such as toluene; ethers such as THF, dimethoxyethane or dioxane;
halogenated hydrocarbons such as trichloroethane, and also mixtures of suitable solvents,
for example mixtures of water and an alcohol, for example a water/ethanol or
water/methanol mixture.

To promote the free-radical grafting, the substrate may optionally be immersed in
a first solution containing an initiator followed by a immersion of the the substrate in a
second solution containing the monomer mixture. Typical polymerization initiators
include free-radical-generating polymerization initiators of the type illustrated by acetyl
peroxide, lauroyl peroxide, decanoyl peroxide, coprylyl peroxide, benzoy! peroxide,
tertiary butyl peroxypivalate, sodium percarbonate, tertiary butyl peroctoate, and azobis-
isobutyronitrile (AIBN). Ultraviolet free-radical initiators illustrated by
diethoxyacetophenone can also be used. The curing process will of course depend upon
the initiator used and the physical characteristics of the comonomer mixture such as

viscosity. If an initiator is employed, it is typically present at a level within the range of
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anterior lens surface and a relatively large thickness. The posterior surface of the cured

spincast article is subsequently lathe cut to provide a contact lens having the desired
thickness and posterior lens surface. Further machining operations may follow the lathe
cutting of the lens surface, for example, edge-finishing operations.

After producing a lens having the desired final shape, it is desirable to remove
residual solvent from the lens before edge-finishing operations. This is because,
typically, an organic diluent is included in the initial monomeric mixture in order to
minimize phase separation of polymerized products produced by polymerization of the
monomeric mixture and to lower the glass transition temperature of the reacting
polymeric mixture, which allows for a more efficient curing process and ultimately
results in a more uniformly polymerized product. Sufficient uniformity of the initial
monomeric mixture and the polymerized product are of particular concern for silicone
hydrogels, primarily due to the inclusion of silicone-containing monomers which may
tend to separate from the hydrophilic comonomer. Suitable organic diluents include, for

example, monohydric alcohols, with C,-Cjo straight-chained aliphatic monohydric

alcohols such as n-hexanol and n-nonanol being especially preferred; diols such as
ethylene glycol; polyols such as glycerin; ethers such as diethylene glycol monoethyl
ether; ketones such as methyl ethyl ketone; esters such as methyl enanthate; and
hydrocarbons such as toluene. Preferably, the organic diluent is sufficiently volatile to
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[ ab_5A41Q ¢k dry released from the mold by employing vacuum tweezers to lift the lens from
the mold, after which the lens is transferred by means of mechanical tweezers to a second
set of vacuum tweezers and placed against a rotating surface to smooth the surface or
edges. The lens may then be turned over in order to machine the other side of the lens.

Subsequent to the mold release/machining operations, the lens is subjected to
surface treatment according to the present invention, as described above, including the
plasma polymerization to form a carbon layer and the subsequent graft polymerization of
a hydrophilic polymer onto the carbon layer.

Plasma treatment involves passing an electrical discharge through a gas at low
pressure, preferably at radio frequency (typically, 13.56 MHz). As mentioned above, this
electrical discharge is absorbed by atoms and molecules in their gas state, thus forming a

plasma that interacts with the surface of the contact lens.

20



1v410% ! & ()--v410%!' & ()--v410%!' & ()--v410%!' & ()--v410%!' & ()--bcij

Kl mpFA4 10 WIHO0I 6% PCT/US00/13051
19410% 1" & ()--4v410% !' & ()--v410%!' & ()--v410%!' & ()--v410%!' & ()--nmo
z~ 5A410) ?F

Iv410%!" & ()--v410%!" & ()--v410%!"' & ()--v410%!"' & ()--v41l0%!' & ()--pFA4
10)?F 1)?F  After initiation by a low ener gy discharge, collisions between energetic free
1%410% ! ' & ()--4v410% ! " & ()--v410% | ' & ()--v410% ! " & ()--v4T0%!"' & ()-
A410) ?F electrons present in the plasma cause the formation of ions, excited molecules, and free-

1va10% ! & Gle S’uc%i%%%ﬁes&o{'x):e fored Rdn adt ity hikA%ivestn(the 2¥sh S s Feft) - - PFA4

10) ?F 1)
gﬁg )19>°FA bs &ith) furtHerdOifd-stéie (Molediddd) YThé Blabtha weédthidMh mafk be)underdiddoak 'ad’ () -
1v410% ! em:rgy depnmgle:%proc&si )nvowmgmerg@c( gasmoﬂwl@ﬂ Ror(chemijcal osgctions t0) - - E| |

10) 9 9L 0 9, 1004 10x!

o) 1000 6 ot 'r%‘é«ﬂnf ngedh b sgiiied Siéeiedetement s malscul)
10% () - @ 9&9@@1& e@t@aﬁ m&eﬁﬂmcﬁﬁﬁhhs géheral B pra@dék! & () -
#10% 1] & ()-@"8 #10% s & 9100&()

10% & () al mbut&n( f_egpegetic ameszﬂtym@mﬁ@l &mp bengrgyowei&te)thq a\rageg! 10!

Tove! & Of egosigl b byt b ey 35 e ncipeds epia g Bl

910%” & G):ns1t31%si&>Wc&@eﬁ&%%ﬂlﬁdﬁﬁﬂon%)beﬁe%ﬂ&y(ﬁw r&iosdﬂ% electrit- 9Y
"10%! & ()-0~ vU410 9110%! & ()-"' 9Y10%! & ()-10+! 10+! 10+! 99910%! & () -

99| 10%! &eld steengtir spstagning the_plassy topthgissharge pressure (E/p). The plasma power

S[ éO‘V : Isg&isgl)y P 109 funtidn) of ﬁpe%%vatt&e( )presmc[ flot fales: of0hses, &td) as BYope & () -L

9, 10‘V | ‘afpretiated 089 the¥'skilled 1lfigan. &E{a)ckgrbﬁﬂﬁ 'inf8rrhationl Gf6 élas‘im( kechd®gy, & ()-9

hj VV62vU4A10  , 10% 1" & (b 10% ! " & S 10% ! & ()-,10%! -M

Y$<' ), 2 \erebp 'incorporated by reference, inc udes the following: A. T. Bell, Proc Intl. Conf.

oo Pl i, Bl Ao el i B B ) o M4 01

109 ! * &J( M Tim&'R efigen, AOTH Bel&M) ShehQMa!cra%mdléculébQ% Mo¥el for tReORinktics () - qU9

2vU410 , 109 ! )y 10% ! ° gé 10% ! /M)L -, 10% ! & (? tX<410

L 10% ! &of )Plaw%’o wetiationls 3 (!L?Wé,l 3. gM( jibbityg Sh%)A ToBelL & () -
0Y/$I< )& ()3\%&)@6 0Sci Oéﬂerél 2 (&).S(t)u,gn%%?/ ICH%r&QteMa‘?ion of Plasma-Polymerized

, 10% ! &H}Mmc‘g\@%ris" 8A10,-1628%648 &1 976); COPo HoSH( Masuldad.! Bidimed; Mbtdo Resy' () - #' (

?<410, ,10%!

%/gz )< G8farath m( y(g%ztzilgcyy gg‘sr(u)l Polymgr ofglngytayggpglmd ol fhe) surface of silicone
Jh&%‘ffo' b  AASAY, 520 9150999 ! (185k); HO%dvafckl, A0%.! ) M1, & O F
Y$<! ) 1%drox&b(e):ule§,0%‘l’la&in(z) PoBeriz8tién - d/O%Shtu@ut@' WOEZ [ \ Unsatearaidd) 10% ! °

&()- 0% & (1300 80 3ATE b Sl R0 Bentl), ¢ HYBp, fuldi 1407

?; ) 1(())/%/\]199%' “(P)g‘oée)s%éo]rqyt}uzg‘a (I-):Ezdr}g;glﬁ’zc f&a&%o/r}Q@dr%h@bg?ériﬁétﬁn?‘%i R/F/ 1:) 0/‘&

1V & () -, H9¥hsuilal H. | CLOMdrsl&I(/I) -Q.1Brigasief,) N, N6osofs, {.) of PGH.! Pély( BeiV6?<41M
,10% ! & 109% ! 10% ! & ( 10% ! °

Y$<' ), ﬁ’)fﬂ?f('fb’@/ﬁ"l"’”& ) Orerin ucomf)rndﬁdv/ gn %’%%ﬂﬂ%%wﬂm& Pischarges  VE: () -

%1 & () T I OMisha b Irondhithst 15, Ohas 3888 (rodsy) - M & o
Y$<'),,10% T & ()- _C<41IM 1, 10% ! &(T ] &() 10%! & ()-,10%! & () -,
109% 1 & () , 109%Baséd 0N tlné peavidiis] waksih tBé ﬁ)‘:ld, dﬂ)ﬁlﬁdma&te(:l)nd%@, the effects of

Y$<') 10% 1 ° & 2<A1M 10% ! & () -, 10% ! 109 1 &
100/‘ A & ?ng“i%&g"?ss 6(5“d é‘@g)ga,rge&ppyvem n. g["/"OV"ES’&Q s a @2061 hgéaéé“/‘ qan(glge() I\/R&

(55 ] T e 800 B Sl i i )

=EzZ: t X<,il@ebsks hehalie ofE/p,)the 1496 of the E)ecticfield strength sustammg the plasma to
Y$<'),,10%!‘&'()-,10%!‘&'()-ENQ\/Z_C_?<,10%!‘&,10%!‘&'()-,10%!‘&'()-,10
%! & ()-,10% ! & ()-,10% ! & ()-,10%2L & ()-chmyrsQe?<, 10% 10% ! " & ()-M &
Y$<'),,10% ! & ()-,10% ! & ()-,10% ! & ()-s~ 2<,10% 1, 10% ! " & ()-, 10% ! & (
)-,10% 1" & ()-,10% ! & ()-,10% 1" & ()-,10%!° &() 1?2<, 10M &

Y$<'),, 10% 1" & ()-,10% ! & ()-,10% ! & ()-,10% ! & ()-t X<, 10M 10% ! & ()-, 1
0%!°& ()-,10% ! & ()-%10% ! & ()-,10% ! & ()-,10% ! & ()-,109% ! & ()- Bt X<
, 10MM &

Y$<'), % 10% ! & ()-,10%! & ()-,10% ! & ()-,10% ! & ()-_?<,10M 10%! & ()-
10%1° & ()-,10% ! & ()-,10% ! & ()-,10%! & ()-,10% ! & ()-_?<,10M 10% ! &

A ~NA N



1090& ()-< 1090& ()-hH(v< 1090& ()-< 1090& ()-< 1099& ()-< 1099& ()-<
1090& () - WO BHBREGHV< 1090& ()-< 1098& ()-; c! 3#6R< 1090& ( PCR/USONBIASY ) - <
1090& ()-tXv< 1090& ()-< 1090< 1090& ()-< 1090& ()-< 1090& ()-< 1090& ()-<
10908 ()-< 1090& ()-dD$v< 1090& ()-< 1090& ()-< 1099& ()-< 1090& ()-<
1090& ()-; ¢! 3#6R-cG v< 1090& ()-< 1090& ()-; c! 3#6R< 1090& ()-< 1090& ()-<

1090& () thedas Préasiédebitdiss i Efusés a Tedr8ad@Sn(the avdag® &ectrorr edGEPE Th- <
. decrease in electron energy in turn causes a reduction in the rate coefficient of all
electron-molecule collision processes. A further consequence of an increase in pressure
is a decrease in electron density. Providing that the pressure is held constant, there
should be a linear relationship between electron density and power.

In practice, contact lenses are surface-treated by placing them, in their unhydrated
state, within an electric glow discharge reaction vessel (e.g., a vacuum chamber). Such
reaction vessels are commercially available. The lenses may be supported within the
vessel on an aluminum tray (which acts as an electrode) or with other support devices
designed to adjust the position of the lenses. The use of a specialized support devices
which permit the surface treatment of both sides of a lens are known in the art and may
be used in the present invention.

Subsequent to the plasma processing of the lens, the carbon coated lens are
immersed in a solution containing the monomer mixture comprising hydrophilic
monomers, as mentioned above. The Examples below provide the Applicants’ best
mode for forming the coating on a silicone lens or other medical device.

Subsequent to surface treatment, the lens may be subjected to extraction to
remove residuals in the lenses. Generally, in the manufacture of contact lenses, some of
the monomer mix is not fully polymerized. The incompletely polymerized material from
the polymerization process may affect optical clarity or may be harmful to the eye.
Residual material may include solvents not entirely removed by the previous solvent
removal operation, unreacted monomers from the monomeric mixture, oligomers present
as by-products from the polymerization process, or even additives that may have
migrated from the mold used to form the lens.

Conventional methods to extract such residual materials from the polymerized
contact lens material include extraction with an alcohol solution for several hours (for
extraction of hydrophobic residual material) followed by extraction with water (for
extraction of hydrophilic residual material). Thus, some of the alcohol extraction
solution remains in the polymeric network of the polymerized contact lens material, and
should be extracted from the lens material before the lens may be worn safely and

comfortably on the eye. Extraction of the alcohol from the lens can be achieved by
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since incomplete extraction of residual material from lenses may contribute adversely to
the useful life of the lens. Also, such residuals may impact lens performance and comfort
by interfering with optical clarity or the desired uniform hydrophilicity of the lens
surface. It is important that the selected extraction solution in no way adversely affects
the optical clarity of the lens. Optical clarity is subjectively understood to be the level of
clarity observed when the lens is visunally inspected.

Subsequent to extraction, the lens is subjected to hydration in which the lens is
fully hydrated with water, buffered saline, or the like. When the lens is ultimately fully
hydrated (wherein the lens typically may expand by 10 to about 20 percent or more), the
coating remains intact and bound to the lens, providing a durable, hydrophilic coating
which has been found to be resistant to delamination.

Following hydration, the lens may undergo cosmetic inspection wherein trained
inspectors inspect the contact lenses for clarity and the absence of defects such as holes,
particles, bubbles, nicks, tears. Inspection is preferably at 10X magnification. After the
lens has passed the steps of cosmetic inspection, the lens is ready for packaging, whether
in a vial, plastic blister package, or other container for maintaining the lens in a sterile
condition for the consumer. Finally, the packaged lens is subjected to sterilization, which
sterilization may be accomplished in a conventional autoclave, preferably under an air
pressurization sterilization cycle, sometime referred to as an air-steam mixture cycle, as
will be appreciated by the skilled artisan. Preferably the autoclaving is at 100° C to 200°
C for a period of 10 to 120 minutes. Following sterilization, the lens dimension of the
sterilized lenses may be checked prior to storage.

Objects and advantages of this invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in these examples, as
well as other conditions and details should not be construed at unduly limit this
invention.

EXAMPLE 1
This example discloses a representative silicone hydrogel lens material used in

the following Examples. Table 1 below provides the formulation a polyfumarate silicone
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according to the present invention:

TABLE 1
Component Parts by Weight
F2Dy 20
TRIS 40
DMA 40
n-Hexanol 5
DAROCUR-1173 0.5
IMVT 150 ppm

The following materials are designated above:

TRIS tris(trimethylsiloxy)silyipropyl methacrylate
DMA N,N-dimethylacrylamide
F2Dyo a silicone-containing crosslinking resin as

previously described in U.S. Patent Nos. 5,374,662

and 5,496,871.
Darocur a UV initiator
IMVT a tint agent, namely 1,4-bis[4-(2-

methacryloxyethyl) phenylamino] anthraquinone

EXAMPLE 2

This Example illustrates a typical process for preparing a contact lens prior to its
surface modification according to the present invention. Silicone hydrogel lenses made
of the formulation of Example 1 above were cast molded from polypropylene molds.
Under an inert nitrogen atmosphere, 45-pl of the formulation was injected onto a clean
polypropylene concave mold half and covered with the complementary polypropylene
convex mold half. The mold halves were compressed at a pressure of 70 psi, and the
mixture was cured for about 15 minutes in the presence of UV light (6-11 mW/cm? as
measured by a Spectronic UV meter). The mold was exposed to UV light for about five
(5) additional minutes. The top mold half was removed and the lenses were maintained

at 60°C for three hours in a forced air oven to remove n-hexanol. Subsequently, the lens
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$10% & (bh& to‘%ﬁ(ﬁl& téehm¥ént of the lenses, from residual air in the chamber. The surface

modification consisted of an initial oxidation plasma at 1.0 torr, 200 watts for five

minutes in duration in an air/water/peroxide atmosphere (air drawn through a peroxide
solution).  Subsequently, the hydrocarbon coating (employing either methane or
butadiene) was deposited at 150 watts for 5 min at 0.5 torr per side. Subsequent to the
carbon coating, the surface was rendered hydrophilic by electrical surface treatment with
a manual TANTEC LAB SYSTEM corona system. Samples were corona treated in air at
atmospheric pressure. This process utilizes a maximum of 250 watts or a peak electrode
voltage of 20,000 volts (AC peak @ 25 kHz). The corona produced a strong ozone
smell. The conditions of the corona were level six with a three second treatment per
side. The 1/2" (1.27 cm) ball electrode was held in the center of the coated lens 1/4"
(0.635 cm) from the surface. The surface of the polymer was completely water wet
(HPLC grade water, 72.4 dynes/cm) after the corona treatment.

Carbon films greater than 100 Angstroms (transparent) thickness were deposited
on the lens substrates. This deposition made use of a methane or butadiene gas which
was accelerated and forced into the lens surfaces which caused a carbon deposit to form.
The idea behind the deposition was to completely cover the substrate such that none of
the underlying chemistry is visible over the outermost 100 Angstroms, the sampling
depth of the XPS instrument). The carbon coating was an excellent substrate for the
attachment of secondary coatings by graft polymerization. These secondary coatings
were applied in one of two ways: (1) corona treatment for three seconds, followed by
dipping onto a monomer solution and rinsing in water or saline followed by autoclaving;
and (2) post-polymerization of a monomer to the surface of the butadiene utilizing an

appropriate initiator and monomers.
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1n Table 2 below),

0.03 m mole Vazo-86 azo-initiator, and 100 ml of deoxygenated HPLC-grade water was

prepared. Lenses treated with a butadiene plasma were placed in vials under a nitrogen

atmosphere. The vials were filled with the aqueous solution, sealed and placed in an

oven at 90°C overnight. The lenses were rinsed with a large volume of purified water.

Half the lenses were allowed to dry and the other half were placed in boiling water for

four hours and then dried.

TABLE 2
Composition | Composition [ Concentration | Concentration | Solution
(mmoles per (g/100 ml)
100 mi)
A Fluoro/PVP 1 0.45 Water
(25/75)
B Fluoro/PVP 1.1 0.5 Water
(25/75)
C Fluoro/PEO 1.1 0.7 Water
5K (80/20)
D Sulfo-Betain | 1.8 0.5 Saline
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The structural formula for the polymer of Composition C may be generalized as

follows:

x = 80 mole %
y = 20 mole %
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The lenses at each step of the process were analyzed by X-ray Photoelectron
Spectroscopy (XPS), directly from the plasma chamber and after full processing as
indicated below. All fully processed lenses were autoclaved in vials. The XPS data was
obtained on a Physical Electronics [PHI] Model 5600. This instrument utilized a
monochromatized Al anode operated at 300 watts, 15 kV and 20 milliamps. The base

pressure of this instrument was 2.0 X 10-10 torr while the pressure during operation was

5.0 X 10-8 torr. This instrument used a hemispherical energy analyzer. The instrument
had an Apollo workstation with PHI 8503A version 4.0A software. The practical
measure of sampling depth for this instrument at a sampling angle of 45° was 74A. Each
specimen would be analyzed utilizing a low resolution survey spectra {0-1100 eV] to
identify the elements present on the sample surface [10-100 A]. High resolution spectra
would be obtained on those elements detected from the low resolution survey scans. The
elemental composition would be determined from the high resolution spectra. All data
will be charged referenced to the carbon (CHXx) peak at 285eV. The atomic composition
was calculated from the areas under the photoelectron peaks after sensitizing those areas
with the instrumental transmission function and atomic cross sections for the orbital of
interest. Since XPS does not detect the presence of hydrogen or helium, these elements
will not be included in any calculation of atomic percentages.

The XPS analysis of the coated substrates appear below in Tables 3 and 4 below.
This data reflects the atomic composition of the lenses analyzed over the top 74
Angstroms (relative to carbonls electrons). These tables outline the attachment of the
secondary coatings applied to methane and butadiene carbon surfaces. The butadiene

surface was chemically more reactive to these secondary polymerization schemes than
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the attachment of a monomer, polymer and/or solvent to the carbon surface. Each side of
the carbon-modified silicone hydrogel was modified via a three second corona. The
corona-modified, carbon-coated silicone hydrogel substrates were then dipped into the
polymer, monomer or solvent of choice. The graft polymers were attached to the surface
as evidenced from the XPS data in Tables 3 and 4 below. The data also reveals how the

modifications survive hydration and autoclaving.
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$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & () - x! hnquvy@?<5
$10% & ()-x! MOx! $ $10% & ()-x! $10% & ()-x! $10% & ()-x!y_?<5 $1

$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & () -x!

$10% & () - x! 1 TheMRGyY PHblc¥lectron) Spéctbciy S{XDS)X Hatd 1éHwkd ( thak 'the silicone

$10% & ( pysoge ohsmtey e (508 HereEDy Gatbon deposit from 4 plasma gas.phasd
reaction. The coatings were primarily aliphatic carbon in composition with little to no
oxygen (0.1-2.5% atomic composition). The plasmas employed in this example were
5  typically high wattage (50-400 watts, although lower wattage is also possible), low
pressure 0.1-1.0 torr, and varying amounts of time depending on the coating
(composition and thickness) to be produced.
In addition, the morphology of the substrates was examined by Atomic Force
Microscopy (AFM). The images of the methane plasma carbon-coated surface appear to
10  be completely coated. Many of the features of the original substrate appear to be
reproduced in the process of coating with the carbon. A problem arose when the
hydrogel substrate was expanded in water, isopropyl alcohol or saline. The methane
coating would crack when expanded. The edges of the carbon coating could be seen in
the AFM images to delaminate from the expanded (10% expansion) silicone hydrogel.
15 The edges of the carbon coating turned up in a curled fashion as if the coating was
delaminating. However, when an oxygen plasma was utilized to increase the adhesion of
the carbon coating, no delamination or edge curling was noted in the AFM images. Also,
if the methane gas in the plasma chamber was replaced with butane, isobutylene or 1,3
butadiene, the coating would flex when the hydrogel matrix was expanded in water. The
20 1,3 butadiene may be expanded in excess of forty percent (40%) to completely crack and
break the coating. The hardness of the coating can be varied via the thickness and the
addition of hydrogen or helium to the base plasma gas. The coatings were determined to
be transparent and did not either cosmetically or functionally degrade the performance of
the lens when tested in vitro.
25
EXAMPLE 4
This example illustrates a surface modification of a contact lens according to the
present invention employing further examples of monomer mixtures for graft
polymerization. The lenses of Example 1 (silicone fumurate, 36% water upon hydration)
30 were analyzed directly from the plasma chamber and after full processing as indicated

below. All fully processed lenses were autoclaved in vials. Solution A, comprising N,N-
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$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & () - x! vV6D<5M
$10% & () WO 0OFIO% & ()-x! $10% & ()-x! $10% & () - x! MnOx! $ PSS &' () - x!
$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & ()-x!!. 3uU5?<5M
$10% & ()-x! $10% & ()-x! $10% & ()-x! Mi0x! $ $10% & () - x! 39>@Fl L_?<5M ‘
$10% & ()-x! $10% & () - x! $10%&'() x| $10% & ()-x! $10% & () - X!

$10% & (blu-ﬁetl\%" AP e e&'b d18861%ing )3 praizCof! disllda”D]A Jin X!
$10% & (§ N " abcoS75M 10% gr?) y$$10% &'é %gllx' $10‘s%) & ()-x!
$10% & ($0Gml of purfeed watgn. SpiutionsB (vgasprepared by dlSSO ving 2 g of DMA and 0.01 g

of ethyleneglycol dimethacrylate (EGDMA) in 200 ml of purified water. Solution C was
prepared by dissolving 1 g DMA and 0.3 g of SPE (the betain in the previous example)

5 in 100 ml of purified water. A solution of Vazo 64 0.2 percent (weight/volume, hereafter
w/v) in ethanol was prepared and 200 pl was added to each lens vial. The redox catalyst

pair was a 10 % (w/v) solution of ammonium persulfate and a 5§ % (v/v) solution of
tetramethylenediamine. A 50 pl portion of each solution were added to each lens sample.

All treatments were carried out overnight. Sample vials were opened and the treatment

10  solutions were replaced with Borate Buffered Saline followed by one autoclave cycle.

Table 5 below gives sample numbers, corresponding treatments, and XPS data.

Ten lenses were treated in each case. The lenses were extracted and dried prior to any

treatment.
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$10% & ()-x! $10% & ()-x! Q6?275M $10% & ()-x! MOx! $ $10% & () - x!

$10% & ()-x! $10% & ()-x! pT85M $10% & ()-x! $10% & ()-x! $10% & () - x!

$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & () -x! A>pT85M

$10% & ()-x! MOx! $ $10% & ()-x! $10% & ()-x! $10% & ()-x! _?85M $10% & () - x!
$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & () - x! 1?85M0Ox! $
$10% & ()-x! $10% & ()-x! $10% & () TABLES

Sample | Plasma Post Catalyst | Temp. | Side (A | Ols Nis | Cls | Si2p | Nals
Number | Treatment Treatment or P)
1 NH2/Butadiene | DMA None 80°C | A 18 6.8 | 70.7 | 4.5 0
2 NH2/Butadiene | DMA None 80°C | A 15.6 5.1 1728 | 6.5 0.1
3 NH2/Butadiene | DMA None 80°C | P 18.2 6.6 | 679 |7 0
4 NH2/Butadiene/ | DMA None 80°C | A 16.7 39 {739 |55 0
02
5 NH2/Butadiene/ | DMA None 80°C | A 19.6 |45 |66 9.8 0.1
02
6 NH2/Butadiene/ | DMA None 80°C | P 32.9 6.9 | 50.6 |4.6 2.6
02
7 NH2/Butadiene/ | DMA/ None 80°C | A 157 |47 | 733 | 6.1 0.1
02 EGDMA
8 NH2/Butadiene/ | DMA/ None 80°C | A 16.3 46 |75 4 0
02 EGDMA
9 NH2/Butadiene/ | DMA/ None 80°C | P 15.5 4.1 | 759 | 4.6 0.2
02 EGDMA
10 NH2/Butadiene | DMA Vazo 64 { 80°C | A 17.4 58 {719 [ 4.8 0.2
11 NH2/Butadiene | DMA Vazo 64 | 80°C | A 20.7 6.1 | 649 | 8.2 0.1
12 NH2/Butadiene | DMA Vazo 64 | 80°C | P 21.5 6.5 | 622 | 9.6 0.2
13 NH2/Butadiene | DMA Redox R.T. A 14.5 7.1 1773 [ 0.9 0.2
14 NH2/Butadiene | DMA Redox R.T. A 15.8 7.7 | 746 | 1.4 0.5
15 NH2/Butadiene | DMA Redox R.T. P 16.7 55 1705 |73 0.1
16 NH2/Butadiene | DMA/ Redox R.T. A 15.3 7.8 | 74 2.7 0.1
EGDMA
17 NH2/Butadiene | DMA/ Redox R.T. A 18.5 76 |71 2.1 0.9
EGDMA
18 NH2/Butadiene | DMA/ Redox R.T. P 16.3 58 {715 | 64 0
EGDMA
19 NH2/Butadiene | DMA/ Redox R.T. A 18.9 72 | 698 | 3.5 0.1
SPE
20 NH2/Butadiene | DMA/ Redox R.T. A 17.2 72 [70.1 [54 0.2
SPE
2] NH2/Butadiene | DMA/ Redox R.T. P 18 54 | 68.1 |82 0.2
SPE
5
Sample | Plasma Post Catalyst | Temp. | Side (A | Ols Nl1s | Cls | Si2p | Nals
Number | Treatment Treatment or P)
AA NH2/Butadiene | None None R.T. A 4.86 1 93.1 |1 na
(mean)
AB NH2/Butadiene | None None R.T. P 8.42 22 | 847 | 4.7 na
{mean)
BA NH2/Butadiene/ | None None R.T. A 19 34 |74 33 na
02 (mean)
BB NH2/Butadiene/ | None None RT. P 23.1 49 ) 66.1 | 4.8 na
02 (mean)
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$10% & () -WOo T2 &' ()-x! $10% & ()-x! BpT85M $1MVh0x! $ $10%PELTYYS0R/1305]
$10% & ()-x! $10% & ()-x! $10% & ()-x! _?85M $10% & ()-x! $10% & () - x!
$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & ()-x!!& . ?85M $10% & () - x!
$10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & () -x!
$10% & ()-x!./0156zZ2>?85M $10% & ()-x! $10% & ()-x! $10% & () - x!

% & ()-x! | . 0 x| - % |
gigtﬁ z 8 )'\r/g%g/?rg)?d%c)ca;én%X< /XI\Q&SE% O {% tﬁm)e present 1%19e{1t1%n(a)re poss1bis ﬁg%t% X

the teachings herein. It is therefore understood that, within the scope of the claims, the

present invention can be practiced other than as herein specifically described.
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$10% & () - x! =>ANSYr R2t X<6M $10% & ()-x! $10% & ()-x! $10% & () - x!
$10% & () woldehdsaz$Y” " ei nr_?<5M $10% & ()-x! $10% & () - x! BIDUS®/13051x!
$10% & ()-x! $10% & ()-x! $10% & () -x! rvwxy}uY9?<5M $10% & () - x!

$10% & ()-x! $10% & ()-x! MiOx! $ $10% & ()-x!} ~t X<5M $10% & () - x! X
$10% & ()-x!'! $10% & ()-x!! $10% & ()-x! $10% & ()-x! $10% & () - x!
$10% & (FLA!] t X<6M $10% & ()-x! $10% & ()-x! $10% & ()-x! MhOx! $
$10% & ()-XI_?<5M $10% & ()-x! $10% & ()-x! $10% & ()-x! $10% & () - x!
$10% & ()-x! $10% & ()-x! qUI?<EM $10% & ()-x! $10% & () -x! MhOx! $

1. A method for treating the surface of a silicone medical device
comprising:
5 (a subjecting the surface of the lens to a plasma polymerization reaction in a

hydrocarbon atmosphere to form a polymeric surface on the lens having a
thickness of 50 to 500 Angstroms; and
(b) grafting a mixture of polymerizable ethylenically unsaturated monomers
comprising hydrophilic monomers onto the carbon surface by means of a
10 frec-radical reaction, thus forming a biocompatible surface on the medical

device.

2. The method of claim 1, wherein the medical device is a silicone contact
lens or in intraocular device.
15
3. The method of claim 1, wherein the medical device is a silicone hydrogel,

continuous-wear contact lens.

4, The method of claims 1 to 3, wherein prior to step (a), the lens is

20  subjected to a plasma pretreatment to improve adhesion of the plasma polymerization.

5. The method of claim 4, wherein the plasma pretreatment comprises

oxidation of the surface with an nitrogen or oxygen containing oxidizing gas.

25 6. The method of claim 5, wherein the plasma pretreatment is conducted at

10 to 1000 watts for a period of 1 to 10 minutes, at a pressure of 0.01 to 1.0 torr.
7. The method of claim 5, wherein the plasma pretreatment is conducted in

an oxidizing atmosphere comprising a gas selected from at least one of: ambient air,

30 oxygen gas, hydrogen peroxide, alcohol, water, and ammonia.
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17. A silicone medical device including a hydrophilic surface, wherein said

5 surface comprises:
(a) a carbonaceous layer attached to the surface of the lens; and
(b) polymers grafted to the carbon layer by means of free-radical graft
polymerization, said polymers derived from a mixture of monomers
comprising hydrophilic monomers.
10

18.  The medical device of claim 17, wherein the medical device is a silicone

contact lens.

19. The medical device of claim 17, wherein the medical device is a silicone

15  hydrogel continuous-wear lens.

20. The medical device of claim 17, wherein the monomer mixture comprises
10 to 100 mole percent of monomeric units derived from hydrophilic monomers selected
from the group consisting of acrylamides, lactams, poly(alkyleneoxy)methacrylates,
20 methacrylic acid or hydroxyalkyl methacrylates.

21.  The medical device of claim 20, wherein the hydrophilic monomers are
selected from the group consisting of dimethylacrylamide, acrylamide, hydroxyethyl
methacrylate, and N-vinyl pyrrolidinone.

25
22.  The method of claim 20, wherein the monomer mixture comprises 0 to 35
mole percent hydrophobic monomers or monomeric units derived from hydrophobic
monomers.
30
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