Pol ysi | oxane Copol yners with Term nal Hydrophilic Polynmer Chains [0001] The
present invention is related to a new class of pol ysil oxane copol yners with
one or twsoterwissEB hydr ophilic pol yner chai ns The preseqt/uspee6398hn i s
also related to silicone hydrogel contact |enses prepared froma |ens
formul ati on containing a polysiloxane copolynmer of the invention as an
internal wetting agent BACKGROUND OF THE | NVENTI ON [ 0002] In recent years,
soft silicone hydrogel contact |enses, for exanple, Focus N GHT & DAY(r)
and Q20PTI X(tm (CIBA VISION), and PureVision(r)(Bausch & Lonb), Acuvue(r)
Advance(tm and Acuvue(r) QGasys(tm becote nore and nore popul ar because of
their high oxygen perneability and confort "Soft" contact |enses conform

closely to the shapipTHOTEARD ARFARATUSIFORAGUBSTANTIALLYUM ENt t he
| ens Soft contact |enses nust allow oxygen fromthe surrounding air (ie ,

oxygen) to reach the cYWAVELENGTHINSENSJIVEHYBRID REVIC& ei ve oxygen from
the bl ood supply |ike other tissue If sufficient oxygen does not reach the
cornea, corneal swelling occurs Extended periods of oxygen deprivation
cause the WEED OBEDOIHE INUVENTION bl ood vessel s in the cornea By having high
oxygen perneabil_ity, a silicone h¥dro el contact |lens allows sufficient
oxygen per neat e e RIE§AN IRKeNtiisralafes iR devicra JorprecessiRg plechomaaiictisdver se
effects on r id A i ad, i ically
has . surt A ahE Bhd YFRLS PodHEHET 1o By Tld olp B0 Bl RSP it
(non-wet tabl e) Hydrophobic surface or surface areas wll up take lipids or

proteins fr r Vir nd may adhere to the eye Thus, a
silicone h B&%Qf}ﬂ[ggﬁf'éhs'%nﬁ erally require a surface
modi fi cation [ 0@9}]cal Brd?;re%ihgtéhd“&q,\bﬂli}"]gtcfbéf%io%érétﬁﬁeash}?()%rﬁ%bﬂdaq;bepI@f‘s

contact |enses, contact |ensés can be Subject to surface treatnent prior to
cast - nol @i ge khownar dnphe, Juchi crop@uaris utitizavelemangs afjeateiullynehwsan ens
formul ati on, for ki ng.the contact |enses. as propoesed in Pat ent Nos
4,005, 47 Phylpa B R pog” §RisThy R BB s Sritons
7,279, 507 Titheseltypes of dém&émérelwﬁicaﬁy eonstritéq e bperdie arypscind bpfical

cast-nol ding of contact |lenses there is no additional posterior surface
treat nent peskessiesequired for nodifying the surface hydrophilicity of the
| ens However, the wetting agents are hydrophilic in nature and have very
poor mscibility with some pol ynepzabl e hydrophobi ¢ conponents in silicone

hydr ogeli51 SI$MMARVI ati on One or nore suitable conpatibilizing agents nust
be used to render the wetting agents adequately (but still not conpletely)

mscible with sdir@&ﬁ@rﬂWiB@é‘f‘s PEYie ap ppticalidayicedhat tnelydsya Fgerspace
conpati bi | izj: i Sk 1 A Aol LiZi r
hisoibili ty"ﬂ&?g'a'@%&?ﬁ?”n"gﬁ‘gg"e%‘t‘a%ﬁ%%&ﬁ?!ﬂﬁ“é%%%ﬁth%% %B%:CBEQ‘%% heRdS: on
can cause tAtdeasirdmedifttipe obtichlevdveagides nas Eierahotiset aiwees élvg sapfrertis t he

optical propert| of ,.resul.tant silicone rogel contact | enses[ 0004]

Therefor b, tiarep: e BUBEIRAR Ipied RERHEY T TRAGE RPICA 19613 hydr ogel
contactppenses lgymhddefiBbAERlof WS blidaR RO bad@Rded By sbri@ERMbdRhents of
incorporating internal wetting agents into silicone hydrogel contact

| enses. SUNMARPLIGH dEMES fiIVEISTIOSNITtIRDY BlavEleaght isensitivevwheid opficalteyics.

aspect, pruides _an .actinically-crossli bl e.linear polysiloxane copol ynmer
conpr 1 5i g SeTRay. Bsvehieniadlingni i RERE SnatiBouRe: lyslitiE one ol
the two endscphbtibheud®thsid WadsIengeoiaEndent) oftHiydéwedis feeluped Wity chai n
through a |inkage and at | east one ethylencially unsaturated group

coval ent | y respR@do edlaviee VithRgraid plisels] The present invention, in another
aspect, oprovi de i I . Ll el
contact2 ens of ﬁ%ahﬁ§@ﬁﬁ§§ﬁgggﬁ%$%Q%@%ggﬁéﬁlﬁ@%ﬁ%lgﬁﬁigd@ﬁeﬁéég%ﬂ%ﬁgand
dangl i ng hytegried ioptipall dovite. CTiae pRanahirtbg@ted opticd| elel/ice Fascitdeast dre t he
pol ymer matrix of the siliﬁone hgdro el material, mherﬁin_the silicone
hydr ogel matR#iORICALWRKRGH IR P BFS SERTHEPHSRITEoIRN s PaH R PT PR al

i ncl udi ng agcit. B hyes C b j ; f

| nvent | on, e B B g e e A A e SR e et 11 om
t he acti ni cpticglregmss| Tk ableasbohg sidubvatieal cesaguims hasvaeoffisat inheecd@ngl | ng
hydr ophilic polymer chains in the silicone hydrogel material is capable of
inmparting the silicone hydrogel contact |ens a hydrophilic surface wthout
post-curing surface treatnent. [0007] The present invention, in a further
aspect, provides a nethod for an actinicallycrosslinkabl e polysiloxane

copol yner of the invention, the nethod conprising the steps of: (a) m xing
at | east one hydrophilic vinylic nonomer with a radical -generating

pol ysi | oxane having at |east one phenone noiety and at | east one first
functional group to form



pol ymeri zabl e conposition; (b) UV-irradiating the conposition to forma
chai n- ext ended pol ysi | oxane copol yner having the first functional group and
at | east woeotwdsTphi | i ¢ pol ymer chai n extendi ng from aprponiscan/oefss he
phenone noi ety attached to the pol ysil oxane copolynmer; and (c) covalently
attaching an ethylencially unsaturated group to the chai nextended

pol ysi | oxane copol yner by reacting it with an ethylenically-functionalizing
vinylic nononer having a second function group which is co-reactive with
the first functional group. [0008] The present invention, in a stil

further aspect, provides a copolynmer hav2ng a pol ysil oxane segnent

end- capped at each end with one hydrophilic polynmer chain, which is useful
as an i nt erfaleonat foirt@ SENGF AP InptbRBSIAd 80 BEtHIN HoPEH ofPetAtadtmees
with hydrophilic surfaces w thout post-curing surface treatment. [0009]
This and otifRu4t apdigawaveguigée i nvention will becone apparent fromthe
follow ng description of the presently preferred enbodi nents. The detail ed
description is nmerely illustrative of the invention and does not limt the
scope of the invention, which is defined by the appended cl ai ns and
equi val ents_there be obvious to one skilled in the art, many

of . As would
vari at i ons BREMBESGRIBTIGNOBTHR DRAMNGS N may be effected w thout

departing fromt L : I

di el osure. | DETA PEPeEpReR b ER R ErRPIRRIE -2 M B b B o
Unl ess def icoadidetihgtme fmlowahd detsilbdidestriptich mecamandtion widh tre used herei n
have the sane neanin s commonl y. under st ood by one of ordinary skill in
the art to%ﬁ?'@ﬂ?af‘mng Cﬁﬁ\’)’éﬂﬁ%ﬁh @l}jbngs. General |y, the nonencl ature used

herein and the IFgox ic}fs@h%@%@%f%r@bwaldrpti%apa\ém@@fénawmmmeyaﬁ, | oyed
in the art. Conventional nethods ‘are used for these procedures, such as

t hose pitOvi ded iFGt Redepiats arD degrieesibgtandially wayttangiit sxsenviive @xd hybrich i s
provi ded in h§e|$in ulaﬁ t.he in%entors al.so,cont enpl at e ,t he gjural of that
term The MBRERIRUG BETQUYNE LVASHIONS RFCPIUNY I 8710 9@%’86‘%‘%@ es descri bed
bel ow are those mgl 3 d?é@ﬁ%algﬂéeﬁ@@@mdde%%il%l’i@ﬁ oréfile R cafding [ 0dddudn
"opht hal m c device", as used herein, refers to a contact |ens (hard or
soft), an ieftbedi®ents; aens, a corneal onlay, other ophthal mc devices

(e.g., stents, - th 1 k&) 0 [ or
ottt vi o by T BETERe HRRlstaflink, BehiEer oS P Be AP fitke B URH e

pl aced 08 avhetetdoisBibie, Wealksignateidentidalciamhants breslemenits @ithrstrallar funpti@ve, or
alter a user's eyesight, but that need not be the case. A contact |ens can
be of any apEIOIYUreée material known in the art or later devel oped, and can
be a soft lens, a hard lens, or a hybrid lens. A "silicone hydrogel contact
|l ens” refers to a contact |ens conprising a silicone hydrogel material.
[0013] A "IBETAHED DESCRIRTFION:I material” refers to a polyneric materi al

whi ch b t | t 10 t i ght . of t it is ful
inch oo 8ot o b0 BEL ke Bl P ebled 5 o
hydr ogepp O%Ebllﬂﬁ‘g’/pﬁbbe%@ﬂ@!fﬁﬁ@tﬁdr?s%éiﬁ? pRHoPmBAMItHR bZRR ﬁ‘]p@lf’,@% &tp0t

corrpri Si ng at east one Si _| | cone-cont al nl_ng nonomner OI’_ at east one
si | i cone- c4ax4)i 9 degnerdrydbmelrplanaraepticehdevioae Qihesembaliamenis may have a

si | i conecontai ni epol yoer .. 10015] "Hydrophi Lic, " as.used herein

descr | bes. Aeeal FuRbRF 8L ST T e MR an 71 S AR NOFRBLRL ot o

wi th water dpfiaal sutptits! i Briodaly ddakitlg, e WalglehgthaaesmicncaRIRsIch dnow

nol ecul ar wei ght compound having one ethylencrally unsaturated group. Low
nol ecul ar WSLIGAkdQYGR Gl | P Si@aeRHRite MAYEDHERBISEODY GRISYICENY dssiNPhan 700
Dal t onso [ : "Si | L con alni e SVAN ! " inylic
ronomer 25nehCE e LA G Rt o el o BRORERm S el cbleditt oY ca
group” or ‘fieldd esuilteé liry thensptioat alaedggidevwhichsospiliztioyiadil berdiscusseda br oad
sense and is intended to enconpass any groups contai ning a >C=C<_group.
Exean alry éﬁg@'f‘eﬂirfaq’@%qéﬂs%iw IP@d\QE’PB pee Wﬁl%@l‘@'@\%@g"ﬁoﬁéﬁ’ﬁﬂqgg US}‘?
acryl oyl , M : ; =i ai ni ng
groups. [0_0%] tbigéé{us%tﬁr_es_r elcé,dlmgé(?i)‘énfn(?z(%rﬁ?ﬁal nenrtg Ies‘r&en_géé(?I to éﬁ?lﬂng

crossl i nki _rmgclamqumil qftrt’ee ;ﬁeltdr?gnet/ be qy:ta(pyeréto maﬁzﬂtantra_jhygeiud;e g}a waveplleagtbi _yme\{:I )
or a nateri ans e curing (e.g., crosslinked and/or polynerize
is perf%&nﬁ@pﬁgg‘a@?‘?ﬂ & $1ALEPURIPon, such as, for exanple, UV irradiation,
ionized radiation (e.g. ganma ray or X-ray irradiation), ncrowave
irradiation, and the like. Thermal curing or actinic curing nethods are
wel | -known to a person skilled in the art. [0020] The term"fluid" as used
herein indicates that a naterial is capable of flowing |ike a



liquid. [0021] A "hydrophilic vinylic nononer"” refers to a vinylic nononer
whi ch can be polynerized actinically to forma polyner that is

wat er - solwbl2e10a0561an absorb at | east 10 percent by wei girCTafS200a063984 [ 0022]
A "hydrophobic vinylic nononmer” refers to a vinylic nononmer which can be
pol yneri zed actinically to forma polyner that is insoluble in water and
can absorb |l ess than 10 percent by weight water. [0023] A "macroner" refers
to a medi um and hi gh nol ecul ar wei ght compound whi ch can be pol yneri zed
and/ or crosslinked actinically. Mediumand high nol ecul ar weight typically
means average nol ecul ar wei ghts greater 8han 700 Daltons. |In accordance
with the invention, a macroner can be a macronmer with one or nore

et hyl eni cal |y umRet 4rqlpfsls @h@ienplé of 8i glaashticantélibé REoWRGH Seert 1S a
macr oner whi ch contains silicone and can be crosslinked actinically, {0024]
A "prepol ymamely.ca gas coupler 408r tStﬁbC@dm?rnia@o ha @xd @&ﬁﬂ%%mﬁmwpﬂﬂ@ha
actinicall 0SS

et ni cal 1 oSS BaRRY & HegieRTRanet SRl e e ot eBekinubie B0  B8EHo mucn

hi gher t hamnidhsr cinatsibingy ligied. yAlebptlc[:éJ%dleg%eeﬁybhdwe vesBival duvitg. pTI$®0| ymer"
refers to a prepolynmer which contains silicone and can be crosslinked
acti ni caPl ilrﬁt@m%ﬁ%dane%%ﬁ reesly eRighe A ﬁ'&Q/Bn@e%PQ?BV%WuI Bhe fisstght nuch

et i "ekBfa ShAG! &R0 Rl OBbu BORSREnsHR FHAIS L S icdfergnend yTer i ¢
materi al (including hononmeric o croneric materrals as used herein,
refers to teéweembBeandBerityburdifesrahtrelateiegittases| @s30,0tate andsty Ospegrees, cal | y
noted or unless testing,conditjops indi ate ot herw s 002 mer "
Toans & i BSRSVED BB Soidpnar SRy BHE BRI Gan B SecopBOBHD. As
used herei iy dthGrth‘%fu%ButrBHrtts'dérPoe Fé‘rfr@ééntb@ o5 A@ﬁ} A‘MB IZIOVRIIW?%G @k

| east three. he 'term "dangling" in re erence oahdroplllc

pol yner1@haBM2mesaeptmeJos|wmﬁ(anesmlmmnammumbef aThelopeeatiansofiexeemeles t o
describetht the EOT’QY nvvhchls nchredtolt mai n clhq_ln of the
ol yrer ¢ hebgIenENe) FEnar Sy seLRIETF is RaIARERr &er nt KERTPORL ot ho. ends
of the pol m@trcastFméﬂ)Te/écQﬁ;%ﬂLni&ab@ﬁ@mI Cdipahents, Cﬁfasfe'f’ 9t§éo?|oﬁQme caz 6t hat
initiates radi cal crosslinki n&@ merizing reaction use of ght .

Sui t abl e phot@ig Pratroeapyright 862, RisenisnSaenge; BN O- %&&%1 ﬁ2ﬁet\/\ﬁy¢fet8her

di et hoxyac - 1- hydroxycyclohexyl phenyl
ket one, mﬁ%@gp?ﬁ?@fw%ﬁ%ﬁgﬁ%@&g{ﬁpsn ntﬁé{a)gs preferably Darocur(r) 1173,

and Irgagur(r) ZRaPcoldle3100 Mcludesrinplt wavéduaties 110£] erfeed spacelegiorcal t hat
initiates radi caI crossl i nki ncge{%%r%nerl zing reaction by the use of heat

ener gy. Exér%g’b @§ 6’!“ Rl waMags! 14 iRt P%‘t'RJP%“PQ\@'SG’d’QaVMFi'U% ertigal

limted to,, ety I

(|2 nmet hyl pr opanenl t ri Y%a(\/%gﬁfgsazob}ss@ net hﬁt dS‘tl g%]%%'hgz?l ; Ilgétrl%%o{jes
such as berstarydoypdarobdCdmpore ndiforie atauael. therieb atraria gutpuhwat/da@lmdes 18441 at or
is 2,2'-azobis rontrlle |.B atial limtation of
bt i adish 195 HAPER Stdrgoufles T000 Hsiibd @seh dbtak BRWERSPUPTs aci ari on i n

t he forppofeldd@demagndicl (EM)Bfas ( |feororﬂi>(s§ﬂ§i?ﬁals of BYve?f inBHsRE RN&r the
conbi nati ons t her eof, to i'mpinge, in a spafi y restricted manner, onto an

area havi n@oaplﬁé|1DOdbn‘qug@dnpletrW§mLadesanm®rdar0&spelF@e treagp free saoa@pareg@h

limtation r adi.at i can chi eved. b i sk or screen that
has a trans%@ arard%‘ﬁ'&ﬁ&%@%ﬁ%{%@ﬁt@&t Y"é%j#@w?ggﬂ?ﬁﬁﬁmded by a U

i nper meabl e r egiAg0{(RRBESHptiCIINgBIid iRBxBENG PRINaE @btivall ddvitsss Alchdad stali gs
1-9 of U S. Patent No. 6,627,124 (herein incorporated by reference inits
entirety). CPHEIRARAIR EIMashPyA eastracli@n thagseitally Ppevideh farifersoremiy wi t h
t he un Kk

cnor gy, Z2s i PEIYS Hayt g bR ETnerh DO pRRR M MEe cPubRENTSLOf,

t her mal r adirth &M wblvesnpambajét@beajmrgmuwém abtputbef thg devitdheTher m of a

substantially parallel min order on the.one hand to achi eve good
rest ricti or’f’pﬁﬁgl Rﬁﬁht'%régtﬁtcﬁfé‘?reﬁﬁ%p@qﬂcéf&rﬁ%r'rﬂ%@'%twec pRAsEsR WGGF%QQE]

"Visibilit t i i of a
lens to ena %\)e@ F|9|n ea{rT %@é EFg lby%tlbgégrdgﬁgﬁ; e S ;ﬁ\ﬁgéb@ﬂ"ég\g g%%%od;g%\?thl n
a | ens stomdeygee. dTrmsmrfrd'caserrgffenermbeamyﬁr)@rearfuacmmofaprecssewdeislghnom in the
art that a dye and/or a pignent can be used in visibility tinting a | ens.

[ 0034] Sm/wamha{awb&dgmged lpatthe physicabdinansienssef themybad dleviegt i s
used to inpart color. Dyes are typically translucent and absorb but do not
scatter light. Any suitable bioconpatible dye can be used in the present

i nventi on.



[ 0035] A "Pignent" means a powdered substance that is suspended in a liquid

in which it is insoluble. A pignent can be a fluorescent pignent,

phosphor esoento/gssyaent , pearl escent pignment, or convent ipomaiS2@ogeest . Wil e

any suitable pignent may be enployed, it is presently preferred that the

pi gment be heat resistant, non-toxic and insoluble in aqueous sol utions.

[ 0036] "Surface nodification", as used herein, neans that an article has

been treated in a surface treatnent process (or a surface nodification

process) prior to or posterior to the formation of the article, in which

(1) a coating is applied to the surface 4f the article, (2) chem cal

speci es are adsorbed onto the surface of the article, (3) the chem cal

nature (e. Gor aeimétbaébaﬂeﬁsgdstaég@bu@lterqb@mgaﬁromrwa\m@me htretosur f ace of

the article are altered, (4) the surface properties of the article are

ot herw se malisiguetd mExerembms;sedLthftaeéoﬂdveagrm}nlaponcesses i ncl ude, but are

not limted to, plasma processes in which an ionized gas is applied to the

surface of an article (see, for exanple, U S. Pat. Nos. 4,312,575 and

4,632,844 herein in rpor ed ky reference inits entirety); a surface

treat ment by enekdyy an sma (e.g., a stat(i electrical charge,

irradiation, or other en& y 38 chem cal treatnents; the grafting of

hydr ophi £i c nmononers or nacroners onto the surface of an article;

nol d-transfer coating process disclosed in U S. Patent No. 6,719, 929

(herein i nagreimnat ed thgwaabmn@ma am BEM weaatpasetr;g)thrdsdgh imOdepm ah 4 mlayof

wetting agents jnto a |ens ation for | cont act e

surface tr SAREREEGH  VAUGSY BB?’&E@?@%W@@GW%%‘%@@VPEU'Qeé° [A'?ﬁg)rﬂé' Nos.

4,045, 547, , :

7 279, 507 (REP Bl Rreaaey &g Srad it st P e ey e m

rei nf or ced nmzw dyualristeger valaesrig 2d831rl4os%plemlhca4’l§ﬂm?&t 21for megwe\e oo,

Publ i ca WO?007/ 146137 (her ei n, i geor r.at ed r.ef S

enti 1ot 19 a3 180 BAVRGUCR 0= 8% 7 12 SIS A FRYSER Tpfed SHeckid ng 1o
net hods desgi 438 idy H&l\?&&eﬁhugﬂt‘he dﬁérat‘ﬁ)r@%hgﬁébter@sn&%f%atgh eﬁvs?ﬂé 973,

6, 811, 805, 6, 896, 926 (hereln i ncorporated by references in their
entireties hybrld@m]cesrafngasmemjh siepeadentt weihmeay 'pre¢lhde dfeir ése & sema

silicone h soft contact | ens, neans a surface

t reat ment ﬁ‘?@%@%@d gﬁt(i lagplaﬁ(g%ti‘o%‘lsrred after the formation (curing) of the
hydrogel materi #IGODR depicts @f90-aediers substantially \ﬁaV@bd?th[-iﬂ@&ﬁfditi\!b 2%y drophilic
surface" in reference to a silicone hydrogel nmateri or a contact | ens

neans t hat Wﬁédﬁpﬁ'%'ﬁfy'%%wd'ﬁﬁ?@?@q IR tq seRMeGMRRIIMEsls has a surface
hydr ophi | i ; ; e of
about 50 asieiEeRy e SbiEhuaily URYLRAGRTREFETRE 2B lor RRLA o B
preferably 2@1@mdmﬁr®se$eag2%$>lanarlo©ssal coupterpnelidingbhyutabavagidesi2tDeca or

| ess. [0039] An "average_ contact an refers to,a water, contact angle
(advanci ng ERGTRACRIZE N 20 P BBLIECRHISS Falit! ORMITER UGBt ai nd by
aver agi ng RRRAMAIBRMAD. Oif-lo@bvé@%‘hkécbﬁ%r?{lo‘ﬁ'é%ta?%abﬁl‘éff1b9'b‘§ﬁG h094H An
antim crobl al Tagent”, as used herein ers em cal that is capable
of decr é@siim@thnoernswfrtaenmngtomavegwdnst 2Hy idfe:oglpmmZ@Odﬁasrmpubporglanss ns

h t hat, -t k t. J0041 Ant bi al t.al
oot ol o whood2r S AR R 2155 hirigh B dhe-oaRbedRiEdaTe HRbRORISD! b .
Preferred apierd @&ReabtefBl Gtset 2acliHeRpedvedt, IfbartiBdiar, the aRfs ofHe ifhut Bi
and Zn, with Ag being nost preferred. [0042] "Antim crobial
met al - cont Fontiany2 hémopfpadncineyt waeeguide 8 10ax S latasglhaliseigvith Bispechio thess
than 1 m cr %Eeéfe n 8{@&%@8 a%n”iflﬂ 2 atﬂn&%ﬁrﬁwagﬁ;@\ﬂg\/@%%@t 2%‘ al FBF esent

in one or nore ati‘on t'es I al

nanopar 25cle&amp1@ftae sﬁdemrstofqhempmlp@hucmsezmc;%rﬁzs@@tpm pdaﬂt}bn@fmamz of
antimcrobial nmetal and have a size of less than 1 mcroneter. The

ant i ni cr obith® 'rl?étté\‘laVieﬁtJH’@S%tWmr@Nélﬁbéqiptrféiaé'l\/erPéfﬁékﬁa?ttthéll%'é‘e@&rﬁ‘dﬁe present
in one or mre Hadifo@idiibhoaost ¥ 8% lAiRIPERbReH bYSFILAR! AN
nanoparti cl es can con?al n silvef tn’ o% or ts oxi t|on St ates,
such as AgGymigétry limedf égdster P00 Mth r@bpedtd&ylgeoutpmlpsmmim Lo dfythe sBmee

| ens, as used herein e rate at  whi en will pass, through a
specific obrPRLHé[Y?ﬁetgul'%%é@d@'%WeY‘? Hé?ﬁagsé’ ’]X{‘?W}"at?ﬂmé% N ot nvent i onal 1y
expressed in units of barrers/mm where t is the average thickness of the
material [in units of nmM over the area being neasured and "barrer/mi is
defined as: (cnB oxygen) / (cn2 )(sec)(mmHg)] x 10-9 [0045] The intrinsic
"oxygen perneability", Dk, of a lens material does not depend on | ens



t hi ckness. Intrinsic oxygen perneability is the rate at which oxygen w ||
pass through a material. Oxygen perneability is conventionally expressed in
units of wanpwvese7iahere "barrer” is defined as: (cnB oxPGEUSPEMOF3984 (CnP
)(sec)(m Hg)] x 10-10 These are the units commonly used in the art. Thus,
in order to be consistent with the use in the art, the unit "barrer” wll
have the neani ngs as defi ned above. For exanple, a |lens having a Dk of 90
barrers ("oxygen perneability barrers”) and a thickness of 90 m crons
(0.090 mm would have a Dk/t of 100 barrers/mm (oxygen transm ssibility
barrers/mm). In accordance with the inveftion, a high oxygen perneability
inreference to a material or a contact |ens characterized by apparent
oxygen per pasidimentDth@bits&anby e dntéd awal florh 8%S coBEsH2ed Thehbfesanpl e
(filmor lens) of 100 microns in thickness. [0046] The "ion perneability"

t hrough a 1I2éRorasetesitatsadyge lateret movameans abMmagesithin gir v@yegridssent and
the |l onoto i t 4 on
Coof f o en{%'obz, gﬁsﬂ&agéélflérﬁé&c%@% n9+c?é§ in t&Q‘c&kYJe %Hc?mpaog}‘cﬁﬁ{; %\An,@ &%&;@b_ o

(A x dc/ dX)ome/leﬁer@th hseativity of the dévacs aodsctrd[n@tb/smié eﬁnbedaﬁeﬁtsotvhicﬂms
exposed %rmtzzl' D = lonof|ux Diffusion Coefficient [mMm?
concent rat iy b&@@@'@%ée@fbl T'ig oggillatiqmisdrgnsyerss Wlt@ﬁ%SF[%HO tttmlgepthmfe

| onoton | o i ordance
b Che £y B nga’d%u';éi? Bﬁbﬁgéatﬁ*éwﬁ%% Eﬁ’)’ 't”eéz?r-‘;? %%%d ere: O(t) =
concent r at ilamgitfdirsdigialong ﬂrresglatjetanmeleavmg tmmgumwldrﬁfetgntpbd;ltlmqgwth initial
concentrati on of Sﬁgl um.ion nor__cell A.= nenbran | ens

ind »
s oy pas R L3 e Bhter D ige CTie SeediameRBS o caeiiaie tesbiar aoe
I ens thi Ck%ﬁ%e'é}pid?ﬁe@rrﬁﬁto%ee%ﬁt%% resPREMRARIGL. 13- Qeefﬁd\ﬁé\%ﬂa[nﬁ)&@] An
| onof lux Diffusion Coefficient, D of greater than about 1. 10-6 M2/ m n
i s pref &0r etailgei discypsir efrthtehhmﬂeabmms qI B e«emolarmmerrm&(emr hereferred

and greater han out mn i t preferred. [0050] It is
known t hat VGiHesy nérﬂncﬁﬁz tVH'g fir P@Vt%&ﬁ?‘?ﬁgw to ensure good tear

s one ol the ‘5&%5@9@'% pp SoEBR0R 2 YBEh arER! e o RIAERTRAY o *

ions is belgoet@t212, bendlanetitput goreseopt 4 onef theGdne inpeik 6pa@a|IWet\Aeg@fdeNat er
[ 0051] In eneral the invention is directed to a class of actinically

crossl i nkai181pdé Ganstascietbtape RoBraslianationo ey 1986 IRRYRASHEN .2&2pz>p§/t4?@r
chai ns. ,Su r use | act
enses. 171 R HACAMTRL 080 218, Roiur NP ILABRAIE sBine ol oIt PO o GBI
surface or p@ttudrea$41 zsoﬁtbemopn‘maltv\mvegufmmmmhe bsandmptegmm
(non-wetta hobi ¢ rface or surface areas will, up-take |ipids or
proteins f lﬁg%%é ede%hg?$l 2%§t2§H9Cﬁﬂ?ﬂéﬂﬁﬁ?%aﬂﬂtzﬂ%mgye Thus, a

si | icone hyReeladandStis bswitel dndigAtbainporAkiiRode Bl t

nodi fication qtls(?%ﬂ?ca |y cagmﬁgh ou#pg?ter éas?-nDPdlngﬁo?a%%gwtens.
[ 0052] Howdhenejn.actinically crosslinkabl e polysiloxane copolyner of the

i nventi can be. used to as |nt r nal tin e : arln chon
hydroge?acont acﬁ_neet?{ggégaﬁ'?rhc%n ?Bthﬂoé% eYﬂE P't"% dv%t’el%}/' hi lic
surface wt r reat nent. |s belleved t hat when a
liquid I ense&?t%s&@ﬁ%yﬁt&#éﬂ&ylﬁp q%%ﬁlohg an acti n| caI |y crosslinkable

pol ysi | oxane of the invention is introduced in a nold for making contact

| enses, the dangllng hydrophlllc pol ymer chai ns of the polysiloxane is
preferably adsot$ pr-1aRg he it erface between the nﬁ f and the lens form ng
mat eri al . Were ‘t"he dangmhngZhydrophlllc pol ymer chalns are present in an
amount sufficient, an inteff4cial filns, which is conposed essentially of
dangl i ng hydrophillc pol ymer chains and has adequate thickness, can be

formed at the nold-liquid interface prior to curing (polynerization) and
subs equ@ﬁt |vghq1teé@ertkyear@ﬁatg@tloe monﬁtynt in free (i@ sls =o&t/Mbve s thrLore eefsagivet he

erossli nki TS &5F Wef(fafs'tﬂe HeRligE with o??h %(/%ufae, oriented in the direction of

polarization.
Various specific embodiments to be discussed and the equations that

follow refer to waveguides supporting up to approximately 5 modes. However,



pol ysi | oxane segnent and | ack of crosslinking sites in the hydrophilic
chains, the mgration of polysiloxane is restricted by crosslinkers while

t he hydr opbi2biowsehai ns may mgrate out of the |ens surf&ce/UsamInoids4 one
can make a silicone hydrogel contact lens with a hydrophilic interfacial
filmthereon wi thout any post curing surface treatnent. [0053] There are
several potential unique features associated with use of actinically
crosslinkabl e pol ysil oxanea copol yner of the invention in nmaking silicone
hydrogel contact lens. First, an actinically crosslinkable polysiloxane
copolynmer of the invention is conpatibl eéwi th both hydrophobic or

hydr ophil i c conmponents in a silicone hdyrogel lens formng material. There
i's no need dhiggr @BodinTEMS bl bisal dHyisi@esd thabetiRitwavediiles 8upporting a

hydr ophi | i cpol ymer as an internal wetting agent, an actinically

cr ossl i nkal§ireatgs nygibes vhrwasspuniiengtil agharing tpibe general peincipigsyOfcan f uncti on
as internal o - er f r Ssilicone

hydr ogel Iéﬁ@§%$W@gF%%%¥%F%ﬁgk%§®séAﬁgﬁ{ﬁgﬂﬁﬁQ@%M@&eéﬁéﬁg%%P%ﬂg hydr ophi lic

pol ymer chaupportbdin ahe of Ganinpohaacegities O1Pgenateesimabé bstijatidn tshe
resultant | enses because of th presence of pol ysiloxane segnment. Third,

t he i nt e? ndfciligiad by cagetricting thepiisehedy betwegmib® iPBUt PRItIBBIAJder ARdt ri x of
a resultan i - ro a he . r % ri ction
andi o hydCA RN XA 238 g Rl RRUF RAI0RuRGs AP Bl S AT pRtide
anphi phi | i beabtanmgth of eapeskgdidsoxane copol yner of the invention, it may
facilitate the mcroscopi c phase separation of a resultant silicone
hydrogel material into a silicone-rich mcroscopic phase and a hydrophilic
m croscopi ¢ phase. Wth 1he existence of a cocontinuous bi-phase structure
(in mcroscopic scale).—{he silicone hydrogel materBal can have relatively
hi gh oxygen and ion pefneabilities. [0054] The present invention, in one
aspect, qgrovides an actinically-crosslinkable |inear polysiloxane copol ymer
conprising at |east one linear polysiloxane segnent end-capped at |east at
one of thewhaedrl27011 tAsesyai, \eppraxardon égaemby silsdhbe egpitessedpast | i ¢

pol ymer chain through a |Iinkage and at | east one ethylencially unsaturated
group covalently linked to the |linkage, wherein the hydrophilic chains is
conposed of one or gpre nononer units sel ected fromthe group consisting of
units of N-vinylg2-pyfrdélidone (NVP), N, N-dinethyl ggpyl am de (DVA),

di met hyl am noet hyl netthacryl ate, di nethyl ani noet hyl acryl ate, vinyl

al cohol, dinmeth i pde, ra g Xy | | ene

gl ycol (neth)ac¥b?%lg8ﬁ%€¥#gﬁéq§%féh@ﬁggéfgﬁﬁﬁéé%ﬁggﬁhgg'mgﬁgﬂfﬁ%ﬁﬁfron1200
t o 150015 Npeliayds fkatiftthy Inunseprof pytited sedelHy igvglthdh weelhyhbl fecet am de, and
m xtures thereof. [0055] If desired, the_mettin% rogerties or.

hydr ophi | i @PPYO8Maig]e on (BRI [Scart ABPTRXIMBale BRd r‘r%ﬂﬂi AUEN e SIS

copol ymeri Zabli@nuphn Ak FRRLIAGIATPIEEREENHISA ITWANAPESRIfie@inATRET Phil T C
nononers during chain extension of PDVb. For ‘exanpl e one decrease

hydr ophi | i ciumbesfof ofiodss ialléssrihag drystuabto bpproxonater . Joak thaes fdllvind\VP, or
N-vi nyl - et h I.acet? i de to copolynerize with nononers such as MVA, ECEMA,
or cyclohef?%ﬁﬁ?%ym Hé%ﬁﬁgrylated during chain extension of PDVB. The
wetting properties g%‘khe hydr ophilic chains could al so be nodul ated by

al teringgthe enqiggauhsi_This m ght be acconpli shed3gy incorporation of
chain transfer agents3dluring chain extension of PDVS." For exanple, one

m ght chain extend PDM5S with DVA in the presence of chain transfer agents.
Possi bl e chain transfer units include carbon tetrachloride, carbon
tetrabrom de, brRgHEREN kR PURE hamsstivieNh@éss ofthehatagast one or the one or

i sooct yl - 3- mer capt opr opi onat e, 3-nmnercaptoproprionic acide, o

6- mer capt olfleX&noP¢t eRticel wesegwidespvepe Heetediveiwiditeidhe respective input

L G A oL Y, SR SRR R 0B LR AR T b B84

(13- mer capt qudveirrfb oA 38D @hh k-r{dta@tiatlRad peidirbenattst YGa in one
tert-nonyl mer captan, net hane thiol, ethane thiol, propane thiol, butane

t hi ol , pentéarkodimiest appreriaaled toni/oPdne. t he |ike [0056] In accordance with
the invention, the term"derived from' in reference to polyneric units in
t he pol yner chain nmeans that the polyneric units are obtained froma

speci fied nononer in a polynerization reaction [0057] In accordance with
the invention, an actinically-crosslinkable |inear polysiloxane copol yner
is defined by formula (1) in which r is an integer of 0 or 1, Al and A2

i ndependent of each other is a |inear or branched al kyl ene di val ent

radi cal, X1, X2 and X3 independent of each other are a |inkage selected
fromthe group



. consisting of a direct bond, - alky', L1 and L2 independent of each
other are PDMS is a pol ysil oxane dlvalent radlcal of forrmula (11) in which
v is 0 orw0,20w/i5671an i nteger of fromO to 5, Ul and U2 ipadapsendeniosof each
ot her represent a divalent radical O-R 1- X4-E-X 5- R2- in which Rl and R2
i ndependent of each other is a linear or branched al kyl ene di val ent
radi cal, X4 and X5 independent of o R each other are a |inkage sel ected
fromthe group consisting of- , , , and in which R is Hor Cl1-C8 alkyl, E
is an al kyl diradical, a cycloal kyl diradical, an al kyl cycl oal kyl
diradical, an alkylarg | diradical, or ah aryl diradical with 1 to 40
carbon atons which nmay have ether, thio, or amne |inkages in the main
chain, D1, D2 amdus@ﬁetelaét@e%@p@tété #Htheaelpethssing RRHETRBL cicld] TRlentisgr oup
of formula (III%IH whi ch and i ndependently of one another, are alkyl, Cl-C4
al kyl - or @establegdpigve-tbatienath of de prdipede way@gwdetioyeqyal agprp@r@at@y] ), in
which alk i n \Y/

1?4% V2 t%&}’ h%”t‘?%ét |¥r§?¢}t§e&/hége‘e’ ﬁ?@hgfﬁﬂteéerl@ aahéﬁr thaft®d dubfio?

i nteger from pen er are an in eger of

from2 to &@fo.ambu$ thpdputipsit bbnmnSqu . Bithe tfﬂommévé@ulded@q@mgeasﬂcanfplaach
other re resent a dlvalent radi cal of_ for in which R12 and R13
i ndependent208fhaygch lenatay as demcigadg &G, %rth@ssemnsseeioyéeeé9ltqvwagky| or
Cl-C8 aryl, Rt and R2 together are -(CH 2)g- where g is an integer from
2to 6, ali%'8™a Iinear o r branched Ci1- Cl0 al kyl ene dival ent radical, A
and A4 independent of each other -O, -NR -, or -S; A3 is a linkage

sel ected fromthe group consisting of Qis an organic radical containing an
ethylenlcalLy2@né@80ﬁhﬁed group; and Tis a nnnovalgft hydr ophi | i ¢ pol yner
chain conp&éed ofypononmer units fromone or nore h§ ophilic vinylic
nononers sel ected fromthe group consisting of N-vinyl-2- pyrrolidone
(NVP), N, N-dinethylacrylanide (DvR), di et hyl am noet hyl net hacryl at e,

di met hyl am noet h acryl ate, dinethylam noethyl met hacryl am de, aC 1-C4

- al koxy1®ol yet h t@ﬂ@p@{%pumpﬁye@@@ﬁ%@féhﬁétﬁw%@e\/@g@n0dhep&gleler

nmol ecul ar 0 0, t r m de,

N-vi nyl - N‘%@f{oﬁﬁveafgetgg%@ﬁ Bl ,\:I/E:S% IT éﬁh{}@ﬂ&%@#@%@ﬁr%@@%t@

et hyl eni caldnyglesrwanair at.egd grtheran@ie beﬂv\mdnath(e\ﬁdsutroﬁ (erg. wberter dllenerdyyaf

i ndependent of each other are a linear or branched Cl- Cl12 al kyl ene

di val ent r dloke cehter tmlhmﬁaw‘eveﬁm)reiobfmleg’rylm atlthallremlt boamtdeqt 22Z:éas¢hﬂe agity! or

Cl-4 al kox ted en | en al ent ical. or ar akyl,ene
Gvo ont R ETRnt St dod avagide 210 metan i Btans s Bga. Sifier ar e
an integsr y9d wQer%"ecﬁen R&4 df%ufb(ﬂ V\%/%@um@s £3h %H@Nis@%rathﬁé %ﬂ&ﬁut bBﬂjﬁdéﬂ/d R16

i ndependent of each other are hydrogen, Cl- al kyl ;" phenyl, carboxy “or
hal ogen. [ G228)f free spade legirr 220 atthexepnsisde sie af:ithem%@HQQQQQ gl ﬂeﬁpecbtl e

mil 1 pl 6 s K87 B DR LENRR NG PPGued, 15 GBI RHESr e ESERobAg B M o
Cor minal °f ol Sl ARy e e tﬁ?ﬁﬁu%a%%ﬁ oFYEF Sares PO 68al iyt

or hydroxylar@rtnumbntm&ﬁ@thtavae:mJwmnrém tHnchabnperso gahe of
coreactive function grou obtain a radical -generating ({)ol ysi | oxane

with tef wtmﬁrt&wﬁang?g%p@y)chommdpe@opr%orteée|vako|$é\m liand Wer &9- t hat a
pai r of ”ﬂta%tlb%%ﬁt‘& btfortd k\'ﬁjgdecééblét{?%éfé’amgt t bond or 'linkage under

known coupling reaction con , oXlIdationreduction conditions,
dehydrati on condensati on condltlons addi tion condltions substitution (or
di spl acenent) condij tions,

-Alder r i on ond|t| ni c
crosslinking cordl H'P%ﬁﬁ%t'orh%oo@ﬁ@kmqqgr%ﬂta&iﬁné’ﬂ 8PV s 'SCF%?‘G x'gﬁﬁlaé an
am no grou S
further be%rlrggggbggewadréggﬁnb%&eQg@grggb‘?%{ggt%u\%g?ﬁ](g% ggpgﬁ%ﬁﬁ“ 8@ to rg(f;?(m an
am de | 2hakye I o6©dhbhodimengni N @ stamnaare tetésomividyetengtls osycinad et ©- f orm a
urea |inkage, an am no group reacts with an epoxy group to forman am ne
| i nkage (- KignddelechiR wagelengiRoof 1,550 am .t bt the-refacghcechembeaimertinnihgidingx y |

reacts wit rE)Ianar optical coupler 200, the phase difference from a port at g, to another port

at g, -i.e., ¢, -is expressed by the following equation:



an isocyanate to forma urethane |inkage; an hydroxyl reacts with an epoxy
to forman ether linkage (-O); a hydroxyl reacts with an acid chloride to
form an esDepilisskage; a hydroxy group reacts with an i POTHBREVM63984 f or m a
uret hane |inkage; and a chl oroal kyl or bronpal kyl group can react with a
primary amno group (-NH 2) to forma secondary am ne |inkage (- NH).

Chl or oal kyl or bronoal kyl group can react wth a secondary am no group
(-NH) to forma tertiary anmine linkage (-NR-). Simlarly, chloroal kyl or
br omoal kyl group can react with a tertiary amno group (-NR-) to form

guat ernary anonium (- N+RR -) |inkage. [0861] Exenplary coval ent bonds or

| i nkage, which are fornmed between pairs of crosslinkable groups, include
without limtation, ester, ether, acetal, ketal, vinyl ether, carbamate,
urea, urethane, am ne, anbde enam ne, imne, oxime, amdine, imnoester,
car bonat e, ortho st phegphepat e, phosphi nate, onate sul finate,

sul fide, sulfate” d%gdﬁ$|dg ggﬂflnanlde sul f ona %g t hi oester, aryl,
silane, siloxane, heterocycles, thiocarbonate, thlocarbanate, and
phosphonani de. [0062] Exenplary reactive groups include hydroxyl group,

R ar eyl ogen ae a5 GREHR, PO AP deRef g i Res [ERRIT

i odi de), 5 thﬁk/veﬁiﬂéd)WaQ@lenlgﬁpélép@rﬁd@ﬁ@tcﬁ thé a0pRAABce WaRSIUIQs 21 D] R2Vide.
di chl orotriazi ne, nono- or di-hal ogen substituted pyridine, nono- or

di hal ogen SMeyEhitesEEPEI SlHENOGmpEPRgRten dt wel bers @thtla@t thgrelative ne,

sul fonyl okl U O HE SRl o 1B oal ME BT ASH PR e ester

i mdo ester Zi'ne, axi on|tro
di t hi o) pr owav@gaum@l@har@emh@lvaw de<9Y\ﬁiﬁen QWgeBOQW mioveirfent be @r &éﬁOd
t hat coupling agents may be used. For exanpl e, a carbodiim de can be used

in the couped d‘@l@‘ﬁecﬁtcﬁmﬁneMwbr ﬁmuylrbamenmetr@etfdypmaleneérbﬂ%lom&agm@et ween
t he nol ecul es belnﬁ coupl ed. Exanpl es of carbodiimdes are 1-ethyl-3-(3-
)

di met hy1@nisnbpiesally eegusing orneluﬁln@mwavmlemgimﬁ@pemdﬁmmfdae lseupieni de
(000 1 et oy oo AL RS LR LA FABOR RN
ySucm nim de

N- hydr oxysudeftWémmmln@udpomhstza 2desintiahd Yutput lpseitshs 2v 4;ardfabée lsamdae (e.g.,
EDC) - medi at ed coupling reaction to inprove coupling QW nj ugati on)

ef fi ci ency NEEHARGEGH s %rﬁabé(?ﬁ’ongﬁﬁer%”E%??k'ﬁg e larpautie &iefdl at ed
site on a I orm

am des. g@%FP%(ZHQEa P%PHﬂﬁgaﬂﬁﬁgﬁﬁﬁﬁgfgg?%dﬁEBFﬁyg%ggngE%%ﬁge%%upI|ng
reacti omS ftloerepr. ePao ilarge raadofésadt Wik peodaicertgo pargesa Iossawbd;e ad smakiam nal

Pherone 1 CUBS: eSSl U b Aot SHEoEI o e Shu B i

car boxyl ghpied) &kﬁ@ﬁ?@ fiSa e@b@é@ﬁew@h@ ﬂ?d@ éhﬂéh &*ﬁa ﬁ@&de groups
(-CONH 2) aC|3 halldenﬁroug§. - %ﬂé , |soth|8cyanate

groups, i s@waleatZQOngI OEaGHSdMQgimubQVQ bzren xrﬂllmd bBihe wwenjor ingude

e sed i nta oY aiFangR aoas BEIEnat dertnge Aoty BN alznet B T "
t er m napQ phesAVEaE(RITSSAre S0 iMeaE (@SwArREhBRRARIENS BIBOWIEr 2001 13 A4S a

functi onal grou such as, am no, epoxy, chloroalkyl, bronDaIkyI or

hydr oxyl greugh aExanfiveth esispeakische bpyRaTtians Adfuard 2(#: AbE iNPwh t at i on,
hyd k
ECE T e T

an1noacetOpmeﬁeﬂeumuﬂGQmmim%pddﬂothecaﬂemneofcouMerZOO In various
2- benzyl - N-dlneth | am no- 1- %4 mor phol | nophenyl ) - 1-butanone, 2-nethyl -

- [ 4- (et hyIWQﬁ'Wﬁ@Fﬁ/ L R I"h%%'HSp/e\n'Br%qUﬁt'GOéé] ISy eYRI %@9%&}% vv|th
one or SO L0 dd‘éﬂfjm &Y portiBRS M 2, QQF%SQU&%& e?rB'thQrci ﬁ’{eoc?@?v)terthﬁém nal
groups can be use repare a pol ysil oxane mnt term nal phenone
group(s). RoaAmfleesipter 200c HCaoleysély dik'An esaraeeert ortegerc il bijsets 2dDadflimpute. g.

f Al d h, . AB i | pA
Such. pol ys PSR S PraI RS sheGuavats Brepare CaET aest heumeaedd. ©

pol ysi | oxangedhoditsHTt tﬁe(dérﬁerctﬂ’rihé'p%@ﬂ%( ﬁb%p%'capﬁlb)déldté’réﬁﬂﬁth%%%ﬂbﬁ
connected with each other through age according to procedures

descri bed iof promgatiandn theNoultbGBYE, waveginde Bf thesstageoypier kee-sipacereagrat ed
by references in their entireties). [0067] In the second step for the
preparation of chain-extended pol ysil oxane copol yner, the term nal phenone
group(s) of radical-generating polysiloxane is served as phtoinitiator for
the free-radical chain-growth polynerization of one or nore hydrophilic
vinylic nononmers. Wen irradiating with UV radiati on a conposition
conprising a radical -generating pol ysil oxane having term nal phenone



nononers and/or vinyl acetate, each phenone group is cleaved into two free
radi cal s, one attached to the polysil oxane and the other cleaved off from
t he pol yswbarsmse7ieach initiating free-radi cal chai n- gr @aerhiSpaysssd zat i on
of one or nore hydrophilic vinylic nononers and/or vinyl acetate in the
conposition. As such, a hydrophilic polymer chains can be fornmed which
extends froma portion of the phenone group(s) which is still attached to
t he pol ysil oxane. [0068] It should be understood that for preparing an
actinically crosslinkabl e polysiloxane copol yner of the invention, a
hydrophilic vinylic nononmer should be fr8e of functional group so as to
avoid introducing nore than two ethylenically unsaturated groups into the
pol ysi | oxanpuseasl Witthangk with Remhaviedvemaht BYtHeaariraicdrter sry4lr ophi lic

pol yner chains free of ethylenically unsaturated groups, they can stil
dangl e fredIrgpagaiinganede Cﬁﬁ@PWS@ wIryhe mayeteng -Hependendednghe or ni ng

materi al s i y
morate o oRu's Bhlss Biferenty Do ARt 1dhE il oRHl eCeRy SRl ol
mnimze tRheaveguiddsi N8, @t tHrEosgcirdoranepaeigsmitissy 20 of shaletir cabpler et t he
actlnlcallycrossllnklng sites would be |ocated Iin the ponS|onane segnent s

or I nealr Phei r eddoneigmredimeniitha offseplas atsizeaoh@hpud vesdl + (k A4,
fesor | bed RePR sTEisia bl DY R8s e AL o BEBRE ot B iR o7 et ng

vinyl al colppticainvavegdidese vinyl al cohol units can be obt ai ned by
hydrol yzing vinyl acetate units after the_ ethyl enicall z/ functionalizing

step. [0070] V%éﬁ%neéabls@@kém@(cgﬁﬁe}tfo%‘é@ﬁf‘%Péi%ng{]‘GBIU“ iz H)%!E‘P?P“é@%ntﬁaw ng
a wei ght ay S‘EQ <1‘ZRI Wy c&ﬁ'k%@F tRE ofrf%QﬂE‘s%Fb térﬂ.aﬁg% iHSQe 4y Prepare a
chai n- ext en y | oxahe copolyner (ste resul tant polysil oxane
copol yntd cpjrpdlhtm ihevagsiiedroscélatdrg\egfeatolt shelbldlMempy\aaz(ad hewevar, dbaty mer

nalnchalnvmthsorthdrohlllc i de, chai ns) . hydrophiljc chain., 6 [0071] In
the third S¥SPeERE Ber PR el AAE N B (s Fwﬂé%@n%ww@r o3h bo
et hyl eni Ca'HeYelﬁqé‘BFd\ﬁ’cﬂ’@d bét%% a?énré%é?ﬁélégarﬁcﬁ sH‘b&IB R be construed as limiting

et hyl eni cal I'y-functionalizing vinylic nonomer having a functional group,
such as, i dbeypaope of al@pcsa‘yrerm:edcbrcmmewmboglnmms o aay padidutar, dinensionabn

react with the, h X rou co ar am ne linkage of the .

Chai next endedSiaTef 1 Befis RSB Ve 5P Bt idtss 8 prodicing

actini cabl Yosefiageh hidabe atllli%écb/\ﬁhﬂlé)éﬁnédﬁém@ HOBE erdlhgrindiyiest i on.  Any
suitabl e vinylic nmononers contai ning a functional %rou sel ected fromthe

group consi sti ndt i§fimpeBapkivssn@e teaideachiagnyereiaare dierdy PRPIHAR idle gr oup,
b J | |
SRR O A S

preferred atiputivealdguidessialplakaidmicabtisdcénxane eﬂmudumeﬁrmdﬁpttdneaugaentl on
based on the multiple-step process di scussed above. i s under st ood that
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The presenttN MEebn relates to devices for processing el ectromagnetic
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devi ces. BACKGROUND OF THE tical processing and coupling
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frequencies. SUMMARY Vari ous embodi ment s provi de an optical device that

i ncl ude a filluséradipa PErRARSSES OCPCé{*j”wlrhWQVﬁ?g\Lﬁdﬁ 2aﬁd0f)g@tmler SpR); walh alisebgui des
end connec [ | at er al
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free space Mgde oatullat&m orofileSTED, @20i arde8B) ae nbt draevrptoi ary paairtucmaewaidr essed
by sone_enbodi.ments of the optical device for a substantially wayel ength

i nsensi 89 vOr MYy egrepk ey %ﬂ'f@ewa‘?d@'agthﬁc%q’tl gre 'Ptﬁngﬁg RO SRDORNERM s, t he

| ateral offset produces |ateral node oscillation such that a wavel ength
dependency of the device is reduced with



respect to a device without said offset. One enbodi nent features an
apparatus. The apparatus includes a planar integrated optical device. The
pl anar i nvegoarmse71ept i cal device has at | east one i nput POpttSe@d/06&8€gui de,
a free space optical region and a plurality of output optical wavegui des.
The optical wavegui des end connecting to the free space optical region. The
at | east one input optical wavegui de has an offset in a corethereof at

j oi ned ends of an input portion and an output portion of the at |east one

i nput optical wavegui de. BRI EF DESCRI PTI ON OF THE DRAW NGS The teachi ngs of
the present enbodi nents can be readily u@derstood by considering the
follow ng detailed description in conjunction with the acconpanyi ng

drawi ngs, icdm@HrEdi t&ldach biideitoGhsstitte ErRoBh R of Aoyt ferthickahgdevi ce
known in the art; FIG 2 depicts a 90 degree substantially wavel ength

i nsensi tivevittx4 tej@tivedoopt inceibvegiuie strpetufes aiictyas wayegoiesad®opdi ng to
various enbodinents; FIG 3 graphically depicts a node oscillation profile
according to vaNQﬁ%Oé@ﬁﬁmW@f@, 3Hhdemists theinatih of Eha.errdes eas@yr one or

identical r r I u?f?scég ROSSjhb i ghat e
i denti cal gﬁé’%gﬁ?@g%!&@%@ﬁgﬁg@%ﬁq Eﬁgél]tr% ar t@‘ggg{rf%nﬂgﬁia h@apléglu\gg@é

DETAI LEDs Digs§iiidg2tingNoivgitudins! yeaibng ianmeai-off sétl waveguide psttioatZid afid hi n t he
context of optical coupli ng/ processi ng functions being performed within a
dual i nput ,W%’@H'%@&tto(% dyceorpdyegt Mavplaiata SENeiHuEY ebledavicield @e. Ot her
enbodi nent t A : ' i e, NOre than
2, and a iogP beérrleﬁﬁp?%ﬁ\rﬁr/ggh t@% Q/\g%\{e{b‘é{lé %u%&t% gféogr%%%dg:a%%’e\éﬂo%g , the

wavel engt h edepehtiente Tole marcd efrossplationl(Tdsy icoeresponds tabsatdengtougd er, may
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par anet er s SeaHIE bNBeht0cAGIE 8BRS tIRIVGR SlcheYsRA ProME RN wHehe 1oy emgnt - of
the fields may be adapted to substantially reduce the wavel ength dependence

of the staRolkiRg WithédaatibnegBarand 3(b)erRNpe4 |Ohgth (Bl AmGdeBsEifaiordevi ce
known in the art; nanely, a star coupler 100. Star coupler 100 is a 2x4
pl anar opt ipcefile 320pk dhus ingreasedscampareddpthe ol = 80 beatyleagtpexamplespt i cal
device for redistributing (e. splitting and/or conbinin [

- ! | 1 ht. A
ol oo 00 i eetiigin BarniTohs ALY cesT BN REds Proie 340 IMESIGHRS ARnut

Pour ch o0t seeT iy Do Sl aBeo bR, e Wnich ' el spgi B RtpLcen a and

B wth foury ill%fi@ﬁ?ﬁﬁfiléghéti ve phases: 0, 90, 180, and 270 degrees,
respectively. Tn other words, the output anplitudes fromthe first, second,
third, and four tltheombgatospitiation peofildedisepsesxkewitie despect fo-B)G2, 34-8bi Ml 2,

A-B)/2, and (AiB)/ 2, .respectively, where.i . is the. imaginary nunber. The
bper at | on GF 4N 43 nGhEE B (eanc SNSRI oSl i oS 0 &% BB
e.g., in | embSHinRAY sulh ttﬁébw%l%ﬁtﬁh% 't:% Q@'ich-rﬁhcﬁp&’m s I'e@é‘%,eh%’ﬂivez to

Conponents, Chapter 9 sections 2.4 - 2. y Chris Doerr, copyright
El sevi e20 SpiasadrougBEhe devices 3gtlitite oo nownicembranee sohijsowayeldngiisdon by

reference in.its entirety. Star cpupler 100 includes input vequi des
S0t o e e et Winort TS0l Bis kR b gTPaudB oA 6oy
coupl er 10@n#bSAmeRIs infisdrif®deidcarabng DER@CHiflersrY saviess 888 tdcdthidueshel p
make optical coupling and fabrication of star coupler 100 nore uniform

around t he SURP@s dasErbaE hereindy Btie @esail 1Generally sgeakion, the meden st ar

count et 10%stgfisid A fiaRenRld R RRARF SBbieH Bline SECHE WERASIRE (P
waves (i.e., ‘optical signals) of a given rntensity enter the coupler 100

t hr ough2b ngehsitiaiieg Wf tes déica - The \diridperedeiatibno d@Bussethsmeit mayag aged 20
and are dividedl i/? outgut t hrough out put waveguj des 1301-4. A 90-degree
optical hy#e calcufate ihe apprpPprig Rodssiscigtion alpides Allgamatyelys the masiehl er 100

I's formed by RafoRprafis & bd Belerfithd POMpirRiRy! des for differences in
FIG. 3D depicts a coupler 340, similar to coupler 200, illustrating further

details of how mode oscillation may be facilitated in the connection terminals of



the optical path lengths over the different optical paths within the

coupl er through which EM waves propagate between inputs and outputs of the
devi ce. TWe0maseaAB pat h-1ength differences produce difPeriusgomabiBs ve
phases between |ight waves arriving at (and propagating through) respective
out put wavegui des of the device. These phase differences (Af ) are a
function of a precise design wavelength value (Il d ) based on the physical
di mrensi ons of the hybrid device.For a 2x4 star coupl er such as coupler 100,
Af from waveguide m to waveguide n2 is expressed by the foll ow ng
equation: Af.=-p\fm- -5Y\m5 1Id . 2- AN- (1) 2 2k 2J | wherein | is the
wavel ength of an EM wave passing through the device, m may equal integer
val ues 2 ordedideRafifiEing dffsetsaudH as offsst 2y eriGies te@brddir el Rbbe RREMAIE
wavegui des are used on the input side of the 90-degree hybrid), and n2 may
equal i nt edethe/tarménalg (e.g., wayeguides) aggdlsicreass wavelangth sersgivitiavegui de

1101 , m = id : =1, wavegui des 130i
, 132, 13&??0@:'5)9 W%%Béé&ﬁ/eeﬁl [*#u%o?"p#%%ooopgrggp Ifé(gl;:])’gp '%v%aér%gct eristics
of such exideigrexy supstartiathe iavekngtieinsarsiies @kh ryepdpeinal dewics: indasing

preclude_their use in sone w deband optical applications. FIG 2 depicts a

90- degr e®, IRRIBIYAMAGUIIES2 (e R TR $RAGETERAN 290 MRUtWRYGAYIdRs 23CiH4. devi ce
that functi ' t j kL) :

subst ant | al Ty M el ERyRs) g SRR R LA Rychecibe Bifsctiobns P12 5p°
conpri ses ancPxdffget podronsi14al Asuprdionedolitdraspechiouthevexeetplages 2 101 -2
, a free space reqi 220, 0 ut, wavegui,des 230i, -4 and opti.onal dummy
navegur des SRPITERERCESHN B CATLARIRID (55 & Phaas e aeHo8, A1 G 1,
each input \po/ddrdif Plin iHEcOUMS 208 RS RTerrd4) créafel £eHIgtp, 200 has

i nput portions 2I2i _2 and output portions 214i -2, which are end-connected
and ar e1@ogrovidimgdvaelengts inseritiity \af thexteupler(ej Aseardgotvagioabet ween. I n
particular, the.axis of the input portion 212i -2 of each input wavegui de
210i -2 is AMMELENS of fset with respect to the axis of an output portion

214i -2 of the sSFERdyrHpHiE SHANGGBROSDIIITBF, 2whh wads prdvidustxaidBlissed Wih
sidewal I s of the input :g)ortl ons 2121-2 and output portions 214i -2 of the

i nplﬁlt wav e desprR tQ Fi@s. 3A-taisdisplayspd asi@@hiﬂ/@nggf lig FHEG. BBe If gxcpitaaﬁioends.
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cont enpl?ét eot(;%{] ﬁag(gﬁi dr}crbg#'%gr eﬁggiaggtn@%%ﬁ%g%%'ﬁgﬁﬁﬁ%'y” ﬂtg]tg %eﬁt%rln@ggeamy from
t he coupl ergutdy) .antihg refnfaied saie vaner as #wduld pedtihees herenalofisev2aent  of

nodes within i nput waveguides 2 10i -2 , causing oscillation of the nodes
in the gui ddhamidHEeNRIar #POTmAQxchatist wanelenahytinisigsaiesithianthey of the

osci I 1 at 1 o tuafeSadt AL Ttk thbse plbiaud PRt BBElE e
i ong the oS ERAL] SIEAURKEHo BBl b ppLETAPEbIERELERS hRTReI oo ¥
to the 2@ntoeientitionhs apticeleendFgy exfiiegithe ovavegnider2t td be sitliatediferthener ei n
mor e dot af 1R Be TREne e s GREMBrokR I o aLFy (o 48 FRoIoRgh -
et or i ng o Che 2epad RgBF] kopPersBl veh el pron i g gl O e M

portion 212ds de83RH iV drHE 1 p%t:h;ég, iﬁ Hdnaton pkdife 8207 IF@UBCOBEALCal

wavegui de 2 101 -2 1s constricted e non-adi abatic. That 1s, each input

portion 212&ngtR i@fnc_?é’@séd)I@dbsiﬂgttlhé?étem\éﬂﬁﬁiaﬂién%fb%'tic_al?erie&gylhftﬁét ly
|aterally shitfted with respect the out put Eortlon 14i -2 of the sane

opti cal 2avaysotsie210to be sjuatelclesaiie dhe hgrizegpbeenterdion 258<pfdbei ve i nput
ti 2121- 2 ti 2141-2 of | id 2 101-2 i

porton 2120 A RUILECAREL) 06 B B.flod BPU, glgueou des 2 1012 1

propagati on Consi}a?l%hs%r%o&g{(éﬁfse{,\n‘(epééfn?oo‘&%stdilrd?i‘aﬂg WRNESHEAS sEuEpLESSed

by the foll ow ng equati on:
and techniques, such as described herein in more detail. Generally speaking,

the mode oscillations are implemented in a manner adapted to the specific



f where k is the propagation constant in free (i.e., k =2p/l) , nf is the
core refractive index and \Nen is the effective wdth of the wavegui de,

ori ent ed wo 20tvsaisecti on of pol arization. Various speciPCiraseoodiosents to
be di scussed and the equations that follow refer to wavegui des supporting
up to approximately 5 nodes. However, ot her enbodi nents are al so envi si oned
that utilize wavegui des supporting a greater nunber of nodes while stil
adhering to the general principles of enbodi ments descri bed herein. Wen
mul ti-nmode wave propagation is supported in one of the input wavegui des 2
10i -2 , lateral node oscillation is faciditated by constructing the offset
240 between the input portion 212i -2 and output portion 214i -2 of the
same i nput ngtﬁgénanmes o?tH@ée\ﬂBe aFRe BBt @qbafdnd 8REBUSsddPharet essed
as: | . - (3a) where k = 2p I As such, approximation (3a) nmay al so be
expressed &B’ay Qﬂ usedte Cﬁ'%%? tbne anpmlﬁt%mogqmqﬂ@ﬁgn (PrefjleaddtemivelyTosc
depends on tar r ited nodes is
| ess than 5$ega§gﬁ”F@¥§BE@H%$ﬁL'%ﬁiﬁgﬁ@q%%%£e(%%%@Hﬁgggﬂﬁgggﬁﬁxinate beat

I engt h whi ch i s RGki pemdsdroBDedegittasfscs 240 barthaioupdr sidé wf inpuexpl anat i on,
it will be assurred that the nunber of nodes is |ess than or equal to
appr oxi mat &yaveguidepgiOipn dhabis, ORNnRffsel Q8RS PoRiaN 2%%@@09”%90%'“9@9‘1 aip -

- (3c) J A e or
the one or o BolhaZ 2% Bk R e o et R o ek B Ao 298 o1t he
respective lIn naubusrvam:g)dlrdentsarﬁdhé length dtimafrd@r d is msedbam halfélh@bgahlengthch as
the Cband tel ecom wavel en of 1, m |t oted that as practi cal
et or LB L4t R MRG0 RBANCU AR Tt etice & aRTE0 raovanent olBr of er abi o
to operate g@‘idéchﬁlo%lbeﬁé‘lev%flltﬁé?rfo By dhnbiR NS Waveiidh déggﬁdédcé & flgsirabl e to

have the | th of the nulti wavegui de to equa proximately 1/4 + A/ 2
times the hrelatlve@hgseat trecerdsrof adjanqntnmxtpqeﬂa‘gegad@%@naandﬁs@gulaﬂ to
zero. Thus he ou

: 14' 2 t [ t [ 10i. -2 , of
coupi er 206 ERATEOR TR 1 7o Bl b orarEn &S IR BRYSES RS 0BRS¢ ne
fol I owi ng eyt Portichst Ehsf ﬂh@ﬂHbutﬂDQvé{:}ﬂuH’é‘an%’é‘éafdu‘%oﬂforis@4 bpesSpace
regi on of the coupler 200 have a radius of curvature R The di nensi ons of

coupl er 200nputovanbguidey sinulcihe grersad. | Yarioes empadimentiseaie albe position

he i mput | 50WiRNS; 959 Blane” Brffe Fhirde r ool BBt el ehtiRhe B % o

accordi ng tapavaitp @tg@rﬁabggnm&m inpE oplical WkveigtiRid arenin Zoth @ie préceding
wavegui des 232 and 2303 at the output boundary 222 of free space region

220 at the BPEIONE. si de of the coupler 200, with respect to a vertical

center| e 250 Vi dioiihts 5% 4B BhaBcHeaaARfof bort ARy

wavegui des 2 10 I npat™ boun ree space regl on
220 and t hén tenyeidedfoptivhipnbdadsy adiustid|e SThatvist hsml@mqbrofum sehtasr | i ne 250

\aﬁhf”e"ét e sacaivai s Iebop pLall PR 1 3) 520808 S90GT FaP: o 1G Breien) hasscbd.  An
T ustrapi qg oﬂnﬁ%ggb.c%%;@&% irAEhQBnYBhE Nt %/rlﬁfcd?h%Gé(jﬁér?dForAs has

al ready been descri W th respect to equation epends on
wavel engt h ihstante) ibisecomtdrodiatehthat irdons emntxtcimedat, @ plehacoptioshdevieagubh such

B e o e RGORSL Rk s RN Bd g Bl SEERE IO, oo
glqu; ?. 220; E@:@Ei&g{e&%@ﬁ e%trodbs gosﬂﬁﬂed a@qgemn@ﬁgmdoftymthfdalel W dHlide
(lead), such as 214.,. By swtably biasing the electrodes, a current is created in
25 the guide changes the refractive index along its length. By adjusting refractive
index (e.g., beat length), the properties of the oscillation may be moved, and/or
the coupler may be tuned.
It should be emphasized, however, that various embodiments as a whole
should not be construed as being limited by any characteristic dimensions and/or

30 construction details particular to any exemplary embodiment discussed herein.



| From Eq. (5), one can see that fn depends on |, which gives rise to the
unwant ed wavel engt h dependence of the coupler. Since waveguide 2 10 is

wi de enowyb 2bw/sepport mul ti-nmode propagation, it wll [PeTAIs0N09/063%81 t he
relative |ateral position of the center of the propagating optical node in
the optical wavegui de changes the value of gl when | changes. This novenent
of gl can be designed to partially or nostly cancel the net dependence of
fnon | , thus substantially reducing or elimnating wavel ength dependency
of the coupler. In various enbodi nents of coupler 200, the size of the

| ateral offsets 240 between the input pdions 212i -2 and the output
portions 214i -2 of the sane input wavegui des 2101-2 may vary. Cenerally
speaki ng, tfewiss dathdude particllat ePbbarhertd Glisdudsed REBSh ardSptiAEES] ON

|l oss that will occur to an incident wave thereto. Too |arge an offset wl|
produce t odhe avgelldasiserinciples ©f thw vaiieus emkogdimerds agia whpleaaret ot gt Iaé{ck of

sufficient ral o n I i
signifi cant“}ﬁante’lret uo(pg@?#éé\a%%sgl Iéﬁg W]'p%é‘g%nd enct{/]ggﬁ%tll&l gﬁ %@/e%wl}ﬁ er 200.
Typi cal of fvaﬂbas 2d{bddiratntzaaea e gah biezafidily dpbed fy eRicaical devigds, Wef f/ 4.

That is offset input portions of the input portions 2 12i and 2122 of the

i nput m@egﬂi'ﬂ@@gﬂﬁr'g@edl%%@ﬂt YaiRtiasH Of ARY SHRrdyRs AEdaYice ¥hisrein 200) by a
length of %v%léﬂﬁg%@d%ﬁéﬂﬁ%ﬁcai@éo*ﬁ?roﬂé’&ia tcal8in P Qﬁéséllaé;ﬂ\%]r%ee% Léraef the

i nput wavegul ments are Iso envi si one ere one are nore
of fsets ar engdeadtiteraofl with respect to the centerline of coupler 200. In
vari ous enbodi i nstance, |f e va ' 4 IS an
even_integer .t HETa teclosedind B Sreriee 19 Srtounamosim S aen a6r ke

i nwar d toWn%dd?ﬁeﬁ%%%?'Ué“@e@?éH wﬁthsm;%rtn@&ﬂonp@fé%ss@gaodé thefeofl S an
even integer, the offsets 240 of input portions 2121 -2 are positioned

out war d1@wa9>5 suh, thaappiophiate2 Soopasf lsdomsl @tel‘mmed‘a@@orﬁb@g to the daéimshe center
of the prOE@ﬂqjﬁgg optical nodelateral to the direction of propagation in
the nul ti @ ¥@U|de at the star coupler free-space regi onboundary wl |
change with |. This novenent of the |ateral center of a propagating node
can conpensate for the wavel engt h-dependence in the rel ative phase

di fference between |ight received at the ends of adjacent out put

wavegui des, i.e., at the second or output boundary 222 of the star coupler
220. In one enbodi nent, the offset has a size of about e/y/4 (0.1 ) el?4,
wherein weff/4 is a width of a core of the at |east one of the one or nore
i nput optical wavegui des. Cenerally speaking, offsets of weff/2 or |ess,
when utilized in enbodi ments such as coupler 200, can keep the offsets
substantially non-adi abatic and produce the desired oscillatory effects. It
shoul d be enphasi zed however, that any specific nention of a particular

of fset 240 value (e.g., we 2 and/or we 4) herein is provided purely as an
exanpl e, and should not be construed as limting the scope of any
referenced or other enbodi nents to any particul ar di nensi onal
constraint(s). Rather, any suitable offset value or other neans of
produci ng oscillation may be utilized while still adhering to the overal
principles. It is inmportant to note that teachings herein are broadly
applicable to facilitating substantial wavel ength i ndependence of relative
phases in adjacent output wavegui des in planar optical devices. The

enbodi ments adapt or cause various nodes of optical or electrical
oscillations in input and/or output wavegui des of the device. Thus, an
oscillation caused by an offset 240 in waveguides 2 10i -2 is nerely an
exanpl e pertaining to one particular enbodi nent. FlIGs. 3A-3C depict
exenplary oscillation profiles 3 10 , 320 and 330 of optical propagating
nodes, useful in understanding various enbodi nents such as the one
described with respect to the enbodinent of FIG 2 . Mdde oscillation
profiles 3 10 , 320 and 330 of the optical propagating node are shown for
illustrative purposes as occurring in waveguide 2 10 (of coupler 200), with
of fset 240 and offset and non-of fset wavegui de portions 212 and 214
respectively. Mde oscillation profiles 3 10 , 320 and 330 are not drawn to
any particul ar scale



or with respect to any specific wavel engths, but are intended to be viewed
i nconparison to each other to illustrate the concept of how beat |ength
changes wvoflrolo/setiati ve to | d in wavegui de structures socCh/isg00as®gui des 2
10i -2. Mode oscillation profile 3 10 depicts the path of the center energy
of one or nore nodes laterally oscillating (due to offset 240) in a
"zig-zag" pattern while propagating |ongitudinally along a non-offset
wavegui de portion 214 of a waveguide 2 10 , to produce reduced wavel ength
sensitivity of the device (e.g., coupler 200) to which the waveguide is
connected, according to various enbodi neld s. The period of oscillation
(TGsc) corresponds to beat length as defined by equations (3a) and (3b).

Beat | engt whkat &f clandedgscill ation profile 310 is indicative of | =1d . By
contrast, node oscillation profile 320 depicts an exanple of beat |ength
(relative to node oscillation profile 3 10) when | <1Id . In followng with

equations (,3a) ( ; Length Lb of node oscillation profile 320
is thus inérease 8@%%%98g£§08§ﬂé”%ﬂ§'ld beat | ength exanpl e of node

oscill ation pat teefirele 8pdée optdaiaédiypn; oscill ating node profile 330
illustrates an exenplary beat Ien?th according to |l > 1d which is
decreased rel at O QrENEINPHEPRIAT Wayeou isles gid caIeRiRtbiogbeifTaesnane

profil es dio??il:'élsr% ioM éané%Sﬂspéuﬁ&eﬁh@FeofséﬁéD may be adapted to influence
response charactefri stics”of devices according to various enbodi nents, such
t hat wavel engt honemrwhochostpohopits! eeyegurlesesswl cameEicted/ o the fpsesspdder ough
the devices with little or no encunprance, [l e wavel engths to ich the
ovi ce. 1 o RoVESLEaIn 7088 BortaoBoaaced gieckhe Sedoud sitdee e i ishent s
i npart nodeg pgekl | ations using different structures and techniques, such as
described herein in nore detail. Generally speaking, the node oscillations
are i npll@énent ed wherainmairieast enga@ittbd ane arrreorsgivpf ppticewelvegydes supports
sensitivities,.of éhe device. The Warious ggu?t{onscgigfus ed.hereiﬂ.nay be
used to calfZrR ‘?Rﬁopfﬁﬁﬁ%ﬁ”gt'@“ HEGR ABLISPT gHCEIR G TS P APEEPRE Vel vy,
the node osgid drrbiiPlt poAiohnl therdy, the digb&rpBriied eAfRohhesting/to theG@irst3D depi ct's
a coupler 340, simlar to coupler 200, illustrating further details of how
mode osci | Isgffeed #d be facilitated in the connection terminals ofdevices
utilizing of fse - | G

oscillation in &@eégfeb:} rmg?\sgl?fg ?@Tué.gﬁgv(\)/g@oebgtﬂ%ggéwa\?\é;g@%%gE‘%g"éﬁ\%ada\q/é?aesr’%gt h
sensi ti ¥bt Yheeasptidahwat/egwides.ous enbodi nents. Li ke coupl er 200, coupler 340
is a 90 degree, substantially wavel ength insensitive 2x4 hybrid optical

devi ce, including input wavegui des 210i -2, a free space region 220, output
wavegui des »230i LY ' f ' of f set
portions 212i -{h;éno non-%Y@%g?e'ggﬁﬂ’gﬁ%@@i&-@gﬁéeﬁg%ﬁﬁﬁ%ﬁzg&%‘%ﬁﬁr espect
to t he exergskcélaiingmom indhé atlégast bed af thd-bGe o2 neord iepuiadptical ayegadetiange
in excitation wavelength | in the coupler 200 (and coupler 340) creates a
shift of 1, providing wavel ength insensitivity of the coupler(s) according

to variggs enbodi teal d8GcEYPaEIR B Ritdrefdhe dRaMbtihG Ynde Aas ¥jegh was
with FI Gs. 3A-3C |

previ ously di scusse 1 respect to A- is displayed as i shift
range 345 ilengthG, dBppraximgtdly:ati on wavel ength | is equal to the design
wavelength Id {I =1d ) , the lateral orientation of optical energy as it

exits waveguide 2 10 is in the center of the guide, and i renmains sane
value as it woyld be if there were no offset 240. Wien the coupler (200 or
340) excita@j@ngﬁaﬁelength | is greater than the design wavelength |d , as
is shown in node3bscillation profile 330 of FIG 3C, beat length Lb is
reduced (e.g., %%égﬁng to equation (3b)), causing the lateral orientation
of optical ener§@1 x| ing the waveguide 2 10 to be situated farther away
from t hgshor i zom; althe edterdffattivé 3dax oftthe ot teEdt eheaRh@bed drondresinpaisi ti on
if I =1d mking i larger. Conversely, when excitation wavel ength is |less
than the déptigal Waved 'h 1d, such as in oscillation profile 320 of FIG
3C, beat length js_mer - ' 1 | I of optica
energy in the mé%ﬁgdﬁ%éﬁgﬁﬁgeF@ﬁﬂzkgﬁ?h%$§%ﬁ2§g?%¥9%%E%HgkagﬁgzontaI
centerline 250 of=tlgtandurpltelecosowpasledgtho the | = 1d case), nmaking g
smal l er. Various enbodi nents inpart node oscillations using different
structures



and techni ques, such as described herein in nore detail. Generally

speaki ng, the node oscillations are inplenented in a manner adapted to the
speci fi cvwoebsgbhdsensitivities of the device. The var POTAISRIAbGINSNS

di scussed herein may be used to calculate the appropriate node oscillation
profile. Alternatively, the appropriate node oscillation profile may be
determ ned enpirically. FIGs. 2 and 3A-3D depict offsets 240 on the outer
side of input waveguides 2 10i -2 . That is, non-offset output portion 214
as an end positioned at the input boundary 222, between free space region
220 and offset portion 212. In various &®odinents, if the length / in FIG
2 is less than half the beat length Lb (e.g., per equations 3a and/or 2b)
will provide a ITdeesmtlcalBy@ae B cRimthevHEtbhate Rasutidbriobt theParéast dne
conpensat e wavel ength dependence of the relative phase at the ends of

adj acent o@f Pig onRwEHiArad’PAITAVaaides3tes allengihhexpwssediasents, if / is

| arger than Tosc then the relative |ateral offset positions of input
portions 212 of the input wavegui de and the output portions 214 of the

i nput wavegui des shqulxdhs,x eversed. Various enbodi nents are also

envi si oned wherédi T ¢btical devices are constructed with input
portions 212 and out pu% asportions 214 of the input optical waveguide are in
bot h t he.precedi grientations. Various enbodi ments are al so envi si oned
wher e th% osci | | rEh- produced in the guided optical node is adjustable.
That is, oscill g EQRe RORS FfRftivE Ghdedcof tRE RRSldguRicosci | | ation profiles 3 10
, 320 and 330 of FIGs. 3A-3C are not based solely on the device's physical
di mensi ons and maréranpffedivsoridth ehtherrleastqanenefdheiane & roera dmgitapdigak hat
in one errb&%\;é%r&d A pl anar optical device such as coupler 200 is
constructed © ' 9°hdi um Phosphi de (I nP) sem conductor substrate with

el ectrodes posi th,enedtamdang tdldeorh evayteierafth.aamail ti - node wavegui de (| ead),
such as 2141-2 . By suitably biasing the electrodes, a current is created
in the §¥ide chdhge® iNiRYSref Pactive index along its length. By adjusting
refractive index (e.g., beat length), the properties of the oscillation may
be noved, and/or the coupler may be tuned. It should be enphasized,
however, tloat vdheondicarbdedcewhtiirasl,avhareinghsofisetihast diee ocbalsautwag/das
being limted by any characteristic dinensions_and/or construction details

Yy
parti cul ar Q- B 8xWRBTRIP Wed IS & W OR seiRs et reast oreiviie @ned't hough
parti cul ar (o] i,%}%ﬁ% erein are optical devices, the overall
basic pri néﬁéﬁeg%ﬁﬁ%%)ﬁggvarl us eshr'rbodi ments as a whole are not at all
limtedido optical devices. It is fully envisioned that the basic

principles of t vari ous enbodi pent s a whol e can be equal]y applied to
Bl ectr | cal Sevi ARS Uil v CHP B Pich W10l DRmticaiears B St AR5t her
type of device wherein wavel ength dependency is controlled by causing an
oscillating node in at |east one |lead thereof. Wiile the foregoing is

di rect ed t d.var iAsugppearbtusi eamprsingt her and further enbodi nents may be

devi sed wi thout departjng fromthe basic o] thereof ., ,As such, the
appropr | at & REnger el tEe T U e BV BT8R S aBALorISH R SaidEha

f ol | ow. Yhatirdessgdcal dmidal fsgidn and aaRliifig) ofttpGEoptiaMaalehlides thkr &Ricapace
optical region; one or nore input optical wavegqui des end connected to the
free space VepeEguidesrengl eennacing ta the free space @@gC@Hég@@ﬁ whgfeiNnone or nore
out put optical i - t - i regi on
al'ong a second ¥ FakssF inf B PRSI LRidC MRS BRSNS i o1
surface; whiesreofaboinezbstdooiafnpueodivd arid amoetpul patticrpdf thal atWweastgimedes
supports nul ti-nopde propagation and includes an offset at joined ends of an
i nput portﬂ@ﬂﬂéﬁwcﬁﬁNﬁwg @ portion thereof, the output portion end
connectbpg to the first surface; and wherein the set of input and out put
optical wavegui des includes at |east three optical waveguides. 2 . The
optical dew.ce dhechpparatls offodaiei N whereot fheetptical deape esicomstaamtadonm

planar semiconductor substrate and the refractive index of a portion of the at
least one input optical waveguide is adjustable via an electrical bias applied

thereto.



oscillating node in the at | east one of the one or nore input optical
wavegui des. 3 . The optical device of claim2 , wherein the oscillating
node has wokesrosbaagt h Lb of approximately: nf we 2f L, PCTRIS2e0@s38H7: f =
the core refractive index of the at | east one or the one or nore input
optical wavegui des; Weff = the effective width of the respective input
wavegui de; and | = a standard tel ecom wavel ength.4 . The optical device of
claim1l1, wherein the output portion of the at | east one of the one or nore
i nput wavegui des has a length / expressed as: wherein: f = the core
refractive index of the wavegui de; Weff 16 an effective width of the at

| east one of the one or nore input optical wavegui des; Kd = a standard

tel ecom wavel ength; and A = an integer > 0 . 5 . The optical device of
claiml, wherein the offset has a size of about we 4 (0.1 ) e /4, wherein
we 4 is a W dt hAomethedbpopgrating azlanaistegsaledaIpticabdeyiee bavimgran inpplit
optical wa j . P Lcal ice. of i - [ - opti cal
device is a%gg %ﬁﬁ%\(’)etﬂiil%er’.epgegghﬁggggg(?%trgglogoan@r??lmrqgl:'tyéj\f\%ﬁg[ﬁ‘g%p?'ﬁ?legrat ed
optical dews@gugsngomiprisiegst one input optical waveguide, a free space
optical region and a plurality of outPut optical wavegui des, the optical
wavegui des end ESRAEG:/IghY inte afifst ender KjeipeubprticEhvavegiigs, surhdhai &: the at
| east one i ical ' PGl ) £ A Lhereof at

j oi ned endscgg&radg%lt%l%gltng\gﬁ%??g\;lﬁgenlclldrgrllé{gﬁatilgﬂcéécglghsf@r;(hgflﬁptLﬁg{pgltcgreast one
i nput opt i cevegadsgueareandBbefoiida seppad @ndgherfeot | thersecond whdrasinnettieg tpt i cal
device is constructe n a planar. sem conducto ubstrate and, the

o ract i ve & TIBCAH e Jae ST EPteAL Saion dhs POl OPREHA YRS B equi de
is adj ust alBn¥bfhgd Peardd s5ide BHtRS) ?e?d),iled thereto.9 . A nethod of
operating a planar integrated optical device having an input optical
wavegui lé, a free space optical region and a plurality of output optical
wavegui des,, €O i Sing: i.ng.light into a first end of the input optica
Navegui de. 9% e matiogh FatBRo LB FRERHSG! of «he I ght I aterally
oscillates in thejidtipgta @HdcEaE MRS PErtiBAT tae the bptiCalavHrReRitE R8sk

t hereof, the second end connecting to a surface of the free space opti cal
regi on, théhegepend epd teapustathageriesolkthg atiting ciedryta lgtarally peeillatedace

optical reg - ;gﬁ he j ~rqur ther conpri sing: adjusting
a refracti g}léé)m%%)%pg?g]gﬁ%o i Oeﬁn()%r tﬁkgéel%hﬁﬂtengpti cal wavegui de near the

second end to cause the center of the guiding node to laterally oscillate
in the input optical wavegui de near the second end.



