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OPTI CAL CROSSOVER IN THIN SI LI CON Cross-Reference to

Rel ated Application The present application clains the
whewshHp433of US Provi si onal Application No. 60/BSEUSH85/009872

filed March 24, 2004. Technical Field The present

i nvention is GPT?G%EC’(FR@S@@VER'I AIN®IIecd. more

partlcul arly, tot ormation of optical crossovers

r at toncmrcwts utilizing a thin
C"@f#? jgeu‘%ﬁl? W Background of the Invention

I N Thep@esit applwadom alaimmhe thahdfRfUS Pranisional Appladaden No.
hOt onic clircults, vvavegw de intersections

60/651%?% fided Merchci4p 29 er s*) are unavoi dable. This is

particularly true of designs that involve switch

i nterconnect patterns. However, the intersecting
Temy@gw'rlags present an asymetric index profile at the

crossing. This profi]e disturbs the UI deg opti cal

nod ENPIgsEt éTver Olmsgiar@rzteé QIR ETOSA ST 0N BRgeatly: to the
o T L b Sl AR Uy
wawpdidinskyaf opt i cal power within the intersection.

Moreover, the | osses associated with intersecting

pl anar optical wavegui des are of special concern since
Baél{%@oizﬂ? 5f WelthvdiBion function of the number of

terse t| ons encountered in a particular path, and
wi | In thhdesigoamsd mgrlgmemtamprpdimanyay@gtated\zdmome chienilguwaveguide

. osed for geduc

1nt%§;§813ﬁ @gre@qa&@gi ‘HBSSO&{E )fﬁ?lj}}%aavghdagg zlﬁxés S (g)gggulaﬁlyirge of designs

thaPﬁJvSl% stit98 int&rdOnnelSsaiRehst HdvRIvEA MktEiAtedctifg walegulddes present an
Cctober 9, 1990. In this arr angemsnt the wdth of the

asymn@ga inflexipeofilnet basessise. dbismselledisirbs the gidsdniigal mode and
e T8 IR o SOR 581 TR O AP S %

ad1§l§a@1@)‘3\it8¢ifﬂbe>dcité ayn-ghided hicales, iresultth gSihrordystallommd lokd @ih)ptlcal power
allows for better alignnment of the electrical, fields
within the entetseriionnloreeerHBe Hsessagiated ity pnteré?qiglﬁﬁ%ﬁ pptical

t
wal Ghufteh ol EdDepitut Bllbetn SSiQURDss Vi 0l AAPABIE nRE 1
intdrsdcnerneridoanigreddi ngartiukar path, andwill thediforg vamytveith path layout.
since it requires large tapering.eqgions t . .
adi M ekl i PR BRPPRLIof euglE dster theoupvsgpid crossing.
On!a g{%ﬁ%ﬂ‘ﬁ rdlS%[dSQ({ P8 phehed 88L 819 H@u@@i@ﬂ&mﬁn@e’ék&ﬂ@@d on October
d'to N shinoto on October 20, 2, aperlgeera

9, 19@@1 dm tho$ aﬂrmemnd‘eﬂlermldéwfahe M@vw@@ lsmncs@ﬁsc(bgh cggased at the
i sl and of er i al Cﬁ‘l t he .cent.er

crosSREBPRRPY P CECTE G HF Gt G L iy ntroduces

an axial variation in the transverse index of refraction distribution, which allows for better
alignment of the electrical fields at the crossing. The Hernandez-Gil et al. arrangement is
not very suitable, however, for arrangements where there is a significant difference in
refractive index between the guiding material and cladding material, since it requires large
tapering regions to adiabatically expand/contract the guided optical mode.

- In another prior art reference, US Patent 5,157,756 issued to Nishimoto on October

20, 1972, a peripheral region of low index material is used to surround an island of
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of limted use in situations where the refractive
i ndex difference is substantial. Thus, a need renmins
WO pooshesspr i or art for a configuration to provi Ber/is105/009872
optical crossovers in a siliconbased material system
walEIe h smﬁ at IR GRGEof fhe Efd‘s&ﬁ%ﬁﬁtx@eaﬁg% iBR! ‘I“ﬁﬁ'%eéhﬁ?qufe is also
re an ng areas my signif |ca t. Summa
of ltri'maed mem Bmm’uloiﬁkl whpred:herﬂframmmmlcmduffesende lmﬂ)sidnﬂlaj Thus, a need

t d L
PSR e B h EaieruRds BRI o Rl bostsoRalison-

based frfé%@rf‘a? sydtdnh VhERAnS dffRkdhcS il feBabH WAKESUb&HvBEh @) 6Fe and
| enmentation of the present invention is

cla@mgarcaﬂmaybemhiﬁcsuﬂ ted for use in an SO -based

i ntegrated photonic structure, where optica

wavegui ding areas are formed (at least in part) in a
Su,;,ﬁja@t b BleMnb&litivn( pr ef erably, sub- m cron) Ssi I i con

surface |ayer (referred to as _an "SO |ayer")

su pB@ﬁ presenbinvantiomisetitegicd do ppfical apﬁsf@gensasyé;maw particularly, to the
fon%%t\llon (?fnocpz%gf B&Wers I{]ln#‘gn&&g?ﬁb%&%lw&r&u{ nﬁﬂ&{n;ﬁaefﬂin silicon

en wavegul

wazguldisedyée Vﬁlﬁemp‘ﬁenﬁmtattiomdfﬂtel presthaipedntion it particularly well-suited
crossover_ region to substantially reduce the

for yersigiai 3@11'1?/65641 intpgraled Rhatonigirpeuen, ¥ e@dtpgsw%‘@avgguldmg areas are

t t t

for 8 Ut I EPR poR i & el i @RARANE, LB OB R PR aver

(refamed guasta ROt ayen)) suppm“cedrhyran\xjndgrlymg insplatioglayer on a sﬂlcon
t hroughput al ong the separate wavegui des. In one

subsl#®&di nent of t he present invention, pol yS| [icon
r €91,0R8 0 dhndY &ﬁ‘ﬁ%rﬂ}bé%ﬁﬂm%}ﬁﬁﬁsm@ wﬁa@%ﬁaﬁg%&u&\ﬁ%wﬁmm the SOI-
sel ected areas of the wavegui des in the crossover

base@déeaee isaftiguiankyrshapad 1mﬂzeecrs$sgmt1 regiog $o stdz@tanbally reduce the

posls{l?oliﬁ aorsﬁélk g\ﬂglalggc 1n§\é§£é€€%qn{ 56 OBH Eh%propagatmg signal

bet®8Pa BPubwaRiglidegRitioR AR cl0¢d dSlﬁﬁlhtGWaﬁ@gﬁﬂe paftida, thus
wi thin which the overl apping signals will intersect.

imprpeing ithawniise] thraehputralgngiberpiratde vayeeyifdesgeonetries to
?(r: gﬁf?%? ?nﬁbn éigrg%ﬁtgorf?l{g §§e%{]%klgr?tn9dﬁgk)6l§§iﬂ§%q fé%ﬁ:}ﬁfs ar prg:determmed

shapeLat dispascdth oL sdtedicd Qe cff@l@dme@bgbﬁhmn B @roslsdivdr %@cm to further
advant age_of the present invention that well -

migoE et E058 g i @eﬁtﬁﬂa DeEedyging e Qeaigp taEFapﬁ‘itﬂ%ee‘PFFfS&ﬁHng signals.
for f)
si s PrRe et fERrE R R se o PIRIRER IR0y FE0HBbing fho area

within Whitly t}tecnuédpmﬂng signals palt irgemeqpoThs pinvdeal 1tsalfanay comprise

desired manner is wel |l wn fr roc
VariQlis BROIPEIGS B trepmariate L RER: SrBeoHENE, Sied o tatstorming an
exp%ﬂaﬁgﬁo@&ﬁgn@f a dNEmPEESERL, d Jb‘ﬂ%ﬁ&tb@ Beéﬁ»h lito ta%aﬁed beam, etc.

appafent during the course of the foll ow ng di scussi on
andltbyan adventmge ef the présent invention that well-known CMOS processing

techniques may be used to pattern and form the desired geometry of the crossover region,
simplifying the manufacturing process. Similarly, the ability to deposit and pattern

polysilicon in a desired manner is well-known from CMOS processing technology.
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acconpanyi ng drawi ngs. Brief Description of the

Drawi ngs Referring nowto the drawings, FIGs. |(a) and
w@ josiod4sestrate a first exenplary enbodi nent OPCHIS2005/009872

optical crossover in an SO -based structure, formed in

accqr,danc th t .pr j i QF%h e W :

cont’&i®h F"i‘fg hfﬁﬁmgﬁ?cg%egﬁgﬂ{ila%% %%ﬁ a«%sg?tﬁg%n#o(@)ﬂl become
appafRBlringthy icBi¥se bf e fallowing disasssam anddryetferance tetheof

an al ternative enbodi ment of the arrangenent of FIG
accOmpaiting €rseviegst i cal wavegui des and crossover region

formed in a |layer of polysilicon deposited over the

SO structure; FIGs. 3(a) and (b) illustrate a
Bi‘MﬁDkﬁﬁ‘iFﬁ‘aan"tﬁdﬁBr@vibgdi ment of FIG 1, with

I.1icon segnents di sposed over input and out put

ol ysi
aavée@mgq@owgg{ﬁgﬁé%mﬁ% 3(a) being a top view and

Fl Gara( k?g]a B4 A9 iBsthSONBES ELenyplenyenfodiméntiolf b opticdl emssover in
an a{ter gt I've ‘enbodi nent of t'he present _inventian,

an BObegbdwirtibturd, forsted v eesaadanep vilthdhe prgsesy invgaton.WiHEG. 1(2)
SAQ  layer of an toructur.e: i and (b)

coRtpiniRgtd igp g1V ?lndal'sj[gb F}%@I G &fagﬁlgg ?@gﬁﬁgtetrrlﬁcﬁ%/‘fv’ew ‘an
al t efmat byaisshodbAeRic Béwbhen pitesaive ednbodithémiof the arrangement
utilizing a polysilicon bridging segment in the i

of Blft.ile muhah@gmaiwavwldﬂs;aw prassqyer kegion; fgpmed g lgyerpf polysilicon
first ex r.rangenment including a "pinwheel"

de@‘@&ﬁ‘if"@%ﬁé@ﬁé@ﬁ%ﬁtal crossover region; FIG 7 N
i1 p3¢. 3(HInd (Weillugtdten vafiationerf ebanbodementaff BIGGL, with polysilicon
i ncl udi ng beam capturing out put  wavegui di r,eqi.ons; .

segnets Gispased sy eranmy 2pdpy bR beRung FEIQUSkN H(PeHE 2 top view
E [0 ' LJi con segnments di sposed over

ang h&.ﬁ%&%% RRA AL

wavegui di ng regions; FIG 9 shows an L
al t eIGa4 iIwstrates angkerantiveadmtiodangit efthegiresgabimentjon, formed with rib

optical .crossover, regjo articul configured for
strggtgremopﬁcq;}dyarvieg}gfi%lnﬂhﬁgpl %é( ;mpﬁa(@ S¥Tﬁ%ﬁ’l ustrates a
var iﬁé&.ge(%)ﬁisndt(tl?ﬂﬁgﬁﬁeg%& vRfv i Gorletiib ofesy, thlternative

out put are focused into a sub-m cron wavegui de .
ensbodieeat efithetpressatisivengionhridiaipg a pedysditondaidginessgpertmn the optical

region; FIG 11 illustrates an alternative enbodi ment
CIGPOYHECHYesent invention, utilizing a plurality of

t ur niTRg6 M 4 foRMew of h fiickhbplapt irtabependsauding négimvieel”

geometry in the optical crossover region;

FIG. 7 illustrates a variation of the embodiment of FIG. 6 including beam-capturing
output waveguiding regions;

FIG. 8 illustrates a variation of the embodiment of FIG. 6 including polysilicon
segments disposed over input and output waveguiding regions;

FIG. 9 shows an alternative arrangement of the pinwheel geometry optical crossover
region, particularly configured for use with collimated input beams;

FIG. 10 illustrates a variation of the arrangement of FIG. 9 where the output beams
are focused into a sub-micron waveguide subsequent to passing through the optical

crossover region;



10

15

20

25

30

FIG 12 contains a top view of an exenplary
evanescent | y- coupl ed optical crossover region forned

w0 poodoessdance with the present invention, utiPCRUSIHOE009872
pai r of ring resonators to performthe crossover

fungid 9P sinfshbes i altémﬁt%%&ﬁn%d‘?fﬂer?ﬁfof% }‘ﬁje;tse% BRkh¥6n, utilizing a

evanescent | y-coupl ed enbodi ment, in this case

plutatityl afziumgngampedrs tcoformvthﬁ estt@htioysoyeupE®d; wav eg ui des;
and_F| contains a op vie ' of an 0

1 .
o1 ooy eOraf gt S B brsehbyeamird fpticaborossover
regiPh §5GHd ih AYERTARE withethg bfe@%t@@vféﬁﬁbﬂtdtﬂ’ﬂn&% P} 8f ik resonators to

nmenti oned above, relatively thin silicon surface
perfoatyleh@cxp‘swr lfuayféms ) are used in SO -based

pt ctronic arcan ts to s
o oflch a8 T 2B i oF BLHEERRY R BafbQRE bR spmogingns,p this
Casé amm @bhlr of bvdnSsdeas s thied WanRides;mnpur el y opti cal
Elé?tp o electronic, functions within the same SO
st rI6x: d# eontgisis o HewsefrAn aptics temeropeaer e liguratian derared in
r.mib evi ces. The use of CMOS
acc{)r%a C%‘U]ﬁ}églte% %S%H{ai?/&{tmghe size of the optical
functlons to be greatly reduced (on the order of, for
exanpl e, an area reduction on the order of 100X to
10, 000X) as enabl ed by the use of high index contrast
yEoui des. Additional ly, when inplenented
Detgirl%{)g‘? r% ﬁe mani pul ati on of |ight using the free
carAs bnefé}f fhestioned aboves seladveDChposicon Stinfase layens {113 @blagers”) are

usef) o SR bispdoPkisciEsmite ROMAPTENs ¢F puRpaahe Hppagation qf bigh speed
optRABEERIE AQisha¥fmhk Bl £6%b is bbssiib td ﬁh‘?ﬂ)’iﬁ"lﬂr‘iely @btical and opto-

optical /opto-el ectronic functions on the sane
eleqtme:gffuactam (Wlﬂ‘ulll itte sding Squupﬁurm gsiag ;t,hemanmchvm}ﬂo‘@bn@ﬁtlon

teck&ﬁ%@e\g 3? Staqq? txpﬁ% O]géqy %82 ﬁi}lﬁ fiseQ a}élgng% de%\éhlovvs for the size

of thé¥Fial Afhctiess tdibeGrssIgdediited @irﬁﬂhla oftR¥ of, nﬁ@ biple] he&feﬁea
has remained a need to forma "multi-Ievel" optic

redwﬁl:o@mdhﬁ ewsier ohl G05¢ tor H),Q00X)se eagblespby Biglusepf high ew?@mcontrast
o Qs S s B gD Bl GRS Sapipprip e

usiry the et caleRt affect trdtpfiresdd DESp@sert I*Tmeseaerdvamag&mlubls the optlcs to
associated with the cross over, of it rlt ersecti ng Q
appqagh ahessame; fapctional blogk pigeseas tpditiqnak eleGHaweRs rd b 18@98811916 to
r [ I
ey SRRAREEHE ARG Binds! OARB 0RO LUEE fﬁ&'ﬁgﬁ%@a”ﬂ“f Integrated
cironginfigirepiang o pmxﬂaemmheh—'df(aonhe(du))naw besforreed batweereassodiated

t he msstr Wi t h of the variou . .
devisiiobomEHEs Rt drvefonpie Pt B suSantigen R dhscusssdiin detil
hereifthel BRS BEreRE k& RAin&d 9ﬁ§é21"t% ok b Uifut-Rvel o%ﬁ@alﬁﬁt%ﬁc%ﬂhection for

I nvention conprises a silicon substrate 10 and an
this tsaibfdritiogt froangbreetty $ipiilat tythe mudti-tivepmstabiinterconnect structures
well-known in today’s integrated electronic circuit design, that addresses the various issues
associated with the cross over of intersecting optical signals.

FIG. 1 illustrates a first embodiment of an SOI-based optical crossover structure

formed in accordance with the present invention, where FIG. 1(a) contains a top view and
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over silicon substrate 10. A relatively thin

(preferably, sub-mcron in thickness) single crystal
walosoosssur f ace [ayer 14 is formed over insul BCT/Im§005/009872

| ayer 12, where silicon surface |layer 14 is nomnally

FId. Q(@@iﬁ%rﬁ&n@%e&@of tBkarh@¥telicture AR sSTENMI] bIthE |v§§ous| dn@odiments
d (b |l ayer 14 has been processed (i.

thatp\atlkleerdtwsmddlee@@bfé@iw qagh S@Jha%pdpmtwaldim@pwr@mucture of the present

qul ides 16
i BB Rp oo ¥k D S B s e P ERL b Pgposed
oves bididefl s@saateviol A Felatbgiyothird@yefertablyaadomiaos & ﬁMdkhedsh €ingle
present invention, crossqver region 20 is particularly

crysﬁ tselém(@arfaeﬂjlamrlﬁéa Qraleélqvewnﬁ AR 8y §rlop Whate; silépon surface

Is ~ea h
layérqgﬁaglﬁ{)/rg?%ﬂg‘} 1%1} | CI ency % r e‘i&g%l t“the&l PTGE 1(a) and (b), SOI
layariddss &béﬁl pr'BbeSSma(ltee patened aal etblexd tc%rml qumlroﬂa})tlhaiszvaveguldes

en renoved can_be | ace as sho y.the d
16, St orp oy B IR S TORERS GEABACD G iRfgestos indicated by
the gha{dad %éaqm&m LOH6x 20 Thabd A%k wlthstH&Breean%welnﬁ&m crossover

I OXI or silicon rnitride to re-planarize the
reg®n20ds paricalady pattgrhed 9nd‘ formédkio ghlovctes sive gropagatngdgpticaldeams to

i ni mi ze the eff
crofiee Fritgig: Wit iy e e B hL R s e wiibfal The
patfefhed WS Whirk B0I¥ayRf 14 A8H3h réBoRAAN Bk heYladel f(ad@oindy the

the sane operating wavel ength), or exhibit different

dotiggdingtin HQG wivBIvatye EMO&-@mpﬁéﬂ@ uwm@éwﬂbfa lower inders efefraction,
SSI he si a [ gt 1o 0

sSSP BB P PRSP OBl Bl e

prodéinghe S|gnal propagatlng al ong second wavegui de 18

will be referred to as optical signal B (where signals
A akicpreenip mpingnize gie diectsrof RBHeH axosmveatth%hghtéaeémﬁ bropagating

r f
thr S8 v@e”e%&d%ﬁ’ée Lﬁ%g@gﬂ@suﬁ V\Afefgbrgl:o%meh chlé%ch oltl{e:?gl; both of
thetsiae op&aﬁmglazhedemgth)g br)&&nmemffreﬁ@ut opleratﬁhg wsvdﬁfgt}me dFobbyhe
corners 24 and.26. The_ term.,nation, of .i

purpespe gt fimgseubdisustionahe e roRsEa MG @gﬁrﬁﬁ graupaides) 6 will be
refhelB s CpR O SERAN RS HelsidnbAYBARRnE hRA §@¥&fndrv@egf'e de 18 will be

as indicated by the darrows in FIG
refeyeedttd @si bpfigal sﬂgaa@] (mberc:fslgnaieaAt andrB malt eidlner bk qrhhpgcnnal or at

. ui di n tign, 22 determ nes the beam

dif ‘heé‘fg]& é %%‘ $t enters crossover region 20. In
accge Wlﬂ"!’ 131 1§ dyeriRt ﬁfﬁ@éﬁhl%ﬂ%ﬂﬁ&h@é& andHpRUaveguiding section 22
wavegui di ng section 28 of first wavegui de 16 incl udes

that tewaimdley at qu&qvnlgregm@r’z@; aﬁa(ie[ﬁ@pd b}gmmg@ 2é§nd 26. The termination of

inppC e reD iR g S s g AR A o R oo

traveBsek @fddSovieh EegkRBT0, a8 irdli@xdd byltBe Hashéd afrsivt iPBIG. 184). In particular,
i spreferably | ateral | y confined to a di mension

thetsb@eﬁ the/terraingtion ghingRlevaveepiding Briigwihdetewpingsibe beam
cha?e[c% {?srqt eﬁ’c];:r c:?c?ss%e? ‘T‘%ﬁ’én 2(5] Vﬁ%b&ﬁaﬁc% \p% the &n:esent invention,
pa | cu

y el or ‘'use I'n singl
output wavegmdmg section 28 of first waveguide 16 includes mwardly tapering (hereinafter

defined as “beam-capturing”) sidewalls 30, 32 that function to capture expanding,

propagating optical signal A and re-focus the beam into exit port 34. Exit port 34 is
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applications. In a simlar manner, second optica

wavegui de 18 is formed to include an i nput wavegui di ng
W@ e@bio1s3B6 that term nates at corners 38, 40 POI/EE100§009872

propagating optical signal B to expand as it traverses

e
prof 7 PG5Y SRR R0 SlerS R Bl 108 18! RO o for the
arraigbinedt o \Wee/er@stind envkBtibmiol h&t&:shdm%lyrwﬂbkwtddrfgr asedashiglesmode
44, 46 to re-focus the expanding optical signal B into
apphifationst port 48 (exit port 48 being preferably of
Subp G508, ﬁa@ﬁﬁé’raéecﬁﬁd"g&ﬁ'apﬂa&eguﬁl'é ARQS f rﬁﬁ:tﬂlXo ﬁicﬂgjeecm input
node propagati on) ccorda e present
waveguiziidg eotionps 6 et tqpainagesrat ngrnerfs 38y %Bmlbrw pegagaing @pticel signal
i nclude corners at the ends f the i npu way ui di ny
B 14 B s T ot OB e R e Soaavl e ARk FIG. 1),
Ou LA ?&?&éeseyﬂl&i moﬁs%%&ﬁcp@pilcaﬂ \lvé’syé%uifd@rl sqmlu@éslbe&hgda@hﬁmg
to intersect wthin region 20 wt
sid@xq:lbr414e{41@ taug-forgnibe |expmldmgr@§19@168hgnah3dnt9l egmut Hoss (@ylt port 48
conf i.ni he inter area to a rel
beifpBrtReRe g Sih-iiksok Tl AeRfifidis fuflrt §oi i BB pigpagation)
undpy &te@endenRih SeGhRadesit ivanidnBordper partefefi@f dtossover region 20 to

or t hogonal or operating at dlfferent wavel engths to
melld@W@érSEﬁﬂ thetandp af thegap vaypswdingseqiionp @%ﬂ@%&g@t%ﬁ@mng

0 [
o3} A3 B S SR B B Sl pm
intetrRt withihsegiad 20fwitiyurtigricheng sigsifisasttcragtaliaxesigetd $oss by
within SO |ayer 14, the .intersecti ngivvavegw des are

contipingdhe wt@ﬁ@qﬁmg e fer reletipely yapkl shaskd 1eg1eh 26 shawn. pAsn
D B e Bl A TP pr L b R bR
opeaatitigat diffaénttwevelpagthsitd proiteladyditiondl isdatiaelsetvoemthdipfgpagating
the optical node field, as shown. As in the case in
Sighd}e formation of such SO -based devices, a relatively
thi pr Qeidi YAl isdmetrR ﬁéﬁ BPSEA R ME %ﬁlb@@mérﬁﬁﬁfhe%ﬂrangement
and polysilicon layer 17, where oxide |ayer 15
of Hﬁc ﬂeWhem instendsdifernming mlmm@ssep‘mng/wamg@uhs WWahéy S@Platyor 14, the

oS08 GOy AL R L™ £ et pLapSilRPh gl heen disposed
ovéeliSEUSRed4 @ﬁ&)}!@osb@uénﬂﬁ/ medernéd el fufhh A desfréd ﬁfbvé/@‘{cﬁﬁlgl steture.

19 to s@tpﬁgrt he propagati on of optical nal A and
Theadditdem velgaldla@n faygr %sesxﬂﬁé@rrtodtfﬁéhqo@mwa pfigfielgs as shown.
3PSk Pl g LSRR B 80RO i i e 15

dispésed dtivaan SO1UHRr edbadpowsiticaf lafdr@7, Whetstoxide layer 15 is etched in
strateglcallylocated poI%S|I|con segnent s have %
the gaare dnanper asmolsticoRABET AN i Bmthe FropsoN e BRI b particular

em&\gcggfggﬁ gng @gsjeﬂtgal@pltdlar‘ft al a?trj%ﬁglln%& a\g’{lags&gsrsgﬁ abveik Rormed! #fluding a

s are
first waveguide 19 to support the propagation of optical signal A and a second waveguide 21

to support the propagation of optical signal B, with a crossover region 20 as discussed
hereinabove.

FIG. 3 illustrates another variation of the embodiment of FIG. 1, where strategically-
located polysilicon segments have been added to further shape and control the paths of the
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14. In particular, FIG 3(a) contains a top view of
this exenplary "poly-loaded" variation and FIG 3(b)
W@ o0vsaP4330 an i sonetric view of the sane arrangPCENS2005/009872
During the fabrication process for this variation, a
I eI r
proffaefhbYEoh) Hdbls FAAE 33 B, 23 ety W ORfe W hin SO layer
14, %@’aﬂw&lﬁl FIGay &) cBﬁ)tam'ﬂaetop: oiebi afdhis @memplat}amyslcﬁlﬁed"f)@natlon
is then patterned and etched to formthe

anddfHGip B¢y cantains a8 dsoatdih Vie iR SaC FHRIBEREY cﬂ?clg}ng the fabrication
proBé%'s Bﬁfﬂ tbfs%ﬂﬁiﬁ@ry %freé@vélf tlﬁfi‘%kﬁé mesfér s@isiRsfoARad bv&fsOl layer 14,

aunchi ng segnen where these segnents
andl mpﬂlynﬂ]ﬂacdndaynr rsaus fugmed @vmdeolnﬁeré@ dihe cemblnatlon of layers 50, 52
respect i

.educe. the o t cal 0SS,
el et ond puje oo dhe H879E Poife SRt ESberRi G 3 n
parE ng@lyhngoﬂ:fayéitﬁ is 'pﬁttérﬁe@fo fofrh a frldﬁ‘irtﬁh@ JausGhihp 8égrhdnts 54,
s simlar in norphology to SO |ayer 14. The

56 p\dteta ﬂna$emegglenﬁmmqiydajfrmlﬁpmg elgreshens @nde@ é@m@ﬁ@ly To

ol R B R R 18255 Lorh 880U 8, Bpaoce e

cry5ti8iiaal BYits Sraldnee) Whhﬂﬁ’é@ﬁ)nﬁ@ ginfiian nmrpmldgyao &Cddayet 14. The
signal overlap within crossover, region 20 onpar e
parfl@ﬂﬁl@@@nwtr& of Rl seRRRAS $h G 2PSIE HERBDDEE ¢ %awﬁg%g&ﬂﬁwal
)
s1g1i1aés A a&gl@ @(tﬂf & d&*}@?ﬁ&s@f %vb%l?(ﬁ: osﬁf“6pallj’1ﬁq)8aglé1§g dcﬁfcfrigrkgatterlng
los§e G AisintiZing mkiie &da of sigsd owerlapswiltioin wamsover pegigrs 20 (waopare, for

PR O T e
3(ahP fl?/eg%: 1!ng ?@FW@F&% g@ QEQI @ﬁodtﬁtﬁ%e& QchRAUE and 64 are

ns and e coup g efficCiency of the
shaqwropagatédin milygilados layer 62 ex s topoetly o8pubwdvemdiding sections 28 and

42 %gs?’p%%%vte{l;\f/ ejflﬁé‘p@?erp(igéﬁ%ﬁ?t?}g Q%o&ﬁgl}f{ogas%ghgrg%%ﬁgg& g{? is' 195%% to reduce
reﬂe@@&{s%ﬂdtlﬁpfcﬁfg ke duplih@etficRinsy ofthe @@o}ﬁ@&tﬁ{%ﬁgmﬂ@n‘t@exn ports 34

the strip waveguide structures discussed above

and 48, iéspeetnetyui Itisrtg bsmmﬁcltth&téhmynmétlmﬁr% §0 ok i [auaghipg

| ude a 0 |nt s wavegui des with a
Segé‘?‘??%s%(f g g néary@a\so ech% = rgﬁ%wd{&ﬁe pr esent
| NVeaRtah AMernkrlife to4th§ @tﬁ*ﬁ)&%ﬁ@g@ﬂe biBTREs dtscu/slsﬁl/\alﬁfvel Hirgb”
i e o e s e
wapeguidiag b R t
out si f dj [ ;
waggguides 9)@& ér% Sé):Q/%P/ eﬁgé’ aécctggrsd%g%h‘glt@h b}fﬁg)ger ef;fﬁﬁg&ﬂﬁﬁl. ®IG. 4 contains

an ol eed vie® of dyie Exéﬁpla@flmmﬁhmﬁﬂpwmre ISPI dayee i ¢Has Ween partially
shown, a patterni nga and congr
Ye

|.l.ed etchj f. S )
etchg%,‘@rremvg P PEVEONIA daviep | rartsKig %g fheeawqexie(égllflﬂ%ar\% g}&}?@g rgmainder of
agfei3l 12 8&8? ﬂlté{@\ég ggit quéc}:@lﬁ%% @Seéﬁ%tléﬁg )1 @?er@ﬁﬁ?é&nbl@tely covered.

Ssover ustrate
As&h@tvh@t pe&t@hﬁdg almchd:orrbrfollbﬁl etchingoé¢ HOI layee i a}}mws fhe fatnegsion of a first

wa\é(%giggqa%gm etl %\e%\éaal Wag?g%\%vég&g]meragg eCt I Bleefm)é in crosgohvle§ region 20.

FIGs. 5(a) and (b) illustrate another embodiment of the present invention, in a top

view and cut-away side view, respectively. In this embodiment, a pair of waveguides 70

and 72 is used to support the propagation of optical signals A and B within the SOI-based
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and 72 is used to support the propagation of optica
signals A and B within the SO -basedstructure of
wa@Rlosoos3cubstrate 10, insulating |layer 12 andPXDUS2005/009872
| ayer 14. In this particular enbodi nent, a crossover
[ r
sl S B, 5404 N N2 S P AR
embddiraéntpgp tiossdvenegaguldde dé’ﬁnﬂlrhj' lbrmmgcarﬁ;tstmmm tdpered region 76

slong B ey G101 e PEAPD A DEGET GBS VCFEOUb LAY GRS puward
tapér@d fe‘éi&nhﬁf alffd b B&@n@)&va%@ndiﬁg s&tiod 8PQIF Yﬁét'o‘pﬁ@zﬂ wave%ulde 70.

dging portion 84 that is appropriately confi
Croawvsmmwnﬁdele ifgrithea IdbijfnﬁdrbYFthGJSQSQfea) poly@llmridgm mortiore84 that is

oo RIF o RARGT &t WorR seBRBR o S (G eBahEphvsical

sepAraN @GS GticalsigheSA aﬁbe/\(f(b thitirtzecrdabtalk intabeortiaMde WttPihe present
of polysilicon brrgg portion 84 functions to

inveitigrat’s hsslopagatin f élafr inglugia of Bolysilicert biidgiag gortion 84
%tﬂogxg rtcl? ﬁ} %r%%{ﬁqgga%f&tlgg%r%g 8#12% |B2§]‘!‘tg’8 1%8 ?{Rere%qreg%fr of Bg through

bridgingCfRE 610 84, rand elgdnointo/dutvadpagaéd regiodB0. Q@dvaﬁt&ﬂ@islﬁ it Srossover

noved out of the signal path of pro agatrng opti cal
regign JAPropggating entical yignal RolmavRd pREpt ¢ Bignalpilsof prapagating optical
e igal 5.0
iAo 90 56584l RASAL 80 B B o s
lossrtetimeschptibsl srgmﬂs Aned Babmgmﬁqanﬂymdhc@bn bri dgi ng

portion 84 is_forne cl.ude ta er t erm nat
P Ny R atedzhy g6 P stifon BRUSSE ebp i Guried 19 Srele apering

terngh%nsta%rfgeﬁi‘é@\%a\';e%ﬁ R0 00 Sed V&E&E@lﬁé f72 il @1‘&511 1% reduce
coupl e the propagating optical signals into their
reﬂr:cé@pe end m@rmﬁﬁpwnﬂyvame@wtwpm@agefmg Qp’ttcaUSZgImJBjmaztheAmesmctwe
; o] ena Cro 97? &g on structure has been
ou %\Y@VS%‘E OgEe ° Si'FPiSPrated in the various
enbel RN cfRSWRr tdgidnl siictube haslbben HBvelGRAraal is fllktFated in the
crossover region is_defined as a "pinwheel" geonetry,
varlpn% epbodHmesisdhorn s FKro0i-diln én gonesdl, hisaspssgyer region is defined as a

pu})\ X ﬁg’c% %ﬁl:t r&lém&‘tdt‘r% sgderv\ﬁagl% Cgﬁg ?(%télqgtef\%%‘i gegl% %(?1{ gﬁﬁ %o direct

proﬁe@ﬁtln@ Gptlcall BigAalk IAr gid Emmemmr 1ﬁ§ut5‘adeﬁtpuﬂwavégmﬁIhMg §abtions.
a crossover pinwheel region 90 is_used to

In acftrﬁtpqnébqsiﬁilp@aas SBPYR I 2 IRPIAEWEERI G, pisprstovRE PR Thegl feglon 90 is
used f"cgéqq.rgleg(fp fjsn %ulgeqmeen"\ﬁlvl ﬁ'I.J \gé\% u{dﬁ‘% 1@%1 §§2 ahfl an an egtput

crossover nmhee
Wa\teguﬂmgﬂeglon@ﬂl da kinsilag fizshio, bxetsswernplawheeﬁ pegion 90 is used to couple

96 d t. di
optigh SR BReO R uamRioH CRUC eGSR OF ROLAT Pt Wavcgtiding region
gg Crossover pinwheel region 90 is formed by

appropriately patterning and etching SO |ayer 14 so
as In@ctcudmca veibt theforeseritl ipvedniting, @ostewer Hingleel aazgecsn 9Qis formed by

appga%{rjﬁ tf%%lag r@g&) %igﬁi\tﬁlﬁ gg}ﬁa}%r Jl 30 &% t% fror%q 1%6t ct) reﬂectmg sidewall
surfaces to redirect the propagating signals and reduce the area within crossover pinwheel
region 90 where the propagating signals will overlap (indicated by the shaded area within

region 90). By etching SOI layer 14 to form such surfaces, the difference in refractive index
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region 90 where the propagating signals will overlap
(indicated by the shaded area within region 90). By
wet@hiog3BO | ayer 14 to form such surfaces, tPEI/US2005/009872
difference in refractive i ndexbetween SO [|ayer 14 and
betvbl ]ﬁg&rl% JRE ?@jboeﬁf DateBAPIR Samp®d, Fair”, O afthsulating
I nsul atihg material, such as silicon dioxide or
matsfidli suwh anistlicod ejoxidener spiaopadizitle) thesirgpagating kignal will experience

experience TIR and .be.re-directed to remai n.w ghin.
TIRCH o6 dlreperin Berein sy B e o ey B gt o kgt 1 FIG 6,
incéa@BpReal Pty 6@t cdipledl iﬁﬂoriﬁﬁutwg%@aing&égph OPUMAs with the
wavegui ding region 92. As with the enbodi nent i )
embfidimergshistusisdabovninassasiationivah BiG. A, eptial gignalgh wilhbegin to

' | A will .beqgin.t ) ;i '
exegn® i SetinirRE gt e FHBRTE0 HRP Po L RGRL RSt 87 B
waWaMRIEny @bive 926 dRexPandiddisiged fendinpingeh gifiast cubed sidewall surface

i mpi nges a first curved sidewall surface 104 forned._ b

104gatimed by peftcanias end Richige S 1Py &, aplscassed pber Soppanding opticl
sigff At (R ERREDSor QB By B S}l oMl phiBBdt & 4 Effimated

faslgioh,|ds gas e, WislsiRicesssowas piivdisel, regioh 9i0nindi esoautering a second curved
i nwheel region 90 unt.l ntering a second r ved .

salLbeel 159,00,90 WLl RACOUILET | 00 SoLO EUEO

FIGS %38*@0@0&: BRed Og&?\?clepb?%ll ithcbibfBto Boeus BEpALhtE s¥REI A into

si dewa surface unction to focus
outputopavggtiding regignd4. A i nt o out put wavegui di ng regi on

e R e B R i
secgi?{g 56 ahd fler2XPANTINGIng 3 ItlenSRBRHNERHSs A0B ARA 310 BBtha Rimination

at the termnation of input waveguiding section
of igput visveawidingcseotperi 8| Expagdial optigd! Isignahid iwill Mpsnrigwinge a third

thjrd curved si l.l, surface 11 b i
curyg fifstiLEfve® 1 8oy AL bt U ) B shown by the
dotatlin@s) thiodes krdsbs R pihvillealse oot V0 PiCoIRRSkd bRgagatidGignal B then
~ Collimted pro aigatl ng signal B then inpinges a fourth )
impingasedfositl eward sisgvalh serface4 14, whieh fungtiens Orgcyspropregtng optical
. Pr at | i cal sl .gr i t V irdi
sigRIIPFERb % GRVefBiad R o of eSS 610N FENEC Bspect of the
emBbditnet ERIGA b neiiat Wlarb&used ab 8 bi-iatctionacdavided(i.asedngthe
. a bi-directional device (i.e., using the "outputs" as
OULHUHH 7SS L1 ApdCdcs, BE%d) . However, coupling into
out \Y bl B ' :
For [19uef e El Ao SR B AT O aRDRPEY Bcoupier
refiebigorpargisenkeatéritgmohlens asaciatddevitin thetpressnedhefs worners” at the input
ections. at, is, co rs,116, /118 of first output
to Gipegth Giong Meels: BT M Grld Ob L PUPYyavegsting XsBifh 94 and
corﬁ%i% AYD, MBVEIHEFHINE R Havegli @8 g BBNioalokesdy iRt SRWBLHING
efficiency between crossover pinwheel region 90 and
effoienpy betwave gusstivegpiosbetlosgo9d) agBoutpricraveghidingiechensd4, 98.

FIC? ﬂ?’i@{llﬁt%tﬁ%sgaﬁ]a%ati%g of ﬁl%be?ndblo%rgént %;“ Ffd‘v% thgt gd@éssgsd[g{sec%ﬁge%
regarding coupling into the output waveguiding sections. Here, each output waveguiding
region is formed to include a beam-capturing tapered portion to improve its coupling

efficiency. As shown, first output waveguiding section 94 is formed to include a beam-
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regardi ng coupling into the output wavegui di ng
sections. Here, each output waveguiding region is

wo eooseehtss® | ncl ude a beam capturing tapered poPCT/US2008009872
i nprove its coupllng efficiency. As shown, first

cap 151%011{0 g n%le Qva% dl&in% Qﬁﬁgﬂ o CIS EMiled 98 iR Iude a

sec

beaﬁ@@%ir@ POBGELIE. Ol’heﬂﬂse io$ t}fectapmeﬂ beammaﬂ)wﬂﬂg @oruons allows for a
beam capturing portion 126. Th? of t he

SreqeraAm QU O it MECHAERETHHENA BRRO fegied a4, #Es?t%ﬁs it ﬁ%soaﬁted
ou 5P QRAEL TR RaLe b POMOS BLIOIEt e varios
wa\mgmdufg feamues i ilenatseaMmSeptioncdiosisigr bean-capturitgsportions 124, 126

|ous v es of .t he resen nvention._ ..
to cgb R bR e B teBape PhirgSse b T bedl GHEaL by while
1mﬂ?8v1£1\%ﬁie%‘3ﬁﬂhﬁ§/eiﬁgieﬁ inﬂgt}fe%ﬁtp%@%%g@ﬁdiﬁg Qqu%ﬁ@%ﬁ@Y&Be
region mprovi ng the coupling
undefstoodltbat(tbﬁ mnhmomhﬁ ﬂmmap@ned ﬁmie@m lﬁsui@ is el miinating thet passibility of
der st e.in i-0Nn t he ta

iR I a8 AT Sirer e RS e Bl eRRE G mptoy bi-
dirdéGbitd dbiges, He UGkt €oFBIGA 6Rbm8&ink Pfeférﬁtlﬁl&ﬂveﬂﬁiél s‘&ﬁcture of FIG. 7.

Therefore, if the need exists to enploy bidirectiona

deViI6e$ is yeianetheyariation of theip@mwisel BerIMdiey g5rdiscassed @bove in

asso%:ﬁmgt\?lgl}]?fgg ug 5“;7 ?1{1/\}1 ?éna?mrﬁ,epi %sﬂ?co'n%l %C%%tgg%{ﬁ%e éncluded
ovek @elé&écpﬁcblﬁbhm the iﬂquhﬁoutﬁutaWdzeZmdirig redibss vfhe &G Ohstructure to
ysilicon segnents have been i n%lafxfded over sel ect ed
S@rrlmpeswse B¢ counling shligienaydnte o Qut Hatreaydimyvacsressn 90. In
h t
parfuthisEhid sobod PUSLHER dduchisl 108 an TBO B CRf dispoped qver input
wa\r@gidmg Q@uoﬂermedt%ctu limprove |tlneslateaai cosfigmnoht pHthegirdpagetng input

. Seg 28 and .130 aveb n di sposed over input
e SRGUIoar 5 RBRTES 5o O B 6P GYSN HereB R 0atAs show,
the ‘Eé%&ﬁﬁd%%ﬁ?@f béth pblfa&nraaa& %ta?etgwml a‘iﬁELlBO%kegt'aﬁére@ Rélb&R@Béhtrol the

he propertles of the o al bean1enter|ng crossover
couphgg of the elgn@bﬁ@nahmg:ommatmrmlysmqomgw@n virveguiding structure into
SO AT ST PO O REDST EArer1oGR gind 13438 i in
FIGE Qrﬁﬁld[%bée@rbvﬁpbﬂtghi w&wghﬁihﬂg Seifoneaadio fh@paiuwgt Where
into | ayer ly. addi ti onal pal r of

polyoligesi segments 4 89 ﬁ@dqﬂ%4 qxg;usgm improvgrthe eouphipgicHigensy igo (as well

o G5 RAS3S0 Ul MR8 S BEMPRR A o

utilize @n@mcbegmempv'@ms bimer ﬁ‘@-tuﬁiel sﬁgcmfefsl(ﬁeedﬁﬁy 4 fok example)
(as we as along) each of the output waveguiding
Hm%b%ﬂﬁ@ns It is to be understood that instead of

ut i fo't% ngp&l a¥1sa'h naqu §ﬁ?5@ﬂfeﬁt oft egn%gecnt %L\;éﬁﬁoﬁ dshllké’tfb?ed in

structiures (se or exanp e use
FIG. Opwiierevin dfis ease alhd: Engnaés aafﬂbdﬁimmﬁprm’r td hmatepngﬂ&@ossover

invenfion is illustrated.in Fl 9, ere.in this, ca
striche; R gniogsHBecaliral e i afeoshaw.bﬁﬁlgt%pled into
rel VB SAYE input waveguiding sections 140 and 142, respectively (“relatively wide” a

compared to input waveguiding sections 92 and 96 of FIGs. 6 - 8). As with the embodiment

discussed above in association with FIG. 6, the structure as illustrated in FIG. 9 is

10
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structure. In particular, propagating optical signals

A and B are shown as being coupled into relatively
WORES/0943pLIt vvavegui ding sections 140 and 142, PCT/US2005/009872

respectively ("relatively w de" as conpared to input
congﬁ %glf%g]gé 09, ﬁg&tt 0B3RS %?cea'ﬁgthggelgﬂocf fn@ﬁt ax@expa%)ied éﬁlwheel

e nment di scusse ove I n assocl atl

cros&btreh rEgitn 184 itformed touctemmodateithd ptspa@tmgi coltinfaited s@mals and

I sconsidered to, be a, bi- dlrectlo ggelce In.th |
perfoRm P FEHE ORGRISREHE S ERTIR o 810 RS SARASIcp e of the
Wa\}e ufd@% Whdret JHe ﬁgﬁﬂm@' 81 &1dpNSnAAEQ RAUA 1401168t n@&ﬁ@gverlap area).

gnal s an erforma focusing operation on th

As shogmaﬂn§1§io9,a®ﬂnmaﬂed optical hlgnpihﬁl smplagemﬁ@h curged 61|dewall surface

d vvh th
148, BhPane S8 P GOEERLFh i EREOB b s e iR Rivpgestipe siena
A iftb @ foQused Bkdrh %tsﬁgwﬁPAft@r?Jaséih@ abuch dveBEbpERE 1&6 f prbpdgating
curved sidewal | surface where the curve of

optical figreé Alwil bﬁglfct@rﬁxﬂ?@ﬂd andl prepagataiBravehespandedainsghecl crossover
|
e B O PR Mo 0 U S, SRSt 15

is cORtdIfAl soThamiad s1§new1§ 1le doagérfedtiatoexgiitart dvave ap agaatees a first
t hrough expanded gl nwheel crossover region 144 until
outpufpvwggwgm@&l@@ﬁ 2curved sidewal | surface 150. The

CUrNS sq{nﬂﬁlufa%lﬁgﬁ,i a%ﬁgplg%ggl.%]%t%%%t?h ﬁg ndl @fvto?ﬁ%ﬁ Qﬂﬁllg input

is re-converte e as i
wavdguilingsection 14Bwihenddiongr & dgrcbcmrﬂdil?mddwallasusﬂane I 34, which functions

to ffﬁﬁ?ﬁ%@é&ﬁﬂi glgl put qc %ﬁ{]ﬁlt ”hg,gfgg l 3 anglllorihélf vi\s pith optical

31g1$apu :ﬁf%ﬁgaﬂlg (?dt%, ' e faY B3l tﬁ&’é@ﬁér &Pﬁcﬁﬁﬁ tﬁéf']mﬁiﬁ%é:ahfourth

optical signal B and focus
cur secgmdwalb;wmfade 9@ ttaagformipigaptidal GignakB witp la coplirhatad signal that is

il bR B aetirerSetioth PRE AT e e SR ERch S eseribed

abo% r §aG8ntondt CMENEHAE M RGeORidued magiberabd Broc&is®A layer 14 to
collimated signal that is directed into a second

formutbpdesined Vexpandechpinsbed!’ grones fOAgrcwsqwqr fegion 144

f ab?ﬂ%% gﬁst%t e%cﬁlhl Ete \2%‘;/})8 e %e% o pr euys §%S§g§ rf:%‘ion that has been
fordafd tPfocas /A fndemigsdoliadatee ¥pan dad apibnieh’ dugemm%yvavegulde a
for crossover region 144. FIG 10 illustrates

desimbleervanganestt farrswpiens utidpersingle modsseival signagy Jf thifi grangement,
oS DL BAE gk AT b et

eno@ﬁﬁt@ﬁlgﬁﬁi%ﬂturf/ﬁf sﬁ@&@aﬂhmfaué 250, zviege ’Blleraghetum) defioptidewhll 250 has
nals. In this arran nt, a.col]imte ti.cal

beeg cekfalat@ﬂ Tﬁrpé?)‘élé%ﬁhééie%# cvmwtﬁmﬁameaqrﬂ@ p@bﬁé,p@th length. As
Wltﬁé}g é‘]‘\%ﬁx g5 '&E&?I%e@a}gd\fesﬁl%sg Hﬁr‘é&flsﬁé\gﬁlf\ﬁhfacé QS@ i’sci%rmed by

curvature of first sidewall
pat’mang and emhmg @rﬂ)ltlmyep i éw ehibihthedsbape adhdwou §‘hn gor/uomlsu phSOIL

rescrj bed, opt.i ath | th As th the, .. .
laysh, FeROENDE R Hieh SERGOnT i Blenairs atf g Afeldivply low index
mafthal @G&h géghécﬁ di6%ioB Er 8¥con nitride) to maintain the necessary TIR condition.

Referring back to FIG. 10, optical signal A is converted into a focused beam which is

thereafter directed into a sub-micron dimensioned waveguide 252, where waveguide 252 is

11
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patterning and etching SO |ayer 14 to exhibit the

shape as shown. The portions of SO |ayer 14 renoved
whooenetssng i s then subsequently re-planari zedP@BEUSIPOF009872

relatively low index material (such as silicon dioxide

or.silicon nptri i [N t;he ne S R .
forsih A P SE sl Ftesh oo h bl benfioglRgPRaR sho e aply g single
modl§ (FERIMEIER Gnddeh Bf fhe ipespagsarthohspainidisro wils bt besRakl eAs with a

directed into a sub-m cron di nensi oned waveguj de 25

2
numplps 08 thesrebpdiments §crssedalAYe, hegnpeapiirie SderalilsiZan: 256 may be

| confi ..cals. ! d .
rrk o505 R a0kl 2o LR AP SHED 01 AdRlOte ngie
mo@divheaide. gnadithivhliolsetarppangententsdesuiibdd dbomelrtodysilizbn

t he enbodi nents _di scussed above,. beam capttirin )
seggiepiswRm ke disp0sed gEeT RS OWBUT WHYvEHdsme FReotSrP AT Gpupling
efﬁy}@%@gui de 252 to assist in directing optical signal A

I'nto the single nbde wavegui de. As with various ot her

ar r angengiat fshiescinc@eihgaptive signel Bds iliuswated egensotisteripy a second

A T R F R CR R —.

inchR &R BoNgn AR kpahl SdPoAerBihb Sollindisd Wa¥EkhtAs focused beam. In this
encountering a second curved sidewal| surface 258,

casefecused ptical sigatlu és heregfierfditseted Higo jassingl¢ mode wayeguide 260,

accept, an i.ncom.ng col ] i.mated si ny t .
wafigiidernep anc REEPE Pins Sntp B HEEW TR ORI R PP BBl W oupling
efﬁ@@ﬁélysed optical signal Bis thereafter directed into a

si ngl e node wavegui de 260, wavegui de 260 i ncl uding . .

beafspagifio embgdisans sitable s proxiEastoye; Q&ﬁoaveatpg gignals is
1. G i f.fiGj j ol C: ' it .

BB OB 4 P e AEBFAL SRR S U Ao e
surfdck U8 8OABEr | Nt prEvidd the deRiréd9® siambre-direvdbn bétwhbn the input and
mrror structures nay be etched intqg %P sur{lace of
thegufput.aHée ithya pynpsr oy itpeArrangegends fesgriy g‘?odﬁa he arrangement of FIG.
- | : . i t L 2 o\ 9
1 5 RSN PR Sl oL A a0 DEBuiite 8 S o
revarse@nBefepiig fFIBL G, cbllimaedojticatisipeadtA enlhproppgite along an input
oS e S50 b PR 572% DR om0 e v
optr ki'gﬁfat& throRsH £ 8be r8tadBRko A Wdo:w PoPRAGAEIBn@h SitbtAfally

I nput waveguiding area 270 until 7iti n%i nges a first )
orthogonalrsi@# pathhintifencupiesing A eeredd nurree2 ¢ Seeendopirras 874 then again

ignal Ath h,a 9 i
& anghulel SeRt vt 0 b Eo B S RIRp RS 276
Sint%ﬂbﬁ&l,l RERT AdidFoartB AGRBE 278! 28U aré TekmeSQE prede®ithingd 16t4dons within

hen again re-directs optical signal A through a 90
SOI taya 149, provide rerdireeiiopui! codipeaied enticgl dgnad Blygween an input

e TRE e B Lo LML 01 38 O Bt s, e
“inﬁggct”\%gg\:bgt?uf’ﬁwﬁeg&ﬂbé @Ay bé revetskd tapredide piidbatticnabnalsnission).
In contrast to the various embodiments described above, crossover of optical signals
may also occur through evanescently coupling a signal from one waveguide to an adjacent
wavéguide. Evanescent coupling is well-known in the art. FIG. 12 illustrates a first

embodiment utilizing evanescent coupling where a pair of ring resonators 160 and 162 is
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wavegui di ng section 282 and out put wavegui di ng section
284 (where as stated above, the "input" and "output”
woenwsguisses may be reversed to provide bi-direRCT/082005/009872
transmi ssion). In contrast to the various enbodi nents
forHl6E By b@c?e‘iimﬁg QMé etcﬁﬁ%%iﬁ"l@fer 9h oPRA BO@Jba&'dQﬁﬁ(l) 21cbRYnid kB ture.
occur” throu evanescent|ly coupling a signal from one
vhwe’g thedagclted samc@clqsm@med\xQo@gqlﬁ p[@pa@ylag@p@gaitmgnal A between an
strates
mp Gy RePiebrstitar b S el v eBifing Seefont oA HERRLS Bptica
wawgaide 168 i hded tb OGR! 1RE ggb%h tidAGf bpticdl Sfcahl® md@g thed51gnal path as

patterning and etchin ayer 14 of an SA - bas
showﬂ@ Fip ek ronwithshe mgml@enwlﬁw% abavge Acandd are preferably
t
o SRGHSSHAEE O SR AL SRGRRAEA R PRk G, e

confbihdloh ofain@gedofbiegs B 16D withGhe cohtial @5 LSt voRt bptdal
wavegui de 168 is used to suppor.t he ]ﬁr opagat i on, of
Wa‘é?ﬁtlidédﬁg 45 s defmed) aér@gcr?qﬁéveg F?ﬁ\%}} opgradiqBypptical signal A is

oo g RS- STk on e pcisgd APl 160w

funpiopagatiasgeraly couplstanieasial poytiati 61 the emtrgyvavepteabsips] A into its
. The conbination.of rin ators 16 162 with the, .
ting SRICRAY 4 eapaeh sy G2 BRI Ets HRHagER dee gmigition of input
wax'}elguﬁhl%esfebﬂ@rg 164 Rbﬁrﬁt@&?é’l&ﬁeﬂtqg[z @by béGnerely 2%’&%51% e ee used to
optical signal A is coupled into input wavegul di ng
proyide cowaint@4t foflaay pm&emg@lgnﬁl fqt lcgmplcd mgo ring oesanaor 160
unction eva cent | oup
Aty dgrorRiet BrEH 2R cobutBn elle oAl dispsused o
mohitd¥dhSfbEéMhE of ﬁﬁg aéaﬁﬁm&t Bycdet@h@iiag thelabdoins of 1 éfergy
positioned at the term nation of input wavegui
remgiing wivaeauidan §bs ynathisdniompationtppephaps Btsmﬁ’éﬂ@| \yavglength
to provide contai nment for any
Seng)lﬁﬁgg( XFruggGP’es8 lﬁf’?t coupled into ring resonator 160.

AI tAS gatvinviel BIG. ab Steerrmer@mwe\&@nﬂatl 68 T2digposed dnpulatia tafirst ring
ive optical device, used to nonitor the functlonln

resqsxatqrulﬁg sp a% ireauple whstaaiallyallatiee @M@a eRstEt frem Hﬁtrartgdpsonator
160ielﬂ sV G IRL QD deN (pRVRAH s@gselg%on&’ $ih gesg?%tﬁr 162 is positioned

nformation to perhaps “tune" e wave
“do&msﬁéd:rﬁ’i/d)ﬁfyrsm‘ing resmatm&rbmrfgttmnsﬂﬁﬁh waivegslievid8isn thdt (firopagatlng

i d di [ |
opts] L5 Vil on EQUNGIELD <E800 o HEOROR [ifp 1 PFopE Bkitoning
out@k’[ng < gﬁlﬂf'ﬂgl ket 168 whi spRk E&ﬁcoﬁﬁﬁ@i’es&ﬁ&@? 1‘62r %ﬁtlcal signal A

onator 160 into transverse wavegui de
will hiasescanty, caploimen seegdragonsmnator 1621 mt@ ompgt Wamdimg section

mmstre m' of first rln t tr nsve -
166, Sgar AR D PR (T armgiRrng. Bh e ioh g QRER! Revepuiding
sectibd 164, Bﬁﬁe qu?duﬁcmai QRGO Rfdy b RiSed ASORatifctidfd deﬁ)ée (with the
properly positioning out put wavegui di ng section 166

mpuﬁstand P@T@B@&elﬁgdeg@é%hd ring resonator 162, optical
r es bt or‘l s&te@%ﬁ%ﬁ%&? %é@aﬁ&%@ﬂ&aﬁﬁ?ﬁ%ﬁ?‘%@%&%&f e present

wavegui
invention, again forming the Wavegmdmg sections and crossover region by patterning and

etching SOl layer 14 of an SOI-based structure. In the embodiment of FIG. 13, a pair of
waveguides 180 and 182 is formed as shown within SOI layer 14. Waveguide 182 is
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166. A second absorption elenent 174 is included at
the term nation of output wavegui ding section 166,

W@ 2008094580 s particul ar structure may be used aBCHUS2005/009872
bi -directional device (with the inputs and outputs

RO LY 5564 Wagéggﬁldejs%ruhiu!réjﬂcf @%\%ﬁﬁﬁl@ lgbtlseirl{ﬁ as a “U”-
evanescent cou arrangenent

shapemivxem&tagmd@, wijhitie tase of thg “Ur efoimeddg bie (éssa:guslk}qbar@lm vﬁﬂﬁa portion

crossqueg, I egl on by patternin tchin ay

of vy S8 T Bt s RRarE s Lol | HeSORaRTSHan 19 The length L

of cl‘:dsg';‘)vel= ¥eg16h P& fs d@ferﬂYﬁ'}éﬁglb' b $8RotbA0f ?rfédwékf%%ngﬁ {ﬂﬁgﬁﬁ) dZating
de 182 15i1Tustfate

shown within | ayer Wavegqui
(orth@cmal) signelsep §1@twgme gmpagatmgmpumlrsgmha W\Eblmgpmuﬂked T an input

ust r at ui de
wanishuing S 5 Ty Bhangaon  BEREE LETESR §puhveailpm goction
188 PRR§eRR Wivepade 482, d@nﬁl&%@ng%ﬁ& %ﬁ@b@&&ﬁﬁ&?ﬁ&h an input
coupling ("crossover region 184. The length L of
wavegwidEwsertiqre 0o tr@@aveirs: m\tesurﬂ;e A8d inte ap ofitprit wiawegudding section
192tol}%{ WQ& %9%& &)eflédwe propagating (orthogonal) signals
i nput®propagating optical signal Awll be

couph egtidat tiptae dfrupodsova \fegmsddn Atcds@sick MthkB6 pﬂ’fsen‘[ invention is
U—shagﬁd mavggylde 180 i nto an out put wavegui di ng
showpdn Fip Ifgwhiph melydesadransveiss wavasyle 299 andiameirgifoptieal tap
V i
wan B 203, B0 ¥ RyrhfRa e Blbiel S0 AR SV LN 8 Kl e
struvmvae cAs shiomgy, pephgaing pfcafsiddab Adpeasblisd e ghiiighait ABAg fifst optical

tica p of crossover forned in accordance
tap WY agli ezo% R et BTN CoupiRe Mo tmPIeEse vayegyide 2A0-

Optl '
PSS 3 008 AR 9 SRS R pg s o

wavagldd@tza(hiwig:r@(alativayldrttla 4if elﬁy)an? t@@netgysfecdn@pnwitmgnel B Ascoupled

pr.0 tin | nal Ais a le s.an
intof R bngRs SRR s g Rt P4 300t ardiaR B85 s ooy Bmis
emboliRRer & B&ﬁ?ﬁ‘sﬁﬁé SheGRHPAI G ridH 108! df%ﬁm&s%ewmgﬁﬂe Izd@ where both
200. tical signal B is shown as propagating in the

optieg] gigsalsrss andiBraee supparted, 6n gzetlrae tifednd pextienst216fand 212 of optical taps

B T Y BN R

elen@intd 4 AL 16fmBPd dispost@psthe 2mandtiodDéf endl Por@SHEMOland 212,
region 206 is defined in this_enbaodi ment as conprisin
respﬁﬁéfe i fkserthymt emainessignal apd pesebly elufelieyas aidetoning element.

a5 PR bl BT A Ao By o3 OB T
wavEQﬂd@sflﬂaﬂﬂaﬂfrevelescb scas toasliyporfthe wrdpgaghtivn Gﬂ"@ﬂdﬁllﬁig”ﬂals in the
of FIG 12, apair of absorption elenents 214 and 216

OPPWﬁﬁdH@mHFEposed at the terminations of end portions
Zl%lﬁﬁﬂ lggh% préses P@]%ﬂt}’o?ll has bEéh SRR Ql@é’crfb%m&hﬁl: fg%@‘secii to several

si gnal poOsSS| unction as a etectln
prefbmdb@dbodlmen‘ta;m wtg@nmnﬂeretfooﬁ: @t varlousshahges, modlﬁcatlons additions,

ete. may %e made Hie form ecli Setall Sheredt %ﬁh%ﬂtd de%%}'tpng from the spirit and scope

of the invention as defined by claims appended hereto:
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wavegui des may be reversed so as to support the

propagati on of optical signals in the opposite
walreosn94s8m. Al t hough t he present invention hasP@OEES2005/009872

shown and described with respect to several preferred
When;oogtigrregt.s,, it is to be understood that various

A et f5di fi cations, additions, etc. may be made in

t hey.f arsimcachrogkalator ($@N) dafediptialdeviteiacltiding afsmdmet dilécon
BB B e SRBe et o iR o eovering A sleon Sibsfafs, e sor-
basid bhEANaQed Bsthhgy (SA) -based optical device

I'ncludi ng a surtace silicon wavegui ding | ayer di sposed

oV e4 fissh optical vavegiidd foy suppodine the grapagatidnoda fsboerticalt ssgnal;

t he SO based optical..device conprising. .a fifst Co
o pt # ERPPOATE PLCRELS 1Gh SIRRPTIHRG T REPPBIRL L Sroghontioal signals
and 1 7St optical signal; a second optical waveguide for

supporting the propagation of a second optical signal; )
andaraoptinat ¢rosdover regvodefinedsle)l anintresactiern obthedist optical waveguide

ntersectiaon of the.fifst tical wavegui de .\M. th
witBecrraobenal ardidn BF opPRY offer et SRiblbE p i asiny
defB%B B tddubé crd s 48R Wetweén dief fideshd RcsRbbRRarsi@sd @l the crossover

between the first and second optical signals in the

regonged dmprovespition] thiogehnmb mothin Biopteal craspONeg RN wi t hi n

t he,opt.i cr .edi 0 . SOl - i )
e 08 ] BESS Ol i o
the BR§ttandRe@ndidpiciliwsiegdites sdittndsubpmica gyaveanuindespport the

exhi bit a sub-m cron gegnetry and support the

propagtiag &f Pl 2otingpmpds oslisRyFgAfode optical signal. 3.
AN §.0Aht§jtﬁl%jas9ﬁ’ Bfé&[aall d05U &RicBRedff dIRGH1 WhefditHD optical crossover
wher'ei'n tThe optical crossover region geometry is

regitef deoadtry ds deftled de intcbaimbeaptcapiungg wavegidelsectiont ateni areas of the

at exit,areas qf the crossaqver. regi on where the first .
crog iAot e GG S G CBTiEs A GG dpie thelr Ssociated
ﬁrsg%?(p%jc@ﬁ@gpﬁgag Shvahidegecond optical waveguides. 4. An

ased optical device as defined in claiml wherein
t hedf Ans3Olabrbed eptavadl dowied asadefined Bxglbiges wherkin the first and second

optical crossqver region are forned withjn.ih [ 1
on @ il I 3R R o BB Bl ans R it ALl M8 o
layeQrhaset vanid dgpiicaldRvicee as defined in claim1 wherein

the first and second optical waveguj des are faornged,

| ea8t AnrS@abased aptieal deyicerpdedinpd Bsclgin hmﬂlefmtl@lﬁrgta@@gtsmnd
opt?ciall {N%\gggulidﬁe%%é formed, at least in part, as strip waveguides within the surface silicon
layer.

6. An SOI-based optical device as defined in clgim 1 wherein the first and second
optical waveguides are formed, at least in part, as rib waveguides within the surface silicon
layer.

7. An SOI-based optical device as defined in claim 1 wherein the SOI-based optical
device further comprises a polysilicon layer overlying the surface silicon waveguiding layer.

8. An SOl-based optical device as defined in claim 7 wherein the first and second

optical waveguides and the optical crossover region are formed in the surface silicon layer
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6. An SO -based optical device as defined in claiml
wherein the first and second optical wavegui des are
wo eooseeis3mt | east in part, as rib wavegui des weTiUS20051@9872
surface silicon layer. 7. An SO -based optical device
and3dhe
e P e e B R e o My SThE AP SO, a g sqgent
dispoged evarfandepus lpbﬂmmfwm/@@tjwdvaggldeaiy thre. enfrandintoShd eﬂ@éﬁﬁdr region,
7 wher ei n

5B b3 B R R T T kSt

Crob e IOM6H, o G ABgrAER dﬁs@bg@%\ﬂeﬂaﬂ ﬂ@u }[5{51{135 BF Ble! k& wavegulde at
| ayer and t he polysilicon |ayer terned Into a se

the gtrange o hesrosse et segioremndsa foarthuscgners difpestd aics pooetgut portlon of
theQ%Sﬁd@ﬁWé@ﬂ 4t portion of the first wavegui de at the
entrance %he crossover regi on, a second segnent

di hasesOhbasedasbtieblt duvicepsdefigad iafeldiRe Whésin é’é@éé@ﬂtﬂb d&ond and
:mu@$ the exit of the crossover region, a third segnent

pfsuliconsrgments arpfumep & inchide stancied @@dmmowag tergiénation
adJa%E-ntttBﬁa@dg@{tgggéggﬁs%%}ﬂagioﬁf ossover region and a fourth

segnent over~an output portion of the second

wauldg Ad80I-BascArpBchl-deaiceds defiriedah cllwi7ogheasindef i ned
| east. the second and fourth

in cl in18.¢@ere n.at
poﬁ@%ﬁﬁ aBHe @Vgﬁ%&%@e i iV e} SR DR 9 hopaiats sgctiensat the optical
cros86¥hr B b, Airdt sebhi@te s%Et'iABnrf‘(‘?etﬂnQEas e dﬁlgﬁ%a\tf u@?@% 9&3{163 Ada

crossover region. |ca
secaidfsepaaate |smtm|nadedﬁ1n€d ahar mtputtWEe/egmdmg septior; alithwhy e@undi ptical
i ded air of rate sectiops at the
warlsByifle D& L5 0ef PP offerd Tt TS rdoested perate sections;
anddefined as an i nput wavegui di ng section and a second
separate section defined as an output wavegui di ng
sedl¢ emticalgropsovpreregivn geemety isclefinedbne thei iy sili®pdsyed which is

t t th t ds
pa O 15 P00 06 e AR OR IS Bl BPeBh eon an
the @&pﬁ%&mgulﬂlr@eiebﬁtﬁﬂoﬂlhe tibe optiday Slakégade. | ayer which is
patterned to forma bridgin vvave ul de section between

t hé11 MR Olrkased epma&&e@é@;@s madaa Ihéoo’memm the polysilicon
brld%g%%n%%ldﬂggezzg‘ég 5Ot Rne I?(? idctddita %P%ieéiﬁl te léll':l oljﬂr%%‘i%lg the first

tlca devi ce
andsdfvenébptictaﬂmapegtyéesl icon bri dgl ng wavegui de section is

a er.ne oi u term nations alon
b IA.nséjO]; Téq?gd @;,df sggq}plgég wherein he optlgal crossover
,Eg§le§@§@g optical deV|ce as defined in claim1l wherein

the optical crossover region conprises
a first pair of reflecting surfaces disposed to intercept the first optical signal

propagating along the first optical waveguide, an input surface of the first pair of reflecting
surfaces for providing a first redirection of the first optical signal into the optical crossover
region and an output surface of the first pair of reflecting surfaces for providing a sec;md
redirection of the first optical signal out of the optical crossover region and into an output
waveguiding section of the first optical waveguide; and

a second pair of reflecting surfaces disposed to intercept the second optical signal

propagating along the second optical waveguide, an input surface of the second pair of
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a first pair of reflecting surfaces disposed to
intercept the first optical signal propagating along
W b@s09453¢ opti cal wavegui de, an input surfacerPOf/Us1965/009872
first pair of reflecting surfaces for providing a
reflbdtingtsuFfBeHs TECHb ORI a fifb@ré‘dﬁréﬁfonclﬁtth&?écoﬁd Qﬁtﬁ!al ki %wﬁ i{;}ﬂ&‘?he
optical crossover region and an output sur
optichlrasesspuérmegipn ped meounpngsusfaﬁcf eictbs s¢oond pamvmf d&ﬂegtlﬂg surfaces for

nd redjrection the fjr nal t of
oot et Bh i ime 5ot rbical el S Sl B croSSover
regoB\Wed Uit an Gpe&t a9 Lﬁﬁln? REctioh 0% theRb bR pt AN SR,
and a second pair | ecti ng surfaces di sposed to

i ntle e‘é‘bsoﬁ‘ibésesié@@ﬁ@l dgpice @aﬂefmegna clagn d Balerein gheafishand second
plAEAES RO 60l ARURIME T cRDRI TR Ry Lol e
red:fredtesltmgr&ﬂil rect| on of the second optical signal into

the, opti ssqver. regi on and an output surface of
t helds e’&é I-la%ﬁe ogtical deyige b5 drjinsd in elaisa H @‘f}lekﬂi@ﬂiedirﬁfgand second
| [ f
outﬁlﬁ %&2&6? g%l c{ug\?etgsag 2‘3, gfranﬁr %egl % g&lg%tém%%&as rgn%ﬂ ?’Rglm? an81ng
redlmveelgﬂgmi ng secti on of the second opti cal wavegui de.
13. S |caJ de eas defined in claim12
ahdsern sHEbRer op oG Bee 5 ti1og i CLaiiR A cwsrean each hvee)
refl&Pind Surffbel [PRSH ignal into a
e COP?I 1Flnat gd s?fgdl %ﬁ@gsiﬁéggﬁﬁgﬁﬁﬁ aé% - based opti cal
deuiéc AmaSObbidsedegtical deliaé a3 dSinstién elatin tl D evitferdis theaiiet and second
. l@e nd out ut surfaces are curved as .to_transforma
np ALY YRS tengfREn aicallpnated wpphsignah dnte adpFusingagdirected
Slgnsalgnal 15. An SO - based optical device as defined in
claim12 wherein each of the reflecting surfaces is
f orlffe AaSORbagd ppfitad clEVIng asilafimed is clafnadé whktein e first and second

ased o evi ce as defined in. cl
T e T R A A e R TR
redlfd@tddfs@giﬁf orma collimated i nput signal into a focusing
redi rected signal. 17. An SO -based optical device as
deflBnda $RI-basad aptic dpeeerndafined i ¢lgim 42 whewimthd first and second

ved to ransform an
on L LA Ry 86 SUAE B AR B R Eepe
outp&ﬂwS@guﬁxﬁﬁgsiecﬂphs cal device as defined in claim12
wherein the first and second opti cal maveEU|des are

f olfednt 3% brsF A aBtioA A et 95 dediped imejaigo i 2 wharsimtherdgvice further

conifr AESRAIT eIV BUR0U . SERLEED b £ s
sectiohne p£iha ftrdatemd swdond opticdl iverveguides.

20. An SOl-based optical device as defined in claim 19 wherein the rib segments

comprise polysilicon segments.

21. An SOl-based optical device as defined in claim 19 wherein the plurality of
separate rib segments include tapered end terminations adjacent to the optical crossover
region.

22. An SOl-based optical device as defined in claim 1 wherein the optical crossover

region is defined as comprising a ring resonator geometry including at least a pair of
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conprises a plurality of separate rib wavegui de

segnments di sposed over input and output sections of
wo b@s09453¢ and second optical wavegui des. 20. PBEI/US2005/009872

SO - based optical device as defined in claim19

|81 Qe s Bf ] ' jidd ;

WGl feidoRGe binlle RS HNPA IR YPU SO cayide fy
transferihgthmfilg optiesl signat frempintinaitiviayegfiding pectmahfoubh a first ring

segment s i ncl.ude tapered end term nati ons adjacent to
res‘{“ﬁ‘g’_f 8}3‘5 f“&%ﬂ“e&f%%% FerPtical i ayreuss, “&%Lg@é%éh@&ghpw&ad ring
resdh@or G0 @ odfhut Rafedultift dchbd. Wherein the opti cal

crossover region is defined as conprising a ring

r eFnat P OFbasediopticalnievigd andeftedliealptm d vplairein the optical crossover
. -sel.ective rings. in association with a
regiBy AEUGIREE SofRudhe sl Subpinaion Sl febAmggeomely ofa.
predeterflinedlbh G bssoti@tadl with @astrihg Biétfird@yRiahll e /S8 HhE Ffst
through a first ring resonator _and into the transverse
optigglyavseuida tehaserond ntical mewegtideand ansrgtingithesecond optical signal

[ re] . tut vegui di.ng section. 23.
fror I e R AR o B op s, ST o 1
wherdeiAm $QBbawpt iopatal deviss oy definee dih O1Rin $ viekdinet dfical crossover
.conpri.si an eyanescent|y coupl ed wavegui di ng
regighy tﬁf&fﬁpﬁg %ff COMMSIREALPRHCAREP I2aorg ety Mskdaiganddpw aptical tap
i ' s ' fro £ rst
W RO P b5 PSP o B S, e
firsttoptinadfsegnel applicties setpatitocht inpat osticghab Wavegnitiing ssgeemdnd
h %ﬁ%ical %@%@9 i?e to the fiﬁgt opti cal mave?uide. 24.
Srgtes Epun) @‘ﬁ TARENCIERACEUILE Iyoppsie therealoag and then coupled
into REHRpIR dpfialafys.i cal crossover region is defined as
conprising an optical tap geonetry including an input
optical tap wavegui ding segnent, a transverse
wavegui de and an out put tap wavegui di ng segnent, the
first optical signal applied as an input to the input
optical tap wavegui ding segnent and thereafter coupl ed
into the transverse wavegui de to propagate thereal ong
and then coupled into the output optical tap.
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