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Provi sional Application No. 60/547,911, filed February
298 AN P o RO, OIFLIGHT PN sSIIITCON-@N-INSULATEREOI)
to the active mani pul ati STRUCTURPt in a
silicon-oninsulator (SO ) structure and, nore

RbdsL £ é{iy@h&\’m Iée@at@dﬁpélicﬁﬁwrl nsul at or - si | i con
capacitiv CAP) structurethat I s_doped

sel ecﬁé@p@s@ﬁgpnlwatmwm@ét PEOHS R&Pr@&ﬁmgmﬁm%wa No.
opd opagating through the SO
26{04532 ﬁr gﬁédBﬁ%kurou of the I nvention A pl anar
i ghtwave circuit (PLC) is the optical equival ent of
l.ectr.oni c chip, manipulating and processing |ight
%ﬁ%ﬁf@é’%’?her than el ectronic signals. In nost cases,
a PLCTihs pfes¢rmixdrentivnarelatek &t the edtiye tkpinipulatipe of light ¢ @silcon-on-

SomtR 0D g g e oS B 10 e T BARE M B e
QRES CUP) RR @U@ Fht @ﬂlopé@iﬁl selested Ariesy t0 Qruvid thel ddssyred) pttntmhd)f one

wavegui des, the wav es C n|n to gui de the

|9 gpre ?rrtwﬁwﬁ%@samp?%agmggg gg‘éﬂet %(5§ and therefore
consi dered as the optl cal equival ent of t he net al

i nterconnections in an electronic chip. The optical
dBaclgroyndrafjthe dnmyantis ei t her passive optical devices,

or ac gﬁl ]zlgnrﬁ fhgﬁtt\x;age QiPJLﬁtC(Pﬂ@%’ls WRSptiPAh @K AL DS bk BetiAMNSchip,

i nclu r exanpl e, l ection, focusing,

cmduhpmahmgmgd piysessingpight sggn;a,}j ratbvg\;baneqig{tqqmc 51gnals In most cases, a
I exi.ng/

B

Odahmabaﬂuodﬁ\sum.'atef dﬂnmhghm\/acmuit iitsdfis gpmporsd lo&ousror BT pptical

t ti
%ng%%re\?@%ggqﬁ%yn %lpg X%%(g:rs gtﬁ%sav]a}/eguﬁdegﬂngt?c;en dﬂgtctg I%ulde the
aiphi $6I ondWelica) devie taandilerahd thercfae comldatddas tl&zazpaca;bf

| nput/out ut coupling of a t

| pplept St AL RIBIUnGtier el SgEor fiR P B dovices may
HOWEYisE eltﬂepﬁas'é‘l%@ dpdaar d@ﬂﬁ@ ok hdthiBleRafrd-Opti ey es, I’}bgrformlng
requires access to the edge of the chjp, as well

asS
¢ fugotoos fnebidong, BF cxae g@ﬂW% %WP@WOQ{%@&&@G&@&PWH}&
( tdeteBon, and th
g AR O B AR lipnddanatoci, e
diédfel ni ti on st ructures is considered to be rather
glle:rlplc | t fhe CSM ohg)féﬁx ob;ﬂ%?:ﬁgt?% f!a (%rlfl(afsﬁ con-on-insulator

\A@mgsuud@@c usrelarrglsuvdhy thmkr(s 3-dgtm) slhcomarfadeuwavngsémg yef

convent i onal CMOSf abr. i rocess
(hereinafter referred to as an ¢ 88? ayer fso astoa ow(%or relative ease of input/output

coupling of a light signal to the SOI layer through methods such as edge illumination.
However, the need for edge-illumination coupling requires access to the edge of the chip,
as well as the formation of an edge with a high surface quality (to prevent reflections and
backscattering at the coupling interface). Further, the fabrication of high definition
structures is considered to be rather difficult in a relatively thick SOI layer (for example,

forming “smooath” vertical sidewalls for waveguides, rings, mirrors, etc.). The thickness
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si mul taneously form both the el ectronic and opti cal
conponents. Additionally, optical structures fornmed in

W(smlmlﬂ/osv.opel ati ve

hi ck ayer d D820051606365
TR SRR ek b o oo O TR f s o
sipiftaiel:fbreh Bl @K Ll Bubhi ATLHRLS Bortbortilsy Al ionally, optica
stredtaes foetgd |11a8lg$ d ﬂalaa:ﬂvn]gsthlcbﬂaytehmls@d Ittayttppoaﬂ thepropagation of
limts th eed of the ele de
bk RS Brodemoeticntipahe Raliplhpr&ats SEhmias akdfy e
f&daa&eﬁﬂaﬁmﬁh@ﬁ%u Ht%fstr@éuﬂeh VGeONR; 1t Sl Ati ey 1aps Ol &iBss of the
are significantl y reduced, if not corrpl etely
Sen ﬂaylenals@timlﬂsnhQWd of thelatgrpnicalerisesn a vi abI e
phOt h@c SB é)?gbe] %(9{)183/’%1“6 H]S]ll & 'tocll)(en’? ﬁS He Hi@ron most

need |ve y nmani

of t}ﬂrbbow B&cAbéEroBidms Y sipnifiviiitsy redtdedcifinat b()fnpltaf&y ehmlnated
need exists to performvarious, optjcal functi nsk &u
P@swewgm i erger to&@uguan@ablﬁﬁmpw gt wea Boicrerythick SOl layer, the

I ect i
nF(-I: grls?{nabnrsg% ‘ga %wetr’]té ggﬁ‘%l%ﬁlg?% t?eﬁt'l‘lle Kl@iéﬁ’\xfglllnﬁﬁﬁé 8Oyt eMore
panehrfgbihy neéd &tigth ttgpe:rﬁﬁmﬂtuoumaj)tlmnmm‘smdhl %) turnmg,
voltagelevelsto acco i sh the, t|ve Jdnctl
fesing oodU BGRSSHOBIBE: SHSENE RRYCIRS HELEFO sV ER i sing the
hgﬂ ngcl. aARY s@)-Giloh ¢ l%'ck ) 1e VFerh By REI Ry @nvefTeAAI CMOS-
TosUDStrat e. nmrar yof ‘the I nvention The needs
compatiie ngltage leveds tmracoomphsth the ecta/@dnmmé@tlqu thet a common power

sent invention
ST Bop RertBet by ortigh P Al SeLilroFsal SomPrvEn foFGed pupyepmmon
Sﬁ&gﬂg&ﬁhgmand more particularly, to a
I11con-insulator-silicon capacitive (S| SCAP)
structure that is doped in selected areas to provide
he deS|r con}rol over one or nore optical beamns
nyy A 'Fﬁ?éﬂ@h the SO structure. In accordance

W th ﬁh@@leéﬁsef%ﬁmmhgﬂtﬁtﬁé pA6E art e a&ﬂrSﬁé%H b@tth&tpltesﬂﬂ invention,
includes the relatively thin (i.e., .sub-

vaii¢h wriesso tieecdive m@ap@ﬂwfﬁ@m ’é‘ra saﬂécf%lr%aw@ g {S@Bgfructure
yer") i

apg,l Ig?re \Pgﬁmuﬁglyﬁ 9 d? gﬁl%ﬁf Hégﬁ or sﬁlc‘&g 'E@dgiﬁt%&}gg@%%@%i:) cture that is

d@péd ﬂﬁse&:cte@aat@s X bete/ide the desired cueirdlyvagorsd driroore dpayzdrbeams

(usually corg%rl sing a formofpolysilicon). The
Pﬂi@?aﬁéﬁlﬂlg% é?‘*eso Alguatese- | ayer are processed to form

conplg 'a?&tr?e[dcla XVlﬁlotBQ grersgxﬁ R\Véﬁtl@lfl tRe JRRIA® gtrt%!ﬂ&fé@nélﬁdes the

proxim OXI formng an active device
relagien th1ti\(1teh csutb- miwon) sillcon amrlfam lufer ﬁmr@heﬁc@rrrﬁfeaﬁd It ass" SOl
volta the doped.SI S stru

OGN e S S S TR g 2V i vt gy (rfereed

Iﬂfys | ds %a‘ghférbx@(ie”§ﬁn@£r?&\?e& {yﬁ%' s11m0ﬁ3a}kb@t(ﬂ\@@ﬂy th@prising a form

i con and | ayers, the refractive indexes of

d:flpelysldmeni) (Hwi pntwmdm la:m and§0L ﬂae/ar AR droageyserigiforgn
coﬁqplementgrlly dopedO Pong 3t B Hetred 3 e in p?oﬁt%lfyrto the gate oxide;

forming an active device region. Without the application of an electrical bias voltage, the
doped SISCAP structure functions as a conventional SOI-based waveguiding
arrangement. Upon the application of an electrical bias between the polysilicon and SOI

layers, the refractive indexes of the doped regions will be modified and, depending upon
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desired manner. It is an aspect of the present
i nvention that the doped regi on(s) within the SO

W(]) m%nmg &P@" 1,. |$€?ﬂ§%‘e %gnﬁ¥$ Féli% etﬁ it ‘% ffeP@rrUszsoE%sg/ol%ﬁgﬁs

dbofgethnnthe utilization of conventional CIVDS
processi ng/dopiﬁg techni ques allows for nultip doped
r egi diris an aspzpet dizherpresent invantigothat gyeiopgch gp/gmn(sg)ﬁ@thm the SOI

28' %?4%@9%?@%0&6‘%?% gﬁagi é}ih g(g Eéereglgn a%gse gg gsblég?as%ﬁ to dlfferent
veRie10Vdl4. NEAdERE i) aliizhlieadf doakvémappas] GRS Q@céﬂlﬂgytﬁ)pmg

structures of the present invention, tlcal devi ces
tephniquessal by fonawltinde oI AREIPBH OB ig the SO{ &gygr and/or the

SRS o ARG D B e '

feaddr ol 1 ed. 1 ndeed, a feedback path may be |ncI uded

bet ween the optjc out_pu andt e, el ectr
i npulBYtQS’nB@P%rdﬁ? gsftrle%lﬁfo B#SABP ?‘Ui‘? ohv g R ﬂfﬁe Rhggent

lﬁ\}éﬁ ﬁéﬁ%‘«%?ﬁﬁh a§§'5vH51?e§ }%Je JariZA€ioR a&ﬁeﬁm RUER! HRH

Cone appar ent during t cour se of
résohhtom Boagg oS EIgEs) Maclaﬁdhmysr igérégrometers andtthe 11ke may be formed

g%nt‘ﬁg’g R dggfrl,?a#@ <lp8 S%uﬁaige leglﬁqf optical output and

tl?@él&&h&ﬁ b3 1h§19@@%3£ﬂf&n¥b}ﬁi/&apéorﬁﬁl faxefithsary SO - based
SCAP device including the capability to actively

rram ¥thertamdtfhughey raemgsaanddnatulfes af theginiwzakﬂé\@ﬁwﬂh hgcome

accor.dance wth th ent

R e Urn o BEVind dYGBHoRHa by Bfenliofhe,
adéchpanyln@)driwingst rat e an exenpl ary beam shaping active
devi'ce fornmed i.n accordance with the present

invention, where FIG . 3(a) illustrates the device
BB, AP AR OF o0y electreal signal | B
s, 17 sl

the dSusrAYans apaomedic Yewsdian £xgm a{}hééilgasedlﬁéégi’ Wevice
n?éwéhhg filel @Ba fltyqosct@fli:f@gg nﬁﬁ%ﬂ%@f é);t‘ a%@l%h #0f Bfttlvale signal in

across the ev ce; Iustrate an
aemdanicawﬂﬁham&sbxﬁenvermgoa,ct ive deV| ce fornmed in

accor. e wth th t
o oG S S TRy b e RO TG T e
wher g165 G(ay: -(@ 111usir&t§taﬁ%k&ﬁ Ifaﬁﬁbe@ﬁ’yélﬁ 11Pv1abﬁ%1&e\ﬁ&befonned in

applicati on el ectri caI nal
actdrdstoe avighsthe meesb@tanvesattleexwhge ) I&ffe(a} illastraiess |daY1é@| without the

applticatmn of any electrical signal, FIG. 3(b) illustrates the focusing properties
associated with the application of a first exemplary voltage potential across the device,
and FIG. 3(c) illustrates the focusing properties associated with the application of a
second exemplary voltage potential across the device;

FIGs. 4(a) - (c) illustrate an exemplary beam steering active device formed in
accordance with the present invention utilizing a pair of prism-shaped doped regions in
the SOI structure, where FIG. 4(a) illustrates the device without the application of any
electrical signal, FIG. 4(b) illustrates the beam steering properties associated with the

application of a first exemplary voltage potential across the device, and FIG. 4(c)
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application of a first exenplary voltage potenti al
across the device, and FIG 4(c)|ustfatfeS tH& . t

I S S NN S

eﬂ{énll%l RS pbtBnidd) abeME dedicki ew, an exenpl ary
sl ab- based actlve Br agg gratlng structure fornmed in

ac c oFfant Blugiraths, tit an jseRsEiR vipwyamexesiplarp siab-tysed active Bragg

es, i r [ ar
elatin? Sl Torh L Ahek SO i M RhbcchnbORIR 20
accoryang ﬁldétr&tﬁs tilnen poaRaid viewyanédeniplark IriBSbaséd ajtiverBtagg

(b) contain a diagramof an e>f16rrpl ary actjve, tunable
gnatiap strzethredermedingcrifangewith thsmresent HVERO8r dance wit h

the pigs %@énagmdn%am doflrf bffin H{AIEM A QiR UAEn-

vi ew and contal mng an | Sometric view
Z8hndek ugtifabastea lﬁormedrm heroydaamct i thppiesalt isweintiot, w1th FIG. 7(a)

formed in acgcor ith the present invention; FIG
coRPYESt RAGST A1 BIG Of A el PR RGBT VET: an act | ve

Opti Gk, §mu,g Gored O BRGn1Ay2EER SRARGEsWikdH¥olNE] B R861¥tnce with

i nvention G 10 contains a diagram of an exenplary
tledaéstnomventng; resonator structure formed in accordance

Wi th e esent ention; FIG

oxengidh 3 HBREER ph AMERULSbparroat fgrn el BliEd, Hhon formed in
aé&ﬁaﬁféelv\mh&ﬁsgfe@@fﬁ(i@vemm the present invention; FIG

12 i1llustrates, in an isonetric view, an active

Fabr FlGetbeordaus & diagtannefiar exeamiay @dHdeoningresppator structure

R Rl S Phath Rivelloflhg otructure Tor mac
i N age@r vpNRetraved n Ehenlirg 9arship Mtestpolarization controller formed in

Det ai | edDescri ption Unstrained, pure silicon exhibits
aﬁ@rd@fﬁéa‘fltheﬂh@@fﬁﬁ@ﬁtéb‘fqngm(%Pockel s) effect, and non

|ine ?:[Geﬁ ﬁﬁltst?atééj %li] aJSI‘;SOITEE‘ICF VigWZ d<£clt1q1¥ ¥ be?fqﬁ% &ﬁec[el’vwe formed in

effects are ve ure si I con.
aeddrégice vamﬁheptesemi 1ﬁv®hdn,| andt he range of 105 V/ cm

produces a change in the refractlve i ndex on t. r
" of oAl 9 %Bq}%ta@@a tqnyvigyy of argrepplasy uFaye Wa\y%gulge (AO\R/%S structure

£ aR1as R d thhE Fesélﬁflﬁx%hbﬂe i ndex/ opti cal

absorption o n silicon are the free carrier
effect (Dn ~ 10 3) and the therno-optic effect (Dn ~
10 4) . The therno-optic effect is defined as a change
in the refractive index due to a change in the

DRSPSI BssdFiprigh the silicon. The therno-optic effect is
.rather slow (on the order of < IMHz), and finds

i mi tlettraimetli mae bibingn exhibitscnpylinpanelgeiraspplagi(Pockels) effect, and non-
11&1e§(r e :E:c astucl? Ds fR %lrelmczaﬁelgys% and & SHENs e l{/eﬁﬁw&ﬁ( f p%réeﬁhcon

For the Kerr effect, an applied field in the range of 10° V/cm produces a change in the
refractive index on the order of only about 10 t0 107°. The most effective mechanisms
to vary the refractive index/optical absorption of light in silicon are the free carrier effect
(An ~ 10"%) and the thermo-optic effect (An ~ 10™). The thermo-optic effect is defined as
a change in the refractive index due to a change in the temperature of the silicon. The
thermo-optic effect is rather slow (on the order of < 1MHz), and finds limited

applications in today’s high speed communication applications.
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SO (sub-m cron) wavegui de geonetry. The wavegui de
geonetry nore particularly utilizes a SISCAP structure

L SRR TRE fat e hT
S@I%{fb’ InYer6Q WhvepLidg gofetiy The WaVepide gedfktrly ofidre @aﬂiféﬁrarly

the thin oXide in a manner to create an overlap with a
upibresi 0BISCIAR stenc8e compusingadelridaly Hrin axide dispagad qyer the surface

(él%grhfc?' K Péff%f é ? sg?coo Ea eic" ﬂﬁﬁ&l yegor&r?s%g?%nﬂf%o )élhcon) |

fe@dcsvel theftRinnBaddintad hinnentoSCbats b gedrltpewitia lplﬂiotndjflﬂ@ SOI
a silicon substrate 12, insulati ng[ layer 14, and

lasighand Farmran agtivr deyire wsipns fEat gorF alyé @n isomyetiiqyier) andkFIG. 2 a
cﬁ‘t {1\% §1H¥ 9 ey éih Ul sﬁ?ﬁ g%l&llg %seshg d&gm'e%s fo %t%ﬁ?e{n SOI
ace portion o ayer a po yS| icon

straM]?fe Mnﬁﬁdfrfg:’ awiliconvabstepd 132 muﬂt&1n@8amd4$ﬁd slubymicro]ﬁhlck
to formthe illus overl ap str, ure

silieensuiaGsdayer e Ee' sl%d &@a@ég &aB* %&e)ﬂé;}%ﬁmed

ober 4 ﬁuﬂcg)?bﬂﬁ)nfc&{SC?IQ%geg 3k, aﬁfafbfﬁdb‘?é TBdYn 19er208s formed over gate
propagating optic Advantageously, the sane

ootidel I8cindi SO layear] 6tth diorm the ihusttated overlappet striigfatee Avxingetating

for g ﬁ % g tarjggﬁ‘rﬂﬁ]tcggistf %nto%)gg\flg? mgte(s?ibsrggge%l%nt of the
prék%tght‘{l?g &Ridapﬁ‘llodéd e)‘&l:l@ﬁﬁa%%ﬁusﬂl? Ské bReddibReicRRI a4t if¥sed to form
u5|nga5|m ar gate dielectric as used for

the ‘égote oitle” e €MOS clecyppicidayices on the camursm sybstkate may be used to
f‘érlgrtl gerttle %%i hl%f%& g%rb%gtoﬁs'sagcglr\]fg §§%cra(1)§é\§‘<éés?a[1 d\égclr 13 %e{*e?ﬁ{)%lo%v By

RRgeNERilanege sRfcitid Brused for CMOBteleabnidalévizes (“51m11ar” in terms of
operati on. Throughout the course of the follow ng

h@ésmaiepa] dwicel @yléhw@@:‘sw pimilge veliggedeeeds . a83.5 V) can be used to

R SPRG IR S sab e iasepebngosthrlPr iy Sp St Ylehilah.

THREWBHLRE e lcBMBE of iRTHUGH/IRE desuiptibatlaydr rmtvau BeQpferred to as
annrphous S|I|con grai nsi ze enhanced pol ysilicon,

cgrprising Spakyaipop’ ask ilaﬁatbé angessiped thag aaiﬂmg%rtzﬂpeﬁ S @uwala{mlysﬂwon

ShUSTGHPEI bl 200 GLAR By BBy icon, i

s¥del enBgtived poB/sARbR,) V@ammmﬁmry @a@ndxtddpulmhcfdm gtanmbalndapy
of the present_ inventi on is pr oducgﬁg,
t

aélls@@ﬂepolwhwveélneh’fqryqﬁ SHison SoFGRIAIBLFRG ST G gt Ge-

# Ap4i cal manipulation is that the associated
$¥6Ric control devices are integrated with the
opt i CRe addive selcliing tinbtuspigeuB@onality wd ther grededt gxyentsort is

er the index, characteristi.cs the free.c
e B duspT A DG R Beg At aeanatoryneERaS oy 1Ry o such
(%)@1@8'}5 @haﬁ&ﬂ 5 tha?t tﬁ@asfs@etfzitb& ?ﬂe@tr&ﬁc %rﬁﬁﬂ E@ﬂb@s A6 YitéBated with

roun opti cal vvavegw g
thé btixtal devwersde sther sabie. S(Jhéruelueect(? mwsctOdlétet he ingfrarrchedaeferistics of

I fies the optical r soft
Rkpe sftiotna PRy ERer O RE L e i SHENEPULAE bl wis s 0
Bbfi@ed A8leéthshi®B8vi&dround an optical wavegulde (e g., a “rib” or effective
index rib). The electronic device operation modifies the optical properties of the
waveguide (the real and the imaginary parts of the refractive index) affecting the optical

mode(s). The sub-micron dimensions of the device and the tight confinement of light (in
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node(s). The sub-m cron di nensions of the device and
the tight confinenent of light (inP n o ony e un anena

B hieaice Ak

Qit) ChAnE tHairfegti ¢4 HREIT fiRRaRibas €T }G:ff?dég;%n@ér dffe@h!andjé%xplmted
he change in the real part of the index (

Dn)
uanng@rthatth@phm ehengetdfdighhduy tadlrechsage inghe repé pprs Qéthe index (An)

provide free carrier o t he
ch @b ases SR oot of Ay apSP A B e cafie
rﬂﬁ{uﬁe{tﬁ) iR bny ﬁﬂ%e i€ Ie’a@x?]l rat:cxﬁlflulﬁm Jﬁﬁ{}éﬁbh \‘xﬁ)degdﬁ'}(pdrﬁcular the
re ate tot shift through the follown
rexd patt iof the mﬂrwe/e lmd@( is datpditdthe @g@ﬂe Whifhthlrmhvﬁhv g(dlsiwdeg
over which the index has changed and | is the
e engt h of the |ight propagating in the wavegui de.
The change in the absorptionseggffycient is related to
the imagi nary index as sHﬁMﬂ[ngo%l In light of the
above, it has been found tha e functlonallty can

e Gy B 0 SRS Ao
tl%}va‘lféléﬁ%’fh é@bhe %%h?pl@ﬁbgi@in% & e dvd‘@@é\ﬁ&é | TROEhdngy & thd@bsorption

Wi t he dopin us formng active region 29)
camfdicpmhmrnlgtedlteéhermglairmmég&@ﬁ:ﬁih@wngw laWt h each doped
portion (illustrated as a fi rs4t £ ectrode 22
associated with SO IayerAclﬁ(aﬁé_g,second el ectrode 24
aSSOCIated with polysilicon Rayker/20). A

on bR WEB ofdBe Bhougat depr<dous! WL Rfite RECHowA L GRpe aieved
t%yagﬁ%%hﬁ%}gdc%) gggélé@&gd 1% eGSR BhE &}ﬁ&ﬁ%sfo%?ed by the
n . adva

tage o e present 1nvention is that
dvarlgreoff $@Elagar 6, gate oaiteelStandtpolysilichn tayes 2@ fiee., with the doping,

i ogRg g EatcEbosD S PP B Rep e apsogiatop yaiGRp foped
&Hl&ﬂ‘(?lh%%feﬁ‘% aTR6e1LtR8e Shawdciafed MifSSOlL1ag8id1 @and d $bcond
the particul ar device arrangenent as illustrated in

dc@ode 24 assdciatedavitopolysiticandayrs 28).CAi tWOrdlm@mmml gtectgn (hole)

BT 5o R b AR B 8 e 18 S ik g by cvplvine

AdBinb @Y ORbeibRtwEdh dicty@teslB AR Uy advahgs of ﬁy:q&es%ﬁt infention
the vicinity of gate oxide 18. Mre partl cularly

i$ thes 1argmfp@fucamg concentrafign clangagare aclheyabl f‘a%botiléldeﬁ of gage oxide
1%3;6%35 he?ecé h@%@ﬁggl%?&ttljﬁc dﬂé}& %xfs’?% );ijg ﬁl@ %ﬂ?r &f th€ %gplgarl] mode O as

ayer
shbﬁ'naﬂiEH}sdllraﬁdtzby above gate oxide 18 V\,here regi ons

17 and 2 1 are formed to exhi bif. conple ar
t ypedn thsparbaipndevisgariaggempent gs }IBJSﬁagtg% CElind and 3P CShimatea
ﬂ%gﬂnycg id ﬁlﬁ&&t&f%géasgg S ofsPa8s watd JilRUBIED & t‘h@‘S@i%ﬁ—ucture

may ad 1o co %vent ona proce i qu me used

A;sashwml; irankylarrelsdped ddpédueki@ns aﬁ@mlmlylarSC]IGayde and pOlysﬂlcon

i.licon |ayer 20 to f t he re tern
brre Rop s vt oF afie o 8o Mg priionigr i B 0GR oo 171
HARLS S5195)dr8 68R%he area directly underneath gate oxide 18 and a second doped
region 21 is formed in polysilicon layer 20 in the area directly above gate oxide 18,
where regions 17 and 21 are formed to exhibit complementary doping types (typically,

SOI layer 16 is p-doped and polysilicon layer 20 is n-doped, although the reverse may be
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overlap in the vertical direction between doped
regions 17 and 21. In preferred enbodi nents of the

e L Bl 155, 28 RPN

uE&th%chl&fntté’lﬂ’} e arkd ﬂﬁﬁimt BOIRARRAY b @d OIEsiliBoh Riybe20 Rform the
so as to mnimze optical loss. As shown in FIGs. |1

desicedpatiernp i the soperbaress, y\d@r@@b@ pr@gdl@%hezeecamrsz@pa%proﬁle and

formed in associatio d 24 to

OES?IEW laéﬂ‘ eé?f‘?g@érggté% \ﬁve% cforp ggg&? ont Za%’d?g Sa | ayer

16 angpR@ysi dohisodinbiity of th2Qresepisipeaitionpdlyctrodee 22 atdi24 are
regions are also in contact with doped regions 17 an
Igcpted@t p predetenmined distaneg fompagtivedegion ?gnéhe T8 &IOR of ppfi¢al signal
p%%géét? rﬁoain% I{‘tﬁl er%lbt? {) agogrgﬂérﬁrﬂ%%ﬁagaﬂ{%q éuce éré EIGS 1 and
2t BPaik Gﬂlméas'ilsfalopﬁﬂmgitgls 28 st 2§ arefokmed td arsgocuditmn with electrodes 22
operati onal speed of the active de

i Mot 18 2 PRl
30836 40 PrRVide AReDEErRSaY FIFCtEEAl SRR PGl ThGF M8 PEYSE layer
29 pﬁ?}ﬂecﬁﬁ?ggt\k}ﬁer RGL Fd (%‘f&{s A OMCE & &)n‘ﬂdcll: {Vttﬁ%loEQ@ irégﬁcﬁﬁ Qd and 21to
ocatl ns on a case- y case asl S.
forsn therre@,uted&ﬂecml vigoalpatip e tile theirapotetlacatiopsd @hacbtgdes 22 and
opt.i_cal

SR MITTIEIRD METE RTINS

1#n5tiAg th‘éQJpﬁra%bﬁﬁ%p&é?l dhBe aGive\tRvIcE8 I TR, if-RIOYETaS&, X trallé off will
situations where naxrnuntsrgnal throughput IS

bempterinbnetl betvrech lees anfh epectlod sharieciriend spmtpels &Vl bsipagifiened at the

(13 ) d
BBEcl R i b ol TRELET PR TR 384 s fmportan
(Qfchtab eple athdiuREbA)) @tﬁ)adalaenmntoant @ﬁchﬂicstuors rhiiabe tblerated and
specific optical transfer function i s achi eved,

the edmtasts mltt?@?d edativelyyplase forthbpeshre |r‘?&301a| Gﬂl@veﬁr-‘éy in situations
vyilge\rr/ee %}%&%*ng Ell%g%l thli%)ﬂgfégﬁtefs {%Hbe d?‘té%ﬁ%s@ an'g?Llieg?n% F%&vn into a

sidgless e ivatd guiting tdgidn)e ddasaseiipbpentiafal spaedovid edolieraged.

optical devices 1t is to be understood that
acti v IB%WQ?@@ ap e thesBaP Ll tg?l\fri]%ﬁeél TESIGA(S! %b%WﬁV68§“°h that a

Egﬁﬁp rg{lnéthﬁ"l @()TF ‘é abﬁgﬁat\bﬁ‘lﬂn tlYé &itiedl diynany

0SSl ape? opl ng profile may be used in an
ﬁ@&gbﬁ@ﬂo& fﬁ@AzFavsgmdc {iue & aptiveomegpuliatiort of ghd'®dx | Ay wariety of such
ptl cab devi ces the esent i.nven

peabcted P Dh S Padi 88 porePlRas of Jgriovs active

o%‘a%mvtéeé | gid @i BYrsRBd oM ek dcfive QETTBR discassidBRREY A8
atent No. 6, 845,198, which is herein incorporated by
exefmpleencaly of ﬂ@amr@(ntqs of the prepent insentiens vintyplly angpossitle)

drffe nt activat.ion
53 l%lt’ro ‘é? 3%%31 tsql bg%' pres g%iqﬁsrt}hu\% IEeurI1§lﬂl &%ﬁ th%orm
dchi S oSS Edevidsiof thePrEleAPindemicne Bdeedpihor@h dsdubsiad of various
doped region 32 shaped to function as ,a lens and a

SECaRststisessnd depingojpaationsgnanbeipund prsoameniyragsigned US Patent
& d | at
b ey R bGP e e BRI SRR 2 ) 205"

f Lr StFiGls 3(ap- @ Alustrhigih DR visveathidedififEent dctivatjcer citt@mstances
ana a
for an act1ve SD ISCAP optical device 30 of the present invention. In this case, active

SISCAP device 30 comprises a first doped region 32 shaped to function as a lens and a

second lens-shaped doped region 34 separated from first lens region 32 by a

predetermined isolating gap g. Similar to the generic structure of FIGs. 1 and 2, first

7
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doped area 33 fornmed in polysilicon |ayer 20 (or

conpl ementarily doped, as discussed above) wher e each
W@ e@s/ 081 ol S r per . ped OTTEB2005/006365
ARSI i S SO P GPRH 467 O BR48 S SEhLs bt & -

¥ Q&afeagsg&%édeiﬁ Ipry@ﬁicBﬂ 1dyePsh (&'&om%%%iﬁ’arﬂ? rasged as

Fens regi on onpri ses an n-
dacese®sbive), Serd aqpéarar@(ﬁ laR3 mpxppcr%p@augcbé@mr@avwwnl CMOS

siligon | a t
ekt Aort S aetn pReeREP o Bfovidh e Bt Jenpingfnetion
s%@‘bnd%% L& 1S 88kibi034 SRtiRE conpeidestnatypé dafiéﬂ gepsslilp§ORlayer
respect|v y, in the region of first lens 32. A

16 @i:d; ad-yaé doped as¢actt inqupdesilipon layer 28 thet sgmpieds fararihe

PSR TS AR P SRR e B

3 lahg gbpet a&éa B 7 rbdpectivdly, @ tHerregibe of € iens3g. dr sw)mgpe)lr of
it is to be understood that a heaV|I%?dgped ont act
pe

cleciwadas<05 &2 ircased fp ¢angact dppedaiedt el iAFeac/b yespectively, in the
91‘? Bf]iee%ﬁ]c} RACHY. eAﬁﬁ&lEF%l ﬁﬁicﬁﬁr 11l HafPad IF'I%% (or in the
nduc connect accor dance Wi th the

@ﬁaﬁmlgtdra\m\ngm)t ltcmto sztmderstdodl thatracheatidy-dopddapetcamph issfidrmed in
to . each elect e foc S|n erti.es of. . .
the o mrisri oy SasATH et elrvod, pgs B HigheShdpetiviy
ngfecgbggram as illustrated in FIG 3(a), when no

tage is applied to any of the el ectrodes, the
| ensilmgecairdance with thepayeas m@n‘aorpé)s/saon@ol@pg itlsayoltages applied to

e8It b U PRI IBaEHTE Ao CoBLand i can be
chitEolBRP TR R Bh&aMOlsti Bekemtadrif FA@ P (af Svted nbh%lta%e is applied to any

el ectrodes, the index of the doped regions w
of ttmg@trodes thet lenging ﬁnmarp ibplapves as phzsstvefopgpal veFvegpiding device,

SRR B SO0 P SAQRAL L L RS PRAIS, 9len o
?ﬁﬂopﬁﬁte\b@lthg&%%e pplied 36 thatebdtradesytlrriddek of ths d@mdl regidns will
o electrical contacts 40 and 42, reducing

chfascTevIEng mishapiiie:the ADase Eabof BRoPaor SiRd aflﬂ agcogplishing the
f?(hu% %gi%.ﬁét% he %Q}t laf Qf YR &%pﬁjtlz)ﬁ o? @![@%(1{%5 gef%str@gbf leﬁges

espective vo age I"ev ustr as V+1 and
(Mulsm?]t&ll & V3 é.ﬁd V;) its hpplfed o slecticabentretset dral 42, pemiunmg Bhe
as shown. The, applicatio volta es toflrst
shierilveiadet Fithin sgeendleesy %‘EWCLM agrote Rsham 1S o8iifd dfa point

A eﬁg B?dlt{yﬁrgytgg ‘Pésk %lté’ée 668 Gﬁuﬁ@(ecp.ﬁ WSQHANO in FIG. 3(c)),

pro ptical beam shaping i n accordance
thé fdeus bem ey meestt tmarpotmttB @n showc| Tk atmahb@tmn @wétﬁg%dn first lens

as b f ocusi abi |
SoylGesufib b lnhprbHiam e "Rllcefip G 1gnses
2068 pMvide thdBesie DBiiéal bBME REA 1n3dcb@1\&§n<fe0&mt}iithe present
propagat i ng 1 ghtwave to be focused into rel ati vel%/
(0}

imeemtiony mslubmgnb@am)cpmsngi as wiabkias bﬁamefggm% Thg ability
BB R ERe Rl A TR 05 aR Bl s ssavie v

ﬁré&%ﬁi inP&itidh, Slovds for a propagating lightwave to be focused into relatlvely

narrow (sub-micron) single mode waveguides, an important need in future SOI-based
opto-electronic systems. Moreover, the ability to actively modify the focal point of a
lensing arrangement allows for adjustments to be made as needed for process variations,

ambient temperature variations, aging variations, and the like.
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WQ’ aUOIS/QSZOQh

| ensi ng arrangenent allows for adjustnents to be nade
as needed for process variations, anbient terrperature
2 0 and the | ke, PCT/UEzoos/006365
o s MR PR S A S TR
dﬁfetrerﬁfy af)%c?&%ﬁlé %§M§§jbgﬁﬁ§1@d 526k 90$-baFed ISCIAPr diBture to
I'n an - bas

CAP structure to provide controlled
priaidesmtiroiedfleffastiop of wabpts:abﬁl@hal (ii-e. heanbyearing).e BiGsdfa) - (c)

s ot Rl ids st PRORE Rl A0 pRSb R jnviion.
Id {Tﬁssca%élsaepauaoﬂq&ﬁsfn §apBd u@ped&b@mﬁsismﬂﬁm aRIbeRG \52h1ﬁladt1ve
areforrre W thin active vvave?wde regﬁ;on 29 in

“@V@gm@oreefom in|the/everinp of §OH daysk I @e2atepoxi 1&(?(%0% | 8iGs. 1
ot} & i PO B B PR b B FBlac” A b s, such

{130 gh Belb1E@EREt S0 Dfirst priisi-sipped PegihafRid adgentto 5ﬁg1le8 facet 58 of
adj acent to angl ed facet 58 of second prisms

h
secogil orismashapgd wgwnrﬁé&@g@aaf%ﬁw%qyam 6?%%&9 gthere SHBRfeen). As
dlELEPEbNRC I do‘é?op Rl aRAd e %ﬁo@ﬁ%g&g giRg iifPfinting pre-

are crea y MBS K |ng a

ddﬁxﬁddlwéiasarfm lafer SGanH @ybfsllﬁzﬁn bayelr 20l I;nsmeleudmdiragm,rSOI layer 16
: ne enpodi nment, may. be i npl. d ..

S BTG EIPEL IR 53 L GUST, L0mmY b L TS50

vs?ﬁxg%a (ggge CORS F IO BrstMl Fg%d@@él@h. Xl ﬁ@lyﬂ&ﬁc&r?lafy@ﬂ' 70 Ray be

oped region 61. lysilicon [ayer 20 may be
1mmahadtvam apithpeadqpanyipe mhoiemef dction regnen 2%to @fmaicspmd doped

9 toforma secq nd_do,
rE3 B1 GBS 8P PR AL JORETBIe " T 83T 1oy Byesig to inlude
ppt‘SfB@ £:3885hd Iy AGEHHAGYRZ0MS rchidRaBtypB dreds). V5 ﬁ'rSt @)@ﬁ\ of electrodes
| ayer 20 to include n-type areas). A first pair

60) 62 isrilbustrategions agsociaged with Sirst prisw ragoaééomtb@@etrwecw disposed to

fi

i AT e o TR TR L RRPRRE o
HRlifNHe 8ldeg tV\flﬂﬁiIe d6ddegipass df pelysiticod layel . i Aldecxmd pair of

wi thi n doped region 63 of polysilicon |ayer

efpstrodes %66 1@55@1@@@ %@&0@4 pr@gl qeglogsﬁgrewtgte@&tr\ﬂpq f4 disposed
tég qpoq tl?e{ 15125% 5%% @églal‘%g R @LPSOT B g axﬁi él@&ﬁﬁg 66 QUisposed

ed region
b aMﬁfol 16 iadelk ef :eddspeddegﬁﬁ 6@ MsimﬂsprdymhccomllaymﬂO tIhéhe process of

d f d d 1
o g, 10, 0 g MR B SR D e
ithih §aJhCla£c§ gﬁﬁ%fl A88ng ﬁl%tsalﬁle bhrRbsdifiEstéesi red doped

areas wt ayer are fornmed during the sane
pr oc Rxsferning o EFGs. Réf)er(c), th@ rhanipyl@ion offaljght beam L inferms of
l.at f
IR A 48 B T ol PR SR B e

REPBEWIH 8o Hisdt RGEM. a8 ﬁbﬁﬁ&ﬂaﬂﬁdlhﬁrﬁ@ﬁ ldvf PIG S48), no voltage

region. In the particular illustration of FIG 4(a),
inepplistttagay elscfacpq@L a@cathp @nam;str@pt@tq hebeees agicpastise ppticain

st ruct.ure, behayv Q [

POEE Ra g R BerRoRE g MRAL U ot ieht
BEREl &hveld thrd @t doped Pribm ré@ved 52 drdray glhcﬂﬂﬁ&dclp-lto-lsamk prism
regions 52 and 54, since t back-t o- back, P ?

structures will nullify each other’s dlspersmn When appropriate voltages are applied to
electrodes 60 - 66, the index of the various doped areas 61, 63, 65 and 67 is changed,
resulting in deflection of the optical mode(s). Referring to FIG. 4(b), by applying a first

set of voltage levels to electrodes 60-66, the propagating mode(s) are illustrated as

9



10

15

20

25

30

structures will nullify each other's dispersion. Wen
appropriate voltages are applied to el ectrodes 60 -

L Bl DB 00T, PSR AR

@Réée% 3 c[BDAReS xo-@?f&{ﬂrbmaﬁﬁg b (syaby be By dRERbYFdd8vAvard”,

Irst set of voltage l'evel's to el ectrodes 60-66, the
ap slopayst Fl6g 4 d dhsdefere by ¢hanging Hiceepliages appped tepelectgodes 60 - 66,

ure . y. ng.a_sec 0 . t I r

<BgPBis sHER e PG RAGR ey b R Ry Tl Mo
thelQWhYERment of FIGS B b triates Bbecti®h @3 occlingnigivithia, thoylane of the
changing the voltages applied to el ectrodes 60 - 66

. optical pravesHide i seris ef praperbi-erisniedprisgt S TIRRmMaY bgysechty deflect a
no_novj r . EEN
Yo B Bl e R AR oG] GHRARIE R B sscd
aBbd) EheQfladeh@enopf ¢lecttodemnb@ga6 ivdth, respesttol etivetegion 29 of device 50

properly-oriented prismstructures may be ysed to

vaURkEeping the BN CpiEP 0EccR A Gt SRS APHR I6fane. of

t he %}E%@apﬁgﬁvﬁg We‘ﬁgknoﬁﬁl PR UsRer&IRM Gre 144 to perform various
enerit °o e

pl ac ectrodes 60-66 with respect to actplve .
opticil dun2idngfsuckess aeicsDfilnring, geup veiopdy tispersioadentyflf attenuation

e M shoeh a0 ST Gl Lo B0 v
VR8Gd B tREHIeE ¥ inQkd) RRkéfashtidnudmbiaflis,a WaNIZURIS caused by a

opt1 cal fllperlngt %{oup veloCity disgfrsion control,
gaatingratratiuondispased fretheiviayeguile whiehidee faads tpe rasengsit eondition for

hi nd agg. gratin I S~.the sl | eri.odgi Lhat .
e e OB e R PR g B et Eep B Rbbeine
tHEMREHE P&isRUReRe Rinsthigivl typgoSBrags gkt gfihs paselnpths of interest
t he wavegui de, which then |[eads to a resonant

aeosriectedon pRe thenuehthe giabing SiructEe: with theggpisieg wavelengths
Lffere . €a ' t

LRGPP RSB SALCAYR 58RI

vahvalenpis atdwelaseadab diffiabis onf” dfnhegrathg dypicsliéy ard didection normal

pass through the gratjng strycture, wi.th the reminjn .

tovdleosrating RSt 2 theranglagarkbeshone): fhus fRrtdeg gavelppeth fgdective

deSickective type of Bragg grating, different

wavel engths are selected to diffract "out" of the

gr at iIngcddryqrice abithythe prezemtiinentipnBragg prtingomajde formed by

.grating, but any other angle hos t hus.,.

R R Bropei BPh Gelite cRBte iR SPLERE FE bt biSHeen 1aver 20

a#ﬂtﬁ@sfs@wgtﬁfcﬁﬁg ab a&sﬁgswfm)lov@r 209, VilRbhAsSaBenkiary

ornmed by including properly doped grating el enents )
tyansinissiveBragegreting sirentereplormed in aseerdpageawitlp thegiresepinvention.

SCAP struct ur. s.di scussed. abaye. ..Fl .
Ferg it T iR O R g pating loments 72
dibgoded b8y the QR of A vwacenhdbRgdn WMitbridieinphesdive region 29 of a
i nvention. A Bragg glratl ng 70 is illustrated as
S RPP stiuatgrabp theraverlay ob Oblgperd. 6y sate ioxisled8apd polysitizon layer 20,

di sposed _al ong ' ' .

L s

1e ﬁlﬁl@li@r\/&‘rdloP@d eSO withineSOlllayerddt withxisdpard®, mdividual electrode
ol'ysilicon | ayer_ 20 ) . .

’P6—i used to control each doped area 77-i. A second plurality of electrodes 78 is

illustrated as associated with a like plurality of doped areas 79 within polysilicon layer

20 such that the combination of doped areas 77 with doped areas 79 form the desired

grating elements 72.
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as di scussed above. A first plurality of electrodes 76
is illustrated as associated with a like plurality of

10) 7 |
e b Ao 215 By R
sﬁf@aag{zﬁed to CF%CE LRS! HE %l‘dtitn? Ig)@f‘lo@ bEBEA %@z&méam rﬁay be modified

rated as assocr ate like p uralté
idaeeriaacewith 8 preseni mvpatiostolfradde thawehvezmamuu tiphaf 2

h d 77 9
Dr RS RO L EF IR O ST O neaanerbyery SRBF ot f3n ffst an
sédonfl gﬁﬁéht 3@6 g4Qi £ ﬁrs@%réé% g’%ﬁtnﬁ ﬁerﬁﬂr/%rlg Eéhh%d %8 shown in FIG.

sign app to each el rod the grating period
Sofl“hﬁfm@mgz[rqierm@ wil) thmyallogev aabsddised vavelemgih datcke wrtsmitted

clragRPaEHoT ,3%%251'}) SR RE RSP g ?acﬁ@%bvﬁarm%@egﬁm the
eggr gfagt:t h, 1or exdr Sﬁig@& gﬁ%g r?gcélféjlg&rdde fal diﬁi:reﬁf‘ﬁragg grating

a first Bragg grati
r@@ﬁamdvaa%lengthmﬂlresmﬂd Indlsis shﬂay\ms also Hn@rat&d inTHIGs 5, Bragg grating

rticular period wll the allo n associ a
ﬁavweéh@ttw grating psaiod,of dentiiqvang awa%e%@wgmtﬂﬁwslength Az to be
tl)g{h remai ni ng wavel engths reflected. By nodifying

e energ

i zed pattern, for exanple by energizing all
el eclif ackesdanae dithfthe preserBimggtio, dhdrelgra; es ective Bragg grating

| h
TN SO
gga[tﬂl e@n \3 r75 9H4 98, Were ald \R)Nagega(ﬁughlfeﬁﬁ RANImARSOGE MRM of the

lI'ength 2 to be transmt I n accordance with
assimelapad@etmg ¢lements axm;fomﬁbc désired Brage stmcmre Blddg@nally, since a
Bgratln structure

564 atad STt St By M Song YRRk HibieBd ol Becordance

vﬁh{eﬂﬁs Blesdf iANGtI68 allVREFR thd)EradiB toASetADEd Ssllﬂlﬁﬂgrﬁtls\%ﬂ aln
nodi fy the index of the associated glratl ng el enments

uakoowof watdhengthd's afiJl:}%tlIBrtb@ gesenant eritydengil apeardingly Jndeed,
B t
v%%?t?c?%[ssn Flrgfal %g&n' s’ ng?‘atioﬁln qng)gtexﬂﬁ}glg gtgzrnga%?ge or P]ﬁ)cessmg

vhF&idis @88 e domfRAtdtenbaliilxag ﬂcﬁéctbﬂ?.@t ﬂreahplngtnﬂ Ou’qmt of the
utilized with signals of an unknown "wavel eng

exri{ngde negsurR dhe BB WUt PAVIE TRUPSRE THNinE 16 F@ﬁOﬁt@W based on this
nll%g&g varl ations in signal wavel ength as a function
or exarrpl e, tenperature or processing variations
may bdilmogh ﬁﬁlsﬂitlﬁchtéxyml,thisl\A’i&vi/,rc@tedtnrsenmp ibs dasposcent ithepinput and

et PiRgaTaiing R Rt Pie FeBonatier bHluis bt fghshited by
tférg ?1%91{ SR re. ﬁgtlﬂéﬁfg&aﬂﬁ’é a 'fée'dH&tkr RlEBktvBer thie Uetee®¥ and the

ectors nay posed he i nput and out put of
vBitagmsograes [fo'tghé’ mdmdwétekacmm the Brpgg griating ean be “tuned” and

wavel e trans ted by, the en .st u
B OHEDTEB Y P g TECUIARH TR ber ridielt RDAHEL: See
fﬁmcahbﬁ y&kisa&ﬁaﬁ&wrﬁ%s alt@kthd Wevdldidivadochtee it d gidesBragg
the Br ag grating can be "tuned" and
grating, the ability to “tune” the structure is considered a significant aspect of the present
invention. Additionally, the grating structure itself may be “chirped” (i.e., different
spacing between adjacent elements), “apodized” (i.e., different envelope shape for

grating structure), “blazed” (i.e., elements angled with respect to optical axis), or any
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nonitored such that a |ightwave signal at a desired
wavel ength i s produced. Since fabrication process

MRS BT BTRR) r Aphighal sl
kSSWH S b USN&ORThEIRE 86l Maf D aMasisRlorasestactbe, thitble devices.
present invention. Additionally, the grati ng structure

| t s eIFIGn@\ylub’eatés:m 411Fﬁ’élaﬂt1V@|Br@gg grafing @tpgmire JPHcwhgye this particular

t ween ad acenx o
Stalllcil‘lflrg Auhgsed op @I ng%}ﬁ% ¢on ggg]tentﬁreggpr uca? S}rl% , Where the rib is
forfled®§dhe é}bpr@pmat@‘crﬁﬁ@ﬂbﬁ oﬁﬂ@ﬂ ﬁs@lewl 6 bnd psipsititort layer 20, as

optical axi's), or anym|j e c,arac teris.tics o

degtibed bdg@’ én is ﬁ(g&lgalraélone@ Hielestrie te8lonI7a 8 doampmisingy o example,
a4 TRk AL pES) Bhot ERERERS! L o e

cBifa@ehedt 6!-' ‘th @ Hédl yighalr Wltﬁﬁ@ptlmg&ntZQI by parchiicgitharextent of the
structure is gased on a mave Ee conf i nenent

b
siliegp Biatagial FymingoAL Iagfrokte QYraIsHREPG SiHigHeT7) if Repocssed so as
tcfl%ﬂ{e glé)eﬁtpgrt{d'élégsf%ﬁ):s% egvengCﬁgyek 28 BEyord ARdoREL YS! Thl@@g‘

elow” In this configuration,
1lﬁls&h‘edﬂ3|y|su:lem§|7dﬂ a¥ o wrconif. $i vq@gareﬁ‘.h:el,r trexcatiph ef polysmcon layer

T TN CRORGATE AL -

29 hﬁae%ﬁlﬁtﬁ%r flcHRaba V\é%lilhé Bk Y8 bé 8FhRA i&mered to be an
truncati hg the exte of the silicon material formng

uﬁpzortarm;zempmm ol proividingy golofare capable ¢fae;aepomog ogly the

SepERT L mosk OB R AT el il PR b PR RR B o
?ﬁeaﬁhgﬁﬁﬁhégéﬁﬂlﬁ@@h in FIG 8, where the

uncati on ponS|I|con | a er 20 further aids in

pr oviAdfirsg plusalisy af dersdrpgientit0 withinROldayardglarepigingd to form a
t h Gt b

WI Vélbogt > & I %t% rfsgrﬁlgﬁ#ezg%neﬁa;] g? %gd g g;rﬁ(tu‘f&?fo %{Lﬁg‘} g §t oA %econd

xpﬁﬁalhtgw reGOMp ON@ e fofmdal withidipotysdicoh layet O end used to define
capa

supparting.only the fundanent.al
ﬂﬂq f@m%%p@ﬂeﬂ@f reuaret e Fos PrRe a7 Do Arfgdiaguraliy of
< ATLPARSRE| P98 508 SLROPlaeRRAGELl i b T o
pwralhﬂyz)é @llebmcﬁbctmtza:tqom is apedab strhidartygecatriohsgpaste omsts wf dpped

LI pooTBeoEL L e S By o s
BN IS AL S h%MﬁfFﬁPSand used to define the remaining

portion o grating structure for Bragg gratlng
700. AS rhemtgﬂxe@ |ab<mael, the)fr@fcasiee effe¢tean be snplagedusisnbety the phase

dt t f .
B B T BB B0 R, PR Rglins
shiéh & AbAdhtoys, 6RRS EWichRS: rza@morp@tﬁﬁpe@&atdﬂpﬁﬂg FeREhANS and the
740, providi ng the same type of Bragg grati

ng
Itkelj the betivet hanipalption of;/hgh;f, can berpslizad indhppging the phase of the optical

BRI SR i el il oSl o A Bl Frollion can be
aﬁiﬁ@{ﬁélﬁu&ﬁg?@kfefsf@ﬂ@fa Machazmm&aslatepﬁermten ET) Imawndhndtexference

For inventive applications
is produced between two cohgr%nt hghtwaves that have a definite phase difference

between them.
FIG. 7 illustrates an exemplary MZI 80 formed in accordance with the present

invention, with FIG. 7(a) illustrating a top view and FIG. 7(b) illustrating an isometric
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_1llustrat'ed as

such as nodul ators, cross sw tches, dispersion
conpensators, ring resonators and the |ike, the active

VTR e gl RS A

pgﬁ&inga%cé.t F]IP Srdl8 . MiZD 803 NSttt as 'ﬁ@ﬂﬁhintg%‘iriﬁm%v@@i@ﬁg section
can achi eved using a version of a Mach-Zehnder .
82rné nh arpndt-splitiehB4 o antowdivide theripputisignahingo o gapatirceical

bet ween erent 1. ghtwa t hat ha a..definite
pgia L8 B arE AR BRbouR HEHN el Hahe i oSGl . 7
vk ese @{)pse%at&%édgmwom@@e 00 @R the Hbsitdde YPs@esRtand

i nvention, wth Fl 7(a) illustrating a top view and
“mng, geppisiries ingseqrdancs gviththe SElEtPE shyuctussidigcussed aboyee As

B o RtkBn Ty 60 o B eBRER ok BreiiPle ReaoPignap-Tyor Mzt 8010
rédiek el dad o aridplibinosasoeplingkfigiesecint@MZ Boarimélarly, molitsilicon

s ég&?@éﬁ@& ﬁlzpédggﬁﬁé'&?tﬁwf&&%ﬂ&géag nera 2070 %o determine

4] r..i nv ' . e : i . f
R UL S RL e TEhth) LBLERB0D o
polysilizoh Gayrr 20 eartibs patetnédositithe evitingbehnt avatrhes the collimating

eonetries in.accordan "rib"-t

el e N Rt a2 SAstesring in v il sigga loss. An
%xgbﬁ%nt %gpelc\é/g?f %gn% APREEE Aol NeconNr 2056 CorRPihtd @Ricture is that the

or educe r ef.l ecti'ons and enhance
verigpl amigatefdl idimerstonsiofinctivwEgien 29 Sanrbe gentyolled such that the MZI

Bistiorb B peraia b eko e SRty R TS e fepave
stin¥E" 9RO GBIl s%gpairt bhlg tBXfuntingeRgiAibdd B paiculely iddportant at Y-

out put gortl on 20-O of polysilicon layer 20 can be
cpabinst A8 dueiutheteingle modewperation issarpertaddies theyaput throughout the

col lipgti optics (not shown) disposed beyond Mzl 80,
o %Pf&ﬁd\q% very little signal |oss. An inportant

aspeCitheGhtrodichion af pdtfigiteddspdift betvweenarhage and? 88 tesults in
formthis structure is that the vertical and qIngteral )
infepsysneEatymm asche Gignslsgh-enmbioe ibh YHOTRRIA Y Jnddrs eRupled into
idik! or ' tdafce with
) o AERE"A e aRRe ko Byl v
tabplebdny invensoppoillustatky at dispdsad diang ntsadtiomddirstsarm 86 and a

particularly ipportant at Ycombi ner 90 such fhat
GrongiociiH Bevier it Rl OTAS % HPOTCLOTE HRCRRROF Frggpd aum 88. In

ﬂgke{;c%w heidt 'ﬁcttﬁl% d@HtC? ) éﬁﬁlﬁ&?&tws indN@ink " 100l @Rba @] iR SOI

Inite phase shift between arms 86 and 88 results in
layer @A sind y sewmhd| daped area 93 tihpolssitioe kyers2c dymiladyi sscend active

e dn i Rmed e Mo ot pRf aied 5347 SR Bl L anga second doped
H&f I ﬂdpysﬂ%gng@a 06. W e pahiRubf e8®BlindRY BNFIGH7(d) &nd (b),
i sposed al ong a section of first arm

®pehatand 5 SBoA ant VT os ileshiated a9Geqtanguldr i shape e dn aalternative
SURRRRGH 0P EEE3: Bk, RISASH T s b clone
th®8irstioA Bf 8ighhY FbpaRHeS) 8 mEaindize tafletdns. In any event, as with the
active devices discussed above, a first electrical contact 100 for first active device 94 is
made to doped area 91 of SOI layer 16 and a second electrical contact 102 is made to
doped area 93 of polysilicon layer 20. A pair of electrical contacts 104 and 106 are

similarly associated with doped areas 95 and 97 of second active device 96.
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| ayer 16 and a second doped area 93 in polysilicon
| ayer 20. Sinilarly second active device 96 is forned

Y ’(jg, mgsmzloaple a f %ﬁ d N er PABUSIVNIS/G063635
"Sedordéahi iRy phs Sromebihe ayise S5 T Fngare o
chlrfég %ﬁ‘écé%ﬂb)g AL 119£ctﬁe @evicdd( o) aIﬂVtﬁr 9(6b)TheCiﬁ@(ﬁﬂatlon depth,
areas and 97 are illustrated as rectangul ar

7}, of MEI[80.cah beaefin¢d &x: nat i ve enbodi ment (not shown),

the ends of the polysilicon rectangles nay be tapered
(along the direction of ng_nc%l 2|k gation) to

mnimze refl ections. anyeer]z as with the active
devi ces di scussed above, a first el éctrical contact

w2 APiis the cBingaGh gifcﬁ)agﬁiﬁnc@nﬁéntl denate gresedopea absenae) of free
91 of SO layer 16 and a second el ectrical contact 102

cagienmded Lds ﬂl@ﬂi’@ﬂl lgngth of 3ctite dswicy tior &n Tﬂlggﬁ:éqre,zlqy adjusting the
f el t
Badss e BRI CRS Bl 0. T SRR OGBS IR bE i dmventive

MEVSE eanHe adjusted to- c'BMrblf the desirkd resulte. Indeedytxpagaut ingnsity of
gt ca mo e can e changea y free carrier injection or
M&h8iean herpraeisely sonfeaileddy Wingaihie fining. copfrel arddibafrensgation

dept h,, of M|

cORRL Rt it R AbsR Tt ASEnFY collIB izt B b Unamic
gAbseaRer O vrigte 6ptidal sttGmanV QA) swithepyrapriate &fwbdmkofontrol
active device 94 or 96. Therefore adj ustin

vol t dyewith gonveational MEBe dhapctiye MAL Ofébe pigseny e@‘?on {3y operate
8
AU GRS 4R B B op o copn
(@hﬂlﬂiﬂl‘tvny e &séMnm_ﬁ:tiMegBiﬁs ®ay91H 65 pné QV,SEESI welbathe pblasty of the

PR TR T -
ﬁ%”?é{j@ﬁg&%ﬁel%k?ﬁnﬁm@&{ W@)S (pg@deﬁku?@fé@inhéﬁés #d used to provide

att enuat or W th appropriate
rﬁmeatbmplqca:tcm sigodl congolni Alhothnsearatiators arg/eeusideredto fall within the

i v of .the .present invention may operate in
Bﬁﬁﬁih%ﬂeﬁ?mﬁ%vc?gl %epl eti on node or inversion node,
depengi Agivé %ﬂcﬁl@@n@ﬁ ﬁi@dg{alébocfé%ﬁhéd/uﬁiﬂg i pemcipbed it present
active regions 91, 5 and 97, as well as the
ipedndions yheye Fi[(ﬁeS ubxstrafgé gn aﬁm View) emexanplaryrastive eptical switch 110
[ tjple arrays = | gl
LB SRS T e SBEASE T . oot

4 SISONFOHRRH12E ds aéseﬂb&daalwvevaod@risw aepmoamlngiamﬁieanlgnal
control. Al of these variations are consi ger ed iﬂB .
with a

waneguides hida 1i @n@ & Bpis obpIngleaneslecuEitt WayeHesoh.o;

f
e
whiegside 3¢ @®n(mhay e fomne&/ ireonly 801 éayerrpb. aklyeraattvielys each waveguide

SSERGICMAY SISt Of e “SVSSORE SFYRFGROF SHL LR { P ade 18 and
g&#pﬁ?&n 1By 28! $CH a?e?tcﬁééc %Hérfsrn@ﬁloﬁ%?%ﬂn}%e&vﬁ}éqgﬁons te uires the

rrses a palr sin de input waveguid 1
dldtidki omrod dapmﬂlrmatexﬁal $0 mjé@ed'npm‘eomfrﬂﬁl lagardgun @embmﬁon of doped

1%él%ns \cl)\%poqysaﬂlcon layer 20. Referring to FIG. 8, an active device region 122 is

illustrated as disposed over central waveguiding area 120 (in this case, device region 122
being rectangular in form) and includes complementarily doped areas within SOI layer

16 and polysilicon layer 20. In particular, a first doped region 124 is formed SOI layer
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central wavegui ding area 120 forned therebetween. In
one enbodi nent, each wavegui de section rmy be fornmed

WO poosjos 6 ern US05/006365
"ISQRE RS C‘%%F‘OB%%E%@%’L ]o’%ﬁ? éﬁ%’fayefr Y dptMR ey veriabped

re @Yot QiruMaicts QKo WE id BIG ¥ /Q(Pﬂrét%ldctrié@rbdn@e}ce érea(l28 |1snassomated
either case, the formation of active_device region

w1éndnpleé$egl¢rel%f’d@iﬁ $@blayer 1®@p@mcludﬁs abpayilyidopsg P@@@@@rea 130).
A spRERaRe S PHER A i Bri i R B eafRR ot pgisitcon

1R a0t dndeifalCRclueg Qhea]le& doped tdniest ama6164as 1 di sposed
over central waveguiding area 120 (in this cas

devi deopaigiieom apanpuciundarpenialdneds signal pr Wagwgéﬁ@ugh input
aglggtﬁgg 1 yS| F&{g?sﬂé bih! the g.gﬁgﬂeﬁtﬁﬁﬁ§dé"ﬁr{cpﬁﬂ§t §@er fn%)i@ bs the

1 con ayer n parti cul ar first
stippeshtére géraral ¥W24egiddihgranedl 230The difarence b@tW@nrthapmpagatlon
resu uv_appe rectangul ar stryct

CAnmrrt%Pf@Péw i Kb et dasd ABe e 28 ol tqet ¥tivR device
BT 75 SRl 81 Y b o PR AR g st ot

h&k 361 bai@Rrskddldng the s@puekatgnided) cdeptidg tight prbpdg%ﬁon in
of poI ysilicon |layer 20, and simlarly includes

wayc;gm«tﬁebl%&ﬁ apnlying ayoliage bgtwesn FRTOLES oFf 3%134 in
s P

proshganditcdnstant will ghsult,odsistast witiethsifgidaving rtjeationcent r al

wavegui di ng area 122. The difference between the
propagati on const ant s (M HtMisectamo)hofds i s t he

def th
Shore SRR Blpy el be SRR Qo B Bl Y e
BfndeNf réfidinennical W do e[dﬂltldﬂﬁﬁ@‘l’asé'rﬂﬁﬁ Ss addel, the fundamental and
reversed al on?l t he out put wavegui des, canceli ng lig

fiystoqrderanpdas will addttegethaxan plase desulting m@ywabmg;ﬁ ﬁgglat output from
‘X\}\ﬁg}etﬁu@ﬁé?ﬁo\ﬂ&%’eﬁﬁ‘ﬁ 1rgodes 128 and 134, in accordance

eac the present invention, an

addi tHIonaliihehargsniatop K/mp@gﬁhltﬁﬂamtlaa bpraIl Iswrtels sthicture 200
consi st ent vvlththefollovvln &atlo
velecsp peparafe actiyg optigal dgwicenmay Bp melidgd e qqg@aggle]( zﬁ*éns of the switch

(GRBRET Aol PRORSH. BbaFRRARIAIRAT AREpiel hirkliRing an

igpitfvtaveguidagedcticntd Of imtlesnammsd folrmad svithinr SO layeiet6, and den

vv|II addt et her in e,.resulti [ witchin e
ke B4R LG SRHOBANT FLOTEE By pEDE] Bt 2 dind 214,

&s with ﬁﬁt é’tﬂltcﬁﬁe of FICR 8t AR VALiBWS pRBing aSENAYInY PoRfdns ey be formed

optical switch strucfure 200 wheré separaté active

cuﬁ;t inc301 kayxm I sr imethe bembinationeSQl 1@191@ I6agate lowldedSrandof
t t th t chi t] :
v RSaayer 28, RieoStty S Sreal im0 Rpasifs getys optcal

, deQ%ﬁs S%(%gél' btéOreg R df Qﬁlchzérﬁl arid'usind t6 c6a86 theeffedive path

| ayer 1 t hen
length “seen” by a propagatlng optlcal signal and thus introduce any desired phase shift

between the two propagating beams. A first active device 220 is formed by doping a
selected portion 222 of SOI layer 16 in a predetermined area. A polysilicon region 224
is formed over doped SOI portion 222 and infused with a complementary doping

material to form active device 220. In this particular embodiment, polysilicon region
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branches into a Y-splitter section 2 11 to forma pair
of parallel switch arns 212 and 214. As with the

E . [/152905/006365
A R rae iy il R FeRe 2 Ryl ol R RS
A%C}Haitﬂfﬁ%& Qﬂox%f th%gse bﬁX @cfpeﬂe@ po%llﬁ:oﬁ’fé@@n #8l1 2dddlce reflections and

polysilicon | ayer . I'n accordance wth the present
plrmehatetfmwntasoselmmeqdmﬂ@y@pm and| thejeqznigatian of SOI layer

lg c%??er Se&E E%Pglé’?lgr er9 pfﬁ E%%’ﬁ ﬁ?ﬁfn"tﬁlée q%%t)a@% 22% 228 are disposed

iR FIRAGAbIJAPePRIions |22§ afda4 amthudeld ¥ miodify mldaualectﬁéal potent1a1
desi red phase shift_ hetween the two propagating

throngh setivecierige 2d@ ené thecforeimsoide aparragemspt Wg?oatrol the “length”
gmgailgd portion 222 of SO layer 16 in a
r eérmned area. A polysilicon region 224 is forned
over IfapadilHGhshiar, hls@tbnﬂ%tmmdemaf ZBEOQGI fovinteld veithin a portion of

s%'vﬁqﬁ%ﬁégﬁg% a8 G GrsaPHehvY SBry e P32 6 25 o licewise
ape pels eg |1%1‘;i]1 p?tgq&l@’l 8enPby a gpcgubg%tg%%g%{eal a’[’h&‘lﬁ:’foﬁ)c’:J by controlling

ment | ohe ) use of
therpaltagds mulipd itd ficsd and sgbod amememdmw Qé@ I\@mu@p@sa delays can

bprﬁg&r@%ﬁﬁf {p&é E sbgnageﬁ | gﬁ% Pﬁﬁs\éﬁé@?l een tﬁe optlcal signals,

u%gﬂ Qﬁ‘ﬂeﬁﬁg bir6 QR nhPRPLIRY arrdhgeReht 240, Q}ﬂﬂ} @ﬁe&éf@ﬁa‘ con@bl ﬁh@tzpéwer
are disposed Tn relation fo do&}ed re%n;)ns 2

lenredi oﬁﬂl«t samalsw@eeartn@ gl Separateeougus erms 2 fiagtive switching

hr o# Q active device 220 and therefore provide an

Vlrcﬁ g ment to control the "length" ofarm212. In a

si i | R ad P&0H Mg rascneoe BEuatiing AavbeRrBddas sn haiveRidvice in

within a portion of second wavegui de arm 214 and can.

ageordanservlll e ienghiape ef the deesentanveniigno B1G+ 1Y) ugesipsan exemplary
| e C ti

O sPBi 2l BOL kR R D SORIER 2

a%@cfaté&ﬁlngfuéomond fgined @sdﬁwueﬁd aBaek) i2 3idher\BTi lmym 16 or the

phase del ays can be intrqduced lnto eac

DR a8 6L SR BER gD 1 ILPOIR e 25 Jalls o fpishbasic
f?ﬁl& %gﬂys‘ijéarl ﬂﬁﬁéqgi?)ﬁh oPHH%eésH eve{ﬁ@@cﬁﬁrﬁ a%éaﬂar"\’véxjelength (or

re contro e signals
rapgeawagleakthepthatipay he eutf-mtuplm feomme nﬁﬁﬁ-vaavdleﬁgm sognal

ERBAIRHORE ML [ 0ar i 3ysbinh A Salodh Rsfprpiae to FIG,
l?)gi\%%%lpg& 19&&%&9(?{3 ‘B? A LFtnt r at aéa%ﬁg bi Q%V&Enétﬂ %f F&{ 688 Eoupled

s an exenpl ary” add/drop
inforring resamatdtrdB4,1:3a theredfimtilagcheds(img Iceuntﬂdmopagmﬂgg iditectipn)

TP TS SR REHE | 6 S BHhEy TERT oL R 6 o
fr té‘r&rﬂ?édr\%x}e%gﬁ-f thaGs cb 8d frdfy segéﬁdaw qﬁle]l§6§1'i1t€ ring

pol ysilicon n|ts nost basic form the
rp$oyator B4 mﬂrstd!sequtlgfoe conpjed 880 mt/@guld_eskBMwheameedam the “add”
rﬁ% t)l cul ar wavel ength (or range of wavel engt hs) that

‘iﬁ be out-coupled froma nulti-wavel ength signal

In accordance with the present invention, the wavelength sensitivity of ring

resonator 134 may be modified by including an active device section 138 along a portion
thereof. As with the active devices discussed above, active device section 138 comprises

a first doped area 140 within a particular portion of SOI layer 16 and an overlying doped
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propagati ng al ong wavegui de 132 (when used in the
"drop" node). Referring to FIG 10, this aspect is

WO bdosms0at, ed..by..a..Si.gnal, _propagat i at. .a_Wav.ePETys1005606365
o RS T S AR B o R PO TS0,
A p&r Rk SkichIHANERAA 4¢iaRd 246 BleToapleR 1@ RSk Bigns 140 and 142 of
direction) along a second single node wavegui de 136.

SSayearlbyand galyspicos dyes 2 Aadpeglively. pB i sradily igthe voltage applied

vel e h that | . j
HORREREA el SBadeS ) PR B e ATARK MR el FechiBror 134
willthe e aedities chadginphierpansadariwavieleg gthés) dhatwan 8¢ coupled into/out
accordance with the present invention, the wavel ength L
of eveyPeuide sptien 132 nlylarenysh &y ofuniegl TiREeBRnaRIdiSRIQ aBg out of its
| A . : e
R AR e SR ey BOERR0RT 2 POLH! 01
zilz to [ \@?ﬁwﬁ@ migm_‘eismlratol 3Buctoremf it]seeprggnft linvshti«ﬂopmyl cgnnpﬂse a
wthin a rticul ar rt.ion. o 6,
pévékﬁwaﬁsp%fﬁg@gsm gqrg}“%g a&hgwgﬁwﬁ%@eﬁ% e%CéWClﬁ%y é}? one

: . . _
ol 8 AL T A
appebppieteysicdiand ftinagéto £d/drows grént evayeleBgthnddiah pltergative

the volta applied between.el ectr. . t act 4
SIS o0S, 2R o0 Betueen. slochsk ol cont scte it
Wivebuie, frBviafdeedeattiuidl %@h@éfgzi/eﬁ@leh@ﬁl Ractivigy bétiveen adjacent rings.

wavel engt h(s) that can be coupled into/out of |
Amgvefghesteragiationsome pessiblagndomeiebe ptoyided hyi aegventiongl, well-known

nator 134 into a . ' S e conditi :
Sl T AL P R S AR
adrahbdifert€ 8i0@sed alidve wathuhe irventiNteadpive sigp tredonxtentd foAn a structure
may conprise a plurality of separate rings, each o
theypreidessiupeple gy elangth codingiing atr@ftgﬁeﬁqmg@: Angthys gronolithic

. t i i .

RO L e
mbdingdt. By vadd/dudfiziagdid $ISCAR stnmtet enginjunctinn avith an SOI base,

alternative, enpbodi pent, .a nl )it fori b
(ha riearaien ThmalCale BELeb it hORHARTICE PR
%éamfgfﬁﬁg%a%@& 6 1\He OF EARALNBY ENBOI bR BlifEtebMib Yes.

en adj acent rings. Any of these variations aré
possiHie (iangsutrayicom) SQiwaveguitss are kuewn tobapolarization dependent

[ - [ . [ : it
ek SRR R HES SR R AE D e Py,
AP YRR USing pFiSMSDElRD M the TR hétR dfMyieAfit CRmalwilVe:
rrng resonator 'to forma structure that provide

S
riropealyl @upkede Taatpforedloe/PM eognrionei of the signal saushbe wtated to the TE

ot her nmonolithic strugcture. G [ i rd .
PR PRAE b Ib G b EHEH 53 B PP P ohE o AP Beired
i@yl Bb@everBif thé piidses @ftheltvrd beainidgiré BEfeRnBGAPraultue retobined
in conjunction wth an SO base, the integration of

heamt qap |seffaciept @lye itoinderisrense stigets). (one Bathed temanimize this loss is to
relativel j: . .

TP AP A e BOSRL B 05 coin, 710 1
illustrates one such exemplary on-chip active polarization combiner 150 formed in a

SISCAP structure (as discussed above) in accordance with the present invention. As
shown, an original TE polarization component is coupled into a first waveguide 152,
waveguide 152 formed from the SISCAP structure described above that includes a

combination of SOI layer 16, gate oxide 18 and polysilicon layer 20 to form active
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Thin (i.e., sub-mcron) SO wavegui des are known to be
pol ari zat i on dependent and as a result the incom ng
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wiendgating tescalonge & apiol il ustwentaf tarss veliazes 6an thereforerhe used to

I%gf)% %n% &1%% C%r}éls g&&%ﬁlvﬁ‘%gﬂd@iw ftﬁglt“%]éf Arfﬁ/ﬁﬁnal loss.

deV| clﬁGlGQ 1]11mntﬂated;am ah 1smmﬂc giceq ad 6demplaSClctivay elvryﬂ]&&rot (FP)

§arl o o g IR & LGF B8 YU G R indiRRign of an
;Ic‘ﬁ%rgﬁt i H@\qc@[@ﬁ c%@ﬁ% ashnl R4 of AP ddvide 188 dan Bk used to modify

el ect contacts 17 172 are illustrated as
ths spma;hpst&i levigth (adldpthdeﬁxr@a]@ Itsqnam@@faﬂ’ d‘ervrogtl 88cin gperation, FP

EERE R T I
F19a8cohRyer 207 a0fhoS@C Mo Apit] g\z‘ﬁn@%‘(ﬂu@@lrelﬁ& is ﬁﬁnllarly formed in

control ling the vol tages applied to one or both of

pdimlecoméayetr &9, whers cepity tegionpltis defingdias thst exipniof Lhedéayeguldmg
IERTTREICIN TR T R i T -
upon the wavelength of the optical signal propagating through the waveguide formed by
the combination of SOI layer 16, gate oxide 18 and polysilicon layer 20, certain
wavelengths will be reflected between gratings 186 and 188. Thus, in accordance with
the present invention, by including active device 182 in cavity region 184, the

wavelength sensitivity of FP device 180 can be adjusted. Further, by using active device
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propagati ng thereal ong. Careful adjustnment of these
vol tages can therefore be used to properly combine the

W(srz ﬁ/aim9 n de 158 with.litt] /U52005/006365
e SR RSP b oSt B bPric d

zyhﬁ&i an exenplary active Fabry Perot (FP) deV|ce 180
ormed in accordance with the present invention, where
t he immhamm actbfe demicad 82 veclwiss adust d9ped aisa 180 within SOI layer 16

cavi t i 0 f .EP devi.ce 1 d

R o i PR e T BB 1 196

Jo@%l@ﬂ 31@5&):’[1%1&58 d@ﬁé’d £@asl B ankdn o pehét itlehapghidatiedfievoltage
i ncl'udes an input grating structure 186 fornmed by

mmnah@etwe@bﬂwmie@fodp@wlé ritect 8 apaipelpafiplength witiwsavity region
|
l'r?g[ ylsélﬁ Uha gut%{l{ ﬁ‘e%é%{ Ld%t%hgw%r)gw e u§éecm1 G%E‘J{%I}E&i%h%ﬂi FP device

Icon ere

1C8©faﬂlﬁﬁﬂfoﬁﬁeeﬂbt&:k%ﬂfbﬂhtr@lfoﬂt]likﬁremaﬁgwa‘@hlﬂgthi egthamthe cavity by
bet ween i nput grating str uct re 186, and out put grat

adiopiat Uie @PRIEH! VaHRERHE: DeGITBISH 16 AGSORAPER BRGHHE Breaes vues at
tﬁ@{r{ﬁ%ﬁ&gﬁ&gﬁlﬁl rﬁmﬂ ng through the wavegui de
or y e

Ination of SO |ayer 16, gate oxide
18 analn poportank tlaemofl apyieal fAters meeprasentedmyéhmamdwanguide

be.re et s 186 and 188. Thus, in
SRR O ATE fr AR & Ol e ot pgumber of
Aty Wﬁe&ﬁﬂéﬁh&&%ﬂaﬁg&ﬁ&t%ﬁm‘la@& 188 fukBfondlite of‘@ﬂﬁhﬁ&ﬂiﬂ‘gm‘cmg
sensitivity of FP device 180 can be adjusted. Further,

szCuwcu goxamonlzseus@éw wltlplexms <yr denalignlexers,aadsamelso badesigned
active devic

SR TPr PO E S Vel st o g Tp TS SRS forses

HRpaba BaSRED Tbr dRRAFleAATEGI & sittifindoRsy ¥éraiekRR multiplexer
| ayer 20. Electrodes 194 and 196 are _coupl ed,

m@sﬁgmtnm@iey by distidloysing aad secombonng pltige fregpnciesteptering any

et P el Pl F SO er BEOMBRcb e proplom with

p‘r&h‘ IaI'tyAWQﬂMﬁRtul'Ss‘hs thendd ta Bﬁteﬁlllltypjohtrdlahe pat;hrlmgtmibetween the
shown) , when_ used in conbjnatjon with FP device 180
canupl@w foppinedhelHEasn iR & Blanriintegratedeptics sGHEHEe, this requirement

(Yf?e}lxq{es&gftﬁed\%e s of Ql%elgx% d#ﬁg%lg)\éthgl 3 @S %&&%@Hb'n%ufaoture

tages t adj ust ance Wt
withany gdatvahsistenegt. the input and out put of the device.

An | ortant cI of 0 f] s |s repres
" a I}Lgy%aqmgg ﬁgﬁf 2%@3 f‘o aﬁwﬁ@ tthe present
1ﬂ€éﬂtfbﬁ%é§§1’cﬁ1£| ?T@‘ahﬁlt Jfuehive &év?&gmdeﬁieﬂﬁe @1@65@?1‘3&[10@‘ each signal

array waved ui d whose arrang enent emul ates 't he
fatin ¢o prm/ada ths] desfired vaiiftionsdn pptmcag paihilength mutarp@rtmg to

ARERE L Sl 10 T oS RN DhE Iy oo

kvﬁﬁé tegfon Fliordndtahn)oufRi chldinkirfgof BOG Sy ACG 0098 generally
s of optical channels. For exanple, AW can

rmed wath@da:ssﬂry 16 ande20af the SIHCGAT,steyeisire ap discussed above. Input
?Oﬁlﬁlé (g Oéls é) r%?}'llu%'tra{ed a? %ﬂlﬂl@ﬂﬁ@g smEféCIHPﬁt%er%gﬁ%l: Wi Phfida

ering an
plurality of N separate output waveguldes 414, where various different wavelengths will

appear at separate ones of output waveguides 414. Output coupling region 420 is
illustrated as comprising a plurality of N input waveguides 422, each coupled in a one-

to-one relationship with the plurality of N output waveguides 414 from input coupling
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nunber of input ports into any of a nultiple nunber of
out put ports. One problemw th prior art AVG

T R e e e

“%Vgélﬁ@&r@‘mt egrated optics structure, this requirenent
of ten necessitated the use of arc-like optical_ paths

a di fifi neaordange Bhitthg opesatipirefi AWMU AQD, Whe destipy d’éﬁé‘&ton properties

t
SO s Ml PR s o
wiveghid&s B ophtet@nhédtionfwaegiides dleleﬂle Wav@g‘lﬁdaéel\mc @\eferrmg to

di sposed al ong_ each SI nal path, provi de t.h
Fles ?r,@gch,‘gay%uc@@ ilrjs g}m%%q 1n51é1f1};1g| aeqqa%rﬁte\,acpﬁgaptmal device

4%@,3 Iﬂ{ ftéu %g’llpa?%es %v\%cg%lg{l{?@dahé’ u%@enﬁﬁ lefticabld fonﬁl &Rhough

) as including ar I nput coupling
tlii€ & 1001 addquiredd Aa;nmduthewlrrangnmdentm@scmsgedmbo&a@,ctlm eptecal device

- 348 compre adfistsmed rdaied (0 L QU8R gipioei yfimilary

sﬁﬁiéﬁ:) 528nd BFheteibl . 4k1§ v&ﬂlﬁﬁ'ﬁél&ﬁh@&h ﬁ?emdr %é‘ﬁtké‘ of simplicity,

si'ngl e 1 nput” wavegui d a plurality of
os@pmatcevc) devics 44060 @g@lﬂ@élymuc;d outdn @hevaaralne@ment of FIG. 13,

s S JE G HOP S S SORRDuE FRY TeBor e g+ is

colipiegtd ﬂ{cﬁ&n%lsqﬁmapéa ?%1&1 P4 1y hintSOIahydY 1I6ralﬂblta second
wavegui des 422, each coupled in a oneto- one

eﬁ@Zra;all cordat g4l doupled tplnd eentrofs ssrond encuegion g witles

rom i

RRBRah e 30 TR MeB b atfrofiote PTG BestinSis applisd between
ANGIAIGal theastesd ned seichl eRetrlcahcatapéds Itbsolardab‘path llﬁmg’th of
varying the lengths of the separate IdESV\%
thmssml@ﬁeéwawyglége fel wylibermed difisds TRV IMEA depiegitiaction effect.
vvaveg&é ?cﬁnélé a‘é%%lvf}g‘% %&We%%lc%%go 1RRRPGTs gﬁ&ufé%dﬁl i€controlled

eac shown as 1 nc
‘tg@pcaffateﬁt ﬁ(ﬁitag\t @oteatialc sd aie\create dpmralityu of d]ffesantrphtdaslcngths to

each active device is ess
foiy Hhe ddfff%e@ FrARgs f\défa%geogslwe@lﬁ pltaecd i g of changed to
r@ cg ftiioF QU 802 RONR de B Chng¥& %dﬁé?&tmﬁ@l"\kfﬁ%lengths
rises a first doped region 441 wthin

dssm&rtedlﬁlth delsized diffiection effect samsiinpty Ye divagediby g@é&mmg the

SORET R el S B R o B e opg Rl e
p%?l%%xfl b¢ Qéﬂlé‘vegfﬁyl BeliBHHg the Vol@gaRabpRaEaRAE vaiouslaGiveldevices.
al t hough each deéevice conprises simlar elenents. A

Thierabilitg te providsavavelametictelerdive repting apd ewitehing iysuch an arrayed

trols, fi d
e deuihds SRK SO Seindlh BdngChe i tRle Jfing an
18&Blofstk Sansasedif caipad tlisagjemloﬁlbff awzsIWGrstmtuys hédessitated a

| ayer 20. Thus, when an appropriate voltage potenti al
qomré?ipIchmebléfhﬁd@lﬁﬂ?@lrlﬂo%ﬁ%@?sﬂ%l contact 442 and

gfe CONG o6t by SRnitGARE Afloufitd sighBE AR Wadlgultfts A2k 8R8bPeration

of AWG 400 can be controlled, with feedback signals from one or more of these
waveguides used to adjust, in real time, the voltages applied to associated ones of active
devices 430.

While the above embodiments are considered to be illustrative of the concepts of

the present invention, it is to be understood that there exist a wide variety of other planar
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the associ ated wavegui de 430 will be nodified,
providing the desired diffraction effect. Accordingly,

e Rt ehy b G R R i G b ORGP SR T

dcBordh Rt Wit iR piésahi inyertlondiFof eximile Fatdhel %ﬁgishﬁa}ﬂﬁe “tuned”
formthe diffraction grati ngwéAdvant ageously, th

usiriar the deparkdevine struciiesces dsserinsd sheve. 1An pefiNe g,d]psﬁéble multimode

g%g@ge{nltc% ﬁgm&é@\@ﬁr 42 sgﬁ%sgg grg?lgr?ce dﬂéﬁﬂﬁ% é)ghgaqloa\ No. 10/830,571
filed Deaghb@23e20®G tna@’&hsoiberfphiyecb evhehesgast e avidhd davivgs are

the applied voltages. As a res

| t
foemed dlpng heswallsaf thestiistis F?gtﬁsii{smﬂ@rgeawwéri@ﬁffer&a%epmﬁem
quﬁafr%gg@%] rﬂ?h@%&r@/ﬂ&ﬂuﬁ%l&g@Iﬁéc'?}e%llg%ﬁgﬁ)rfp%gtag%%len h—selectlve

app vari ous actilve ab

Fetioy deldcasavapablrgifiaddia ec droppmgmnedanegnmmﬂ wwdlemlgﬂmg)yl \nrtue of
syuch an array ﬁ wavegui ructure is considered to
Jdghstegnis A "’fhieé’g pees 0rhe state of the art.

Her etp{O e dvatY g S BtthE B@?\Ib'a% SIBC%'Tfstﬁﬁﬁfr@fdr%En% oﬁ%ﬂ:al devices in

AWG structure neceSS| tated a conplete change in
gehyrelainc| wﬁh%@eanunvwlogﬁhatm wious elebgncabmmpnnmtg associated

t f ides 424, .th t.
o RAeeRoo8 A Bt TP S e FRes Bt b e S e tne same
ihte@PQN@rRit ohR £hd0nokddese bedyatd Rgis g WiseshnieOCRIDSI8tpe processing
inreal tinme, the voltages appl i ed to associ ated ones

stfpsased focfotra vheenticabdeviogiompopents. ki oy else Ressehlerioriss agnaterial

o&ﬁeer aq%e 1:r>o 51f1 oever ﬂe%%%fl%l Ve 1118£n’ dl'ﬁ? er’or e?lﬁi‘t {’Ln:?ure For

nvent St 00 here
@(&m‘{ﬂe ath;ﬂ@uy Qﬂhb@ﬁ yirgfe @Sfé’[@lrsﬂﬁxioﬁhl’aﬁhﬂlsﬁbstantiall$ smgle criystal silicon,
e,; evices in ixuciiuc i accordance wth the pr esent
Jopanerthesp, mmpbe ‘é%@érrpl e, Fresnel |enses nay be "tuned"
u5| n ed
e e g AT B8 Lok WEIIE A6 OBRRE Ryt Ficutary
ﬁpﬁerrt:ﬂ emboéﬁneﬁhltss Cﬂﬁsedf ordirary skilb ippthedirtngillegppldcczad thatthe present

No. 10/830,571 fi] ed Decenber al so bge .
ingFeR, new? g?téoe&ﬁglt%fwﬁ%?ss PESER epraéﬂ é@é@f‘gn%% el
ﬁld@ﬁ%ﬂﬁhgat%hbﬁ‘s RbairlsicHs aHE Ek't'éﬁ‘m&% mgésfeléniﬂaﬁlments may be

generated interference pattern. Planar opti cal
madet withiexke stoge ofitheispbjestenattemay thel gesehinfeontivad Gansequently, the

Q\%’?svea 16168%1 b Slg llngglléllf ¥ ﬁ)tel M5 s | %glgflg ﬁb{jc?@?r?lfegi en@:foghme%ts but

i3 ¢t st 18 BE defieditiany elalAdasheaddd hepsto! her et o. is an
advant age of the SO -based SI SCAP structure for active

optical devices in accordance with the present
invention that the various electrical conponents
associated with the operation and control of these
active devices may be integrated within the sane
integrated circuit chip and, noreover, be forned
during the same CMOS-type processing steps used to
formthe optical device conponents. It is also
possible to use a nateri al
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ot her than polysilicon over the overlying "silicon"
| ayer of the SI SCAP structure. For exanpl e, anorphous
W@ 2005082091 si ngl e crystal silicon and subst ant i BET/¥S2005/006365
single crystal silicon, anong others, may be used. The
W%@[z invention has been set forth with reference to
P € ?fﬁﬁ%tlcularly preferred enbodi nents. Those of

or di, Ngh B Kjakdd bptichh@ramigbment! for ampebnnaﬁpultaﬁ@g a lipktwave
present invention need not,_ be I|n1tedsﬁo t hes

Slglwi BEOPAEAtNZHR articorunBEeE e @PAHHVGS scaﬁa é\faé'?%ﬂ%e the
SISE%EI WA h@%%nﬂﬁgﬁgé L GAb PN ARG G IR 1N (g?th Lagsﬁ &f the SOI-

nmade within the scope
bassdeiptﬁﬁI armiigt:mlen‘oﬁ rtlattvedy ﬁfmedielachwdayermerlﬁmgaewasimpoﬁion of
on.is not, inte

the §h] 147er B b e Byt capantion b Sl e the
relaﬁ@él!y ned d@éieétfi@ 1@%@ B A PRRER SR G PANRL R ﬁ%ﬁbﬁlﬁnﬁ% anlgﬁdvave

baséd optical arrangement for ivel
s1grrahmrppuhsang ng a Ilght wave signal propagating in a

vevidrgen dired e D ARRE A Rl o sor e

the awte&s%ﬁe ablbédoe@@a haameg a fiREtold¥evily @’Eet he SO based
optical arrangenent, a relatively in dielectric

| ayeérlea@t/@nq dapeg aeea fprsmert inghqyenner &lhcen lavﬁ@@@to oxeidap at least a

porﬁ%o%%e uf)%gsrt ro%'g !gl'aﬁe?cﬂage?é% cl? gn: L:)S'CLI% Fﬁtéht{éaaﬁl' a%ﬁveof)ptlcal

regloBy@®E at Iehﬁ ORE ﬂaF@Em@ in the Elpmfsiliceh )]{ayéﬁha\dﬂg akédopdpopposite
| i ght wave si conprising at |east one doped area
conflugtivily type; @A S| SCAP wavegui de area of the SO | ‘ayer,

theg gggrta{eee"l?cttn?ﬂy %gxqtg&erg BhEAsOaNED iR é:fabﬁ b d area, Whereln upon

con Feast one dope are forméd in,
the tplicapeof s volitapeno bay er msre afshd sepanaty ¢lagiriedl coptast reglons the

reflagyve oo Groaieie GRSy 8L BT IMOAeA g e R for
maﬁls@gﬁ%%% &g%ggesamﬁe gf:sga%a%ng PRRfwastksighan | ayer having

C ite co vity type; ‘and separate
el ezt Ah SQI-tmoett aptical @gangnmems‘len@qt%bfdnamphla‘e@gh lightpeage

s S i oparardeataby bl e Boroak obBifisnt BESor

1ayérfa%d RS ShABs b Belal A gk dbﬁ&l A5 BCthaupperduned 1afee aroMelined to
be nodified to create regions for manipulating the

pr0pﬂ©p@ﬁslr@sommakmelllplﬂ]@§9@ cheL1 i ght wave signal. 2. An

bas t
rmn?I’ %PE%II sed ?}?tlclg]l ar%}%%gllglgtnfgf Q&w%@ﬁl#‘l g%{llatl?]g 1§htwaife
mgﬂh@ as @éﬂheﬂhﬁ cﬁlhﬁrzewl@éreﬂhhﬁe &ferly@asdonthigatibad dopedaeasare shaped
t he SO Iayer and the shape of the at | east one, do&%a]@to

to ppide p hearn ShaipeFunstion v thawhcaﬁl@l aan ¢eciticd) sing
a dESAB%I%tSé§ %tlél?&’rﬁféleﬁ%hmr Iléfﬂ/%f}’ Bnipulating a lightwave

signal as defined in claim 3 wherein the SOI layer comprises a plurality of shaped, doped
areas and the upper silicon layer comprises a like plurality of shaped, doped areas
disposed to form a plurality of separate beam shaping elements, each beam shaping
element separately controlled by its associated separate electrical contact regions,

wherein the application of different combinations of electrical signals allows for a
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3. An SO -based optical arrangenment for actively

mani pul ating a |ightwave signal as defined in claim?2
wob@ses209t he overlyi ng conbi nati on of doped arBPEBUS2085/006365

shaped to provide a beam shapi ng functi on upon the

AR Ll N L

pmmlﬂﬁgje{r@ahuﬁ,&geﬁ l'i ght wave signal as defined in claim3
wherein the SO |ayer conprises a plurality of shaped,

dopfedAJaS@&@asaddonthel arApEgemet| fptmvplaymmp@n@mg g ghtsyave

sigagl 5 dePin B toin Bl B o DR Rl ubh R APEEt i X Maped
to pRAAER & der@i&mm&ﬁﬂ@ﬁﬁfcﬁbﬂ up&ﬂﬂhé @b}blﬁﬁtlbﬂ of kS electrical

associ ated separate electrical contact regions,
sighghtheedth t he application of different combinations of

el ect r

! A SO 10 Sa Pl Bt PR R e
sigreah m’l%fm@cé fihelafo Qathemn tlie @ferlyhng c@nrbmaj;lemlﬁ tlopdal arday comprise a

SA - ed optic arrangenent for activel e e e
plurghify; gfdikarmosonsd g@ﬂp&ﬁ@éﬂ%ﬁ fosh EiingisT beinedpdividually
conﬂﬁﬁ&?ﬂ)&naﬂ &%oax@a ¥ir 39 e&amal%htaeﬂegfong ?cﬂ%‘éle%ﬁ@é}? efb1Bizing

aped to provide a two-dinensional” prisml
oneﬁ uﬁthle|gmtmgmdﬁmd:m@amchdtwclatmmnpldahmhe pecod of:‘rab gsitiggairucture.

d
et /Al O Pk St D GRATP da e ekl
sigral 84 MeftheWREEIRIN 6tARrEM Thd ﬁéhﬁ@d g tThé Do trRRndssioRashg
ar eas conFrl se a plurality I ke-positioned grating

strugtuegyevithsselestedtongs af thngle@trmbmntasé reggprisihging ehgegirad to actively

conf@0ihe R Flp T B RF R e Rl VeGP

reﬂ@dt@ﬂ@}nﬂf@ gddtfhgact i vel y rmnl puI ating the period of t he
grating structure, SA - based opti cal, arrangenent

f or8.adn S@&bys%qnﬁ,@al %tfanﬂ@nanu frrpativalyananipiatinga lightwave
sig q\ﬂﬁ &]e?glea T glaﬁﬁ @V@le\%‘iﬁrﬂ% (pvehPfﬁg c%fr% Eﬁ%tlgp%tf 'dgged arodb arff‘ shaped
¥ hsm Ssive grating structu sel'ected ones
to prdvededreamitive Op’uca(l eesoaator steginea spethegpphietioh o€ dn tlectrical signal
actively control the wavel ength(s) transmtting
therefq: ough the grating and the wavel ength(s) reflected by
th K0M%asdh oiftaht 8PAdiely AAfiAGRAER light
actegl VAﬁy rranlspu at |ang ag%@tﬁ@xﬂt Wave1 gltygna1 ef |1%e ave
sigrell as defiedivecleinn Stwieereiu éind q,qtmg opticabiasandtonstoictute ﬁarther
areas are shaped to provide an active opti cal
COMEYBhat or structure upon the application of an
el egtifst %ﬁcaﬁdé&é@br &1@1%’5@& 8 th® 1npﬁﬂoﬁ@e a@&\fe&&bﬂé@l fe§ator and
arrangerient for actively mani pul at i n<I:1 ght wave
used tchtmase thefwavelengih oflaaiopticalwigaakanplict éS @n:tnpubthereto
opta secon 1caﬁ5§ect§rt &g&)tsg at tge oﬁtrﬁﬁ{ ofc said rp‘uséglsresonator and used
to determine the wavelength of an optical signal exiting at the output thereof;
an optical power measuring arrangement responsive to the first and second optical
detectors for providing adjustments to the active optical resonator in response thereto.
10. An SOI-based optical arrangement for actively manipulating a lightwave

signal as defined in claim 9 wherein the resonator comprises a ring resonator structure.
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a first optical detector disposed at the input of the

active optical resonator and used to determ ne the
wowronshgagt h of an optical signal applied as anP@CHps1005/006365

thereto; a second optical detector disposed at the

t.put i d A I . det '
¢ ndludvepQRfe SPhcal SpaFRt L geir e MR Al R R
sign@HSUHAREN BT @ 9 HheRPA tieabsdRae EoriBased i FabrBPEdn gammint.
responsive to the first and second optical detectors

f orl2priovPQl-hesed dptieal mangemant forackvely manipiating a lightwave

SRR | By AR WS P e

intetfb@hicr@vacladigpal as defined in claim9 wherein the
resonat or conprises a ring resonatoy str uc} re.11. 1An
sqanb@@g(yvaggmégporgppm %8 Pitgm qepg%qlg) the upper silicon layer

I [ ' ' as defined in claim?9

e s U S

st randput € -sHaped portiddlcobplsé tb thetinme wazxegrdgportind fératividing the

activel.y mani pul ating a.lightwave. sjgnal. as, defi.ned.]
projgiealhg HEWHEF A WO Sk SR GV ignals: e it Y-shaped

MRCH b8 sEQIOAMTHRY upRe biueb By & Yol BBGMling the Y-splitti
portvvavgaliulaglg%g{)a}t?i onsi ncol udi nguﬁggpe;tter n(}a’d gecti olﬁg ofe tﬁgl e
separpipepnSndmendardagyer for defini ng the wavegui de | ateral

conf | nenment ea; an. input Y-S ed tion.coupled.to
e S slegaiad sof B o AR Eopd by BOHRu
inclRAiAP 3Gt bdcabh WRHR polgllalonilaifed fér de@ihingQhe S Maéguide
i ghtwave signals, the input Y-shaped portion
latefah confitiemgnbangait t er ned section of the upper silicon

Lg)r/ﬁeﬁreﬁ%‘?éwgvegg}lgdggzgu 1@ |to:( é @c{gé{lf,&rélﬁ?%@r?g?%ﬁrgéfgge %naaug Y-shaped

porfidd &id inélRE atgageins véctibn v dpasblydlidondayea fick definingthagecond
a patterned section of the polysilicon |ayer for
wavgetidp laterat ¢pafinpment aigdieqgui de | ateral confi nenent area;

a Sec i t0: i i
R e
wavegtide terednaieatand secohd twavepdtly ®irhination,| regpectivedy, for combining

defining the second waveguide | ateral confin t .
the Bhip 8t SRRAUAT GRS R HADEETET TSN LORbIRONEY! | FoaRedpption
inclgﬁlgg ?gfégcglgle@ dBion 0P tHepbt EiBEonBYSAY pRFidLfoMAdh] &hfinement

wavegui de termnation, reSpectively, for
andecombininggf tha@apaif seppfats sigaalst e si gnals into an out put

l'i ght wave signal,, the outpgut, Y;shaped;portion . .

| eI Y RO PiEn SEUTFO BF SRG: amare Sy fpr receiving
the b@BE liélﬁwﬁi?é)é{?ﬁa@, the buttpai SaAdguiRYoriReludpt eehiedisegion of

of "the pair of separate signals; an output wavegui de
the ppparisticon daypt B definingshoweyrguide latemp senfpsmenbares.cind

receiyi he out put .Ijght '

SB35 R b R R PR P o of e
first and second waveguides, the at least one active device region comprising oppositely-
doped areas of the SOI layer and upper silicon layer such that upon application of an
electrical signal to the associated electrical contact regions the optical path length of the
at least one of the first and second waveguides is changed to manipulate the propagation

of the lightwave signal therethrough.
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t he upper silicon layer for defining the wavegui de

| ateral confinenent area; and and at | east one active
walewsogoegi on forned al ong a section of at | eBST/USINES/006365

of the first and second wavegui des, the at | east one

of TSI FayeroPiRe CRRETPY SO 1D SD O Iohap the Mach-
ZehHRQIn@PRl s &%p?fsefeﬁ 18se61d dckigk dé@fi@é‘ﬁjﬁidn%ﬂ;ﬁlﬁ,ed alon% ﬁnly

assocl ated el ectrical contact regions the optical pa
the fishytamegfide. he at | east one of the first and second

| des i s gh d i. pul h i
tne R A SOk pEseG Ra arrBe i BlaRi i PR PR k-
ZehaBlr iaRlfeRm AOIRMRMHsePd 16t bmedttive deviad ragloh BkiRised SlohfBoth

Mach- Zehnder interferoneter conprises at |east one
the first pycbsegend vavegidesn di sposed al ong only the first

ot Rkt Prbfsed Py BRI bR h AR Ml e

patteiib@ i SdrGitkba e T itseinpal wavegside potioachéludesteMinpet taper for
regi on di sposed al ong both _the first and second

impyexhag eiptérel coupting o 8 Magh&ghnsist inteiferaelshgenent as
S.efl'é:' e S@I—%h?édmggigalmgélﬂerﬁ he d@ﬁﬁe.tdgﬁ 'Eﬁeﬁjml“lﬁgﬁ{erein the

il'icon sectron the 1nput wavegui de porti
pattemed ugggs siivonnpetions afthe Mach-Zeimdenintegfeophéeteaire confpguredto

i.nto the ch-Zehnder, i nterferoneter., 16 SA - based
pm&ﬁ% faéegtﬂl @%&%@W@H‘E thet oy e mAam el o de O P RIS PR o

lighRAdveRi ARf cAPREfuppbitdgcon sections of the Mach- Zehnder
Interferoneter are configured to provide |ateral

corif7i. fem8O{-basedivptinaltarranggmartes flefikdrieolaah 12odereif tae

pardGp R B o e e Py R S B PR Y o (S eate o
pred¥i@hfhdll BAs ddéreideelr POefinSlighteate sigsdli on of the
out put \NaVigUI de portion Is configured to create a

pr dfe tAn fORbascdamticeiapengencs as delingd ivrlaimrg whegeingagheof the
i gpalk. 18. .An - base ical .
po B S el RO RAABTLP TSR SPSPIBIER R g e

devikehégom sections are substantially undoped except for
the at | east one active device regi on. 19
1

: ). _An .

SOy dObberedartiatlangasamt forpciiyely masigplating a lightwave

sigr{l\ézﬁg Mn@%l F{{]glaﬂn hieHU MR YR aﬁ‘faggélnel‘ﬁ%o&?}i@é@riﬁ%m@&ﬂt@ structure
erein the arrangenent conpfrises a ring resonator

congirisingt ure conprising a transmtting wavegui de portion;

and at | east one r.i ng- shaped wavegui de resonat or

di %%’éﬂll%ﬁé@éfﬁgmfl% THENY &nsmitting wavegui de V

POrk 18 SHaGthd SRabePHaASLAITEQRE10MAKEH RAHINR et khe transmitting

evanescent |y coupl e
waveguide portion such that predetermined wavelengths will evanescently couple

=

between the ring-shaped waveguide and the transmitting waveguide portion, wherein the
at least one ring-shaped waveguide resonator including at least one active device region
comprising oppositely-doped areas of the SOI layer and upper silicon layer such that
upon application of an electrical signal to the associated electrical contact regions the

optical path length of the at least one waveguide resonator is changed to manipulate the
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bet ween the ring-shaped wavegui de and the transmtting
wavegui de portion, wherein the at |east one

wO0 20vgiostaped wavegui de resonator includi ng at PEEHES20051€06365
active device region conprising oppositely-doped areas

oSt el B PR Eu7 bl Beb BUE PRk waveenice
port@hSRditRd fdeh 864 fihgBhapedMavefuideGhonsort he optical path
| ength of the at | east one mavegylde resonator is

chafgdd $O1-hesed putieal arrengssread at deihicd dd claim 4P avherdis the ring
t hat .evanescent.ly c . {1}
0L EVADESFR % ERUPL O RER IS AT AL M ontor
dispossdegongie @m@naf e tradénitthrg Eiteghils @drtip, eaudl ring-shaped
arrangenent as defined in._claim19 wherein the rin
wavegEdnEsenatet ssseqiaed veG A isea are&rﬂﬁpameflyowhr@e%\fe%n&h-
ri ng- . .
2 USRS AR LA el of & 8Os 3000 e in
resohtog steluane dompyiegp s pleraligsaisepamnteasmashaptddaveguiidearesonators

. different, predeterm ned couplin velength, 21. An
disp Qi B 4SRRI B oS AR, oD RE F GLSPeT et SSRPage

condfigfei n the ring resonator structure conprises a
plurality of separate ring-shaped wavegui de resonators
di 2BosAu SiOi-tmsebmticglomgeneridReattiaclyanaumelating o lightwave

sieng i oedinpfe o s ERnEO Gy SGRPr ) actife optital switeh
inclf®Ag pul ating a Iightwave signal as defined in claim1l
wherein the arrangenment conprises an active optical
swiat kst apelinplitigpvaguile petiosne i nput wavegui de porti on;
at ast r ?ﬁﬁ [ portions; and a
coﬁ%&%ﬁﬁﬁk&%eégﬁﬁﬁ@£%8&&%@%66 spgggégﬁetmeen the at
| easdontiging Aavbgiay partibal dispodedibetweendhd fidest ohemptit t Wo
separ at e, out put vvavegui de portions so as . to .
wavgiide ppijionyind St deast Woytepaialre Sy e e B oBeHoBR afsiPe
sele@iiely quptl@gggﬂm% sfgﬁéﬂe&%&‘ﬁ SRRk QRSs offtRE offput g@%eguide
one actrve device regi on conprising oppositely-doped
portaomepandof the SO | ayer and upper silicon |ayer forned
along a selecte ortion of the conbinjin vequi
Do ot Y dr SR SO PESE AP G ORI R e Ghne SOT

laye? iaﬂc[‘é‘%)[%e_tr Qil{cBB 1838 RirhRl Afbngla86lcticd PbriRAVIARS cofBihRMISvaveguide
the optical path length of the conbining wavegui de
portpor such thait spomappjiedtiomofeamrilgeitical sigh#ldo $led assodiated electrical

conBeaPapa Er gy oot oATRStorSug PSR e PobRA s changed o
marBHll AR URRIMctiRS cOGilingtvidin Thedt RaAPtwWhspeiake dligut waveguide

combi ni ng wavegui de portion includes a patterned SO
porfianger defined to maintain |ateral

23. An SOIl-based optical arrangement as defined in claim 22 wherein the
combining waveguide portion includes a patterned SOI layer defined to maintain lateral
confinement of a lightwave signal such that only a fundamental mode of the propagating

signal is supported.
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confi nenent of a |lightwave signal such that only a

fundanental node of the propagating signal is
waeapposed. 24. An SO -based optical arrangemeneCT/u82005/006365

act ively manipulating a |Iightwave signal as defined in

im1l wherein the arrangerre?t co{nﬁ%rl ses an act
optiHe din ST hricaaptio REBRETER WGy AmaPuiaa hgfpueve

mgn%?sec%ﬂng& i Qhint g %%?élg 'ﬁ% eﬁ-ﬁaﬁ gBhER 2GAY hgéb S ackife ogt%al

arization no twave signal; a secon
polarrmﬂdmmlagehdeluﬂbrg supportl ng the pr opagati on of the

arization of ali vvave
¢ e Sstne Vs R g e e I HaPRaRT Pﬂ%@ﬁ%ﬁﬂ%ﬁm
modé}gﬂ{xé@é@g@%l on to the TE pol ari zati on;
conbi ni ng mavegU|de region coupled to the flrst and

se mdondwlpput wpgguﬁecfersswpo@mﬁﬁmmﬂpmhpn opthgakl nefarization

mof ARl R S B B RAREL LRk Boenpore

ﬁorﬂ@lﬂempﬂﬂa&&@ﬁ&@t@dh@rmpom@zatmn of at |east one of the
first and second i nput vvaveggl des, the at | east one

actd spmbieing cevesfe resgllcngcwp 4p theifirsipmdageenddapuioravesaides
to co5bi ne%p{e%groﬁg%rtﬁg%%agl licon Iayer such that upon
applicatio n

ectrical signal to the associated
el estoutmawaveniide foripegpagaiing thhee-cphbinad liphtwave eiggalb aid

at | east one ,of the first and second in wave
i s Abastqnecetive deickstispesed pleas & pertionpd Bgfea Elge first and
secogiqugﬁ%%yl gulaesa%@atq% Mé’é‘chkré’@eﬁé’éjéc;ﬂlﬁ%u{’% hédgﬁlgtﬂ?‘.%foed

| twave Si gna S propagating ther
area@Df tH&SC‘HCIhyd‘Imddlppprt 31h<ajn layar an@etﬂmtrupoasapdhéaltima@f ian electrical

Sigpl it o0 IO L AT TR T RBRES B ERRGMS of lgast one of
the B?srt Eh& sdebRPAfpat W@Vez%ﬁde@ M Molified ftd'ﬂﬂﬁmﬁg PlhasBBflitheQFrofdBting

['1 ght wave si gnal Q - based oggl cal arrangenent
signats agdfenaldd comstmcavmcthtwm@frtbc powier dfdasliglweveasignile

i s disposed along the first input
pro]\)/%\?ﬁ%ihﬁ]é%gﬁ elh | east one active optical device is
di szmsaadsema@dtdpﬁcm@@ngemm i dyfanedgdn bnhem 22 %vhefin the
SA - based tical rangenent for activel

conthining waa@g @glqngmf te pgmaie la@raél é@mfﬁ@alqnﬁ syffigiept tp permit

.e] t | ayer
3 ro#@%ﬁé& ﬁﬁ t}?e %8&?%%%@0%n @Slg one doped
ar ex. iAn Sbe—bu@ﬂefpueall dr@agerh@y as deﬁnedfm plainif2d wherein at least one

conduct|V|ty 28 An SO -based optical  arr ment for,
actixg ppiical ge s PiaPasscrajone ﬁhpgﬁ% ERRRHE WV q? %@ %Z?%Sh%% gefive

gl ol byt o 021 0 0

do pzé7d fan S@I-lbaseﬂh@tmgimrangemem dor detiyely nisnipflating a/lpghtwave
signal as defined in claim 1 wherein the at least one doped area in the SOI layer is of n-
type conductivity and the at least one doped area in the upper silicon layer is of p-type
conductivity.

28. An SOIl-based optical arrangement for actively manipulating a lightwave

signal as defined in claim 1 wherein the at least one doped area in the SOI layer is of p-
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conductivity. 29. An SO -based optical arrangenent for
actively mani pulating a |lightwave signal as defined in

webk@smos2b9wherein the SO | ayer conprises a strBCTES005/006365
| attice single crystal silicon layer. 30. An SO - based

oo SRR Nl B A 1 PR B o o

condlpevitysi | i con | ayer conprises a sub-mcron thickness
silicon material chosen fromthe g[r ow) consj stin
rreicH-18

. of:
pol $%i AncH;basedppfkrsliatrangemeniiior g fpigu H&ﬁg@g’f""a"e
nalvsi ki ’ : : o _
e S e
crystal siicon lapet. substantially single crystal silicon. 31.
ical arran t for active

BB ROIePeatd pefiiel e aRLe: aunab el aling p dighvave

sighh185 Qb fnddnf BiFGARLYRM LB LifSer STiichR 1446 cdripdifs BRHL ASicAR
arrayed wavegui de (AWG) structure including an input

thi¢lolsscoligeni materidghosen faom the gravp MeRistiog pfipedysiléagnpamorphous

s afiRadRbbarbed brbhRAt BBt r ek Al g i
boﬁrfd@f?hélfgﬁeél POl LilibKM seipEdydl iE@inGmdis@bsart R sBiote @Fstal

~of the inputs to the output MP coupling region,
siligpfer ei n at | east one wavegui de of the plurality of M

wavegui desni ' ' [.on:. of
S APl DB SR ORI LRI PR s AR
sighdltak \defitdal in iimdewheeinf the SIBITAP yaneguidestaptire & fopatdas an
| ength of the_at |east one wavegui de and controlling
arrgyed WG evide g W @ettaeturg inclpdgie t he AWG structure. 32,

§r11 %ﬂeﬁ gﬁg%%ﬁﬁﬁggﬁﬁ.angemnt as defined in claim

el'n"ea ide of the plurality of M
wav eguutpgesMixBcouplés @goapardat el y control | abl e active

opti cal devi such.that the,opti.cal path_length of
oo ch P8 F §bPLC ARy s i il e e Fr 9 Ublips @ separate
ons 6 thD 88 HisIRIn B ilnﬁﬁtrﬁﬂfqec%ﬁﬂﬁngaégﬁﬁftd) R8&hdrite he BT &% inputs to

wherei n"the pluraltty of Mwavegui des each conprises
theemiren MR ¢opplihg regions viteysn atlkadt engvavegide ofrthSplurdldy efiM

waf egiten i BHERVeRly idonitroR of P! Aeath AP OY fpger upper
siligéd ﬁ?a&w&&n R ARNeSREca ddvick ifoﬂm&ﬁgl:iﬁg giefopriealgat Mybth of the

splitter includingan input wavegui di ng section;

at 1980 PG VU BB A ignp WA desSiEE: 1R OF the AWG siructure.
wayv Sé’.“'A%'S‘Eﬁ-I?a?&& !)I%Eai Qt%n%gfnggt & defined in claim 31 wherein each

waveguide of the plurality of M waveguides includes a separately controllable active
optical device such that the optical path length of each waveguide is individually
adjustable.

33. An SOI-based optical arrangement as defined in clam 32 wherein the
plurality of M waveguides each comprises essentially the same physical length.

34. An SOI-based optical arrangement for actively manipulating a lightwave
signal as defined in claim 1 wherein the arrangement comprises a multi-mode

interference (MMI) splitter including
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plurality of reflective walls for generating

interference between reflected portions of a
w@e@pagpavi ng | i ghtwave signal; and at | east onECDUSIO$/006365

wavegui di ng section coupled along a wall of the cavity

wavegui di n arﬁa for .out-coupling defined wavel engt hs

of aéllﬁ‘PBtp‘ﬁ%'ﬁtgP P ?eﬁﬂ?%ve signal, wherein the

OV ef Eatiith) Gvac R B RRt 4@ \cRiplcd a6 Bt iBp@afaviesuilifgRetidindtuding a

| east one |ocation within a reflective wall of the
pluekitst efyreflentivg wadis igr ganeratiss inferferengedwiweenhledpd pordions of a

| engt h..of the cavity,waveguiding area and alter the
Pf"%ﬂﬂ%&%@?éﬂ%&?‘h@%oum ed into the at | east one

out fUdasvecaditindiviy e geidingaBeticicoupied Bdnghas gl o Pk icawty

arrangenent for act]vel é mani pul ating a |ightwave
wasiggidiile aea fsouheernlingdelined wavalengtsi o amepaeetinn febisive
sigf TS I AR Aol Conlih k! (PABheCAUR L BhuiMih Glleast one

I°ricl uds ng an | plﬁ wavegul di ng section; an inpu
locattomphittih aneflavtive gualldif tigs @ity maneguidipt ackatso ak e modjfythe

waveguj di.ng section; a_ pair of vegui,di ng ar
OPU\(/?\%LJBP%_ of iy reuding Awagnd %“ﬁ%r_t Z éﬁflrie%;vvwg?en_gths coupled
into¥BY §Oh G 000 0BG WRTbguRBEPsAYLIUI di ng arm i ncluding at

| east one active device Tegion conprising

oppis i A BPI-Bepeldbpdicelasrangeméers fSCIctively enampuatingpelightwave
. Sikli lLayer.sych,that upon application of an .. . ‘
siengy g ietined] i CigR 4y herepbe B0eurispL eotupraes A adhvereetiope!
coupBf SkiscH iRBlu@Riel cal path length of the associated

waveguiding armis nodified to i ntroduce phase

shidntinpy wavegpidimgpiesiyeyat i ng | i ght wave signals; an

evane Lin I.an nt ed t h . 15

Cer g barpoe hadli AR BTN RPN el b Vygenaing
secdgd;r of separate output wavegui di ng sections coupled

to the evanescent coupling_ arrangenent, wherein the
apf PEReT wavegpidingams;conpled foihg tamigatios ofthe; Xreplitting

o 1 hi h . iz '
R A
comvaisaguipposigls-dopddoarsas ddthe SOOI B§br-dnd apgerogiti¢amdbyer such that
arr _ge_msng for actj Vel% qrj[%ni Eul ating a.lightwave .
upogjagRAfaliag ofjan PiFedicRlsIgN itine aSsprigtedleciical SpHarigesrent the
opti,‘éngHéEH l%ﬁgth?d? tREASYGatb@ WaYeURdifL alR ¥ H6diGRARS hﬁx!oﬁﬂ@eﬂ:ghase
I nput grating structure forned in a first portion o
shifting between psipagaong lighyeave sgnabyit put grating structure
fag(r]arrrleedvallmpscgntscgﬁp ?rgg :glgarntgler?lgnt%%uélgg tou%% %errmsl}lf!lt{o%oor} d‘iea aeilr of
waveguiding arms; and
a pair of separate output waveguiding sections coupled to the evanescent coupling
arrangement, wherein the application of electrical signals to the active devices within
each waveguiding arm is utilized to control switching between the pair of separate output
waveguiding sections.
36. An SOIl-based optical arrangement for actively manipulating a lightwave
signal as defined in claim 1, wherein the arrangement comprises an active Fabry-Perot

device comprising
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a resonant cavity defined by the regi on between the

i nput grating and the output grating, the resonant
w@2awsog20oncl udi ng at | east one active devi ce rRgIi/U82005/006365

conpri sing oppositely-doped areas of the SO [ayer and

the u i |

an 28 00 e GG Kol ER SR R Birer ARGl

co %ﬁﬁﬁpdt%%tﬁl@&‘stﬁlb@r@fb&ﬂne@in apﬁcbndl pogibh obthetupper silicon layer;

resonant cavity is nodified to adjust the wavel ength
andsensltlwty of the Fabry-Perot device. 37. An

Sa ' [

ey SRR, ARy R S7HRGERD b cE iR Satfid i HPoutput
gratixy, tieaksaateaity indiding seldad ehoaaivelievica p&glorgcmhpnmjng

structure, and det er ned the veI en of an
oppgpitsly-dpped a57as) Ofilﬁf‘pg@feﬁﬁy Hmﬁr siligen YS" Sug § dikan
appRPitondf aﬂ%fe%ﬁfcgf sigfl %@ﬁ%eagscﬁfe&é'ﬂ' eléaﬁcaﬁ ‘éBﬁ’t‘d&t 1@%1%5& 8 optical

structure, and % eterm ne the wavel en ﬁ)
patiojengthalf tlgd lgsnaiant_\cavuuyngmﬂlﬂeﬂéo adjupithe wamlemgth sensitivaty of the
F boﬂ)i c?l Vpovver measuring arrangement responsive to the

avfy- df¥°Second optical detectors for providing

ad] 315t ARROS-bh R didpBicAGrtan Berliéi Y dERicdtin @RS Whkrein the
response thereto. -

arrangement further comprises

a first optical detector, disposed before the input grating structure, and used to
determined the wavelength of an optical signal applied as an input thereto;

a second optical detector, disposed after the output grating structure, and used to
determine the wavelength of an optical signal exiting at the output thereof; and

an optical power measuring arrangement responsive to the first and second optical

detectors for providing adjustments to the active Fabry-Perot device in response thereto.
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