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AND USES THERECF CROSS REFERENCE(S) TO RELATED
WERWEIGATS ON(S) This application clains the prPOT/US3005/001601

benefit of U. S. Provisional Application 60/549, 978,

filed March 4, 2004, and U. S. Provisional Application
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;tes to conpositions for use

' < Fof—ar -ondltlonlng systens

conprlgé g Ieast one hal oket one or conbi nati ons
tﬁéﬂédi—gﬁﬁﬁﬂﬁéﬂﬂﬂlhe present invention relates to
conpositions for use in refrigeration and
aiThecpresienit dnveigtiep setates geplieogily doonptées antlugaore
conpressor conprising at | east one hal oketone or

specifieatiyn dh e presedreireaintioth eelatep ts iphagessliftih e piiced debms.
i nvention are useful in processes for producing

I efddk@ehahidomieFmigidh or as heat transfer fluids. 2.
Description of Related Art. The refrigeration industry

AGEL YO ?%rch Efﬁ&&?éﬁhoéﬁﬂa@@& ac@gﬁnbf’oéiéé‘ &

repl acenent refrigerants ozone

chl or of l.ugr oc
inerep e RS o UM B PRER el RYprsAking vaise tatfie
result of fhe Montreal Protocol. The solutiagn faor
pushirg thgeresst 95 RiiealrOREVIRSaHNSe E%mmpnzo;tmgﬁnple
of hydrofl uorocarbon (HFC) refrigerants. The new HFC
opticabthagaednover HrCsannibpeimghe tenasswanelgggihedizision
this time, have zero ozone depletion potential and
multiplesirgy OWIDMafsietdmd dnyd Gigalsit ( GB)tEtleguleatsysiernbasevide
out as a result of the Montreal Protocol. Further

a smﬁﬂ%'\fréﬁl’fﬁﬁiﬁi tHetnpab e teBYcafddifB et aC BHAAwWIdADal
phase out of certain HFC refrlgerants CUrrentIy, the

o SR it o A UL G0 08 e
e Al N e

.gl obal marn1ng potential for the autonpp
receigerns, cprtralildimy e erddifragion grep@gse gla}rmﬁlah filtggs, fiber
nore broadly applied in the future, an even greater
Braggegrdtimigs| apeayesl-wavegniste gmlagﬂ,sopﬂh@al ada/dromsed in
all areas of the refrigeration and airconditioning
multipldxsits, Yaséry ardtdptical epdseiby. eQipteiawitcleds nger batused
for HFC- 134a include HFC 152a, pure hydrocarbons such

torn@éuﬁﬁ%%ﬂﬁuﬁﬂ1ﬂ£ﬁﬁ§nQNWQEoﬁnnBﬁhHﬂﬂindﬁ@?ééQﬂ&ﬁﬂkﬁdSUCh
as or anmoni a. Many of these sugges

switcrh%%' &%ef}féflk&x%n%aﬁ é&%ﬁmeg HaPR0 6 d BIARS e bhing
i'cienc erefore, new alternatrves are
d constantly bei ng sought. The object of the present
eviG€ivention is to provide novel refrigerant conp03|t|ons
and heat transfer fluids that provide_ unig
c Mechanicpl spitehing dexicosrrenarllidavelve Blmwai spgponents
ozone depletion potential and | ower global warm ng
that pot phaded irashe omtimead pathbs hetwean opiicalgéhpens. sSThes EF
SUVWWARY OF THE I NVENTION 5 The present invention
compaiaitesarteonmvied| toketseswitthimge bationor Miesd-elecinsdiier
fluid selected fromthe group consisting of: 1,1 ,1

mecha?ni@aff s§s@rﬁs AR} Bboe TEEM 1Y HRiEHBY OIS PeHiaRaRe;

2 4 5 5 5-oct af | uoro- 2, 4- bls(tr|fluoronethyl) 3
pentanone 1,1 ,1
,2,4,4,5, 5- octafluoro-2-(tr|fluoronethyl)-s-pentanone;




01,1 ,1ddde

-undecaf |l uoro”®-Ctrifiuoronet hyO S-hexanone; i i d d
wal2eswafshzior o-i - ~ri fl uoromet hoxyH Ctri f | uor oneptyOsHp®M1601

tanone; 1,1 ,1

,3,4,4,4-heptafl uoro-3-(trifluoronethyl)-2-butanone;

mechhnidal sWitchés.dMEMS are popular because they are silicon based
, d-octafluoro-4-(trifluoronethyl)-3-pentanone; d

and %f?%%%ﬁ%%é%ﬁ% S%rrnoe-“él??‘i FORTERESRE ﬁ%}i“)"f’a%%%etsghn e;
CE3CBr F CF2CF2CF3: 0 r FCF2CF3; .
techrQlagest, Horoters st MENS: Seolt) SRRy @erieealslies upon the
CF3C( O) CF( CF3) CBr FCF3; CF3C( O),CBr FCF2CF2CF2CF3;
actugdmyerbpayioarprgvemonhef physterdmarts of gomerpentGAYEMS are
CF3CF2C( O CBr FCF 2CF2CF3; CF3CF2C( O CF2CF2CF2CBr F2;
geneCEyOipTRed Ao lowez GrerBopidBaFapplicaipas( OHCB)aEFerssample
CF3CBr FC( O) CF( CF 3) CF2CF3; CF3CF2C( O) CBr (CF 3) CF2CF3;

appliCRAERACMEY Bl ERIford)CHAES on GBIt BRI IseEO Al 3) 2;
CF3CF2CBr FC( O) CF( CFs) 2: CF3CF2CF2C( O) CBr ( CFs) 2:

( re)BoC S Stbibshing dEH3ERr 5&%%%% &9@%&: to selected
CHF2CF2C(OCBr (CFs) 2;” (CFa) 2CHC( O CBr (CFs) 2;

vartslf EREAE B b B BIGCLOMIG] e BV T etpetgic
feta RS Il e SRS P 2R DL L LR i device
3) OCF2C2F5; CBr F2C( O) CF( CF 3) QCF(CFs) 2; ,
and @@ze@mt@?W@yw%mﬁﬂlt@mm@) dHeetro-optic
3) OCF( CFs) 2; CF3CBr FC( O) CF( CF 3) OCF3; CF3CBr FC(O) CF( CF
device} agpFeallyrddrercleoicropEica) ocrBrial Srbpe CBnUyiDeamsibral
3) OCF3; CF3CBr FC(0) CF(CF 3) OC2F5; ( CFs) 2CBr C( O) CF( CF
transHaCEREY, wiHB GBIt EGé-OeCH{KIE PRI AT 6F3 TR &6 icaF (Ghe of
3) OCF( CF3) 2; CBr F2C( O) CF( OCF 2CHF2) CF3;

singl%i&@l@b‘%}iﬁ%aﬁ%ﬁd R 9&%@5?&%) §kitching
CBrF20( O) CF( CF SOCHR) CF3; OOl F2CEBr O O) CF( CFs)  2:

devicEBi§ HIHH QuSHAE ik Gy F2OFBr QO CR(CF 3) (C2FS5) ;

Lithivim niobate is a transparent material from ultraviolet to mid-
infrared frequency range that exhibits electro-optic properties such as the
Pockels effect. The Pockels effect is the optical phenomenon in which the
refractive index of a medium, such as lithium niobate, varies with an
applied electric field. The varied refractive index of the lithium niobate
may be used to provide switching. The applied electrical field is provided
to present day electro-optical switches by external control circuitry.

Although the switching speeds of these types of devices are very
fast, for example on the order of nanoseconds, one disadvantage with
present day electro-optic switching devices is that these devices generally

require relatively high voltages in order to switch optical beams.
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CBr F2CFCI C(O) CF(CF 3) (C2F5); CCl F2CF2C( O CBr ( CFs) 2;
CF3CCl FC( Q) CBr (CFs) 2; CF3CCl FC( O) CBr FCF 3;
WEBEAGHE2LC( O) CCl (CFs) 2; CBr F2CF2C( O) CCl FCF3;  apdr/us2005/001601
conbi nations thereof. Disclosed herein also are the
above |isted conmpounds for use in refrigeration or air

ConseRftffiritlypniHegtkghaeiretidisOMtiliged todBtrbLfdésent day electro-
conpressor, refrigeration or air conditioning systenms

opticBTRRAYAHE Qrwsaagfy:‘%g%(%gp rf%f)i’ﬂ:@.lte& Qgge?ﬁﬁ‘ﬁﬁe ey ﬂllélg .

enploying a sin gle pass h exchanger,

refrigeration. or air conditioni.ng systens enployi a
vortals8s drff SEteR ol Birke SRAPLLLS o Tl iR Bie e I 1

.are processes for producing refrigeration, heat, and,
additipR Grieerafioneat thess-rteReal higveiags coriEat CEPiEs with

using the present inventive conpositions. DETAILED
presapESORy rtecmoarpticE $wivelgs dsl beeentizigoketinaeeasingly

refrigerant conpositions of the present invention
challengrg sash = dgviee cimpmsidnercontimndito aichben doonpandi digeuit

nore than one hal oket one conpound. Conpositions of the
densii@S eBhtirietd iwfrda@ee no ozone depl etion potential

and | ow gl obal warm ng potential . For exanple,

hal oket ones, al one or in m xtures wll have gl oba

warm ng potentials |ower than many HFC refrigerants

j s of the present
Eﬁmmiﬁ@%ﬂ]% ng fluorine, carbon,
at | east one ketone group oxygen, and qgptionally
hyldyeoREsserihimyentionts Bhiurrated by wae o ssamyply 4d not
represented by the fornula R3COR4, wherein R3 and R4
limitatien; imdtpe adeampamnydhegdigares: om strai ght or branched
chain, saturated or unsaturated, aliphatic or
alFigyee ilcisf & koo Hrakeetionalloiratici ofles bpéicaidyvice including
optionally contain hydrogen, chlorine, or bromne. R3
a chaA MbJdR%tEE rkfiotePrdAm MeMPa Plahhs shalRiteiifafihBegion
The hal oket ones may contain from about 2'to 10 carbon
. a d | t i n. .
in axChRHBe1 Belleiall WACRCE FFRRER Belich Hhbuilh Milone
1 further cont(?i n_heteroatons, such as oxygen thus
polarizatioR ARERISIGE ket one groups, ether groups,
al dehyde groups, or ester. groups. Representative
h&LERER enissa gressiseetian; iUrimtéon of ppe embodiment of an
br onof | uor oket ones of the present invention conprise
optical dewist intludieg eccharde omduwleten segiotopsesinatg tof a
nmonobr onoper f | uor oket ones,
substauntiniigh v shizgiadoirnd atingorepieh dnem optical waveguide, wherein
(per fl uoroal koxy) nmonobr onoper f | uor oket ones,

the oHtidéQ FRA} KO EXhibiRe @o@é@@ﬂi&hqgﬁgb@h@l@ﬁ%e iANskcordance with
nonochl or ononobr ondper f | uor oket ones. The fol |l ow ng

the tSURQAISe PLE L ERLESENIAIYE Of the

ONOpEr Or oket ones,

ohydr.ononopr onoper.f | uoroket ones., .
( BARRTEI5r Bah KOS s HB DM RIS FEGHT Mlomocisling of the
(fl uoroal kpx§) npnobr om)lperfl uqr oket ones

) , and
transyighse lestsi sl o) euoh erREeahbsapr dingstedt Elegiigh one
i nventi on: CFSC(@O} CBr FCF2CF3, CF3C( O) CF2CF2CBr F2,

embacBnrad of er( @pdral dedrs dnchusBngcrsharge modulated region
CBr F2CF2C( O) CF2CF3, CF3CBr FC( O) CF2CF3,

proxiGhaBtd & Sy EERER2AIR VERGFaLi A} GRIRESE 265®n in an optical
CF3CF2C( O) CF2CF2CBr F2, CF3C( O) CBr ( CF3) CF2CF3,

waveStdé h e derd hiBE Mt tHe3eahiBe & 6F 2hE HredbhB invention.
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CF3C( O) CF2CF2CF2CF2CBr F2 CF3CBr FC( O) CF2CF2CF2CF3,

CF3CF2C( O) CBr FCF2CF2CF3 CF3CF2C( O CF2CF2CF2CBr F2,
WEEBSB26Bs FC( O) CF2CF2CF3 CBr F2CF2C( O) CF( CF3) CFRCHBS2005/001601

CF3CBr FC( O) CF( CF3) CF2CF3, CF3CF2C(O) CBr ( CF 3) CF2CF3,

CFSCFZC( O CF( CBr F2) CF2CF3, CBr F2CF2CF2C( O) CF( CF3) 2,

%EMHE & &1 ailﬁstratm% vectorial modeling of the
2CF2C( O) CBF (CFs) 2, (CF3)2CBr C(O) CF(CF 3)2,

tfa“%@%?%%ﬁé&%ﬁ o EBARbER bt through one
b RO I PR Y b P R O{c@rgf&gguzated region

CBr F2CF2C( O) CF( CF 3) OCF3 1 CBr F2CF2CF2C( O) CF( CF

proxignaysty aRirsterjadly ¥shypes fnsultimgrsgion trparoptical
3) OC2F5, CBr F2C( O) CF(CF 3) OCF2C2F5 1 CBr F2CF2C( O) CF( CF

Wave@wmspr@anlée Syithahedra8hiags Ofshe present invention.
CBr F2CF2C( O) CF( CF 3) OCF( CF 3)2, CF3CBr FC( O) CF( CF
SFEhtC5 3} 20 BIGICH &0 GRSk 3] 62C03 o rferSaBddtr TR G
3) OC2F5 1 CF3CBr FC( O) CF( CF 3) OCF3, ( CFa) 2CBr C( O) CF( CF

syste'%ﬁ%%ﬁld%ﬁ hh Rt LR h s lile# o d e 8p@AEBI HEikE Whth an

SCBrFC(Q) CF(CF 3) GCP2QFS, ” CF3CBrR() CF(CF

oL LS g SN B V0 iy i
opt BEAA AT Z0T O3 1 COEZC0 GO 203 ertion

CBr F2CFCI C( Q) CF(.CF .3) 2 OCl F2CFBr O( O) CF( CF 3) (C2F5)
@ﬁ%@@l@(ﬁcjﬂm&m@gq@p@ysm@@m@@mmdw 't of an
CCl F2CF2C( O) CBr ( CF 3) 2 CF3CCl FC( O) CBr ( CF 3) 2,

optica@Cinradalar eBiR CRidin goriMadr Zebrelsr Fgerrometer (MZI)
CF3CCI FC( O) CBr FCF 3 1 CBr F2C( O) CCI ( CFs) 2,

conﬁ@&ﬁ*&ﬁ@ﬁaﬁ\@g@bﬁéﬁﬁbadnﬁ&ﬁF5@3(3@)%%1@1 anmserTABLE optical
11, 1,1 A S

phasd- é}ﬁﬁ%‘}'a*é%{?c’iiﬂ%ftb lé‘i’ﬁ@ﬁ&frﬁéfl@tssop%ﬁé gs%g E’rlﬁ}éﬁtiéﬁ.

commer ci al l'able from3
M .
L Zqéep?ﬂ%?% SRR et RS B et o
optichp myodiistel b‘epmlamfzabﬂa?%ratﬁw% FeREEHyRYion having one

pentanone; 1,1 ,1

embogimgent of 8 peleatatisnoinsqusitive ghtinalinlage shiften agrarding to
1, 1, 1,2,4,4,5,5,6,6,

emb &dimetetsadf thee @réeémt irfterdiomet hyl ) - 3- hexanone; 1,1
,2,2,4,5,5, 5-octafl uoro-i
-(trifluoromethoxy)-4-(trifluoronethyl)-3- pentanone;
and 1,1 ,1

DETAﬁ,ﬁ%“DES'@‘?@PaI“pOI@rO 3-(trifluoronethyl)-2-butanone
as described in US 6,478,979

PRPICASS A50R M R B EfanRaubp heshoi dhafs seirine
an offERRAFAH Wy &R CPERENTETES desﬁmﬁowf @E‘%é@?”ﬂg

4007 to 4008 (1984). 2- chI oro- 1
descriptiprsngmerenis spasiis detedls are, §%ﬁaétthyn) arglesder Rifyide a
may be prepared as described by Saloutina, et al. in
thordugle stidexstsdadéng of Kaakpr8SSR} i1Seentian KHit witlHes lkpparent,
pages 1893 to 1896 ( 1982). The bronofl uor oket ones of
howdwee, pé ©periavitieeotdigmriesaliihethepatvitoustie speditdi dail
nmonobr onoper f | uor oket ones,
her
e dBEr 1 ub o5l Koxy) Ronobrononar T dor ket ones, ™ o'
(f1 uor oal koxy) monobr onoper ff uor oket ones, and
nonochl or ononobr onoper f | uor oket ones can be prepared as
described in the foll ow ng. Mnobronoperfl uoroket ones
CF3C( O) CF2CF2CBr F2, CF3CF2C( O) CF2CF2CBr F2 and
CF3C( O CF2CF2CF2CF2CBr F2 of the present invention may
be prepared by brom nation of the corresponding




nonohydr oper f | uor oket ones by the techni que of Kol enko

and Plashkin in Izvestiya Akadem i Nauk SSSR, Seriya
wbiogiozdses kaya, pages 1648 to 1650 (1977), andP@mus2005/001601

Zapeval ov, et al. in Zhurnal Organicheskoi Khimi,

Vol . 26, pages 265 to 272 (1990). CF3C(O CF2CF2CBr F2

instafR¥s DFeDl RPAH byt R08101ePRo@6 have not been described in
nonohydr oper f | uor oket one CF3C( O) CF2CF2CHF2, whi ch nay

- i . . . e as

detaif iy R ABEE6 1 HREEIEE the hrlbof b HtHNER O 2 nogo
Khj m cheskqgo shchestva ir . 1. Mendel eeva,. Vol, .
BT Aebalts ShecHieation so, B SBEIimERL; or “an
and CF3C(O) CF 2CF2CF2CF2CBrF_2may be prepared by L.

embagiggHa tREANST thad i PRFtE piat feadHbResiedure or chiaracteristic
CF3CF2C( O) CF2CF2CHF2 and CF3C( O CF 2CF2CF2CF2CHF 2,

describsgdnt¢orengction with thec¢mbgdemesintdsliogiuded irtatdeasi ane
Zhurnal Organi cheskoi Khimi, Vol. 29, pages 1325 to

embdddtertlSPBhe prespal Aivedrtiat. Mnod)ravpeerdldesr siki¢ticopRsases
CF3C( Q) CF2CF2CBr F2, CF3CF2C(O) CF2CF2CBr F2 and

“in o€ ¥HNOIGTACHPCER €2 G & Rlife P "iﬁsﬁa&ioﬁé‘b%és?fhrf&hghout

conversion of the nonohydroperfl uoroketone term na
L 0 = . [ usi ng
this gpeCilaBloblaft hEf Retiedily oTeRufelo (i Blthe
osphorQus_pent abroni de, or i xture of brom ne and

erb SR B R PE e BaracyBarlerhuitt AR HaAAE

agent is a mxture of brom ne and phosphorous
chara¢tepistiasdarayRes comphingd i ﬁﬁlﬁfo‘f%agkemarmroubpaﬁ@rmre

a bromi nating agent may be carried out under
embalibstraist | b lagditiom ditoissappratiateshthanhthdé figuaps prphiakel

or liquid phase in a container fabricated from
herewhhestealdd ekple@nsion iirposeslitd Pareoherorcldna ity skilled in the

brom ne and 1?1ydrogen brom de at tenperatures of about

art aRH0GtAne08faw ER00 e Ba il Brh#StPEcale.
construction inclfude netallic all’'oys containing a

e Sttt BORR Sent BB 14 ShalicBifctor-based
opticBh BRIk 8 BV g LY TRHETBIORLL ARG HuarPEF e

) nonohydr oper f | uor oketones_is at |east about 1 nole of
integpring fiaenagchijenOnremkndmgniehbrs prepently desekibedne
and preferably about 1.3 noles of brom nating agent
opticpkdenwednafludes ehyeimipendlicmrekaseh svawtguade heavitg a
nol es of brom nating agent per nole of
complenwntdtppaetdiuntak eepnopidiitde SCMOB) eapasitbi-ttype
Brom nati ng the nonohydroperfl uoroketone nay be
structand ‘é‘a%?_@eattot SHRSE 3hit & Biotifc!éP Beal9vh I%Q?Qn."s@ t8RPYignal.
600C. ing the preferred brom nating agent, the
I.Sq: f 0 r ;
EmbyGRER B 4F Tt 4 BB A el e o SRR RS of
. he nonohydr oper f.| uor.oket ane may .be from about one
high Ragd TG CHORR LSRR R NEAT A HabERFIGPLt he. cont act
period the reaction mxture i s cool ed_and then treated
telecoprpuaicatigent nebvedeagps wealhas wthar Magh mpesderipticalch
as sodiumsul fite. The nonobronoperfl uor oket one may be
applicstivasetidly asodpiical delayhlénes,gamitchphaswdwlatonss dds)/ drops,
di stillation. Monobronoperfl uor oket ones
or th€m3&2C( O) CBr FCFaCF 3, CF3CF2CBr FC( O) CF(CFs) 2,
(CF3) 2CBr C(O CF(CF 3)2, CF3CF2C(O) CBr (CF 3) CF2CF3 and
CF3CBr FC(O) CF(CF 3) CF2CF3, as well as m xtures of
nonobr onoper f | uor oket ones of the present invention
CF3C( O) CBr FCF 2CF3 and CF3CBr FC( O) CF 2CF3, or
CF3C( O) CBr FCF 2CF2CF2CF3 and CF3CBr FC( O CF 2CF2CF2CF3,
or CF3CF2C(O) CBr FCF 2CF2CF3 and CF3CF2CBr FC( O CF
2CF2CF3, may be




prepared by contacting perfluorool efin epoxides, such

as the epoxi de of perfl uoro-2-pentene,
wW@eooslomssn®- 2- hept ene, or perfluoro- 3- heptene, RCT/HSBENS/001601

al kali netal brom de as described by Saloutina et al.

in lzvestiya Akadem i Nauk SSSR, Seriya Khi m cheskaya,

P28 el b ddimke R0 11h I8RO S Tap RS0 tyPleOtrfiktiire is adapted

epoxi des nmay be prepared by contacting perfluorool efih

o e, 5 P, ABRSLIL SR Rlarea
insulEFe Ee G T9ea LY GEFATn Aib SRIEL Hipeh ISP AT direcind

bromnm des may e carrjed out in a polar pon-protic
through bawayrgrids and tbroughdhe chergeamadHted segiop ol
di net hyl ether, diethylene glycol dinethyl ether,
proximats try tleaeupsyantiadynétshapest hesylatimg regiondohyhese shift
gl ycol dinethyl ether, N, N-dinethyl formam de,
the dytiéadibeainhy IPAstizatibgeindiperidutit shhéelkdficiency is realized
di met hyl sul f oxi de, N-nethyl pyrrolidinone, and al kane

accofiihll foeSmbéeiinRhit§ ©FHOR brddedit iRVRRBRH itH Bhe }Mflization of
butyronitrile. Preferred solvents for contacting

the kAR 7 oh AR ool B TBE P R BRREF
L T R TR L.

di met hyl ether, and al kane nitriles such as .

betwgenthginlanes of gheiwhstantially ¥nahanedioapiating region) |
netal bromi des suitable for opening the

accopting| teoemblodfiinendp ofi tie presgprdridveotioant resulbin subsBantially
bond include |ithium brom de, sodi um brom de,

polapgdtass it sesitiviedsha s @ hik gl 6T BhomitsiearsligUpolarasd optical
[ithiumbrom de are preferred. The nole ratio of the

beangib'éléhhsﬁh@tr&ﬁgﬂéﬂ%% él‘éc?r‘i@ fiél?c'i frepaer lbinveposid %ﬂﬁétic

east about 2:1 , preferably about 10:1 . Reacti
I ' j . fl [ [
- feld gt BB Rn i bl Bl BESicA b SR e At it etes
... anhydrous cqnditiopns at t eratures of from about 10C
with FESBERI O SEHEOtFR HAESHER o amReAlvaypaidtout 0. 5
hour _to about thirty-six hours. Specific pressure
cdrdiliistratea Fégues 1 desia ceass-Aecting ilivsteating geanenaly@n
period the reaction mxture may be distilled to
opticht dewice inlcdudiongma chranger flodarlakext vegion proximate to a planar
Monobr onoper f | uor oket ones of the present invention

shapeBrihaG{& in 8B 6gfit 68, As shown in Figure 1,
CF3CBr FCF28( O) CF( CF3) 2, - CF3CF2C( O) CF2CF2CF2CRr F2,

optic%ggggeg%nggﬁ%&%%}x% fggfbx{?@f 5eftiebh Uk LCaterial 103

be prepar e?l reacting a
nevi AR SR AN erd ol Nl srmsmnsr
' F2C(O F wi CF3CE=CF2; F2CF2C( O CF3
mater U5 Bedhie Banich sonrng R Fade Ly BRI WAGnE

. CF2=CF2; CF3CF2C(0O) CF2CF2CF2CBrF2 may be prepared b

regiopehtl iis gliempserchereer sengoongugtocrpatgrial regions 103 and

CBr F2CF2CF2C( O CF(CFs) 2 may be prepared by reacting
105. CBs ElGrREreCin)Figuirt hl ,GH3idEadGi@yice 101 is fabricated on a

CBr F2CF2C( O) CF( CF3) CF2CF3 may be prepared by reacting
silicoaBbh2dsATh I SO v e ChnCtkERfodd éncludes a buried insulating

CF3CBr FCF2C(O) CF(CFs) 2 may be prepared by reacting
layerFGPBWECEIS;ED) bf Wi cGRAGET F Aaterial 109. An optical

Monobr onoper f | uor oket ones of the present | nveﬁtl on

CF3C( O) CBr (CFs) 2, CF3CBr FC(®0) CF2CF2CF3,

CF3C( O CBr ( CF3) CF2CF3, CF3C( O CF(CF 3) CBr FCF3,

CF3CF2CF2C( O CBr (CFs) 2, may be prepared by reacting a

perfluoroacyl fluoride with a

nonobr onoper fl uorool efin. CF3C(O CBr(CF3)2 may be

prepared by reacting CF3C(O F wth CF3CBr=CF2;

NN NN PN N\ NP N NP N NN o o o .



CBr F=CF2 with CF3CF2CF2C(O F; a m xture of

CF3C( O CBr ( CF3) CF2CF3 and CF3C(O) CF(CF 3) CBr FCF3 may
wheoosnessas ed by reacting CF3CBr=CFCF 3 wi t h CFBC(/0p1605/001601

and CF3CF2CF2C(O) CBr (CFs)2 nay be prepared by reacting

CF3CF2CF2C(O) F wi t h CF3CBr =CF2.

wavdgitedé 1 Rainebude N B 96RIPEETiLE K HiwHiBR an optical
present invention are of the formula R1C(O) CF(CF3) ORF,

Pt Sl R e 4 PERNE TR R Pal p i

P REATAL L TN oY Tl R BT RoTER IScrElsY 801ty 2 of
the fp&&%ﬁﬁﬁ%%éﬂﬁs@% Atierliilaon Bk SHSORACHHAth and

present invention include CBrF2C(O CF(CF 3) OCF3,
therctfarq*:gev:@@( opary tR3)amershowsy 2 DFoPRR@IECHOER diraxion going
CBr F2C( O CF( CF3) OC2F5, CBr F2CF2C(O) CF( CF 3) OC2F5
thro@gh FaCconGhECh a’ijdﬁﬁi@ﬂ%h@@&'gﬁfﬁ@(@)@ﬁh@ﬁ Figure 1,
3) OCF2C2F5, CBr F2C( O) CF( CF3) OCF(CF 3) 2
semicBh ekt éfia e @Cf()gﬁsgzr%umaCE&%I%ctor
3) OCF(CF3) 2, CF3CBr FC( O CF( 3) OCF3, and

mat A SR ORGSR T gt 118 ana

115, CBr F2CF2C( O) CF( CF 3) OCF3 nay be prepared by reacting
"CBr F2CF2C(O F wi th CF2=CFOCF3; CBr F2CF2CF2C( O) CF( CF

3 3 may be prepared b eact i F2CF2CF2 ) F
)IPH? Qhenoepg a@%?ﬁ-ﬁt(]é%ﬁ e&%’t‘g{iﬁoﬂg Céa?
pr epar ed reacting CBrF2C(O F wi th CF2=CFOC2FS5;
Wavmlégm@ﬁmg:mp rRicatarsthnilyr diegty cheage mpg ulates: Tegion
CBr F2CF2C(O) F wi t h CF2=CFOC2F5; CBr F2C( O) CF(CF
133.3VelchCRFapphyd e aptizpdredveyuideat?? o @ddredateOtire dirdeh
CF2=CFOCF2C2F5; CBr F2CF2C( O CF(CF 3) OCF2C2F5 may be

char%:%@@h%ij &ﬁcéﬁ%&idﬁglrp%%g%%@ﬂaﬁ@d fegion 133 proximate to
CFOCF2CaF5:  CBr F20( O) CE(CP 3) OCF(CFS) 2y be

e ISR 40360 18 SEH AL tity HAOGER
regidtd il B SPLEASA L AL @ct%izwgggéﬁﬁ%@samnghe

CF3CBr FC( Q) F Wlth CF CFOCFB 3CBr FC( O) CE( CF,
applipdoroltageripnyd/ spm@p& 859 thenBrer PEsCRRrEIolensity in

(Per fl uor oal koxy) nonobr onoper f | uor oket ones of the
chargemuotulfedrepor (83) orriamyesillss iba changady the refractive

reacti ng perfl uoroal koxyperfl uoroacyl fluorides of the
indek @fthkasdiiochdCct®) f(Ddriali ihhoptical waveguide 127.

nonobr onoper f | uor ool efi n. Representative

(RArépdianal %?EM%@B&OI@P% dixeredehess Cghoé plib&l
pr esent i nvéntion i ncl ude CF3CBr FC( O CK( 3) OCF3,

wavde3: 458 GO O @05 AR CRACELRAA) O Fegion
133.3569 %%%eﬁ%‘%ﬁﬁp%%%%%% Lpate T Bl Ehdree

OC(CF3)FC(O F with CkF2= CBrF %)ﬁéCBrC(OCF(CF
charg)%@@rcslewnﬁén%f@éw% regiens ;%%:(eé)tbe
with CF3CBr=CF2; CF3CBr FC(O)CF(CF 3) OC2F5 may be
intenfaegmbetivesn inswating aEisact CEIRbrePns efhs@nleqsiwetor
(CFs) 2CBr C(O CF(CF 3) OC2F5 may be prepared by reacting
matd&24d5 008 GR) FQE0) Thevapp 1B GRItaSE FrorGR3GB AL I AE¢ Crhe free
3) OCF2C2F5 may be prepared by reacting
chargé e dyHia gt o GhikeBregion 133, which results in a
andCF3CBr FC( O) CF( CF3) OCF( CFs) 2 may be pr epar ed by
reacting (CFS)2CFOC(CF 3)FC(OF with CF2=CBrF.
( Fl uor oal koxy) nonobr onoper f | uor oket ones of the present
invention are of the fornmula RLC(O CX(CF3) OR2, wherein
Xis Hor F, RlLis




a G , C, or C3 bronoperfluoroal kyl radical, and R2
is aC to C3 alkyl or fluoroal kyl radical, may be
w@e@parssds by reacti ng nonobr onoper fl uoroacyl fPODUSZI®S001601
of the formula RIC(O F with hydrofluorovinyl ethers of
the formul a CF2=CXOR2. Representative
char{dd #OfIRak-&@X¥iv® Nodé-0 BFRBEI A QRN ARBS hAtdMAEIn opt1cal
r F2C( O) CF( OCF2CHF2) CF3, CBr F2C( O CH( OCF2CHF2)
wavé(%[ E% _CF( OCH3) CF3, and CBr F2C( O CF( CF20CH3) CF3_
) CF( OCF2CHF2) CF3 nay be prepared by reacting

SR Ayt IIOEBIERE feribits, & SEng BY\HHLREPR

CB F2C(C8)F w t h CF2=CHOCF2CHF2; and
e@ﬁ{eﬁ?@( TrBiCYmF G5enstepasci sy a eeleriggtion of
CBr F2(( O F Mﬁth Anot her

optiqal Ihﬁam leZdobSy}))ami&& rtonpleerei imendatngrregidn t1Hel ,poretent
i nvention includes CBrF2C( O CF(CF20CH3) CF3, prepared
intetfyceschetwaren GRHAGHY) Fegibhhl CF3Ckt SEATEBn dTideor aatteirn
of fluoroacyl fluorides with fluoroolefins is

regidiRsc0B ke hyshame @Has@éfffﬂlen &eysuﬁstgﬁ‘ﬁﬁﬂ& M¥Pger, such as

3,185, 734 and Journal of the ri can Chem cal

for e§ C;ﬁ& %&3§9¥8%;1m flel h ﬁ?r?éé ﬁéag%eééggﬁg‘l %ﬁ)trha

rererences

afo ene r epar . . .
polafg 2SR s J%%ﬁ?r%‘# 488535 prepediqulsh tgplanar insulating
nDnobronDperquoroacyI fluorides with perfl uorool efins

regiogs 1 hd} | A8 qansegsneee thesigigiwpal 9138@%1 gevice 101 on
nonobr onoper f | uor oket ones by the reaction of

phagseshifting eadidal fHeaon i1dek isvdependent on the polarization of the
nmonobr onoper f | uorool efi ns. These references may al so

optida¢ brpph iled tleat isedipeepat ditquglothe optical waveguide 127.
(perfluoroalkoxy)nnnobronnper | uor oket ones by the

per gﬁf@g iafa H%&béé’éﬁsﬁfﬂlh'é@f&?&?l 'offdriéoéx‘n‘iﬁﬁiﬁ%éﬁ‘t of an

| uorovinyl ethers, or by the reaction of
opu SIS SRUANR ALl PF ISR Ml 1 5
I d h
substin BBy RbRpritdRsBishopd et tb B 8HE§%W%‘F?§“1C1€ The

reaction of nonobronoperfl uoroacyl fluorides with
optiqa) glegiqeuel Biguig 2 exhibids priatigatinptinsepemdegices agcording to
preparing the ketones of the present invention,
embo@isnenisnolotheapfésemtdaoentidruoAisdsh¢wacin Bigure 2, optical
perfl uoroacyl fluoride or nonobronoperfl uoroacyl

devidd Rotiideluddd h fast regiorpbebemitondncesr material 203 having a
aper fl uorool efi n, nonobronoperfl uorool efin,

first esﬁahearv&yﬂ tgqble eﬁ{& & s@orkty %gﬂ‘dryef Qeffn@aén&hE%ﬁ i B¥ériBg 205

per ornmed”i a po ar non-protic sol vent such

havngé %&'ﬁt ({)11;1&\9{: SI:SWE ]l}']i %rﬁ?ﬁagﬁﬁgh%%g&monductor
R A B B Bt S0

di net hyl ether, triethylene glycol dinethyl ether, and
materigl 209 Wyeludesgilieon withentiypedorantspr Kfisrappreciated that
solvents for reacting fluoroacyl fluorides with
the fdlaxdtieslaffthe domanfisyant peoviees. foTrexplanationnpuayoses and
run under substantially anhydrous conditions. The nol e

that tla¢ ipolarfitie§ &f fthe atopelefsd and edrregsaadivlg toliagésenay be
during the reaction may be at least about 1:1 to about

rever%ea infdboRHaheEafhM e ?&&lﬂmé s of the s%?ﬁcih'v@ﬂu%h In
| uoroacyl fluoride with fluoroolefin is preferably

conducted in the presence & a fluoride ion source
such as an al kali netal fluoride, alkali neta
hydrogen difluoride (i.e., a bifluoride), alkali-earth
netal fluoride, tetraal kyl anmoni um fl uori de,
t et raal kyl ammoni um hydrogen fluoride, trial kyl ammoni um
fluorlde or non- OXIdIZIng tranS|t|on nEtaI fluorides.

-~ . o o oy c:r 0 1



at a level of 5 nole percent to 20 nol e percent,
preferably about 10 nol e percent, based on the
waoe@snrgsy3 of fl uorool efin present. Tenperat ur eBCDUSIN®M1601
about 50C to about 250C, preferably from about 100C to
about 1500C are effective to produce any of the
one &bdimehedakaistaatRilyt nehaheddntsulavey teioBy211 is
reaction of a fluoroacyl fluoride with a fluorool efin.
; j : r : i ' f I ef
dispgot pEREE it el A A Mot PR St DO el A oA
. i th,the.fluoroacyl fluqgride, added.gr.adually .t .
ilhas o748 FigbHR g, AP aBoa TR SOPRTAL AHACPIa indihrated
sQurce. Contact times sujtable for the reaction _may he
on afsideRuueBnin L8 ten (RO gvalss andiheirfese inplidesatygiied
) typically takes place under autogenous pressure
insulsrtovg taeriB0T ked edayemoksemicdnsivicten matetried20%t ur e.
Though not added intentionally to the reactions,
hydrageenfdadimetet, zayobidcalr waesduide 2029 is armduded in optical
during the reactions of fluoroacyl fluorides due to

deviddrgop! m Y hithase opicalBba 28R deceéd along an
fluoroacyl Tluorides with fluorool efins may be

opt GERINES 5% U1 SptSsBtleUR LS TR BAS o2t UmALALE 227 i
iSSP e RIS st T S LS. 10 one

type, the well-known high nickel alloys, such as TM TM
emb@%ﬁ@?ﬂhi%&d&f@g@ﬁ% maslydepdatranesl, Onnere infyed light.
al l oys and, TM I nconel nickel-chrom um alloys, and
For exsppple, dhahs eadiadifirmthaptiket baepr2iilbies aayateength near
isolated fromthe reaction mxture as a lower liquid
approgit@htély 0P enséd 1158 Hﬁﬂ IAthelerh BNt lldERtatld in
fluoride salts by washing with water, such products

_ T yodiSt] ¢ - Nt .
FigufBY, ffie Rl e atbE it LB el SR REAM, ibeRRca 1S
whi ch _.on f. the G- F bonds in er fl uoroket one, has .
along oy e Bihatds relebtaihn ams oLHIS 9Ptttk VASRE it phgptical
.of the CG-F bonds in said perfluoroketone has been
devigegPicda Bie gxammleshewn in Figure 2, the optical path and
Monohydr ononobr onoper f | uor oket ones of the present
ther¢fove optical beapr 294 DHFIICFRA(10) BRIPEESe along a direction going
(CFs) 2CHC( O CBr FCF 3, CHF2CF2C(O) CBr (CFs) 2,
thro(&h3)2 Cole(iDkGBr 4:16F otZf, (KEPhge€HIOkBdmBoditdent of Figure
CBr F2CF2C( O) CH(CFs) 2. CHF2CF2C( O CBr FCF 3 nay be

2, thRMRRAGEHS BYe FoaGEitRE SHis2ShBEIPV sMdde LB &g region 221
(CF3) 2CHC(O) CBr FCF 3 may be prepared by reacting

rorms G VAL Wl G <2 5 B FRERAT D PLASTRY d Bl
pachi SRS Pt Che bt e PRl B Dl R S

3)2 may be prepared by reacting CBrF2CF2C(O F with
wavegrs 2. The nonohydr ononobr onoper f | uor oket one

(CFs)2CHC(O) CBrF 2 may be prepared by the reaction of

t e dlnowof inutheembodiment dfdFigBré 22 @miodnducts material

nonohydr oper f I uor ool efi n CF3CH=CF2. The production of
regioPD0B)idrggouneladoand efchhidcondketangsateridlhegiea @0 is ebupled

nonohydr oper f I uoroacyl fluorides with

to reg?ﬁr@b\?é? : echfrbﬁghoﬁrﬁfal:fb% 185upH 188 I{%%oﬁ@ RmIS6&inh eft,

nonobr onoper Tl uoroacyl fluorides w

cont g Y S B 2 S Rlchal Qe R iR R e

for the reaction of a quor"oacyI fluoride with a
fl uorool efin.



The present invention further conprises
nonochl or ononobr onoper f | uor oket ones i n whi ch one of
wo b@s507951Hbonds i n a perfl uoroketone has been re@El/asm®ds/001601
by a C-Br bond, and in addition, another one of the
C-F bonds in said perfluoroketone has been replaced by

semiBotrdabtdioRthteNRNASALAIIUD BQ b SARBAE Qi K eheisticl path of

the presentinvention conprlse conmpounds of the formila

@) 0
optic{ Befl YL FR “ppheotRH 8 Vsl tore ZP%ﬂ *eelide s,
ese nmay be .
shows i Efar g, Bestiln i ﬁfge anoglef%ﬁw & SBRrERGarBieRs in
CXF2CFY O) F, pq\gar ed_as, di scl osed by Darst, et al
charge, myp @ £d T8 BI0TNGS 35 Wi oh 38 Rrofimiats teev Y psigrdiallF Vi
of the fornmula CFR=CFR. Representative
shaprdrioshlatinguagionodbpenid torakglh ovieich aptigabbeam 221 is
CCl F2CFBr C( O CF 2CF3, prepared by reacting
direcCéd F ASFE110(08) dpwitdcha ted2teCh HereBnFIGNHeAGHOKE 2EFBaving the
prepared by reacting CBrF2CCI FC(O F with CF2=CF2;

beneBELF TR CHECE M S R %%@ﬁﬁﬁ tgbf)er @%idtN%e is therefore
CO F2CFBr (O F wi th CF2=CF

provi HF'_%(T igel gé@ag: ﬁi&%@ p?é(sér?taﬁ{x}qunon where the
0 ononobr onoper f.| uor et t.h en

highl} et LR ER GO o %f%e?f(lé@y@{ SBaBea

CCl FZCFZC(@éz CBr (CF 3) 2, CF3CC chié

Forepresent themle 3 MO%ﬁapaCItor type

CF3CCl FC(O) CBr FCF 3 whi ch may be prepared by reacting
strudumenochl or oper fl uoroacyl fluoride with a

nonobr onoper fl uorool efin. CCl F2C(O CBr (CF 3)2 may be

ple paicecmbp digrelt] 4 reGndulatingd sl 2dPand a buffer

CC F2CF2C(O) CBr (CF 3)2 may be prepared by reacting

of m&ﬁbﬁ%%c%gt@l%l WMo (318 inthitd e PHAEH ke @a@%{é&% 34 in
be prepared by reactlng CF3COFC(OF wt

ool I AR, tﬁ%%e%%%ﬁﬁ&%‘lﬁ%&z%f@w&&
o YR Dl A S P DL M s

reacti ng CF3CCl O)F W th CF2=CBrF.

of opkisabbRRBE 78N OBH&D PES judisprasedneetwien genpresdab and the
i nvention further include CBrF2C(O CCl (CFs) 2,

opticaBpRACkE OBjaliieahs 22,1. CBI bR6( @nbodEaRt, dntdfers 223 and
CBr F2CF2C( O CCl FCF3 whi ch may be prepared by reacting

225 argmirely onprecfiblohasiid Idwdioréfd@ctiveé indexes than the
nonochl or oper fl uorool efin. CBrF2C(O) CCl (CFs) 2 nmay be

refra@ﬁ@@?ﬁ&gx Y +h€ %}é 69 vs%e': Oomi Wy LR Hidters 223 and
F2CF2C( O) CCl ( e prepared by reacting

225 %?&Eé%ié%@ﬁ%é“@i% %‘éﬁks&%ﬁﬁf i P 2o T i i
Wlthl%é%%‘%&%%l s h@,;@n:é@%e %fﬁpﬁpgg;%tépgﬁqag‘“ 4 2, buried

) nonoh ronnnobronnperfluoroketones by the reaction of
insulptigg %’é[@i]l 1 also srsyedfast tladdingsosasredeivqapfme optical
wi t hperfl uorool efins, or by the reaction of
bearmBBactiol mampir Withinoseyéglilded? 2deslowdnh embodiment, buffers
nonobr onoper fl uorool efins, or by the reaction of
223 Jnd GrDanpeséiveaielertritdlligbl£iess Wd &s to electrically isolate
nmonochl or operfl uorool efins, may use reaction
condi tions and procedure simlar to those di scussed
her ei nabove for the reaction of a fluoroacyl fluoride
with a fluoroolefin. The cl@mpositions may be prepared
by any conveni ent nethod to conbi ne the desired
anounts of the individual conponents. A preferred
nmethod is to weigh the desired conponent anounts and
thereafter conbine the conponents in an appropriate
vessel Agltatlon nay be used, |f deS|red The

e g, o Y o " o " o

insu



invention include: 1, 1, 1
,2,2,4,5,/5,5-nonafl uoro-4-(trifluoronethyl)-3-pentanon
W@ 200%/078513 1 PCT/US2005/001601
,3,4,4,4-heptaf l uoro-3-(trifluoronethyl)-2-butanone;
1, 1,1
the aohtdchs 5015p1é‘a &f {wlél%guﬁie‘lQQVSf%ﬁi thaiepaeRll Ryttt field

pent anone; 1,

guldggqu@f@{gé%“%ééé{jlg@j: omat hyO S-pentanone; 1, 1 ,1

undecaf | uor o- 2- (trlfluoronethyl) 3- he
x%none

ity Od%%r#m &% Ca&ﬁqaﬂl 2 oiretinesiad Hrorigl, st o sp
t
waveRlige 9% slang amqmmlzpe\rth {rovghorkeTen Toedplatediisiion
2-chl 1,1,
233. ngg: gs 5pph¢éftblmtrtmaz Wwavéguider2kethyh pdrlatentlae ires;
CF3CBr FC( O) CF2CF2CF3; CF3CF2C( O) CBr FCF2CF3:
charGE 3GFPEF OpRERRFREREN cha3gE O GBulEEa Y EE2GRD33 at the
CF3C( O) CF( CF3) CBr FCF3; CF30( O) CBr FCF2CF2CF2CF3;

mtex‘f?Eé’éé( B e 3Fh3 fennieN 2/‘ sl@E &ﬁﬁﬁ%@tﬁf&@%cgﬁﬁ? O13; and
CF3CF2C( O) CBr FCF2CF2 2C( O) CF2 2CBr F2;

e G g e ﬁ%ﬁ%ﬁe@@éﬁ‘oﬁe‘% B ESpge from
Voo S B B B SR T L o

(CFS 2CBr C( O) CF( CF 3) 2; CF3CBr FCF2C( 0).CF( CFs) 2
233 THE @CHR9nee frths reflectyepndersgt the
CBr F2CF2C( O) CH( CFs) 2; CBr F2C( O) CF( CF 3) OCF3;
semiCBnARCEACHBtEFEEN Vdiced woRgtlds 2072 Clo)@r eRsh@trgent,
CBr F2C( O) CF( CF 3) OC2F5; CBr F2CF2C( O) CF( CF 3) OC2F5;
the &8¢ ER&(ED Ea1GEr S)rOCh2fPhiodiBakeCragio6) TBEGmay include for
3) OCF2C2F5; CBr F2C( O) CF( CF 3) OCF( CF3) 2;

exan%%i Fagg&gg@) E%ﬁ&%@h%%ﬁfﬁti’@n Ch3BIFA( O CF(CF
OCF( CF3) 2~ CF3CBr FC( O) CF ) OCF3; * CF3CBr FC( O) CF( CF

e@%ﬁ% <p( caﬂ%ﬁ%@%@ﬁ&%‘c&%
throg%, F5 g CFB&%E}%&@\@}&CF@%%F g%%%g%@e%(%GNAL.

CBr F2C( Q) CH( OCF 2CHF2) CF3;
In one embodiment, the phase of optical beam 221 passing through free

charge carriers in charge modulated region 233, or the absence of free
charge carriers, in optical waveguide 227 is modulated due to the plasma
optical effect. The plasma optical effect arises due to an interaction
between the optical electric field vector and free charge carriers that may
be present along the optical path of the optical beam 221 in optical
waveguide 227. The electric field of the optical Beam 221 polarizes the
free charge carriers and this effectively perturbs the local dielectric
constant of the medium. This in turn leads to a perturbation of the

propagation velocity of the optical wave and hence the index of refraction
11



CBr F2C( O CF( OCH 3) CF3; CBr F2C( O CF( CF 20CH3) CF3;

CClI F2CFBr C(O) CF(CFs) 2; CBrF2CFCI C( O CF(CFs) 2;
wESEAGHEBY C( O) CF( CF 3) (C2F5); CBr F2CFCI C( O CF( BFET1/US2005/001601

3) (C2F5) ; CCl F2CF2C(O) CBr (CFs) 2; CF3CCl FC(O) CBr ( CFs)

2; CBrF2CF2C( Q) Ca (CF 3)2; CBrF2CF2C( O CC FCF 3; and

for tEO MYAALIIStHOBI@SE of HTRa TR S sirh ?ns tiak il Bf B8€Rbeed
invention may further conprise about 0.01 wei ght

of th@q. {780&19 to %h&? h‘g '91‘16 @ﬁé&ﬁ% olf‘hé}eE'BFé “ﬁie 1nde)? of

i zer su as nitromet’hane.” The composi tions

rese nventi o rther
refregf fﬁ% PB? el PSPeuHe 201 st FE A mogyipted in
agent . ye is useful conpgnent for detectin
resppeaf(ér;o &hetrned frlP’@Qngﬁe ERATRSSPATTERT SN a&%mqq‘f %e
to observe the fluorescence of the dye under an
regiayl 288~ vIoe enodliitgteddndenofyefmaction i thakvaregiitdeof optical
refrigeration or airconditioning system Solubilizing
devieg 0t scoriyspen digds anodealdtos tho pleecdeudf d:'ptiycabbeam ANV
dyes in sone refrigerants. By "ultra-violet" dye is

propZBalin AHNUIHIEHBESPWavESIRRSRT OF dtRialadsEsDd 1. gmﬁ

in the ultra-violet or "hear"” ultra-violet region of

caal B SO THERSraB D RIS FOER 220w

accelifalat by R Id Ena i/t pEe ﬁ&mgﬁ%ﬁ@ as

detected. Therefore, if refrlgerant cont ai ni ng such
optical enearay ds sed ¥pe Generally the refsastivegindsx mﬁrﬁklrb%tlan is a
refrigeration or air conditioning apparatus, the
complexonesdesrcwittathd ecalpad thaingthaheart akhmh pausSuthe
UV fluorescent dyes include but are not limted to

velodigp bhhale it she pgTagieags patiobeing ndatcahtbrthedhes charge
phenant hr acenes, xant henes,

carrfg?'mpﬁ%?le. STRERMLBARRRE REX %e S sﬁ%tu(f’ Ef gf@é l:ﬁ'BQ1mately by

errvatrves or m xtures thereof agents
of the present inventi at | east one .
conpound sel ect ed fromﬁt‘h& n%ﬂ?d“ onsi sting of (Equation 1)
hydr ocar bons, hydrocarbon et hers, polyoxyal kyl ene
withglhecoptiealhwaseleagth 6s  thei refridctive ikdierradsange An and the
chl orocarbons, esters, |actones, aryl ethers,

1nterfdc‘HfH'IPFEtrfg€ihSL a'TH thelcast &t }’5‘1‘&%9&& kpiRSal éfWéHQﬁaéM@Bn the

sol ubili1Zing agents of the present i hventi on conpri se

dr oc bo S |ncI udi ai d n
refradf et B R g es A shestRumen Bt ar AR AR
f ewer carbon atons and only hydrogen with no ot her
concemtERtion ahanesuisssivre fiesent at i ve hydr ocar bon
sol ubi l'i zing agents conprise propane, propylene,

cycl opropane, n-butahg’ (S0 €, prdnopentane. |t .
shoul d be notAevoFrr@rnﬁ—tL b r"gm—’r)s— (Equation 2)
hydr ocar bon, then °Fh % \ubi "fzi ng agéefit ney not be

the sane hydrocarbon. Hydrocarbon ether sol ubilizing
wheROADES thE ddiRidleseiRk dfeaRidtivh fAEIlEER, & Reflfe electronic

contalnlng only carbon, hydrogen and oxygen such as

di met,hyl et her PoI al k Y. et her

chardgEhs kel (OB Poluguyel inkene el eLIEr . ana

represented by the fornul a Rl[(CRZ)xCRS]y wherein: x
mp* fee te elrcsten andbhole effectivesmasseat epReqtivHy 1bg andibn are

is selected from hydrogen and al i phatic hydrocarbon
fittingapdacametd@ving 1 to 6 carbon atons and y bondi ng

sites; R2 is selected fromaliphatic hydrocarbylene

radi cal s having from2 to 4 carbon atons; R3 is

sel ected from hydrogen and!l i phatic and




alicyclic hydrocarbon radicals having from1l to 6

carbon atons; at |east one of RlL and R3 is said
whyasocaidbon radi cal ; and wherein said pol yoxyrdt Rysmo®001601

gl ycol ethers have a nol ecul ar wei ght of from about

100 to about 300 atomic mass units. In the present

PAYexHabk¥besscdl i ORE\%@ Forf® EHiBddi#h &gt 8980bstantially V
represented by RI[( X is preferably 1- 2; vy

shaﬂe?i HEIsE %’eg:storll Pl el om@l%%@%g&fﬁé&bidé’ Fln&gc%rlrréed with

I ndependen gen an

two BT darghe e hav'a%?rlahéﬂﬁcaﬂ@d? @%w%@?%i?g%@ed

., radicals having from2 or 3 carbon atons,
withgiespechbp gagh @gh%nfoatmﬁg thend " pehaRKy ettqrytptéﬁeO@fra/e%thls
ether nol ecul ar weight is preferably fromabout 100 to
disclalsoge, 156 appreciatadsbatthe prenisst shpapée ef dbley V' ofm
about 125 to about 250 atomi c mass units. The Rl and
subdt3nkbipdiyo¥ ashzgred adivtating raglorg 21 1tmaly daviaes fedmnexaeyV”
be linear, branched or cyclic. Representative Rl and

haﬁ%%ehwtr&@rhquu@%ateahﬁ Flgetel @efdf&%;tmbnafeidwburpbeey.l For
i sopropyl, butyl,isobutyl, sec-butyl, terf-buty

exarﬂgﬂit Yhe Bcft‘t’&%&ﬂ%ﬁ or %‘?%%ﬁ Bf ¥111e «“(7y %% ?ﬁfﬁ{ene@ lunted or

exy e free hydroxyl on t

e ent ol.yoxyal kyl en t her solubllm NG o o
rou Veskfes st Delathrded LA ZRrtats ﬁ% PpM
refrlgeratlon apparatus materials of constructign
shapegl gtrugivee.(etr)  Heweger inplh et thews sagigus embadiments, the
hydr ocar bon radicals having 1 to 4 carbon atons, nost
subginatiedlybV shapeal insmlatiogregiom R2 lanighudes @ least ‘the two
hydr ocar byl ene radi cals having from2 to 4 carbon
regicatpobidaulaxirgpenriterigl, oxlylhkyteanglaiirdth $espéciRi) €aeh other
that include oxyethyl ene radicals, oxypropylene

in ad@FHaAkE wRRAGHRLEEhANSS f1ad p?@éélt iteriygl kyl ene
radi cal conprising R2 |n one pol yoxyal kyl ene gl yco

etllﬂe(gn Hr?&hﬁﬁéﬂtg rg ’? %g{r&e H?sﬁlﬁg ﬁéﬁi‘ﬁte? ial may

onge e nay Con aln di oxya

oups.. resen Ien col _et her
be S‘%PE?B?WJI et B eyt Shh Pes, 1 diiethse
oxypropyl ene radical. Were Rl is an aliphatic or
embadrreyet,r regas 3ddr v 21pE nsWatinggmatesiad mayhshangled
atons and y bonding sites, the radical may be linear,
withbrespehttio onecymdtiher aReeptgee wther teaR19Qdegats.c Similar to
hydr ocar bon radi cal s having two bondi ng sites include,

the digeussiphBovénnedhy egitsodiatdog wheén R Pb}dr@iwtidmdif @ltical
a butylene radical, a pentylene radica a hexyl ene

bearh®D £84 a@aﬁé‘lctoo@ﬁé‘ by kB8 %egfaqltscgt 7 Y102 29 fGhalgxithgne

rad|cal Representative Rl a |phat|c hydr ocar bon

matédg Gk Sﬁlg?ggél BRIl gaapﬂurgf%;gsah: 26 bt Example
appﬁo?#%%ft? ol Bee) %re'tf” 35 EhART Gplieimshiars RE

renovi ng their hydroxyl r adi cal s. Representati ve
op’cmgér%ryawﬁ thablgypomandienlar tothpame fegiegeal € or 219 of
include but are not limted to: CH3OCH2CH(CH3) O H or
insutHd)g (matgydlene gl ycol nmethyl (or dinmethyl) ether),
CH3 CH2CH( CH3) O 2(H or CH3) (di propylene glyco
MRty xhlen atiorebhyposes, k) im SFSCE GG GHX @ Pokhrdzation of
CH3) (tripropylene glycol met hyl (or di nmethyl) ether)
optided HREPHZET (413, r%)@ﬂ 1A 8P¥u8§@a19i1¥ﬂ§?|v ah
(or dlethyl) ether) q’é CH(CH3) g 2(H or C2 )
(di propyl ene glycol ethyl &dr diethyl) ether),
C2H5(J CH2CH(CH3) O 3(H or C2H5) (tri propyl ene glyco
ethyl (or diethyl) ether), C3H/OCH2CH( CH3) OQ(H or C3H7)
(propyl ene glycol n-propyl (or di-n-propyl) ether),
C3H/q CH2CH(CH3) O 2(H or C3H7) (di propyl ene glyco
n- propyl (or d| -n- propyl) ether) ,

NN T AN NI IS~ 1/ L . T I R 1




(CHs) 3CH CH2CH(CH3) O 2(H or (CH3)3) (dipropyl ene
gl ycol t-butyl (or di-tbutyl) ether),
W@ aHsHp2EBC CH2CH( CH3) G 3(H or (CH3) 3) (tri propyP@nes2005/001601
glycol tbutyl (or di-t-butyl) ether),
C5H110CH2CH( CH3) OH ( propyl ene gl ycol npentyl ether),

I t
e SUBEREN ST L SHUM By ) B ki seren

tlme% C(?%a:ggé &T%hg%ﬂf%_f@ %)pﬁglgégfz{attlld%le ﬁ%%ﬁjufﬁtr %@%Irl;lez?l that is
perren BRI o R ALY S %WMV%W@M& Fgion

those represented by the fornul ae
211 ¢ FApBeYTY GEREREGEIPIS gt and 119 aug, suiﬂsstaﬂaaﬂs’ carrﬂéOgonal to

i ndependently sel ected fron1allphat|c and alicyclic
eacthythers dhbgwladidatiehofteptica] eaom A2 1 shabiscsubsiantialy;

R4 is selected fromaliphatic hydrocarbyl ene radicals
perprandiaglarrtontegidio 217 wapdailattoregicandlohediehilads] d

am des have a nol ecul ar wei ght of from about 100 to

pola?ﬁ%‘ﬁl%n:”@poﬁﬁ@é!ﬂ BedMS32 URhhE is PREpERHRSIARTo WESiBRAI2 PD is
said amdes is preferably from about 160 to out 250

o0 g, S AL
o AP SRR TR R R

aIkOX|des S%W%p nethoxy) . R2, R3 and R5 may
optiga ibifs pRles Wﬂd%ﬁéﬁh%r@@éﬂ@aﬁmg
radlcals that is, radicals, which contain the atons
the phaseogé np@a;ahb)eanoﬁygeim amd)alme withftine tepkhings off the
radi cal chain otherw se conposed of carbon atons. In
pregggmeﬁaému@ﬁ nore than three non-hydrocarbon
substituents and heteroatons, and preferably no nore

t h?&‘ fﬁftﬁer‘ﬂlhétﬂé%e Ph &S e tfh%ft 1R8fdhdl 0192RPD 18 GMB i N

3, and the presence of any such non- hydr ocar bon

t
sub&%%' i wr%kf'ap?e?fjolrﬂekﬁ{elﬁ i mng‘léggu?g 88&? aﬁgh%ﬂ wih an
imtations. Preferred an1de SQ ub|I|2|ng nt .
angl@o@wgt? lativeftodhererrizanial dgenl 171 llpégreeﬁe 1B ﬁj@ﬁodmen’c
Representative Rl, R2, R3 and R5 allphatlc and
showhiiayEiguge 2 dio oaebtanboditneak sassuinedh atetriple 6 istdiyise to 45
propyl, isopropyl, butyl, isobutyl, sec-butyl,

deg Ireééfor%ta)flre gl E h'? drﬁ?QQ@t ot suB@ﬂé@ﬁ[ﬁlbyl Vv st}?a[ﬂecpﬁfgﬁlatmg
cyclopentyl” cyclohexyl, "heptyl, octyl,” nonyl", dec

R R TR
eachtsg Segr é%q?q;gé \ﬁ/pch.&gu%ggcggtfp SLq{?tij&d %8%gr+nlgde effective

hydrocarbylene radi cal in_other words, the
indexoplange fayragion R1ERSR? ﬁcsai\ﬁudsf;teqntmclbfr%.ahanqdemsulatmg
previ ously-stated val ues for nol ecul arwei ght apply; n
regioms 241 witthetjes efactric Jidld comBRInest pasalialrtattde region 217 or
hydr ocar bon radi cal containing 1 to 12 carbon atons;

219 R &deaiR6 Ahe THEWSPRAARRIdI¥CER! A6lEEofl he@ﬂ&ha'ﬁ)is by

the rules previously offered defining

B SR 2y L Ao T e

or contain a single saturated hydrocarbon radica
among the n nmethylene units, and R5 is a saturated
hydr ocarbon radi cal containing 3 to 12 carbon atons.
For exanple, 1-(saturated hydrocarbon

radi cal ) - 5- nethylpyrrolldlﬁ 2-ones. Representative

am de sol ubilizing agents include but are not |imted
to: 1-octyl pyrrolidin-2-one, 1-decyl pyrrolidin-2-one,
1-octyl -5- nethyl pyrrolidin-2-one, 1-butylcaprolactam
1- cycl ohexyl pyrrolidi n- 2- one,

1 butyl 5- nethylplperld 2 one,

~ o A I Y T




met hyl pyrrolidin-2-one, 1-dodecyl pyrrolid-2-one,
N, N- di butyl formam de and N, N-di i sopropyl acet am de.
wKeaos/0e853®| ubi | i zi ng agents of the present i nvROl/USIV05/001601
conpri se ketones represented by the formul a RILCOR2,
wherein R1L and R2 are independently selected from
. R o . . h cadi
indef crRifle {5 oo GHUAIS R85, 3 for ARRISINRT, (R E518e
aﬁetoggs h%ée a noleéular mgi ht of from about 70 to
SMAazFoRPASBEHATEHCY AaSYWSES Y and R2 i n sai d ket ones
are preferably independently selected fromaliphatic
a8 af csykedisneniWidn peprceRdRelor atsiagregions €03 and
carbon atons. The nol ecul ar wei ght of said ketones is
205 mrdbeingsjlidorgmadovith M stenpaly af shapeddssulaiing reRion
and R2 may together form a hydrocarbyl ene radica

211 oodloeehedegitchsf D1 TaAgl 210 eingSdxide dayasVieaviipnidcRehesses
ring cyclic ketone, for exanple, cyclopentanone,

of a;%:}é‘t’okﬁﬁ%’é@lwel’% ﬁQﬁoﬁ’Yé’clePQeé”sgtgéle Snoffd VAR IRAEBY realized for

ional Iy 1 nclude substitut hydr ocar bon radi cal s,

. ' r.adjcal 0 I, i -y, r.b :
opticidbet P Lh THEPR AP R ARuREY LI optical mode
chl.gri ne) and al koxi des (e.qg., nethoxy)... and
for t50 1t il BT h GoBHORIH, Ta0 NG QPG GiRdsor JBiE T™
radical s, that is, radicals, which contain the atons
modgipolageatipaapmpongpt eh opkised beagk a2)l . o eppfambodiment,
(thia-) in a radical chain otherw se conposed of
for thaMvmaedo peladizatimmepatpomeninthe totanwavegeide effective
non- hydr ocar bon substituents and heteroatons, and

indeRIctfgig@isyfor@examiglet han one, will be present for each
10 carbon atonms in Rl and R2, and the presence of any

such nonhydrocarboggﬁypggéquggﬁgggﬁgheteroatons gﬁﬁgﬁik“13)

be considered in ap ng th htioned nol e

.wejght limtati.qns. . Representative a R2 .
whild ThA e lE o et Re i AR oMM Pagsls plarigation
the general formula RLICOR2 include nethyl, ethyl,
compeeit is fayopragpple butyl, isobutyl, sec-butyl,
terf-butyl, pentyl, isopentyl, neopentyl, terf-pentyl,
cycl opentyl, cycl oRf{ayl/7)6esd ¥l An-efrigjl , nonyl, de(@duation 4)
undecyl, dodecyl and their configu rational isoners,
Thergfnb? WinG? RERREIC PIRRR cloiEReht ifEBLRea th¥ikhre 2o
ol ubilizing agents include but. are not. ljmted to.
subsapHAl AR CesRes e phaIbIED s ShRaRD e,
hexanophenone, %yclohexanone cycl ohept anone,
subspantigiliiseesarpe e poihohie arsl ﬁh&lﬁ}qd@pﬁl@rmﬁm components
2-octanone, 3-octanone, diisobutyl ketone,
of opticet]l fhdaoy A2he Thus) subidtantiatipnmlafizatioariadependent phase
2- decanone, 4- decanone, 2-decal one, 2-tridecanone,
efficiéhleeiy lobtaipat watdl agl GyiaEaNEKNse KRifedtCof Hbtichl @evice 201 in
sol ubilizing agents of the present invention conprise
accoPc'iéﬁbéf SAth SHF ?g?néﬁﬁ%psbé{f Eﬂlaﬁp}fs’eﬂ{'iflv&%. wherein Rl

Is selecte al Iphatic, alicyclic or aryl

hydr di.cal ViR to A2 :
) GRRERR LR HE R Mack R ColFafChbRErRt 4O
. frogmabout 90 to apout 200 atom c Ss units. [

Figugs, srR ipan iyt oot sioddiie PR the E mode

selected fromaliphatic_ and alicyclic hydrocarbon
polayiggtien| epmponayt of optival beapvor 24t e Fighee Aoisex diagram

wei ght of said nitrile solubilizing agents is

preferably from about 120 to about 140 atom c nass

units. Rl may optionally iA2lude substituted

hydrocarbon radicals, that is, radicals containing

non- hydr ocar bon substituents sel ected from hal ogens

(e.g., fluorine, chlorine) and al koxi des (e.qg.

nmet hoxy). Rl may optionally include

het er oat om substi tuted hydrocarbon radicals, that is,

o s T o ey o



preferably no nore than one, wll be present for each

10 carbon atons in Rl, and the presence of any such
waenshystn®car bon substituents and het eroat ons POFUSIE5/001601

consi dered in applying the aforenenti oned nol ecul ar

weight limtations. Representative Rl aliphatic,

illus@tdteye vestoril mbrelingdfabartPan stectalbgnietict fi€l dIEMemdlde

formula RLICN i nclude pentyl, isopentyl, neopentyl,
- pe I b l~ehe +EBL
p(ﬂa%%t‘el ;gﬁo?ln%%u%?n%}eﬁgyﬁ?’%&%é éa f ) 3?(} eggijlec and tr%;ell1 gh 8 8% figu

oo 17 br SR et p Bk o RSH e RO b1 i

accq?;itﬁc}r'llplggvi%gl: %%Itlelggzh?}%ﬁg% ﬁ;épll‘gs(:érijtdi%vgggcio%r. & not
2, 2-di met hyl - 4- cyanopent ane, 1-cyanohexane, 1-
cylandreprample erehodisaen tenidlustraiednisoligawes 3 and 4, the
1- cyanononane, 1- cyanodecane, 2-cyanodecane,
substaaymiiyuViddegreel amhlitiagaregind@ddns. athixideedtibanthickness
sol ubili zing agents of the present invention conprise

of afsHREREAERODS HANRsRHedA P ahtse bBEEMIeA RCte embodiment
erein, X is selected fromthe integers 1 or 2; Ris

. t r N ' ' bevel i . .
in FRELEE P Enl ATt BRSO oy Y 6 JAHARAE 3 oib
.chl arocar bons h nmol ecul ar wej ght of, from apout
regidip GO AALRIE & 700 B G ARPRRLEake d R B b AR
wei ght of said chlorocarbon solubilizing agents is
appprxéfetalyl ¥.0 pom Thewlab2egion 06 0pticehivaveguide BRI sin the
Representative R aliphatic and alicyclic hydrocarbon
embbaﬁh%ﬁlt $niMghbés 8oa84 A 1sf }&Hﬁ@égf l@}d’ﬁjﬁ’l RIS, .
ethyl, propyl, 1sopropyl, tyl, 1sobutyl, sec-butyl,
terf-butyl, pentyl, .i.so tyl,  neopentyl, ferf-pentyl
oy GREYS PRRESURHLETE et SiaL fidetingsy f FREEGY 3 and
undecyl , dodec¥l and their configurational isaoners.
4, theegisdsibmtian ot e sy andr Mrimedesinliqptica) kiRl 1s
include but are not limted to: )
symsagtcie aloogettteyhppeantalalirgction acooss Hae sybséantially V-
chl orohexane, 1, 6-di chl orohexane, 1-chl oroheptane,
shaged hhsuletiigregion-2 khl Gheny thaeveilaphbbbotlethadE and TM
1,1 ,1-trichl orodecane. Ester solubilizing agents of

modeR& RSN hdAMeN 1 @eepa&@eha@m%@ﬁ@dﬁlaﬁs@ regRIMLI3BYs
t he géneral fornula RICO2R2, erein Rl and R2 are

. o 4. fr. . . .
subd B RAR i Bl p ol B (U FABSBREIE Y Shaned.
. Preferred e rs gonsi st essentially.of the el nt s
insuaEPETREIRn Al SrrRiss S vt Soncs POTR it g6 TM
to about 550 atom c mass unjts. Representative esters
modepolagizagion eempesents of p@@lC@i beam 221 are not symmetric in
( CH3) 2CHCH200C( CH2) 2- 40COCH2CH( CH3) 2 (di i sobut yl
the véthirsil cliesttion),, thet éff¢ctivedadext harghywill Hepslkighty slependent
n- butyl propionate, n-propyl propionate, ethyl
on thepuitien ofl subgtaapallyWitshalpedeinshdarnpaegiort 211 relative to
et hoxyet hyl ester, dipropyl carbonate, "Exxate 700" (a
the SPHBEI flclesGbrabéYIE a6Rt RVE mod N8 RIrez80M chbthponents. In
commercial C8 al kyl acetate), dibutyl phthal ate, and
- tate. Ll .z £ .
one sFfflocitst, 38 T fical BOLANE BPLUBLIATISE, J0CH eIt lifating
.structure A Bl,,, and .[C] : . Cl ,Thes ‘
regi i o B8t R RIS e AT REAiraingt Teggbefent pppgption
of six (A, or preferably five atons (B), wherein for
structures [A] and [B], R through R8 are
i ndependent |y sel ected frorffhydrogen or |inear,
branched, cyclic, bicyclic, saturated and unsaturated
hydr ocar byl radicals. Each R though R8 may be
connected formng a ring with another R through R8.
The | actone nmay have an exocyclic al kylidene group as
in structure [C], wherein R through R6 are

o o o o



through R . The |l actone sol ubilizing agents have a

nmol ecul ar wei ght range of from about 80 to about 300
w@t@siozssmass units, preferred from about 80 toPebv81005/001601

200 atom c mass units. Representative |actone

solubilizing agents include but are not limted to the

in accorRaHBESwith $hedehshitady 6f the %Pé’ée’%t invention. In so doing, it
2 VETHODANDAPPARATUSKF POLARI ZATI ONI NSENSI T1 VEPHASE

: I : I
s PR R P KUERTECR RPATS B e T Eres e e
resent inventign rel.ate ner t t.ics. and,
relaiffcERRl: bAVRY e FenBhS Rl A R0 Y At ar Tl Y shaped
. E%ase shifting . optical Q;ins. gackground | nf.or mati.on
insulpiang segionos | f 48 DA RFeaiTHE POndesses da  aqnesdgnee with the
technologies is increasing as Internet data traffic
teachyimgs of tha présengvisrveniong voice traffic pushing the
need for optical comunications. Transm ssion of
mMRAigupé & Mipistrztes gearenrally cobkick diagsaneof bhererhbodlimment of
dense wavel engt h-di vi sion mul ti pl exi ng (DWDM syst ens

a sy$Beh h8akiihg (EBdpEtAPthRelsnSitfdreaid RiP¥hHeabréddimdewi®yan
to use the unprecedented capacity (signal bandw dth)

optiégc{l) ];?gerv?ge ?Xcéxjdl?ﬁ% t8 %tﬁédirgeﬂf@g{é th\g ?g?séﬁ’tt i.hrﬁightion. In

_onens Int e SYyS emlnc u engt IVI$IOI’]
pertfbL T GHER o R OB 1o Bt LS5, AP

filters, fiber Bragg gratings, arrayed-wavegui de )
trangmitter 3 %@ia@app%&af BREHVERIPOY pl k@RS ,emla%@ur%elafn @ptical
optical switches. Optical switches may be used to
systemdol htedso pr¢ludes monopticalvdevinenmdb pptinadly coprlsddietween
optical sw tches are nmechani cal sw tching devices and
opticell achnonotter S0ahé ipticaleeceiwsr IGChAsi stdws dhtRigung 5,
devi ces general ly involve physical conmponents that are

optiddl] 36£8shiittkh 6 08PirkeRIniRa bhSo PRENEBAaRPED ¢ ahat i §@ESeived by
These conponents are noved to cause sw tching action.

. ~ r ol Y, i :
optiqA Hetict 8B 12 G SRR B S SR P08 ey pglude
MVENS _ar e .popul ar .because they. ar ilicon based and
for eXeBHIFGAEURE S ES SHHERNAEVGhaan desaibef RPRuh I
processi ng_technol ogi es; However, since MEMSt echnol ogy
conngehieraPith Figutes drfotp Phasashiliiontical nadnl S4vblie Fesponse
of physical parts or conponents, MEMSare general
to signal Vednan 85enmh, ypdéchl ajsviies b08pis| indepeodsnt of theas
for exanpl e applications having response tinmes on the
polafit88bnadf sptiddldseandd2 1.l in et an-a@pbodiment chptigal device
devi ces, voltages are applied to selected parts of a

505 S6¥ glsrdéé)ag %ﬁ%ﬁﬁi@éﬁ@él&&? 1 £hothe dibddiRRndeypagal device

The el ectric fi'el ds chahge the optical properties of

505 grfée}g ?)teeeqngﬁjbf?diei%lf %%}Mﬂ‘tm.eﬁ a%@ﬁlhgﬁés%m %ﬁﬁfjatbp %tritclalr?.like' In

ro-opti _ resul i tchrng ac
var Gl € B s e e LR M Yoigh 8 prsgent invention,

. transparency with voltage-variable optical behavior.

it is eppregipiecthat patisal devigeeo Qe ganarapie et srspels @ fast as
material used in electro-optic switching devices is

10 GHz hindnbeyaisht ds(a réldd) anlémbiodimeindsdtoptical alevice 505 in
transparent material fromultraviolet to mdinfrared

may foeefiilateated dndfer tdxaingieha biigls-spleedt siticoptmodpi aperfor enta
such as the Pockels effect. The Pockels effect is the
opti cal phenonenon in which the refractive index of a
medi um such as lithiumnigbate, varies with an
applied electric field. Th& varied refractive index of
the lithium ni obate may be used to provide swtching.
The applied electrical field is provided to present
day el ectro-optical switches by external contro
circuitry. Although the sw tching speeds of these
types of devices are very



fast, for exanple on the order of nanoseconds, one

di sadvantage with present day el ectro-optic sw tching
walensoess13 s t hat t hese devi ces general |y requi PET/US2005/001601

rel atively high voltages in order to switch optica

beans. Consequently, the external circuits utilized to

comfRNicatioR’ £9€ thifay-chRridtepiintddt HPREEN RIS accordance
usual ly specially fabricated to generate the high

Vil t . nounts of power
VWthg%ﬁQ%%%@Fg%gofEﬁég%?%%éﬁﬁAﬁglgﬁ?ation of these
ext ernal high volta contro ircuits wth present
AP dR Pes ESupainest pEBEBERSer tayeRtoi R
increasingly challenging task as _device di nensions
semicgnduster-bessd Artical\amphigude reodvlatends prevideshin adully
to increase. BRI EF DESCRI PTI ONOF THE DRAW NGS The
integradedsolutioemri arsingle idtegratatedrdyit winp ofinepartpdudaand
not limtation in the acconpanying figures. Figure 1
Figuiré 6ailluistfstes edrierallyy | driseiiddimenit draropptical ndedigor 601
i ncl udi ng a charge nodul ated regi on proximate to a

isRSHl-REI J1d Pel I ;
O e T A e ISP EPS, 4o showniin
. l.arj.zat i.0 e~ Fl-gur ' .
the QiR BRRliAR G SrPERF BSARRal b1 Rsate 2oy onficat
opt.i cal i.ce i.ncludin char ge nodul at regi pn
phagf SRt & o atuet ne ety W Rape ohiaibaepipted
region in an ogptical wavegui de, wherein the optica
betwgep cascadedoy thyapehaeounlers ofianNesbndehnder dnterferometer
accordance with the teachings of the present
(MZI) cosfigioatiori @b eigpisedhinsagricomdticistmatérigl. In one
vectorial nodeling of the transverse electric field

embodimheRtosticAnbhesd shefeeh 0BE6 sehilrrtouah epfiodiment of
enbodi ment of an optical device including a charge

optidHl Qiélv?é@éoﬁ‘%ﬂé&?i%c? XbBwe %tc%nl%e%%it @&glgﬁﬁ%e\; shaped

Insulating region In an optical wavegul

?ﬁ%i?ﬁ%%ﬁf@%a&? obiiEl B3AG) 6318 ﬁh%f?%g ¥i|§§$ ap R M
' Y, [ [ T
confgERUAP §0amAPHEe] BaRENPadgR BTE SHb R AISF Bation of

opti cal device.ingludin% a charge nodul ated regi on

the qptisaliegaant@? b is dirached ithroygly osieapleidha asmsaf the MZI
region in an optical waveguide in accordance with the

configemahiong60bfarid e sEeesehportive mifiophicakibgane 62 1 & directed
bl ock diagramillustration of one enbodi nent of a

throB¥BHeR dthelr W of file aPiisCaf tHé MENdrifiuratibraBospt Asal
receiver with an optical device including a one

shov@0HERINp BlecR Rl ik, 8d ASESALEY ©rARL MY Phase

cording to enbodiments of the presen

i nventio Figure 6 is a block diagr i | lLustratiaon of
contight 8ot Ao Raheife<abBsh] BRRSH s BD%: mattEly fygts &

Mach, Zehnder I nterferometer (MZI) configuration havin
relaig{rPhfes AHHErNS PEERAT G St PbANC RSSASTL PORIQRE PEaptal

phase shifter according to enbodi ments of the present
beamfidhin sesprtiEe SJgneslg\ésmmC Kndeag earhodiment, dhedirssfand

one enbodi nent of an optical nodul ator including a
secohdhpyrtitersodf optichlybeant 68drate threrhmerggd anehenbodi ment

of a polarization insensitive optical phase shifter

semie8 Ut 69 stiBs BiHhe GyBNtisatobptibsl PEABeHL 1 ioveAdiiRAed at the
DETAI LEDDESCRI PTI ON Met hods and appar at uses for

At et 4 Py > Y .
outp% éﬁ Mi%bﬁﬁgﬁ?&ﬁeﬁl 605 &P ?é@uﬁgilf é:b;n%nfi’é’m%%itr Elglstructwe

mw th an~optical device are closed. In
fol l owi ng description nunefdus specific details are
set forth in order to provide a thorough understanding
of the present invention. It will be apparent,
however, to one having ordinary skill in the art that
the specific detail need not be enployed to practice
the present invention. In otherinstances, well-known
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enbodi nent"” neans that a particular feature, structure

or characteristic described in connection with the
wenwsadrssent i s i ncluded in at | east one enbodi PENUSZTNG/001601

the present invention. Thus, appearances of the

phrases "in one enbodi nent” or "in an enbodi nent" in

interY&dridS R 858%hBhalfabattad Shewsofid bCatd 8RR 6f tHY MZI
necessarily all referring to the sanme enbodi nent.

conf%&t@ﬁ%ggbg ’inEﬂfd@saE%lL&%%%ié] I éjéﬁﬁ'telséégptlgrﬁo@fer

racterrstics nmay I n"any sultabl e manner

I n. one, ar re..enbodi nents. addi tion, it .S .
ernbadiRest el PhUFe pras Pz St Hhar boprmaydnehyde
expl anation_purposes to persons ordinarily skilled in
an optisahphagashiffsr % drawi ngs are not necessarily
drawn to scale. In one enbodi nent of the present
i Rignré Gnis & bieck diaghasn dHubtresitpgenersllyden epebpdiment of
provided in a fully integrated solution on a single
an opficaiheddglagbr ercludihg . FaAbey-Pebodtawby cohfigoeation having
presently described optical device includes a

one &P L S 2 PRESY- QNS HbESsi RRR ditichl GSHB CERITE Y
net al oxi de sem conductor (CMOS)capacitor type

cceof L BAPLE o ARl o BOR bR
7 B S SR AR BT Bl At enat can

t el ecommuni cations, networking as_well as other hkgh,
be enydeveder enticabperics: POnof Sigyreas. dpt shawnyl) she depicted
lines, switches, nodul ators, add/ drops, or the
embbilkaeht, opicalnmodiutetdr, 701 iiecitides EabacPeoot cyyigy
structure is adapted to nodul ate a charged region
conflti@sitionl BODQEFirseth Hetwbedldpticd] $6feeidrs 08 ahdnp07. In the
region in the wavegui de. An optical beamis to be

illusﬁr‘é{}ﬁ?te?ﬁbwﬁﬁeﬁﬂ éﬂ%)g’t%?gﬂﬂdé% aittel e ghiddiadehandte

ated region pro o the substantially V

shaped insul at | ] ' [.cal:
rabiy BRI ShblEFRbE o eREeay SRled HetRRER Gtical
reali accordi to enbodinrents of .the present .
refleriyat 0o RAN (Rt i P I BoEReBh Qntical WEESH o R, 7Q5 is
_ shaped insulating region through the optjcal )
similggviegan cenbadiment obepdicet devise, 2Q hdlesgrdesmbparg in
ort hogonal relationship between the planes of the
conrsedigtramtitla FiguiéssBape dniomeuembodgnesadj optieset oeftitaigrs @03
enbodi nents of the present invention result in
and FOTHAR balrbyliped itk Brage drasiensidr e Hkasatdbhfdreng
of an arbitrarily polarized optical beam because the
. r . . _
intef AR R SeR SR AbEcr B Sod PPRAF wE BRI, B dEmARAt Ay
ro ate at right les with respect to each other
Pe“ﬁf@?ﬁiﬁ??ﬁgy%ﬁgpbgﬁéWaveguide. To illustrate, Figure
1j s a cross-section il trating.generally an .
ok SREraHA P el g/ AT i SeBe U APBY Pl vty
roximate to a planar shaped insulating region in a n
confygpunation KRPeefioridcalehasewhifter TP § thsoughgnties reflector
device 101 includes a first region of sem conductor
703 matsagnaalis 2pdliedvicngptichl phaseshiftet 70btip modkilateitlae phase
second region of sem conductor material 105 having a

of o1SieEANSeLAMTILE isvdpiicAlyPeam Y Pl a8sdnatesuithin Falag-Parot
111 i s di sposed between sem conductor material regions

. j | 7 [ i
et o e o g PR e o of BRLicRE bsam 721
(SO )waf er and therefore i€l udes a buried insulating
| ayer 107 and a | ayer of sem conductor material 109.
An optical wavegui de 127 is included in optical device
101, through which an optical beam 121 is directed
al ong an optical path. The optical path al ong which
optical beam 121 is directed is along an axis that is
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material region 103 is coupled to receive VSI GNAL
t hrough contacts 113 and 115. In operation, optica
whe@si0113i s directed through optical wavegui deCT/R%2005/001601
al ong an optical path through charge nodul ated regi on
133. VSIGNAL is applied to optical waveguide 127 to
with r&gﬁwaﬁltﬁw{s@esm&% THE! GStiCA béfh TRVGRADIALOM bptical
charge "'nodul ated regi'on 133 proximate to pl anar
in A . arf .
reflef QRG] 1 d10E80R Hdepdhadhe bERAIBIAIGANES aiFbisce with
mat eri al % 3 and(%ﬁg. The., applied voltage from VSI GNAL
the teaghyes phEng PEeSEHATYENEL i er density in charge
nmodul ated region 133, which results in_a change in the
r dnrthet fovegoingedetotledidesraintiomding methedeanganppratus of
optical waveguide 127. In operation, optical beam 121
the presdint dotetionhavghbes deatribhad eyithdefazncgl tongpenific
opti cal path through charge nodul ated regi on 133.

exem{s} imbsdapehisethdreofpli will, Mewegert,dse éRiflend that various
nodul ate the free charge carrier concentration in

| ' ' hbd &fepaeti om
A e A T B R
mat eri al .103 05, [.e I el L
the RLRE D AL o dE L IR a0 THeebeh
dul at ed ion 133, whigh results in _achan in the
spechiian Apd FRNGS aF RREEREboRIbE TR rarb A usfate
opti cal waveguide 127. Optical device 101 of Figure 1
rathex tha reserieiyeong pol ari zati on dependence of phase
ef ficiency. For instance, when a pol arization of
optical beam 121 is parallel to planar insulating
region 111, or the interfaces between insulating
region 111 and sem conductor material regions 103 and
105, the phase efficiency is substantially |arger,
such as for exanpl e approxi mately seven tines
(7x)larger, than that for a polarization of optica
beam 121 that is perpendicular to planar insulating
region 111. As a consequence, the efficiency of
optical device 101 on phase shifting optical beam 101
i s dependent on the polarization of the optical beam
121 that is directed through the optical wavegui de
127. Figure 2 is a cross-section illustration of one
enbodi mnent of an optical device including a charge
nodul ated region proximate to a substantially V shaped
insulating region in an optical wavegui de. The optica
device of Figure 2 exhibits polarization i ndependence
according to enbodi ments of the present invention. As
shown in Figure 2, optical device 201 includes a first
regi on of sem conductor material 203 having a first
conductivity type and a second regi on of sem conduct or
material 205 having a second conductivity type. In one
enbodi nent, sem conductor material 203 includes
silicon with p-type dopants and sem conductor nateri al
205 includes silicon with n-type dopants. It is
appreci ated that the polarities of the dopants are
provi ded for explanation purposes and that the
polarities of the dopants and correspondi ng vol t ages
may be reversed in accordance with the teachings of
the present invention. |Inone enbodinent, a
substantially V shaped insulating region 2 11 is
di sposed between sem conductor nmaterial regions 203
and 205. As illustrated in Figure 2, one enbodi nent of
optical device 201 is fabri?ated on a
silicon-on-insulator (SO )wafer and therefore includes
a buried insulating |layer 207 and a | ayer of
sem conductor material 209. In one enbodi nent, an
opti cal wavegui de 227 is included in optical device
201, through which an optical beam 221 is directed
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For exanple, in one enbodi nent, optical beam 221 has a
wavel engt h near approximately 1.3 mmor 1.55 mm 1In
wo b@sentsosli nent illustrated in Figure 2, the optT/wat005/001601

pat h al ong whi ch optical beam 221 is directed is al ong

an axis that is parallel to the axis of the optica
cLAp@gegui de of optical device 201. In the exanple shown
“——TTT‘Flgure 2 , the optical path and therefore optica

hown to propagate along a direction

gO| E%f%r %ﬁxfa? comng in and out of, the page. In

t he enbodi nent of Figure 2, the vertex of the "V'of

the substantially V shaped insulating region 221 forns

an intersecting line that is also substantially

pakr-al | AN eppaatypt ¢EAPTISENE: al ong whi ch optical beam

22 1 is directed through the optical wavegui de 227. As

shofinsti regitie ofrehodpiieat welveEigle dishosednincsemiieamtuctor

material region 205 is grounded and semi conduct or

matédiekhalfirsegbsidnlAdvirg & dit edntaictRes! tWpe;
VSIGNALthroug contacts 213 and 215. In one

ernpodi S e %?1”5 ﬂ{éoﬁ'?lcong% %‘51(?6 8i Li191°f1{@0t5

that are co tose nate region 205

0C n f C

semZhnitEit fg?t B st e paPly ?tcsg P RNy

as shown i ure 2, results in tge nodul ati on of
typﬂﬂﬂﬂ?%ﬁ%&%gh 3t eerANRLIY JECnBlH ated regi on 233

which is proximate to substantially V shaped

i res auhstantialyVoshaped angulatieg goginn dispeped dmtwserrhe

22 1 is directed. As can be appreciated to a person
firsteiid becbnid regienarof thevopidcahwabegeide, vdiertdin & vertex of the

di scl osure, a CMOScapacitor type structure is

subdthatafix ?rv SH=pddrthaaEaEdicaion foanBeg TRt Sedting liee that is

present invention where the highly charged regions on
f I
SUb%%?%%t%%eﬁ%E FB et UBFRET b of o) SPAEALLRRHIbE Mirected
th or .1 Pe structure. In one enbodi nent, a buffer
rogg PRUCAHGVALEEHAS 223 and a buffer of insulating
naterlal 225 are also included in an optical device
201 in accordance with the teachings of the present
invention. As shown in Figure 2, buffer 223 is
diZposéthdeppesatenaf glatinpi Whﬁtﬁlntféleo‘mb gtantpdbhVothaped
optical beam 221. Buffer 225 is di sposed between
insulaih g etgidtbisafodnidte with at¢ dtastatvo oégiopsiafdhshéating 2daterial
In one enbodi nent, buffers 223 and 225 are nade of
hav1ﬁ§teﬁ{ ht@de%s@&‘iéﬁ&t'tﬁ‘é&ferf@f bRhe $ebstaeNaly t\haRha ea
refractive index of the core of mavegU|de 227.
yf fers 223 and 225 serve as cladding so as to
ms &?Hg %?lne optical beam 221 to remain within
mavegU|de 227. In the enbodinent illustrated in Figure
2, buried insulating layer 207 also serves as cladding
so_as tqg help confln? optical beam 221 to remain
wid-hi n Vs epprgatys ol cleim 3V B therwo BeeieBsoh23
and 225 al so serve as electrical isolators so as to
insudatéog mhatsrial arsofoamechwidoatsithsfansigdlyeerthogamakgui de
227 fromthe optical electric field guided from
relatdphslord boeesr? e first apdr stdomd regivhsalf theapt2@all i s
di rected through optical wavegui de 227 al ong an
wav@fligeal path through charge nodul ated regi on 233.
| GNALi s applied to optical waveguide 227 to nodul ate
the free charge carrier concentration in charge
nodul ated region 233 at the interfaces between
substantially V shaped insdtating region 211 and
regi ons of sem conductor material 203 and 205. The
appl i ed voltage from VSI GNALchanges the free charge
carrier density in charge nodul ated regi on 233, which
results in a change in the refractive index of the
sentconductor naterlal in opti cal waveguide 227. In
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t hrough charge nodul ated region 233 is nodulated in

response to VSIGNAL. I n one enbodi nent, the phase of
wopisoasibeam 22 1 passing through free char gePCHUB2005/801601

in charge nodul ated region 233, or trie absence of

free charge carriers, in optical waveguide 227 is

medul at@e dppat-Qdd6f Blaeim viiédegalthefdidal Wwheeghidsma

optical effect arises due to a n interaction between
t i i ' f. .
combiSef R LB oG, RAELENERHEr Al SoRAREd T a
the aﬁica% ?ﬁan12 2.11n tical ve uide.zzgxizﬂe a
portionset the OPHERH W eBHIAS B IR BEamS Y 38I S T8 ¢h &
free charge carriers and this effectively perturbs the
slab peghiondelethe pptigak wisyegnidef the nmedium  This in turn
|l eads to a perturbation of the propagation velocity of
the optical wave and hence the index of refractionfor
the light, since the index of refraction is sinply the
res.i o ofhé hppapetss of cldim 1 ifghthdrmcotapuising @ ¢hatged n
the nmedium Therefore, the index of refraction in

modﬁ?&ﬂeﬁailegg@ri‘l R8s RRAafd AR Eahe BBYICRE pAPR dfShe optical

nodul at n response to the nodul ation of free charge

r r d
bearfi 2l Bypafleath D SHBMfuialy & ofidded SR, Ph80n.
201 correspondi ngly .nodul ates, .t he phase of optical
betwisah ot T ARG TG i PERC A e o garee
gg;ical device 201_. In addition, the free charge .
modylatederegion termpgulatsuphess afdhenptioal gam to be directed
accelerated by the field and | ead to absorption of the
throughi ttwl optiedldwasegpidecal energy is used up. Generally
the refractive index perturbation is a conplex nunber
wWth the real part being that part which causes the
vel ocity change and the inmagi nary part being rel ated
tgthe iﬁggpg)'agaafs BREIiR] 5%a&ﬁiﬁ@boﬂg@m;is%

thse shi s given approximately by f = (2p
oo AP A FEIA DA B L0, R0t KPLELEORA it o

L. In the case of .the plasma.opti.cal effect i.n .
compppEREh, Whikenet PRASF VBT FIHOR b0 v Rolatidating
el ectron (DNe) and hole (DNnh) concentration change is
comppuent iy regpense 0 the chesgashrdulateddegion iy éﬂb&g@maﬁlly
for silicon, e is the electronic charge, c is the
equaipees phfasei motulation oftthe speonidt polartzatish Compapatan
me * and nmh* are the electron and hole
resphkeabi theNEssRSe modsNetdd Mediyn. be and bh are fitting
paraneters. As can be observed in Figure 2, one
enmbodi nent of substantially V shaped insul ating region
211 can be characterized as being forned with two

oL % Ragd B R PR o 895 238,
conb el SRR ERR R Bl S Bt '

substantially V shaped insulating region 211 may
compeniat of themritaerily polanizgsboptisalibran and tha seganf i n
Figure 2 for explanation purposes. For exanple, the
polabizatiom toymponerdris extrahsyiese' #lentsic fiedd {ERpdiode unt ed
or rounded, or the "V'shape may be included in a
polaZizgZid@oesmpdhent dflthehaped asily welarieed dpticaltibsawer , i n
all of thesSe various enbodi nents, the substantially V
shaped insul ating region 211 includes a | east the two
regions of insulating material, which are angled with
respect to each other in adtordance with the teachings
of the present invention. In one enbodi nent, regions
217 and 219 of insulating material may be
substantially orthogonal relationship to each other.
I n anot her enbodi nent, regions 217 and 219 of
insulating material nmay be angled with respect to one

oy



material, the phase efficiencyis substantially I|arger,
such as for exanple approxi mately seven tines

wQ Zo0pl028sger, than that for a polarization of optT/wato0s/001601
beam 221 t.hat is perpendicular to the sane region 217
or 219 of insulating material. For explanation

P POSe/he é%)%:‘éf@tdsobf EXAAPS Qv &tin ahleOd 1adr jod&fed
optical beam 221 is parallel to region 217 of

regio:r#J Fc? ﬁa%rﬁiioﬁulé{'feg %g?ﬁgﬂ&%oa%g,gnéle&l?ﬁleﬁ% t;-er;};écﬁgéa Sy

i CI encywou exanp even ti1mes (7x)larger

than that fqgr a | ari zati of tiical beam 221 ttiat
one pE e Fid andl s B Haidis At 308 optlial SRy v

shaped insul ating region 211. However, since regions

217 and 219 are substantially orthogonal to each

ot her, the polarization of optical beam 221 that is

sibst arfhakppapesiyseoticledimad fustheytempzising s fissta¢dreiact

to region 219. Simlarly, a polarization of optica
couplednvihelfitdtategich peilpeogiticul araveguidgiagil 2ls?ecbad contact

substantially parallel to region 217. Therefore, wth

couﬁ\aleartaechréogé&o@%@?egi@ﬂi&&h%?@p@éeaxbg%@m, $HESIARENA | Y

shaped i nsulating region 211, optical device 201

hi. ki | arj ' [ . [ e
secoffi QP8 SoAIAP |0 M HRHRRE WMERERIUT S 10BEHR, iftsldithe
.teachin of the esent jnvention..To further .
optidal ity of the qphEnbbERG: to b cBrc$d nianebigicpptical
substantially V shaped insulating region 211 are each
waveguigaewhgrein the signglds gonaledite %)Q regeeh by 2ont al
line 218 illustrated in the enbodi mrent shown in Figure
corr@pdmdimgeomeriod dhefirst andsseuonichedntangbe g is close to
45 degrees or that regions 217 and 219 of
substantially V shaped ins ilating region 211 are
formed with an approxi mate 90 degree angle relative to

eagh Ot’f(}gé a ggﬁﬂéidwa_“elaﬁl\ﬁf O fliPisese Fs_in%%ﬁ bhfer re%ign

wavegui ctive 1 ndex change for region 217 or 2

. tantial |y V: ' [: e 1 i

aispfhed SEEREED (P TR O BDUPHL PERL Brd Hilaf one of
217 or 2 19 be equal, t . s, for the electri

the 1PP%PB“§6?HE§F£‘?]@? ARtical p?é‘? &é[ Rﬁﬁ&ﬂ%?alt%e%lﬁetorwéﬂ%h the
217 or 219, the induced wavegui de effectivei ndex

first elmgheecond sopsacistarg qoppledsto e fisst andmsrengnegionkie
to the small er phase efficiencyas di scussed above. In

respactieetyodf tikatopticah wearsgtiddeluct or material regi ons 203
and 205 including silicon, and with substantially
Vshaped insul ating region 211 including regions 217
and 219 bei ng oxide |ayers having thicknesses of

a oxi - ters, a single node wavegui de
P A AR

IS realhzed vegui de 2?7. TRe optica
A A 227 [ T .
i S R e e R b BRI

node pal ari zati on co nent of optical beam 221. In
WaVQﬁ?éﬁsrﬁoaiéHP o srea}lct';ﬁau?@rnmféeﬁeh;an zation .
conponent, the total waveguide effective index change
i snpdulatiags ehargonmesdated mpgion alopgdhe ¢ptoak pah 3)
while the total wavegui de effectivei ndex change the
proxiidabel ¢o pobabsizattially Vestpmehinsslatiorg sogionl disppé@hbefween
cosq +Dnsin q]. (Equation 4) Therefore, when the angle
first Grid1sédth @ FEESRRSTI tHel dpiséalakadeinidd; GuiE 2 i S
substantially equal to 45 degrees, the total induced
i ndex change is substantially the sane for both TE and
TMrode pol ari zati on conmponents of optical beam 221.
Thus, substantially polari2ation i ndependent phase
efficiencyis obtained wwth an optical phase shifter of
optical device 201 in accordance with the teachings of
the present invention. To illustrate the polarization
i ndependence of optical device 201, Figure 3 is a
diagramillustrating vectorial nodeling of the TE node
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pol ari zati on conponent of optical beam 22 1 directed

t hrough one enbodi nent of optical wavegui de 227 of
wopisoadsian optical device 201 in accordance wetustves/001601

teachi ngs of the present invention. In the exanple

enbodi nents illustrated in Figures 3 and 4, the

subsldAtiak sy pNas8 P eHe  dptidAatHdiiniAde8BoRdd ththecharge

oxide with a ?hlckness of approxi mately 12 nanoneters.

oo i ESBEAGE, U, ORI N by Pl
opt e RN 8e8 A e 8 PR LB Lo R B A0 e

opti cal wavegui de 227 in_the enbodi ment in, Figures 3
a phasg mofylafipn of thadEsy PrlariaatioR geenpeReniin ggppgase to the
appreciated fromthe vectorial nodelings of Figures 3
chamgednédulfieeddiegion bs siudostantinHy crfialng arpimedesmoflulation of
optical beam 221 is symmetric along the horizontal
the skdogrl pomraeatitgs coiipondist iantdspddnseostiapedat ges i atulaged
region 211. Thus, the overlap of both the TE and T™M
regid@des of optical beam 221 over the charge nodul at ed
regions 233 is substantially equal for a given
posi tion of substantially V shaped insul ating region
211 in the vertical direction. Since both of TE and T™M

no pal.ari zati o onents. of .opt.ical beam 22.1 are
o Zsyhat Praion eHEaRey £ | CEnSrsiRaLrFane g optical Bem
effectiveindex change will be slightly dependent on .
alongriheyepiicalapadr thamigh e sptical wavesrade gempripey directing
region 211 relative to the optical nodes for the TE
the eptcalvbeam fhoiugh tat¢ opticad mEoegntide supstaetiely qeinadlet fo an
the vertical position of substantially V shaped
interdeeting g for8eamt2d fefiRrR dfahrdjubsechtialyavhitemsed
pol ari zati on i ndependent operationin accordance with
: ' ' Lon. In so doing,
1nsr?$ﬁ?g§g%§g?%?%ﬁ%%{ﬂ%igbg§%%ﬁg??%§@§%h i nsensitive
phase shift, even when the relative angle between the
regions 217 and 219 of substantially Vshaped

i nsyl at,ing regio 1.is_ not, precisel.,y.90 degrees in

acf:g'r d aﬁ&% n@\?t?}?dpﬂ’ié]@é@c hit ﬁﬁ@gliﬁlntmdé}%@%% tetﬁe charge

invention. Figure 5 illustrates generally a block
modyilatpcaregion slengthedntical RAthapsgximate tactheosabstantially V

optical transmtter and an optical receiver with an
shajpad icshladiag vezicn chspdosel betweatiodinstansl sécariteregienemnif the

invention. In particular, Figure 5 shows optica
optiSySwaiRERidE ddiaprided quilyy hfadlettrand High gl tdaBland one of

an optical recerver 507. In one enbodi ment, optica
o | D5LiEEER 3B GRld, GRhe 8y tHE MR region of th
ﬂu3§%§q%§??§é§%ﬁp é%gggtmeeﬁ'o tical t?ansnitter égéughg ©

.optical r Lver 507. ' Lgur.e 5 i .
optigRL el 8 hS B Pl R R RS e s Fons
received by optical,k device 505. | n one. enbodinent,.
havigg: § SHPORRAOBEUST A e PRARIEE O tBRTiFSE GORMEHN type.
such as optical device 201 descri bed above in
connection with Figures 2-4 to phase shift optica
beam 521 in response to signal VSIGNAL. AS such
opl#cal ThewmetthdsD6f clrimnilé peheerit thie dpiecaddbearinzigtamn
of optical beam 52 1. In such an enbodi nent, optica
arbi€ieiilg e diakizea b Rial Seasn dncRitingdirsi el seddh @ polddration
enbodi nent, optical device 505 may be enployed in an
i c DL . -
Co e o ha B e PRabe B the ptiep] TRanE#cludes
invention, it is appreciatéd that optical device 505
can operate at speeds as fast as 10 GHzand beyond. As
a result, an enbodi nent of optical device 505 in nmay
be fabricated in for exanple a high-speed silicon
nodul at or for datacomuni cati on and chip-to-chip
I nterconnect applications in accordance with the

M T Y " oy g - .



that can be enployed in place optical device 505 of

Figure 5. As shown in the depicted enbodi nent, optica
woredloasses 60 1 i ncl udes an optical phase shi f PeT/USDIB5/001601

in at | east one of the two arns optically coupl ed

bet ween cascaded Y-branch coupl ers of a Mach-Zehnder

oo SELSOMARAL SR 1oL it pomsadcn
i e e

Figures.2-4. In erati.on, an optical ,beam62 1 is
comppRegnt a6 taeoptial Bepin ToeRBPIED e FaRRUTA e B8 charee
Sﬁ%@cal beam 621 is spljt such that a first portion of
modpihetegpragien psexsimete 10 ithe substanatially b shaprsddnsulatiag
arns of the MZI configuration 605 and a second portion
regiaf digposed béwearsitst sndiseeonddregivms gh thae@pdidad waveguide.
of the arnms of the Mzl configuration 605. As shown in
t he depicted enbodi nent, one of the arnms of the M
configuration 605 includes optical phase shifter 603,
whish aph IR 6f Abhife PRAReh RheRile b IgHRABnt Ne

first and second portions of optical bea

res se_t i I I [ .
compBRBPIT Calbh SsarPebREc e de Ry ARRRL AR e 8,

t hen rged ip. the. sem conductar bstr at uch tha
comBRRFBAIT ba T BLTATIAL PR BRUSE! PRETLERFRC Fecon

MZI configuration 605 as a result of constructive or
polagigstipuceamppneat ie peieasverseorlectin HgidréNE) medeshown,

one of the arms of the MzZI configuration 605 includes
polagizatiphi eahppheat of thetabitiasily polarnsed eptiead beament |

both of the arns of the MZI configuration 605 may

i ncl ude an optical phase shifter 603. Figure 7 is a

bl ock diagramillustrating generally an enbodi nent of

am; @Pt Il R PEIAAC) 410G AR RRGAL BV Shaped

contirguration having one e ment of a polarrzatio

. i nsensitive. optica ase,shi.fter accordi . .
insulAi3Ba R C T Pire FHS B ASA TSI Fasione Pt fatipgmaterial
nevifehh e Snian SR ettt She e chus sl b liating
devi ce 505 of Figure 5. As shown in the depicted )
regienpetiendnt theophargd mastidatedregion prexiogds tpdie/firsdrrggion
cavity configuration 709 defined between optica
of thieeifsetating materdaldis7adapled tdmddulast tlat et aasebaltilrefitst
an optical phase shifter 705 is included in the

po1ag@atﬂan@dlﬁ oW o éﬁml@ué@bémtm% gqﬁiapeé by &RitRiredthat

etween optical reflectors 703 and In one

. . . - : o an
the GEAA MRl BRL HaRbnITATRRE S 7hs SEeohl Hefpn ot
. onnectipn.wi.th Fiqures 2-4. .l ne_emnhaodiment
insulglig fnajesiqlds asaptrsso e diiats the pEAsE af Bissssomd
Bragg gratings or the like, which are integrated in a
POE%%ﬁ%@édHUEPQPeﬁésed opti cal wavegui de to define Fabry-
Perot cavity configuration 709. In operation, optical
beam 72 1 is input into Fabry-Perot cavity
configuration 709 of optical phase shifter 70 1
t h1DughA eysteral corfprésitg: 703. VSI GNALi s applied to
optical phase shifter 705 to nodul ate the phase of
Opih GRfticAe dATEmttér fo @Rhbfate 420aMtiCAl beh@sORdicesin the
wi thin Fabry-Perot cavity configuration 709. By

. I Q?E% e w th optical
Optl%%ggéeﬁ}slﬁlg%tﬁer géqglp??%ag%tege ght%%?@g ét}%’ut from
optical reflector 707 is nmBé&ul ated i ndependent of
pol ari zation in accordance with the teachings of the
present invention. In the foregoing detail ed
description, the nmethod and apparatus of the present
i nvention have been described with reference to
speci fic exenplary enbodi nents thereof. It wll,
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rather than restrictive. CLAIMS What is clainmed is: 1.

An apparatus, conprising: a first region of an optica
wowsgussde di sposed in sem conduct or nateri al , P€®S2005/001601

first region having a first conductivity type; a

second region of the optical waveguide disposed in the

Sesth ngi:-éqtre&emt dpitRlallyt dtr1s1ed AB0trdcRHOthd Bptiddl Beam; and
secon conductivity type opposite to the first

copd l‘b?tié’dlt&’e\ﬁé’eo Spgégﬂp%s ogllbgé# %'%'tﬁz@%hyt}% (?ﬁﬁggldtgansmitter

i nSu region Ween
ons_ of ..t he t a mave ui,de, wherei
di@ﬁt%é} SREN el tianprn fevicgiasai tl}%atlaqn%aﬂ s
orms an |ntersect|ng Line that is substanti al
Shlft%rtm medulaten Rinseced theaentienl bﬁaeptth@awp%e%lr@%seoéhlfter
di rected through the optical waveguide. 2. The
inclagipeg:at us of claim 1 wherein the substantially V
shaped insulating region is formed with at | east two
r egi onsadirst negibat ofgn wRtRA]l avave@uiidg dspobsédisect i on
at the vertex of the substantially V shaped insulating
F eglifontiudtdoe ARG AL Yhe HrsE &'églﬁhzh%ﬁ{geé Qil%h ‘éoh&@tctwﬂy
reglons of insulating material are formed wt
tantlally ort hogonal rel ationship between the
fi t’and second regi ons of the optical maveguide 4.
The apparatus .of claim.1l wherein the opti
compr | SaSEORATeRRIghLHe Chiirel drayeeratrifiepor e RE e
included in a rib portion of the optical wavegui de and
t h@@m@w@gmﬂtqrsalb Hae sgeemregian aviyeg @ rasrd t he
opti cal wavegui de. 5. The apparatus of claim1 further
copprdgctiyity tyheopeositeuoattedfirsgt@nductibidy tpde) anéd
along the optical path of the optical beam and

pr oxi me4 &ubstihtialybs shaped|ihgulatingpegdiomdidmiseddbetween
regi on between the first and second regi ons of the

OP‘EHé?ﬁtstV‘Qﬂ&%lébQﬁd r‘e%ﬁ)ﬂ%‘ 8f e 6P @i@a%@ve%‘?ﬂ&@ ”w‘h‘érem a

nD ul ate a phase of optical "beamto directed

RHED B ARl Sah R0 Yl a G TS RRRRAEA Foils an

wherein amis an rarily
pol ari zed. . eam udi fir nd secqn
potnetﬁt%&dttrbvﬁ 1@8‘%@&%@9 Sl narhliel B Ao iranat of
the first polarization conmponent in response to the
c hﬂ?eg@ptteaﬁbamtcr bgidireqted shisetght the pptisghiwaveguisle.
phase nodul ati on of the second pol ari zati on conponent
in response to the charge nodul ated region. 7. The
apparatus of claim6 wherein the first polarization

conponemheisysterh! GINENRHSE7 WadIein ¢héiseisbtaAMallyde shaped
polarlzatlon conponent of the arbitrarily polarized

inSLgQﬁh dd&iit %1‘% qga%v% 'régfdr&nof:ﬁfg?ﬂﬁﬁﬁ% thterial

erse el ectric |eId )nnd ol ari zat1on

Eﬁ?érg% FbBra bhat ot B, ﬁ%s*’tg%ﬁ%ﬁ’@et A e

region to be nodulated in response to a signal coupled
insylatigg 1egitved by one of the first and second regions

of the optical waveguide. 9. The apparatus of claim8

further conprising a first contact coupled to the

first region of the optical wavegui de and a second

coh®act Thewyksttntaf dlaamskEt wiitkreaygithea tofo tegonof gasulating

wavegui de, the first and second contacts coupled to

matéHal apé feahedayiel W dabstar tRadt obitfogdH Al éiatibieslopt bédveen
path of the optical beamto be dlrected t hrough the

the ARt £34 %xﬁaua %ﬁmé"@?f éB tids1 9 COUP' ed to be
recelve by a c rrespon g one o h irst and
second contacts. 10. The apparatus of cIa|n19 further

conprising a buffer region



di sposed between the optical path of the optical beam

and at | east one of the | ocations outside the optica
w@aiok/0ed513 he optical beamto which the first apdI/ssmosani1co1

contacts are coupled to the first and second regions,

respectively, of the optical waveguide. 11. Anethod,

conprising: directing an optical beam al ong an optica

pat h through an optical wavegui de di sposed in

;e on THE RESteHR ol sl PRI ALE BOnfaiiias PRyl o
R A BB ALGHA e G RE3FE optc

wavegui de; andnodul ati ng a phase of the optical beam
beampand PrergBatetq Hee éﬁéasg@n%ﬁﬁ VasBaped gnsHlatipg regien
the optical beamis an arbitrarily polarized optica
betwpeanthefitsiding secont rmgibseobtlde pptizal retviegmide, the charge
conmponents, wherein a phase nodul ation of the first
modpbAhtid ZetibR toaasraheiet a iphasesidthecopiicdlieehatcdBe directed
nodul ated region is substantially equal to a phase
throﬁggqgﬁ;éﬁﬁcgf“@@ greond pol ari zation conponent in
response to the charge nodul ated region. 12. The
met hod of claim 11 wherein directing the optical beam
al ong the optical path through the optical wavegui de
c risges directi t.he tical. beam t hough, t.h
oMt} cal TRESESER O SHEE A MR 5y a 45 Fitiygtion of the
intersecting line forned at a vertex_ of the .
first npdarigatipal qomMpeRent in rAsPeRSe iy the ghawge modylatedaegion
opti cal wavegui de. 13. The nethod of claim 11l wherein
is sutsdahéiillygedusd toha pheseotedad #don edithe sdcongl pblarization
optical path proximate to the substantially V shaped
compBaEhein RegspeGseto the pesede bebdaRielidegliorand second
regions of the optical wavegui de conprises applying an
el ectrical signal to at |east one of the first and
regions the optical wavegui de, wherein the first

regl on t . i_del Lr . .
commmace s bySieRer Shind RY Bt T blieRlpnage shitter is
) second condyctjvity .type, oppgsite to the first, )
incl &@MPVC%@&C‘@@;{&TH@%@% 38 the plasdh deVigeths Aptical
the optical beamis an arbitrarily polarized optica
modpéatioritacnedivhyter an smplitude obtlde pptnal Aeaimp dlirected from the
conponents, wherein nodul ati ng the phase of the
opticgittraasnhitamto ihk ugdsraldekaivieng substantially equal |y
a phase of the first polarization conmponent of the
opti cal beam and a phase of the second polarization
conmponent of the optical beamin response to

I gl e R ALl 05 RPN,
e N R N
et B PO B RO RREAS drc

arbitrarily polarized optical beam and the second

one pbthg firsk s sceapdramnsite modpiateiheseptitalcbeam directed
(TE) rode pol ari zati on conponent of the arbitrarily

thropghahieZM&I @onifigairabieam 16. The nmet hod of claim 14
wherein the substantially V shaped insul ating region
is formed with at |east two regions of insulating
materi al having an intersection at a vertex of the
substantially V shaped insulating region, wherein the
charge nodul ated region proxinmate to the first region
of the insulating material 2Ts adapted to nodul ate the
phase of the first polarization conponent an anount
substantially equal to an anount that the charge
nodul at ed regi on proxinate to the second region of the
insulating material is adapted to nodul ate the phase
of the second pol arization conponent. 17. Asystem

o o e .



optical beamis an arbitrarily polarized optical beam
an optical receiver optically coupled to receive the

wopisoadsibeam and an optical device optical | ypecDuptoesioo1601

between the optical transmtter and the optica
receiver, the optical device including an optica

phase Sind §pSteh? TR D FhRPaFLIN opfRaPRidd@latbeam

the optical” phase shifter including: a first region of

' ti . . r . .
inclffe Rty PENERARS, SonBRaRtion B ERLMELBlical phoss
Lype. second._r eqi of the optical vegui de
shiftt 35 3a e I ER B s RtGRr Gy SR ELTaEon Horeiuate the
_region having a_ second conductivity type opposite to
optie bgarpgliredigdtbrpurhythe Babryghgrat sapdy senfigurgtion.
shaped i nsul ati ng regi on di sposed between the first
and second regions of the optical wavegui de, wherein a
vertex of the substantially V shaped insulating region
fornms an intersecting line that is substantially
parallel to an optical path of the optical beamto be
di rected through the optical wavegui de. 18. The system
of claim 17 wherein the substantially Vshaped
insulating region is formed with at |east two regions
of insulating material having an intersection at the
vertex of the substantially V shaped insul ating
region. 19. The systemof claim 17 wherein the two
regions of insulating material are formed with a
substantially orthogonal relationship between the
first and second regions of the optical wavegui de. 20.
The system of claim 17 further conprising a charge
nodul ated region to be nodul ated al ong the optica
path of the optical beam and proximte to the
substantially V shaped insulating regi on between the
first and second regions of the optical wavegui de, the
charge nodul ated region to nodul ate a phase of the
optical beamto be directed through the optica
wavegui de. 2 1. The system of claim 20 wherein a phase
nodul ation of the first polarization conmponent in
response to the charge nodul ated region is
substantially equal to a phase nodul ati on of the
second pol ari zati on conmponent in response to the
charge nodul ated region. 22. The system of claim 17
wherein the optical phase shifter is included in an
optical nodul ator included in the optical device, the
opti cal nodul ator to nodul ate an anplitude of the
optical beamdirected fromthe optical transmtter to
the optical receiver. 23. The systemof claim 22
wherein the optical nodul ator includes a Mach-Zehnder
interferoneter (Mzl)configuration having first and
second arnms, wherein the optical phase shifter is
included in at |east one of the first and second arns
to nodul ate the optical beamdirected through the Ml
configuration.24. The system of claim22 wherein the
opti cal nodul ator includes a Fabry-Perot cavity
configuration, wherein the optical phase shifter is
i ncluded in Fabry-Perot cavity configuration to
nodul ate the optical beam directed through the
Fabry-Perot cavity configuration.
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