Descri pti on MJULTI CHANNEL AUDI O CODI NG Technical Field
The invention relates generally to audi o signha

w@e@s®s®PnNg. The invention is particularly usePal/Us1005/006365
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| ow bitrate and very low bitrate audi o signa

PRet TSNP RREN. OFULIGHT IN asSHACON-ON-INSULATOR (SOI)
invention relate to an efTRUGTURE encodi ng process),

a decoder (or decoding processes), and to an

%Sﬁdﬁ{@%ﬁ@edﬁz@mé&mﬂié&a@modl ng/ decodi ng pr ocess)

for audio signals in"which a Iurallt%:of aud
channdhe pregent eprlisaiégn daimpiheprieB s owwaﬂh%mheaﬂon No.

%oﬁaagl%fﬁ&gp pEehofnd auxiliary ("sidechain")

i nforfrat’ion ternatlvely, the plurality of audio
channels is represented by a plurality of audio

eﬂgpne”gwagd sidechain i nformati on. Aspects of the

i EHET 04l so relate to a nultichannel to conposite

m) nophbe pesah arvestiondelatesiotbe ac(tb'r: nrboiputetion pf bght o159 silicag-on-
%%P(Q@B é%&gtg‘jaenaggﬁaor? 8 1|<:t : ﬁi’@gn nelllhccl)'lrp ngﬁél%tg gl?gon capacitive

g A aniehredies & c[o@lecaimleétedl 1SS0 Ipk @i det the desjred cams) of one

her aspects of the |nvent og%aﬁh$te to a

Al PROT R PREEATECATS PHARREAUEE HRPRE BOVWHTTSPER Y or  downmi x

process), to a multichannel-to-nultichannel upm xer

(or upm x process), and-to a decorrelator (or
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digit RARIS: chip,
rms bgi }%lglllﬁag 1%h 99 g (BNE) Harashibs eﬁM%&l@ﬁlof ﬁﬁ‘é‘l nf chip

Ive conblned or "“coupled" at high
fmmméatmlgesd mesmlgéxghyssgremraib@rdheseleeﬁramétgnﬁlér Iy cases, a

L A AT B R n

Gemﬁxroﬁ&mmrs&sauatéa (Tihe (iABw8Y¢ cifeitiits¢lHis compigdd aﬁ eieecpr more optical

AR oSt iyl

hitdne frbano@ﬁ@@ deni@/ts hasila anlb theiefdre conbliercd/as Bk opt1ca1
docunent is hereby incorporated b refereﬁﬁe I.N d
e@ﬂl}ve@ps/of theyaete} @ ?Ftlalbsd%}énﬁﬁ 9 FP- AEISPR é’;‘}%]t SWFGS may
1@@§itﬁép ?&E‘l@b SptRial &5&;!&51 @r h&ive @fetid-8pkid devass, pbforming
cou l'ing" Trequency. Above the coupling frequenc
mctmamcwmghﬁﬁ gEqnaple, reflecBivry i%éang, Elnéﬁtln&dﬁﬁ'inﬁl%'é*m%r
c aﬁlﬁﬁon &fﬁ%{ebﬁ’(gl and the
N R T B e
slilgband above the coupllng frequency |n each channel.
The coupld n :
orlglﬁgfétegbggo eac %%ﬂﬁﬁk%Q$ﬁg%ﬂ§Fﬁ B%ggﬁoﬁgﬁﬁﬁgbﬂn
Ptruefurd $i@ aaolatiedpbinti(n §-4suhpsiicbni snrfedeevayogpdiag tager

e@@&?@'aeror?g%%r‘éé“fé#‘e Gl & Gl A o ARRNE s ffpuvoutput
gﬁ%m ne?ﬁbggﬁﬂ 1Y SoR 1@%@%@%@5 aich heedgla alhﬁﬁhatlon

one_ or, nore other coupled ch
oHdepver,dh@* ragd der dae-ilbmipiag cowtliga sAUEBTASETE M ¢ 208l chip,

CM&LASQ& RBnadddoreh it ﬁiEl@E\ﬂPa!ce aﬂlé?ﬁg(t%febent reﬂect(ljons and

sidechain in ornatlon hat 1 ncl udes, on per - subb
bbeksatitring at thepoiplipeduoriech divsthernfhe f@hre@h@r ofthigh definition

has
PR B AR St R bl 3 B 8O 504 xample,
CﬁvmﬁfgC‘meoth’r’rbﬁdceﬂeldbwaltsffon WeveidS, spest mmmbra,\ﬁéc )r %géluckness
fromabout 10 kHz to about 3500 Hz. U.S. Patents
5,583,962; 5,633,981, 5,727,119, 5,909, 664, and
6,021,386 include teachings that relate to the
conmbi ning of multiple audio channels into a conposite
channel and auxiliary or sidechain information and the
recovery therefromof an approximtion to the origina
mul tiple channels. Each of said patents is hereby
incorporated by reference inits entirety. Disclosure
of the Invention Aspects of the present i nvention may
be V|emed as |nprovenents upon. the coupllng
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Aspects of the invention nmay be enployed in an NI :N
spatlal audi o codi ng technique (where "N' is the

eNo/08200f di h I t.i al PEIUBI905/006365
s 6%@ sﬂ@éhré@gr;fw%k%éfs(t%g;ﬁ; cwﬁ%ngwﬁfémﬁ*#bé OB RS 1
wﬁh%oﬁmﬂe ‘eNctrbsic ﬁﬁ’dﬂp%mﬁéneﬁ?sc Qe Gy Coptical
nne S at I nprove on c coupling, by
s@ﬁ@mdfmgl,ed anreundy altetmmve]lyfth]nlg @,yer ngl twé(ﬂo pm@et the propagation of
t d
nga?t&ﬂggﬁa b e eoirateamiedht PRECOB T o iinion of iy the

@ﬁﬁ?ﬁ@ﬁe Y @%H 1he Riri@Hred MG cbfer AP kalx@ekly Mirdé thidiness of the
M x: N spatial audi o coding t echni gues wherein "x"

Sﬁ)dl)]{aybealﬁo bmltgrﬂeemd ofithe eiectr@@eldgvncefcl ude the

;ﬁgg I oﬂ}ygtglggn%{g Ogﬁ% ger i c\i/ 2or lit)ér%{x Pefs tHaH ?1@?111cron most

oPﬂﬁ%@o&@Hé&Eﬁb@@Mﬂd&iM&: s@ﬂtﬂicmﬁt’[}f @duded, iflmet completely eliminated.
spati al di mensionality of the reproduce

Hoaxswer, ilrn@fdplh@ fpﬁg@éﬂ@i’.ﬂ@ plajonig glrglgb %Omlcron th1c?( SOI layer, the

d |
SRR s g esoryon o
pﬁﬂ%:ulléﬂ?t the h@&t'ﬁfl:}{lﬁ's l‘.‘rfperfdiﬁﬂva@lnusi tepr']twaﬂﬁmhtimme buahoas mmn[rg;,
n ower cou I n re cles n
faaNeinaCmg @19%%9 ORI gints PO e AL RRRDGhtgrsing the
llgﬁl%@ﬂ)%gﬁ% Ltﬂg‘cloﬁfthlt:fa SO?I% rIBQ&:%IF bG utiizing (ﬁ‘)‘ﬂventlonal CMOS-

agram showi ng the pri nci pal
cbmpamble nsltape ldxee]!s wescahpksh the hetbraoahipwjationy mi@efrﬁemmmon power

odyi ects of the ent. _invention
SHPPIY GREAIE86 1 ssek Ol BN e Y RB P forpey of o cSmmon
sfiipE kipsteor devices of a 1:N decodi ng arrangenent
enbodyi ng aspects of the present invention. FIG 3
shoms an exanple of a sinplified conceptua
anlz of .bi ns and subbands al ong a (vertical)
ﬁﬂ@ 2§h%§?§”%ﬂ% bl ocks and a frane al ong a

(hor iphenkads)retialfBn@itl the prlibcart irgul@rebseddYtthé presanligvention,
FIG 4 is in the nature of a hybrid fl owhart. an

vhietorelasescip thst asgive anagsion i Nghbinerlbennen- gisebgorg$01) structure
ag&,\rlrlgﬁreeza%g%uia? Rﬂg}c{]g 31%195}? Msﬁﬂfbg %gl%c@t hgﬁh%?g)ggg%SCAP) structure that is

nt e

doFé’d?ﬁlt delotedfakdas to ptcﬁflderthé Hesired tcomteo] @ivemoreydarmalre optical beams
owchart and functional bl ock di agram show ng
puenasatingthequendhe, POYEFILWE: perf orni ng functions of a

deco fiIbg 12 ﬁ‘%ﬂ@ﬁ%&lﬁ i @uRhEQ8Ms th

| nveﬁ{i?gcﬁ?a@%%gﬁﬂépan | g%%e%l (z)ed bl ock dlsagr am1 ©

relativéln thit Kiee. jrubrmicpad) silicon sindavs lgyer Gevéivaftergefeaed ita a1 “SOI
N: x_encodi ng arran

nbod)
R EMETET, R  R ——
tg 'H?Qfe c@c o“g'an RLKNS) Rid AFbRAlyidglMEddnQier QisudRY b@lﬁﬁnﬁﬁg a form

g arran enment énbodyi ng aspects of
q:ﬂpebeﬁtcon)'l v'ﬁrﬁpod)yﬁlhﬂndsay@ and S laygeaeipzesgsisdde p€orm

th |
SRR PR R RS s
SRBetE aefivd hsidyregient Withvetthé applickdiéa ofari aec&fical b1as voltage the

|deag|zed bl ock di agram show ng .t he Eﬁlnc
dopné SISﬁ&P efrrucdwl finations 2 SewssAHoR & Tbaﬁqdv\@a‘segmdmg

N

1Bpst, Qhé\keﬁaamm@déxd?@ﬁ'&[d dopegd tegidns ®ill be maodified ami; ddlmndlng upon
function or device enbodyi ng aspects of the present
invention is shown. The figure is an exanple of a

function or structure that- A - perfornms as a basic

encoder enbodyi ng aspects of the invention. O her

functional or structural arrarfigenents that practice

aspects of the invention nay be enpl oyed, including
alternative and/ or equival ent functional or structura
arrangenments descri bed bel ow. Two or nore audi o i nput
channels are appl i ed to the encoder Although |n

e o " .
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transform FIG 1 shows a first PCM channel input
(channel "1") applied to a filterbank function or

IR LS e 200,85 ERN S BRI Rt

dgngQﬁgﬁﬁk function or device, F|Iterbank 4 There
may “n" input channels, where "n" is a
poSi 1111 iven lasnee‘g@ﬁthe qmt:nttlavemon that ﬂwrd@Pedrtﬂgson(t)ﬁélrﬂ@n the SOI

laé/]els ﬁf@p(ﬁﬁ&tf]ﬁ:%{/égﬁ%ﬁﬁéﬁbn gﬁ_%trrengl n‘g)Fé/ 'aﬁg rr?ay%' AR ¢ 81fferent

v@ft@g%qmle@é | l‘hﬂeed:ﬂ@ utilizahest nksntional CM@B pmhéﬂ’shgl’ck),pmg
1" Wien a Filterbank is jnp IerreEted

tqcmmquewtqws&fph@mttmme@ r@aan%waheefogé &8O1 Jvgr andor the
R A B EE T s cn

feuigaut s (transformcoefficients) are referred to as

bi ns each avi g a co X valu real and

e B aoppline e pet e lners aopGdoube HEfmal Gt the present
11‘1\%3{1@1? %Ipﬁ@% cﬂVi@gg ﬁfcg 2§ s%&%@,g%l&&an@ %ﬂngiﬁ@iﬁés filters, ring
trans ins may be grouped I nto subbands
reﬁopatovst Bedggrmgatingst Meeh-Zbbmbpnirdetfigongtersandibertikc emy be formed

S1EoBE LT B RAT EUETaRE Bagoeo

the ABEAEA e ifut 3o P&ToriHORRANCIIRSI funcflo@ der to
m ni m ze processing resources and to reduce the

b| t r &ther avdlfuﬂlgﬁresm@m@sfﬁﬂmres ofrthedserenhinBes RS Vikdieceme

in [ ane nd e
R e e BT e YRR s Gt B B tER he
&%&bi@ﬁ@ﬁhwh@_mlﬂrnze the sidechain data rate. In
exanpl es descrlbed herein, each filterbank is
inmpl emented by an FFT, contiguous transform bins are
nt o bl ocks are grouped into franes
W"gg@ hon‘?ﬁgpmglgﬁt %8ent on a once per - frane
basi Refdriiap naivity deydrawirgechai n data may be sent on a

nor e than once per frane basis er. \
See, HGr 1 exaits en 19omerivigh Pl Ao S ealep B Fpreed STSCRPevice
1i
HSGEART G 3 UGhY I 1R i 8 ERA sl in
aceordant vaﬁﬂthblp&:serﬁqnwarman;bl trate. A suitable practical

i npl atlo of aspects t he pre vention nma
e%l f%kse%lcq NG Va?‘?@Q g?m%‘g #F(?t ]geconds d
when E@Ggfsf}(ﬁﬁz(c? ARIrhRGn reﬁérﬁpl'al%l 33015 Qﬁéﬁﬁg a8aeddvie®rmed in

havi ng si X bl ocks at intervals of about 5.3
antdriae orattd@sle @mshnt(lemﬂtlow wigre FHp. Hbithypteatespihe drgice without the

a.durati,on .of a
a0 B ) AerbiuRie A 0, 0 Auflrptet FEHRIEHebbofes
BIBULRR t&fapﬁoh&&ﬁ)n' & l&fﬂr!&t dxe@pRsy neltage @ﬁtdhtldl atbréss Ale device,
into a fixed nunber of blocks I1s critical

apd 5&& @Gchgluatw@s:thg foqusingeprpPRFEeH asmwgt%waélae Wplication of a

t
HObIBL O, SR SR MRS gt et on e
ever JFI40. 47k} | (c3 Hrstals anfekanplarynpoanbsearingactive dasnye Kirmed in

and their size may vary dyn mi cal | var i %li
aceqrgenss iy the dreses 13*&@@103@1 17ing gpajief @rlglig._g?@pﬁ qngf regions in
AP SV sirddiueSp ek rGDAL) HRGGAE! BRAERG. Wibut RE 8P ARGROH 8f any

Rer el n rame ocks.™ I'n practice,
dldvericab pigosl] FEG. MIQM)QIIDMratmd the béeam steérirg jopapérfisy associatetl emth the

coposi t no or hannel nal and di t
PORERERaTEs RaRI 1ol JOGREDIRES ¥ 45FeeiiiE G
a perceptual coder, as descrlbed below, it is
convenient to enploy t he sane frame and bl ock
configuration as enployed in éhe per cept ual coder.
Moreover, if the coder enploys variable bl ock |engths
such that there is, fromtine to time, a swtching
fromone block Iength to another, it would be
deS|rabIe |f one or nore of the S|decha|n |nfornat|on

I T 1
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6. The downm xi ng may be applied to the entire
frequency bandw dth of the input audio signals or,

W@mosmmpi ..... | LY, Re.l i ted. to freguenc ROTIVR2085/006365
Hilipstags: “’t?o@{#éﬂ ShegE @gﬁgheéfSSOCWi\%dﬁﬁ%ﬁﬂE L‘fg"%ogc‘il 0] e
eiéhg_m%wnaé PieRiN 68 BYlchies,0me more audi bl e 'at

[é to OM/fre uencies, In 'such cases, the channels

rray BEG coillnstyatds, Gllil 8¢ fSemstTie Hew ol exsapkat ﬁlabrt@sed active Bragg
Thi tr f
gﬁngg gggﬁ(’: fg}:ril%c% i cg(grgg%ce%}(h 91% pggs%htr 1ﬁ'pénet1o \r/]:? Im 4/ 1 ow

freq @ﬁ@cevﬂmﬁaamdﬁ a6 (osletriociied, daye)@r@my mga-lbetsech sdtiverBragg
bins into critical-band-Iike subbands (size roughly
gratiog sirugtareaormed mrasRreARSH) Witlo g PreseRED¥eIBhal | number
of t | -
ow {RoGUA B edtleit Aiqgh FRUERE bR BB stk ptich
Zetindeg weerffroirster Iﬁameldsn amqmdaned whith thepxd:scmt dowentipx,exith FIG. 7(a)
nono . audi 0 Si g th, sidechain information. A
C@ﬁalﬁmgr?gtoar"lw &HiFm jrgb)r GOBHIAG g1 HOMHHS WEWVA KkHz, 2300
ﬁ 980g g'ﬁwstr%s sy %&nﬁﬂiﬁry%@ﬁ@@@ﬁt&fal §wgch Foﬁﬂé@ﬁﬁééc@@ﬁﬁce with
of the audio signhals applied to the encoder, may be
tlegquregenainventiar, sone appl i cati ons, partlcularly t hose

ver b|trate IS inportant. O her, . .
1 equiicn Bushas pF Hoiend Frobendh 3F 4 B QIG picp formed in
a%Ydﬁﬁév@ﬂﬁhébﬁ:%&ﬁ@ﬁve@ﬁ&@pt ance. The choice of a
particular coupling frequency is not critical to the
i nvediGok0 coﬁﬁ@ns;@dmgrmg of greejieamtdry Bag/ dpw Nnrg fesnatorgHycture

i f wvariabl de exanple, directly or
ﬂﬁﬂﬁﬁf%@f?§g%ﬁeWﬂgﬁ¥ BT Hgﬁﬂwﬁaédcterlstlcs Bef or e
dovvn 1207 DEﬂluisiratb§arﬁéke@’qﬂﬁ§>toanh1ﬁ feive pekeirhtiomeoairollenformed in
to inprove the channels' phase angle alignnments
aggosdancg ivgthethe l?fe@?lﬁéﬁvenﬂﬁnaor der to reduce the
canc a g
o B Bhs s s L BRSPS RRIBASPS: AR o i
a&ﬁﬂ&n@eWﬁﬂﬂmé@Ksaanm&mnoﬂhmﬂ may be acconpllshed by
controllably shifting r tine the ab ol ute.an
o s dNE: B cdniRine mBema AR FERRPB AT AL USSR EhEO) structure
£5ANG aScorfice %ﬁﬁf'ﬂﬂb Eres@ﬁt inRintibfie transform bins
representing audi o above a coupling frequency, thus
defining a frequency band of interest, may be
controllably shifted over time, as necessary, in every
channel or, when one channel is used as a reference,
aﬂ&ipé&ﬂlhgﬁ reference channel. The "absol ute angl e"
o a bin nay be taken as the angle of the
nagn |Un$¢remad,dawg Elélcmte@ﬂ?e@éﬂm(ahne@heléﬂr%aﬁw Foskele)ettect, and non-

llég%ﬁq%gqc saSBF ass{hmfl:b e@? algéﬁ ?ff%ééé %r% rv%@’\%oafk in.pure silicon.

Fof it Icéra Bffedt, Arbaripied Gelued tlbalraﬁge aflmsél /bmtp&bdlm:as a change in the
function or device ("Rotate An é Rot at e

refirantio drdextonethe ordst ot rlrrbeus rlgaﬂi‘k 16”. pFhgmots GPQVC mochanisms
| | t

3B R PR R A PR S0 e i it

(hhe it pud tefthéind-epthasthect(Apr+ 007}t Thettherapdpticatfeonis defined as

the Additive Conbiner 6. It will_ be appreciated that,

anhdege incherafiaghve indendve ﬁomangf‘oméh@ feannesatugei b theiljcqne The

APt oot R PR G L g P TNPAD, i ds FilTEd

a@ﬁﬁ@dﬁoh@ th fodaEs h)gh sBeéd)wmhmncamml dpplcdtiomguency, the

channel information may be encoded discretely (not

shown in FIG 1). In principle, an inprovenent in the

channel s' phase angle alignnents with respect to each

ot her may be acconplished by ghifting t he phase of

every transform bin or subband by the negative of its

absol ute phase angle, in each bl ock throughout the

frequency band of interest. Although this

substanti ally avoi ds cancel | ati on of out - of phase si gnal

conponents, |t tends to cause artlfacts that may be

. a1 o o o a
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Each i nput channel has an audi o anal yzer function or
device ("Audi o Anal yzer") associated with it for

waenenstodng, the sidechai n.information. for: t hat PCHESINE006365, .
MG Ti0t FEGRE G PG it Resod HBun e i Gl chy R gt et i i

SO @H-R 8PP hRGuide debRes)aTRelvateiietrdometry nidiplphidularly
to the downm x summation 6. The Filterbank outputs of
utilizgsree$ 1S CA Basfrioture cemariging 8 delatively thin oxnda dispesedioverihg surface

t o Audi lyzer.14, .r ' i o
BTG bk i SRRBES Lt o PP p Rt Fglifiicon
fhidedavReHHe tBin (@S ;aRgirer todredté amof@tapckiging @brtibn of the SOI

Audi o Anal yzer 14 generates _the sidechain information
layst andhEoimein astizp deviperegitiuifiCol coHaing ap domatg vieys and FIG. 2 a

Py N ader t Bat B :
FRAQREbeBiel o BF4ULE TS 800 BALSSHEE LEhEA 5GP S
stratarena) inoluidfnpra A substrate ]2, gesubatmipdaly o\l 4 amdesudliroicron thick

e A R M0 Bl T e
o??%%g@fa%é oﬁio@ﬁffggl)qgﬁtr '1@%%%&}{5@%‘1@& 20 is formed over gate

correfati ,_a Transient Flag, and . .
oajatei I8read SOI layer| Itte fpmi tieiilbustiBted gvedappied strdetuteai An insulating

i nformat.i on may. be ch terjzed as," tia
ity Sy dosed Aapanta ST Gy SLIGE e BT confinemgat of the
ﬁ&}ﬁf@%gsoﬁ{b@i Rlodé.NAeat eBudy, tBé S dicleefrRALRI itBdtiCssed to form
that” may ‘be relevant to spatial processing, such as
the “gatd exide’ for EM@S Ielastrsric devieesstmibe sammanrubstraie mgh be used to

ljes t Inal e .subband (e . {0 N 3
SRR BT BB PP GuPUE RANE P BT BBLsb U TR v By
Ushhgdl dimEubRandilcstidustsed fR@MER elatdnitalevizes (9ihailtin terms of
once per frame, as in the exanples described bel ow, or
hofomatehiel dwicerandribickusfss)asiblilae koléagetevels (§- &, ¥6F A ean be used to

coder,, Further details, of the yvari.ous ty .

VAR i SR e s g e TRe deBles opgmiv

Buddhbltib abwsh 3nne!follswinp de@Ripase layR L 0bellthriceftres to as

the polarity-reversed Angle Control Paraneter that -

dooprisingspelystlicons & istedsanfersiapd thohtaénps typespf silicon/polysilicon

ref.eren [1.] I . . -

L 555 AAB0IB ol SURURTSo s A S RT0 o0 Bhcon, g

diR@AhfiRea poRdilicon Arainytendirh ahssireuer mil psliaml, grain-boundary

Anpl i tude_Scal e Factor sldech%in i.nf ormati on. LY IS

ahignedaalysiegny singlesaydalsilicappiubsiarial single prystbsilipgn and Ge-

(ﬁggigﬁggie factor can be deduced with sufficient

accuracy by a decoder fromthe Anplitude Scal e Factors

of t Igheaicties switching edduengdinaivaaliy|of thd present prysstidal is

to_ deduce in the decoder the.approximte yalue_.of the

Rred P s LR PI?@GA‘%)F‘?% e B e °Tifkey 16 sueh

(ﬁ)‘ﬁ@flgﬂ?lﬁﬁﬁlgﬁéﬂ %ahdt Pk ABodifEd EIBEIPEIRE cARAI ﬁ@ﬁcémg iftEated with
cal e

actors across channels within any subban o
theibsticah tléwbdsyin shenmaspuiPlestiuotute 1 Gigo afeto@ltehidd indsixharatigastics of

educed .approxi.mat e. r ef.er e. chan [itude . -
BERES Rty BRI S eBioh ZRrS P SuBORRNRL PR oDl this is o
6k @ld MELIYCLERRE 86viSRBIAFTA dARaNawERldet(8idg asEidl or effective
factors resulting in image shifts in the reproduced
indix¢ 1iib)e Hhereddctrgoigi dsvicroneration mogifies thpriigakprpperéies of the

envi rannent . .su t :
s B8 TRS oot g b 25 e Y R ERAR 2RE G n Gy g the opticl
HOR(§)t athe sBe-ahieronatimernsiodsexf elid dewiend thatigiareniigsemt bf light (in
may be desirable to enploy an audi o anal yzer for the
reference channel that generates, at |east, Anplitude
Scal e Factor sidechain information.FIG 1 shows in a
dashed [ine an optional input.to each audio anal yzer
fromthe PCMtine domain inpué to the audi o anal yzer

in the channel. This input nmay be used by the Audio

Anal yzer to detect a transient over a time period (the
period of a block or frame, in the exanpl es descri bed
herein) and to generate a transient indicator (e.g., a

— s e o o oy o, o e g,
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W@ eiososmedi

such as, for exanple, a perceptual encoder or to a
perceptual encoder and an entropy coder (e.q.

R L
%51191) _ESH1ANE difediivdTheSdfTrbe cAlriets. EiRe ﬁ@ruan@aedfeab@me exp101ted
e nono conposite audio and rel ated si dechain

usmg@nhmth@phaswhmeﬁdighb@eftpéhﬁ Fhange i the remd mrt of the index (An)
h I dio f

of PRgaHey peto-Bo By Y prSaHERY: (ARa0 Frapideds ellie

n?c#ﬁ'l loBﬁ&gHye&feg@ﬁ %tldwataﬁna%&t érnavérrleﬁ WRSTEY, i pRBGar, the

i nput c¢hannel's may be stored

réal pas of theedfrantwstmd@ds aeiated taaihs phasestifbthrelighdhe f@lowing
channel s or may be conbi ned or processed in sone
CHEHI8r ot her than as described herein. Such discrete

or otherw se-conbi ned channels, al so be applied to

a data reducing encodlngzhﬁegeiz—o} devi ce such as,
for exanple, a perceptual enco or a perceptua

ncoder and. an enco
G5 b ik e CnE of BB RERRHG hor MBI Shpfopg ana 15
tRPORhT@&hgtiPoPife 1i3hesioph RMin &1 £18R¥avabui@s CTRE EIEhn@E in the absorption
perceptual and entropy encoding process or device. The

cpeiificientiisaclatedrin e imngwarcindey apdiRainPelayor mation is
carried in the encoder bitstr gkas not critical to

the invention. If desiredqzgqt echain i nfornation
may be carried: in such as way tha the bitstreanris
conpatible with |eg %g deco er

bi tstreg
s bdekeareidbe abys: 1P heenya vt @%erﬁtﬂa G bg ghieved
bgrgah)gg) t?lgte? ﬁo;{fﬁ%’ et ﬁﬁoﬁoﬁm{tﬁe wg@é'@ﬁmﬁﬁg QiR Sre formed by the

ream havi ng unused or nu bits that
ovedagotB@lapst 16)gatd exmt¢e1r8 andipolysiieph éayef 26 (ioh, \arhh the doping,
rr enent, i s set in Uni St at es. Pat e
t‘%‘ f7iaachre ek hehd ot Tchies 3 5Rislioh S hugagh fgped
1BaaRd Patdstl@mde 29aiebated With S0PHyeMd & a second
paten I's-hereby incorporated by reference in its
e@q:tnode% asswowdbvltlsmiwhm lﬂEﬁpl?Qq\,ed WthmnﬁhiéO@al dl,f@ﬁml (hOle)

RSB S L5 GRERRL b T5 RS 550 By st

LREREE T olfageiVeSildepaBctOELTNald 24e] A advlaﬁtagt: detedirésent invention
information may be stored or transnitted separat el

if thotiargrelieRaqaRNIRIr@BCEBIRBR Fingesire sehiewhlagn B sides bt gate oxide
RGET MG DB RRLS S AR 2SRk, 5 B B hone .o

sﬁ@ﬁﬁaﬁthﬁlwmﬂn)legacy decoders Basic 1:N and 1: M
Decoder Referrr g to FIG
9

ecoder . f ti
deV| da the pstigder V1C@r%@agqrﬂa1t 38 g@étrgteg]m }L‘Jﬁé '},ragg gn‘l‘ collimated
u t c |5§0121ﬂ%t¥a?ecf£‘sgpyéﬁmn% Iﬂﬁﬁﬁ%lﬂéjﬂ gvrﬁx&igﬁécgéﬁgﬁggcg }Ifgtfhe g cOcI) stélrlcture
ek, trgmgslpestt@edﬂopéthregmne artei formedOn 1 1ayardidiand @blysﬂlcon

or structural enment i.ce cts
ot 301y B iithal EB8 oRigI By Mot pRERTlag» R Brncih Pyan 17 s
BRALLH fULYS!18Nh thddied Hi?é@lly VRHerdbdtH Ghid Aide 18 and a second doped
arrangement’s described bel ow. The Decoder receives the
magino 2¢ osrﬁmmsd & palgisibewi lgyml 204n ghet 4vea élrr@élo’rﬂbpme gate oxide 18,

i nformat i r,,all .the els or th

WREHE T B0 & i SrERA et forpge Beuah( forfpERRE: dypicall,
SONRPS | 1l69s pradbed %&F@ymﬁ&ﬁl lﬁﬁér@‘l)qg nsogéed tﬁ@tht‘iugh the reverse may be
I nformation is demul tipl exed, unpacked and/or decoded.
Decodi ng nmay enploy a table | ookup. The goal is to

derive fromthe nono conposite audi o channels a

plurality of individual audio_.channels approximting
respective ones of the audio channels applied to the
Encoder of FIG 1, subject to bitrate-reducing

techni ques of the present invention that are described
herein. O course, one may choose not to recover al

of the channels applled to the encoder or to use only

o o a s Al .
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Anot her alternative for channel nmultiplication is to
enpl oy a mat r| x decoder to deri ve addi tional channel s.

s T S s 0 S S S A
uSRABRE (#&nﬁgllyamgﬁgﬁﬂﬁhqﬁﬁm@@['lﬁﬁr 36 BeE bSlySilicd i Rryprr EB®form the

Invention particularly suitable for application to an
dasq:cldl paties imthd dpp@ti:@re@ﬁe mdiileialse m@ﬂdm teroresaesery dapge profile and

| | t
optih 1t gt R AR i AR TR T Ted T
t heMi@pR &R SEbddithonts bﬁtHe prdentsihgemion, elbcrudies B2 bnd 24 are

Thus, |f t he aspects of the present |51vent| on are
lesateddit e@rqctqte@mqu|dlstm§;fm Adtive ToRIPR R Nthesreeontoﬁ 8riighh signal

pgg}%ﬁ I a‘/nré1 %ﬁ%ﬁlﬁo éC Ogy% lﬁ %% Oﬁan I’]G(PSg g]\?}elﬁ ggsn Land

2014 pair 6f Eea&rhﬁm@pécsrdgﬁirsm and aa pld fogméed Bmmmgttomlth electrodes 22
nment i oned, above. sui tﬁble acti v natﬁlx aﬁ g{e 1

apd g4 %Ptovwﬁéwntﬁsﬁaﬁéelﬁﬁfwa |°ﬂE‘ia8‘otPr$é) laysy 18pnfpplysilicon layer

2§E'1t d%aépga?qg dre tl@ggw%nﬁﬁ ar€h1% i—rp&in%ict ﬁf’ftﬁ do?éd)relgi?cgiscﬂ and 21 to

Logic™ 1s a tradenark
fdnmbtheataqmred&ldctrmh signg) patr. pWhile th@rr)imomlp%m O(ffelemrodes 22 and

BP0 ol TR Behedor o srhfi gy 0t urs i
1irnﬁflﬁé BRGDREORANPEAH diithe BitiveldRVibe. ARRE G F00f cab¥spa badd-61f will
decodérs are disclosed in pending U.S. Patent

bA;dptermmed batv@enloss ané speed pnd die qtenitenl sontaeis will g positioned at the

« De . ‘
?%% Eﬁ%‘b‘tﬂgk&& c%lse\ébﬁ %g?e baSleSfa atdllg’h}g tﬁé{gﬁég v%g%ﬁJe@d S 1ﬁ{f>]ortant
(udlak Speeh] amiR0ibhy 4 @ddieibnal Wi uht of2ital lasidnaybe tolerated and

ending U S. Patent Application S.N 10/362, 786 of
ﬂ?mecgiéa@ pasitigned eletielieelosavierthartive Fegipi af gR YFEselp n situations

O Rl R LB S o208 Ay o

sQfgleSmbde appdduidihg eupsor, @ dlemazrepm oatretonsy speeflevillrbedolerated.
herein in its entirety of the operati.on

of Doﬁsdyetpifqgeqi_ 65‘?‘(9 g}ecphpﬁ)eoontptg% agpqdpe%tgg@j gancbetajlored SUch that a
B%‘ﬁt@ bﬁt?‘%i trhNrer SHAGR f‘O'TF”Pi@ B@ﬁl%véﬁv\@iﬂluﬁ %@o;ﬁﬂ:af ﬂ%nal

oratories’ site W\NW dol yco
pswagamngjalen@theo;gavegmdc @cte,r“a@hvermalppe]gum otj@rté)t |A9Mar1ety of such

sljrg@ﬁ mgﬁ E)&%S%ﬁ?ﬁleg Lmeqhe]ﬁg&m a&c%:éqnogmq%@{me éle%c&ff)tl\bg %t‘ varlous active
dri?gkél'c?évfé@§ o 3 b@%ylde@woa dient HRORGvE @SEEI B UEIRADRR VA

re of the followng U S. Patents and published
dxamptamaomlmﬁthemmmm@a ¢fdhepx(e@qxt nvgaEeR rvAtyakly anpgossible

Bgpe Gania oBH ey PEUflip PROPIaG 56 wRERRSY FHerto form
a'éh%) tfbaBievicel 98 feYFeseht B énth0; In&eﬁoﬂttﬁi&ghﬁlebﬁgsl@r?ﬂf various
415; andWD 02/ 19768. Referring again to FIG

SIE@AIP@@@F’W amdmi@pm@m%@tutre naatydbeofoe%ﬁh@mmgn é(tﬁﬁﬁlg’é‘?ﬂ US Patent
%@e(’agoég lleb§ c¥1 ?&er% n%@cl 81%{ so g%\elgl ch a respective

e recov e audi o channel s

i s derTGéeda) E@f Mlwtraeizl a td)@rvhew)rtgrepaltﬂﬁeremcﬂcttdﬂmn dircumstances
either order, an a I|tudeajust|n uncti

Tobo8 Saive SIS AR OPHA ey 880 pT iscPresem IR0 14 i ase, active

r
S0 Bl RSB R 8 b o
sst@tbknsshapbdtopednegion 6é rselmratect frgnaﬂirst:l@n@lretgtcm@ byt e

rel ative output nagni r energies ut pyt
ORI B 0 PRt o L e U B Dby T PR, firt
‘channel s at the input of the encoder. Alternatively,
under certain signal condltlogs when "random zed"

angl e variations are |nposed as next described, a
control | abl e anbunt of "random zed" anplitude

vari ations may al so be inposed on the anplitude of a
recovered channel in order to inprove its

decorrelatlon mnth respect to other ones of the

o o o —— ~ s a2 e
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val ues for the channel. The Adjust Anplitude for each
channel may be controlled at |east by the recovered

W@ ea@sosabn . Anpl it ude Scal e Factor f t he pagPCUUSI005/006365
o prd G B Y HOSGIGE e PREt et o) CHEBIERBHAI e 16 i 25

@ggdtaggd %%9 A tehiEnddS R QYBABR oS 1AL IR ceﬂmérﬁéﬂﬁa&ﬂﬁlaab@i as

r the reference channel or from an | t.uéle
dBcadsed Hamtehrwitkeeleasbdrdar VB8 firepropertyvehaped §isingdearentional CMOS

i tu Scal e Fact.ors of t ot her,..nqn-r af C .
cRREB IS SO EPRRYGH b B Rl s APl B Fs i fncron.
SEESIr RO RIS %%&azm sihSlarly RemPebetsdn déqigb idopetbaremgs &l SOI layer

be controll ed by a Random zed Anplitude Scal e Factor

1Pandmpttape depdadesen 37 imrnolysiliqoadexes 28 dhat cerabingte form the

| ati on, Scal gk theyl
PR ER A BNRES £ GREHEE bR 36! SR SRRt doped e
3pahdl depeddres B nagkctiveg ilktiecatgioAng fiest laiks 3eachsechadpat of

may be controlled at |east by the recovered sidechain .
clRAlpdescints i uspafoupRtast dgped Ap Ehandkdwedar Fptespetively, in the

5 B S RSO S8 50 10 e
rdmaiainpaineeinde) tris ®l Eindersafoditha arleeviledepkdodvatactirsa issformed in

Rot at e Angl.e y.al sp be controlled by a ndomi.zed .
trg g eonaBReT Bl SR HRsReA ot GIFHPRmeb 8 1 BOSv B conductiviy
03%1%%&511?] n Decorrelation Scale Factor for a particul ar
channel’ and the recovered sidechain Transient Flag for

t he fantdorddnae withathepteserT ey eRaom) diyicostiolbing ithe @itageapplied to
Paraneter .for,.a.channel, and,. if | o he

crel o A8 d CABr 1A S B e o PP S £ iEpd gy 34 can be
cBRrSfdl iR thd diffPainR iN@eawaris ¢ 1@en@y, Mteathoan tdEdis@pplied to any
Factor for the channel and the recovered Transient | .
oftteceléatrodesh sheclenging strisyurg belaves as ¢ adisve ppbierl vevaggding device,

function qr,.devjice ("Con I )
SHlSF e Rl ST e B! bR o RE R B sBlsidny Whenthe
appiopAstietveltagdiate Aplieagd iReldctrodes] thedhdaxhetheomeddegions will
recovery path 22, which derives_ the channel audi

chitee: tSHliBE SoRpbTEdn BN SEomboF 6 SUEFY THeITng accarplishine the

riv . ' . i t i

SRR ARG T il PERRLER ey
(DhikRattd bs Vi aad Vods appliedriv elesteichl daneacksatikarfdiAlc tédaningrthe
device ("Inverse Filterbank?) 30. Sim/larly, audio .
eéféﬁ%vezmgwﬁmtb@é@cw S g‘é@“"l&ﬁlﬁﬂt APTRRASIHNE b, RdfRed at a point
AP S Al heBo S B RNy AT 50
tR6fochs cati ehmb el toagwinifB, Bk Ghoviy. G gpplinatiarhefriediagesap dirst lens

hown far. si icjty i resentation, it bein .
St ferbhipe o PRt S TRRee g sl ol lonses
J{}ﬁbé 1?5‘%8‘(@%1%@1@ tHeab\aied obfiéRbERh isRApihOin dcbSrdhhdeSwith the present
cHannel , channel 1, may include an Anplitude Scal e
ifFeamition, includifgdleem@anansein Payelhastheam facuséng Tihe ahilityte

rearplf P oy e oG s 2wl 0o LR corgBl it the
Fr8RnoREktioRt hiswfor 8 phgﬁ'g@ti@n;cgmwave tbhe focuekd trteleclatively
Scal e Factor is applied to Adjust Anplitude 26. If th%
napomcEab-mieoa) oglamasks avaguides, anpnpgrimt negd g fptusn3P!-based

freguency i [ [ j :

GAF RGN LA UEAkoP fnd MY ROLGNELy LUAE bl pint ot
lemHigs fednatehirdlofsgbeadimstinents td’oe madd sy neededfos process variations,
frequency (e.g.,.across, the bins %gl gagp subband of a
AOHUPIH PN BE VAriRtiens, dERE VTR BK e §KCexanpl e, a

I inear interpolation ofthe bin angles between the

centers of each subband. The gtate of the one-bit

I nterpol ati on Fl ag sel ects whét her or not

i nterpol ati on across frequency is enployed, as is

expl ai ned further below. The Transient Flag and

Decorrel ation Scale Factor are applied to a

Control | abl e Decorrel ator 38 that generates a

- o ~ o -~ a
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al so include an Anplitude Scal e Factor, an Angle
Control Paraneter, a Decorrelation Scale Factor, a

R R o T RUAEg

dg%ﬁ%@ﬁage@@f&q% ioﬂgl&%af‘gP Fdrindd $n ¢ BOEHERESISCIAP structure to

Adj ust Itude 32. A frequency,
piavider qoatratled deftection ef modpticel signah Ci¢. dreat stearingh oFKisof(a) - (c)

BS b | i i Late the Angle .
AT S S AL, M0 o
Th 148 Shsatefpaf of fHRnRRRpEA Hopaatreginnd 81 hehsS4hrGoseddRitisin active

et her or not interpol ation across frequenc

vengguyegiont mrtbmevesiap of SO layss 1 Hests 9dal § Isge‘an & FIGs. 1

Factor, are. lied o I |

o2l SaRARER 7RG e PRRRAR ARG FOMERE Bl ey, such
K28 aR AN Eed fdeer 5 6f fir§Spridni-Shapbd papgdn 12 istddfacsitad engled tavet 58 of
one-bit Transjent Flag selects one of two nw{tiple

serod prism-shapribisEinacd A NGIhe: rEeBrI PR ghearg thegebetween). As

| frt pal Par, : .
N R e e R
defgel dreds 0B Girlayed dibtaind @olysilioom kyen20. clordniersinrigdinentt $@hlayer 16
44 in order to provide a control signal_ for Rotat .
n;grydqeén@,lﬂntﬂ with g rtyeg %paggwﬁglg@mob’&@ %eg@ige tegion 59 con‘uguous

v%@{%&?&&%ig@ 1 ¥ gbrﬁlr}e?ﬁh@?ho d rédi6n @Pnpblggihi@&k Riyer 20 may be

rrelator 42 may al so generate a Randoni zed
iplahietlweith Spayee depenon a pertiaseiastien regieth?d tr fansiasaeond doped

LS SO GO dbr BOEe B o SRRl oa Bl to inctude
pég‘gé hlebIg dS6Y 8l kT pdr 28N ifdAIaiype dredBp | A Fiud @aiSodtRctrodes

tor may be summed toget her by an additive conbiner

66y 62 isritbusiatag dsupsenciased Witk firss posiregian 62 dwith elgcigpdn/ydisposed to
t h ntrol sj,gnal f.or . ' i .
SRR pPhRLRLo LR AESETIn AT b diopesa
iBfytthe {rlex Wwdeh 8bpuddegion 689$ pollysiticbry lalybe2 (s aABedond phairof
may be obtained with alternative processes. or

clasproflesdfide 66 irmsocieind sl sepradpaism 1§5108; Xy AR cleciigfig g4 disposed
E I . is '

RB0naP AR bOFS5SioEa0h g3 Rl SOTRbLL HIEPRRRL oo

tbeortiy] ehd idex ofied ReidateioA6Fndthin polgsititat layesifoidshe process of

oo A ARG B Al o CB AT SHOPALaEN BF Te fREr R ares
igh 8aHElky L0kl AR e Atk riRBsdill @gpr at her than

functions or devices, as in the exanple of
FI G Refeteingto BEGSs. Béd)ove), the manRardation ofedlightbeam ddia terms of

Scal e Factor i s enpl oyed re be t han,qn
P AR Do S5 R PR e BB Ao
é&ﬁfﬁef@ﬁh QRSP RS ah thesROAlS: ill@stidion BAFIGM (@R do voltage
Ampl1tude Scale Factor. Because of the human ear's,
igngdicdrto senelettirade; ynd e pripmistruetare kghayes\as apgsyratrtical f

Ra i zed i t.ud | & i it
a5 FB T T S I QL e v
REAAC tra®dls theudRanshenbzed ranahses 2Gaidt 340 kinPathertatieto-back prism

that its effect on anplitude is |ess than the effect :
stvatureshallRaafeaste athar g ispesian r SYhenaparRRriate Ypiagepre applied to

hase angl . r..alter | S :
F855TeE"" i anEir2Sbr e B RARHL HEaRpERE R A 67 i chansed.
%ﬁllﬁﬂg‘lﬁmrhdﬁﬂebﬂftﬁl dlsfahd'z Opﬁxﬁl made(@)ri R?gl_‘riﬂgae &F1Gndylby byeapplysng a first
asi c ase angle (rather than adding a paraneter
bl Ig1oa0 laupiRs Abepop He dosnegies ol FaE ifstrated as
representing the basic phase angle), and if al so
enpl oyed, the ratio of random,zed anplitude shift
versus basic anplitude shift ?rather than adding a
scal e factor representing a random zed anplitude to a
scal e factor representing the basic anplitude) (i.e.,
a variable crossfade in each case). If a reference
channel is enployed, as discussed above in connection

- ~ 2 a2 A ~ a1
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Ve BRAE R

reproduced soundfield substantially lacking in
spatialization or imaging for many signal conditions

SR ighie) R abblifi FESHR TS

v%éé%@ t éleet%dés %0%60fhetﬂ?§pa%§_ﬁﬁ@ﬁlaa@(§pﬁmy b6 ké—@ﬁf&dt&ﬂ‘&iownward”

cues errp oye e ear accordi ng to asp
aghavivein e 14(0)0 ifheméqrcabymlengne thegyoltegesapplied tmfpquegles 60 - 66,

bR S B B A AL PS8 v

RSB BT IE. nmwst@fe@ueﬂaﬁloﬁbbb@ummgemmnm Plage of the
useful in understanding the rrul tip angl e-adj ustin

. ogied vraweatifle R seaehel rraperloprighiRic 156‘? s 5% G¥ bFWé%dq to deflect a

be%%ne %ﬁaﬁcﬁ%n V@rc@c\iﬁ%edﬁ?&o ofthd Q}ig]t?c%p%{f e, tzgsedw%ussed

ecorre n tec nlques s descr
abevethe pla@:ﬁmﬁesf ¢ledtrosict 50-ob evithxasgece® ativétdgion B afitkvite 50
may be enplo%ed inztead of .or. in addition % t he
ngéiﬁFﬁ“aH’@@% adespit etfveen §WHFHEE SRS aﬁé Py¢ E"Sﬁngl e
rotat rgggs%@tﬂﬂ ﬁnﬁ'g Wl UdR v 6ﬁ%§ltétﬁ@§1ré§ﬁﬂatra§§ﬁiéd th Berform various
circu onv tion (also“known as cyclic or periodic
o@ﬂmlcfhnﬂtuonm)suchﬁhi braisghfiligrnge g@lup yelocity dispetsivinrcabtrel, aidenuation

FTRE e A P
v%ﬂ%ﬁtthé' Bidue @&10@6/ inder batioh cngtaft i Wivdgide tadRd by a

encoder and decoder. In addition, the effects of
arating stractuondisedsed intherveavepade, ovtdenthen 14ads fomrasprant condition for

G TR B e AR B SRS U 0 spancin
tH3lLatiRg BeridiR MAGhS trAGEMESSVeORhY of Brapg lgtatﬁh@ thb avavdltngths of interest
frequency band, such as, for exanple above 1500Hz (in

ahsedtstesio@assibronghithe erating siEicurs wich F@JPWID&%W@YQL%I}%W
rstg céerH &gﬁg c)nlg h Ivvg{lé@ﬁ th¥he &héﬁﬂ{eg%q g@%k% %fa?ﬂg,nai’ferent
wavggdngth@ @re S‘ewcteema diffiact ‘aalut”&pfphe(:j)gjatmg @ypisellpin zéufr«:a:tlon normal
addi ng. One way to use zero padding is to transfo
tb e HriH Sutrmy Sheramelr manks shossmi BEs Simingp Wélg%lﬁlegtﬁéelecﬁve
pgLe rotations and anplitude scaling) to the tine
omain, window it (with an arbitrary window), pad it
withlin acmdartch avitht tha psdsantnnmuan tBragh gratmgfqmem by formed by

R e B TS DY RS R SOEbR oy 20
WRdowehp stlRRlE ad dﬁE‘@s@d AESFIOS DRsestéLhpéteatplary

Techni quesFor signals that are substantially static
tememissive Il%ragggr@hngstrum foxmaepineaccerdpiaecitlpthsepresstieinvention.

h h
e SRR 5 7, Bl 7
cﬁﬂ:%'s&i SAbnetehetith bhewatbeide zegmanefdm%damsé sctive région 29 of a
%I e simlar ‘gstubj ect to frequency and t

SEAR sirctuye by thetayedampat SQhlayembs. g@tetorstsieol& a@dr?&llyszalwgnéayer 20,
f th h | t
0 B 5405 PRSOREL 5sv
JueailuhlityEdobedih@sd Y7 within wnuydl lIegwithasepahiat individfal electrode

| owf requenc S|gnalconponents be out 1500
Tihieised tneonstpt eachi dopae areadi/vi dy %ﬂcolaf%‘l?g ’%Pf%l 879 s

1ﬁh&pa i as%rsgj t@Ph¥in a-ll—ﬁégr'ﬂlrglg@ of d9 AEES Mﬁﬁl’h fp%'lﬁﬂmon layer

con ons to pr a ba Ic angle s
10 sghh fliee cheaombisitipnaill dopedoaremssit7switlp deeedaneast7 91600 thezdesired
the ear does_not followindividual cycles of sound but
gﬁ@ﬂ%@ﬁmﬁg§§%nds t o waveform envel opes (on a critical
band basis). Hence, above about 1500 Hz decorrel ation
is better provided by differeﬂfes in signal envel opes
rat her than phase angle differences. Applying phase
angle shifts only in accordance with Techni que 1 does
not alter the envel opes of signals sufficiently to
decorrel ate high frequency signal s. The second and
third technlques ( Technlque 2" and Technlque 3

. N o o



10

15

20

25

30

spectral components no longer line up the same way, so
the re| nforcenents and subtractions that define the

S G R el NS TR
g%) i¥d {Veac dﬁ Qfec @Je)' the ?e{ iéRLY oPBRSE g]gﬁﬁfgﬂosrﬁai B@modﬁied

soun |ty re subst anti al simlar
ni\hncerdaheﬂ with tha‘mesembmesm@fml proddeltheiagiive memnmlatlon of a

random %%.Bn of _.the a btudes of SR eCtﬁwgﬂg%?$§| @h&and

PEIPSEYIG liaht PeARtoh? ¥ PHEHREEE ¢

s&ouR gpﬁgﬁtﬁes 78Y%anB¥78V4 ffst @?a%%?%?geﬁerfoﬂqqqmgaﬁ%& s Ghown in FIG.
sign envel opes ptovi ded such anplitude

5r amgkosrrdailargrridd edll tien adibuse asseesed woeemgiblMpkebe transmitted
artifacts. Preferably, a controll bI anHu t or,%fgree

amgmﬁwa@% Vi alrmﬂarnaaévaﬁel@}a oﬁg mpdifying t

E&ﬂ%&' 8 ti

oG08 Blfert, AFESERpIE BY LY BRHATEL ICARAL MiftrcAlBrasg graring

rgyoase mavelenglhemﬂrrastﬂét dn tlhlls ogse, as:iéwﬂrldstrﬁgebm KlketthBragg grating

theTransient Flag js sent at ane or blo te

73 it hiitquaating Reriod t s algr"%@% ﬁfh tﬁésqcraé?iﬁware?eng)th Az to be

u%h&ﬁﬁtd Thus, there are multiple nDdes of operation,
epending on whether or not a transient is present.

Al t efmaddoydinge wiith thelpictend mvelmoke tharefoteian astiynidtagg grating

condi tjons, a_con oIIabIe t or
sEicigesy a3 b o BB e aaP R ok sopepsy individuel
g?égfﬂ r#ﬁj&t 96ahd PG What t&e\ﬁﬁﬁgé L8Rl Svill RSodRfyl 1k Riex of the
cha anplitude. Technique 2 i's suitable for conplex
amntaterahgrarlsn@evlgnaﬂlts andhfrmethe desivet Brﬁggﬁﬁmﬁi‘ céddiigaplly since a

massed .or chestr al |oI chni que l.e for
bR s et it IRy ) G, Hrobd gk 0 i alBhdance
vARPhE BERentGAFNADE taHow? tft thd gﬁﬁﬂ@t(ﬁbéﬁltﬂlzéd m&thsd‘i@ﬁtlﬁof an
claps’in applause, making it unsuitable for such

ugkgwm wavd@géb%’p adinsting theresaeant sevisilength agraudinglye Indeed,
mze e I [

Vg,nﬁté% 1y F]gfl aﬁ/ele g{mas}nfgﬁ?t%oéqoggﬁbc ?#%1 gftggllpgn ‘EL‘}E ofl Hleocessmg

vaRRiofs rhgayrwmmeﬁedecanghelmmg dettétons:t the Tegitning k:b&tpi’rt bfthe

sel ected when a transient is not resent wher e

gT@mgﬁp qru‘@sge ithy igBRARTRIE Wéhraéwtarlg R thie r%SOBP*@.E, E?ﬁed on this

‘Fyg 1sIOV\Ay shifts (franme by frane) the bin

€ I'n"a channel. The anobunt or degree of this basic

s h i T tAlitugh not itlubtededin thiseriemgletecontnap be Respaseel a the(input and

shift |f the pargneter is z xpl. ai urt her
owEME Beasereeting aiﬁberlarneéﬁe P%ﬁlé\ﬁéb af%ﬁlgg*h&'ﬁﬂléﬁwswed by
&{d th
REBALEArLA:E, By Bop e AiAE S g 8ol s oo
veitage whares &r thaindinddenl zlastrades, thiiBragggrating ezgplea: ftulthsi” and

ot her?ﬁﬁ!ﬁgﬂlﬁl@é F \%\%{ggg]o%t dd%g %ng\; de or\rpg%} Nsfke

fa_ﬁ?é&ﬂbﬂ BFoclss Maﬁ&ﬁﬁhﬁy alkey thewhivdl @lptitadsediated hﬁmgﬁéﬁ Bragg
signal such as appl ause. For such signal conditions

grtttelgr; dq@rabdulz eu“t@heihthe sEuese ie msmereda'chmamﬁ@@ntr@gpect of the present

abl r e fe n S
BERLART Bp R R e LS ricR S0P REO % - Bhir AR B Mieren
s%ﬁchﬁg bliet® h@hwﬁe clefiighisy, wdpodited” Qf:@V@fﬁﬁnCémhqieSshape for

ecause all channels tend to have the sane anpli tude

meiEne stmetusedr (azedt (0.f lemments Teglethyvih despegie PRYGA b qr any
a transient is not present. Technique 2 adds to the
angl e shift of Technique 1 a random zed angle shift

t hat does not change with tinme, on a bin-by-bin basis
(each bin has a different randonmi zed shift) in a
channel , causing the envelopeﬁbof t he channels to be
different from one anot her S providing
decorrel ati on of conplex signals anong the channel s.
Mai nt ai ni ng the random zed phase angl e val ues const ant
over tinme avoids block or frame artifacts that nay
result fronrblock to block or frane to- frane

T Y
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Techni que 3 operates in the presence of a transient in
the frame or bl ock, depending on the rate at which the

J e@ns82001 t shi f | i NBCT/HSHa8N
Ve Bakarphts Ann Rk st ereis Chiush odd RS ATa R
kﬁ&\%%%?@sl@l‘i@i 18 NSt 8nd MAPTRA alv@ridlyl ofRisEasiadtivd) @unable devices.

causi ng not only the envel opes, but al so t he
arrpl ﬂcaoreﬂluamtespm@éesnatm Brage giatjng btsudtire 7 0 ahere thig particular

st51|10 % E 8r %ﬁ u(%@tp &dnfiy E%l@?terlggh n n(g,yqa]s f eé;glF V%ﬁ)ere the rib is

f&fneam@tﬁa% oﬁr@d’ﬁ@iﬁ'ﬁh@uw of 80U LEyes1 @ agtypslydlieorsiagardlo, as
simlariti'es anong the channels and provi de

derstibed belawi dn this confieverionnefislestiissreaeni 7dP ((gomprisieg, for example,
-aUS 1

RS ORERISSRHE bRt Sor EBS, MR B L pAERG Yuer

chefidenteintsf t(ﬁb fobticat lignalnwﬁhm faaﬁweeﬂeglolnrﬁglfguhmcqm@ thetestent of the

coarse (all bins mnthln bpand the sang, g§t each

s%@%aw&r@i formingh?yl | AerTide g hyangpolysilicon lagsy 2y ip processed so as
NolA o}

t#%ﬁ{oel{’lg rt 1'1&3 8 g}st {Hr? cr)atlgﬂroggip% nd t %d] % r? é6 g?}%(}lgagg%:\%%g\i 1R0¥ER s

iltlistrewet by sadewhaili20fas ehpmnm ]HQ 6yivberetthwotramcation ef polysmcon layer
25 annel s m x ac us

@i Brq 13% IS EsrbRerp i o e Lt Wi active region
223 gﬁgfp ol HEE aGNABGGEe §ieRiRe kb bé RImRH iecdrSideldaab baay
e e and objecli

i onabl e, and these are broken up
uhporTam hoingomeng of fowidingay steiofure chizablrcefsuppertisg oply thee

B wog o f Lhiie SPad ATt bthe e mdssdrom
gﬁeafahgahnﬁgg@ﬁam@p aflor)api dl y changl ng (bl ock-

random z angle shift on

subb ahﬁrsb yhmmb ah donﬁégﬁgonw?e{) Wﬁb}ﬁrml laygid 6 grpwiiized to form a
QR o B, B0y dnliler 6 pRER Sl G0 Y, Mcond
pldrhies %f ldSpéHJregﬁiﬂs 4o ﬁlx&lfoﬁii\etcf Wwithih ﬁol}eﬂ&oa lleyef 26 tnd used to define

iramas S BT PR G 1S SR SCRVRIY RS @oRnE g IERelurality of
feﬁg é:gﬂ %c% 140 tu@é:tﬂﬂlg cgﬁﬁél é% te%@? ?Pﬁ@ a%gﬁﬁﬁsz’g{i) #4el a second

ques ter 0 mantics and
phhelytynﬁ)tleatrﬁ:al Mtatclta’?(ﬂ)as asedzte diragartynmntret sapagtesnes f )ioped

a .combi nati on of Techni and bl e
oAb Broy i ey e LR es Srafind pap S eufERER Sitiscussed
mﬁ 1%%B&k%§%n¥wﬁPﬁKﬁsvar'ab'e degree Techni que 3,
e zero. For convenience in presentation,
t he tAescthamttpmeé aboe, thedreadrries effettrogn bh pmeloﬂ@thmngqb@tb the phase

ects.of th de .decor on t echni
chiEeris MidekaDant “protpul ey g A ) E8F i ERG, lfRGaions
sdacay Iﬁgﬁlﬁﬁﬂoi%n cffss SR s, digheadién &ﬁﬁpe\ﬂgﬁorsﬁﬁn@k&sonators and the
upm xi ng, fromone or nore audi o channel s even

lkecthe aewveonmnamlﬁ@mso%\ln@t qeR bejesaligasbyt thongiag ﬂaﬁﬂélt?@@ Pf the optical

rdi n a ent,
cBdEC ganng Sroueafe dife dBelt SRRk bl ¥8Rarion can be
2SRIERdd WS 4 eéreiohed alMachsZhpdetidert@neaer’ (Nﬂﬂ) il edichridterference

functions. Any suitable device or functi

is mm@s@@rbquwoéﬁq@nb%ﬂwwsa@ ihgee ﬁﬂ?'fgffltﬂ dhage gifisrence
bemr Jpno audi o channel or fromnultiple audio

anne? Once such nultiple audi o channels are
der | VG, Dylhmtratep ath XRemplaryeMail SGﬁmmqe(dmebtﬂmimy vbith the present
decorrelated w th respect to one
OBV B1G P S09 24P AR HDdHBRG B Sometric
decorrel ati on techni ques described herein. In such an
appl i cation, each derived audj0 channel to which the
decorrel ation techni ques are plied may be sw tched
from one node of operation to another by detecting
transients in the derived audio channel itself.
Alternatively, the operation of the transient-present
technlque (Technlque 3) may be S|an|f|ed to prOV|de

- Y a1 o o

o o e e
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60/ 547,911, filed February 26, 2004. Technical Field
The present invention relates to the active

rbr srenezkybi s Pefiupbihs R R TR A LR o

péffbfn?d?ﬂe | fip %érﬁhﬂ vz sb ‘i'@i'l‘luﬁ?é@@e%st ¥R dfng! RGAR waveguiding section
structure that 1's doped in selected areas to provide

82 hed de samue & -sditter 84 scmas toribvide thednputsignathto temsaparate optical

ebi PG A6 Ao S SRe neiCitiiy Sl St et AL m 1. 7
uﬁﬁkésoa%ro S ﬁ{eﬁﬂid llysicoali@et LORS forflthe dedirdi‘Yusptteritand

processi n ht signals rather than el ectronic
emgn@ﬁometmw lmgtsor anse yvitethe{ab -ty pe shrhetyras isgussed above. As

el at | Y, g

LG astiloobles BEah b8 lapelel 3 R THe irion 20T of YL 8010
r&dt@_B&é‘Elﬁ‘égoﬁsj irfdtbnllamde%hf)lmgefﬁgﬁpqsmtb MZI@@e Stimilamdy,eolysilicon

optical devices_ interconnecte wayegqui
lasige 20aAa dugi me@ermﬁbép‘?do%%%%% )f\é%f)% ef Pwngﬁéﬁb tgiflgtermine

ice n

L R R i b g o
polysiitor et 200ucbe patfernctise thqjtth&:@iltm@bewemath the collimating

caRebepbssp e o AP s he R o v Ao

et 20t B 1hek @1@ hat th
AP oLLEILERHAR AR G2ih T Ao st i

vsvtacabmdrigfemi dimensians odndidacgion 2gean he dontm:lleldusneh thagthe MZI

B tie B FraRaRaTL Col Tt SAED 4T PEE B

st bk The aBilify 8uppik bﬁ@nhcsﬂmﬁaﬁenmsws qliaﬁﬁzula@bﬁﬁlportant at Y-
ereinafter referred to as an

cambuwr PBsuchethat single sxpsle omratlwpmspgmrpﬁgg Qm s lrnﬁgt tblrouahout the
ﬁ'ﬂ Em? to the SO |ayer through nmethods such as
b%‘ f ation. However, the need for

edge-THelin@ddirtion 0f & defhitethaseshift besvean aass 86 and &&reed]gﬂn
of the chip, as wel| as the forpation of an ed th
intensifgtmediatinreasdha igngls frepmpbiag #he Yreombipgr o Saicoupled into

a? ﬁ:ﬁ.lg %HV%%LP ﬁ%%tfo &)C %’ﬁ#s't Q&n}erge@fcta @Qe?ormg&' i ﬁl‘%&dance with

gh definition structures
thopebahe iredntion, beﬂhlatrhted agdibfpasedibong | sacticsl c&ftﬁrvtainyl 86 and a

thick SO rex npl e,
o e drade ot 1 ?%ﬁat%éi&me%sa%freg%@egﬂowf Fegpad arm 88. Tn
faktfeular ﬁﬁgﬁa{tf%%?@é 93 M @ftrated as including a first doped area 91 in SOI

conventiona bri cati onprocessest6 si nul t aneousl
lhyat 6 land b se¢redaloped aeaiod 11ap@lymbwmlab’erc%)rrp%melml$ second active

o0yt SR 8l AL PR B oS58 B oy ¥l Boccond cope
RELCPAZAI AN @ 183 0P ﬁl@th@@)taftﬁ:@lar ERWBEImRO apFlcE]sav(am @nd (b),

. the abi'lity to provide transm ssion of only t

dopedianren? bI93nBa end A @n@gﬂustmedsqs reangugar inpiapey & an aliganative
qrnilebk%%irlgé/q% k%otlssgrg\%g) %he! %nﬁlg %gﬁie olgﬁﬁ%o‘%ggsd C 1§§ m%%%g t'c%q%:red (along

thd iB&MRE Df HfgnhNgofédatiba)e imihBnizé fletornso Ib @hy GVérE% with the
than one mcron, nost of the above-described pro g

astiee dovgensidizcamerpbeveai adie eldctricabeontasid PR £ fyfst aciive device 04 s
BTLAEREL RSB LB AL LRohBEm gl Al 10 o
dupedlafee 98iof pon@ﬂihen dyee20.0A gairiof elegtrivahéqmidcst H4t dnd 1 06 are

[ight within the | ayer artl ularly,.t
siaderlessseeiated gvi qp@ﬂﬁ%%?? 8&@5'28{) $ecap MW& e?ﬂ’ﬁg,ggsuch
as turning, focusing, nodul ating, attenuating,

defl ecting, switching and sel f,_pht ively dispersing the

| i ght propagating sub-m cron ick SO |ayer,
preferably utilizing conventional CMOSconpati bl e

vol tage | evels to acconplish the active manipul ation
so that a conmon power supply nmay be used to control
opti cal and eI ectri cal conponents for rred on a conmon

. Y "
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of polysilicon). The polysilicon layer and SO |ayer
are processed to form corrpl enentarily doped regions of
W@ 2aens20et

to t £ OXi T/US2005/006365
o L bﬁ@@éé@%@ﬂé ﬁ@éﬂ’%ﬂ?ag d’f?ﬁaltfH% an be changed by
ﬁ%@%é'&%?h#%oﬁ SIa@?ﬁ 5diiRldeRe @SV AT RIR. THREnSARAHN depth,
ructur unctions as a conventional SO -based
el B 80 cag bardefingbaent . Upon the application of an
el ectrical bias between the polysilj.con and SO
layers, the refractive indexes:\d#fhne doped regions
wi Il be nodified and, gepen |n uponl” e g , ie propaga
ng g eanwemp te in a desired nanner. It is an aspect
vierd BB iPhe SRiMgelin lbﬁfﬁagﬁt[bntdwétaﬁthﬁed@ﬂm(.bréﬁgb@(wabsence) of free

wthin the SO |ayer and polysilicon | ayer may exhi bit
catict pah. 5 hagreth 1engil oRash SelobIcaSadT 06 dheredmbrhy adjusting the

| t I I h
SO Brpk PSR o s ML 580 b8 hon dopts f e venive

NI SOdentbeFﬁd?uﬁ@p@Cboh&gl thadedired Inauttsxr Inelded mhft betp@Ghtensity of
ﬁer and/ or the polysilicon |a o t hat opti cal

Biepansbespreisely cgniaeddy usied e duneg” qaaisb gyerh(pepagation
trold |
S ) BOAY SLL S0907E
gABVdfuBBzcs BE RardsblS vpticah @lﬁenu@l@t &V OARtwithn amﬁnimlarte feedback control.

filters, ring resonators, Bragg ratj Mach- Zehnder
i nt erfewiheeieational MARS, Ithwtwaﬁ%leo {165 RisgeTd Ry ention may operate

I
AR bt 80Ptk R sl e doan
doRguttivito types ﬁl@afdmncmtwe: sdgione 9t y 4, 95 and OV ,cnsszvelushbc paladty of the

\{;gilljt;léehsggglg%& oLs alg%lt fega%ﬁﬁgfq%yémﬁzgﬁ%eﬁ égg@g&éd N parallel,
lﬁ%)clg%lﬂgd gélﬁ S HeRfoR @l\l@@S b %&ﬁﬁ'ﬁgfécﬁlﬁqﬁ&%d used to provide

onpanyli ng raW| ngs. Brief Descrl pt i onof
rﬁbmwomqphca“ﬂai gignalrgniroly Albof thesedvazintipngsare mlﬁldeled to fall within the

ont Fsﬂs an ISOFTE%H c view of an exenplary SO -based
@C& YBAPPYE IYFRHO%i ng the capability to actively
mani path &tReloplcalsuRREMAylsoHe ﬁnhécgﬂiﬁiﬁ@tlﬁ Cpfin@i@ﬁés dffthe present

accordance with the present invention;
ipwntignayhere §8Gv$ Blustibtes (o adep wisye AR mier@plalm agtive opmaé;éwﬂch 110

8&9%%%1 aﬁ:g%r ] lell'{?sﬁltdg @12 11 01R08é%meﬂ{ ?ﬁ%g?ﬁ?é@e 'gbgit&lcltl'ovformed in
4 SISENH Qfuctudb es &esEhEed &ox}, donipiiséy @pasof dirgldenideanput

wi t hout the applicatjon of any electrical g | G
BEuspuides hh& A étl @gd £ Ralrod singledaodsrabRs M%%g%é%soﬁ%lafl Iefg with a
S5 Rle 68 | rc Rl REPTPLAY SpbRliREE cach,
\Tvm ghide lssatmg masolpeeforined irasrdp SO faydr M.t}hltdrhaatlvely, each waveguide
application, of S| exenpl ar pot ent.i a
asiossn S ef e, SINCAP SEURue of SPTIDFOLEHREf 18 and

ﬁr Yy nEﬁ' Elﬁﬁé’r RSk, Helth Mt \br 6 6tivedeVRE rkfions requires the
accor dance W t present

Invention utilizing a pair
alditiomi cfdopdre pmjemh'j p@slele@gi posons it 1g@Ir 16tin lqembm@tlon of doped

wher e 4(a S ce without th

IREOPF ebpmitin lamr poge b “Sﬁaﬁn PG ezftcs)regwn 1221s

1'11'u£ti'b'i$cf é&tcﬁ@ds&fo@%ehﬁl %%g\gd@g QRAID0ER MESAEE, Aeide region 122
the application of a first exenplary volta

Ipmﬁgemiaa%ula?m(fggn) anel m@uﬂe,seconmnemtgly doped areas v%lthm SOI layer
S ISy plos B B0 s e o1

across the device; FIG 5 |IIustrates in an isonetric
view, an exenplary sl ab-based active Bragg grating
structure forned in accordancia with the present
invention; FIG 6 illustrates, in an isonetric view,
an exenplary rib-based active Bragg grating structure
formed in accordance with the present invention; FlGs.
7(a) and (b) contain a diagramof an exenplary active,
tunabl e I\/ach Zehnder mterferorreter forrred |n

o o - e ~ P—
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FIG 11 illustrates an exenplary on-chip active
pol arizatlon controller fornmed in accordance with the

PRI Bl o ST AT

1@&5&%51%@&@0‘5%&53 shé®n Pi BRBIY. A fiy@Ridcoital @nthctbfda 128 is associated
cont ains a top view of an exenplary arrayed wavegui de

fped mgm ‘eoft SPhiesier 16 (ané srchiise @ hagily doped ssalété@trwrea 130).
Alsisnel\égg ﬁle l?eco acF g %?%ie és?as%cf%nat Hfl ﬁb?b%drfgﬁﬂrl%6 %f polysilicon

18fet QO,tand%ﬁﬂﬂﬁD}ﬂmbluﬂe:aﬁ heafvfﬂ@Qiopedsctﬁitacaareahé4 |
ranz- Kel dysh and Kerr effects are very weak |

A ) puye
si | i dBAPeIABYN, tanénp@éfﬁmm@&@ mode PRgegawedhioheh fput
AR A Ol SIS o
sefnbleaitéry ecntent haneguidging araaall‘Z)Z tThe diffdrermetbietveeen the propagation

coneenie aF e o @?q%ég{spti%%@w%}t%ﬁ'@%g bR 1 B ergiopt fegive device
f.f t
LT 4R e S A B RSP B o s i

RGIRE 9811 bB rdResct QradeIthé Qlﬁtputoxﬁ/a\telgﬁld&k Ichreiing Tight propagatlon in
therno-optic effect is rather slow (on the order of <

oukgys Wavestdds | ia By rralyiag aapprechatvesiselegirodss 4gs an 13§1h in
[

SRS SRS DPB R enion S8 HRAS Uit

piti@aguaoiegnnistat gabrestlt yeonxistentpaitt thedbliowing etjpdticnes a

SI SCAP structure conprising a relatively thin oxide

di sposed over the sur ol d m)%r‘o%ﬁ SO layer, with

@ér?ely!gr:w]c llg ggﬁl;i%fe %rtﬁ% ghagllglg ?n ﬁ%gyg%a I'ftlt?cglxclao g&l{l{r?s%mated wit the

RAGRLA rétactVE ilRR. Wihéh aiiionenplake iR iSAdet athe Ifurﬁiaﬁhental and
forman active device region. FIG 1 contains

firstoordenhedasiveill, add iegathegin phasecigsul Bigip yitEing tb@vhslﬁt Qyaut from

such the device is fornmed within an

Wg%@?éﬁ r‘é’ﬁe@ﬁﬁ%c uding a silicon substrate 12,

I nsulFAG. adllbstues, ihd topRikvs ab-atemstive dekive Kpﬁctall switch structure 200

surface | ayer (SCl | ayer) 16, A relat velygﬁ n oxid

Vlsae eepesdteizotive aphealdVieptmay by nglucied elo Wg bp el st the switch
r

tg\%’%&%ﬁ % sx%l?(ch d%@tl Iéaah (%%révﬁ%ﬁggg?% irI%s{rﬁtE&fﬁgmcludmg an

mjnltwﬁvegmﬁmgcwmdna:ﬂ@em thisraasd fm:aed AuthimSQl kyemip, lang ren

h%g‘%%g%%tégﬁsﬁ‘ﬂi‘é%#‘ﬁgg l'2il Lg) %ﬂg e({flpl 6%1%%\)@%(}%\” de 318 and 214.
ft l?n%t@%‘dﬁﬂré/of fee 83 ﬁﬁevaﬁb@sl B&kink Qvalvg%ﬁﬁ&lmg %I’tldrﬁ kAt formed

gate oxide" for CMOS el ectronic devices
cmhy inROClayerold, suinsthe aosbimatjorbef $Qkldyerd 6f gatmogisded Sowidde

d
o PSR G R 5 B stve o

- diRk @§&1"sﬂ)&e@%vé{5ael‘égfoﬁrof ChMESare] AEtusipit6 coptYolaRs effectwe path

("simlar" in terns of both material choice and
length réms )ay a@rmagatung/wttcab?egmaé@@d thug antgpducegany dpsired ghase shift

rovi de th f
oS0 b BisprdPenditc et Sl T EE oA REERE e o
SeRidtcaotiont 172 dfFHOIAWerd 6dﬁ§©tdd{étdrmﬁ}edlaﬁaae rA g6lywilicon tegion 224
referred to as conprisin silJicon". It is to be
ig ferared yeadaned S Qlaortins2 g edsyith a samplsmgeniary dgping

f S I

Ftyldg 135 e KBLEL 220 T Bt ric et Bihncel ol Aon region
pol ysilicon, grain- boundary paSS|vated pol ysi | i con,
grai n-boundary aligned polysilicon, single crystal
silicon, substantially single §rystal silicon and
Gedoped silicon. The active smntchlng and tuni ng
functionality of the present invention is produced, as
nmenti oned above, by free carrier nodul ati on net hods.
The key to such optical manipulation is that the
aSSOCIated electronlc control devi ces are |ntegrated

' . ' o 7~ 7~ . o A~
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real part of the refractive index is related to the
phase shift through the follow ng equation: where L is

VRS Ermeod P R eapt Sont Chlp R T E?

Aer RAgeREE Qon}entHeh@e Ry %@te@%olﬁ'ﬂﬁzoﬁfﬂ &€ wiilD rddi€e reflections and

absorption coefficient is related t helrmlnaﬁé@
provdete efiicistioanpling lmveqrrsm lgbier kﬁfantdﬁbe eyphiaation ofal layer

B R P by Y o b SRl RRe 28, 226 disposed

MBI 1 |d696d$iergm% 202 ah@® 2P Endysetl e iy hlmJelecftrl&G]potenhal
| ayer 16, d%ate oxi de 18 and polysilicon | aye

thnough actizietdevica 220 gpd HgrefereupsoYide AR ﬁl@arae@mev%mﬁ@grrehthgg ength”
ag{lal@m ng el ectrodes in association wth each doped
ion (illustrated as a first electrode 22
assoqh atsagdilw thdhi&GOha sbeyrdraclite dsvdeesl Xeis dorehed|veittin agertdh of

AR T a5y e
AP fth  CPs Ryl Y6ateal 9 ot

tM’Wbl&@es dpplmd\t@ﬁrsmgmd sefcondh ectpaeekemes 2204 830, eniohs phdsatelays can

| arge, free car e s.are

g Pt Bt rastanal pe 1h Dl SR PHe Teayien theonsial sienals,

u%oﬂ eafariap Hir@@c lon8l &ﬁﬁoﬁhg atfrhiflethe@iO AL, Svill 'the@eforet 6 BIbe Power
the optical node O as shown in FIGs 2). In

leved of thetsignalsaapperingcdong separgisrmiput ayms 2$ Qjmdr%i%@ gefive switching

and 2, a collimted beamOis illustrated as

%&%&?Ré t hr ough a sl ab waveguide formed in the SO

st r UCAMARY/ drOp %Q@anaﬁo& ki gtde R ayshiapiedifotape ds ﬁxﬁ@dtﬁfeslewce in

areforrredlnS | ayer 16 and polysilicon |ayer 20 in

appradgnceiwith the dgachimege 05§bﬁ dpeeset mwmt@np &Hei W allgptrgtes %p exemplary

S RS0, 60 N SR, AL el

adaReted S fe@oﬁalon 134f forned (asrthmlsgealabom)mn kiglyee ISCAQayen 16 or the
the area di rectly above gate oxjde 18, mere r gl ons

combisiop of SO Layep 1 Greeie e HE B4 PBHpS@nRRT 20y H&ﬁﬂ%’t basic
BB Ee phUTS Al diogbr L Rjatty PRI S eoyarLopet o

ramge dfemhvielengths) thit menbe nut-mglqdrfunn a|mtqt1 -wavelengehcsigral

N Kk i npl o .
rporapaions Qond payeeui ST Y s b te PR TRAEK dhsfiring to FIG,
1@2&@%@%39}%@&3@%& L&; 'a‘P&oEé%%Yth 'aﬂgv;a{?aeﬁg% 882 Abding coupled

pl ng and overlap i he“vertical direction
1bt©tmmscdxatmd 34 egidaheredifer dmohcBdd (ih A cpurgérepropagating direction)

nbodi menis of the prese el ec ode
iSSP S CAveRuF doBt SRR tp Rt S8 A
ﬁ@&étéfﬁuﬁ@%%l%legq%th thb 18 cB@IQéd)ﬂoﬂlf seBRid Wil eghld@Nak into ring

ropagati on and mani pul ation, so as to mnimze
re:mnatmIlB# vk sub&sqlﬁmti\wrbelcnu}ﬂbmto wayeghide, 132 (vdien uséd in the “add”
&}éHy doped regions 23 and 25 are fornmed in
ciation with electrodes 22 and 24 to provide the
nec eslﬁ%ﬁ&’or@éxﬁ:‘étvhﬂf?t% pERBhtaATention Ik watdehigth Bedtehity of ring
polysilicon | ayer 20, respecti vel y, where these ]
m@glatmé%rr@ydiegmdlﬁeftbh tnetuding qmac@ap devieegactng 119 algng a portion

or he re |red t

cﬁrgofro Wgh Caacttxlv e%lf:e qe ?§ed éﬂé} 62%[: ?eé(gc% sgcf'thom3l8 comprises
d @86 edageal 11O Wiliih @ Partiuli dbrtfpatdf S@Ilhyer ¢ duae ah 0s&lying doped
the requisite spacing results in limting the

operati onal speed of the active device. Thus, in nost

cases, a trade-off will be detern ned bet ween | 0ss and
speed and the electrical contgacts will be positioned

at the "best" |ocations on a tase-by-case basis. That

is, in situations where speed is inportant (such as

opti cal nodul ati on), an additional anount of optical

| oss may be tol erated and the contacts positioned

reI atlvel 'y cI ose to the actlve reg| on.. Conversel y, in

o,
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FIG. 3(a) - (c) illustrate (in a top view) three
different activation circunstances for an actlve

NSRRI 62l 8 LSl ol S LGRS0

ApRedr él@&h@&l o%%ta%ﬁqma@na 046 BiRGoupiRd 3§ dépddaBgioas d®and 142 of
second | ens-shaped doped regi on 34 separated from

SQIrsyer |1érand pelisdisos iamy% rgﬁpé@t@teésf BH @wdnfymgathﬁ meltagggpplied
bg]‘,vyeepgellqc%f}ca&o ttgcqf & gt{ed fé462{h;e%g)hgél%aﬁ{ Ierﬁétﬁso‘f r&lgqgé?)f%mr 134

vAlldbeanddified tﬂmﬁﬂnghg ﬂle%ﬁirﬁ@ﬂdrﬁﬂhvlekngfhl(sbﬁ’chétlcﬁm be baypded 1nto/out
20 (or conplenentarll as _di scussed abaqve)
ofifier ezwde sechp é3%1M03%>Ve§%pJ BpeRg yfll%r&m‘tc(rdéﬂﬁ@to ‘and out of its

t %}gﬁ{g tation
rg@%%%%sdgggﬁon%\? e tﬁg esire e%ésfgr% uncti on.
Secor@bvdopty] a rpsres@gion rstr&atusl afitheaprieyent mventisemagnomprise a
n pe doped area 35 i.n SO |ayer. 16 and.a
pémﬁfa of ek Tg) (OFY STIE SRR Sl PEOSerRe e dp one

I d f Qﬁ

AR IR B S Tl lhe BB ATANR 1 foligule A endi e
a@pm@da‘arsemd%d “tlElei’étII addéirg a difterérds vraa'g eogthofln fih ak@matlve

f, el 0, .42 is
SRR OB LY 5iaes mRnbG oy At EapRed I ey
Waﬁfe%ﬁﬁe rﬁ@b&l{h re SECHAG RSy Alen: g&ht gty Bétween adJacent rings.
par |culary| ustrated in FIG or in the

Argnefi thcsq:gfauabvwwgs possﬁtle &ryl may b@pmmbdévw@awm@malawell-known
fact
(ﬁbg[@gr;?réf gg% an a% dIer oeC a %t 1S°‘ Bés%{?’i@% c! Pnbtl%, or‘?‘é éf’ tﬁé) Q%tlve switch

afmiahgarﬁeﬂis Gi@c@d@étﬁ&lﬁivle\ﬁ'lﬂlythé afveniid aive king aesma@ambm a structure
the present invention, by controlling the
thadipranjdes Hpphle @@V@lén@heﬁurémééﬁo@cr@imwna&?z Anggher monolithic
SRCHEL R USRS P 2P e S0 0 TP BRI 15,
b dalatdf. aBy visherofmeiliviog tieg® SCe Pagipiciueel it @ngumctioh V\uﬂnean SOI base,
el ectrodes, . the l si ng. structure behaves .as a\p ssi ve

tbwt%ga@t%%@m erf%"lfé% inesinglp SHLCOR ARPYARKS FIStiiER
{t@gﬁ f\l WAL bYsES oitle ush lék Eodvén@aal C‘M@g ﬁor&ce% El%h@t'ibs

h e appropriate voltages are applied to the
el ectThmIé]se; S{Lﬂbanlcmi’é)SQifWEchgmd@md kn@gn tmbe pélatization dependent

SR Lol SR it D RPN nBE RS Rl Bheliity. For

dxBmpRY, Wh‘EH liging thmtJéﬁpl‘i’i@éO bflIROTE mdbde®f aﬁ(ﬂ@l)ut senhl Wil be
set of voltages (illustrated as V.and V) is appli

plied
HropquempledalTh@mﬁmcthesTmommnmﬁ of theizignal gnushbe Fotated to the TE '

f ecééﬁ{ fel}?iéle’oaé@ ﬁ%m}g%&ggcg Wé‘tth L&D ‘Stg?e?]’ t’[%l%%%é Poafo the desued

Vgrﬁl rH@ﬁz@Gérl M’Qhé/ﬂheiséélﬁfth@tﬂﬁi Bealis! dr@&iffe@érﬁ othaSes\&tamammbmed
in FI G t he focus can be m)vedtoa pai nt
l@@msqa@mfferﬂms Zﬂp}p It Ederfespnce eligels): {grasmethod it mlmrré%%thﬁéoss is to
f

T
ifugwtebeorehacl e;&nﬁgﬂﬁkycumt-clﬂlahctiwe polasizaiiomepnibinaciSorfaammekin a
wth the present i nvenf% i ncl pudin 1;ﬁeam ex anS| on A
SISCid girugtive Gasiscuesd PHAYE) THECRBIaANFS Yith SheRrRsant EERgon. As

S
I L0 B RERLARS ey f  AGKRCH P2,
winagagatlise dotnaihirova viee $I¢SCb9d’ ftoctwedescribed atsivattha dhojudes a

nar.r.ow, ro si.n equi des .
oot TSR T gr Sdel® BELBEYaHru Bt fomn sctive
systens. Moreover, the ability to actively nodify the
focal point of a Iensing arragpenent all ows for
adjustnents to be nade as needed for process

vari ations, anbient tenperature variations, aging
variations, and the like." " " Eot i . a - ttgt ,e
oca point . o a propagat ,ing oeam a set Oi
dlfferently shaped doped reglons may be forned |n an

o PNPANATPN a2 o
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p-type areas and polysilicon layer 20 to include
n-type areas). A first palr of electrodes 60, 62 is

W(]) Rdos@s20at ed S DOSHAS/006365
HUpON ot SobT BROSDL AR pEeua Ghbi PyeBALY g Ao is
a%?ﬁ@cfjasr gih tg% s@gon%q'a\}e@ﬁﬁﬁé 136 Ange Wa@@élﬁ&l%el 562nd 154 are

spose fy the index within doped regi on 63 of
jpiokd & 4 Yemmblaworti@i 156 angohepqpently estipleddutorapduspu avaveguide
]gg is associated with second prismregion 54, with
IPectrode 64 disposed to control the index of a doped
r egi Methe phdduhiftiaebetviset thelirogitarled 6ighalles S&omplished in
di sposed to control the index_of a doped region 61
agpetireepyeitly thielpressnt insgrgtony utifiging|qe aﬁﬁ&@@f@abdmﬂ@ﬁ glppgeither
dolof RERLS G iliEl 1L 1 5h ! 1d e bRt BHBLEHRAME IR, 17)d firs
esire ope ’afeas W thin eac ayer ar

afcﬁwr&@lrléhﬂfi(ng ﬂlhkbera&aamg fanedessigropatiepof et %f/d:g‘uj;dd 152 and a
FI Gs. 4(a) emanlp%IatlonofaIl FwaeamL
I

sronaciite BevigoldbisilTesared o frgise frger Bretipdp gpeond waveguide
9N tﬁ[s%lltt}?% %ﬁﬁé L gER30 BLéied cfegérma@bhv@ aedn%:aé 48460, 162
asSoCl a eac prismregl on e par I CU

dré Farsied dY ippopeoly deipihg séleajed anms wﬁ SO&@aa'er $6 apxppmlgsihccm layer 20.

| d d
%Qé@%ﬁ bericie ik libi i ackpederthlon G oLy S e
diil eRagRLd £16a ‘96’5 oLy sﬂ%ﬁ(l&;)er QD Bb&ﬁfd B Uvice 162

trave hr ough doped prismregi ons 52 and 54, since
mciadd:sawmlmdv Baoied plppmmsr 16(5tandé§7wAl firshpait pf gle@agai contacts

&tﬁp ﬁ?eﬂ et(ii%s%e ﬁe?‘tars ga%gla%gl wﬁlgéc%) Eilr?.getai% r%z,xfég‘t? ettsfﬁré active device 160

MR LEShdAMRESE AERasa] Bdntadis 1749 78 Btk Blbstifed Aoddg@dated with doped
resultlﬂ% in deflection of the opti cal node(s)

FRedsdiopi Hy efserord acm(vg ylevipgy 1 & gy cerodling the tVOHaﬁes @pplied to one or
vol t age t

tﬁgl&igft%)as acr?eé/‘fce ,|th Pf a(fa? ggtﬂqal%}h% f %geéﬁ@eﬁtﬁgﬁgaly%;&g% b§:/
8dific$ ah@N A estRl tl\i@jalia‘sg elafttbatvﬁieﬁ cli¢ OB eﬂd 6tbt&6d” Th eomponents

propagat i ng node(s) re-directed dovvn\é% (%
RPN thepaalong @mefph@ygqt@pgt ofijesg ngﬁ@eﬁga}g refore be used to

A 1 i€ 11
YOPHBATIAROUCSTr AOEEOSARSR Behide D58 v IR, 168y, signal loss
par t sEIG. ndélduktratedst inandsomdiae erbodi m&mnplalfy a‘étl@e FAbry-Perot (FP)
illustr sdeflectlona ccurrin

dsviged &0 gt - ed4n %Qfgﬁtlﬁed’@ Tge g&els?rgégyje\gu%g where ‘faheplnglusmn of an
%ﬁ?? S%ﬁéél 8% 1@@1@1n@a’vﬁﬂe§wﬂ1f§4%f@ J@Ycebl%otb%ﬁ cE‘;etu‘éz’ed to modify

eam upwar ds” and downwards in the plane of
thhepiiged pathllenvgly égldﬁh@safoﬁ@; thl B8 es) oéEB\,c@wqu@O In operation, FP
Iac nt 0 electro Q active
e O B s i B g i LertoESERE e Bad gy i of
ﬂﬁ&éﬁ‘ﬁ%ﬁ I§Wrt2©hb§‘glo$»ﬁe%h ?ut%éthfgadtrubm 18Bsagfilarly formed in
gratings are well-known optical structures that are

padpsilicon lpwar 26y Whvmrqabl@srecgpm 1341is definediagtles exdentiof e Wavegmdmg

SRt Sl U B R SRS Depening

B thelwBl Eleg:tl bﬁfher@@)ﬁcal&gtnhbprap@ahng peougrihe weatpuits fotmed by
in the index ém)de [ ndexé propagati gn constant'in a
thavegbingdor afi3eblaysr b, gp thrd@ lsgtqnddaobfséw@né@@g &l Gegfain

rnego
VAR gt ET Rt LAAGS 168 AIRBTTANL ip gocordance with
ﬁbﬁ)f&érﬁﬁﬁvemmﬁ isngthidingaactiedsddeck826dd chyitycregivgi 18g, thee

grating perjiod. In the transm ssiyve t
Hremlonth SorevvisoERR g | B1 coheabsted Hander Byrigihesgtive device
pass through the grating structure, with the renaining
wavel engt hs refl ected back alfgg t he waveguide. In the
reflective type of Bragg gratinhg, different
wavel engths are selected to diffract "out" of the
grating (typically in a direction normal to the
grating, but any other angle may be chosen), thus
forn1ng a mavelength selectlve deV|ce In accor dance

e o,
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signal applied to each electrode), the grating period
of Bragg grating 70 may be nodified in accordance with

W(D mSpsms?Mi %ﬁl%gtx Nt ?&é‘??ﬁ‘ﬁg C?I}%Q%«.{]%B §§fw e q&’%fgxf%’é’s’“““

:@Mn&perg|2|ng every other electrode in first and
second pluralities 76 and 78, a first Braggi aratl ng
per | o‘klsskﬂ)wnsacrtsaldezm 183%@&@%@ first dopesl asa 198 ivgthin SOI layer 16

Rl roreinslerP it gttt ARY e e iy AT R P9 and 196 e

douplRd AebpecBid Nb G py@NehLTHY £8l IT%I Whereelth apgpllicamsh 684 ndtage
the energi zed pattern, for exanple by energl zing all

Imtfextltalr rtween thess glecradas Wi} aldert dicanticd] nadls lenghy within cavity region
R L

lwoaﬂlbﬁz%p eeilbatkeind Agntrall dfakd regorantivhfedergli wathithie @bty by

wavel ength |2 to be transn1tted I n,accor ce with
allowing %@ﬁphqdnwwg%ﬁq beadisisr dp accordinge w1f$1éﬂ%1:n§@aﬂed values at

tgg (Rajo B S g&,ldgay be formed by adjusting the
o

ages ap each separate, individual grating
eI enest 1Iﬁﬁoraamd clﬁ& ofdpeical filtees mwbpra@eteddnjyu%rmcd wavdguide

nodi f i.ndex th ocCi rating el enents
i AN Ao M et & + Blafdh B il CorfyRaing § fumber of
a§LI A ﬁﬁ@&@h&é’e%aﬁgemént%nfu%wﬁ@ furféﬁMheﬁﬁy of Baiffraction grating.

I|ty to "tune"™ Bragg grating 70 in accordance with
Aﬁ/@ﬁ}mes@nmonlrwlmd ia® mudtliplewess @n:dfntulﬂeplgxeas,lané Cﬁn.) abe be designed

tg (Q)Je{fglfztg %ﬁﬁsﬁlj&efgg%eﬁ % Oféeall%%tvg nﬁtrgcﬁfémrwnvﬁggy §/—bonnects for sets

df"&)@ﬁ@;ﬂ chéﬁ‘?ffelsath? @&amﬁleSAW@{ catvaliRa@bisIR S péralfeURGih@ifiplexer
for exa nmper ature or processing varl ati ons

maé;deb@ﬂtuﬂ wﬁx étsérdbtﬁylgwd Ir¢combiniag nudiinie freguencigs eptepig any
heF} B Sl 5 BTRARE S B AR EROR W i

pf&ﬂ&urﬁwm}mtruoé\irém u@dnnenaxdtto chrefislyrcaheedl the pathilengthebetween the

detectors, may be disposed at the input, and out pyt of
®uplsEs Grmingthe yonggeddn a planacintegeateskontics aﬁr‘é?ture this requirement

HcERaled HR sk Ol e o PO a8 e fcture
itld amhgrestodohsigensyour ces f or the i ndi vi dual el ectrodes,

t he g grati n be " noni t or ed h

that B b e et turs S GlorRaig e BhG Wt G presen
1B(f&ﬂi6‘ﬁ u?ﬂlﬁ:E @ éﬁé’t@ﬁi YR BFRES %e‘@bic@"di@ﬁ&d@&ng each signal
al ter th wavel ength“associated with a gi ven

it pgmderthe dtﬂllfedwl‘ltﬂa)oﬂstlm nptical p@théemg&cwuheuﬁ rssortlng to

d fi f
ROERE Rty o i Aty PG Ghfiien GG HBTES tochcing gn inpu
lib€regfdl 410aEA abl oubut cé’lhﬂlfn Iy bn ﬁmﬁifﬁb@e hev@e®o is generally
adj acent el errentﬂ{ di'ze di fferent
! wpirshare 1618 a0, (g BISGAR ot b diogeised phae, Tnput
cfougﬁﬁc? %esgman 491 0 1% 11Y1V1's{rf1teﬁ &3 efrﬁénéngg 2 Ql'h féqh%tﬁx\beﬁ)egltu% 434 a

rac

FaRliwedf K @@wat& eufpnpaaveuidek ¢4, |vvhetrdnearwds d@ﬁdeﬂﬁya\feﬂeﬁh@‘chs will
a variety of uses as active, tunabl e devi ces FI G

6
JOPRYAL seiaEae aResATouEvA MayeeUides dd 4 g Outnu gourlingaegion 420 is
l,fl%)tgatgg]fsr Snip _]J? 321%1*1%&12133; %\Flﬁég%&ue , dés @?%%gclf)&) led in a one-

i on ere
folume rrelbtmﬁshfmwi‘tb thelpluality &P votpot whee gurdem d &4 ifrom imputSOupling
| ayer 16 and polysilicon |ayer 20, as described bel ow

In this configuration, a dielectric region 710
(conprising, for exanple, silicon dioxide) is disposed

in the plane of SO |ayer 16 d used to assist in the

| ateral confinenment of the optical signal within

active region 29 by truncating the extent of the

silicon material formng SO |ayer 16. Overlying

pol ysilicon layer 20 is processed so as to renove that
portlon dlsposed over SCl Iayer 16 beyond gate OXIde

T 1 -~ N o I
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regions 740, providing the sane type of Bragg grating
adj ustnent/tunability as di scussed above in

R

vhaRdged4gal index, n) and absorption (imaginary index
k) .7 For 1 nventive applications such as nodul at or

. . S 4 .
cr os $n sevordnes withithpeparatinn fohPEnd, shesdesirpdhgiffraction properties

r.espnat ors and ' ' . i-Q [
ofiE AR B Ut b B st 8 el nidle Wi Bl Hhally of
veRtiEads 40defesdonpeddngaveuidegdl 4 wigh daveqidestd20c Refering to
In particular, anplitude nodul ati on can be achi eved i
i Fy cachwregsifegt0d if/ERAT Y EhRGIAING 7 EPEIGITEY & PP flgvice

i i i r r i. X o r
1) E 5 St s S ey R S
tlhietsvean reduered. RlsGithytheldrmangenadresdiacussodeatplvaragting pptBal device

RS SEEELIERCE, L U1 SOF, PUSFEN, LS G

s.h%ﬂeﬁz §dBhd BYpdditebioR MRS Wik \pol§silicdn fabér 2. Mor theSk@6F simplicity,
Ve ev ces n ot arns to control ts pefformance. In
opbnareadctiv/Reviand4 sisispeaifical lytceHechsutiin e adiangermenti o il 13,

i dj . tion 82 and [ Y-spljtt 4 .
B T e b g3
BRbIEE & aRPddperolsaiBBdop88 reépish BB withia BV 1hydUloaid a second

inventive arrangenment as 1llustrated in FIG

L
elaciridag eentact g6 presouplegd 4o pod perdrobosopend densd regige A4 within

formthe deshr "YasplLit 3 ' Qet. i '
B
ARQIEtriAS cokan42 ped Yedohd eldtrlcaly&ntadd 4¢4nhbepticappate tength of
at the input (see portion 20-T) of MI 80 tq reduce,.
theasseented ﬁ@vaﬁad%ﬁbwébbw@@ﬁeﬁgprémﬂfta ﬁéwlﬁeét%&wﬂlon effect.
80. Sim : Lyl I :

CPapda AL AL, R BHRLL S BYRF A0 R LR GREI I convots
el diffsicnevolge poteatigencsas arglate oplurdiey ekdifferant pathriengtins to

articular, output portion 20-0O.of polysilican | ayer
fomm eherfliffeactin geatingd a‘Etﬂ&"tou{S]Pfethék’PB%% AR (TeCh 6% changed to

r@%ﬁf}f@é Ef‘c{lﬁhie@%f WGQﬁ)log BOfecabP V\ﬁﬂieéﬂi, W%Bﬁﬂ%ﬁveﬂ%@hs

ing in very little signal Ioss. I mpor t ant
aspiated with dssireg diffpatior effed cposiyply bedmnged by mpdifying the

aPlBhLs e ob® S Pulti aScfR b e AhEERL oot
foPRlcak BE adfibvetitlyl mS§UBRAY thetvdRa@ds QPP toQRe PAridR laytitddevices.

fundanental node of the applied |ightwave signal. The
Eitsi ability to proyidepuavelepsthyseldedive iawdiagend svitehiag in such an arrayed

articul arly i.nmportant,.at Yc '
B 88 Bt PO B @'t BREARt pd Sy b 3Bhg of theart
Tée A8 oAy hbdifieatioauh tief éieeatddBlof afl REWGritruotie hewensitafeda
definite phase shift between arns 86 and 88 results in
dompdets changav theathysigaldayamhand defien- s re- conbine in a
Y- congy .al i .
v BP0, A6 SRR 18 80, Y s 134 e operin
S Wesl400ncaadeaodaniiel, withfetdbaclpsigaan frommerendrinoore off these :
illustrated as di sposed.al opg @ sect i ?n of first .arm £ acti
weveghidenused B Aduale i1 t7al B the Valiners apnlicg &g psspgigted ones of active
dﬂeiv§og9§§ al ong a section of second arm 88. In
particular, first active device 94 is illustrated as
I ncl udihilg tle fHove embogientsraeac@bidered3oibeilystrativsg obihd cancepts of

econd doped ar.ea 93 in,polysiligcon |ayer .20, .
(B¢ presetiig erigedns ta e pOLCraav tat B9TY oY G veriety of other planar
include a first doped area 95 in SO |ayer 16 and a
second doped area 97 in polysﬁéicon | ayer 20. In the
particul ar enbodi nrent of FIGY 7(a) and (b), doped
areas 91, 93, 95 and 97 are illustrated as rectangul ar

in shape. In an alternative enbodi mrent (not shown),
the ends of the polysilicon rectangles nay be tapered
(along the direction of signal propagation) to

g, oy o, .
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constant) and hence in another enbodi nent an inventive
can use the MZI as a dynanic gai n equal i zer or

B

RESMEeNFth Bfe gr&enine&Ridh. FOY eXinhs18, F8shePRALERIEayl B “tuned”
accunul ati on node, depletion node or inversign node

usEgethe dﬂ@edwbmetsﬁ@ct@mrﬁewf&@é@bwm Ay agtipgeadingable mﬂﬂtlmode

IB%F%FC“P?/&%WH%I {er, & gdlsézgésgaﬂ?o%7 o-}ﬁeglrdﬁﬁoéppﬁéat{ EQ\IO 10/830,571

fited De@érﬁbét%gﬁyﬁ)@fnabﬁﬁﬁ bedbtﬂmi wiescanad more peativd dewices are
may be formed using conventlong CMOS processgp
fp@ewlqm&&lemlslﬁé@ fchrs A Bedifpie seperieddale areg?egwéiem

£ [ -
R o A DRI RS b R0t sl
ative deviopt éa;ﬁblemﬂadmhg oaygropbsg freddtarmind wasichmgthsdy virtue of

principle he S i nvention, where FIG 8
%dﬂ‘}SHg?Ii't%tf’g@e(Vio a%estaB ‘???g%e %n exenpl ary active

opti clg eﬁf’!cfvﬁﬁ‘ta%éé@f thosmRSaldd ﬁS@%P@H&ﬁué"f&rr&cﬁ{@optlcal devices in

principl es of present invention. Swtch 0,
deoondente witlath8|pBGAR igveniionidhas thesvatisis cleba@ahm«@nents associated

ri ses..a pair aof ui de
e R B BaRRe iy B PSS RRe oy B MDY GUr G pm the same
1i11ﬂs§raté’ﬂ éﬂ%uﬁ e Middmoreves b @blﬂ&d&f&@ﬁl BDs GMIDS-type processing
t hérebetween. 1 n one enbodi nent, each wavegui de

siastuseshtonfaym e epsicakdrvias cgmpyng@ Jtag/alpo m@sﬂvle to use a material

L

exathpl) bitdiphoud bilicey, 8mgllerysdial stlidonemndsabantlalle single crystal silicon,
formation of active device regions requires the
%@Rﬂ&QQﬁﬁ&dﬂWﬂ@bﬁﬁﬁ material to selected portions of

ol ysi T e LRGP EEbE b R QRER ERAL R cRbin partcularly
referreé errﬁgdmnanisZ ZTHose bf drdataraskald 1mﬂled1rtsxprhlseqnqbr@m that the present
central v i.ding area 120 n this ca devi ce

ipugitin neo neidier LA Peeity s <ried RRPodiRs i wil
&ﬁ%kﬁ@ﬁt%ﬁbﬂs ﬂ@ﬁ’i@i@a‘tﬁfn@ Afd WhiehdiBnsA thés%lé‘ﬁ{boaﬁnéfﬂéjm ay be
polysilicon |ayer . In particular, a first doped

mady withih2Ke stx.)pé of ﬁed;ulge:tt rhattee ofjthe oesent imventiom. Canseguently, the

it RErEE o) iR etale AR S et Graifa Mpeliments, but
@I%eéidrt@% a8fided%byahe Helmd AppRhdH&@pd includes a

heavi |y doped contact area 130). A second electrica
contact area 132 is associated with doped region 126
of polysilicon layer 20, and simlarly includes a
heavily doped contact area 134. i |In operation, an

i nput, fundanental node signal propagating through

i nput wavegui de 112 will generate both the fundanent al
node and first order node as the signal enters centra
wavegui di ng area 122. The difference between the
propagati on constants of the two nodes is the
above-defined Db value. If the Iength of active device
region 122 is defined as L and Db p, then the phases
of the fundanmental and first order nodes will be
reversed al ong the out put wavegui des, canceling |ight
propagati on in output wavegui de 116. By applying a
vol t age between el ectrodes 128 and 134, in accordance
with the teachings of the present invention, an
addi tional change in propagation constant will result,
consistent with the follow ng equation: (Db + Db
ecarrier)”= 2p, Dbfree carrie is defined as the
change in the propagation cons%ant associated with the
change in refractive i ndex. Wien an additional phase
shift is added, the fundanental and first-order nodes
wi Il add together in phase, resulting in switching the
Ilght out put fron1mavegU|de 116 to mavegU|de 118 FIG
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sel ected portion 222 of SO layer 16 in a

predeterm ned area. A polysilicon region 224 is forned
we@r@s/oghoped SO portion 222 and i nfused w t h aPCT/US2005/006365

conpl ementary doping material to formactive device

220. . Il.n this particular enbodi nent, polysilicon
Wh?é’éicwleﬁ{’spa e nc e.an p i apere region an ou pu

aper.egh SOl Maséddbptival sremigtmasdondtively thivdpulatn®h lightwave
. tapered polysilicon reg%i on. Wl |l red%%e refl ections anﬁj
signgi Biepeeatiegin aistirond B YL SRRRAISTSIPGHED WegegHde, the

SISEAR SRR AR AL o 36 plieE bk I @I AR Of layer) of the SOI

bas@PépticaParangemeits padetivdly thie Higtectic layerdopdying ayleasts: [@2tkon of
and. 224 and used to dify the el ectrical potential

tre B0 Wigr st Vepeaayen st mer st ipain IR E0L fver and the

relagflﬂ? l@lg?'ﬂ?élaéctfié’ 145 kR OArrdnd8meht LR ve B AN EAEng %1 ﬂgl@twgve

shi on,” a second active device 230 is forne
signal témpriangor ti on of second wavegui de arm 214 and can

b troll ed |ectrod d 234. Li kew
ot oy Gined bk Fpd R, TR a Rl Sk S yer

the 8 888 bne ABSIdESEd Bavitlya GEtEIukiivity ﬁyge; vol tages appl i ed
to first and second active devices 220, 230, various

phaat deagedngydoped Aragdoimed isdbcerper pilisorliyer s agriaoverapmt least a

rorb i o BoFGRE RE AR 18 Al gk P

reglofethe bolegst @B idoptd 4B irpemppdrailitbn ddyet havisg gsedond, opposite
appearing al ong separate output arns 250 and 252 of
congretiwjty t¥nd: @8%hi ng devi ce 200. An add/drop ring \
Fes r i i 4 9k RoHA REL, Wirei
devs%@%%%nelg%%%bﬁgg%tggq\%lto ﬁé %ﬁ%&iﬁgag{%‘?ﬂ%‘é o?l?étahe pr eslcrae\rllrt1 Hpon
the appleatiomof a Fblége16 oht busbreaifele supamtesipdtacal caddtitegions, the

ring .resonator 130 includin i ngl de vegui di.ng
refigg iy dived  1pssrtaisdSgprLuEa i R Pagisidp Grergspeaions for

; g%g@ | SBMSSE in ' Lioged | ayer 16 or
ma{uﬁgﬁgo |?§?¢%§1 of %O&Q ?ggsa)élgl g%ﬁg,ﬁi‘%ﬁt@glg?% de 18 and

pol sihiS€drbaserepticabarrdngement fapadtivelysinanipelating & Hightwave

. si,cal .di nensi.o of ri resonat or 134 dictate.
siefp s peiiiedrn SRR aHa Rt THER SECB AL Baydre AgbRLeE pe sor
laydTB¥id R hdbe 6PHRIae thabt cAdBpERdrkd mNBY @bRiGiItosilgRRkre defined to
propagati ng al ong wavegui de 132 (when used in the
provide eptesimsdepticaRafripulatipg fusck9rs, 10, this aspect is
il lystr b i.gn [ '
| % 1 e e B g AR A B g o L ERGRAA0E
sighdl e @efirledrin CRiACheleréinih@oelyioedoninpgaifidoged areas are shaped
di rection) along a second single node vvavec%};ée_ 136

to EpYHis abpam shipiadfunehon upqiae apnlication efrn JeeHieal gignal thereto.

wav gl ' '

"o RREOLIAA ophaf QifleEen BIAGRRANIIBNEAH, Hfcheihve
sighdlt® d%fﬁledgnl bﬁtﬁﬁB&ﬁh&(rwﬂnehe Si@éﬁtyéndrﬂ[mis'émai glurattﬁyl (e%f shdpncllq, doped

accordance Wt e present invention, _the el engt
areaseandlithe YpRey scop ﬁarygr Coapiisst plika g 3y b PRtk doped] fﬂ%@S
cisphEd IO ATy S EseiildRaR ShARR o pifins, O iepkying
clemettisepardtelyi amtotied by its 188cisedpepasas ekctricabtontamp eaticnsea

140 within a papti.cul ar rtion of  SA | ayer a an
wheigars PRt aBpR abo ERma PR aRaey L kel Geys tfFes
. A pair of electrical contacts 144 and 146 are
coupl ed to doped regions 140 and 142 of SO | ayer 16
and polysilicon | ayer 20, r§§pectively. By nodi fyi ng
the vol tage applied between™€l ectrical contacts 144
and 146, the optical path length of ring resonator 134
will be nodified, thus changing the particul ar
wavel engt h(s) that can be coupl ed into/out of
wavegui de section 132. Moreover, by "tuning" ring
resonator 134 into and out of its resonance condition,
a tunabl e optical nodul ator may be forned. Cbviously,

o o, o Y e
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nodul ator. By virtue of utilizing the SI SCAP structure
in conjunction with an SO base, the integration of
woredosiogdoel devi ces in a single silicon substratBCT/BES2005/006365
relatively straightforward, based on the use of
proga(C ogﬁn’ﬁﬁgh %}i)ton 11%&10\/%8% r%&g%}z;g&gptégﬁh %{[]ﬁaﬁﬁélﬁélﬁig%hgﬂgir?g the focal
poilﬁqu@{[ég%Lﬁ%e&ependent and as a result the incom ng
signal polarizations need to be rotated accordingly.

For3. efam¥Pll-dasedhanticakirraggpmenirfpcantiyelyrganipelpijng slightwave

. 1pd N i gnal, wi |l b ] Led.
siangh e aioed T B o BTBB e B BUAREIY oF QpBosEiteas ave shaped
to i@t £8vd-BintdiSiohkl fedn@like Atnctidn tPdethe applidakien of an electrical

. reconbined with the "true"” TE node to formthe desired
signgl heedto- However, if the phases of the two beans are

diffe : i ] .

U E SO A Al ST AT Y e
sigrial B¢ defined thelainh @ssherain tiee sieelymgpohinatiat iof dopaidreasafomprise a

fqrneq_in apporganqe | th the Eresent i nventjon. FIG
plurplgty; ot likgmositioged giating elemeREnprchgaBis L rt beme adividually
con?Qh@H hy? & és@@c'&t@@%bﬂ OF elkeRichilonBE: deBidhs RbrehRivd1y Yadrdizhg

as dlscusseé above) in accordance ™wth the presSent

onek nf/twtgraimg elkenatioau acivelymaiipdatingRhe peaed gfthe grating structure.

Vb DTS ieter e e R f e ighiwave
sigrlfé@§§&éfﬁl%g ROAME 6tviiRdreih fifd f6HBS8d BratfFh I@drseissPfe ggﬂtir(l)g

ayer 16, gate oxide 18 and polysilicon |ayer 2 )
strutorenveth selestedeonss ghtheglegtrival epniget yegiandeing enspazagio getively

oA ) N S MR S

refloQ&d bpthe botingnd subsequently coupled into an out put
wavegui de 158. Active phase shifting between the two

pol &r iz 6@l dagnkonticrarngempt lhacdively raiphlaine e lightgve
. o | | H
gyl G RT3 b BRbREln B eyl QP AR i HEp i e shaped
to pit®Ade dmadtive opticdl resohator strdotdt npod thefapplidatioh bf aa efectrehl signal
active device 160 is illustrated as forned along a
ﬂm%ﬁ%;ion of first waveguide 152 and a second active
dev9.CRn BOR-taSed dtdat L@@ hOLCARElyAhAiiPuIaROL R0t
second wavegul de 154. wi th the various other active
sigmhbus defmed @s clainh dvimbeiudhe ative vptich vdsorgorlBlictut 6 furthee
formed by properly doping selected areas of SO | ayer
COMIBISEhd pol ysilicon layer 20. As shown, first active
devi Rt 45Ral AGbiSESisposeREle afpRRoABS abiiveSPtichPrb§dnald and
and a simlarly-shaped doped area 163 in polysilicon
usedl &ydaterntne Beoraveleagth afendiptira signebanphied asles inpuhibersta;y

fornmed d d as 165 an 7. A fifgst ir
ol chrrPRbf el i aRTe” G Re woRdpubid 41 st ponator and sed
to deesiRflcah&Wavélédpthl opatlopiabsigdd txitihf 3t te duls theaedf] ve
devi ce 160 and a second pair of electrical contacts .
17480 optigalaroaver egsuring aEngemeardopratiEeltosjhe hirg@peé gecond optical
e . 1167 i i .
e RGBSR O R 810 Blpongy o
t heHe AleB0leased dpticalpiriana¢maatfbr dceinely msandpulabnpeligldeave
. 152 and 154 can be nodi fied, thus adjusting the phase
signghps defined Wb elgim Aavhereig fop repalar SRMPHEES AifoTFapRalor structure.
propagati ng thereal ong. Careful adjustnment of these
vol tages can therefore be used to properly conbine the
si gnal s al ong out put mavegu#?e 158 with little, if
any, signal loss. FIG 12 iffustrates, in an isonetric
view, an exenplary active Fabry-Perot (FP) device 180
formed in accordance with the present invention, where
the inclusion of an active optical device 182 in
cavity region 184 of FP device 180 can be used to
nodi fy the optical path Iength (and therefore, the
resonance) of FP device 180. In operation, FP device
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coupl ed, respectively, to doped areas 190 and 192,
where the application of a voltage potential between

wao h@sesmwbectrodes will affect the optical pat hp@EOS005/006365
within cavity region 184. Input and output detectors

nqQt sho en.used in conbi nat.i ith F '
I Nt A L
sign¥PAEBRBA th Whind RyHeRSn BRMEdQnaRY cahbavs A abheParphinedure.
vol tages to be adjusted in accordance with the

ned2urieuSQhbassd ogtical erangamant frdchivelpirangrulatig adightvave

. i por t ant, cl ass of. t I N
sl SRR B £l O bl KDy ¢ PG
intefBfonited idduding! anar structure conprising a number of

array wavegui des whose arrangenent enul ates the .

f uretnBHATAveguide Dertign inqluding a Raiberasd Fr§tiomgidhe apper silicon layer
for &H ﬁﬁ%ﬂhx V%ﬁ%@%.u&e?‘ la%f%ltdoﬁhﬁéﬁglﬁ abda; denul t : pl exers, and

can & SO be designed to performas passive, wavel ength
selaadhput&-sisdped pbitionronpled o thieigput Maysguidnpetivs fratividing the

TR TR W T
po i l:l'ilhﬂllg%??artteﬁﬂéd di&iohi JP4ikd ﬁnt%eﬁﬁﬁcér?&%@of‘ H&Ehi AR tHel Wislitting

requencies entering any nunber of input ports into
sepaatg cofifizenment ivepb;e nunber of output ports. One probl em

with ior art A ructures i.g t.he d to carefully

cort ol v rreics cRirieR o h Al ek e gt Sk eSRIR At
inclbdligg B ipaternbld Sectibi of tHe! wilidoR S Bdraléfiaiigithe first waveguide

structure, this requirenent often necessitated the use

latersfl cenfnenieibargpit i cal paths, a difficult geometry to

manuf acture W th an e Si g T . :

et bl DR et AT RAERR SR e - shgped
portidiCarfdriasledingiapaettine@ Bedlidy ofthd potgsilécopllayerifort defining the second

active devices, one device disposed al ong each signal
wavsguide laterabeaaiingmertdeadesi red variations in opti cal

pat th : I Ng: ' [
R e e R e
wav@guids patinigtiopland gedoad ivavedidife tendimationutypetticadydbi egmbining
regi on 420, where AWG 400 i eneral |y, forne ithin .
the pgiy gt sepagie signals o QHPYE _ @w@{l,%w}%ﬁg@’h@ea portion
inclg{i?ng %ﬁﬁﬁgmé@ Q&ion lof Bl upRrAlit0la &3 BRovidfok fateral confinement
[ strated as conprising a single input wavegui de 412
andaothbinipg of theiphiy obfeiraepignat,e out put wavegui des 414,

where various differ.ent vel engt h i, | appear. a .
e aeetn BN oWV b aea Py Y heBRpfRtiof tor eceiving
the 60 HAAWARRI Okl ARO oliut WhitSHul R ASnERERI sSpab@rnrd section of
plurality of I nput wavegui des 422, each coupled in a
the uppestr silicon dayeefadeinivbithe whyaguidedatgral centineynest aasndput

wavegui des,k 414 from i.nput .co LGl Ur .
a watLtraL sl MR K GERRE T Mopl b sECgUTRY RERE ofthe
firsWNE #06hd WhrgdRiss, tedatdedst bRehdtian dpviop agidrecnarisigy dppositely-
varying the I engths of the separate maveguides,mLthiP
dopet ereps of tieiSG] leser wad upRar gBison fyer #ichd Hhek ApRfjfation of an
Wa | . .
B ARS AE RG CERR a SH A L ot
at 1&epateasfeh@fitst wel spbdnd ahvepaides és dhdfged to marspdatepheptopagation
form each actjve_ device is essentially identical in
of the lightwaye BRI EhEOUEs. not a required. As with the
arrangenments di scussed above, active optical device
240 conprises a first doped region 441 wthin SO
| ayer 16 and an overlying (simlarly shaped) second
doped region 443 within polgéilicon | ayer 20. For the
sake of sinplicity, only one active device 440 is
specifically called out in the arrangenment of FIG 13,
al t hough each device conprises simlar elenents. A
first electrical contact 442 is coupled to and
controls first doped region 241 within SO |ayer 16
and a second electrical contact 444 is coupled to and

oy o s S
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The ability to provide wavel engt h-sel ective routing
and switching in such an arrayed wavegui de structure

w0 g00sospdered to be a significant advance of PEEUS1004/@6365
of the art. Heretofore, any nodification in the

oA ol P e Syatit SR eadt S o SiRaR Digyfach-
ZehiBEH hQRF R dth & o RES at 3éBDESackik Hé«i@é/ﬁ@wrp&%o@%aloiég 8nly

operation of AW5400 can be controlled, wth feedba
the fisgymavegfideom one or nore of these wavegui des used to

adj ust, | eal, ti.ng, the voltage ppl i ed .t.Q .

s odeisn SOLBRG ogtiC ity e AEuARR el 12 heaein s Mach-
Zeh@ahaicPefinetd @ngRRed Aesstoicadive dbVibsidoain d§poskd AlBBg both

conce(gts of the present invention, it is to be
the firstend sesond paEesUidisr e exi st a wide variety of other

ol g N T _ i Cnixue | .

hocby duhSOT IR Ppise! aivaligernéit a2 th Haih 12 Sullergig the
pattEines npperlsditoasedtivn diehe inpuiedivegside gottiva idclpaek abeivpwigaper for
. structure as described above. .active, adjustable
IMprRiRg pRiME] FoTpdng djte W@W?I@F intergeromgier.gi scussed i n

OUr4 €O I j ' el fibl .

DeciSE AP SO oRG R PniE as LA dn ehn 12 Gitreig e
pattemeé uppdrisileod swdtivas ofithe MachrBehndbointprfehemetat drs cofifigured to

structure to nodif he generated interference .
proyide feeral CopPaRPSHR L) o 1 (AR B B ¢4 fo aRagating
lighthd iRl Bs bofuppei@s Wavel engt h-sel ective active

devi ces, capabl e of adding or dropping predeterm ned

wavidl ey 8O%-basedwaptital ermahigenint o5 defirted inclaimd 2wohereiy dlse

applied thereto..lt is a dvant age of. the SQ - based
par@ s on srsionst e Ao WSS oS eoiguriB treate o
pre®&GRASRINSRmMiV & gbitR foF A6&itind NMaRaiOgighdlat the various

el ectrical conmponents associated with the operation

andl8 omt SOI-bajediapiisd amengsrecrd ey Heftnpdringlaia 12whegeincaeh of the
Wit hin the s ' { I L C U iep. r
pe b e GRS AR 0 8. B0k RN
devi¢seebibe form the optical device conponents. It is also
possi ble to use a material other than polysilicon over

t helovst PPH-hgsedsapfirel grrangegent foractingly Spaseppating a ighipave
. i I. |
sieEfly GRS AR AR IS ot B BBl
congrisdigs, nmay be used. The present invention has been

set forth with ref.&renc,e to certain particularly

pr &W%ﬁ@ﬁ%ﬁﬁﬁ ¢ ROTUORA of or di nary skill inthe
arty a'sA: oL Hapl By h Rl deNBs bR 8kbodcdd YaHck R0 AREFansmitting
not belimted to these presently preferred

waveghidd pmeivnsualn thappietetamdioed wanelengias withevapessently couple

nodi fi catipns ,and extensjons of these enbodi nents .
ber et g A L CHORE OF TR LTS Set i URragy "Risin the
at 1REESRHnd - SNBE WwategufRReRMEHRR ilctudiAdet 1846 88 ictive\devict dtion

is not intended to be [imted to any of the described

compmisingi appasitsly-doped asedsod theatOl loy treand apperesdliepp leyps such that
o P RRRE R P PRU Bt B PR boni rsions e
optid@iagileatihng tige Atilght yaeaveggiielreohapapahbfg:d to nganipulate the
silicon-insulator-silicon capacitive (SISCAP)
wavegui de, the SI SCAP wavegui de including a sub-nicron
surface silicon layer (SO |ayer) of the SO based
optical arrangenent, a relatively thin dielectric
| ayer overlying at |east a rtion of the SO |ayer
and an upper silicon |ayer erlying a conbination of
the SO layer and the relatively thin dielectric
| ayer, the arrangenent for actively manipulating a
I i ghtwave signal conprising at |east one doped area
formed in the SI SCAP wavegui de area of the SO | ayer,
the at | east one doped area having a first
conductivity type; at |east one doped area fornmed in

o o a o oy
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| ayer and the shape of the at | east one doped area in

the upper silicon |layer are defined to provide a
waele®sngdopt i cal mani pul ati ng function. 3. An BO/AURASEW6365

optical arrangenent for actively manipul ating a

i ght wave sj gnal defin in . glaim?2 erein.th ;
predslg e e BT Sresp e iy Belelp MRS ismutifg waveauide
portRinQMiddRe & 1082 6hs RaRishépell wastiode teporntéhe application

of an el ectrical S|%nal thereto. 4.

a

An SO - based

op20c #An SOH-bersdwptical fapiangeangng as Jefingdiin elaanilﬂgﬂ?l;rein the ring

Lightwave signal as ! ' =T in.
L e R R S
dispokel digxpethe $édgitle ofthe aasmitiippwaegaida pottics, phdrridd-shaped
lSI)ghaped, dgpeéﬁaneas di sposed to forma plura[ifi oF
wavegpde ksenaiegssetiaisd Matha fﬁfﬁéﬁ?{% predstermpied cPuplER Higyelength.

el { i 1.9 : i . .

s U
resoapipt steathire confprides £ gombity cftsepamigtringashapéd ehesguidecasonators

. signal s al.lows for apropagating optical .Iightwave to
dispRed s ORGP ReHh i SaREoTHHE 1 RIPRET 6 RAR5T HE o FSOREER
con@bfit of the arrangenment. 5. An SO -based optica

arrangenent for actively manipulating a |ightwave
si @8al AnSdfaserbaptical aranigamentibeactivalytthanipyleting i tightwave

. _conbj nat i on .of doped.areas are shaped .to provi de a .
sierghip-dteh gl e | SRRCei Rt Pestedl SRSHEAR itV Sottal switeh
incld@iRki cation of an electrical signal thereto. 6. An

SA - based optical arrangenent for actively

mardt [pastamenapw wavgsnidapertishgnal as defined in claim2

wher ej he_overl yi I+ ' 0 oped areas
co EE1ree|a‘gé]tetgvél) SS alf?%l%‘{}g 8\% 9%%?%6525?81’ %Irll(gd grating
el ersaitining acRegiiaé porgios dBpeded teaideg thaalileasduad Input

controll ed bé an associ ated pair of electrical contact
wav,eg@;i@pgrtlparan é‘llee‘%,ttl‘?a@%?"ip ERERE MR VGiveguigs PHANY $O3S Ry
_ . oulat i : .
B S0V RN LG P b Lt
portiams; @acit i vel y mani pul ating a |ightwave signal as

defiped in cl.aim6 wherein the forned grati i S
L1 AT AElIES dRYioRFoSioR somRHane PR ded dr gL thgrSOT
1ay’et£l glt%li gﬁeﬁ Kicea |1ay|‘é9 RirAell aloRgiaQBR cRE I)peaio%rtﬁft_ﬁé &Sfibihfhe waveguide

y control the wavelength(s transn1tp|ng .
portidur svaly bhat bpomy apptlicatgomefthnt diestieal sigaalgo ifesyssoadice cleetdichly

he grati,ng. .8, O - based opti.cal f
conlgere oy st RGEd 4 Py og e er TAEBHIPh futanged to
marfipRhtdiZe MRKIOE Botlpiig BéBidet ithoatdePivRAddpaiatObutfaneteguide

areas are shaped to provide an active optica
por@sonat or structure upon the application of an

ar PangunRE SR prbal FR ety st BorPl R BB 220 e

contbirN@ivadsguidd pareion intlleah phtberindte8 @1 layéihdefimed io/maintain lateral
optical resonator structure further conprises a first |
confipgmen of adighvaye signghwish thas enkyrdupdamentalimedeofihe pipgagating
. [ sonator and used to determ ne the wavel ength
ﬂggfﬁgﬁ&%g%?bal signal applied as an input thereto; a
second optical detector disposed at the output of said
optical resonator and used to determ ne the wavel ength
of an optical signal exiting at the output thereof; an
opti cal power neasuring arrangenent responsive to the
first and second optical detectors for providing
adjustnents to the active o éical resonator in
response thereto. 10. An SO™-based optical arrangenent
for actively manipulating a |ightwave signal as
defined in claim9 wherein the resonator conprises a
ring resonator structure.11l. An SO -based optica
arrangenent for actively manipulating a |ightwave
signal as defined in claim9 wherein the resonator
conprises a Fabry-Perot structure. 12. An SO - based

o o, r g,
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including a patterned section of the polysilicon |ayer
for defining the first waveguide | ateral confinenent

wa@e@ansA9second wavegui de coupl ed to a second, PCT/US2005/006365
remai ni ng arm of the input Y-shaped portion and

including a patterned section_of th ol ysilicon, | ayer

f or24ddh HP REaHOPHER SHATRRTEY &r&gﬂvéﬁy %wp%m& hlghEhEve
sigrfd] %adefﬁlgd g‘l“ElQﬁ'ﬁ 1 \Gﬂﬁz?éﬁiﬁ Ak Rk érﬁéht%@ﬂl?h@éjs' arPctivk %Ptfida'i st

and second arns, to the first waveguide term natton
polairdticreconbinewivelydinge t er mi nati on, respectively, for

conbining the paj f separate signal.s into ut.pyt

[ GRS AR Ide eGP HE 'R BRBSHUOR 6F teghf Polstizstion
mode ¥ UthhfWa?® f@idi.er ned section of the upper silicon

| ayer 1o provide for lateral confinenent and conbi ning

of aseeorphinpuioiagpiieforsuppotial she prapagatipn of evidy peladzation

orti,on. coupl.ed.t.0 the_output,.Y: porti.on.for
mofigiier (RS o Bt e Rl R g RO R AR gt rotated
froVeEDMI farR@atibh ethe TH pidagtion;pat t erned section of the
upper silicon layer for deflnlng§:he wavegui de | ateral,
corffqomhiing aveguide rgiaepualed te Betfirgiandsecondengawaveguides
regqi I .section of at |east one of the
t°°P§@¥§QQ%§%§§%€%§%§39§Quides, the at | east one active
deuincitpg §ia98gud e furipsopagatdyppihs ird-edrubinpd t ghiveas sighalsjend
SO |ayer and upper silicon |ayer such that upo
appit ieask qusrachye dvies diepasrealong PEREIONQS of frastpne o ithg firgt and

[ : negi : ' )
oL OB A LB el S S s
areasvd R0 layereamid pipbert ©li¢dndayar spegthet wponepplitedionioflat wheetrical

. signal therethrough.13. An SO -hase pti.c
s} Pl B o S IHORSE Eoftndt e S e PR it S ofigbast one of
the BRRBAEecbM RIpLE(VATRSRles GOMBAIRE $o AMjudt SRS ph-LE8f Aelprdfigating
device region disposed along only the first wavequi de.
signbls andrenge coagimgtivpeddiaon efithengeereaiithaighinpye signalp

clajm12 erein the Mach- Zehnder interferoneter
an%ﬁg?gé%§¥@Pu§%ast one active device region di sposed
al axy AosO1-bhgdidptishl sandgaran asl duieddh chas 24kbherdiA the

SO - based optical arrangenment as defined in claim12 )
compfieing wavegvadegieeiaasip &rrr@g e proyide;latsral sefinegenbsuffigient to permit

i ' I NC ' t aper for
propdilln SERE I HEnRRh LA o RO ReiRla flhay EPCC,
i Nty {1 SOBbesed obficalAfrab@¥mén ae defieidiin alaimrdarigeeirmnt least one
as defined in claim12 wherein the patterned per )
actisf ppiaaghdasiea s RO AIPRE We IR U B G JoAst whe active
fd LV i i nenent such
optFAITIeoRE A¥H R Lo tend BREl Boveplle O ot ng
| i @t way 8OFbgsedl optiaal doengemqu foredttivdly matmpub@ingrakgdwave

. opti [ range t as defined in claim12 in the
sigghis Gmed BN | STHoras AP GRReGioPEhAeB 4 fifr 0! Tyer i S
typd BHRIGLYHE, £AMhE ANehs 05O BbPAEQAN R GFRALECEN layer is of p-type

predet errm ned beam di vergence for an'exiting i ghtwave
condugjivally. 18. An SO - based optical arrangenent as

defjped i | ai 2 erein each of the patterned

o AR o Ansbtroafal SRR e kSRR R f icpigyave
sighall 8 @dfire@ @S t1aBAE vALdriM erel Vet orleRlped ared n tHNBOI layer is of p-

SA - based optical arrangenent for actively

mani pul ating a |ightwave signal as defined in claim1
wherei n the arrangenent conprises a ring resonator
structure conprising a transmtting wavegui de portion;
and at | east one ring-shapeg wavegui de resonat or

di sposed adjacent to the tr %snitting wavegui de
portion such that predeterm ned wavel engths wl|
evanescent|ly coupl e between the ring-shaped wavegui de
and the transmtting wavegui de portion, wherein the at
| east one ring-shaped wavegui de resonator including at
| east one active device region conprising
opposi tel y-doped areas of the SO |ayer and upper
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wavegui de resonator associated with a different,

predet erm ned coupling wavel ength. 21. An SO -based
wWopisosdovar r angenent as defined in claiml19 WheCEUSRWDFI@6365

ring resonator structure conprises a plurality of

e at.e..ring- Vi IS

oS SRR RSk R R B R LPRERBh A i TR ot dlype
corttlugfity. or der resonance condition. 22. An SO - based

optical arrangenment for actively nansPuIati a

i ghYwape Urbased opficalaranpsmentyfog P%HVFA Tmgperefing adightwave
. r I . | 9 . .
sigftloR QGRINEIh SR PAGSiARe 3OH1ARr ORMIERS aSMeiE D attco single
crysehdticinaysepar at e out put wavegui de portions; and a

conbj ni.n egui de portion dj sposed, between the a
Coad AR IR sl Girensesit PR AR PrpaRne 5 Ehpvaye
signdlRe H@ﬁﬁe@%ﬂi’ﬁl MRHESH HE upsHri1R0S r11a§1|@r %&nﬁn‘i’ses a sub-micron

selectively couple a l'ightwave signa etween separate
thickmess silicontmatetialphbsendvery thedgropp eanisisting o&mylysilidomagmorphous

...0ne active device regi.on conpri Si opposi tel y- doped .
siligpi, gleitpizg e d polyatican el Ry PRSI pely Pl grain-
bo@daRGalns& b6 tigidoR Rl Orysihl dilénGRRUBtAdialle ¢ Bl Q?stal

_portion such that upon application of an electrica
siligpgnal to the associated el ectrical contact regions

t he,optic I t el '
e PEAT OB P Rl IS R BRGNS
sigh#lup defigedoatcle@r Wherehi tht SEISTAP wavegpdy ahr o ipidimed as an
wavegui de portions. 23. An SO -based optica
arrgired yrryegide (AY @ettiusbie insluding m 22 wherein the
compi nj b .don includes a patterned SO
|a3§¢Hﬁ@??%gﬁéégﬁhﬂgfﬂ§éﬁw1| ateral confinenment of a
| i ght vatpet Bixgralbpliagilegiodnasndonl y a fundanmental node of

th ' nal i qrted. 24., SA - d
opt P EWPAY PEA Sartives, cb i DRy ReFpiaton rgualing & scparat
ond AL WRYEisTH AR Ale iﬁﬁuﬁ@)EMrb%gltal!iﬂg R &lsé!}fh%t@ loBe bPfhe inputs to

arrangefent conprises an active optical polarization
thecwrhit MP ¢avpling repiors Whersgn af lapat onevaaeepuidbeofftbe plurality of M

waS e 08 &Y SR o ion s Raptt e s ot PP irber
siliSoPROEL tb Fernt e adtveRpeisAll déﬂic@&‘oﬂrﬁ@di%@ﬂkﬁvgﬁ_@ﬂtﬂaﬂﬂleﬂgﬂ%f the
f a lightwave signal, input to the second input

0
at lgesl eprivaeedvide ang doaballingthe wevelength telrstivity pbtherd WAL stensture.
to eI ' 1.on. |4 v ' %o}
coupt oM SRR SRl LR el YRl d B TEM SEyhER thon
watsntide st thdrglupiop afM Wik galdgp alchidean sepakqrelly contrelabileactive
for pnopagatin%%the_re-conbined i ghtwave signals; and
optigal fevieq sush thah the quiicalaratl kenathgf sadywayegnisieds i videmlyos
ad?ﬁdh@aSt one of the first and second i nput wavegui des,
IThe &t | east one active device conpri si ng
oppBd3.i AalSOldepetopticeharrafgetient 8Qefihed/mrcland2wdpeein the
si]icon |ayer such_that upon application qof a
plugglgy p Mowrvegpisiea anhocoerﬁglsg%%sa@ﬁﬁhg hectenhyein! leabact
regk®n € . .
e R T e
sigaaljas defindienpheame whereinethp noprggatehingpngirgas b snididnadeabl e

._.canstr ive di.ti.on. of the power of the |ightwave

H“?%ﬁﬂﬁfzﬁhgéﬁB@%?PHﬂuWHgrethrough.. 25. An SO - based
opti cal arrangenent as defined in claim24 wherein the
conmbi ni ng wavegui de region is formed to provide
| ateral confinenent sufficiégt to permt propagation
of only the fundanmental nodé of the |ightwave signal.
26. An SO - based optical arrangenent as defined in
claim?24 wherein at | east one active optical device is
di sposed along the first input wavegui de and at | east
one active optical device is disposed along the second
i nput wavegui de. 27. An SO -based optical arrangenent
for actively manipulating a |ightwave signal as

o o, oy ] S
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signal as defined in claiml wherein the at |east one

doped area in the SO |ayer is of ptype conductivity
wanwsospont | east one doped area in the upper BCT/USI®NS/006365

| ayer is of n-type conductivity. 29. An SO - based

opti cal arranﬁ@rrent éor. actively mani pul ating a

i ot BV SCE NS CH ¥ ned in claim 1 wherein the SO

I §Y§Eavﬁ9Wvb§ﬁﬁir% 2éd é}jug%@i tb Helihp@ wdveghigine' 68 including a

silicon layer. 30. An SO -based optical arrangenent

plufatity efoeflectivg wellsifpugeneratige anteuferprcRdirsvesngrBected portions of a
defi.ned in claim,l erein the upper silicon |ayer

PrOB%%%BP*%g%f%"W&V%&‘é?%’ %n\r%:)n t hi ckness silicon materi al
chogednst siauhe veveppida@nstiidn dogpletl alangla/wall bE®B cavity
anor phous silicon, grain-size enhanced polysilicon,

waypesidmarsenh i oyt-geulingseiacdupryisnetisod 2 Rippdgatiag Hakimgve

sl HER Y SR b N et 1R APlooss one
locajomi wigin anefigieasall df thie @vity welvyguiding prdagbiasgo modify the

Jlightwave signal as def.ined in_c]ai erein th
OPt@PIM\RgU&P%V’&% wayegliding arepand aii?fégé ﬁ%ﬁA@ﬁCi lgpgihs coupled
intd{R¥ §OIehd Oné &Y@; t WhidieidihEsdcigh udi ng an i nput NxM

coupl i ng region; an output MP coupling region; and a

pl u¥ml An §Obbasddwepiieglartegemerd dor dctisiely inchnapulatveyligliwave
. for lLi.ng a separate,one of the outputs fromf.he.. ‘
signef s SRR R L BFRY! R Srg Bemisab i Rds fe A Ve digtiona
couFﬁﬂgjg\ﬁitg}gngmgﬁ@u_t put MKP coupling region, wherein at

east one wavegui de of the plurality of M wavegui des
i ncanidpe wavegeiding sgreniconbi nati on of doped areas in

the SO | L. r_si-ldcon . layer form clive.

opt PPl HBRR Bl Ml eBhghd i B TR bt Tine
secddn;t he at | east one wavegui de and controlling the

wavel ength sel ectivity of the AW5 structure. 32. An

SO a paslgvareriding armssryelsd it thy derainatioag of thecY -splifing

' v i deq | ' . . :

eI BT I GELaRR B bl ol tcal) Rl thive devics region
congipisingadppdsital -dosadcdredshftthd $@I e andluppert dilidcarlgydr sath that

each waveguyi de i s, individually adjustable, 33. An,
upoB@PPIEHER SO FleaFical S ke eselladra i FOREpgirPeions the

o558 B mabli BB RSt R A

shiftipg betsieen propagaimglighteavessigraleel y mani pul ating a
| i ght wave si.gnal..as defined in cl ai wher ei n e .
L o S AR B bRt Bl e e R Ehochs s of
waveRhidideefrmsnggudi ngan i nput wavegui di ng section; a
cavi ty wavegui ding area coupled to the input )
wa el efi ssparseciution Waveguiding gectiops oeulléd i the evanescent coupling
reflective | s _f,or..qgenenat.i.ng i nterference het.ween.,.
el ottt BpiRbroEBEOGNHD S| Ml BleCE e Bl Pimin
eacRR@Avéduidifg sfm eN@ilivel ol tort@Y e@licldhnBetseed ihepab@fRERbate output
along a wall of the cavity wavegui ding area for
Wa‘@gtlld@t&ﬁ%ﬁl%- defi ned wavel engt hs of a propagati ng

g : L . verl v : . =
dops S SOT R op MGk Sk Bun i SOy AT, it e
sigraal aeddfded v elainall] whéreinhhe egangdeynenbstagprisds ag activedadboy-Berot
to nodify the optical length of the cavity wavegui di ng

devige SQMPHNE| t er the defined wavel engt hs coupl ed into
the at | east one output wavegui ding section. 35. An
SO - based optical arrangenent for actively
mani pul ating a |ightwave signal as defined in claim1,
wherei n the arrangenent con%?ises an active
directional coupling switch including an input
wavegui di ng section; an input Y-splitting wavegui di ng
section coupled to the input wavegui di ng section; a
pai r of wavegui ding arns coupled to the term nations
of the Y-splitting wavegui di ng section, each
wavegui di ng armincluding at | east one active device

o e o o o " 7~ 7~
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an evanescent coupling arrangenent coupled to the

term nation of the pair of waveguiding arns; and a
wW@2005/08f095epar at e out put wavegui di ng secti ons POUPE®A5/006365

to the evanescent coupling arrangenent, wherein the

appllcatl | .

Gevtra i B Rt fisfR0 T RS pGeR o, il Hfopn aver

C O Nl St Wrdtinigi sigcloed fve@ed Irh:esemand patios eﬁ teatppensitiguit layer;

wavegui di ng sections. 36. An SO -based optica
andar r angenent for actively manipulating a |ightwave

si [

cormroul &Ry URatd il i@l Bhicn pINEEELL O AR butput
graﬂmg; the rgsaannarvay incdtding atf leastrede activa dfevncs tegmm chmprisiﬁg

t he upper, silicon ture
opppBHehisons aeasel i é@ﬁf&w fdghe v sisen ag%f 4’%\?@?
appfAffiod JF&a erb%&fcapﬁgﬁéuo ﬁfefasgb%%t&yd&aﬁcau 2126t RSN ER optical
PPy ﬁ

e Input grating and the output grating, the resona

path: hngﬂhy)f rtlm:ﬂesmhangceazutyheamthfmdeo adjusivihe Wevélemeth egisttivity of the
F b [ oppositel y-doped areas of the SO |ayer and
af% bg@? %ilicon layer such that upon application of

an 2, et BOEBhsedli dpiioh] dRnbiReRSS asfiaidan cRiSI6Wikdbin the

cont act reglons(?ﬁe optical path |length of the
MﬁWQ@DﬂﬁﬁWﬂ@&@pm@HB§ nodi fied to adjust the mavelength

S en S% gg vl tcélpg Ift%% hre glsf}g%eée or? %heq?%ﬁt fgi? tlné s‘tru and géed to

dete«oﬂ@meal the Wagcladdtinbgameptical bighdl eppnmasransﬁputahéretroet
optical detector, disposed hefore the input grating

st raseeendoptieatidaiecior, dispered @fter the QUinNE STREDE SERIRIS, it uged to
deteq ﬁect"ﬁla v&%’v?l@ﬁ%tg ;3? Bla Egca‘rﬁlgﬁga]lfe'txgﬁ‘fg t SR %19 th&e ﬁﬁ’({] d

Ica pose He out put gratin
st ramcdptiicel, poaved n@ﬁdMg(hMgemmmespbhﬁvmmnm ¢ing tahd eécoad optical

optical signal .exiting a uf thereof; and an
det"c?ﬁ%fﬁ g‘ﬁlpr%\ﬁalé% ARSI e ?%Wﬁg:uﬁé&'ﬁ Frabiies acspgnigbereto.
first and second optical detectors for providing

adjustnents to the active Fabry-Perot device in
response thereto.
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