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WD 2007/ 146233 PCT/ US2007/ 013692 Sl LI CON MODULATOR
OFFSET TUNI NG ARRANGEMENT Cross- Reference to Rel ated
w@\ppite@83 on 5 This application clains the bene€T/USWD7/013692

US Provisional Application No. 60/813,913, filed June

15, 2006, and US Provisional Application No.

60/ 928, 386, filed May 9, 2007. Technical Field The
present invention relates to an arrangenent for

provi di ng i ndependent control 10 of nodul ati on
characteristics (phase and anplitude) and of f set

(bi as) SHLIGONSMIODEIATOROIESET TUNING ARRANGEMENT
t herno-opti c adj ustnent techni ques. Background of the

I nventi on For many years external optical nodul ators

a el Setro- optic 15 material, such
Bms R?efeljnrﬁenl 05}?’ ed"Pﬁp PRI wavegui des are for msd
vv| t hiThis beplichtemt laime the lvpnefﬁmféIS RroyisiginehA ppdicatiorclynt @0¢813,913,

[ r a

R B S ot BBl NI YO M PR P 2007
nodi fy the refractive index of the wavegui de region
YOS AERI t he contact, thus changing the speed of
propagation al on t he wavegui de. By applying_the
vol t abfs(mssephigyentiopdelates trpngrimageayt for prevtides independegirontrol

gﬁnéddﬁion%hm&%ilﬁ%Qﬁpl{agé :ﬂidta%h)htd\& %d&ﬁtﬁ%ﬂ@iasm SOObased
|sforn§uoll articular, t eotlcal .Si gnal
eriisAlmedplatag ‘&” ‘\'/\H\‘??g?.ﬁtk?é‘ J”é'i‘i‘b""f frehnifust ¢ | cal si gnal

i nput is applled to the contacts (using proper

olta ment i oned abov'e) The opti cal
é ‘?"'1‘) ’?Faédé’e"%ﬂul ated as it propagates along the

ar ms Far mpmyarﬁais,eemdmalmptxpaltnadplatarahavwbgerainaddlqmoﬁheleexro optic
Félg‘%}églg sdc‘% a@ ?frﬁ rgg?%wt J)%ﬁlal él{légs are ? )e(:? gvtrit:j]lgr]atlhe electro-optic
mat;tcihlatv\mh mmi cpntostangiens dlm¢womesm1chetoﬁi ezch wavegwide arm. The
é@%@&%‘ dtd v%ﬁgéer t& atré?et&%roma}!ﬂm%éd F}%é ac{}\ge{ﬁg%?&ttﬁ

tens an tens on SI|ICOﬂ- base orns
wqufgurdtehmrordw!ermﬂeth@ gontmt,égtrsasthenglmth@aptwlﬁ propagation along

?l% %tvé anpl %ﬂ%ﬁ}ﬂﬁg&% voﬂ Itl@a.tt g%d%dé vﬂ% sﬁ?ﬁgﬁe%en the two

nput e trl rlve Cl rcul
#rms, anonliseardtligirab pach- anddﬁramsip)amm fwmh@ bynartéclar, the optical

%:FE(P mﬁﬁ‘ﬁc‘he@ thtd € M@&né& 'ahﬁﬁ{é e%%@%%{s@én%l m%Qt iappiiddto the

e use of lithiumniob ate ased tlca devices In
%t%(uglns BEAPEOYPITage yelscas mf‘cswpmwabowr iThg $PHi¢ah gignal is phase

meAYIeRYH Ia@ﬂ@kopaga@; 519.1@@.% lafim $@ \He & Bte McLoupuliohBEd] ¥ighhl. A similar

mat eri al @suc as 1<]’%’,1 V conp oundsz that are not ‘
EeSYIE ISRogs NG Mt 'meér tpexprsicaliouyt sievalf orm 1 WO

2007/ Aﬁﬁcﬂ%ﬁ tlBQWpUSZ eRéMAlAabdatorhaipitiichiegehclg UMM Ehere is an

lntheg ¥ rovc% (pt i cal nmodul ati on cli ?
g‘lIC{eia%lB% %Sél'g é(a orm various Op 1ca mponents, Ssu systems anda systems on sxhcon-

based platforms. It is further desirable to integrate the various electronic components
associated with such systems (for example, the input electrical data drive circuit for an
electro-optic modulator) with the optical components on the same silicon substrate.
Clearly, the use of lithium niobate-based optical devices in such a situation is not an
option. Various other conventional electro-optic devices are similarly of a material (such

as TI1-V compounds) that are not directly compatible with a silicon platform.
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pl atf orm has been made, as disclosed in US Patent
6, 845,198 issued to R K Mntgonery et al. on January

wa 310720233 and assi gned to the assignee of thi SPCT/US2007/013692

application. FIG 1 illustrates one exenplary
arrangenment of a silicon-based nodul ator device as
disclosed in 5 (for exanple) the Montgonery et at.
patent. In this case, SO -based optical nodulator 1
conprises a doped silicon layer 2 (typically,

pol ysilicon) disposed in an overlapped arrangement

Wt h g RiPRaRiateinke ﬁﬂﬁ@dblﬂ tb ipRovid oplic8lRodiil&1oRNn h Biliekn-based

silicaon surface | ayer nre
latros FaepornL e, o Sgosea Jop S Freh e B o e ki adiveomery
drayen Jam‘uaryal 8 000s4di a@ﬂgﬂledﬁﬁhesisflgmﬂewfﬁlIEappAha@d’n FIG. 1

n. su

gy(s]txages oge 1;em]pqarp' l%rgngeérheln? 9f as Pci,ogl-bg,ts P&m%ﬂf ﬁewce as %lsclosed in
(tbrelxaﬂp]leb theMgregonery stiadhpaasnt. frafnse:xwrﬁoe-baﬁdldpocm modulator 1

SS9 500 B 5 8 o P
aiapgemeit withan dppgsitely2dopet portivr of apenicrerthidkeiliceaguiigce layer
45 olﬂ'eﬁ Qé}‘erlr@cy f'in a'le andels%k Ee)! rlé}‘ég S@ﬁq’ay%gt id s@%% aé tt%%fulﬂtggeslayer of

active reglion noddl at or

q:wplémawm strale@mﬁnvdtl@ fartherdagipdasa sigoa |svlrﬁ§|atesﬁ a1 byfied
&Jl@é l(ﬁfé 7, Qm%oﬂ&t@ 5 m&t\ﬁe%hﬂfdlél%lé-f&y&(ﬂ BOESs, ﬁﬁfék&nﬁﬁe silicon

|'ayer 4 (VREF4) and/or doped 5ilicon | ayer 2
QIWREFE)“COITHQ"C‘W&U? lik) d0igpostuong i OeriappEd region between SOI

1@%}@%&1%};&&9]@&%&& 8. Mhe 6@&%&&&5&@%& ey kili¢6n layer 2,
r.ef ractlve in_the qct | ve r.e

Jiglestgadend &05 ﬂﬁgé" HESARGS the BrANG oo &39%%91 modylatgr 1. Free
¢iragragal hé@nﬁl&é’l@dadewwnﬁer sigd omieledasic 8lae admictionof the

e B B AR B, P, e

BOdAaticanafitin fnge @rréa coficentaimprmasultsin ciphzing thenefthetied wigctive

ol it K518}, OO eEPL ATl Bl et s
propagating along a walv@muidet definedipyithe /agmreglpn {tbe optiead signal

%/r@h‘pg%m\ggl%n GRANIES il the AL RAe ngﬁnﬁibmk%%hé g@%@umr

ure devi ce agi ng X
of t hé remgistigiare of senasencfor priical mosators afjike fype develaped by

MonRdHeRS& el iP¥sbdifte PHAR B ablIRY ﬁf‘ﬁxb&@y/tu\ﬁg 't@nodﬁit%elﬁ order to

to an arrangenent for providing in eEendent cont r ol
FreRtfcarrecs forgreseat Yasiatians elsa“g‘tsgﬁ awbieghepndtians (Syge s fgmerature)

i u{gbh,&{st)‘elmae an SO - based optical nodul ator by
providing thermal adjustnments to the optica
characteristics of the device. 30 In accordance with

&hﬁmmhegawbzhﬂmaawion free carrier novenent is used
tor |ze

th h d
r equi gerngemigﬁ ?rs%s F%gigg a nsso g? eésgp bﬁglgp erg Se%% 1nvgnt|r<])nawhlch
relaterad as larrmh@mehofor hatvididg intepepdant cordral of vhddlu ltamm’]diataﬁenstlcs
I e t . gs
RSB b P S G Ro oo
ﬂwetmnl rdiukianenfsttp thel optical characteristics of the device.

In accordance with the present invention, free carrier movement is used to realize

the phase and absorption compensating requirements of an SOI-based optical modulator,
in a manner similar to that of the prior art. Additionally, the thermo-optic effect is used to

realize an opposite sign phase shift effect. Localized heating within the optical
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WO 2007/ 146233 PCT/ US2007/ 013692 wavegui di ng regi on
is utilized, in accordance with the present invention,

wWao 00ada2ssy the response of the nodul ati ng ar eBCT/U$200%013692

an aspect of the present invention that |ocalized
heating may be integrated wth the
previously-utilized SI SCAP nodul ator structure (or any
ot her suitable silicon- 5 based opto-el ectronic
nodul ati ng device) in a manner that provides for

rel ative ease in fabrication, as well as relatively

wmaiatngdeg'bﬁ & BRERYA h&Srdaha i ﬂme']ﬁé/se&’ﬁ%n%ng\éh 4§ dafo¥t the

S|I|con based resistors

| e
re%psong‘f%{r‘g ¢ modplatingaEa-ased PNj unctions, and the Iike,

wher dt g aepect bExhe psénd GlvehEsn momed Neabifig may be mtegrated
nmodul at or Such

or at e t i cal
R R TR R Bl gty S dory o swiagle sicon-
tpeed/epto-gipetronic ilribdala;ln@f!evﬁ&b? #ta Mbhnte Eﬂdi]lci Q&IXYMeE k‘orﬁ@lﬁﬁ‘laé ease in
fagnéaa%&\[;meag%e rglathve? Cgomptﬁﬁp& [ctae%égeﬁgxgs glégqtm\ér?ag'gge provnded by,
ﬁOhexamlnglspgmsed rd:Shm(brs,aﬂilddejbﬁttﬁfst foﬁvlvhljﬂ-bn@@d IPRY Junctlons and

et %he?%ﬁ?%es@&ru@%?sgﬁﬁ}g%% (e-j m%gxg)g g\? gﬁgSCAP optical

conti’nuous area or
rgedidatar sich égmhﬁasgmmﬂ\mtmﬂg e zdl ige aplﬂaaudmoﬁmac voltage to

aﬁmq{eﬁ@ &Fucﬂfrest »bi‘?l r@iueﬁsiﬁ n1'?cr e@‘ﬁ%rﬁt\é l%@altt h e%%#gi% o&ﬁlré dwgveguldmg

nmodul ation and I are ac
aLpd WhetsHy s Plrase P%V@@ﬁ? tseieﬁmdasom!uwﬁg sigmlswmeguisalstantially

DO in fiGeC Tht h@dtﬁ@tn%}tﬂe%pfl&f aI@;Il%eé:&ﬁ%Q a(!ﬁnhﬂggg %l%ta Io? n

t he AC nodul'ati on signa eat’ng

aget vveer]
PYRHYSYaPlse aptetenareteseememivel themeyemidaganmgs in the

neceds ahy embzycﬁmeﬂl of t}heqs“r@kht bertld® NPHEIUHEE nhctiulation and
lectrically isolating

e | NCOr
Rl i ¥ bRE RS alonhebesethratopate megtRrs et Fitgraveruide to
redusativet oter?ial O hlecmamdnn‘etabmeuset@eamﬁe A& 8 ARSrASRREAR the

ent.lon econe, apparent durin
I3 BERRIEREh oh AR ton G i Bt asar o8 R BRpessary physica
lengtlep%thg wayeguideds obtamedrpﬁnyzbrmraﬂhg‘edeagﬁ:all)Bi’sbﬁfmg material
b%z% aH l:&@tl%;m{xl@ﬁd %’o%W[a?g el%g\Naef erring now to the

draw n "8t an exenpl ary prior
art 1 k?ﬁé éwmpvmb@dlmnmd ah(haspbcts ofuhp presemdn&ntion will become

aBYREMARBRL tl%tc'bh'ﬁg bf ﬁle ‘?ﬁﬁdvyx 51@ 59 h ar'\:ig)( re%erer,x_cle a or

art di agr am O an ase ero
AGComRABY Ing i dgavingsagr am of an exen‘pl ary SO -based
nodul at or 30 forned in accordance with the present
4r int ion to include both nodul ati ng sections and
"HigHioh fres¥apiingts al ong each wavegui ding arm of
t he Rettutisg odw toFtthraﬁzm@ a cut-away isometric view of
one l.ary, resistive-based ther
G Pis A sYaeView 3f an exemp?ary p}ior annéaOl based optical modulator
comprising an overlapped structure active region;
FIG. 2 is a prior art diagram of an SOI-based interferometer;

FIG. 3 is a simplified diagram of an exemplary SOI-based modulator
formed in accordance with the present invention to include both modulating sections and
thermal tuning sections along each waveguiding arm of the modulator;

FIG. 4 is a cut-away isometric view of one exemplary resistive-based thermal

element for use in the arrangement of FIG. 3;
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el enent for use in the arrangenent of FIG 3; 3 WO
2007/ 146233 PCT/ US2007/ 013692 FIG 5 is a cut-away

w0 some#a28 vi ew of an exenplary PN-junction baB&rus2007/013692
thermal elenment for use in the arrangenent of FIG 3;
FIG 6 is a sinplified diagramof an alternative
nmodul at or configuration of the present invention
where the thermal tuning sections are di sposed al ong
the sane 5 wavegui de areas as the nodul ati on secti ons;
FIG 7 is a cut-away view of an exenplary thernal
t uni IIGSE itd @m-aazayi isams i aéwe df ammpﬁw RY-jaf&ionMasddrhermal

the enent 6; and FIG 8 is a
g’ﬂ?e“ﬁ%}}'sﬁf" mgpttgrl:ﬁgt Ve thermal tuning section
and a%@o& iscet smiphﬁumlhgamng‘ af aliérnativefmaoduliser donfigiration of the

}:{reseg{1 scr Bv&\e{ the egral]t 1%m%sech?nsoar?DﬁxsF£seQ Ei tlﬁ:@a%ré

iza ree carrier
wodghide axsas mde méuln’adm gifiest control for an

SQ - lﬁée‘}d lsoéjédt-%g)aﬁ éfaah Bltag)f r&%nﬁlnqgs%gtl&eel fag.l,omated

to provi de an ersta atiron o
pedudatingrsectipndor usedn ther%n@nme@t o Ga 64 andFl G 2is a

i’/}a n‘p|p1f;l @qjs EM:LQ%KVQ h R @Qn%ﬁteﬁﬁh%%a@ Hfur%r ée@ﬁor@zﬂd asso|c1ated

Zehnder 1 ntefrferoneter how ng the 1 ndividua
'H?‘l‘ﬁ%até‘lg sestiondfeEpsgin tfﬁ@ﬁf@ﬂ%@“eﬂéoﬁﬁ@ﬁul ation arm 15 and
depletion arm 17, where interferoneter 10 is based
upon the prior art structure discussed above in
association with FIG 1. Each armof interferonmeter 10
pgagg{pgscapitﬁ,ee carrier-based phase 20 nmodul at or

devi ontral.le t nals

S0 eSO GG ths i it o e i Ao BB e prm ottt
chagol fob el S@bb¥ed optienl mo@nhtcs 1apmbns§dbrécbhc&1aﬂ:htoqrrmlde an
operate. i pendent

GREGDEing P RERRATA o0 PR oot 8 BB 10050
SI@pliﬁadblgﬂgdlagrgm\ﬂﬁﬁgdempidry\ﬂﬂéizm Mesbdehder m’wrftlrbmeter 10
HRAMIRE Mgt RN RN, BllBleh s acdubuiifon arm 15 and depletion
gym Uy efhdt?pamfsrorrwtﬁe e igleasediup® the prieraut strpre disquissed above in

ﬁ?&&@tﬁﬂ%lkﬁ/ﬂ@ql gd@Sart &t Qﬁrfgl%ﬂﬁ'fgrslo cgﬁt@ifngﬁ%xk?:@éarrfenﬁascd phase
do I Ng ro ilei1s control such t hat he Opan

@eﬁé@tﬁf sieaqueoﬁpthlle%by é@tm@ﬂw@. Séﬂ'i'als§PP'é%i§QHaYPft4‘r?afi doped

dificdnNByer 21if theGharmeNAR6Aibddabbie m%@nars%eglaem @héh dri€operate
VREF cont %Ct areas my, conprise sjilicid fons. In

'Gﬂ%ffea THFIOWR "551@ 2 sgn@l,q a{regzs 3d; ¥repse IuﬁféittP spptrpl ggcumulat:on
ArhiaMVEg hhmggmlgngEF@ymnu "xtaq B&d\ww@m gRddidtiepwahiardplesion arm 17.

{rﬁng?g@\émdltj}%nt é%?éayer X may@e lcateg t’coe {n%lu%cra] p-ot%e! goa;l)lants, where doped
silicon layer 2 then necessarily includes n-type dopants. Preferably, the doping profile is
controlled such that the dopant concentration in the active region is less than that in the
area of contact to the Vygr areas, where the Vggp contact areas may comprise silicide
regions.

In operation, an optical signal I is illustrated as traveling along an input
waveguide 12 (preferably formed within SOI layer 4) and enters an optical splitter 14 (also
preferably formed within SOI layer 4). Optical splitter 14 may simply divide in half the
optical power present in signal, such that a balanced 50/50 split in power is presented to

each arm 15, 17 of modulator 10 (however, any other desired power split may be used). A
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preferably formed within SO |ayer 4). Optical
splitter 14 may sinply divide in half the optical

w@omeniqsesent in signal, such that a bal ancedPGDUSH07/013692

split in power is presented to each arm 15, 17.of

nodul ator 10 (however, any other desired power split

may be used). A 4 WD 2007/ 146233 PCT/ US2007/ 013692

first output fromoptical splitter 14, denoted I;,, A

is thereafter applied as the optical input signal to
accunul ation arm 15 of nodulator 10. Simlarly, a

ﬁe«:cm;@ht Giokrpopitichl givent4, dedotedSIph, it thRfeakids ap@ﬂ&D&ﬁﬂe bptical input

672! ¢ eBRalE v La Y et ot Y e apd e B optial

SPRESZA, dafREdelapain deREEEQ the iMREEEgdalao dépletidn amm t7h §ubsequent to
ea ar res
?e%&eé ﬁr‘rg%ﬁ?té(? g% %%makug% ofa {} 3VRI§?£ eang (I'\;/ﬁﬁ?qr?é/ &Emhgon?rohmg tl¥é active
regivng bl arglolofireach ajﬁ‘t ucspf:@wmyt the mmuld Lakealt caxtbuo pighals bre combined in
re, exist

E?]U‘%’?M%:lzft% %T%n%zlgrlé It(g{r%% rt%ﬁg%%%a ? ?ctq%)r S ‘%/t%[ftng{:n@?}") ‘af f ect

t he phymortinmd abovfe, tharstexish faBtidativn ad emtimmmentab faciags that may

mWh@%E’{fomgﬂge Bps Bh Qf 8OF-baskd eichlrd- Qpﬁc fngdlﬁ% Pdﬁ[léjto process
[icon inte rate circurt fabricatlon tec

Yopiatiensdn |S@tl§ar§ sihiseq|integrated eirmwg dalyisator @ﬁhm@mathere eXistsra need

8R6MpalsAleqbr {hutibA iBleh &l é}ﬂﬁtf@ﬁe inferfeRinf@’ MAbLARFiaié can be

be, attributed to a nunber of different sources, such

aribyiedito p pRmber of dificreny sPerees\Purhies Vanigtionk Hekaveenide width,

mmﬁés@,ganbebwba%mwcewa%gul&%sas W&l ¥8hhteAR defects and
erial defects ag/gq refractive index variations

%%F%’\‘ié? dex;variptionsy, fi)‘rvéf’t"h‘ép"%tbé%@at ‘T%‘&E‘J?aé'éreﬁﬁ'f}y alter mode

abp@atlmd&raqwmnasg adsuing dhésvaios ingthe 65timA19dWet splgtirng)

e ions . in the optimal power splitt]ng, .15, -

ATHl it S riePs S oRE ded et ooy o it in radiasion losses
Isadatdt therengaybaldifferenedsi io thei phaseasﬂifaﬁﬁdﬁbsd)mﬁsmﬁropedttﬂd@ﬁﬁi,n each

gésre% lt QF wgvegu%ﬁggi%mi& FQuehn ncss I?c e% varlatlons dThdeI qperaflon of
ﬁ&mv‘@guiam nmydxmdiel effeotad hn es'efctnmeotah@xswrs/mch a$ aroh@nt tdinperature,

| a

@%@P?% r(]fanglﬁtg g m% gfgctl gi‘ragﬂ% ug r‘x@’é nggkzr?t%tf % ep%sfeﬁ&ﬁ&d%}{ is proposed
Raailigh theseepeares kynplyinindeneadent ree carrier lawhawgmmldtthemal
tgfung REntRII&S S%rcérﬂé’ @ama'ueﬁ’s t'h§t r{-? gﬂ v?é?l Js r&A8E £PSh-going

hese caoncerns p e en e carrier

HEANS R HIBT t%ﬁrmoélﬁétphﬁpper@m wgr @5 hife @ﬁth? @vmr cone

‘ [0624]at I onsg IGhQEoﬂBMs S%inﬁillffeaala\éﬁkﬁ offeh d@c&l‘ﬁ}ﬂla@eSQﬂbased electro-

t th dul at t
e ibtor B0a Fipmed Hoscuigh e it Do iFRfTen SO OREN s o
iaaén_ehaefdt gﬁrdhlagﬁngmcoionﬂﬁn?x@w hawynt&Ddmplac@daral ;ﬁrﬁ&d éffsets in
optil,c o tor ) ol.ne | acc
SREES Bk Brestiny iy mh s S SRR disrgs in F1G. 3,
themiah gletronts @2ped 84t disposedalony aeduranipliont ardel ardl cﬁbb:aen arm 17,
rg egff‘\sez% t? Pro@?a%QB%%ﬁlgoﬁe{lWh%anl Q% u%“n%?igtu%nﬁ ﬁ?t cal plrgperties of

thh qualatoeJ m;tq&omhamrrﬂ%oamgfgcswmmmai waljzed by an increase in
@ﬁg&mliﬁ&e&%g a%ﬂﬁ&i&? o?{%ﬂ]p‘é%ﬂlrg Edn?cpl" ah @6} ?0‘4/°K), induced temperature
changes along one or both arms of the modulator may be used to offset unwanted

variations by controlling the bias point of the modulator. In the particular embodiment as

illustrated in FIG. 3, thermal elements 22 and 24 are disposed along the waveguide arms
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respectively, to provide independent thernal
adj ustnment/tuning of the optical properties of the

wor@aha2ss . | nasnuch as the therno-optic effeceCDS2007/013692

silicon is realized by an increase in 30 refractive
index as a function of tenperature (dnldT = 1.86x1

0/K), induced tenperature changes al ong one or both
arnms of the nodul ator nmay be used to of fset unwanted
variations by controlling the bias point of the

nodul ator. In the particul ar enbodi nent as

solaks ltkﬂ)é a{y@&anﬁ sdphfatedront tHRmAdIulBdrefe8 ($endRddRAcidve RE®NS 11

dl S gd I%%%@?em%%svg %%ée gﬁys.a\égné Otg\/ét%,gsgér?lg&ed heating

rﬁﬁ)OHSB etﬂpﬁedrwis&patam tham&male(né&t@fatoag tl’mywmgummgrae@u ons 11
an

S ot mttoned et Py REREN32 a0 na? spbfaeig) Beniborsof
toepiiffate tyjpear nsaistmd &imﬂls(sactl'oasgfm' hﬁmﬂ&f/ elgumﬂbzmgd eassgars or

sphc'cuﬁm Qasec? fests %{js oar‘sgov BR&%%#CH%&%%&I%& %%er K n g%s% junctions).

mpr i se eherarors o ypes:
In egh@nqasee tl@l edemperttsarg sotollad by therapphicatiph ef s DA 'mitagbms@derate

l{egﬁﬂllé\twﬂircﬁ Pc;d)gﬁﬁhé t'.hpdu%ﬁ tlgzas?rggtb fe%'d%h&hsgne Wav%“ndxt@ ereﬁ Qf']the

as a rorwar I ase unctions
cthtChewh@as?@ magpitud¢ eftheanpligd goliasads @rqcs!m praportipaal to the increase

iRRGhbér iUk eff]erée@s?y e InAGHR e BRNCDAY Qs ull@Rekdid isMIARE as

propagat es the structure and enters the
nelvdingi afhﬁtjna?'&yag@f sigpals. l%véwlesaextm@%yéomféewaw signgls)- The
ﬂtfluet ¢rehappl \loﬁﬂgéé(hlpbﬁ&l&? itteeriflhreBsihdnys 2, O afetdtoﬁfiailec?ﬁddﬂaﬁdenuy
Cr eas ur e rlenc e eria
G SR er, dogighaled Th Elcs s veliath Lo BT itda0 atebmofRiion A fhermal
clembaanhd ablapgeMcq smgiraatcsdeplmh dfhh ﬂ@rraxltmaﬁmkl 4] aWe change in
VO

f .
SPBFAGES F e naresuiifersEion 991 Shaes e TSF By ag Ve index and
asracrepandipust the phase shifeexpanit¢rdved by dESUpgmiisgdall p’assﬁhg}he&ﬂaSugh It

i\eél%e {&%9? Qs?o%% tﬁﬂ%c‘i ?eegartape\y%%gge Fﬂ%% é é)l g ttgglﬁmal elements
hadrid may bemwndifigd, at Wﬂlé} te hglang:eo phanﬁﬁgwenpanacmﬁmons of the
%{;Ma%gt&%w‘é’aw&%\%& Qﬂhé}%@'n%ps nI in %ad?gﬁngb Qtdm to be urhderstood

ective refractivé in as a resu
ihhattbe outppt signak Fem| aediudatonRP (ehanyopikdr@gprogrigin aptlmglgnﬂgmay be

bRERE ARG febdback fi)ob %a}?% B8R 21 1RPHe Hh%hltﬁd}%f voltage applied to
separate voltages VDCa and VDCa applied to thernal

'@F‘Eﬁ'ﬁﬁt"?“d/ﬂelﬁﬁ’&mﬁ may be nodified, at will, to

adJ USEIG. 9 iSh v isRetiad vieg of en exetm;nm tigfrmbh@ement 22,
dul ati,nqg.devi, clt{? e@f@ (éover al t hou

Hksiatiagn this paric RS i et iR s BT e e neaing
Gih geatorrhativm oNSUSC AP tﬂfenaﬁl dl@tiendd) )ﬂ‘h&taheﬁge&&mt ayboainén FIG. 4

= &%%%?%%Pa'?g%%dﬁv therng]l enlg{l]qe{xt%,rlgc H%fl il t%lé(? gkﬂlermal element
Ecpmtelgmﬂed withie| S€Hdayer 2 2asaletinat abele nlardrde’thto rrﬁ-xhlﬁlzeﬁlunv@n&d free
Sal%era}}(‘f‘é)éﬁgér%%'ﬂph gl} a?é’ﬁﬁtimg %oﬁ%ﬁ%@ éért}cpﬁé ﬂ@lshown by the
datted dinergmFIGad).apolysil gempr 2 bt S(DIslamr|4+ are pr¢farablp nodapge (or
ﬁgﬁl&icﬂged) within the central region. The structure as shown in FIG. 4 therefore has
labeled the waveguiding portions of both polysilicon layer 2 and SOI layer 4 as being

“undoped”, where this definition is intended to include lightly doped.
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25 via the formation of SISCAP thermal el enments. The
arrangenent as shown in FIG 4 conprises a pair of

wEekecAR2her mal el enments, including a first SIBOXPS2007/013692

thermal elenent 26 integrated within SO |ayer 4, as
defined above. In order to mnimze unwanted free
carrier interactions wthin the wavegui di ng portion of
this structure (as shown by the dotted line in FIG
4), polysilicon layer 2 and SO |ayer 4 are preferably
undoped (or 30 lightly doped) within the central

regi eJEE agdih w:f:w Q. AR SIReWP aheman ﬁem%nmffs Vadras

Iabel € Wwavegui d ortions of con
qogypsising aai@@%@@“%% Pf g@ﬁquséh (Frgnoved ﬁr@ap@e wavmqheg region).

béped sQ&fdn'ﬁ?tﬂxﬁﬁbrlcém AteRRAGRE off Gortiks kdptkéhs! st 13, »d@&@ﬁle
6 WD 2007/ 146233 P /US 07/ 013692 Referrl ng again

appligatign of p X valfage-t¥ince) OPYWEF™ BRSNS A 0% 30 Wikl Fsl e flow ofa
@:ﬁﬁmalsng"@caomm Bk itiimal/ichahgedGN SORMEr 4 THEdRA6h of

ro i din i.an Doped. secti on
TP AL T e Rl b s PREE B v S 3y he
dMﬁe_reehrteharroa/pplﬂlGatl on of a DC vol tage (VDCa2) bet ween
regio a e
curr e‘gng o%ﬁlegg%tey\é%enﬁglf %Iglfnﬁ%r ke f?]rénre\rérla i rs1pga°ed pRort
®Ped Isa:ylen 33, of blgsiticandayar dnwbére tltdmaalrﬁkbm@m an SSf dso fllugmted in

ﬁ]@fﬁd THEM) QEn?eZhéi‘%gluE%"a eﬂ%?rvoe}%ght%? d4 %&@%P%’osid as,shown

ustrated arrow I n
dedaped sedtien ﬁél Agpianthaapatieryofs IRC|valtage (b’e;cxlbbwaen contacts

éM 444 98 Rinseasad tl?eoﬁ‘&lr of éei{}%ﬁ{jarﬁ%édh%h Ratifg o f)@k)ﬁ%l:é Eheat

| ayer 4, where thernmal [so illTustrate
transter ovmrdsthegvavepeiding area|shonsm by donblﬁdtméé agoyan F1G4. In

£RBldaRdeSwidthnd @&cﬁlﬁggbﬁﬁ@ﬁﬁ%n@ﬁlv@ﬁmﬁr‘mﬂ& BGm‘é%Qﬁg'mal element (in

section, 33. Again, the application of a DC volt

thigsess, fl%eétemt 2O a@?@t 3%h°ram"§€ thgrme! ?I%ngarrtf @qth ¢lpf@ents 26

drdma) ﬂfay(burufsﬁi’lﬂbf paévddd ‘QﬁﬁgiaZl@éitlhgfa\K/ltlﬁlﬁ éma‘ delﬂfh&ldﬂl&)fﬁlﬁ‘dimal element

eat S t owar e wave i,ng. area shgwn

B eonin B | Rlocecii e o velfaes Sppic S g sormesin ernal

slethentt D6 meﬂa;hu;encgﬁfemﬁt atrid&e;pﬂ’rﬁﬁ]@rcbnurcmednb pfm;deﬂhé Bestredamount
hegtmrﬁ t%ré 1S he ag n(%nvtog%% %csnb&g)léﬁaveasc‘a {fﬁrent nd;? ustable) value than

ﬂab emdmism(tm ‘Vincai, evheretthe 28ue afnvb@2ip alva pefmeately @djusiable to provide

tm gggug? de%ﬁ%@%f‘ﬁéatlh ating” within the definition of

erna enment as shown in FIG 3. Mreover, the
DC voThedgaice sppstiredisskowihie Hepd may de mpaslifigd in aghangensush that a
ABcidSmatiidl R %cq{eﬁfb%we% c@tﬂzgct %8%59&@'3!0 (9&%{ Rt 31'4%6) and the

provi de the desired anmount heat i ng. IS,
'apiﬁrlyléa si}ispp g*g’l{crlqb@lf Lﬁﬁyf ﬂgg@ ‘siligide feé;sgm 1s con51dered to provide

ﬁglbk&ﬂéhbﬁbe%ﬂr&&nh@%h r%qcﬁmfapplhdd%uuge tmsyaﬁﬁaeon or
ere the val ue of XFDCa2|s al oseparat ly abl e

¥ C'ﬂ? BAhg Eesistinerbared, %&%"é@‘f@e‘* Yrem ésa%qnﬂge © %l% Sbgé’ choice.

Buirth4€ tthiis @esassivegparofitierikiGeating @Elymbe nﬂ@dﬂeﬁls&dwﬁtﬁ afly of the known

cneveeloped'I §8[ Easectl el%ctro -optic modulator structures, including but not limited to the
SISCAP structure, the lateral PN junction structure, ribbed waveguide structure, etc., or
other modulator structures including, but not limited to, ring resonator modulators and
electro-absorption modulators. Indeed, it is the inherent properties of the silicon material

and the well-known CMOS processing techniques that are advantageously employed in
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silicide material is |ocated between contact portions
28, 30 (and/or contacts 34,36) and the underlying

wardorae3dmt eri al. The use of such a "“silici dePCT/US2007/013692

resistor' is considered to provide 25 for a broader

tenperature range as a function of applied voltage.

The use of silicon or silicide as the resistive-based

heat generating elenment is considered to be a design

choice. Further, this resistive-type of thernal

heati ng el enent may be used with any of the known or

ttie pesomp doveBE@hn twrxsgﬁdeiragbus t:ypesp?ﬁ themddi tﬂoatﬂi:ﬁtions to the SOI-based
including but not limted to the SISCAP

'ﬁ{)é&iu%%ﬂéeg?‘g the lateral PN unction structure, ribbed

wav ediGd é issa engss-sectionabview, of @n aB@nativieexemplity thboial element 22, in

r [
R Rl pRGunctsh tiphhal dBlce 3 st he o fistsic ot e
woregridingrasm (pideps g, acymylgtionasm arldepletion amopetheicess rody be).

bEBceSAd inbPBe FMNRA wdthin & 6r WSl ILl df AOW, re io? 42 becing N-
efpl oye

rOCGSSI ng t echni ques that are advanta eous y_ e
Ghed NS nd CORIZIOYS meiPn S PomE odasd2 aviaguiging 6thin thermal

SIEHEN LR @NadcOmPlishél @lﬁ)né@rcbﬁl%ﬁ Jséé‘ﬁﬁﬁ findoP&d H&hon 46 of the device
nmodj fi cations to the SO -based ul at or desi FI G
Fruprrey ‘%M%S%erm a1 WY <eHIds S AFRARtAR FPIESO layer 4 (in this

Extiotidr 2ibotlinen ey gateedi®Bitrid 8, Gate dlél@dtﬁc 8 2axGhotked above, is a

bi, ase nction . th devi ce 40 di sposed
’SF@M@Y?}“P 1&gt EI%J)%F “JHZ’OA@%a@)@@d.cawngseararﬂv(teﬂal [§egh as silicon
ditrddeaocsiliednatiirida. Rithwavegdidp ke iagrtomprile, 85 dxBRpRASEyITEON or a
Y be formed within a portion of SG
(Fbggd Pagm“c’&l‘ﬁg | rst region 42 being N doped and a
sec oﬂd aceudanicy withshe prgicohindentive] thg PR-jdogiied. created by reglons 42, 44
1W’66§QH laflh PR Wi Ey &.E‘t%ﬁé’éﬂthm &li& H'éld agdo %d agﬁwgﬂk gn ?r%er to

along a centra essent Yy un e
RIBNANE Bnwagyied feq qaerierimpoverient foons effcmsmg lthasprnga@tmg bptical signal. In

HaMag Hf&%ﬂ%aﬁ%@{aﬁgﬁ q lié %nta%gv X?&pp[he& 'bgm’ Eil'a? cortict 45 and

]gartlcular e 0|rrent at el ectri
CRNRL AR @nsmga?sfomré@laﬁ ,Juncgma T&k geneyetpg heanisthen directed

tbaNIthé @éhtﬂahﬁawgdﬁlﬁngoﬁortlon%%%holﬁ%)th@@&’ub@@ m?éd a?ﬁz%vsqn FIG. 5.

mater a[ such as, silicon dioxide or silicon nit
od er4:81SWr@Bmqrg%dlscfuégd@jgaycﬁplp@ssomatlon thh FIG. 4 a

qaodMS?N-ﬁmﬂomme&naldmﬁ(ﬂt ﬂDitn}(ﬁ bé | f&?@d Hﬁtﬁdp@bsmé Side ?fcentral
I L nventl uncti on
RO MG Menneamen ARG me et Birael damapt 56 mehudes a P
C@paﬂ%emrﬁZmﬂd acioati@irone NEdopad Fdgich mgma,l regnUﬁﬁﬂ{Jﬁm 54 are located
a0 Q'i)t‘édg{é ?:eb Qis ?ﬁe&w;y fro centss E‘t 0 ggt Ig)n dlg gé{ ch VDE:E Es then

novenent ecti’ng e pr
appligrblietwean P Qﬂﬂ‘d@ﬁ 53 eanNtwntdet ﬂseateatg@tbaratan arergyathBGs directed

tg@&,g%gﬁtrg{%lo%“s appl i ed between P contact 45 and N
contact 43, formng a forward-biased PN junction. The

genedatheenthodimens of thepreseirtdeveation asoshawd it FEG.Ge titermal elements
20018 @Y iagH (ﬁ%)d%&! fnl s@ﬂgﬁ\@nh the a%%%oﬁﬂatfng?oqwﬁbdf@ﬁé Arﬂa%gement

arrows in Simlar to

algneasge ke Ard 1 H(@e%g byaghysvesions ldawnddphvitve siffisientismcing

tHerel®tween to prevent the operation of the thermal portion from affecting the
modulation, and allowing for separate and independent control of each aspect of the
modulator. Clearly, such arrangements require the use of extended waveguide lengths for

the modulator. In certain cases, particularly high speed arrangements, it would be
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second PN-junction thermal element 50 may be forned on
t he opposing side of central portion 46 of the

waeeangesent of FIG 5. PN-junction thernmal elRtEns2080013692

i ncludes a P- doped region 52 and a conti guous N- doped
region 54 (again, regions 52 and 54 are |located at a
predeterm ned di stance away fromcentral portion 46).
A DC voltage VDCal is then 25 applied between P
contact 53 and N contact 55, creating thermal energy
that is directed toward central portion 46. In the

@aﬁmﬂmnﬁa.@t&m&h@wﬁw@wle fmémhé AilniASmSRQYFed B gEldrate

ther E ments, 22 an 4 are disposed in sSeries
W’T“Hatfcﬁ‘et 'é?é‘g € FYHET BPYSH¥ borti on of the arrangenent
al ongAmalﬁanétﬁze&mboaﬁnehdem& Bedsdiy 1rﬁféhﬂ10/rﬁtg£t?@tifb@§es is 8dHdern is
Wit i ent acl rebet ween o
byt mbyied Blok i, R PRt meT oA e P xemplary

aécftwptiognddm&tonm)dhhtattilllm a mircbfathdrmai d’lgnélﬁi 63 eb6Adisposed

ad i d t h .
Rfish 6 SPANCERnT STl Mo EligundRecs el v ertofimay gt the
pEseak ingertd el pmégstfpde sigeifigdrit seduction inhise om:dall lahgih of the modulator

512 P B0 L AL SRR A ELSRAIh compr

PiCGePde HHG.6)t & anglentoaireventibe wpplisgtivrdef the PGt oltagest\igs and Vipeq to
OB hsHsH {r@ﬁe&tﬂre% rﬂ%‘flﬂ‘nﬁerfe g%ngttlbjaoﬂeet &F@#gﬁc{g[ﬁgn

carrier novenent alternative e .
preuided by pmd&riignsts qmaed ddtivasregions h] and: b eddifionad physical or

&B&M&hl ||d%la$1bmn|téﬂn%%fl%k%}8wq’écﬁg§/l§mbf>8f ﬁFioﬂs)Falr@ncﬁlded within
is a an exenplary 5 electro-optic

WBG‘UP‘SE%‘P’Séé ﬁ“ﬁd? ‘iﬁqeﬁ?rkbégb‘élo}?falr of thermal el enents

62 andls @#th ﬂié@@@ﬁﬂhea@@dx@ﬁ‘a@xﬂ air@n%ﬁiehté?%sfcﬁﬁb@ H?ovlsg{ht@lﬁ%l
1S e odi men 0 e

SE tuvmng a?res

éF’E%‘&ﬁ (1O{\BY SOBIPTISE 6 esistiye-based hgatigenerating Feragnts (e silicon
iesistohs sitivide adsistdre) gt PN Giinctibe based Ut igehieratipVdlGfentsMAddtionally,
%tglthat xrleovtlboﬁ @%{ %her &18%{)06\}&%#§HEH} l%. \Evgvetgp ];.%5?5(3 (aF ﬁhown in FIG.
@)I; dlemerteb' Poreyvanrtsidend eagipdrimqat onm oné amf)ef BE naxhil@gesructure.

f r om’ % g;{%?ra{eg 01][9 ?)ﬁenﬁ:ﬁy% m%gtdfop7 o(ndinf’ﬁo édlz\{tneonya)nd

et Pef
theonal dél@lstwnhwtm@tkm grustuge afpmtlned in EI(hcﬁtaS\appMeeqmmxarmﬂJe) to

%G’maﬁnor‘?% §5.00K i ghlfsgg%s {h%ﬂ'llxal %5eme§{ 888 nllﬁi%kas L5 ?f&t g&ln%‘ 61

in terns refectric/un re I on
isRqsediay ons thei dlectrigsliconaegionde walmoﬂmhc@s layer 2. A second

Q&ﬁGJ bhR; Jﬁ%kéﬂvﬁey&% f\%'él’écttrﬁﬁ c\6ﬁﬁé099§ tM%fF4uqm§fs@1'lé(}Qr 4. The

jSCUSSGd above,_thernal el enent s

angen%nts
RPN S AT Bigs ¥pliages Vs ird Y t908ipns 64 ang) eharspestigly, will
@n@fﬁ&fﬂe&tnﬁ@m@he divédtiof @R therv%béhgh reg$dﬂ k€W n by the double-lined
reS|st ) @%Junctlon ase e ener at i ng

B ELS: Iiminaigpire maybesed o gtgﬂ’% BPloragnt Bé disposed
ﬂﬁmﬁ deptition ahotlB (Sedes. Of It ke bavaglicleems 6D and €Bma B¥Wesistive
t'hQrmFall gfements or PN-junction biased thermal elements, as described in detail above. In
order to provide electrical isolation between the DC voltages used for thermal heating and
the AC voltages used for signal modulation, a pair of essentially undoped regions are
formed in SOI layer 4 and polysilicon layer 2 between the contact regions for each voltage
source. Referring again to FIG. 7, the isolation associated with thermal element 62 is

shown as including a first undoped region 63 formed in polysilicon layer 2 between
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6), or nerely along one side of each arm (or only one
arm of the nodul ator structure. FIG 7 illustrates

wop@7axespl ary arrangenent for providi ng nodul BET/O820aTI013692

20 thermal adjustnment within the structure as outlined

in FIG 6 as applied (for exanple) to accumnulation

arm15. In this case, thermal elenent 62 conprises a

first portion 61 disposed beyond the electrica

connection to VREF2a al ong polysilicon |ayer 2. A

second portion 64 is disposed beyond the electrica
ﬂ(t;gnﬂep@tt;qyrﬁ Itapd WREFohtachtooYegrs @i thapeduldtingRignal. Similarly, a second
ARRES RS B forthelin ?te;gp y404 5 Ech HEXH pBR gg %{gggfm%%omm fo
Vﬁsatlng in the dlrectlon of the mavegU|d|ng regi on,

showty o tﬁmﬁfegmesaﬂat.m thé)rﬁm%lp%&tnbr{b é1! @; frzm e%n&bmals%ated

structure may be used formt | ement
withMreeetnd Yrasndgnd dis 1@%'%?1“ @ﬁtmdmed(rg@enwf@b' @ye uspful ins

ndifim?An ?%Qﬁteﬁbﬁﬁ@ﬁtﬁe BrrAd ddRéndBRd WAth the $icAbia¥ibn, the need for
the . elenments or PN-HP unction bi ased thermal

sygh pigal sgparghiondeqayEsg theisa of Rrger sytRre arepsadigiegito eagh
u{af/d{gulidé&rﬂl atius,vetdle the adtadl uda@thhﬂwmﬁwetgbﬂe aﬁhs/i@ Ish@@R8d with

0t AC vV, d
FERL L R aORBHNL 6 Sane Rereaoraeuting) a5 R abetm of he
devdg il radyeraist othieedoricarn§O | ayer 4 and pol ysilicon
| t h tact ' f h .
Sgﬁ?glecg 8&% Se Fare% nan a ex(':ngl{J vetaegnliglrde@‘%rg g? %hﬁ%ltraxgge?naetn i!' ﬂl@g‘7 where in
tlasmq:taar@hhmdtmertt hbp‘m%l isilgiverietvg2n IVaker28 VAR asi Vbcat, Vbeaz is

S 5D B P e o
c szm@mse@z Astebevml firgshermghp@tiomtistelirstricgHy fotated
flofh V,@f—f %ﬂ'oﬁgf thE: Iﬁ?e M@xﬁ%kleg o§ ey &%lectﬁcr@ An@r | s\éctlcﬁl of shallow

second glon orne

“E%ﬂt*wé%ﬂ'%& nséua"?m W%Jhw@aﬂcah@ i ﬁ@nt?s ﬁiogstsqldayev‘* Fﬁerméle

témlir{aﬁoﬁ Bethe Eyﬁ\l’ec‘(%lwc% @@g’i&rﬁﬁ)\’vﬁﬂj 18 aleR WHER! thd VR i %ﬁta@t]is formed
5 with VREF2a and VREF

from crynt act | at gﬁ
el 8 oY o Sa08 tharral FoBte s Sgynigslly indaedfrom
VigBrs, thitdbighia Zbpgate ba;nloﬁ be g€ Hielkbtrief8 dndantub@spddl(lightly doped)

' fth th lation, t d, f .
PG RE P Lobptd By SitRiedh e et R et SR b et i -
laxs s 1004 pderiteat genemodd byvthetegljpdﬂora;r 611, 64 Isuble toletficderitiyeransfer
f hor.t d th

tlﬁ‘&ggxglv{\h% g%i Erogld ré%}ﬁ \A@s\{rgg ld?gr% %‘r € %ptrl %o%ﬁcsggsewo f

r equltietd bewindeistoof] glrat &amdus ather whdifigations Gnaydeingasleitd gay 6f the

|

o e GGl oy ey e e bR BAPLSPe B prpsent
inygation. Indeedhihg vprdeusithermal adiysboent sransegieatstas desgribed hereinabove
nla$QlsBlbe %Eecb»ettme%uYBﬁF@ Qctwyaﬁgg%sﬁ@ d t%q:@éwcev%x%vi&

used to allow for the thernal con actsto be forned
mogificpidnsrof Hha/tical Prﬁwemsmf the deyiceas a fuastiangf temperature. The

s¥epY QG thishinbhtioB gherfordSs séiRidaredftd b& LimitB@ bAR by RIRY $1hiaRR afended
hl St electrically isol ated
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15 from VREF2a t hrough the use of an extension of gate
dielectric 8 and a section of shallow trench

wo s7asa2ah 70. Shall ow trench isolation 70 i s POY/IRIH07/013692

along SO layer 4 fromthe termnation of the active
device region toward the area where the VREF2a cont act
is formed in overlying polysilicon |ayer 2. Second
thermal portion 64 is electrically isolated from
VREF4a t hrough a separate section of gate dielectric 8
nd.an undoped (lightly doped) 20 portion of SO | ayer
?gﬁvayﬁV?ﬁg of the fact that gate dielectric 8 is
extrenely thin (e.g., less than | O0A), the heat

genefated. by .t hernal .portions 61, 64 is.able to
effi %i }éﬁsﬂf°3xtb%%eﬁs wg?a' "??ﬁt“b:??fﬁﬁ deYifg $ORISINE pr ovi di ng
t he atesiiticeldvaleguide fwfsuppoeting the atophgaringlof @m incbiningSligh®wave
ﬁggiunderstood that various other nodifications my be
éb to any of the above-described enbodi nents, and
yet $# miopulafinglemertalisppsadi alongribe wemgeideto intedpreamandctral AC
i at . . ous .t her. adj ust e .
L ! LR 8RSt S B R he R8T EE g propesating
lightwavesignaliaafi ous ot her active and passive opti cal
devi £@grrhQopOMbHEnt dipHiddl e 1 a ey iflG a?:ﬁ%’es%%ksive to an
roperties of the devices as a funcglon 0]
afg’ ‘ﬁg BiCayaliags tograeratecispithatis frapsterredtnttieowaveghisicst s to, modify
thic Sva& ORAd IR TRl vendeR aks la i cidn OPhY chdhek e tehl RS
appended hereto. 10 WO 2007/146233 PCT/ U 2007?013692
What is clainmed is: 1. A silicon-based optica
mod LQ.aA!sﬂg:od-ﬁuéede)pﬁﬁum’(ddﬁiaﬂg% a&»i@msid@ﬂbem?émﬁi 10@hdréih the
Il tne, propagat 1 n an 1 necomn I ght wave
O RAIE e 410 Bie G Srantt slomsnd go tposrbalgne ReysTeally scparate
postiomscpfithteoptioali wavegaidee an el ectrical AC nodul ati ng
signal into the optical wavegui de and nodify the
properties of the propagating |ightwave signal; and a
t herdoA 6picpe-bated wptital dicslplingldadieng defimedia\cidi IdiiRgein the
] ' vol t taq ner at
RSO 1 18 Rld PRIkl e B Rnt SRR B
SaSAra of the wavegyidguyitle eleettieal dedlagiondinpeseddberebetwert, i on
of the change in tenperature. 2. A silicon-based
optical podul ating device as defined in claim]l
wherdih S{r‘rﬂ%@"-b%a qPtigal mydelatingdrvicsrg defirsdtin slair 3opheregn the
cledtedat Bomtiah oflpi5Re s@en@INE IR SiIfsh kegigiRpar ate 15
portions of the optical waveguide. 3. "A silicon-based
optical nodul ating device as defined in claiml
whersi A silinen-based optidal ARdeleReddvicand defiedtih el 30 dr&in the

el&!tﬁ&? m)la‘agr? ccgnlu‘?’ 15%%% gelgtliv%'i])gthic’nu 1§lteéitnqg Haa)lllexl Xisgot;gd between the

modulating element and the thermo-optic element.

6. A silicon-based optical modulating device as defined in claim S wherein the

relatively thin dielectric layer comprises a thickness of less than 100A.

7. A silicon-based optical modulating device as defined in claim 5 wherein the relatively

thin dielectric layer comprises silicon dioxide.
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sanme area of the waveguide, with electrical isolation

di sposed therebetween. 20 4. A silicon-based optica
wore@ahia28hg devi ce as defined in claim3 wher ePCT/UR®07/013692

el ectrical isolation conprises essentially undoped

silicon regions. 5. A silicon-based optical nodul ating

device as defined in claim3 wherein the 25

el ectrical isolation conprises a relatively thin

di el ectric | ayer disposed between the nDduIating

el e optic el ement

si | P%o‘%? agggéaﬁe&qugﬂo RSy ipting F’?l‘(jced@\ﬂegéech@ cdrim; hwherpin the
retatiaeintBinwdeatinlaybreconpelsat sincdh yittibé.n di el ectric | ayer

conprises a thickness of |ess than 100A. 30 7. A

silicon-based optical nodul ating device as defined in

claitns SM@n@wdtdpécalaicﬁlhlaﬁﬁg deviddusnlefih®! RGA4inCl WRFEH the

S bl AR S

nodul ati ng device as defined in claim5 wherein the

rel afd V/@Efx’lc&h 'steQ' g{éﬁa@ h{ohﬁl %fervw%%mg%laﬁ%zfl %ialmgovgreeeén the

nitrid
feﬁgt'\tfe#%S?féH‘emo—ep%ﬁ plementisempiises mhigast Sng uqmdmlwpn irgsistor

in€luBiNB AlpaGAIIRpASES

el eiri;igntp 10. P A si F%%ﬁfﬂgﬁé&g}gﬁg g‘?ﬁggﬁ"i'%e)‘é Eﬁa Lla& é)vc Xcéltage
SOH&®defined in claim9 wherein the resistive- based

t her no- optlc el enent conprlses at | east one doped

Si|| on r h i ncl udi q% (% i r of spaced-apart

cont’ ﬁ?'b geg 8Pt"tan]_)ﬁ’ﬁfi'1‘ tipg devics ag defipeddp éB"D@ wherein the at
least bbagt!ped SDicen wistseor cil:ﬂqpns&s Slplair ©0Boprasa kol Psistatl, formed on

in cla 9 wherein the at

evice m
orpR s e LEiactoB ol seeiatedd g pouroes.
doped silicon resistors, forned on opposite si des of
igftl\gg\é@gghﬁc g%eﬁ S%%?xﬁxodlg\a gr}o%n e&%{q lag ggbé%d {ng %vh%(;em the
resigiiigasschigenear priés demeid tomprises sdicaien‘eéﬂswﬁmdiledlﬂghfbalr of

sph&aLaphit WBrtRASE ortlg]x‘.%F g?%{é) ageirs)g de8 n\;%[telac%gs%u%c

silicide resis I nc
contact regions for coupling to an aSSOC|ated DC

vol tlagex SQdiBased Optical m@dlﬁétkdg%01cga§§ in%ﬁtn'l ngim 1 “ﬁxerem the

thrmdul devi ce as defined laim | where
Fer ‘H’é‘C& 10t BPRRRETSE 2 ST '@é@dzi’l\mﬁ%mnddwcased PN
junction device. 14. A silicon-based optica

nodyl,at,i n Vi C ed ip claim| wherein the
Y424 mﬁcon-basec? 0 tncaij duQat%g drz:vxce as def ned in claim 1 wherein the

device comprises an interferometer including an accumulation waveguiding arm and a
depletion waveguiding arm, with an accumulation modulating element and accumulating
thermo-optic element associated with the accumulation arm and a depletion modulating

element and depletion thermo-optic element associated with the depletion arm.

15. A silicon-based optical modulating device as defined in claim 14 wherein the
electrical AC modulating signal applied to the accumulation waveguiding arm modulation
element is independent of the electrical AC modulating signal applied to the depletion

waveguiding arm modulation element.
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devi ce conprises an interferonmeter including an

accunul ati on waveguiding armand a 25 depletion
wowroegui2ed ng arm with an accunul ati on nodul at P@IUS2007/013692

el ement and accunul ati ng t herno-optic el enent

associated with the accunul ation arm and a depl etion

nmodul ating el enent and depletion therno-optic el enent

associated with the depletion arm 15. A silicon-based

opti cal nodul ati ng device as defined in claim 14

wherein the 30 electrical AC nodulating signa
appl Y% d igcehbassd ephisal morviatingdavingiadidefinesrimclai U attiersin the

pel v@ﬁ@g& ap|pﬁed !bdﬁ@ﬁdbdﬁﬂiat@ﬁ ak theth&.Opfid S8heMGs MAEHNMALALRS the

t he depl etion waveguiding arm
Df sl B Re-b o fepIctes 2 xsmoropt slgghon
PCT/ US2007/ 013692 16. A S|I|con based optica

nod tj ng deyvice as clal 4 mhe in the
S Do A §RedrpeeRE aP st FoatiEing dhfcse dhfinsatiy cleim | wherein the
mpdhdating-depice combasmniSISCAP ngepdadenic mbduldtihg dXckol t age
applied to the depletion armtherno-optic elenment. 5
17. A silicon-based optical nodul ati ng device as
def i ¥ed\ siticor-basat bptidab mednlatitgedeviveds Hefinedgn diith devherein the
deV|ce
mEBIRYEXENic8 sohpheet eﬁ%?a%éﬁ% N S
10 defined in claim1 wherein the nndulatlng deV|ce
conpyy, S@§lll@0ﬂ° i}hsgé% a?ﬂltog v RAIaE d%@r%ld r‘ri‘f;ia 1 wherem the
devi ce. . silicon- optica
madijatig dgglca é?lmﬁ@%fs|aﬁlr@|raﬁomtpr mﬁ@rl@iurg detvice. nodul at i ng
devi ce conprises a rlng resonat or nodul ati ng devi ce.

20.<$:yl i.con- 2%3 opti cal nodul ati ng_devi ce as
def iZfed* Filic-bg mefwatingLevics apdefinesiin algiradyheeein the
15 moduimingsdesica 8o pasds bh eRBEEL Mok RIdn RsHulahi Revidevi ce. 13
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