SI LI CONE HYDROGEL CONTACT LENSES by Junichi Iwata,
Tsuneo Hoki , Seiichirou | kawa, and Arthur Back Cross

wRedoeanse to Rel ated Appli ations This appl i ceCT/o82005/030515

10

15

20

25

clains the benefit of U S. Provisional Application No.

60/ 60 ' , ) I OVi-Si

popl | SO G KB osaypL el paR AT YR BABED
the contents of whi chSIGNALENVERONMENES are her eby

i ncorporated by reference. Background of the Invention
The present invention relates to contact |enses which
are wearable, on a cont i by Gaisestra€oBingf or ext ended
periods of tine. Hf tlcuL3 t he i.nventjon rel ates
to flexible, ﬁ?ﬂgbﬁ ppicant + IHRERSA SXTHPH G ORRHY act

| enses whi ch have advant ageous conbi nati ons of

properties. Contact |enses are fundanental
classified into sEﬂﬁigﬁﬁgﬁgghgg¥¥%E1¥¥§@glgﬁbrd

contact lenses are literally hard and can be sonewhat

unconfortable to wear. On the other hand, soft contact

Ienses are nbield ofdhglaveniiBl e to wear, but are commonly
:IB’(Y d fram Hh& Y Se1ats ééﬁ@raﬁ\ﬁ% ﬁﬁlo%ﬁ{kﬁﬁm%ﬁl reception, and

| enses are classif hydr ogel | enses and

nonnm'y @mgellaﬂy émsaesptlon@@weﬁfahem af ceghpnehpapbiyds modulated (AM)

contacﬁ | enses are often conposed of copol yners of

hy&ﬁ%p ilic nmononers, such as

hydroxyethylnethacrylate N-vi nyl pyrrol i done and the

i ke, and can be grepared by | at he-cutting nethods,

spin cagting laf i ng net hods or
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sugresmisigd fasrthe same disauencyead o dhe superiedbp Ve gIsmefe separate
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| enses are inten é % rn overni ght. Sone

Si lthe mﬂ&fdm@roogl@nnd@ngna}@tcam@ﬁ be acqessed [96 pigsessed further without first

cont | anrg Qb tilé( 51 3 Wond t\ﬁ@ %lsacg &P MEmSdfidiRRE other further

hy d? cont enses can rn continuously fo

abamymbmemnmngh or about thlrty days. Such continuous

wear | enses have had relatively high oxygen

perneabilities to provide for oxygen access to the

corpg® dH rt}ﬁenfglstt B@anﬁ?ﬁtnﬁﬂ £t MRAGIeNG Qhceflbitdh kEMsRSs such as spatial
Oxygen per neabi | is an inmportant factor in
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defined en _

s pe%ﬁafe}CEalZ%ffgsaovgf Ogdegog’t ﬁ%lgﬂ (éegczfs %%d&g)ntgpgsee andolpterference

time. The physical units of oxygen flux can be
described as mM 2 (cnR sec) . Oxygen perneability can
be defined as the anount of oxygen passing through a
contact lens material over a set anount of tine and
pressure difference. Physical units of oxygen
perneability can be described as 1 Barrer or [ICT11
(cnmB 2 cnm) /(cm 3 sec mHg). Oxygen transmissibility
can be defined as the anount of oxygen passing through
a contact |lens of specified thickness over a set
amount of time and pressure difference. The physica
unlts of ~oxygen transn1SS|b|I|ty can be deflned as 10



measurenents tend to plateau at Dk val ues greater than
100. The coulonetric technique is frequently used to
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greater than 100 barrers . Prior art soft

silico cont ic C e
hiéﬁ%?Pﬁﬁ?eF ﬂF w?@PEmF Ohasgﬁreduce ﬁl%nm6&HDMRd signal
oxygaronpehafeabi lities. For exanple, a S|I|cone

hydrogel contact |ens avail able under the tradenane,

Focus Night & Day (avail able from Cl BA Vi sion

Corporation) , has %igg gt MHON 24% and a

Dk of about 140 baS‘ij Qﬂﬁtgﬂgpﬁiévﬁﬁ_hydrogd
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cont act Iens avai | abl.e under,. ? ql enane ure shon 1AM
(avEPlemsied iR ORF SACFINAY SR 19, 4V, separption SF gochathe

of sahertin 3@ %vanehdad @KVlﬁfrmﬁbtolhﬂinglma betihed frompdimi kbﬁﬂor through a
silicone hydrogel contact| ens avail b e quer th
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JONRASHR) tunef)Adr BxMRILthe a8 nefhoadlogt oft threddiSelevad niethods and
Dk of about 65 barrers . In conparison, a_non-silicone

hy dvoees climineige the) nead for ap zB R, FRYSFEE MRS GBS é‘?fe“’ns’“famt of
Ac%g%%% y ceppid Ahgpkoiebohnson & Johnson) , has a

r content of about 58% and a Dk of about 25
barrers In addition, existing silicone hydroge

t .l enses, have a dul u n abou
I}h@ﬁ tIn png e 1m§8,r thgggglsfe m?t cygs ’e_mé u}és?e sng%y é:e %géemented to
Coﬁhl@ﬁdve lrei®iltpand poahbhise «f anaébMLntecelveﬂ syﬂﬁan byhaaabhng cochannel

PureVi si on contact _l ens ha ut 1.
npélgrtah@p@fghmvm Wi the 1 Bfﬂ Ol§ ?R/g B‘Bﬁ[ sqn eﬁﬁe{‘ieds hﬁ number of
AdVRRGE: GQRfeafd eléfdis. hﬁ%n&héf@dibbdiﬁleﬁlf thaldtulosdd. rethdda and systems
and the OGasys contact_ | ens has a dul us . of .abo

t 0,7 .
nPenay he GRRIERATIEA i edsy 416 L SOMPIESIES SRYAF Bgelor an AN receiver

Constyé’t&tn bhyeRafsng 8% hidoeXr kSHE %ﬁ&%orrésﬁﬁldmgdséb&i‘éteaﬁner channels
th [ ens “i ncreases. Furthernore, existi ng si [ 1.con

hy dh@igfét CeBiEAE STRETHSCSOHEINb A Mh AE gle 3f Vaipinetie FRhediment, the
V\Et&l&%sk? TeBRds HRY sySXARRLS bet 1eiRAHE tONLI nRRdBB¥nt use of the

contact lTens has a"wetting angle of about 67, the

Pur&M Seawneobndchy hlkaygng aﬁéecalom@tl‘ﬁ iseRgTaiagy [of oBe OB BRE target AM
G fatal (oY tBin@hitted on th

abod%ggdg g@h#ﬁmxﬁ%é%%@fi%@%g@ﬁ?s gns has g mgttpngle on e

anglamedfeqadnoytand @atenﬁaﬂy@ﬂqtpmg iskplification ox plitigafiaa of the government

g%dgo e|£&8€%8ﬁ¥e“5ﬂ§§ %%Q@%‘#QQC&H& €S of about

enses be confortable
and safe to wear. For exanple, silicone hydroge
contact |enses should be confortable and safe to wear
for daily use, for overnight wear, and/or for wearing
On @BG]eXAse phled.Q lecq)tptdn@ UQkhs I‘Q@aémp&ﬁrhétt ARedips1edel fidthods and
ari'ses in extended or contlnuous wear contact
| ensrems smay he dinplemented (e 3 Eqaiverosysism et Heeapablpjof geparating or
! enﬁol\gﬁ?% iNGaMhE A @%ngleﬁ;d& b Br WRA ﬁﬁnsgﬁt%éaod&ﬁ%fnhel AM signals
ation, corne stal ning and/ or other damage
to the eye. Although I enses with high water contents
are softer and nore confortableto wear, such prior art
| enses may not have one or nore properties useful to
provi de confortabl e and safe wearing of the contact
| enses. For exanple, existing contact |enses may not
have a desirable Dk, a desirable surface wettability,
a desirabl e nodulus, a desired design, and/or a
desirabl e water content. For exanple, silicone
hydr ogel contact Ienses mnth a hlgh Dk typlcally have
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better wettability, and/or better |ens designs.
Summary of the Invention New contact | enses have been
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hydr ophi lic siliconcontaining polyneric component

(e.q., silicone h nt act ses) have

i et AR o il SRR B e R g gl channe
as seer.abadh ihdle-8dicor inplemeatatioimey bé tfilézefl od hdhiwiva gost savings and
f eat a natural. wettabili n_unt.reat
su FF%@@? W@elyeé 5755 §1)ze Cé]ltﬁﬁl%n%gfa%glg Pﬁ’ Sé‘ﬂ etcglP/er sys?tem on mobile
COMIffRms e.b.OVhip®) itctis:, adfdehobBSI @ﬁﬁls t ahanhet Iaémeﬂ ateﬁlcles model
nearln% the contact | enses wi.th reduyced dIS?

Foraitgsefingice; Vhee IpPLaeRtalipR 08 dueHaA0d S WPt
t hgefeRcEGRIAT 2RI RRRIcHER Or WhRRsiKIOMPar ed to existing
silicone "hydrogel contact |lenses. O, stated
differently, the present |enses have different val ues

of e fore roperties. Th .
or JBEH s W Seanqsbisant STERELRR, GG v ouly Byptemented in one
di saiHbaitent @ selRetiteBnisolie ds. g1 fdﬂ/@&tpbﬁhgoﬂlh’&:nmg,eﬁaﬁh&tr processing, etc.)

CorPRGE G SEted SPHIRE (o A JH A S THE BYoBRE at have

Si lHee@NBpdIsted Gaeh a@omeamdddeﬁges dalaﬁ@qme tmt fsonsintentionally or
surfaces that are not treﬁted to becone

iy BBRR Y STt o g et PHFLe BERAREY O e gr s seogtaphically

as %GI&IQEG%dbéMEEHI foRWMr S smit@erP £t @leNtr@smitifd d.Ml G@QSIIS tdveinthe same
In'certain enbodi nents, the present silicone h

corfregaency éh essamafEnca Pu aempiE §f sHilyh SBIRIGh G % B8 receiver
rel tﬁ&t' yel léfcatydg BeWRLE M wooRE RN ha&gP aheehiftdds ehtS atd Gimultaneously
sil1cone hydrogel contact |enses, such as those
de%ﬂﬂ%@&ﬂlﬂhéﬂ\/éﬁlﬁnalﬁ:‘ﬁrthee%ﬁlﬁéleéuen%e present silicone
hydr ogel contact |enses nmay have an equilibrium water
content from about 30%to about 60% by weight, and a

Dk [pogmahautr tROQist1adet eiethod® alﬁhﬁstbmﬁlﬁxaja alsas b¢ Buplémentetiein another

enbodi nent, a silicone hyd cont act ha n
CQUTHTOBRTSS ATEIS RS TR OiO50% Ph wPEsa) Warg e have been
an dseEargéd ffoRh? BlerfiohdI§T & deGb&ilely idatddSoveflnaicd xipnpl @vironment.
of the present silicaone hydroge] contaahylenses

equinithip Feearsh e @rmers MG Higtals Y, By eRHR %namd" %4 ?Fbe sgme time

DK Qfer #RQMhe S0 tdAatd BERY rdge GEMbRien todibie QEBRIAIS ut111iwthe selected
present |ens has an equilibriumwater content greate

t hafieqeensylygnare ilgsich ap gmiodipeyy @ﬁ?%ﬁhaltlt?bﬁl\’ﬁﬁ@aﬂ)%‘?i%?%gmate or be
AnoL et %‘Eb& Qhnd: REitRIERE Bleattlg! dnCRRBAKE EREA! env1ronment from
contact [enses as a water content of about 60% b

wei ghith e\ ckhapfiel aigoals m8p be papetated apd aigerst efr‘ﬁtﬁfdh@nﬂém cochannel
a SLLIg C Nk§Mxample, th
o ool i WO oGP HRMIGRE AR it Len T ample, the
bar ctceha:nnelYetM atgnalh ena}enaglpttte anfbet h@smtetdeﬁnm gepg@p}n@ally remote

ont ct

D085l 281 95 GRS U0 B bl il i,
it ﬁaﬁmh&rynﬂermgamdlotdm 1ntdn@erprrt@@mphmal alcmsn@' the same cny, ete.),

hydr o cont.act e have.hi ghe

and® ‘5th cerhangg! a&lojf/ %lg't‘aga énxys(tn g!teglO 5% \c%%&e 1tt§@ IHO%F% COTHIOR
cong@gtaphieNe@sion (Caf. B thansmiiitech anduhiennds lodated ﬁsesame radio station
S|I|coge hydrogel contact |lenses have a relatively

hlg HY- a relatively | ower nodulus conpared to

exi sting S|I|cone hydrogel contact |enses, as

descri bed herein. For exanple, the present silicone

hydrogel contact | enses may have a Dk from about 100

to about 200 barrers, and a nodul us from about 0.4 nPa

to about 1.4 nPa . One exanple of a silicone hydroge

contact lens has a Dk greater than 90 barrers and a

nmodul us fromO0.3 nmPa to 1.5 nPa. In certain

enbodi nents, the present silicone hydrogel contact

| enses have a Dk of about 100 and a nodul us of about

0.4 nmPa . In other enbodi nents, the present silicone

hydr ogel contact Ienses have a Dk of about 200 and a
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sessile drop nethod. Lower wetting angles correspond
to enhanced surface wettability. For purposes of
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such as those described herei n, have surfaces that
a wett | n t a badiblQenal b
e
commentﬁ)ealsyutlrérﬂm&&d osercthe seand felecd tfenuanry smdé.oln another exemplary
post .0r s ac t Jhave a we n a g
mgﬂdlg)gptt 2‘]% %Cﬁ% S %@ ﬁ ag co tf,]m pL ?)fé% 8@%¥1@§ %ﬁ%%ﬁéﬁ (J:;E Weather
hy (ﬂé’lﬂg@ linfoemdtiant htglems,/eﬁlatbavtﬁfo&mtﬁcmc emeﬂgbm:ly treadeash system “EBS”

wettjng angle | ess than ahouyt

enﬁqfa Bélﬁfl,setc } ay Bc ggeétﬁpnaglp’ltl)m:agﬁagt ﬁt%f: Bonéllnuouslmor Op an as- -needed

I g%&aa ggawge s?met agi@gedt ﬂitéliueﬁb@\lxen@f me% biyner tagey dé used by, other

about t |east one exa : present coptact

| eNaBuTIAS of AVl ael ¢ ﬁaforﬂrgswaf)wf taﬁt?gﬁaaﬂatﬁsmf oL Sappte, the

40 dlinZ‘)@edJrEl@cﬁé‘d%tanQ Qe mhERSEHIthenttdttb elldve iltlﬁd’rm\fmtt public service
and therefore, enhance surface wettability,

%@aﬁpe@ﬁép gpRRON Ch)pw Nt @i Ce‘?YF%t suchas/nlgne ciitk carthquake,

no%ijnéjcﬁ) GRTRAEL b B KdSkhABd Sidrica® BEmBYX N NMARIquéERRE 864, over a
| enses, ~as di scussed herein. The present |enses

pr seleeted nwpbe s meitplo AN AlsaraeisB ribati eyl fharrd lb’olﬁf’% cpmmercial
8dlo tsfaa | 5150 & drhoaREend yadtre%\%lr n&?%%ﬁﬁé‘u@m&ﬁordmg to
I scusse erein. For exanple, whereas onI¥ about
15%@ﬂ1spiase|demtbodﬁearh8ﬁ§teles< tasisohty & [Publimesrrigel pisgdqast from other
cont ported satisfactory confort wearing
thg ?%%gézﬁﬁg%%%? 40% of patients wearing the present
silicone hydrogel contact |enses reported satlsfactory
confort wearing the |enses.In one€%EeCIf|c odinglht,.1 d
t hdOQh0} SEhnthes Ghroretiondet sigaa! FRVEOTIGBL I PERTIBO OF Ny 8hg Hisclose

ab Qi Jt %nl 3§’y§t€1’h§ may %ainﬁﬂetﬁéi‘ﬁgdeiﬁt orfef enddd@itbent &V%lbe)élahzed public
wei ght, and nodul us of about 84 nPa. For exanple

a @gmcg@pdlp%wgt %965‘%\9@ tqilsgﬁte@r@%ﬁl% Feqlﬁ%ﬁhfib@aﬁastr%gngl from an
t8LadC@Y rﬂtengltcﬁﬁ{eﬁf 1ft1meulﬁ51{?>ﬁé\ﬁ t¥ekighdt taftdofahe public service

nD ulus gredter than 0. . In certain enbodj nents,
t herapsraissint (&£ fockeie eltiﬁym @gteqhe PBPH TV IgCe iSRSy ds Fpoeived even
Hex t Elighd1adndh 599@&%h%@%&£ﬁ. et the disclosed

dl%ld d reggrgn a %ﬁ?gloglgﬁdtjo g 081%’55 0.5 nPa, ° and lm reorhSC o

ab(md:th(YcE and spdhens mapbe haplemenied F&)parbqfaq@r@merglabém aaé]go receiver
T A A 0 R0, ol SR gt i
gr Gtﬁah&ﬂttoﬁsh ant hax 1b alsp eosfigufsdah 1®M®mMmts°y rAgriigent pubhc service

us dai.| r silicone h 0 e
. ﬁ:ﬁo ﬁﬁ? tsxiggﬂ%l%rh%rhtgl% ogeuL in an Qv oad?cgsg %na? glgsl{lﬁ%ﬁ%lgllﬁt RE&Pa receiver
hy dasget ojbﬁcbﬁaﬂptcoht@iﬁfﬁlstohmkratlﬂly pifiy dlte pubdis tservigLitroadcast to a

120.barrers and a water content of at S 0 .
o lifgh i hag Stte ch ot FRounR g be Fualifed b Hhe Hfic service
Or t&RBhisedRUsT Mﬁﬁfbesdrédtﬁbbﬁ vhylérdfgﬂib tonsthiaddén b tisepublic service

By way of, copparison Scusse rein, .the Acuevye
AV EREISSIOP SEBREnS too@tgtf ARCHERR (eBE Syl bR R Snatly or
abofintd@nai®y)Wat er content of about 46% by wei ght, and
a nodul us of "0.7 nmPa. The present |enses are
hydrophilic, and have unique and advant ageous
compingt.ions of pr S b r

P DRnoRE G- pieBBls BRiF of Bofiiia LAY SRR from othr
ap psdaparinalk EM(}ﬁ)g‘iﬂlstthem havefteen meeavadragd séperapaddsmnRY Idetaseslved In an
For exanpl e, certain conbinations of properties, such
as high water content, relatively |lower Dk, and | ow
nodul us may be desirable or acceptable for daily wear
silicone hydrogel contact |enses, such as |enses that
can be worn overnight w thout cleaning, but that are
typically disposed of on a daily basis. O her
conbi nations of properties, such as high Dk, high
wat er content, and | ow nodul us may be effective in
facilitating the use of suchlenses in continuous or
extended wear appllcatlons such as for nore than one

o r oy g,




equi libriumwater contents of greater than about 15%
or about 30% or about 35% or about 40% or nore by

waowriogheedsdThe present contact | enses are opht hab@i/usiony030515
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str r

S gglﬁ]oéggcg ?1%11 q gélro%%nte&%ﬁget +e\fgn£19cf ?gggﬁté)%aet{g lésboylfr@dﬁd g&:mfymg
dayheo rdeﬁtndagfsthe rgiahn dneacsftthabm]lam&l cPé\ﬁ§1g;1alsrro$le>h a pgmmand may

one_enbodi hheclens b
opﬁ)tnﬁgxlape lexdn&% n“pg Ry chn%e %)m%%le ?(1; {éﬁ ctablly chootsmg a given
comba(ahnélemm s@ﬁﬂﬁommblaﬁr&u e.g., fa)humamrmlr eehoosmgpzr dekireé dtochannel

ho urface treatment or
therrsadeist P LS. ArapBR bR Sta Ghoiites Seq R el Roadcast
bodﬁéedeliffotq%fﬁ)ﬁmﬂg BEpeRificaisk at Bmgesc.such surface
treatnment was required to enhance surface wettability
and/ or one or nore otherpropertxes of the | enses. The
pr | en d bitsGng AM Is that
CorBZ it R For SR ALaRHa, te RHEGE R 10Tk dne AM sigpals tha
or indadeki caeiving RIFdata etxarrm'eeloadeﬂel@ale@lemnmm%@reeamed RF data

r,oduced IZ1 e

c PO Srnrineb ANt HEE 10 SRS sBACRUEBAY, range and ot he same
c ortin&s tind epsratihtact anthe nokdage! AM sigeds foom athdr abdoagl Al signals
ste W t ho iring a post-polynerizing surface

Qﬂﬁq%ﬁf%g£$%naln sufficiently wettable when

placed on an eye of an individual. In addition, sone

enbodi ments of the present |enses do not require
pol [9013hyh pyathirireseriedigivogpy hergindha msthad dyrrasemiténg i Msignals that

| nt 19N1 & len A lirlidakdr®iSsior 1

ot Sy R RS Rl e e M Bt O lenit 4 coior 1 the same

| n foemerynraegrdoon Bk ftessantehamep rfefs easepticankie s reeeiver repsTagng in an

a 3 l’\lfrergg &a g%gh e!mq tn.'m%Ht Q. r@clé{vfe%%ﬁ%&r@@{or@ﬁﬁa@ %Qch&)q #i%Uochannel

con alning i nterpenetrati ng networ

oth@M}mynﬂéhmlhhmnndﬁemﬂP@@H@HﬂtOﬂ@mEEdmean be

produced bypol ynmeri zing or curing a | ens precursor

conposition in a contact lens nold and extracting and
C&g@fﬂgﬂ atngfﬁelpfgs &?rdléﬁged 803in iENe sl #recbnh®fScation using an

pr oduc he nD I'd includes an anterior surface

a n oUV@ﬂO%pbé mnad@mvemeat eThergystemgnayi inglpdq: efpnsipitgreyigp cenfigured

L RAUCRI HRA0TOthnddf; th
MAt oﬂ%@%ﬁé@?£ﬁ@|§%ﬁ%&% n%%rt to gﬁ | ens me%remeaﬁh ° e
vvl tﬁlmut:nqyeepngeramd gt the samd toe and eestive and seppration circuitry configured to
di;ents 5 PRI signal

Co B St QR B B eah Y AL LR St BFASLPRM signals

| ensfabe RF datane enbodi nent, the | ens bodies of the

present contact |enses may have a conbi nati on of

properties, including an effective or appropriate

I onRbi4 )Tntaﬁotﬁé&bﬁﬁﬁ@tt bRé1baed BRI ta, m&ﬁocﬁfb@?rocessmg AM s1gnals, that

substanti al | Yy prevent corneal stainin or exa
corinelaflesstea¢ining Rirspie thebviapladashenshanpple M sigapls. orThe mothod may

MOAGEREE spRA0E %leacﬁtcﬁ gy &)Qhanﬁéltm sﬁg?ﬁlsq%{ 8fhbr éo%ﬂa%mbﬁAM signals

worn cont i nuou on a cornea of hunman or ani nal K
f or of3hércageizedRF rdetaé:y flbproeuamwnenmﬂlcﬂsuwe@f (S)cpdyhe gehannel AM

aboé‘i%n %Oa%g)éﬁ iniGil e?tkﬂ‘gﬂg oig&)r%gy §ent19 gﬂtlﬂ%jcgé d ?ﬁ%@s &Hthe cochannel

abou ays or longer oxyg Ity of “
the resent | ens podies may be red w A
78 51%%*3

signalfisii) AroyiEne, e legit opg ad lgwae@itea%%te S Jof the

oxygen pernmeability or Dk is expressed as barrers,
that is 10 10 (M &2 mm /(cnR sec. mmHg) or 10 10 n
2 mMmcm2 sec. 1 mmHg 1 . Preferably, the | ens body
has a Dk of at | east about 80 barrers or about 100
barrers or about 105 barrers or about 110 barrers or
about 115 barrers or about 120 barrers or about 125
barrers or about 130 barrers, or at |east about 150
barrers or about 180 barrers, or even at |east about
200 barrers or nore. The |arger values of Dk of the
present Iens bodles are hlghly useful |n t hat oxygen



particul arly useful for continuous wear silicone
hydr ogel contact |enses, such as silicone hydroge

W@ 0vba2d486 ensest hat can be worn conti nuously fPRCT/ERIDO$/030515
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30 days. In another enbodi nent, the present contact
| enses conprises only one silicon-containing macromer .

hayhf@ndk1 AR & %ﬁél@téée&‘ét%hsﬂﬁ &€ bh & movEerkeht preiﬁbh&sﬁma’te (S ) of
enbodi nent , is the enmbodi nent conpri sing

si Ifhe epcheppdl aAM IHENARC ROMEFE FRES DCTIaRY iCEHPAY | ‘if @e‘f’eﬂ’fesemmg
for nfahlaYs ¥R hal's:'é slof cf}%nc%cﬁ%géloﬂﬁl sigaR! Akl the eReRed Rivatata (r); and
can be wor n e eepi n but that are typically

di sidaepretinosteriiotmitil ysn@alé'lpg tenE'élé‘PPneFﬁ’(ﬂef@\}%ng@at ure

descri bed herein, and each and every conbi nati on of

two or nore of such features, is included within the
Scqo@6Pin ! t’iﬂ&h&r 1%3%6! didaroedtt h@BinpE owi AR sighet prodessing system that
features included in such a conblgﬁtlon ar

nmutiReARdey TS e SERAERLON |CHOWHY PRI OFRGPIYS A E‘Ff@ fggm at least one

co @pﬁsef"t)bé?ﬂlr%f inf D246 edB¥nh nSPE hdnt, AR lrey:ele&l? Rﬂdcada including
from any enbodi nent of the present invention

andodiner AN ptaels Teasiyed d BR AR SeFENBhEET %‘?eﬁtt e Saime time. The
' n‘é@&?v‘e%ﬂd \WialatiBE Gmm%ﬁgﬁed PeehARAth @M¥hF the cochannel AM

detai [ ed description, ‘exanples and clains. Detail ed

De sgnils tiiognotitreophaand wM sigmlnefithy werwd A2 uni que and
advant ageous conbi nati ons of properties which
facilitate the use of such | enses for prol onged
Wegoorvy I@fanbt’ﬁ& feepct CdisclBed (hSrei‘nylsI aelnAMNegnﬂr 1$rocd§smg system that
exampl e, the isent | enses can

s| égcagdes I§CEVE 2R Fq?aréﬂ%ﬂrwtcgupl{i(ﬁ@ rF%ehve\gglﬂL Haagl @ogl a smgle sensor

p r %@faﬁh@ﬁl Jnhﬁf‘%rlcﬁa@@dl bipdaR b@ilohientSthe BoeivBERF dina Q&ltfdﬂfg cochannel
da wear, which can_incl ude overn| q§ g At €l wach of
nb%gﬁ samntss The Frecive ARG EPRAU (YRR (OpFpured 1 S3patele cach o

faghl bécﬁﬁﬁaevm QbndldGorh SASLSochANNBIOAL JikHalsSof Bl Iewlwddaddata by:
wear applications, such as for nore than 5 days

f 0 r1) ploHINEFY 1@1@1y]59st1matpﬁ>§ @3 ok g spchappal £ sigags élgl an 1n1%af estimate

(g)e \s@ﬂ %g‘g@mé&%‘l Bfased/ bSthO BohRHideE BIM SiBnaM; tif) providing at
Uced N I Ng and nmai nt enance cont i nuous or

izhs%gssﬁ RS TR S BRI, gl o

confort and safety. In one broad asypect, the present

i nviemt iimparpmov inthesresdnt | pwwes bjichatsll  covft the podharneb AM signals, a
rise.a nonsur

body ot ar 1 54t PG BT bl-CRRE b ARAARRRY prac o R ochanne

pol XNE eugﬁalsmztrfelr read:1ye<hRH dedes (11 andedidt reperding fstepniipxyigled specified

per nmeabi | éj;dcontent a surface wettability,

a rﬁﬁﬂ’iﬁ‘f“ﬂ‘m ealaéS%a &Gh that is effective in

facilitating ophthal mcally conpatible wearing of the

contact lens by a lens wearer at |east for one day. In

certain enbodi nents, the | ens body has two or nore of

the foregoi ng fealiasnsCRETIBN OXMIRIDRAWERDS! i Y.
wat er content, Y, arus, and
design. In additional enbodinents, the I ens body has
t hr r f
nor GORT opRicfal ks AEEARI, B 5 one EFTIRY ebodiment of
ref&mdﬁdokﬂbnﬁb@hmmgﬁm&nﬁhe present |enses by a |l ens
wearer with little or no disconfort, and little or no
occurrence of features associated with existing
silicone hydrogel contact |enses, such as lipid or
protein deposition, corneal staining, and the like. In
certain enbodi nents, the |lens b®dy has all of the
af orenenti oned properties useful in |lenses that are
worn for at |east one day, including daily wear |enses
In further enbodi nents, the | ens body has all of the
af orenenti oned properties useful in lenses that are
worn for about thirty days, including continuous wear
contact lenses . Certain enbodi nents, such as the
present dally wear Ienses of the contact Ienses

o T I L




body has a nodulus | ess than about 0.9 nPa . For
exanpl e, one enbodi nent of the present silicone

whyasogaBe cont act | enses conprises a | ens bodyPeTES2005630515
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an oxygen perneability of at |east about 115 barrers,

of \f@agtt C%‘T% %&atgct&g %2%48%)8$0¥%¥E L § h1I1e’ eﬂgl la%%gbj&ﬂﬁnt of the

of disbesqirreahots afd byiseane hydr ogel contact Ienses
conprises a | ens body that has an oxygen perneability
frontabout 70 barrers to about 100 barrers, a water

COMPL . e P O B
f e Ahdifi@%osed mbihedmaseyimd. enses are included in the

foll owi ng description and summary above. |n anot her
broad aspect, the present invention is directed to

I es . Whj [ |l ens b :
oMb AT L QOB PSR 85 LORLRE riggiment o
an'tﬁ@&lsc@ése@ﬁl@ﬁed%sys-{é}ﬁs | ens bodl es conprise a
hydrophilic silicon-containing polyneric material or

naterlals The | ens bodi es have Dk' s or oxygen

oo AL 8 LSl R VLGP BRLEREE i o

bami@k&loigy abhe isOlosddanatierds and syafemst 95 barrers or
about 100 barrers or about 105 barrers or about 110
barrers or about 115 barrers or about 120 barrers or

about 125 b;gﬁ&g;_@got\bewmt%%ﬁ@rmmmﬁmmo
barrers or arrers, and

eqU|I|br|un1mater contents of greater than about 15%

0o tnetiots Eh)él WRE BBhals E0&ved fr
or JEERT s PO et S B, LK1 M1 Bl F3Sved fom
as ﬁefvbﬂrmdem ﬂigml nnwamm«eatrrea}amtmatge @asll spclaothpn do thiﬁ gpgard, the
str n /or re effe I,

dgac BlFelg %angasxst%rps nay %fﬁée&gﬂtetf 1?1% %ﬁ%ﬁ%@@?@gry Iggdeltng a
abQid)Ehahndayglﬂt efidtonmbnito ﬁmﬁa}ESS@araﬁm‘r Oﬁtodhela@t Adboignals in an

or abo t 10 days .or about
dayeya?mnéf%“ ﬁ£“ﬁ?85%h£§éPﬁnlf ﬁ“?€?°&$°? W%pqﬁ%caﬁ?%esmwmj
conpadived sy atssedbPh it@tpdral iahfplqércﬁ'seﬁtdemdtmm modwdated sources
and | ens bodies may also b er st oo
LR BRGNS ORI R o] 0 aph SRR BB B SUfecd methods
t heygaalybiows, nlﬁlsfs%fgtlél EéhSorl Situstet iy B¢l Seprdaitited by a unlformly sampled
appllcatlon oxy en_to reach the co

oy Ao g Rl Rogs o5 B S PB4 s cauat o
| onge El@ﬁzﬁhﬁ%&’@?huhﬁaﬂlad By thé 2dmplaxI S t0? @a)SplasSEcailéxatoise (n):

undue cor neal ling or edena in an eye wearing the
| ens, for exanple, cause no nore than about 5% or
about 10% corneal swelling after being worn on a
cornea of an eye during an ove nlght sleep; (3) allow
novenent of the lens on the toPh&d of an eye wearing
the lens sufficient to facilitate tear flow between
the lens and the eye, in ot{Euatdert)s, does not cause
the lens to adhere to the eye wth sufficient force to

t bstanti al |
\%Z[\ﬁsgﬂ xglrerqs ﬁgnq X n ne? qra' gﬁ ,év.:eg gﬂgﬁtmqﬁh%éqg%tmn (%he columns
S| ggg i a%p%‘éntqlﬂiﬁﬁ&gﬁ}p 5%@%@&!9&6%&1@ 'f&aéabﬁ’ @ou?t‘&g/ Phe Hldthéhts of a are

for ow ‘Wweari ng lens wt

su bsmmx shlasoegfresenting ti¢ @mplyfuctmnérphasalof ﬁwéé@@m,fa%nﬂs a complex
irritation and/ or substantial freedomfrom pain; and
(5) inhibit or substantially prevent |ipid and/or
protein deposition sufficient tp substantially
interfere with the functioning of the | ens during
wear, for exanple, inhibitor substantially prevent
l'ipid and/or protein deposition sufficient to cause
the |l ens wearer to renove the | ens because of such
deposi tion. Advantageously, such ophthalmcally
conpati bl e contact | enses and | ens bodies in addition
i nhibit, reduce or even substantlally prevent

o, = - Y o




epithelial damage. This is because sodium fl uorescein
can passively accunul ate into damaged cells or pool in

wae@as22eber e cell s have been renpved. One can PEL/E820051630515
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‘ danage can

the clinical significance of epithelial danage and,

t her ef or ene t. b luatin

ex 81t V?f?orar e Flii% S ?E‘Iﬁ’ga (lfalmguaitlﬁru or ﬁe% d}esplgsed methods and

St @ysidngmasp bwellnblealsmwhat hl&f erhelithdni 06 dstemiine b esmbta@ $ @iven r.
penetrate a di ff.use the co

P 2eXilsr SR FRALRBAT -6 USRS P IS FBIT S EBLP Phps troueh

t hg Shveaf®nal A& GneRILRIor RUEHDRAL thf hayistes have been
damaged. Furthernore, the pattern of the staining is

al so a crucial indicator of the likely aetiol ogy of

the corneal staining e.g. superficial punctuate

ker S Ysine th
R

a adaﬁrglsmpaif@luhtmnel ibceeepadim/edobpmdl Adf nguelntm faly iomgfloaded signal

g?reg%%{ngwag:a%épcgﬁ POSUI&e pll krl'}’ln;:(l)\gig{e§f8f tlb%véycl(gled Slethods and

Opts@semyVi As illDstrated/i FRJure 23/41-112461‘} a &ﬂ%ma}' he mitilized in step 110. As

enbodi nent, the._present |ens str and/ o

h a\)x@ﬂ &’g%ﬁflﬁﬁéﬁsﬁ?@d 8tf:lt F%’ﬁ%li? fftg gmgugatlggs eoscré ug%Frel eathlof aand S
i Nhidi e, iniB¥IRRA SIS FI0tak 2dnldym pakes Bthougbithedo wissblaitaga may be
after the lens is continuousgﬁ%norn during an

ov éRifipligst vathaay oer ERIa PP BEENS gay or at |east 5

days or at |least 10 days or at least 2 0 days or at

| east 30 days. For exanple, the wearing of the present

| er{8e2s] dnl step 1 2pefdigiry 1 nthy estiostd of § maxcbs mwagved paing fhggnost recent

(stainin di ng, scal epof es Rt i ¢
I eﬁetﬂg% %8%8% ]%ba}l or’ abgﬁtlmgﬁg} do%?grboutf@ig(}m% gaf e mos
oN racehe pstdsaad bASI merepﬂtmalyaappmmmaitesi énstrlwemhe?r of Slthart hgprevious

i medi atel .y, p edi ng raph t.h LY, e
st &SHPAg A Sh sfnd‘@isetag“t %’pﬁa g eis’ﬁ%%t?cﬁteal fg@e yar agtgb 230 using the
St ghitiagd vilibSofSt i I8 fgn sigat B bed thereaftea) dsynaty(be weessary, using the

the inferior half of the cor ere t 0

of TRPRE ICERPIFqus eEfmatedeyalies 8t ¢ G?dvgﬁﬁ"%ﬁ%gj %?“rﬁ%gbﬁ?ensﬂl step 130
I S HTeakS Blthagdniierof B@rdﬁﬁﬁép C10a84 s @ist&®td Be real. The results of
gradi ent that draws. wat omthe cont

t hestene 290 (plustathes resyis, letdils the, preyigps ity %(fsé ot posmbﬁy the current

Pr ORERSHetof af Rl BRE LY MlatedgBinst NI Sr ﬂtofeede&t:ﬂe& &rividatighcriteria in
ionoflux, then the osnotic gradient can

suf terci 49t If yhegiemrination caléﬁnvdtaai?eeft Heb fhéaﬁher Fieplfs may be accepted in
u ndﬁ%ﬂq%@tala shd¥én. wa&&t iHENR nAns cnWhiEed hedhdt YedBhMds fdvevalue of

the corneal epithel ium This dehydratjon of the

epi 2 ey be astineatad instep 5@ B¥ing ke PERYHANE ESTHIE ?ﬁrﬁe?lé?la?deﬁom step 130.
cor A R5E&nRd bYHemti$s AbRVIpAG 1153, this time usin
usua ?Hzfﬁﬁ$ﬁk %%gx?%égupe§%|C|a 1/-2-63 ayer£ o the o s
epi thh encisu mcantdpxswp@sagistmter of Adrqnhfstepi lép a9grthe ERpshfeciHeprevious
cor 1mateb55'1; cg{‘nhs%epStl lU"s?n ﬁn ?Htﬂoﬁbl@@} lee redtu 150 may be

eepan seve ow ng Tapid diffusion

of i‘téramrelgsrepeaueci wmttid otnh er mrmmcteﬁhmnmnicn@ﬂeame gngigligd mn step

thi | ens insertion but
usu%ﬁ#émf%ﬁ5§uﬁ”@c ours oélﬁ%re Li kewi se the

epi thelial damage can resolve rapidly wthin 2-3 hours
once the stinmulus for dehydration has been renoved.
The greater the stinmulus the faster the staining wll
be induced and the longer it will take to heal but
typically it would not take nore than 4-6 hours to
resolve. In one enbodi nent, theglens bodies of the
present contact |enses may have conbi nati ons of
properties, including effective or appropriate ionof

| uxes, to substantially inhibit, or even substantially
prevent, corneal staining, as described herein. In one
useful enbodi nent, the present |ens bodi es have i onof

| uxes of no greater than about 5, nore preferably no
greater than about 4 or about 3 , for exanple no

oy o o




i ke. The oxygen perneability of the present |ens
bodies is nmeasured with the contact lens in the wet or

wo eiobp2dagedr at ed state. The oxygen perneabil it yPOr/UBI005/630515
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expressed as ICT10 (mM O2 mm) /(cnR sec nm Hg) or

b Pr ef bly,.the | b h f at.l .
o855 EaR L BB TR B Bt s

banr@bsFigtreabaditig 5 nfrdf feesis pavioab ostimadobanmdths porvious estimate
abqut 95 barrers ar_about .100. barrers. or about 10

ity ST SRt b BB AP U TSmO Py e g rdce th
abgsltitidP@abdfor 8 Fod xaaidd)tin dzberhinudires:s tiersohlion spak8Gor S may be
barrers, or about, 150 barrers or abqut 180 barrers or
everiuER Pl SPOGFIE0T KT G o6 FHEPED e o 1 Bbst recent
relatively high values of .Blo of the present ' )
op Iptdvinusiestahdty ot B nisacted he S| enslopg aiitismppsng gisidpal constraint. In
adyant ageoys .in that.,o | Sq: i al -
e LBR ARG R o1 PR ol i SUASRY Fbd Feobent o sense
| eRhefesthis disnedlisealctlaied bp takem thoFtobenigusiny of dre dafference between
prol onged period of tine, as described herein. An

adgyd &%& eﬁﬁ%@rﬁ C?mep FHRPSESiMust &ﬁhaféalé be efikatbbevfis norm is

in pro I ng the present ophthalnlcalfy conpati bl e
cont act Ie;jes gg eps bodies js elongation. The
pr dstinnd a5, B iy WDLEA F € ent el ongations to

facilitate | ens ‘Hdfdl i ng ease, |ens structura

integrity, lens wear confort, effective | ens novenent

on the cornea and the |ike benefits . Lens bodies wth

i nsuf fi @i ent exboplgat erobodixhtren a saphfteuined edpitiviization ggolilem may be

one or re of .t.hese areas. In r ul

entss efﬁggfls, the H’énlg?zég%‘h?ﬁﬁ%%%ce%g?}gg} %safu\c}@&%ﬁ ongat i ons
of at |east about 90% or about 100% or about 120%
Lens bodi es havi ng elqngat%ons of at |east about 180%
or about 200% are ver§infdBfEl . The Dk val ues of the
present |ens bodies, together mﬁtQTSh equi | i brium

wat er contents and/or_{. | at. Yyl awsi onof | uxes

and/ or the relativelfuﬁlgﬁrt]cg I %&gfioa' o? t he present

| ens bodies effectively facilitate ophthal mc

conpatibility of the presendEquatioma®t | enses and/ or

enhanced safety and confort of the wearer of the

present n¢o e&%géaslfSﬂcﬁ;%f’ meki ng conti nuous wear of such

| enses” nore beneficial for the | ens wearer. Moreover,

in addition to the present ophfhalgically conpatible

| ens bodi es having useful gr_geffgctive Dk val ues and

equi l i briumwater contents, and, adyant ageously

relatively | ow i onof | uxes, EGEi9Hs podi es preferably

have sufficient structural or mechanica

characteristi®s, such as nodulus to reduce |ens/eye .

i Nt[0028] twheresS s uis theaminSRAlstimate of S4bat nhinimizes dlsi ohjegtiye function and

conjunctivitis ((CLPC) and the |ike.  tear stren s

ano‘JFB 1eg e 891’8?(%?% Vot ‘ﬁels It{‘]‘?( ‘éorﬁé%lﬁtal?ﬁu(r:‘ & g rvglbegér ? 1 g8 the trace
to allow or at, least facilitate the |ens bodies being
abﬂgwf‘nmﬁgﬂgtgﬂﬂ_gé%t' ous contact |ens wear for

ext ended or prol onged periods of tinme, as described

herein. The present ophthalmcally conpatible |Iens

bodig£9] b & ofigiatrt GbHA SR haEmERF thisMapbe agMltd Aefnésthe squared
wear contact | enses. In one useful enbadi ment,

t he
nodengil offthe eaidpal duripp e gsimatnm of S . pgay bﬁk’:‘é‘ﬁ{] toqrepresent the
nPA, or about 1.2 nPa or less, preferably about 1.0
nPa or | ess and nore preferably about 0.8 nPa or |ess
or about 0.5 nPa or less or abaut 0.4 nPa or |ess or
about 0.3 nPa or |less. For exanple, one enbodi nent of
the present | enses has a nodul us of about 0.84 nPa .
Anot her enbodi nent of the present | enses has a nodul us
fromabout 0.3 nPa to about 0.5 nPa. Lens bodi es which
have sufficient nodulus for use as continuous wear
contact |enses, but reduced nodulus relative to prior
art continuous wear |enses, for exanple, less than 1.0

A~ I T s I " Y T Y




nol ecul ar wei ght of |ess than about 5,000, for
exanpl e, less than about 3,000 or |ess than about

WQ2@002648%en units fromtwo silicon-contai ni ngPCT/US2005/030515
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macroners are included in the polyneric material, such

macl o s advantageously have nunber .av I
B AR P PE D R R 0R AR Any
50 @@iiablsdoastiiire fheumbhythdiolaly nagdetempboyad inlBe PBOticel of thendisclosed

usefuyl .embodi ment, _units from a hi. nmol ecul ar i ght
o1 FHedioHE i iRy FOPSBIS 3r & BRLSanot nephe! O e o o teast

POlsyiedsi Rsifd] oh@tairitn A @heaie rboandvalie byaywelsght seleand that is

are units of a |ow nol ecul ar meL&ht ?iLicon-contaH%ingA h

na@pqyﬁg}o_nalﬁg po%&%%r,ee’. 8¢ T8 eGH at're 8 p%lseol‘f)ovmr @shaval able. “Another

Mol 8t abppieic b sBieE @rdhstatt lbouwndTdIec 14l tarusii géthodology that is

macr omer used to produce the present |ens bodi es may

r aPyebfkeyHftibout 1.5 or about 2 to about 5 or about 7
Wthout wishing to limt the invention to any

particul ar theory of operation, it is believed that

the useof two different nol ecul ar wei ght

si [[0630D Tae bb@irained opthtizaivarsoblem pf diuationg? ntag hersebedtusing any

| ens. bodi es i.s advant.ageous in providin ropriate

or SBf gecme&@dﬁf’@h AL S EPFHOR B Tl{n)i‘/iara%o l?tg D p?gt%?(?og?gg may be
or felddefdr exanp2€)wh FdeDHI TiiksabirdrMelomdt ®nCivanidf, dhe Feasible Solution in
relatively |ow ionoflux while providin ens bodi.es .

of rae) Getaraion B FreEBRt b Ao ek SBOE AT SRR dREessne Vol
f ora &ypaaNg, 2,010 hadarps.abl 1z eiatis blcerpefaridaeieil Bnsfsence.
that can be worn for about thirty days, if desired.

The use of different nol ecul ar wei ght

sil] nt ai.ni. ng _nmacr.oner rQvi dgs at hbiql it

o UPPERIRE R Rl RORE TR 87 s R ) I e exemplar
bodinfsedingnt usiy Pagparigiha mcldégree bf thieteesepgbndiagpngian may be
the present |ens bodies, for exanple, on a nol ecul ar

| eVFEPISPHAY at | east facilitates providing a | ens body
havi ng a desirabl e conbi nati on of physical properties

which facilitates the | ens body being highly

advant ageous for use in a continuous wear contact |ens

. I'n other enbodinents c i si pgounfits fropeone

si | i con- con{minadERBEF r—‘(Eaﬁpr (;Hi Feltiz]ie&s jj—5
properties can be obtaingd that facillitate use tihe
| enses on a daily basis, such as for overnight wear.
In one useful enbodiment, diguatlondle siliconcont ai ning
macroners, preferably the | ow nol ecul ar wei ght
macromer, is nono-functional, that is it conprises
only one group per nol ecule which participates in the
pol P32 i Thatgradrent efithe Lagnangienfior m t he sil i con- cont ai ni ng
polymeric material. Wthout wshing to limt the
invention to any particular theory of operation, it is
bel i eved that the nonofunctional macromer facilitates
or enhances conponent conpatibility and/or

het erogeneity, for exanple, on a nol ecul ar level, of

the polyneric materi That | i@ \nof phal pgy of the
pol yneric material Yo bgeﬁ)fﬁééf%?i%y ﬂga bel? ied to be
sufficiently non-uniform or héterogenous such that
different phase donumi ns aregpuet&ns) i n the polyneric
material. This enhanced heterogeneous norphol ogyi s
bel i eved to enhance the ophthal m c conpatibility of
the polyneric material and/or to increase at | east one
of the Dk and the equilibriumwater content and/or
reduce the ionoflux, while nmainpaining or even
reduci ng the nodul us of the polyneric material,
relative to a simlar polynmeric material conprising
units fromonly one silicon-containing macroner or
relative to a simlar polyneric material conprising
units fromtwo silicon-containing macroners both of

whi ch have at | east two functional groups per

nol ecule. In any event it has been found that contact

T T T - B Y | I T Y L L Y




' I RR Rdwherein, X i is a polynerizable substituent
shown by the following formula: R51 CH = CC (O

wWO2(0eblzuse, - ZI C 2HAO - (CH2 )n - wherein, RPCT/B005A830515
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and R4 are groups independently sel ected from
hyngg%@Fbgﬁg ?u Stsh%vvl{hg g%s 1 ZE{) lryf tillg r%%%flg]? nofat}{%nﬁagrangian,
gr OUPL(FADK: h6su$t*s ik Bl wing dxpiessian ﬂooEyS| | ox ane

backbone conprising not |ess than 2 siloxane units; R5

Is a hydrogen or a nethyl group; ZlI is a group

sel ected from-NHCOO, -NHCONH, -OCONH R - NHCOO ,

- NHCONHR7- NHCONH and - OCONH RS- NHCONH-, with R6, R7

and R8 independently sel ected fronlhydrocarbon gr oups

having 2 to about 13 carbop-atyo s-an I nt eger
fromO to about 10; R=|g-@ ia ser”-f about 3 to
about 10; p is 0 when is O 1 whé n n1|s 1 or

greater; and g is an |nteg?ﬁ f&on1 to about 20. In
formula | , the structural ‘GUAT"YY nay have the
followwng formula RO (Si0O; R Owherein R9 and RO

ar goap4p Upsers el edthefangambitghiac ar, hmy b icaloydsteth asingthe kolution for

to _about 12 carbon atons, f .

ol SROSF BTG PO CIRRE A P P RE T QS A Rlier may be
fl uQplefied ad ®idw, tri met hyl sil oxy groups, and

hydrophi lic substituents, and may be different from

each other in the sequential chain; and r is an

I nt eger fron1about 7 to bout 1000. Use of such. a

hydrophlllc xamyi™ Vyla agcdr n e with
the pr esent %Igtl es % 1ﬁtaa £ (ézryge %ﬂ
hi gh oxygen per ablllt reduc deposition o
proteins and |ipids, superqEquamnenhanced mai nt enance
of lens water wettability during continuous |ens wear,
accept abl e | ens venent

the cornea o
r ed003%d Aatimes S 8a%ar&38rrﬂ‘35 plief ﬁOIB{\‘%? BAH8ai F@H% d?med and an

| eagtmpn® c@fcuﬂe,thé?é’olut%% iAR¢ Pheif@yrahe B8 Bchedt ihrscemlzs If this
t he groups shown by the follow ng faqrnulas

an datt@@at) to calgplgigja U@Sp (f@sr t@j:n shg }5)51 r@;@e, 141@2?_6@(‘[ step 128 with
(- QB SHABIR ChRhate.( Zdﬁierﬂatl%% br m@%%&bes{weﬂﬁ@ﬂm%ges for the

(CH3 ) 3) 3 (3a) I CH3 wherein, S an integer fr

1 tLagrange mmultidier eplatios mapbe sa%ﬁ%p ARd Pee SLBES f‘{!?é“rﬂel%n’f attempts

miym%ﬁ: tbNGlcHARANE Bothfih §1' thé %1%@ bRk RIVRGakIRE %ﬁ@rb‘é 8482 in step

for exanple, selected fromlinear or_cycli
hy dk%dmmb@ﬁolgtl@‘u psfornds lee gnijlj they methofl dias peegrpsrformed f°f all specified
SUbs?lH(ets#%“ranggé SHSe E‘lﬁﬁﬂ%rﬁy dienon 29AHES p@ﬁﬁg the method may be
oxya ene groups, suc s groups shown by t
f ol ﬁemwnatgi abosmp|138. (Bbjetaameniggs Bie root p@g]jg(l (]7.,|)1ihe (rgqtg}a and resolution
wheg e' thtfiudnde® the speed
aboi ci %d f(\))% g}beobﬁaca tléé[ ge[ngg 2&91%% 3\%9 _a%‘sﬂ'}ﬁ'e@% é@sgr _u € spee
gr oeffthd s gioned betmeen carbon atons; provided that the
nunber of hydroxyl groups on the sane carbon atomis

limted to only one, and i is an integer larger than 1
;- @8 &:{RaR) dotso&z f f/@bz)r \M}l@fn@& NndReardcBradt Mg e QsﬁB@ﬁ based on
gro avi ng about 3 Bout 12 carbon atoms’ and may

h avﬁhmﬁ)root rBniARS the GBYectier faktRioh, W‘ﬁ&]ﬁlﬁﬁd ThRtry& &ihy®aukkin Eq. 6 to
atons; R23 is a hydrocarbon group haV|ng about 2 to

about 4 carbon atons an nunber_ o

sl i B B SR R cpERaB L, 3 80
than 2 ; j is an integer from1l to about 200; Z2 is a
group sel ected from hydrogen, hydrocarbon groups
havi ng about 1 to about 12 carhon atons and - OOCR2 4 ,
where R24 is a hydrocarbon group having about 1 to
about 12 carbon atons . Exanpl es of hydrophilic groups
conprise, wthout |imtation: nonohydric al coho
substituents such as -C3HgOH, -C8H i 60H, - C3H6OC2H4ACOH,
- CBH6OCH2CH( OH) C 3, - C2H4COOC 2HAOH, - C2H4ACOCCH
2CH(OH)C 2H5 and the |ike; polyhydric al coho



substituents such as - C3H6OCH2CH( OH) CH 20H, C2H COOCH
2CH(OH) CH 20H, - C3HEOCH2C(CH 20H) 3 and the like; and

w@eiogox48d Kyl ene substituents such as - C3H ( OQ2¢1/P&DPE/030515
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-C3H6 (OC2H4) oOH, -C3H6 (OC2H4)100CH 3, -C3H6
(CC2FM)10 - (OC3H6) 100C4 H9 and the I|ke Anmong t hese,

[ﬁdﬁr P&y IW%éJima%an rﬁ&f‘@fr SSQﬁ eCdt@Ided and the real part of
substl uent's such as - 2CH( OH) CH 2CH

(k> oA, e 5t _
o 0 e el BRI t:% ??i:%%?f) HElSfEine algorithon.
e aG 2., efhek thamtbdd! defideprn@mpblaysanpleant each egece thbemahbout
2 to about 40, preferably about 3 to about 20, from
the vi ewpoi nts of superior hydrophilicity and oxygen
E[”FUI(;VMn t%q?a@rthgnaﬁﬁeﬂ‘t MRt BF Q%yaﬁ@éﬁ&ated against one or
stl uents % ide staining resistanceé to the
polnycvre rtftrmmmme ciitgtia ithetep &#0. ekcdisssregarpstuitalile F%ﬁ“ﬁﬂ?ﬂ criteria may
| Ak hyHERC B! §efd'attlé t140 to det
hadnéﬁhl dggggJ#%Ef&wﬂﬁgaﬁgégﬁﬁénﬁghke mnth uorloneeermlne
at onieetties overoy thes eésults oSustdp U¥eshduld becictaptede ot @lnﬁqu@odlmem

onpr t
gipljgrﬂp 189 |cr1JteF1 ay 11_1Lc u&é gpfgnf é %Eltn?& chf ?ftgrangnﬁ %gﬁ 6%3%{[10113 of steps
g r otap to 150) ﬂhat mva beeat weaihylﬂesd) pﬁaﬁethphem%ym do 469 mmdteratlvely
the r.Lfluoropropyl
is R? g}nﬁjlsén% S%eﬂlﬁgff gbvegfn’u{nllf%r ?]tt 1 ?r%tb DS, Clcf con%ﬁe?aHBn of other
OX VtgiMind¥h FERHL | Atté’rnﬂbﬁe@l, mﬁdxmrnm{ iilﬁnh‘ee Sf.llltetratmgs tnayl be specified for

body. .Besi des.the hydrophi ents.
{1 USRS FF i SUBCET {50 SUBabt PBER gy momber of
t 0 ifddtiofPhave bedIEpeRBIMEI IR, nbien ot\lﬂbﬁsbémlﬁedl teﬂi’ﬂlﬁaibh Ofiterla has not yet

hydr ocar bon groups_havi ng one to. about
at dign ™t lshppsihlc iy 2 gresifisd MR ST i Lo g must be

t hepe?f%ﬁﬁecpﬁmﬁ“tg faﬁ&v@iﬂg tdri@mieReH ﬂ@tlféﬁﬁlonfoﬂ/ﬁéﬂé 1l28 Qf) ub0 based on
gro is an al y roup haV| ng a

bout 3 ca
illmentofathas ypeckied lﬁml@u%‘p?qﬁam (gthprﬁ}g@pﬁp of temnf,tﬁgl criteria
g e ntﬁﬁtq{layf 1] Ml@ye'd alon@ ALY BRhREARMSLivh d)tﬁerasﬁedlfﬁde@ﬁlﬁmatlon criteria

fromO to about . mis about 5 or greater,
nonioekede, rkay atﬁe@@n}émtt% tqwéqlé%ltﬁbbltéfeﬁ}t?lqo@l’élﬁwﬁ’at’tlb‘l’ é”or length of
Wi tRGEDS BlARE i géﬁnﬁros(z eg't&hﬂ%tlﬁ% GhO HE LGS Swithar the geng]:ch of the

pol'ynmeri zation and difficul onbgeneous m xi.ng Q
t heresidwed isdless . thanrthe $pscified tbmsholel Jalpe), termglatng the Beratgns of steps 120

t hat t%IB ngtet]I Qhe L&?ﬁ&? rﬂrﬂﬁﬁ[{lﬁFMcH&lv qpﬁg)lﬁoﬁ Gt step 120 has no solution

conpa er nono e above

desever bl@dSﬂWxﬂileépmgel for whlmaﬁyﬂunmnhadle%aﬁVéluhEQ ge It will be
synt actln 0 h

Wit iR g{s 08 Caélhatmh Iqol 0 % o%%%%ﬁagg{le Eﬁtcggﬁfe &%ﬁ% a?}'; gnly, and

l e nme&ﬂmynhﬁy fhag bel addnhmiallmvmﬂtbnnnmbjntmm}@dl im stap t4hge
of about 25-60% by wei ght, conprise hydrophilic
silicon-containing polyneric material, and have oxygen

per Bﬁgg (}If Iﬂtlé mf e& Qérﬁﬁxﬁ%gn %ﬁtegé 1is Q£nsﬁ9d il 88F 14bathen the steps of

or about 100 or about 110 or
abomtethQQ 100 masrtbe qoecﬁs«teﬁ preely the resyltylaccepfed By stepp#@). Heyever, if the
exa{'Pm { S NG FIVRMLAI SRS 1o step 150
it ok GRC ot Slusfledtn B T4, WU AP B0 stcp
an dwherp adswtalitehd a mmebe pdimatadfusingrioy seiteble thethed ek éor example,

accept abl.e | ens nov n t. :

o abrd 2 Speh ETEnTRGHRE s il b o P o BEGH A Prétcdipg stovs 120 10
t hus3tenakbhé agbadimentthe eletrients ofis mwzl»c Jcappt ¢stmpfedmssted h50 using a
one very useful enbodi nent, the present contact |enses

are sufficiently ophthal mcally conpatible to be

effective for continuous wear fiar at |east 5 days or

at | east 10 days or at |east 20 days or at |east 30

days. Water contents |less than 5% or |ess than 15% by

wei ght are often undesirable due to an easy adsorption

of lipids to lens, potentially resulting in adhesion

of the lens to the cornea of the eye wearing the |ens.

Water contents over 60% are often undesirable, giving

the Iens Iom13trength Iens dehydratlon ~poor scratch

o o, - S o,



with units of other silicon-containing nononers,
provi de a wel | -bal anced conbi nati on of properties,

w0 p@beli4g, but not limted to, water content, PORY§I®NS/030515
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perneabi lity and nodul us, together with | ess
de S|t|on of. proteins and |ipids,
By St Rl T A P8R a ) ERE of gy be catoutated as
2= @6Rbe RUHINHERR 1CandHB R34 tIGe cBt-prdvidirs SitinfaBHY § @it8nddl iajtep 130.
CH3 CH3 CH3 CH I f | | H2C=CCOOC2HANHCOOC2HAOC3HsSIi O
(SO )h -SiRIl (Ib) I I I CH3 CH3 CH3 wherein h is an
I nﬁ}(ﬁﬂ% B&'Té:é%g]%%y %mﬁngdlﬁlgl(?tuta 12&-?:1% reBlerob'lén "fhay be expressed for
ynerlz e or non-functional group
ex aterpl 160 aa alny@htlunmtlbm mraptesu pvithaani ‘iﬂgecalvj@ lﬁltnCQOIt éqlwbéhfhe(ssquared
car_bon g% quall N ONE very useful enbodinment RII| is
- A" %K@bnpbund identified in formula (Ib) , in
one enbodi nent, nay be considered a nacroner, for
exanpl e, haV|ng a nol ecul ar weight in a range of about
1,000 to about 3,000 or aht}Sjr6®a|’. The integer h is
selected to provide a macroner with the desired
mol ecul ar wei ght. Such a néBaeom8)s particularly
useful in conbination with another siliconcontaining

mgé(?ﬂﬁ [1'8 é\ﬁllen t&lgdtﬁﬁﬁ)m ic ll‘rllﬁ‘] gz\‘ﬁ'ﬂ{gtmmﬁlﬁ’um may be found by

I'Sewhére raex and w t hout
tati

ex Hzﬂ}ng tﬁ%g?%?g%g%f fe(c?:)t{t t%gquF ney 1of oarrg 0? ( bz(). é’cﬁlatmg the
be a macronmer havi ng a_nunber average nDIecuIar wei ght

of szadidngaanel @ibieldsBe flloFingsFates8o™®00 or about 10, 000

to about 25,000 or nore. Such a high nol ecul ar wei ght
macronmer can be used in conbination with a | ow

nol ecul ar wei ght nacrone(;?jgsﬂswzmﬂyfm as illustrated

by formula Ib, to produc®t |ens bodies for contact

| enses which are suffici ent(EquatpmtNal m cal |y

conpatible to be effective in continuous wear

agﬁhmﬁfreﬁ{’r%e rutgg o%m;?ﬁrg e?rlb% 1:_4}%2{, Iﬁlg%@%lipﬁtg S%Lﬂﬁfggz 150 may be

ancxpewsetdnt ecul ar wei ght sil | concont ai ni ng nacroners

to produce a contact |ens body provides for enhanced
ophthal m c conpatibility and/or enhanced effectiveness

i n such continuous wear applications relative to a
substantially identical contact .lens body produced

wi t hout one of the high noaegbfﬁrswelght macr oner or

t he | ow nol ecul ar wei ght ol ymer whi ch
contains units fron1o%e o?ﬁﬁ%ngﬁfg o%h?liz
silicon-containing nononers and/ or macroners descri bed

her 048] Cie sbitiows ey be vedifedce ntaipiming hy esrifyingtthe the Hessian of the

en venti.on npl e, the polyner nmay
i nc‘ﬁ%ﬁgv%ﬁ’ﬁgi‘%mﬁp@%etdﬁﬁ?l%e fol | owi ng copol yneri zabl e
compounds: acrylic nmononers such as nethyl acryl ate,
ethyl acrylate and acrylic acid; nethacrylic nononer s
such as nethyl nethacryl ate, h nmet hacryl at e,
2- hydr oxyet hyl nethacryV?t@’ﬁnd&%eSﬁ&emylic aci d;
si | oxane nononers such as tris trlnethyIS|ony)
silyl propyl nethacryl ate, KEQ“aﬂOﬂl )
(trinethylsiony)nethylsilylpropyl

tri E’ﬂ%{]yﬂn%f F]zP r%'fgg‘;s %I'(])X dg?%égg? Qwﬁﬁ?f%ttﬁéas%ﬁﬁﬁloﬁﬁsevenﬁed as

met Haddipuat e, and tris (polydlnethyIS|ony)

silyl propyl nethacrylate; fluorosiloxane nononers such
as tri (dinmethyltrif |uoropropyBsiloxy) silylpropyl

nmet hacryl ate; fluoroal kyl nonomers such as 2 ,2
,2-trifluoroethyl nethacrylate, 2 ,2 ,3 ,3 , 3-pentaf

| uoropropyl nethacryl ate and hexaf | uor oi sopropyl

nmet hacryl ate; fluoroal kyl and fl uoroal kyl et her
nononer s contai ni ng hydroxyl group such as 1, 1 2

, 2-tetraf | uoroethoxy-2-hydroxypropyl nethacrylate
hydrophlllc mononer s such a N-V|nylpyrroI|done N , N -

)




particul ar, can provide a contact lens with superior
surface wettability. An exanple, without |imtation,

wo@Roosiezdas@ contact | ens conprises a pol yner naR€r/Us1005/030515
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derived from about 30%to about 70% or about 80% by

wei f h hilic.sili,concon |n|n . .
ma é‘%g%& gtlge) X ggsoolgeﬁfl s g/stlfﬂéltegk% u‘&ep éé ” r%etho% 159 %ﬁ;eop{régél:d Ofa iterative
N- loRypatty 15Dkd cteme20, G»%etd)a abwuialu2 EdYoSoylayvéB ghiirodted using the most
N-vi nyl N:neth¥laceta out 5@6

0]
of f%%*yﬂ%&%‘?ﬁ ipppte of @ from ﬁtle%l{%(g 8“5"8 1f 6“%52?6’“9 estimate of §
Weif@ht stés omﬁqramhalmelt hageydalyales@fed. osabs)uio tmmrgmmmmby then be

met hacryl at e, ght apd about 0.005%t

D o enbeod e RS e SORRADH sieB 140, or stp
| N8 $na9fbetrBfaRl 85 RAhinktrERHdrRANs et balidicdain ldl%ﬁl(lﬂ(lu r Bﬂthb;ymanner
conventional | ens manufacturi.ng nethod

CoisPr 530, 1701 26 dAABNO 0oes et RO PoReead P B R criteia

by lé ﬁh%aqg%b gy, @hd e meERE nklvestk sfepliboved by
polishing, a nethod to cast a nonomer (and a macroner)

conposition into a mold wth correspondlng | ens shape

f ol d f Lo
Oé})%ﬁ gltgg &eﬂ%c% d EE,eI[n'i? nﬁ‘}éthffgfﬁﬁgtdpe a swé e senso(r)rrgc]egﬁ Lylt will be

polyaEktbddtthantheohethbdigepyf bhitleh disbieseat htethoﬂsacaﬁd bsystems may be

| at he-cutting and poLishing nmet hod, et.c. O|MPEYHC . .
et P |eEeBied SRR BT GNP s B0 {Oh FEFERG pf gochamnel AM signals in

pOkﬂ@ﬂ&@&ﬂﬁgmﬂgﬂ@ﬂﬁﬁwﬁbomm by the general fornula I

can be used for the contact |enses of the present

i nvention: R12 R 3 RIG (I D wherein, R12 is hydrogen or

i
i R R B8 ibeebles S R8BI, B rample o prtof

1 taOrcabioeit orlﬁamammmnaetngrmarmnd sultabhefohyablaibﬂ’ing(yhegc@bpmel signal
is selecte

f f
umstagar?t}on Ie ﬂas El(?sr‘:nnl? %nblsﬁmahegeo grel%. e gl}lrei t2r Hﬁlts%{teas 01];1e exemplary

OW, " Wi he'ra
t hﬁbnﬂioﬂhhﬁ,‘dntl foflla &iRtetn £00 aé itamely bhdamplemeatedirtalreagiviet and to separate

bei ng abou 0 about 10. 1 an d total nu

of ctoF‘]gmg«f r%lgt f f%ﬁ}“? g 1{1 ol ovgr o&gi?q Tlgr} BléVl]h mnfent z&rb flustrated in
abgbléurz gt @%slﬂﬂpmo Qleﬁldé?;tra s’ibglblltcsenl&()ﬁ ;the foein df{sngge&m:tjbn_na 220 that is
I naependen IS an I nteger. 1ro IS

an qoﬁp]@% a9 r?qekyﬁ] @%t KPAH, c1§61tryn}]|]4 %haﬁ,l n 3}31% ﬁé?mql?rgrﬁngaodlment
t 0 ;3hR8Hs r&¥iveXpatis crrcuﬁ‘ﬂﬁmé@lp&d(lb sigaldCubhriRionbeifsdEgpQ 12, it being
group, erein R 6 hydr.ocar bon Hp havi ng ab%y b

2 (00t the a6 SNGHRERETY ORIGOT Ad)Sepiian Sl may be
{1 lenkpibyel tQ&t) is @uﬁab@ Gorfiefotthidg R8I Rére RE Ah& BigndR1Bpdrstion tasks

|ndependent y a hydrocarbon group having 1 to about 12
cardsseribad elsewlksare hdreivr i nat ed hydr ocar bon group having 1

to about 12 carbon atons, provided that at |east one

of R17 and R18 is a quorinated hydr ocar bon group; and
eacjood¥y Byaweh BRO ik Sllishdrpesadpity A h)&dcreo\eafnﬂmrsygesmwp FIG. 2.

or an oxygen nt ai_ni n oup FOVI hat

OneH%\fzevm gt ﬁ]g% qrgo%h%a g}ni]ﬁ t% l;lzgs&]ﬁseﬁggthods and
US ey m@ Gt ARAadveN ﬂﬁpl@’ﬁéﬁt@ﬁmf aOEysté&ﬁcoﬁhﬁgﬂe& a@ndiafgceiver. In
R20 conprise, without linjtation - Fg %1 Eﬁ?&g) d
- Cauditioncs g peeodinhakiapsi thateongirtqung 220 fpay be &g Giipeive an
aboéé%algtl&{)mﬁ:lﬁﬁﬂyt 2140andAireha hakhns 206y b 4 $n Sllslinelaﬁntenna or an
The nononmer of formula Il can be considere

mac#nienan arrm rit enthaipt be undetsiond et ingtar crplediBEs an pysfloaded signal
exaéﬂ%lk {1) Girdd| e Wah gm cRbarhbesigmir oner of
formula e controlled by controlllng t he nunber

of structural units (1') and (I1') in the macromer. In
one useful enbodinment, the formula Il macroner has a
relatively high nolecular weight, for exanple, at

| east about 5000, and preferably in a range of about
10, 000 to about 25,000 or nore (nunber average

nmol ecul ar weight) . The formula Il macroner can be
used al one, that is as the only siliconcontaining
nmononer, in the present contact |enses.Advantageously,
t he hlgh nDIecuIar MEIght nacromer |s used |n

Y o - o o



by wei ght of the polyneric material. The above
descri bed nononer or macroner of Formula Il may be

W@ oolyes i zed with one or nore ot her nononer SPENUSNS/030515
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nacroners for exanple, as described el sewhere herein.
onmpri s e Qv

pol @Pf&i élLuépr?‘FB% 1nnpl rgrzn r%r%tunna ﬁB ? Sou %ﬁ G5 Ippo%gde a RF data 202 that

nMacoies %) casbigativai of mnltlp?rel myedcmvbtsrgem A and @ to receive path

gﬁ gﬁ&g% #E@d(}%g?cﬂg% \éaet I{rglggy 2%& &ﬂ? g%ipl f :Eml'}l'é Hl%erngll BR4Ssuitable
CORROSIry) i®Rohfigurdl] ®Qiredsd it @nditipo tlgerrecren@atllfb datmﬁDﬁ from antenna

wi th a correspondi ng |.ens pe fol

POPS et P2 ORI OPRRE TAUHLLE &r GU° BYE ALY SRl fhat contans
Ma@demBine @ miRip®S di@lalsd bl BQab aigngl rsélpmoﬁblr&dmy 3 LIZ( feac empfemented
the nmold, such as nol ds nade Ofgﬁ. ¥ e vin

( EvoRy ebpdigRLFE BIYFaTPUY, Vit 8blf et ). Bigal Separaion

t erabhip 2l 2t LcordipreR ik REHE @rocé‘ddé‘ch s1@i£dl @84 dogh &eéwepﬁﬁ circuitry
to be effective in faC|I|tat|ng the formation of

t hi2d® agct tRreRaTps aubiNe sipraly Agad Bahsishevy &r%lc%%f‘“%“rféfcumy 212
| ens Hffhred! fof Ho@id@ md}@p16 igRG&tihiRd SHWhBCL and B (e.g., as respective
char act €T 1 St ics during conti nuous or extended wear of

t heepagats sighalg 30t and/qi ?eoﬁ) toupfBerapeeiver Fystesn geyneonepty diot shown (e.g.,
perk, g@?eg Rirc TG NeodS ﬁHé}e?ﬂo%s\ﬂﬁé eAI\)f\@fehﬁQﬁlhﬂl&M a1t will be
reé eposi tfon o proteins and lipids during such
weandergdetheageoar signals 806 end HiSoduckspiovidedigimuligicgesly by signal
i nel udi.n d Is 206 or 208 may b
wer PR T T by il HRSLF GRHELAE Senals 200 or 208 may be
su rpfrﬁezennmldloff bdettabbynprovided hyssigmbwpiratiedtiiitly 242 t ai n

exi sting silicone hydrogel contact lenses. In this
specification, the structural units of the fornmulas

[ 11060l i tHelpratict BE R Ididc oot GARSRI anH Bt QHRI §erﬁfatlon circuitry,
macroners are expressed as a bl ock type |inkage,

t heugh sssdpity 22 af Fishres) 38y bo Hpppaededising g3 ﬁ%r?‘}“rﬂé’& guration or
tyQ%mblntat161§ oP’ ﬁ&ﬁ{ @Q{f%ufaﬁgﬁg Lhgul¥ i BB aftkin®ftwo or more combined
pol yneri zati on that ymeri zabl e unsat ur at ed grou ps
ar eotliankd dAMD sighelse Iélds igteiwid] Grmnence AaINFPIRfgNSEp (Aepigyed in an
Of ot\hﬁoaxgé %{g:ﬁﬁlaﬁlﬁﬁro%&ﬂp G Q{Qﬁl}ﬂ atn? ofid efﬁ%t)&]ﬁﬁﬁ‘ry ngﬁa@ separation
group to Si hydr ocar bon
g r ompmtny muydqempm@tmerdsn ey mamer Sm‘féble |f¢rnlklag@9g sgparation of cochannel
pr ejd?[;l ab Ialles 'In %ﬁ‘ QdeJ&e an{r qt {ls?n%?ataa& dt ﬁ](frﬁ) Bﬂé’]or more sensors
ene groups . ane or ages are
h| ghioyg}pmlnmthodmf ierdtiae cpm;etchenshygr ophg me&lomlgpemch agdepcribed in

stre ol r. patie
gr (fﬁ% ort‘g)$1%1ge ? 61?1;%%/ B g enrllzoac e, 1%1a]{]s\%gérgt9()n c%ulw%% of Figure
di izmeyas iiﬁ}ﬂethembﬂi@%dlg]m-s@nﬂ_mﬂwwwf DSH). Altematlvely, or in addition

am ne-¢ ntal nmol ecul in
carBéP Qlasﬁgar%%? %féuﬁ%vﬁzg &’)‘7 &?’ﬁltgmslilte(g}l Iﬁ%fmy Jifer types of
tyngﬁﬂﬂgggmﬁpﬁkaﬁu@glous syntheS|s net hods for the
hydrophilrc silicon-containing nononmers (nmacroners)
A nunber of such nethods enploy reagents and reactions

t I
corBTIDRR BahoGFR R AR AEFRE LAURAmPR SRS 2 s exemplary
i n ddg and thft syl ioden ecopﬁglyamm ofi gircsitry y andfgy eeoamfﬂ guitable for
of a usef nt hesi s ri | WM RO s
A rafcﬁ%m@ ﬁﬁﬂgné 208 57 r?tll Zat Clcg%d?n&npo iy e{éjh%go%% éi%"?% herein is
Si | sossible. it il ﬁy(dbmﬂmdemdgham lahh;ou(gﬁlFigﬂ)e 2 iltustrhtes separation of two
sil oxane wi th hydrocarbon groups, and disiloxane with
hydr oxyal kyl groups at both ends, along with
cyclicsiloxane wth fluorine-supstituted hydrocarbon
groups in certain cases, is perforned using an acidic
catal yst, such as sulfuric acid, trif
| uor omet hanesul fonic acid and acidic clay to obtain
hydr osi | yl - gr oup- cont ai ni ng pol ysi | oxane conpounds
havi ng hydroxyl groups at both ends. In this case,
si | oxane conpounds wi th various degrees of
polynerlzatlon and |ntroduct|on ratlos of

e 1 . " . a ' | o




wi thout [imtation, such nononers as
nmet hacryl oxyet hyl i socyanate, nethacryl oyli socyanate,

w@nwenasd i ke and m xtures thereof. |socyanat ePCT/US2005/030515
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conmpounds with acrylate or nethacryl ate groups

obt ai.ned reacti dro l,-gr.ou

ac FYIARE é%ﬂj St%lfﬂﬁzﬁg ?‘?Ia% i(o\ége che's P %@%%%1)% eta% fisclosed methods
rretahtcasys;énetrﬁa}awmtptdﬁmgdbmt@vbﬂ@deqmgtae ,enwdni‘nema rthad irsslude three
di i socya und n_al so . . .
t P PEBAE B PARE FEOol LT e B SREP gy 212 i shovw
mMagh e tﬁ%é‘pa@:ﬂe oduhaiee A M Yigadld Angd @and to prov1de these as separate
unsat ur at ed- hﬁdrooarbon grou cont In“F% y roEQ|I .
COI‘?B@Hh sigpals 2Re aﬁgl, dP8si Faweye SIF h)vd epet fistop ﬁi 6 separation
calabmgd ma?%rboﬁﬁgﬁm &l 6fRbRdmbYdEncaes 1@ sapdatt bat bl &me cochannel
utilizing the so called h dr05|lylat|on reacti o

t heAMyG&TUG]s irfPCﬂVg(i oM AR AVES leqed signgl cenyReRipent H]éctlucﬁng two or more

deRYALASERBLLION & RS e QRGUASI @snal AShC@aPBCdrR fhel dverloaded
an act|ve hydrogen conpound, such as hydroxyl grou

P

andigoalr dnyigiment o€ Figy [iis| regaad, anovigleaded pignal environment may
Th efﬁc%;c@ & vae [ RAS8mBELd gc}ﬁ}{ﬁjé'l A% BicAH1O AR Bl Qi Io8&EREthods and

é%%é Tic conpoun be introduced, the side
r eaymmm g dgl mpw@wgpnems @mbbgmrﬁnbwe@parﬁtg qQuiy @ny @pnper of the
hyqr fi661 AGEN: Sf c5@fannel AM
exacr% e, 12%1\2"9 lsﬁg&qgg@"flggl&dg%sn@(fpggltgéur e of V\:ﬁl ch e
i s signeley anat haaddasmed oxsreemtedrteweme neside pépgiveh epilication. In one
Anot her rout ynt | 1c0 t
Syretx?]rggllaly gn : (r)hs g% totauﬁ?rglgegtclaf %@%arfo‘gl &M signals may be
polcjnsmd:tmﬂels caommhm df hmhamgl h%slgngﬂk hg\rmgj psecgiveoignal strength

ends, dro h I| iety is introduced by

hyd?%??ﬁ &ﬁl é%V@#@gna@ﬂgn pol yneri zabl e groups

are introduced to both ends of the siloxane by

reacting with i socyanat esubstituted nethacrylate or

the like. In this case, if active hydrogen, which is

reactive to the isocyanate, o, /B S5€0si n the

hydr ophi Il i ¢ conpound, the side reaction Mﬁth

i socyanate nust be prevented, for exanple,

i nt [00521: @iougwmg preotedisiof singrlgions that havierbaen Wfoymeql by implementing

exa rﬁtlohs lﬁl in c%@ﬁaﬁlaggﬁ ?Eﬁ %rdl%’c%sle&/ fhethoddi $00 of Figure 1 for the
si'lane oxysi I'ane conpoun and the

I | kaenmauimt eﬁadl\/bfslgaalsﬁ:)l incars Dt'eolnad@é signah eiyaropmenf. agheoverloaded

starti ter M xt.ur

ny v gBhPrPE BTy S S At Abhshle Syl il Hiied one sonsor and

al steolechinae .AM\I@.;gnal@I Themwdmchﬂmndorgnals 5§C&$a¢lnslmslatwmlmluded one

ggg’cpg}rﬁv«%r eo)r{% Ig]:, %10 3(#118 %% gh %}ve nxgesago oglqa%P% signal (S2),

CONdif6ligh @NSes Béf uh&b@st@fdefﬂaﬂtthd rivselokddo ethdtds IMSS;ys‘@ms may be

hydr o h|||c nono be enpl oyed,as a, cononone
s e aes s o Ry AR 190 TP B A cochanel
si | isgancRt@idéngnegaomer or macroner. Preferably an

am de nononer, for exanple, an am de nononer

contai ning an Nvinyl group is useful to obtain
sup tran r.e [

ﬁ)g%ﬁ | A[tst scr@#? ﬁu &Y bel %Jmﬂ s?gul%tt%%g %%ﬁ)%ﬁ}nﬁ%g nut§| gfreﬂﬁgm initial
anyesﬂarateg ol &rw}tﬂee\al'}yng)fheopmalaetshmm;e fot a.i in Bel firstysigiulation, a was

|t gsltélftlaah%%ag g}_gﬁ?‘lgar ; ed f?{] ﬁgé:s%su rf%ﬁle sI rafsZ 1 Ihg ﬁecvc\)dgg ﬁm}u]l]atlon, a was

hy dim@phikdd singotayiéirh Qﬂﬁﬁﬂeplﬁﬁﬁﬁ doethe (s@els orferthe third simulation, a was
nmononers (macroners) disclosed in the present

i nvention, for exanple, due toidifferences in

copol yrmeri zability, nolecular weight, polarity and the

i ke between two or nore of these nononers resulting

in providing stable staining resistance, enhanced
hydrophilicity and enhanced oxygen perneability, and
preferably an enhanced degree of ophthal mc

conpatibility. An am de nononmer containing an N-vinyl

group may be selected mnthout Iinitation from N-vi nyl

)




2- hydroxybutyl nethacryl ate, 1-hydroxynethyl propyl
nmet hacryl ate, 4-hydroxybutyl nethacrylate and gl ycero

woreiohaoigd at e; nonomers cont ai ni ng fl uori ne- suPGT/US20080B0515
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25

groups such as 3- (1, 1 2, 2- tetrafluoroethoxy) - 2-

hydr ox opyl nethacr | ate;

o B Sh s Pt p e B IS, The Toupgpulaton was
2 Bydsraey alshyl comethmatay |pﬁ&£s, tﬂﬂhﬂcﬂﬁdjﬂg{pf@e}wbncy offset to simulate
nmet hacryl ate, 2-hydraoxybut ng gs Iatetanﬂ xtyres o ow
¢ howsl? fipqueneyy St e s stro ﬁé’i‘ § eSS ShibeisE
NMORQEBLS diftfdstt @Sothddelogf Xabrtk&ullya nchivtes hsﬁgﬁal separatlon under the
limtation, nononmers containing carboxyl %rou§§§§ Thus. th
as dpssrihect papditions it kngwpy Tandom OF dpcqreetiRhatoiRlizguoy, Thus, the

NMORENBLRNS Oftfudtad NebvAl fY 81Ot HietddaIaEy Omay ObH)Sa(ﬁ'blﬁiblgeously
as di net hyl am noet hyl net hacryl ate and

di émplpmertbd de shepesshidlynaehioye stgmal sppspfiofhierre When initial phases are
neg Lyl am de nonomers such as N, N

|nethylacrylan1de N,N' -dlethylacrylanide,
N- et hyl acryl am de, nethylenebisacrylanide and

di acet oneacryl am de; nononers c ntaln

gr ¢ Llepb %eg SR IHOSQ% 81“;@1%’9? %1n61a§}%1g$ A 1nco¥‘eg’[ p%ases under

MOREABRH hRaAYbAL SagNkoPiaé VREEOD Yighil €sehrytiél than using random phase

nononet hacryl ate and_ t he Ilke ang ﬁlﬂ#éLes the{ 8t be when th

s| |1@%@lr?9tl%clrt yisalpesn oberved dhat ey 1§ ocgugy tend fo be when the
eX RN theOraAddint SAluRFNARBh BsthpBRakIof ataye askddiat@X@itiph €mall angular

such nmononers conprise, without [imtation, tris

(t rsepAsatiopl si | oxy) silyl propyl nethacrylate, bis

(trimethylsiloxy) nethylsilylpropyl nethacryl ate

pent abmet hyl di si | oxanyl nethacrylate and the |ike and

m gigfaCBndil@menfand I®¢niezdibh Barameters for Simulations

polydinethylsionanessubstituted W th nethacrylate

0 dU0TRb ORI 15l BL PRSP i e B R feserved

camelRga utili zed, conprise, wthout I|n1tat|on,

fluorinated nononers, such as fluoroal kyl acryl ates

and fluoroal kyl nethacryl ates, for exanple,

tri L e IRl w iR Gikdui&s data wh

tet@g#ﬁluor%%?ggg g%ry%n%ﬁ&gﬁiﬁggg%ﬁﬁorpfgpy1 ! e where

acriy¢ ﬁkg,agd'semé bm)strmhmitlwl samphlyg agform random distribution. Simulations

25?‘?%%% OI %RP%P {{%%gggercégg VY es ang tﬁ%?&e‘gﬁﬁes In either case, the

M Xhebs@p®s m&rm moauﬁtbd;ammem mednkadHitize Wxﬁtatcempbn Gimpssgan noise
and g%éﬁ nmet hyl acryl ate nononers can al so be used if

nec® ?iand/or desired. They conprise, for exanple

and without limtation, nmethyl acrylate, ethyl

acryl ate, n-propyl acrylate n-butyl acrylate, stearyl
acr[pD3i] &mwhuhr@mtremeddﬂﬁﬁagﬂsh dftrhgs tbgert fragd that constraining the

|
a dg%?s%%%%’ an 5‘w1d¥hht% f'reléﬁw?ﬁiﬁt&%sﬂﬁ&ﬁmtﬂag&v@ﬁﬁm mé}nlmprove separation

nononers "w ass transition
t enpeefoahatice. (Tg) , such as cycl ohexyl nethacryl ate,
tertbutyl nethacryl ate and isobornyl nethacryl ate and
the like and m xtures thereof can also be used to
enh € W3 eB6 6 the AM signals were set to 20
cro@ﬁﬁﬁﬁgﬂgﬁﬁgﬁgﬁgggFgﬂgﬁﬁgrgﬁﬁgn hydrophilic =
pol §8pndbkad nononers can be used to inprove
nmechani cal properties and stability and adjust water
content. For exanple, they conprise, wthout
limtation, ethylene glycol dinethacrylate, diethylene
gl ycol dinethacrylate, tetraethyl ene glyco
di met hacryl ate, pol yethyl ene glycol dinethacryl ate,
trinmehtyl ol propane trinethacrylate, pentaerythritol
tetranet hacryl ate, bisphenol A dinethacrylate, vinyl
nmet hacryl ate; acrylates corresponding to these
nmet hacryl ates; nonomers contai ning one or nore al kyl
groups, such as, without limtation, triallyl
isocyanurate trlaIIyI cyanurate, trlaIIyItrlnelltate

o, . o o A



Wthout wishing to limt the invention to any
particul ar theory of operation, it is believed that

wao bweabase bi functional conpounds have good  PCT/US2005/030515
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conpatibilities and copol ynerizability and contribute

to strength i nprovenent by internol ecular interacti@n

o BS0E i ThpRR: o FHOE! ey oS e im0 A L0
sim | ar backbones, for exanpl e urethane

gr oup- cont ai ni ng backbones. Exanpl es of crosslinkabl e

MO @0GO] A MM ukitiinhindex:| iThk agelslatioe indek higy, thevsimwdagions was set to

limtation, 2-mnethacryl.oyl car bamoyl oxyet hyl. .
rreg]t?tagvﬁ’ﬂeé’f ulagon sy T\‘/?élfﬁlggira)s/ I%lc?xrf}%oa?%g%%ﬁ%%&ey(}f the minimum value
et Ry trGRaskaat Gividdd by Zrenmiphiact y txyeiiby| car banoyl oxy)

propyl nethacryl ate,
2- nmet hacryl oxyet hyl car banoyl oxyt etraet hyl ene gl yco

met .and ] ] ' :
] AL Bl st B Aty H S eSoc PRSI fiod jas set o
f orloed for@lasbdaséss: CH3 CH 3 . | 1 CH

=CCOC3HANHCOC2HAOCC=CH2 ( lib) O O O These

crosslinkabl e nononers can be used alone or in

conmbi nation. In order to inprove a bal ance of

Ch?g@&i ?foB fek 3§ e pfendy:NYHQP M didafed RO e TBS Gy BcEDbler frequency
su as optical characteristics, oxygen perneability,
medaabéenatt teOr engt h, recovery from def ormati on

staining resistance during contact |ens wearing,

di mensi onal stability in tear and durability, m xed
nmononers of these copol yneri zabl e nononers can be

us et oorimPaadiithe , Valiel R Gimblhtirkat i on, of such a

contact lens conprises a polynmer material derived from
about 30% t o about. 70% or abo%ﬁﬁﬁogbb%_mei%ht of ; st
hy dPOEHhi Tihp dolloW e HmEIBHERS THiTh GATHET BHEFTE Sign{g cnvironments consisting
MACYFrORRY ESchanRD N R8atsOplad @ise.5 OPhdpsforepii@htig®fl model dimension
N-vi nyl pyrrolidone, 0% or about 0.1%to abo;%gZS@&b§ . ]
wei RgrRmesdr () daserjed ip FRlatiop i Eavation devasesh Br2- g ke Hmybions, the
to i 2 ' - @X LW hin 1R dAgs iy 1uBistic value
b tin bad q)%w?ggg%ﬁm%g&mg;@ﬁgm 'of et hyl .
netdhasanytp atoxide arsdlutipioter Sthay ogwespends mw@%rweﬂ%iabmnsﬂamt In
of I N i . Jekd i range
7 ur DBRAEE LG She EORAHRC ol s PO chd YERa RN o argo rane
necefsahey ndedatiplsemclodveadtien finding the ryots forthe hirgrhrgetmultiplier, 4, in

l'imtation, ,dyes,or pi. nt.s with ' '
AT A B e VS ()
M X4 paregetehdaedifts thelbvdidl fametion whendosvnl dnghis segard, when either the

manuf act yred ysing a nold, nold rel easin ts su

e lsnith 88 Pierfesoah B P R e SFERE ST Db SR vatue, he
be RPHEHhrdaChdsVBf A% Ge FEREY. k263 6 2 hIBNSE {:(]@ Nfof A Partielll4l.set of data
One enbodi nent of the present silicone hydrogel )
conwhat the enssraint bopdi (Pesis aetrratler Figire Hag ithegsamiseplerdopmgd into the
St at es t.ed me. ( USAN). c [ n A . The contact

| en'$Be° %ﬂ}?{)ﬂg °pf§‘? éenf W?%r\%ﬁtrgglocég% be manuf actured by
conventional | ens manufacturing nethods. The net hods

i nclude, for exanple a nmethod by |athe-cutti

ng .of
pol IPRE4] Tb| the KoHasting wieplaipng ghe High gnd 4°KRKRB Jefiging g bracketed
a "%ﬂgmr lgéﬁﬂg% fheBG BIET IvefOIBOSOd0N @AY 50! RsfectRf The selected
W t orrespondi ng | ens shape foll owed by .
pol tenminaticat driteria usediinghersimiationsovdscr spmbiriajionplea magmugfnumber of
| ens by casting nethod using a polynerization nold
then finish the other face by |athe-cutting and
pol i shing nethod, etc. A polynggic material used for a
contact lens of the present invention is formed to an
opht hal nol ogic lens by a nold nethod in which a
nmononmer m xture conprising, for exanple, one or nore
hydr ophi i ¢ pol ysi | oxane nononers and an am de nononer
containing N-vinyl group, is filled into a nold,
foll owed by a radical polynerization by the known
nmet hod, or by a spin casting nethod in which a nononer

T e




mat eri al s having pol ar groups at a surface are
preferable. As used herein, a polar group neans an

W@Le@ri0ze486 oup Wi th strong affinity with water BEmMUS2005/030515
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conpri ses hydroxyl groups, nitrile groups, carboxyl
gr aup ol yo t hyl en Loup ' n
or et FRLA Fhodtt RO ERuRy el Afee i GRS, n o
| n3g ehvethrthe speoified pﬂigy mar ihmadxemplawdnmimmntaomp ald priedaiingdhghaximum
have contact ter at t . 0
f oPWPRG ©6 ﬁtéraitl8?1‘gwgsu?l’P%e@e° W aﬁ.“gﬁ &l 2 ‘31?{15’8?’ humber of
pr abefidhlayonbgdhd BB tésoforiRidkiskice dif}a xbhﬁosﬁs $hgrengbrroytiplier, A,
met hod. A contact |ens formed usi ng a ﬁnlq.naéer&gh h of the
haViah§reieyshivellonrha Rigosiie) i fImEaces FHAATSH VEHbHE leneth o
Padsidabil REdMesSHPAN | O water wettability and stable
performance in |lipid deposition and the like. A nold
mat eri al having surface contact angle smaller than 65
IS not advant ageous because of difficulty in
se ar%tln%)f omthe nold after pol ynerization,
reggﬂ#ﬂﬁﬁL#¥£H¥ﬂ§%e surface danage or fractures at an
edge part of lens . A nold material soluble to nononer
F'IIUE] ThOp& forHames of i sirglatidn dagesasepreen@d setho form of amplitude
ficulty in se aratl(g t.he l.ens a

e imholet SERE e AP niEien SHayS W eisp pBNB ey pased

nolggto taﬁélh@le AWM @cn[o@ﬁ]afd)r S Qﬂl&ﬁ‘ttmlfoﬂlbwmgrsﬁhlylaﬂimﬂ @®Sg the parameter
polye ene t er epht hal at es and E§ Vi n

copi 9 GF;}\?@UC WHEPs OHe Y 1pg potede; AN 11 é]luglgﬁrocrf samples

CORRkY ﬁi%ft@d ﬁ‘lre%clp?foﬁ s thhedhd Yadke® ofl the Efimatsdangibbrelativota the true
the viewpoints of an easiness in nolding, providing a

di wignalieavare spsibtsset e nol d and gi vi ng st abl ewat er
wettability to the nolded | ens. An exanple of an

"~ et hyl ene-vinyl al cohol copolyner resin product to be

20

25
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usSg00d6s Fipued ballleraas thSeaulks v Sinﬂlﬂa:ti’unTh evlaialp ans carried out using

CSZO rz:topr%:t :311(1:1’(18;5@%6 S E&"‘uggéjglu%tfageé\)a_fesu S I’? %nl;l]ulﬁlon GAERYvas carried

COoRMl YRS Fahabh afitiilgihases OFigaboT illEGate0Me tngsuhnbﬁslmtanbm 3, which

used in the present invention,

po |vy/am§,arrie§t QL@ rpsmg ngla}t&qhglixz}s%sa?{ gn IHQ{)(L o glt: 1% 80 8lustrates the
us %gsalﬁtg of rgntnhﬁjél@n ROLAIVBIW#Aadana St ddMigOdoréttSinia® phdsgd)thbut also
irradiation in the presence of photopolynerlzat|o

i niin¢lading & flegneacyofifsiiersinlate aDopplst freauengy; shyff of 50 Hz on the 20 dB

p ol slgTal a’cz.*»aI 11 orﬁ%)?%g ﬁ%@l@h Srhfﬁ!allx the %Lﬁ’e?@l A8t HRPNY
%5npoun gani roxi des. Exanp es of

photopolyner|zat|on initiators conprise, wthout

limtation, benzoin ethyl ether, bené% di met,

ket[8067] éiaglh ®f th ﬁqpé slmlgp‘r@)tnﬁd;f 1&[&‘%& ot EH@‘FF@C ngllﬁm%ntation of the
tr 'cﬂ&tlcﬁ&!l BRARAY .lmdjéy@t@ﬁ@ ¥4 séﬁgﬁ&p«{ﬂdrb@tnﬁ%tb ®Bth s’ﬂx’ﬁﬂgdr li®1) and weaker

i ke and m xtures thereof. Exanples of orga
per@) 4 covhornel signelst Hdatfirst tharete Stnyptions é?ﬁz‘&eﬁ coherent tuning for
Peroul ?negngg( %’XIIC P ?ﬁlﬁffétgse aft QQpEHﬁntEil&? ot Hs{bdell @fethods and
t hereo anples of azo conpounds conprise, w thout
| i ndystatos @m an azcrlbqaéws@m gRGIONMERt haging a weaker signal with no Doppler
azo r: ler
2B LRI NPAATR LR E PR L Ko U aPDony
ver shifi}s o thls:iumulat;orp ﬂkﬂhlmkwgzeavas redored ern | AR sapmplds é‘h32 samples
n & hor t h d

ST bt [l 1By S CARBIEY chBRUIBIC B MaTSH Doppler
t r eﬁ&qﬁEﬁdy, toOsamphng raatap e, uscxbtoode&erdn@cm gaich ghase tchange exists
pol yneri zation or the |ike. However, in a preferred
enbodi nent, the present contacﬂ9|enses have hi ghly
advant ageous conbi nati ons of properties w thout
requiring any surface treatnment or nodification.
Eval uati on nmethods for |ens characteristics in the
Exanpl es and the Conparative Exanples are as
fol | ows: WATER CONTENT A soft contact |ens was i mrersed
i n phosphate buffer saline (PBS) solution at 23C for
nore than 16 hours. ﬁ#ter taklng out and qU|ck mnplng

o Y Y



curve obtained by tensile test at the rate of 100
mm mn in physiological saline solution at 250C ,

W@ g00ng2648¢ ogr aph (Model AGS-50B manuf act ured bRCT/US2005/030515

10

15

20

Shinadzu Corp.). IONOFLUX The ionoflux of a contact

l e bod ' d method

DR Ry "0, B DR YRt BEY s s an

Techstegue" descrlbed in Nlcolson et al U S. Patent

5,849,811, the disclosure of which is hereby

incorporated in its entirety herein by

r ef [BOSR) 11115&%5@-% N TRRIFLRD gé’stcthQi Rreid, GONisPRied GRS the final
Iens measured in the fully hydrated state.

Th.egtlmtasaﬁraemsnpon epngeserl ticthe drup 8- alns,t i5gperad.ilhmpy be reasonable to

conxentd tﬂ%a{:ﬁ&&ﬁ%ﬂérﬂ O%an J1iBMR) %&ﬁrﬂ%ﬂlf}o&rp@xe %€ value, since a

speci nen enpl oy an I nstron ch

NEcclelANam&aomRtﬁERirgnE@s @nknst alheﬁﬂpa rlilpt§a tpowro pfegseq whers fhehphase is

as .t stre r ostr h [

rredg%ra etg Corre Iir’haﬁr? o()\%no g st ar?lag ar Ql 1tﬂdﬁes{llcg.\lél%tgg that hifverge to

t eGﬁ&Urﬁdteﬁhas@Qﬁf\/Hbﬁﬁ ghend 849 oBvaIgwith reohvemgente ¢ 1ncorrect phases,

exanples 11l ustrate varlgus as ects and .f eat

t hd® i}\lté shaye thatsrelnsigpal ngg; Ek'\aqieﬁ{eésulg Fﬁﬁaﬁ E&g& egch iteration

of iRpli¥sSihhiaxaeeitHalls oh8\hd g “Riy dhO&itd ABR 8 MRS withedch ilration. It

m xture of 150 gns of octanet hyl cycl otetrasi| oxane,
22 \Eﬂldwsungprst]_)od t the disclosed methods and systems may be further implemented

, 1hrdtﬁ@te;3éfhﬁ1£ﬂyfén%ﬁ% %psylltlp Mﬁ&?t)fa’u&l bOR3Her s'ﬁlf?s Al Eniss tuning
7-tetraneth etrasi| oxane, .8 gns

of clffsets chfs@a(@ pe(fznnmwf%R@z’@fq%%mg}lalrﬁl&wn}ems

t et ramet hyl di si | oxane, 200 gns of chloroformand 1.5

gns of trifluoronethane sulfonic acid was stirred for

24 hours at 25 C, then washed repeatedly wth

pur [i0f159~‘]th\ﬂH e 11qlﬂzﬁlhbn ﬁlap e Qidagititee B6 ¥drivue nhvdifieakons and alternative

neut r al ate chl orof orm was . )
[ cbormt. serodir g enis 1BV Bt ke b E ey P Lo Rls il SRty herein.
i QHb\QeV\é@ﬁt Qioﬁﬁl@e"t&%ﬁt@o@ﬂﬁf e an(eﬁt@ongﬁﬁl))t intended to be limited to the
repreci i'tated with methanol (180 gns) ., followe ﬁﬂ ny
odifications,

r erisviegulast fopms disqlosed onBathernttee LH:WP@POIV de FAnfIFo

Sepé%fu%l%ﬂts! bRy 'aﬁeﬁlﬁhvgé \fﬁhﬁ% tw’itﬁﬁﬁﬂ@rﬁﬁh MAS&RPS of it irflention as
The said Iiquid was the siloxanedi ol havi ng

hy déesiapd épmethg repnprsled eiims s ddorsgverh e @ffpr@wu AHFS Ofn P, disclosed
(H3 Ag r independent]
St rier o Fielocn ) of REUAT V08 SRRl Lo ndependently
a bwaNh@mn@nﬂmwer@bhmﬁgbﬁ>@ﬂYéa@%C@nM@%EWéSthxhﬂﬁm~Uﬂfﬂhﬂ
act&g* 5m%&ﬂ§ bﬁﬁn&%ndon1structures and this
oms on a ratio of each siloxane unit. This

is true throughout the Synthesis Exanples. CH3 CH3 |
HOC2HAOC3HsSI O [Y] -SiC 3H OC2H4OH (H3R) i 1 CH3 CH3
wherein, CH3 C2CHCF3 HY: - (SO i40 - (SISO i o -
(SO 6 CH3 CH3 CH3 A mixture of 125 gns of the
si | oxanedi ol descri bed above, 40 gns of
pol yet hyl enegl ycol al |yl net hyl et her (average nol ecul ar
wei ght is 400), 250 gns of isopropyl alcohol, 0.12 gns
of potassium acetate, and 25 ng of chloroplatinic acid
was charged into a flask with a reflux condensor and
heated with stirring for 3 hours under reflux. The
reaction mxture was filtered, then isopropanol was
distilled off under reduced pressure, followed by
washi ng several tinmes with a m xture of nethanol/water

Furt her renoval of volatile conponents under a
vacuum gave a transparent viscals liquid with a yield
of 120 gnms. The liquid was a sil oxanedi ol w thout
hydrosi | ane groups (MBR) , expressed by the follow ng
formula : CH3 CH3 HOC2H OC3H6SI O [Y] -Si C 3H50C2H4CH
(M3R) CH3 CH3 wherein, CH3 C2H4CF C3H6 (OC2H4 ) 70OCH3
Y: - (SO 140 - (SO 10 - (SO s CH3 CH3 CH3 A
m xture of 12 0 gns of the sil oxanedi ol (MR
descrlbed above, 9.5 gnms of nethacryl oyl oxyet hyl

~ - o Y

o . A NN o



was distilled off under reduced pressure, and the
resulting liquid was washed several tines with a

worRoobie@sof net hanol /water foll owed by renovaPCDS2005/030515
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vol ati |l e conponents under vacuumto give a transparent
Vi I Qui \th a yield of 120 gns. The |iquid was
thé’e%ﬁ}g%ﬁ*ﬂwg& thacrylate (MB-U) expressed by the
following fornmula: CH3 CH3 CH3 O wherein, CH3 C2H CF3
C3H (OCC H) 70 Y: - i . Q.10-.(SiI0 10 - (SIiO 6
CH teH c»égngrh?% OFBIOETSF AP ,S“Ma‘é‘?‘f’t‘w?%%“s ¥ MB-U, has a

nunber average nol ecul ar wei ght of about 15, 000.

Synt hesi s Exanple | A Synt hesis.Ex le 1 is repeat

b apEeeB AP A o Sk e AT S R R dta
conponent s agnmising@0EHahhdd M bihdld ZEdvddan fHeQ¥inel Grequency range
macromer structured simlarly to M3-U except that Y

has the fol | &iahfhesppgbpgy®dcH3 C2H CF3 C3Hs (OC2H

70CH3 1 1 Y. - (SiO 185 - (SiO X3 - (SO 31 1 1
This material, identified as M3-UU, has a nunber :
aver age senstading pash ofedig prehermebhM sienals frsmpothesrrelpargl SM signals
Exanpl e 2 A pmi xluyb&ivb 0.8 of al pha-butyl - onega-

[3- (2 ' hydroxyethoxy) propyl) polydinethylsil oxane,

10 gnms of nethacryl oyl oxyethyl isocyanate, 150 gns of

dry n-hexane and 0.2 gns of dibutyltin dilaurate was
poured in a browncolored flask and heated for 2 hours .
under r ghk methot kéelafiut tiisreinssaid sepefatire ompapesgaiimating gach of said
of 6 .ans ,of I et n- hexane was

di stoF n%ﬁigvgﬁﬁﬂgggw?8%§%£§£%Vessu%g? and the

resulting liquid was washed several tines with

nmet hanol (30 gns) /water (15 gns) foll owed by renoval

of volatile conponents under vacuumto give a

t r asparmeimetiod b tlaint 2 oubietbimiatihseparyiingd flrthdr cbdipgses:. The
liquid was the polysiloxane-nethacrylate (FMV
expressed by the following fornula .CH3 CH3 CH,

wher ei n.  CH3préviding(api ifdialrestim&ZtiBor Bhdtsofrsitl @odhmhnel AM signals;
identified a s FMM has a nunber average nol ecul ar

wei ght of aboutl 500 . Exanple 3 A mi xture of 64 parts
by wei ght of pMRidihd ErsPialpysiel estiange Besehiobedl ¢ashirhel AM signals
Synt hesis Exanple 1A .10 parts.hy weight of .

N vi nyl - 2- py PSS Pﬂéﬁélwmétﬁéisﬂﬂfﬁlé?l ef\‘i\%tes, for gpchy gf aid gpghannel
wei ght of N-winayibndlb s¥RI D raeRled RiFdRtaf e ei naf t er

"VMA") , 6 parts by weight of isobornyl nethacrylate
(hereinafter "IBM') , 10 parts by wei ght of nethyl

met hacr yl at e o(Ref6) NAESRI impMVRY dstinfhtelfoP@ich SF Q¥ MRhAREL AM

of triallyl isocyanurate (hereinafter "TAIC') , and0.1
parts by wei gisnalppaspd gt least in part on said first improved estimates for each of

6- L1 et hy! bengayldheay LBRASARIRE -tk ders bael nal ter

"TPO') , which was adde t to the mxture, was
mxed with stirring. The m xture was injected into a
nold for formng a contact | ens made of an ethyl ene
vinyl al cohol resin (hereinafter "EVOH resin") (nmade
by The Jhparctiydntfickin e, Cheein sdideepa@ting further, comBoisas! i t e
S) , thenirradiated by ultraviolet (UY) light for 1
hour in a |light exposure equipnment to give a

| ens- shaped padvidieg an ihitiel ¢stinstetfurmclobl saidvechanes A9\ algeds; and
in ethyl alcohol for 1.5 hours, then soaked in fresh
et hyl al cohol for an additional 1.5 hours, than soaked
in an ethyl alcohol/water (1/1) mxture for 0.5 hours,
soaked in deionized water for 3 hours, and then placed
in PBS solution, and foll owed by autoclaving for 20
mns . The | ens thus obtained was transparent and
flexi ble, and showed good water wettability.

Eval uati on of physical properties showed results set
forth in Table 1 . Exanples 4 , 5 and 6 Exanple 3 was
repeated three tinmes except that the m xtures forned
had the conpositions shown in Table 1 . Each of the

| enses thus obtained was transparent and fl exi ble, and

. T . - - o



that the m xture forned had the conponents and
conpositions shown in Table 1 . In each of these

wez@aptasq 10 parts by wei ght of FMM was i ncl uPedUs2005/030515
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Thus, each of the m xtures conprise one
siliconzcontainin croner..havi.ng a I ' .
of abouP)15}56ﬁ?mgﬁg%%%8?H%@“@P?fCEWY%%ﬁﬁ%#%i%ﬁﬁg{&n&m
macr omer haviodghnaelrAiViahla basae bigbdst dfpactiooatmakt #OMt previous

Each of the lenses_thu bt.ai ned r.ansparent and
flexible, arffimaiRetPr a%fild’?\i%la 8‘?&9\%}\@?&8{ ﬁlﬂais.a“ 3%{‘15 e

of physical qipperties showed results set forth in
Table 1 . Exanple 11 A lens was prepared in accordance
with Exanple 5 . The hydrated | ens was placed into a
2% by wei ght aqueous sol ution of glycero
nnnonethacrylatgmécmmmo /gl ycerol dinethacrylate .
(GOVR) Tbemathpg of gaigt, Yurthepeonysisiag repqating sfor 1) it agpecified
I n¢l Heedon Wasidg3aAssed and purged with nitrogen for 15
m nut es. The aqueous sol ution was gently agitated to
mai ntai n hydration. The solution was heated to 70 C
for 40 m nutes. An aqueous solution of 2 ,2 '-azobis
(2-am di nopropane di hydrochl oride (Vazo 56) was added

t 0 6 he Teamktod of ¢laim 4, Pdieseineseid AR dainisweesivad bpasigele gensor;

occyr for. ] ' ' BERY 88 SPHEkaid cochannel AM
0 Ul ) 5 5P 508 109 BB oo s
| eninblhasd abingiahestimagf (2)aegpantingamptithdes adipbpsss obysgl

showed wat er. I R A VN = [ - '

o USRS R ST iy By B i
Conpar ati v& Exanples 12 and 13 Two commercial ly

2V RSP 63 o PERMILEPCRREF AN HERls DR SbIEaT, BT GRS o5
property testing«yEval uation of physical properties of
t hgseridusestireis €5 s hofwaili doekkmhtl AN eignile ratost recdig pptewiobs estimate

. TA | SEPARATI ON A N LS A N -
bt AR SR DBl s
Asst@nea/RFARRI (rcant: L-3 Integrated Systens Conpany
BACKGROUND OF THE I NVENTION 1. Field of the Invention

[001] This invention relates generally to radio
frequency (RF) signal reception, and nore particularly

to reception and separation of_ cochannel. anplifude iy
ol at Gake RIS SR & Mo L) GIDE 1o PHRIEH y dgitional
Art [002] ,@ochannel signal interference occurs when

t Weestihatei6 e )if griditschamel AMasigmistthas chisitnizeh thehivetive frection

o1 gl P ey BRI LR FRRTR, By REAADERonstip

that is receiving two or nore signals transmtted at
the sane frequency and at the sane tine by two or nore
separat e transnitter§%§¥ﬁﬁéﬁéh a case, data (e.g.
voi ce data, text data, etc.) c ntﬁLg . in any one of
the interfering COChQQB%hjﬁrgfﬁﬁﬁca ot she accessed
or processed further wthouy flirst separating the
given signal fromthe other signals to allow

denodul ation or other further signal,processing. [003]
In the past, beanform ngwagd g-o§erference cancel | ation
techni ques such as spatial interference cancellation
have been enpl oyed for purposes of cochannel signa
separation. These techni ques enploy nmultiple sensors
to separate a given signal of interest by canceling or
nul l'i ng out other cochannel signals .fromthe signa

of interest. However, such approaches require spatia
separation of sources in additiogn to expensive
coherent multi-channel tuners having a nunber of
channel s corresponding to a nunber of sensors that is
equal to or greater than the nunber of cochanne
signals. When the nunber of signals exceeds the nunber
of sensors, the signal environnent may be
characterized as overl oaded. Performance of
traditional beanform ng and interferencecancellation

M o o " [ T Y L N Y e I T o




approval process for establishing new AM broadcast
channels. [006] As an exanple, in one exenplary

werwoeddent , the di scl osed net hods and syst ensPOHYS1965/030515
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i npl enented as a receiver systenithat i s capabl e of

s\e\gar - i?@‘ig‘é‘oti‘i’%ﬂ’g%%{’t gg'hgrg?hsgln el %ﬁf S| i Sus| 1%&8[}9 reated by

Si RgéiongNSRbadcastifde said tarbhrmebAMEsigNa)s snmmah@nisly(m ’éae same
correspondi ng single channel tuner. Such a

si AGANNELHOET i npl enentation may be utilized to
achieve cost savings and reduced receiver system size,
facilitating installation of such a receiver system on
nobile platforns (e.g., ships, aircraft, autonobiles,

trai NS, THORBIMBEBf AdH RwheRR dhk ®8 saidexdBinnal Allrsidnhls comprises
etc.

, Where |rrplementat|on of | ar nd nor.e
Ph s RSis nRRTeAT ST P S G P oo COaY seid AM
or si RtpRlife sdi®@Pbllic 39icd inF6hAs 66l from ol Sochithe BATI sififals of

e advant ageously inplenented in one enbodi ment to
seﬁ@éﬂ@ﬁé@@RfsbPate (e.g., for purpose of |istening,
further processing, etc. ) one or nore desired
cochannel AM signals fromthe cochannel AM signals
that have been separated from an overloaded signa

enyipr on P[ﬁ@ I‘nethlaat)f cl:lamyg] '%Fem daRNAkthdd ﬂ[’thé%réGﬁﬁhﬁe@ I@élé’ctlvely

creat ed, en a pernmanent or

r eceilating aigwegeogo%qatdi ®a1ialnyelo’d\§,i81gn@n ﬁdmmﬂteiiie@h ltfiﬁbAM signals of
tr anl%irrnegegv%(ri iFtdh %tln ?ﬁ!:lgontsé ﬁ)nasd&hﬁatnﬁg% g%%e?m@’ salti té?ven one
safg frequency e ex such
S|kﬁaﬁdomhm&wvohlmgmkbased receiver that is | ocated
between two cities having transmtters that are

si mul t aneously broadcasting AM signals at the sane
frequency. [008] However the disclosed nmethods and

systens nmay_al so _be i.npl nted in _anot her [ s

C 5 lanabHon bbbt BE el A Sy REOle Moy STAR J0t Comprising
si Qadhasindl VI sipame fdr @@fsnsieyiar iatiecaie deywncy nahmnﬂ(an‘élb kame time
or deliberaéely created overloa enviro

na {
In Ph]ieg@ﬂtl@@ al”eCF\XBT (E)FI‘&HB% ]él a}&mv ﬁﬁ%(i% Hgnmen sa1 Teceiver

| Nt Rtk RERo0! ¥pdrdtd Beeiof b2dlcdtharinbEA Miasigalsi iﬁnsm @@ rcottarnel AM
sane seIectedpfrequency range i n manner to nore

ef fsigmalspf s3}d BEidpteze the sel ected frequency range. In
such an enbodi nent, the cochannel AM signals nay
originate or be transmitted in any manner suitable for
creating an overl oaded signal environnment from which

GOE ARl of SN2 SyHERYn HR 0T SRALShSchePANI si‘énals&;@ﬁﬁmses
one of the AM cochannel’ signals may be isol ated us
t hepwbiis sdrvise thformetiery endhyhereiy s4id maseivergs fuathgrgonBguredfo Sblate said
cochgng @4 &‘Mjﬁﬂ Qig@lnﬁ IR RFAQIiABifaiRh AR Jthd @%ﬁﬁe@ﬂM signals
fronige gr aphi ca enote [ocations (e.qg., by
traﬁSmﬂumensdgﬁdaantennas | ocated in separate adj acent
cities, by transmtters and antennas | ocated in
di fferent geographical areas of the sane city, etc.),
and/or the cochannel AM signhals may originate or be

tr ed fr eogr aphi
e L ST TR R PR v
st afsblam aQfiventohe bf sfaal'nob]ndnyél ANIGihalk fromroghee xentrpirat 5 M 31gnals of

enbodj nent, e _conme gn l.s .
b 1 Sr i e Brosmeient bodoat PRADLR B SRR pER siven one
fregmﬁﬁpﬁdm@ﬂgenuk@namother exenpl ary enbodi nent, AM
radi o signals that contain public service information
(e.g., weatherrel ated informati2en, hi ghway-rel at ed

i nformati on, energency broadcast system "EBS"
information, etc.) may be intentionally broadcast

ei ther continuously or on an as-needed basis over the
sane sel ected frequency range used by, or that may be
used by, other transmitter/s of AMsignals (e.qg.,
commercial AMradio transmtters). For exanple, the
disclosed nmet hods and systens ‘may be inplenented to

o LT o o oy




[0014] In another respect, disclosed hereinis a
system for communi cati on using an overl oaded si gna

wepoeieasent . The system may i nclude: transm t PCT/US2005/030515
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circuitry configured to provide RF data including
cochannel AM signals for transm ssion in the sane
frequency range and at the sane tine; and receive and
separation circuitry configured to receive and

t h of th hannel . AM signals fromother. .
codfianndhe mefted GhelPEn s viremed BRI AR Sypii oS TG g Seid

I esfBGhittedIRE Ahid S6EpefLi0hdnSelaA MBIASE, dnd keraraiag sahog said

AM si gnal s, that includes rece{ving RE gat %gt

i nepeigarel 94 migare frompther eehannel AMesIgnats aal‘i%% el ude
separating each of the cochannel AM signals from ot her
cochannel AM signals of the received RF data by: i)
providing an initial estimate of (S) of the cochanne

AMsi gnal & RRdoAnMididaftbn §td ABSveriQided Aknal SRIREMBAL HEH
anpl'i tudes and phases of the cochannel AMsignals; 11i)

pr oyitefhwgmptisitgsast one additional inproved estimate of

(S )of thecochannel AM signals based at |east in part

on a nost recent previous estinate §S ) of the
cochanneéknshit siiayitel @nfignredbieprovidedilt dasr eopinsigng sethiapd AM

of (a) represent] ] t ‘e
cochannel AM'§} aégng) g ,%Eglrl}%%# ﬁrgﬁlf' g%g? @gelﬂé%é rglgﬁezf Ia? ? S t;he same tme;
and iii) repeating step ii) until a specified

termnation criteria is satisfied. [0016] In another
respect, disclosed herein is an AM signal processing

syst em téatveiand bapahasion @meittyeonfighraisp ascatve ond sepamigicaehyof said

led t [ dat t | t . .
gggfaf i ngoi ngcglgl\é{%ém%%@g éqrnga%?r cg&]%a?sg r{%&ﬂ@%{gﬁﬁ? ﬁf; {aid RF data.

recei ved RF data including cochannel AM signals

received in the sane frequency range and at the sane

time. The receive and separation circuitry may be

confd, gureghetnad $ERABLsteeaRigalls Idbmpagahannel AM

signals from ot her cochannel AM signals of the

received RF data. [0017] In another respect, disclosed
herei n i gcfin M 3AENAd rREREERTIRE cEMPHARR 0dRINNEINENULRS]S; and
recei ve and separation circuitry coupled to receive RF
data froma single sensor operating in an overl oaded

si gnal %@ﬂdrﬁtﬁ%@m of shil @odHaRRl ¥&6si B 0RA ofhBCdJdRiniEl AM signals
cochannel™ AM Signal's. The receive and separation

circui try maypf bed rwerifedRif é12 b separate each of the
cochannel AM signals from ot her cochannel AM signals

of the received RF data by: i) providing an initial )
estimte of (B) oprovidingrodhtialeslimaip/pE(Synbsaid eonlepnael AM signals

initial esti f. . ] Wﬁ?Rl" -

phases of thggé%%%gﬁ%%%nkﬁﬁgﬁéﬁgﬁégg?| d%%%@%%ﬁgmgfsff&ud

(* > | east onrechadatl AMbighals, npr oved estimate of (S ) of

t he cochannel AM signals based at least in part on a

nost recent previous estimate (S ) of the cochannel AM

signals, a nost recent previous estimte of (a) ~ (F)

repr esent i ng Mnpl Proyifing % kastona additioral impeoved erimmtrert (Bv Jof

signals, and sFﬁ%géh\éﬁﬂzl ﬁﬁgg@ﬁa@s Basdd at 8AG ih bin} of £RGGLEAREt previous
[

step ii) until a speci d'termnation criteriais

BTG "1 {1 uSPHPES Crot NEUBIS PR G T et provion

exenpl ary enbodi nent of the discl osed nethods and
systens.[0019] FIG 2 illustrates a system accordi ng
to one exenpl ary enbodi nent of s4he di scl osed net hods
and systens. [0020] FIG 3 illustrates a plot of f (I)
according to one exenplary enbodi nent of the disclosed
nmet hods and systens. [0021] FIG 4 illustrates a plot
of f {I) according to one exenplary enbodi nent of the
di scl osed net hods and systens. [0022] FIGS. 5-8
illustrate results of sinulations perfornmed according
to the nethodol ogy of the disclosed nethods and

. NP~ 2 FNTT"1 7~A P — 1 147" A =1 }\ JI™ p==pa AN R AR T~



step 130 (plus other results such as the previous
estimate of S or possibly the current estimte of a)

woreyetass be eval uat ed agai nst one or nore sel BCT/882005/030515
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term nation criteria in step 140. If the term nation

criteria has heen net, then.the b
accepted in esspglﬁtefgga)ggprgq%%g anﬁ@\%@ % plrﬁgéét Hgsald cochannel AM

term nation ggdalsehndsaliascenet Ryahn (n)atmd a new val ue of

a may be estimated in step 150 using the previous
estimate of S obtained fromstep 130. Step 120 nay

then be repeged r@ﬁeaﬁﬁ%ﬂ@ﬁ@ﬂmﬁﬂa citib@featinygonf drivatiafiadatistied.
152, this time using the nost recent preV|ous esti mate

of a fromstep 150 and the nbst recent previous

estimate of S fromstep 130. Using this nethodol ogy,

steps 120 to 150 may be iteratjvely repeated until

or lfor e Themstpégf flelﬂht% Hthpisi saidistegry) ompTEeL BROYISMESy aﬁﬁﬂonal
step 140, @and the results accepted in step 160.[0027]
Refegtimat® gs n wa $a6d Edobarmel AMisignai et oéxtimizes tha objabtue ffimption

SR CIRER LR LN ORI —

estimate for S Since Sa = r has infinite solutions
for S, constraints may be inposed to reduce the
sol ution space for Slnm@ﬂEeE npl e, in one enbodi ment
t he sol ution space for S be red c d by only
consi dering sol utions E an)r Eﬁﬁiﬁ "close" to
the nost recent previOUW§"edfimat'e of denoted as S,
along with inposing a reS|d al” constT |nt In this
regard, the term"close" refers to %he di stance netric
in the Frobenius norm segge, pahereg his distance is
cal cul ated by taking the Frobenius norm of the
di fference between the current estimate, S, and the
previ ous estinate, . The Frobenius normis defined
as,

di ]m;lﬁg Iﬂeghocc:l 8% < a?‘l[l.a ﬁi’g\/&%re% Jai’cﬂ st 11) f&r‘EheP Uﬁ@é@ﬂﬂeﬁl %ﬁmg the
ex mh@@ﬁeaﬁlamcmhe{ﬂtfﬂm nd smsﬁymg tlwfcotlmntt bauml (of) bYE E }
as follows mtr{EHE} subject tor - E (Equation 2)
where E is defined as follows E=S - S, (Equation 3)
[0028] \hesiming theLidiengtanr rent estimte of S that
m nimzes the objective function and satisfies the
constraint, where d is the constraint bound, and where

tr{) is the trace operat r (hbhq) {E &
[0029] Thedﬁp@ftgfgxﬁ_p EQS’ I%f?iE&ﬁEte ? t,
g

may be use Ine the s uared of th

residual during the estimation of S e., it may be

used to represent theall owabl e anmount of m smat ch

bet ween ) peneslkiii e pRdichivE HRlIsefavgidn.dat a. Any

sui tabl e constrai nt bound net hodol ogy nay be enpl oyed

in the practice of the disclosed nethods and syst ens.

For exanple, a constraint boqu valy !eads to a
'’

| east squar es re3|dua¢5pp +SA shmé nt bound

val ue may al so be §elected th isp portl nal to

noi se power, e.g., where an estimate of noise power is
avai | abl e. Anot her possi bl e approach to settln% a _
const r ai Ct)tthebéi}ilﬁ@lg\ﬂ%ﬁ ioats o§ the gragdisat of thad:aggian JYMIFRECIQE);
purely heuristic. [0030] The constrai ned optim zation
probl em of Equation 2 nay be sol ved using any suitable
nmet hodol ogy. Further information on simlar solution

nmet hodol ogy may be found, for exanple, in Joel H

Trussel and Mehmet R Civanl ar p5The Feasi bl e Sol uti on

in Signal Restoration | EEE Transactions on Acoustics,
Speech and Si gnal Processing, Vol. ASSP-32, No. 2,

April 1984, pp. 201-212, which is incorporated herein

by reference. [0031] The optim zation probl em of
Equation 2 may be solved in one exenplary enbodi nent
usi ng Lagrangi an techniques. In this case, the
Lagranglan nay be expressed as (ft-I) (*-|) | (E, A =
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taken to be the current estimate of S at the end of
the k iteration of the algorithm i.e., when the node

waledocozesé he t enporal sanpl es of each source tBCDES2005/030515
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real . [0038] Fol  owi ng step 130, the current estimate

f S | t
gr it ema 1§&V uaig{j f(?ﬂt%%tﬁﬁlgmﬁgeg ékl";eqobjescﬁ?fei filgrt{gnno% ec{i)\%

term nation ﬁlhbttcerﬁ{ac"m;/wh@el ude any one or nore
specified criteria that may be used at step 140 to
det erm ne whether or not the results of step 130

shoul d be accepted I n,gner embodi ernt ti
criteria may | @ SR th:rwl &Hut :fnions
(e.g., |terat|ons step 120 to hat A been

performed. For exanple steps 120 to 150 may
iteratively perforned for a specified given nunber of
iterations, wthout consideration of other term nation
criteri a)théh tadeubeing viel projectiondR) wsinm thefeleyingfrelationship:
iterations may be specified for termnating the
iterations of steps 120 to 150 when the specified
maxi mum nunber of itergtionsy have beeq performed,

e.g., when other spe&#a[zjrets t eaE E@a |bg arlteri a has
not yet been nmet. Al so Yossi bl pecified m ni mum
nunber of iterations that nust be perforned prior to
allowing termnation of the iterations of steps 120 to

150 based on fulfillnment of ether specj
t er m nat)) Gen ealquiasing the esfimar (Rx ARPIAL0S anfl‘élrﬁ,xh/lﬁglﬁlé jjsing the

criteria thagRnmde.gomhpyed al one or in combination
with other specified termnation criteria include, but

are not limted to, requiring a threshold m ni num
value for length of residyal ,ebtained in step 120
(i.e., termnating the K£8ratS§ ons wheand he | ength of
the residual is less than the specified threshold
value), termnating the iterations of steps 120 to 150
when the Lagrange nul t.itpli er function (Equation 7) of
step 12@) Has comstiginingt(Son tobereak he specified range for
whi ch the function is being evaluated, etc. It will be
understood that the foregoing exanple of term nation
criteria are exenplary only, and that other criteria
may be additionally or alternatively enployed in step
140 [0039 eci fi tion criteriais
sati’%sfi e %ﬁf%?g’mfﬁ >IDE Pre S%%%%&£@% s of method 100

may be concluded, and the results accepted in step

160. However, if the term.nnati riteri

sati sf i SB°TYY 20f &parp %8 CWWO(?“@B%%%V“@%%%%{%?% a&e%srt) one
150 where a ReWoNGHetiEin®in 4 ovajoddel dgtal emiredmes] sagl mepjved RF
sui tabl e nmet hod and,. .for ﬁ a ,.us%qg at Ieﬁst A o nenc
portion of t KARCAURITLE ¢Reh’sD ig9all SRRV ARG thisame frequency
precedi ng st egpe dadatiths shal tinlepar@ne enmbodi ment, the

el enents of a nmay be jointly estimated in step 150

usi ng al east-squares estimtion approach. For exanple,

a new ValheeifkaidrddBiVe BRI Lpdrfithaieduas (ﬂﬁﬁ@frécb@@eﬁhﬁdt@&tich of
usi ng r and the nmost recent previ ous esti mat e of

obt ai ned in seidgodrpnel pdbsienaly o Ahersashamel AM Slgnals of said
enbodi ment, 3.l.RRERFIEMAr €S probl em may be expressed
for step 150 as an optim zation problemw th an

obj ective function equal to the squared norm of the
residual, (Equation 8) [0041] Thus, the optim zation
problemis mn/(a). The m ninum may be found by
finding the root of the gradieng of the objective
function, argV ,J (a) = 0 . Equating the a gradient
equal to O yields the follow ng expression, Va.J (a)
S"Sa-S"'r = 0 (Equation 9) [0042] Therefore, for this
exenpl ary enbodi nent, the estimate for a in step 150
may be expressed as (Equation 10) [0043] The sol ution
may be verified as a mninmum by verifying that the
Hessi an of the objectlve functlon 'S p03|t|ve
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envi ronment may include nore than two cochanne
signal s.[0049] As illustrated in Figure 2, antenna 220

WO 2006023Bed to provide a RF data 202 that cont BETIESR05/030515
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conbi nation of nmultiple received AMsignals A and B to
receive path circuitry 210. Receive path circuitry 210
(e.g., single channel tuner or other suitable

Ci noui t My systencifldigUetethdrain paio eesise and epavdliidn cimuittyas

or Goebe Ggr 564 of BHroenR 1 s tpf ety bR St An
chagqmels by etthadting @avhaif8sid cevibhee A MigralsHasedsingnidl receved RF data.
and B, to signal separation circuitry 212 (e.qg.

i npl enented as part of a digital signal processor or

with other suitable circuitry). Signal separation

circuitry 212 is_caonfigured to . receive processed . .

Si Grlal 08 STHOmO LRI Pem BEIFR SE FEEIVE P SRYAUGR By is frther
sepahfhfedidl tiple signals A and B. As shown, signal
separation circuitry 212 is configured to provide

multiple differentiated signals A and B (e.g., as

respect :chﬁli(fE%%iﬁsleesﬁh&Q P22 sARLEAENRPRM §iBnal; her
recei ver system conponents not shown (e.g.,
conponents/circuitry for further processing, AM

denodul at.i.on, : | ;

sopar at el Fbfighiokh eitysts (EA RN R AN signals based a
si mul t aneous lepsthy pari gmsiid igisiebestimpien fog ierddunif 531§ corhpnneh AM
that only one of differ ' L s 206 or 208 may

be preferent%ﬁ%ﬂ@ggfagé%%%?g gm%f%§$ded by signa
separation circuitry 212. [0050] In the practice of

the disclosed methad i anal e of
i out t R e PR Rl Pt g OB A gnas aseo

i npl ement ed  usledyyingpayt odiskid dirdt ipofddgustiabtefor each of said cochannel
conmbi nation qf circuit, configurations suitable for
separati ng t%@dﬁgnﬁ%?gh%@ﬁﬁﬁﬂ@aﬁ%ég annel AM signal s,
e.g., received fromone or nore sensor/s deployed in

an overl oaded signal environnent. For exanple, in one
enbodi ment signal separation circuitry may be

condy guref sidlerd BY c18BINIE fvhsidint saidlrecefve an@ Sdph@ibm@reuitry is further
separation of cochannel AMsignals in an overl oaded
envimEaEHERE: usi ng data obtained from one or nore

sensors through a nmethod of iterative projections,

e.g., using nethodology such as described in relation

to Figurie 1 meyvéderrn inifalspidmaipts grohe paid sodhanpel AM signals; and
separation circuitry 212 of Figure 2 nmay be

i npl enented as a digital-signal processor (DSP). .

Al t er natibvel yrovide at feagtdts ed nﬁldnmr@s@v,est@aéﬁnfm each of said
separation ci ' . [ : i ;

ot her type/scg?Mgﬁﬁ%géé' %?%ﬁgﬁﬁg%gggg?%%?%?%§68%2?ﬁ¥?ous
wi |1 be understimaes foheach phigid dochamelM dicontp o sridneceyed RF
Figure 2 is %é%nplary only, and that any other
configuration of circuitry and/or sensor/s suitable

for acconplishing signal separation according to the

nmet hodol ogy di scl osed herein is possible. It will also

be understood that although Figure 2 illustrates

sepzs.at | The sgfteh\wh claiih22) RélereAl\daii rgeedttesntl separadion circuitry is further

| gad ' l., enyi t, the disclosed. hod
R R R R T e S ey

environments that include three or nore cochannel AM
signals. In Figure 2, signal separation circuitry 212
is shown configured to separate@7cochannel AMsignals A
and B and to provide these as separate output signals
206 and 208. However, it will be understood that

signal separation circuitry may be configured in other
enbodi nents to separate out only one cochannel AM
signal received froman overl oaded signal environnent

i ncluding two or nore cochannel signals, e.g., to
separate only AMsignal A or signal B fromthe

_____ I 1 g, o T L



nmessages were AM nodul ated, and zero nean additive
whi te conpl ex Gaussi an noi se was added. [0057]

w@arvdne@Bh Constrai ned Messages: It has been fPCHUS1005030515
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constraining the nmessage bandwidth to a fraction of

the transm ssi on bandw dth may inprove separation
performance. [0058] SNR (Signal to Noise Ratio): SNRs

f on4eac ThefystdaeotAMimi2gmahaeinedié asledst bie s2fisod B assinglel®nsor; and
dB. [ 0059 nitial phase:. The es .far the
R ey Sangesion GBS D bR RBITEAT: on

I ndex: The nodul ation index for the sinmulations was

set to O. 5 wher e nodul ation index is defj

ratio ofCHE SRR R RFPVILHE hihithssaly ﬁ%ﬁgrf FH folfenmel AM
message di vi Qgﬁ’alﬂhdtaﬁ enifdTRbtirhat6l6f @ repReertif hinplitudes and phases
[0061] Block Size: Block size or nunber of sanples per
processi ng pefsasrofkand M signalg2ads or nost cases.

[ 0062] Doppler Frequency Unl ess indicated to the
contrary, the Doppler frequency has been set to 0.
Algor|thntPara ter..Val ues..f or .Si mul

fol | owi RESTHHEIPGHLY REFEIRE# RIS 8 ntﬁrsa?en{; f 3 Al {2Schanncl
envi ronnent s A(MJ Kigha$d basgl A fleattvity pﬂomhampal recAiv Iﬁetgmasl estlmate

pl us n0|se Th refore t he signal nodel dinension

par anet er g i hZSF éa z]%cflet?mélgﬁlﬁts 5s, a%@gt@éﬂt%%vgoug“@s%mate of

set to 2. Fo at1 ons constrai nt bound
) has been séb) r¢mesanting| auwllblﬁeﬂandwhasehof faidl qophannel o | Slgnals and

is a he“r'St%ﬁd%989<1§98§§ﬂ?t0 provi de a solution for
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S that correspon fo a unt norm residual constraint.

In conparison, choosing a constraint bound value d )

of zero would result in a |large range of val ues needed

to search over when finding the roots for the Lagrange

mul 25, pl i sydtem of ¢laifaPdatvherain Baid Asceivayndgepsmton ¢irpuitry is further
Equation 7, the value of the constraint bound ( d,)

ath%nﬁ Qd {pq{e%ﬁ'{rl &fid 453k téfmnf)xtxémé Ql?acfﬂYtﬁanf és‘mfnh‘t@‘%g' 9 réf said

up or regar when eit her the th
t hecqchesmdluw sizmelo rdesmmtms the pbje¢teve deiedion @rr{EtE}o%t@rteltls(ﬁeS the

constral %gﬁl}de( 6\3/)aa!cyoqdm% P)ethg ?o?for/ﬁ%q;éﬁ?&ﬂﬁ% \6:: %/I lCSIr gre

set of data when the constraint bound ( d ) is set to
1. Figure 4 is the sang ﬂ%&h zooned into the range of
the plot of Figure 1 R he root occurs. [0064] In
the fol l ow ng sinulations, range, gnd resol ution
defining the bracketeg_eang& zgrtﬁoci%igg the root for
| were [-3, 1000] and ectivelly. The sel ected
term nation criteria used in the sinulations was a
conbi nation of a maxi mum nunber  @f siwx, i terations, and
a test for the existencewhére®&+90t-§ or. t he Lagrange
multiplier, I , in Egq. 7 over the specified range. In

this exenplary inplenmentation, the predefined maxi num
nunber of iterations was chosen to act_as an upp

boURRl 1 GPhetHRICTr @k FARI h HPBIER B of Rt Shohiel A el compriscs

andy fyig sEORE irffHmatib® aRX WitBRGEId¥cefve kRO eph@fior &iRuitry is further
Lagrange nultiplier, | , was enployed to allow the

al gemiighner foiselate 1A ADG sigpal é&mpn%wqatdéwb%eeﬁvltqﬂefqneﬁ*@qmﬁom
kAt i on Performance
[OO@@?K% e per@*NI %g§§%§ﬁﬁﬁﬁ?'sinhﬁation cases are
presented in the formof anplitude versus tine plots
of the true and estinmated signals, with their
respecti ve phases, passed through a sinple AM
denodul ator. All of the follow2gg sinulations use the
par anet er val ues descri bed above unl ess ot herw se
noted. Also, only a small nunber of sanples were
plotted in each plot so that the tracking of the
estimated signal relative to the true signal may be
easily seen. [0066] Figure 5 illustrates the results
of Sinmulation 1, which was carried out using correct
|n|t|al phases Flgure 6 |IIustrates the results of
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Thus the invention is not limted to only those
conbi nati ons shown herein, but rather may include

WO Rwe02@86bi nati ons. WHAT IS CLAIMED |'S: 1. A mec¢hoskoh®30515
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processing AM signals, conprising: receiving RF data

in an overl oaded signal environment, said received RF
data conprising cochannel AM signals received in the

samg. f r H(hbl Qﬁern 6183[@1@ 1anehatintskie reaive afd sféﬁaramdzlrcuitry is further

zte Fﬁlg]r;l gﬂfgﬁ%gcphv/g‘ isq Jﬁ%%‘glg/gtg?r?enagl Sﬂd rc%%tg?nfiléi/hggl&i% féom other

2. chbmni@tANdigails 6t AidRedeivediRET ®itdlin $&p6hnss @PAEdirhad specifying the
conprises estinating each of said cochannel AM signals

b dePtibrO AR B OBF Jeiheclipe] AM SRS et hod of ol ai m

2, wherein said separating further conprises:

providing an initial estimate for each of said

cochannel AM signals; providing a first inproved

eSt%8nat rf Rk s‘?@ﬁfbr&fes§fi’g &seRCbaRRaingAM si gnal s based
east in part on said initial estimtes for each of

sai d cochannel AMsignals and said received RF data;

and proy, A o cAREUE @t%t t&%aﬁat £ 1 sk

said coc%gﬁn&gfl@s ?gn(a "at [east in apart gn%esensor

said first | nmrmdn eisovertgadsd stgmﬂ egaicihmeht, §ad gpeeived RF data

cochannel i.yed RF data. 4. The

nmet hod of cI al nﬁﬁg’%{%g}%gn%%hgls%ﬁ%g&é?atl ng further

conprises: i) prow d| ng an [ n|t| al estimate for each

of said _cochann I

| east on@eL &a?attcf T cel e e}nnpr oa\t;ae 8n cu?u %{S% ?%%ugédntg ﬁ%tg¥ate each of
sai d cochannedid Mdhsmhﬂl\dsm@atsdobnabthbmsmannﬂ Addsigngsmoisaid
nost recent reVICg#Ed i mates for each of said

cochannel AM$Ff AR§¥sai d recei ved RF data. 5. The

nmet hod of claim 4, furt her conpri sing repeatl ng step

i) until peci fi term t|o

sati sfied. 6% TheP H’ﬁé‘n(‘ﬁl 1° tf‘?ﬁtﬁ()% ({ﬁtﬁ%ésé‘ %‘”g%naelﬁ&“ signals
data i s receiN®esh tﬁmaaesﬁmagloe(zgem@emmgtmfpauﬂe_«smddahsieepf said

i) conprises provi an_initial estimate of (S) of
sai d cochanné&pch Amegt\aﬁ%ﬂ%%a $and an initial estimte of

(a) representing anplitudes and phases of said

cochannel AM si gnal s; and wherein said step ii)

conpri ses pro idin S
cochannel AM" |gn%]1% Blg mo)?a ?%(gdzt Ongﬁ&gr&? d g:s‘ug{ate oqég )Of
recent previ Quid cadhnrnehhd] {1§1a)s tmﬁed%iledstumpiramnzeinoﬁhﬂ:cent previous
signals, a nobst recent previous estinmate of (a)
representing giplid E@Jde ofBsRfl BNBIRS AN siBRAIS aciﬂﬁhﬁ@&@brevtous
AM si gnal s, and sald received RF data (r).

met hod of cl abtimae offakrepicpensing emplitadesiand pla@wmfuseégochannel AM
provi di ng an t (@) of said

cochannel %ﬂgﬁg Q%Ftla"feﬁt{nﬁ%g%?es t he objective

function tr{EH} and satlsfles the constraint bound (d

)2 a;:- ;: og S ijng c: ire t hteep];a %ﬂéﬂg 'ﬁgaﬁtﬁ %&éc%‘é% m#r&‘maqgﬁ Elgtgtl_& 1}s sﬁlsﬁed

S8. The net hod of claim1, wherein said overl oaded
signal environnent is created by intentionally
broadcasti ng said cochannel AM signals sinultaneously
I n the SHEByitERQOEaY23, sngRin Qid rédeiverant haperatibn Ctkcmitm i8 further
wherei n one of said cochannel AM si gnal s conpr i, ?
DUbL(ﬁfﬁ SR6Yd ﬁe?fohﬁfs@ %S}de (an‘ﬁ’tl‘@ﬁ@da[‘es%ﬁia% (@E Y daid
further conprises | n AM si gnal conpr’i si ng
said public service i nfor rratl on from ot her cochannel
AM signals of said received RFodata. 10. The net hod of
claim 8, wherein said nmethod further conprises
selectively isolating a given one of said cochannel AM
signals from other cochannel AM signals of said
received RP data in response to a conmand specifying
the identity of said given one of said cochannel AM
signals. 11. A method for transmtting AM signals,
conprl SI ng pr OVI di ng RF data conprl SI ng cochannel AM

I 1 e T S o S




i) providing an initial estimate of (S) of said
cochannel AMsignals and an initial estinmate of (a)

WO eoms@sd i ng anpl i tudes and phases of sai d corR¢EHOAIN5/030515
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AM signals, ii) providi ng at | east one additional

i nproved estimate of of sajd hannel

bas@abagnel eMsienaly thsh nﬂaal eaﬂlﬁﬁbﬁc FElutto f’é%u%‘% flidhes he
1) anbtdmiBuld ) REordak € B EhRMME re}a«%xﬁh@nal s, a nost
recent previousestimate of (a) representing anpl i tudes
and phases of said cochannel AM si gnal s, and said
received RF data (r), h) repeating step ii)

unti | aspe(:|f|edtermna criteria is satisfied.

17. The nmethod of claim 16, rejensatd step ii)

conpri ses providing agmbﬁdabH'ﬂ mSeﬁjﬁ]naﬁe (S) of

sai d cochannel AM signal s tpat\ m ninjyzes the objective
function {E E} and satisfies the constraint bound d )
according to the follow ng rel atwonsd p: mntr{E H}
subject to r - E+ =d whewberBEE=§ —SS 18. The met hod of
claim 17, wherein said step ii) further conprises

m nim zing the objective function tr{E-? Ei } and
satisfying the constraint bound (d ) by: a) formng

t he3d.agrergysen of glain 2, kkhejeinlsald, rede)vetand EpEﬂatieﬂl circuitryHs further

:- ﬁe‘g%‘géﬁﬁﬁ 5(1 %lel'r]t:orntﬂJ )s'textg I_:l]lg 54 u%ulézgnag%\ ngoj %%%e 1o_p tlgEmE} and
-rasa@izfytﬂgemeédnﬁwﬁim@oﬁmér)ogts of the gradient of the
Lagrangian with respect to E);d) finding the root of b
) that m nim zes the objective function objective
functi ony)tesdfgEhe Lidi8io@in: €) then cal cul ating the
projection (E) using the followi ng relationship: E =
r-Sa. aa+J - 1/ f) then calculating the estlmate

(S ) of said cochannel Si gnal s USk he Ig owng
relati onshl S, .a al (S
) to be reaFiz lfgtr{%}g M ] éal+ pro 35@{ s%/st o
conprising: receive and eparation Cirtcuitry coupl

to receive RF data from at | east one sensor operatl ng
in an owgr. fqlr;g@&]; ai d received RF
dat a co\ﬁ@rt#‘@%%gqﬁ‘gfé%gﬁﬁhéﬁﬁm si gna ag‘}grﬁecei ved in the
same frequency range and at the sane time; and wherein
said recei ve and separatlon c ui is configured to
separate each of sai fggcorhp A&*m gi¥al g, #fir.om ot her
cochannel AM si gnal®s of sai d ece| ve RF dat|a. 20. The
system of claim 19, wherein said receive and
separation circuitry is configured to separate each of
sai d cocHdmmdindigthd watslof the gmdienhdidhotdesgngios sHlyTAPECANE;
signals by estimting each of said cochannel AM

signal s based on said received RF data. 21. The system
of clai ml)ZfﬁJ,dinghha'mbmfsﬁl)dhat edwinizes dedbieip@rfandtion objective
circuitry is urthrﬁ red to: provide an initial
estimate for SAH" g {E EF 1%gchannel AM si gnal s;
provide a first inproved estimate for each of said
cochannel AM signal s based at | east _in part on sa o
initial estimat flor »é"a‘& dr'd nn,al 1 _
signals and sai Z’ﬁfe[(fel%eda §t JE h‘%‘%w qﬁ?’T =95
second i nproved esttmate for each said cochannel AM
signals based at least in part on said first inproved
esti mates for each of said cochannel AM signals and
said received RF data. 22. The system of claim 20,
wherein said receive and separation circuitry is
further configured to: i) provigde an initial estimte
for each of said cochannel AMsignals; and ii) provide
at | east one additional inproved estimate for each of
sai d cochannel AM signals based at least in part on a
nost recent previous estimtes for each of said
cochannel AM signals and said received RF data. 23.
The system of claim 22, wherein said receive and
separatlon ci rcwtry S further conflgured to r epeat



- where E =S - S 26. The systemof claim 19, wherein
one of said cochannel AM signals conprises public

W@ 2006i02@8¢ nf or mati on; and wherei n sai d recei vePENUS2005/030515
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separation circuitry is further configured to isolate
said AM signal conprising said public service
information from ot her cochannel .AM signhals of .sajd

r ecei ved) Ben galpyatng thempraieeinn (E;?TP%‘?gNtthF gqqﬁlwi@, re\ﬂﬂ%‘]sb’iph
said receive and separation circuitry is further
configured to selectively isolate a given one of said
cochannel AM si gnal s _f riom gt hen ,focharn P_ANIsignaIs
of said received RF datld T r8sboAle™f;d Ja’ conmmand
specifying the identity of said given one of said
cochannel AM signals. 28. An AM signal processing
systFnh conpri si ng: receivefakp separation circuitry
coupl e 0 - :
opor at | rpfieh EAGING He A8hde (S TePsdd BBt RB gl yoing e
recei ved RF datovimpmeatiosshipg cochannel AM signal s; and
wherein said receive and separation circuitry is
configured to separate each of said cochannel AM
signals from other cochannél AMWsignals of said

recei ved RF data by: i)EpPovi¥ling an:@Mtial estimate
of (S) of said cochannel AMsignals and an initia
estimate of (a) representing anplitudes and phases of

sai d cochannel AM signéls, . wij rovi ding at | east
one addigsaﬁﬁﬁf’nsiﬁﬁﬂfl’&&gd )égPFFFét-)e of (s )gf sai d

cochannel AM signals based at least in part on a nost
recent previous estinmate (S ) of said cochannel AM
signals, a nost recent previous estinmate of (a)
representing anplitudes and phases of said cochanne
AM signals, and received RF data (r), and iii)
repeating step ii) until a specified term nation
criteria is satisfied. 29. The system of claim 28,
wherein said receive and separation circuitry is
further configured to performstep ii) by providing an
additional estimate (S ) of saidcochannel AM signals
that m nim zes the objective function tr{EHE} and
satisfies the constraint bound ( d ) according to the
followng relationship: mmtr{EHE) (A1) subject to - E
+S =d where E =S - S 30. The system of claim 28,
wherein said receive and separation circuitry is
further configured to performstep ii) by mnimzing
the objective function tr{EHE) and satisfying the
constraint bound ( d ) by: a) form ng the Lagrangi an:
Lk-1) (i-1) L(E, I) tr{EHE}+l E+S E+S - d b) then
calculating the gradient of the Lagrangian: r L C*- 1)
V.L(E |I) E+t]l E+ Slaa -rac) then finding the roots
of the gradient of the Lagrangian with respect to E;

d) finding the root of b |) that mnimzes the

obj ective function objective function -{E E}, where:e)
then cal culating the projection (E) using the
followi ng relationship: f) then cal culating the
estimate (S ) of said cochannel AM signals using the
following relationship: L g) then constraining (S ) to
be real.
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