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WO 2005/ 077110 PCT/ US2005/ 004507 SI LI CON NANCTAPER
COUPLERS AND MODE- MATCHI NG DEVI CES Cross-Reference to

weeb@toeti1Mppl i cation This application clains tRET/US2005/004507

benefit of Provisional Application No. 60/543,613, 5
f i d1efc ORI ANOTARERACOGPLERS MNDAN1ODEEMA TOATRGAPEVICES

| nventl on relates to silicon-based nanotaper couplers

%@%ﬁce MJI&&HA%M&WLO nanot aper couplers t hat
utilized in congunctlon with free-space

opt i dhis applipsition §lajras tha epnafit af %Wﬁ@n@etmtlpﬁ@néto é@(ﬁ%@ﬁ
ﬂ_f@lﬁ t oggpd out of ultrathin, single-node

silic tnryv\/{a]l\/’egw des Background of the Invention A

"nanotaper”, or "inverse taper", is generally defined

natlng portion of 15 a core of a
‘ﬁ%"’?"%’gﬁ ‘rlast i ndex wavegui de that is used to

f aci Th¢ presemgfifventiemtelatasup Isﬂlncgm—bd:sedl weehper ®uplgtsendoaeae

optical fiber (for exa I h
rRF PR o et oL ey RE PR bl fre-sace
dptical thplepsitpisisatethetchepl mpes eptical Slglﬁilﬂ inerand ant of ultrathin,

"ultra wavequi.de is defined as having a typical
s\llﬂgﬁffrﬁoéﬁ?ﬂt%@“g?”&g V¥ approximtely 0.5 pmand a

typical thickness on the order of approximtely 0.25
|caI 20 devi ce construction, the |ateral

m In at
cherpundef the Ipve& BBy t i on of the nanotaper proximate to

the Q-\('ffn@ndiﬁ}oérh Sorl¥irFBrs€ Eﬂ”’ai%t eﬁdﬁﬂ@)@eﬁﬁb&@w t@lemnatlng portion of
appr OXI rrate y rratches t of the,  cor

A Bttt high pRHEsOR ?i‘rwt‘ﬁémﬁ%\ﬁ’&t‘ab‘é‘id tgdaciliiais @gﬁmm coupling

vERReh Q@ingfél-tnﬁd@l)}ﬁﬂ;gl e (@ £8Pl And & ultrh®@, single-mode high-
propagation until reaches a small val ue associate

aRntrast mdex epficaf wa@guld@h dior thsgyuinoses afthe MiesehAYRIEPD N
bl W HRBuIdREs @&fn@d of hdvite, Sy SiBa1GABhAHe dridf approx1mtately

wavegui de).” The 25 tip portion represents the point
Gmum land & yhptic4l |thlslmemneths ordaeofrripgtexieriely 826 Hmdex typical
eVLce oqs{:i 1?%1{0%; thaeq%ter%.p& {r%n?%‘ Qﬁt&]g E&E“&% g{ tpgag?na?a%glgé{oﬁhtate to
thﬁmguﬁ tﬂehi‘ghr-coatraé't éndiek 'Wanagmmeeqperoxmatels orehpy thowidih df the
such hat

cgg nlo[{hag era glg‘éeﬁflogp* S?}e 8%?0{%@6& ecreas%stxlno&lo 1ca11}tégloré%tlhg direction

df Ihg]ittprd)r_&gﬁth@ﬂuﬂtﬂ lw’l’ezmaés dsmattdlye dssdeintddheittt a fripdf(i.e. 3Batan
entry .nanot a acted re fromthe ti

it et PapH A e AT Mk et ey, The

t[}ﬂﬂﬂicﬁnﬂ&ﬁﬁserﬂd’\@e POt 4tiveicDlight Fiest batprsitite Higicadrdestinndzik de

t he &v%r fromthe cl eaved eﬁl n auxi | |h qu

Wersey B SO ANREERFTAB Che RAAY hic gﬁtt Pttt fhe hig

hRRAY Bde:ef Qe duitle Bfard teRitOhadofpenanot aper . The
auxi | i ary wavegui de generally conpri ses

i e PRSP RS BN RSB i B REe é‘i@htﬂf"?a i fpeposition
ddbdnfiRtyNothc 148G FQeave@ 4R ight is then launched directly into the tip of

an entry nanotaper, or extracted directly from the tip of an exit nanotaper. Alternatively,
in other prior art nanotapers, the position of the tip is located inside the device, away
from the cleaved edge; an auxiliary waveguide is then used to transmit light from the
cleaved edge to the tip of the nanotaper. The auxiliary waveguide generally comprises

larger dimensions and a lower refractive index than the ultrathin waveguide, so that
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efficiency into the optical fiber is achieved since
woOhersmotieo si ze and nunerical aperture of the BAXIUS2@EH04507

wavegui de are nmuch closer t®» the fiber paraneters
mzbsfri:mﬁmtcbﬁ;lnluigteﬂaﬁdmbjﬂ im@uge opticdefi BaF ﬁraemlev@i.sin’ﬁlh eheqﬁ@c% sk Oalmd

t he auxiliary wavegui de rm conprise a yer - base
RS igH CRFTITF PGS ¥EYFHNe AR UhC opRd Lo PgIPeTparanaters

than tfe uﬁraﬁﬂimavergﬁ“aeparah&erss Tﬁé"céfe STithd £RMNiadY WBIdghidd ehay
doped silicon dj oxide, may be used to formthe

e
coewrlée 3 RV BA-Rgeed Haena) ﬂlqhuaaﬁ@a%wg@ﬁw the pder of 1.5 - 1.6.

OR& thateid18 kuchbas |§ﬂ1b6H oydhtridfa8 §licdnQHBigS, etéshﬁﬁir bé/ used to
conprises a pair of wavegui g sections. A first
form thgepredegiam of thmauxiligay wavagHide sect i on i s gener ally
d' S @f? Eﬁgcﬂlﬁaﬂ Qpn&r%ﬁ%ﬁ&sﬁe? cGupRECHGy comprises a Ralr of waveguide
er - di ménsi oned egui de section such
segmnﬁ i &rfirgf lardeedingnsipredtwayegiidep pectivr i geperaly éEPQSﬁd)Wltbf

re%pga 15§ %9&& %ﬁﬁhér eﬁs?cfn@l GIQY %ulg@%%tl(?rp Q¥ El‘rc‘a(ltj Iggglitlgrsl 8f('jthe

ﬁmwetﬂ&nmﬁm al?utbion @athle cwonQ S0 icDOTHBIE, a M@e@oﬂe&on 1
and, 2111 eonet « ' nd. si de

region W%neregsg%é{agft o%e{l 3}3 gexgl 18 d1¥close dn E%%@yeﬁg#%bﬁlcftmf

2004005 67 amhend FIGat hamal Bﬂlngiaee—tlmﬂgommyegal thbewew eficsidndew,

de fi ,
rerbBp e b TEV R R Bt ot A e R o
wHeglilgnefe@nct Muafees @ demtenBodat fidlddersebasrdon Rl ra&eernce

é‘ﬁagln nmode fleJId Si ze gonversion re ion 2, n 4%5

nuperpl 3 dgnqtes ayaykiliany WaYREHIdRSept R a§‘f1éi? tengg nuimeral |4 depqfes Y

nafb@pdr. Wathihnéte fleldsiZe doRfdrSdh 2kion 3,2@ndtHer 4&1@51'& it
tapers outward to the final desired waveguid

dl@Fmtﬁ%tﬁéaﬂéé%@la&t’% siplf YRlvR £ 4R Mcrftenvégvéaﬁma% and then

taﬁe@§$dtﬁﬁ‘rd]€o thETRal REisdNeS g 0de NBRGHRBE Issdciht@lith Sultrathin
rel atively constant al ong 20 node field size

wavsaide ssctien F-dge Ghckpessh éaf}?é?d’§T§| remaigs Edativalye@nsipnt plopg p

modeield 8% QRPQtiBRRLic 2 S "l arge” (due to the weak
confinement of the light) and shrinks as nanotaper 4

expalig snada sigp essocigedvithiing of ttgtwanetapeichisi“egrEHduegp theresak
cok‘lrl%en@ﬁf tthP ﬁﬁ}ﬁi {]n%(‘s%ul Mﬁ o GAd R ér\lleexbﬂg%)fn LA ?)ﬁfé‘/?ﬁ%%g tighter

along t nanot aper. is ef
cohfindrhént of the hgln@-s the glieetivd reftadid ve dvles innrenses aleng thirkength of the
e
naﬁgﬁé . ﬁ“gg%?t@ctﬁcﬂﬁﬁégﬁ’k ?l%qi%g%ci'\flr;clae %g%\% 2%@‘1 dfﬁltoflfhg %Elle?ﬂgge
a‘smmh%abmﬂﬁuluﬁthmwmgﬂd—mp@e wglgdl ede Asshowonlight (Sdamhqunto an
en[c)l?ag:cgg gg?lg))ipltiarc a%vegulﬁe sectlgne gt(p ajx%%’gr}"}c{m e i\ C]gtlc% f‘ Ber t1'1|0tpshgwn),
windre it @mphgqmralcﬁag Iuﬂln[pedﬁi untibit eecsumers Lipgi afmaﬁ)tap%r 4 firhimede

oo GHroh (eI 1 ol P B Liogh] RAgK AT Bpaliscelaiggy o

efﬂ@ﬁfﬁjﬁddﬁajﬁeﬁ! qlof kil Fatdagide ekatidnvEioythdiepivellyfhéght dffeetive
uide 1. with | ow.l os

1n$ 0 IluIrr:S al)é vgzilvtgélﬂegll \gllt}\gﬁ\u\{v:lgfsysqnc&l thednpde size is gragually d%ced

along the extent of the taper.

While these and other prior art nanotape r couplers have been successful in
bringing light from an optical fiber into an ultrathin single-mode waveguide, there are

limitations in how they may be employed. Perh.aps the greatest hindrance in utilizing the
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al ong the extent of the taper. Wile these and ot her

prior art nanotape r couplers have been successful in
wonroosgrmigol i ght from an optical fiber into an PCT/US2005/004507

ultra-thin single-node wavegjui de, there are

priofait addodpSr douplRevis the E¥nd g b@pﬁﬂ%} Meaxegggaggg%l i@al

%@Tat est hindrance in utilizi ng[ FXD

(st sgaigeIMust prowdg 2 signgl that se¥RAS dRroRsi Arfideve

(ch@aces Belarf dpiiBal sGNRleiaRd it @Y nh: F Su’él‘ﬂ @touphing %@angement
optical _fiber (or other vvave ui nmust provide a
rgfiyrea rarefyhprepasatinned therpidsgh sur @P@b yof Ckeéwag aiednolighing (to
2luc? @Edﬁ@ﬁhg LRS! FAbFePHiht Bhlichiish JFANRE-AIREveIARY cating.
COUP ing arrangenent requires careful preparation of
Ahe @ﬁs&emmaratl@m petiydies prg expengiye ofd ineaeniswyingnd larger problem
£ d okl \{?191 fht %o ffr?d%b‘ﬁgn 1§h{e dt e bAA§ ?‘ﬁ%)ige éf%é QW& d¥ay

e application o ref ective (AR) coatl ng
lm usedfor covpding;heisanaderon thecvifon wifes ianwvelablerfor use veifhch
I 0B ' rger problem associated with the
&Oel%n&?gr@&mé uﬁ?@ﬁi&?l s the fact that only the edge of
t h e Subdgtonallye thedyrget‘mexnluaefdmfveguldmﬂstpﬂmnmjt;en tdqelrcseth@usedné r

m%tﬁrla ﬁevvc\alg glcrﬁ%u‘srtggzﬁ gg ordeuﬂo %Hl&llaoloﬂc} nll%%r acF | to éﬂe ?’1R%r)

\ivHﬂfrg&lBseailmblhsncmB yremvagmpadelemmtdoﬂvenﬁﬁﬁaEGM(mqprbcassng he

téﬁl mat eri al several microns thick (in order to

AP 'sh a lowloss interface to the fiber), where

t heserhds, neieed RBIn ieths aft fmnm@dvelbbmewOfmsmwmeﬁbtam abupler
processi ng gech gues. . Thys, a nee n?

RS P TPt e an by 1eg Fréﬁ?upé‘flg evlga 4t xleatﬁ fipn across a
wodughce. 15 that is nore robust and can be used as a
coupling device at virtually any | ocation across a
waf er surface. Sunmary of the Invention The need
SEmh |0yg,e|mvé,ﬁ,enpr| or art is addressed by the present
invention, which 20 relates to silicon-based
nanot s aecdrsmpiniedn s erionst is agdipsseé by te pypsent givention, which

1RBBR L ARBEonQRR Iﬁﬁéta dr & l&?chpﬁxoi‘gﬂalrﬁcﬁﬁﬂ JB nanotaper couplers
Conj unction with f ree Space 0pt| cal coup f/ers

thatandgy; beartiizadna coysradipn Wéth difee-space @aﬂlcab¢0gnlar8§o fa@tltsataﬂ@
il oF A HERL DD o) 28lofc SAEh | SAAIBRPAh deSeanldl

: e aWIEI ?1 %]ﬁe pr e)sent ?dnvenst 1on, S(:ﬂnanot apgu >
c o upllepccordahen with e aresend inpykitivg, e?rmaﬂtgmrempletrﬁ eeffers to a

t

R fedrebt b SR RS sl RN Al B
dielectec tcmphng waeguidhhgvinga nge Edﬁectl\tehmx tﬂmts godater gran that of
assgo%i d c(?adﬁ{n%%jaltqul, bu{ %srsI tﬁlan t raI tlevsesin ex SlflCOl‘l As before,

rac IVG Index Or "SIl con. erore, es I'Ticon
uha sifit@penotager di digposelinian omlapmeg tedepionship we]h tit idoahetricp
W t h .ah diel ectri | ¢
waveguide g)vhlch serves as the auxiliary waveguide) so as to provide for mode
conversion and coupling of the propagating signal into an associated ultrathin silicon
waveguide. A free-space coupling device, such as a prism coupler or grating structure, is
used in accordance with the present invention to couple a free space optical signal into
the thin dielectric coupling waveguide through the waveguide surface. Thus, the need

for “end-fire” coupling arrangements, as required in the prior art, is eliminated.
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wavegui de (which serves as the auxiliary wavegui de) so

as to provide for node conversion and coupling of the
wonroepagatio ng si gnal into an associ ated ul trat hPaT/US2005/004507

silicon 30 wavegui de. A freé-space coupling device,

SuchM@sowr, B usinl @ ¢ spice Qbuplin@lidving (Etd. Usist @upied or &&@(L),
i n accordance wth the present |nve2%hon to ou le a

the pensiraipigoB hsghickaasses P@%ﬁfra?tw hdexase ?H‘aEﬁ“é c-,cefnprleng the

diQI6sHR¢ vagghRY egpﬁd#entnaﬁ&ﬁﬁh cAupRrINRY SHak1) @elaktdl F¢&-space
Thus, the need for fire" couplin arrangenents

COHBIIH%EMICP%@UPH lighteefhgipwly inforthin layers Iofrﬁl giiad gnd g
b&f A0 é’&f%f&%@@ HdOOGaE. ThudViih e %ﬁénsmw Pk AR IRtric
ree-space oup Ing device (e.g., prismcoupler or
wgfﬁeulfimqm be redveedioryaluesathat ase evmpatiele thitle kaveigetkicton processing
if % %lfa@&tﬂléﬁerefrwﬁé fRle? tna]iepigl 1maﬁ5ﬁ1@{o c ge' ik GQiebe
ectric wavegui de tn prior art nano aper coup ers
waveguide eae.| Piliceh aitadt (nFrd) és engasenplan upkieigic deat imperde used in
: I | ficiently into thin layers of materi al
lnéﬁggggﬁg%ggﬁggnnndate a range of refractive index
val ueis an 3dmastage bﬁhdpnms 1nmc1monfthat the wdilezheat ofi acthin dielectric
an. be red uce LE. C at.i bl e
P RSN F P S BRI u e g I RS RHOR

adfefnientd tb be madel extherftespaat cduelnagvamah@alnenﬁto peoiigy fosenyiréyed
i.el ectric cor |I|c nitride | S
ot Y R eiero e el e oot F pbtrofba by
con Vg6 MDY fabkieation\pedtessofito ptd¥idetthd épﬁﬁuﬁﬂ’h&ﬁh@g €qafred for
he pres i nvention_t the uti atl n of a thin
coaplgrge(&melect%qfﬂm wammg@[fﬁﬁﬂae%re De refractive
I ndex a pegsrddRabodinleht SMh@pre@NSinfddtion afdc@iiﬁg optlcs are included
adjustnments to hbe nade in the free-space coupl

Wléh"fl Hheglstestiic syrineoyrgavids o rpdyse B daicra dimensignaf thepaT
coﬁiﬂ@&@ﬂ)’&al Eéael dshi Sponmaskes e etnbewd Ioedhe %tﬂ'ido% aAd8perMiYe DE
controll ed y conventi onal CMOS fabrication pl‘ OCGSSGS
dilectyie expplies Whvegnide mey diselhinglufrea Bperedy pirefdlg it the lateral
dlfﬁ@l‘l’&%d t@gecﬁl@ec‘re@leétﬂﬁg 51! tﬁ@ m@JrfaEJ‘@nﬁfH@ ‘ﬁéfnbﬁlpgl electric

mat eri al sel ected). preferred enbodi nent of the
pr esldautilizajienof @mateﬂ@lcqlilsqr thgn sibicprcior Bhedieleetriggeupling

w%M %ﬂhé‘?ﬁcﬁ\% £ lﬁét%%ﬁ eﬁHMPJﬂ'lc%H BRI 'uQe%L th % ﬁlﬁfﬂe GSoliRtd
atera I "ensi on o the - coup ed opti ca eam as
fre;etSPamnp@eai he@ltrhmoendmgémsenmfrelmeorsoinu th@geqnmm ferlaunch
| i
COII&'I%OII eglgl%ﬁﬁfél#c%PQQH a lgéglgb%lgg} ‘g%‘f‘g glétn’%y WLéJﬁgal%la Evajtv%%tdéquer.
r ed lItle an e§p|e€crtf tlensesant 1t1th10m1lhe1rtﬁ®dlelautmmcctulphng waveguide in
cogﬂa ullnli.())t:l:ogl h a 31[]%08 n&not'r\pée%:m on gsedg? PrﬁVlC‘ie cougpltl hie lEo an| out of
ulfratthinrmicen wa{/@umlbh gtrany ﬂtaatlm dni anmptotdb atr&dc bme:turs ot lm:uted,
formthe associ d e op
R dion g Fono Lo e aRa: TRRGAS s BelstEE R et ne
whapiitedcantengéd to @osn Ve ipus 6I§tﬂalfdéfllcé.‘sqp@|smﬂgda’illdeb)ghit apem
comptatcl)blgl rv]v?th%lljet prglgert?essol%r It%t Ff‘n &?\)@E&ﬁésd(?c aﬁéf‘lng loss problems, for
example), reserving the use of the ultrathin waveguides fox high-performance active

optical devices.
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25 It is an aspect of the present invention that the
dielectric coupling waveguide in conjunction with a

weiibispaniimanot aper may be used to provi de coupPCTESRE004507
and out of wultrathin silicdn wavegui des at any

| 0C @thé? An@ Aurfhbr SiBCATRInGCHnE Q8Hebts SF the rddér irh RéHtioh il besbme
that is, for use as an input/output coupler). In this

appare® dutipgthgicaes of the follgyingidisgussinaaag by adercaive frethgs ed
ack@nfRL Mk URkiQss optical devices (passive devices) that
are not 30 conpatible with the properties of ultrathin
wavegui des (scattering | oss problens, for exanple),
?iﬁ;;, I t the ultrathin wavegui des for
B'{lw g -%@%ﬁf@lﬁc@%ggfgve optical devices. WO
200 G ®vPOTheS200%84,004507 5 Qther and furt her
enbqgl [ ' ] )
pocarsy Tand 2HNAZRR Bty b AR ARbe LAMEIY BfoBlhins
di sdlSsI amfaimrekideyvieve bEanei{dlebasal cxbmplagdybmpbenppleg formed in
draw n Brief. Description of the Draw ngs
= aenrcre?’ﬁta ﬂ?eo%e%eg{lpﬁeen% r‘am ngs, FIGs. 1 and 2
i1 G roatantan ewp Nigvaif yn fOI-bisedetempbarphpip@d coqilg fomged in
arrangenent: FIG 3 .contains a side view of an
acgﬁd@%gyg%%?@wpﬁwye“ﬂ%ri d coupler forned in
accdanEsmtath pldtstimestrRli@SBE wavdngihtdepdtideddd fdsbziatdd with Og;,
contains a top view of an SO -based exenplary hybrid
the bifp neleriByifeen PIMPEECBISHANEBH th the present
| NV &G ! ObntdilBlor ilﬁl%tﬁg %C%&EQI&QTB hé@hﬁ&k%s&c‘ﬂﬁed with O,
wavel engt h dependence associated with 0Osi, the beam
theyhggirelaimeiadgle anfo ex exmpipdary privm esmplssupl er; FIG 6
contad S, 4 treaf i .
es it e b R BES bl IEREEL RN AP RRINRD G
is enchwipd Brthe pvergive coagement; FI G 7 contains a top vi ew of
one | ary arrangenent ere focusing. optics |
"ol it S0 RER v ARy ARy & sk
invdnkios ticatpesating passivie@pticsi istw/theadicladttiewaaiuide leydrpdi ment

of &ﬁ resent . invention, ingprporati assi ve
opt 148§ hES PP R E Y2720 F o o
I S &FIG) s Wit@pwiek of fical@maavgermgdmednt fod fdchadiag phediveloftics in
hS; FIG 10.is a top view of an alternative arrangenent
t ?maqgﬂg?q}&»fﬂxg pﬁeéglg!”%v@mﬂfﬁ‘t ics in the arrangenent of
t he MG eBlEltistiates @A hir@ipembrlt@cldding Bothi&t ihpdt@Soudler and output
arr ang%_msnt i ncl udi ng .both an | nput, coup|er and gut put
coupler, inthis case a trapezoidal prism coupler, formed in accordamce with the present’
invention;
FIG. 12 is a top view of an exemplary out-coupling arrangernent for use in the
structure of FIG. 11;
FIG. 13 illustrates an alternative embodiment of the present invention, using a
grating as a free-space optical coupling arrangement; and

FIG. 14 is a top view of the embodiment of FIG. 13.



10

15

20

25

30

coupler, in this case a trapezoidal prismcoupler,

formed in accordance with the present” 25 invention;
wehws/t2iios a top view of an exenpl ary out - cOupCT/ug2005/004507
arrangement for use in the 6structure of FIG 11; FIG
MaﬂédIM&ﬂ'IﬁIoﬁS an alternative enbodi ment of the

pres e | a ratin as a free space
opt 0 o BAEPS O P B e RO oPPasing & STiE e

Nah bR ot aﬁd"ﬂ@é“s;iﬁ@élb tQ:fal doufder, iﬁach@aﬁ&%thHggr&m
PCT/ US2005/ 004507 Det ai |l ed Descri gtl on The

igysotipD digsemany Wiser prablems pispsigehvith Hsawionart end-fire couplers

£QTPels e o abilbm%nwmﬁe@&ct RaHErABAE féb%&koﬁranélﬁée-space
free-space g&hl cal ‘coupler, in accordance with t

qptied epgplingn t3|C@htaméG(§1déé’§é'S anfpifi(s. AR tetheepraish é%based

SEp R Wl e S bR,

apedsethe devates faralsd incarcpidancadthithepressphingentiop wilt edmprise an SOI

i . - ' |:
Ui ] BB LI AL 0D o
ppersdleton deaoclayal dimranafier teferted tp asaa;e‘iﬂOIﬂawé‘r)nM o’vherel SOI layer

fﬁoig: era]{f};’l SonT I'IS%S a th%%{ s? §¢ IGSSC%ﬁa!‘IIIE o%e @R COr dance with the
presen Ion w nprise an structure

i ncl wdsinhgmalamthpen: o6 (bmtbﬂustxateé inFIG. 4) sifbrincedlthﬁirm(p(ﬁl@on of

uIa er 12 a O upper..Siljco dev i ce
SO b BB S et BrapP i My SRR Rl MR8 yipathin
sifiven etrﬁwzavb@meﬂ 8 alsb fgmﬁrelrvatHnyS@DIaer 19e$n fccbidhdé MeHSheOf
| ess .than one . m (ir Qn.. A siljc nanota er é’&ﬂ%’beSt
I

APPSR YRRy VRTious ’@“aﬂj?nﬁ agsora@ tb\/ﬁrltoﬁla end PI#Pebf
oﬁiﬂ)hﬂg&y@ﬁgeﬂén@@lﬁe H@eBMedY ikl SEALSREL- @B@/@)tlcﬂ@mﬂﬂ@g eRfent
effic Itrathin siljcon s

Wi bg Eﬁ&é%fg S%lf%ng Yot %ﬂﬂﬁ%@ew Py ﬁn‘g@lmwg%rﬂuit@teq i L5, 3 and

A6 pAkH3BERer'W0tahd hddBcidod BFBSRE: chiplBBRldyer2 #&de@¥Scouple a
limtations associated with prior art end-fire

frpgrippcspwtical beamp ity digleetis gumegyids capRling\eies dhavithyight
ﬁr%gb’tﬁigﬂﬂ d@le@frﬁ@va@@ & ﬂﬂh’tl?ﬁkeag&‘é @hfc&gnﬁloﬁgm% er& fhe

based structure. In the exenp ry nbodi nent
I%’t islﬂ_lqnétarl%f@@@ﬁ to pltpathds siligonawayeguide ES. pf?xh‘tes'mttydupas@rscmed in

ARtk ABIABLBHCH o EUANSRERN mBPURLLDS | AEIpabPorREd it 1o

tQ coupl e ee space optlca eaminto
Wedpaguenieatigapieal gighalyetp diectrisi warvew@emoumlgdmp agat i ng

in di gl 261K Nioca g&?.lﬁ bh. retbfivel ﬁ?ﬁcﬁa fid L&RR
nanot b He R RER bbby AR AR [ e over
A4 is matudedhinghd mwnﬁvwal\wgamde aﬁdSuseAltct erupletthy mbgming §ght I from
p(ﬂsﬁ‘l ﬁﬁlgleO' iflto sblH: ngtgatag%lt Iad h?r% ltl*?eV\rl“efrgctgfr tmdex f la%er 24 1 s
PUCtur e nay ree-space opti upl er
selectedjt lmlaegrat@rtlmnageatolf m\glneqoentcahplmg dpyat 23 aridonsdllagihgelyerile,
yvé’?lessgtHan fhat o‘%uﬁ)lcé)rp gInlo% glglbodlment silicon dioxide (n=1.45) may be used to
form evanescent coupling layer 22 (as well as insulating layer 12). In this case, silicon
nitride (n approximately 2) may be used to form dielectric coupling layer 24, where
silicon nitride is a common material used in CMOS processing and can easily be
deposited, patterned and etched to exhibit the desired dimensions.
In order to provide the desired light coupling into nanotaper 16, an end portion of

dielectric coupling layer 24 is disposed to overlap a predetermined terminal portion of
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In accordance with the present invention, relatively

thin dielectric coupling layer 25 24 is included in
woOheosimviamt i ve arrangenent and used to coupl e POE/US2005/004507

incomng light I from prismcoupler 20 into silicon

naﬁ&ﬁﬁétr 29 WithkPa mYIER&d LBEcdn9bERR tsécvisn 26‘ dﬁ%fe?szl}l AREr A
sel ected to be greater tha evanéscent
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nah&@&:r B @ﬁlu&f‘at&l' d rgﬁfé-ncé ﬁhn‘fé’ﬁzﬁ 2@ 'ﬁpﬁq}' 0P as 1§ kéd'ugeqjaﬂectlon

di oxi de n— d}e/g_l, e used f orm evanescen
logset g Ithmgterfav’e‘?ewn( eofiEd qoualsngu lpsn P4 aidan upayteqiadﬂm)z layer

ZSLJg't}Ee R str 'vlfdvg%[id«%gh&fr{ lalﬁéu%“ {lgéhé@é@d}ﬁ&ﬁgtaﬁay

orm ctric co
heseiimbehmn arfoqumne eleimenied 0cio Fammnd Wuthmrdlledlécmmdplurrg 1epd0% and

usg{ 355 cgﬁtltao%éiﬁ)g%sﬁféq? <L,c¥ mgg geagneﬁ?o tlht ed ’t 51%? %ﬁpgcgpgigre ?og'd

desir
napotaper dé. Fomisioeslemedt 3_0 gyt taloothp farmg | arhetm axairotraparadiiébatic

an orti f dlgkectrlc coupling |ayer 24 is
cogp g)&&érgggwng@éoﬁnéﬁmg pPEFEY'ee ﬁ?‘ﬁ’ga terminal portion
of \lﬂ)lﬂs@ﬁﬁinpgﬂlﬁd@mﬁ@ﬂe&ﬁ%é)%t&@%@ﬁl I 1ﬁ1plﬂ@6§)blaﬁl€1hp1ﬁ Bfacet

d size _conyersion sectlo
SSREBTER SO 0 EIOETHASES L TRy SiPUBNE 185 F 37 R 1 o
couplédl 1hetea at ﬁll@@é’ eiigeafit 1: Iplnlig lafi@ 2k 2UTRE @dtligt SRR proph @Sing
it nears . not aper__16 | ustrated by reference

onticahbrap s Hustredin 5. %&%@n?sequélwb%umf e GHpling
artaRSHRSt AlowsiBr theb&inf RCRP 8 WAk Burflice heg g aﬁ9 u&krecn g

| ayer 24 and an upper cladding |ayer 5 25 of
loggtipn, g fpngtap p Hrisia GaeTder qtlags &irprspase mptisal gyiphm%dwcr:} apd
evgﬁé‘éht &ﬁl@hhé‘reg%h%el preé%ﬁtr A RARRIOY, tlf% u‘csggf'hsdlglgctﬁ!: @(ﬁi‘faﬂng

30 is formed Within dielectric coupling |ayer

laygs @4 (speh aserdliiqop mitide) rediicesarasid inmigptions assnsiatadowith ﬁhg umcafﬂ
sﬂic%h %a{eli]ﬁl etrtlcc‘dlgreS@Pﬁgé? Lé’:&ttﬁﬁg%hn%élgﬁgﬁp (Morg'cﬁ/er the use

Focusi ng I'ens,
ofjan plteypatiye neateriadifon s diglectsio aprpling lamrrcmnlyelmmnytqnhef arateraals

op gﬁ@péﬁgg&ﬁ%ﬁgzgoupler 10 I n operation, an incom ng

space optical signal | inpinges on an input facet
39 didepd,ias mdeaptagk ef utdingarsdpdrite dletmtrs@suplimgdughm in place
of %b{i‘ Ea?ércﬁln i tﬁe 1§ﬁ)llltlcg%qhn%¥g r%nﬁi% Ithlaﬁthe e%rac ﬁd eﬁ}% 131 Pt t e
cooﬁhrtgheglm opagat engodifgt dsaaéd Hmedmrﬁsu cﬁisels lizk tlnstprlalt &g SOl

Fl 4. . .Advant ousl| t he..u C n
it P s i O R tresote S pESR e dp P R b
cofipbiienesewidtin ﬂierdptbad:léqtroﬁmsyﬂaﬁl Thede a&hﬂmﬁ&qummelas off ®Ag SOI
as a [ er tlca
13 Rl U AR s oA aeR et G RETBG LA o
eldefra Pdtnsiddddods] mn@hdtwlowllﬁg thésparaﬁfete@s shited SIDI lai& 14 to be
dI%Pn% | ayer ch as silicon nitride) reduce
mfpdgﬁf? T Patinn a?ﬂp a%gsa TRARGS. WAISIORSHTRInG dntugn, plages signaficant
coﬁétfahﬁ@éh ﬂl’(@rﬁg&ﬁh@ﬂy dfitie 1R@dch k&iditiins fople 1h?\)& @ds W) asdstphfj S
coupling elenent. Moreover, the use an alternatlve

‘At erial for this dielectric coupling | ayer opens up
ManyheeReE, bFRARIeiRbcessing SOI layer 14 to eliminate a portion of thie layer

and replace it with the dielectric waveguide coupling material such as silicon nitri de, the
thickness of this deposited silicon nitride layer may be controlled (using standard €MOS

processes) so that the final dielectric region exhibits the precise dimensions required for
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20 options for prismcoupler 20. |Indeed, an advantage

of utilizing a separate dielectric coupling |ayer 24
wonog@larieo of SO |ayer 14 in the input coupli RGTUSZIOSN04507

is that the refractive inde of this input coupling

dfBgemptici cOupling. eInrnneI bfﬁlb@fﬂmaﬁ the efickaess off diefBotic coRSIRS layer

in the prior art, ver 14 is utilized to not

" 29rnsy hedessdham o iy Yﬂﬂf Wéulﬁag laster L2 haring 2 Wiskngss op Hierprder of

ﬁ ﬁf 25 conponents within the opto-el ectronic system
ese additional requirenents of the SO |ayer
cont dopsorzgrhgdnivatsdohirag siineh winegkiding seaiin @Dlally direBON 4
I t s C ' ' )
e e S R S R P o]
prisohi douglelr Wmalmpbrnmﬁmuq:sbm Gropesiticonnbliowewitl Hiegise of a
aces. si nlflcant

RPN Ko st B BVASER R e BBt P GO AR MeBive
ifdes: tivel dilic®), ausinp Bther @ételk@amd/of heraedemiests niy beiusddue fa the

rocessin m na portion of th
PhfeporaharRapien ek dibrinemite BaleRebieya aas e
‘Gelbpl the gnﬁgetnequairerﬁamesmnaﬁe iBphtibegn cRipling dfsle (d&iﬂl respect to
t hi cknes ”]ﬂg?y osjted silicon nitrjde g/er may
iget &5t 101 the thigigess gP fighakean CO%PPB%@%%@) o t hat
t he fANRIditdnSl LRC4rtd lgfsgﬁdmj @311 sRich® nftf® iRHRSE 88silicon as the
di nensi ons reﬁglre for WD 2005/ 077110

PEingSpDesy e Andeed. whearusing sibigen igidecthe lighidpimeiygendijtion has
HABE FRAD %é‘i@ﬁtsenstltlﬂv% td Wh@féﬁ%ﬁls alﬁﬂleﬁig ﬁ)lr %tlﬁ‘}eﬁtl{’\é)ébgblllr&g

| ayer | ess than 0. i nsul ating
4@9&n@2tm8%0@r £ hfoadas é@gelmﬂt mg% erGﬁ Somnd 6100@tam plats

|

el PN ABRRREELS pe Vel Sorfiol hor AR A EliREc G 90
see BEG. Sp a0, h éherbeant laurech abglk irsd priced 210 eseetFm(é Qsmq&bta\teﬁ}d

rlsn1 r was als formed, of..necessity, from

o R by R IR AT LT
1o &F 4 pihorfaﬁ:fsﬂtcbﬁ cHaVieg 1k €HighoGau plslli‘l@avicﬁlg lﬁ@ﬁl tﬁ&\ketsﬁlts{;lthere
lower refractive index than silicon)
iner lifthe changsdn g %’PW%‘Q@WE ﬁ?rseswﬁa;}hedapq}é*@aelﬁwh 5rvmlfdrfever

t?réafaﬁgé &fluj) L ek mﬂ:ﬂ%lhg &1 rﬁﬁ' d@%[) ng 'vJaES%u?d%t allqwmg a

s al§0 Consi
sirfgle drtvice g effficiendy) muphmmulgpbnvalvhlengthqdupeblelémsaﬁu pi WM

noiSpi iy !
PRieBabdL kiR et S ah BBt B o RS e prpa s 5
®ecCthisABmaadivélempiiatangd vasimilgeresist it dlsghateyinubé Hrgpisof FIGOG)

nitride_ianIace of silicon as the coup Ilnﬁ)e .
WRETR GG PHE" art sigrein Shrid shotigian yaingitioghless than 48 o plpest 40

dvie Ot wadd1Bdh féﬁgéjbitlht@ﬁsth When@‘é‘i%@ a sﬁlg&gnl’{rﬁie%uﬁlﬁrtéswavegulde
SenS| tive to wavel ength | owi ng or he i nventive

ip geqordanee wih ﬁwrpa%g@mvthnothwne@@@p@vmceas I5¢éred & a value of
WG BRALB v @M sanfelbFawidn@nd 6 contain plots

In order to prevent having optical signal loss through light “leaking” from
dielectric coupling layer 24 into underlying dielectric layer 12 and substrate 10, tight
confinement of the optical signal within dielectric coupling layer 24 is required.
Therefore; the refractive index of dielectric coupling layer 24 must significantly exceed

that of a standard cladding material (e.g., silicon dioxide with n=1.45). As mentioned
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illustrating this aspect of the present invention for
Gsi (the beamangle inside prism20 - see FIG 3) and

woros/oftine beam | aunch angle into prism 20 - seeTiSEn05/004507

3), respectively. Referring to FIG 5, a conparison

BRl YRR Ritite, Rith b kdfRefivdThidd 9 mxlﬁﬁwlﬁzé 1§é?1lH%EﬂnE
Iaertoa rior art S|I|concouI|n yer is s

mltively BiBhiTeis e et mecnal £ baysed % r %5 REpaser cher
bfelibie sﬁh@e@,g@ok)éﬂ 1@ n AR RN A ?mfr% aﬁéllléﬁ’l ctah)?de  may also

i nput wavel ength is varied over he range of
e 8d.m when using a silicon nitride coupling mavegU|de

- al Wi fofc‘ﬁ'vg &mgg\é}fﬁ%lek c%foglggag%f%x‘ p/] Wéah?%ss than
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FU9IT e AR eI 38y 045 B Bl e
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i e TS B or S o gl S R S S pomes at
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gnal W|th| n dielectric coup Iln%la er 24 is

%heemrlae& dietpfigie epeplivg layRe24 WA maRqiaree 16 isxo B¢ understood that

GHrRlLeGhé aeraﬁgwﬁhts Righyl RYGE 18 fbrm&tthéaaﬂéd‘ LA EdnfineMERE Hor
that of a standard cl adding materi al g., silicon

eraBPice @ Phgtemc bandgas(PBGAstrygbye ma also ozmecsﬁlewqmﬂon of
E%&%@&%ﬁg%&% ana gﬂﬁmé%e &siré LRIkt AGhe meh{aceawnh

refractive T ndex of proxi mately 2, 1s an exenplary
medegonyesbion regiph 2|6ef4ﬂa@€ Hiabatically deperagestroeting imay laksp be aisedpe

used \f'a‘PfoPE @gés (g %%@9@2 arr%g{gﬁgnts OBt l?erds@& ) cﬁ)écﬁ}gc?]eghgﬁeisﬂed beam

doped si I con oxynitri
ghapibg iethermpdatayeision uegiah. FIGVhedngeingretop itwatfioneexemplary

, o g ; et
PR BL S ESHEoy SO0 AN e BB
fohesimgphinoa B4, nipgesed me fhidvwe aDn)ngrthwbdam mith wllttan dmked‘eic cofipling

ltager§|4oad\%n? rg?%uslyb ehgesrﬁo\lzrv%\{ergulfio r13rrrc§jr\F/{n %P% aﬁﬂ% qrmg%lﬁl dielectric
mpb@lam 24 Onllilﬂi@cdmwdﬁronﬂfCMOS fatirication, techhiquess 9 thetche
era di rre t he bea neegs to be.r duced 1o

Yvﬁee{ £ dis ctlrlﬁg ° g elij?e4 COTRY 2T i° f‘lh%loptmtﬁ‘g?! e gnn_:f@r 32
afdr faﬂgﬁhg’lﬁﬁfroﬁ:m 1PAy0acndRist kitcahetoNide] Aodmesultnd theaWerence in

AP GBPY AT Serhertedo pitasels. saa el o 6 Bistnaps ieh beam

dﬂw&eﬁectwwﬁtﬁ@@ﬁmﬁae@@rmes ThBlefiNd, B prdfaeiteiocpheal

addi ti opal focu tics 30 are used in the
$1ERAL ] Lt retlect o?f of sur a%e 36 of turning mirror 32 and be dlrected to surface 38

of focusing mirror 34. The focusing provided by focusing mirror 34, as shown in FIG.
7, results in significantly reducing the lateral dimension of the beam as it enters mode

conversion region 26, and ultimately into nanotaper 16.
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arrangenent, di sposed along dielectric coupling |ayer

24, to reduce the lateral dinension of the optica
wounds/0071p0i or to the beam enteri ng node conver BCOWS2005/004507

regi on 26 defined by 15 theooverlap of dielectric

c 03 {ih bR gltééﬂe}t'ﬁé e%ocﬂﬂﬂnﬂ(ﬁﬁ@h(ﬁﬂ@! a dfpved \t\ra\ie§1tli(i% 18&s cgn be
nderst.god that., varjous ot her arrangenents may, be
fahaip o %Ea%wtca%plﬁg Pt N 1G5 ofFe. QineRTsr@ing pigh layer
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, tc. 1 .
in J5HReiric-cONRINg 146D hr B8 BRIOEPHOHISerbioT e R Ui e Hghtfom
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exa e), € | 0SS
similarq;gaer can then be used, transfer the light energy from a silicon wire back into

another dielectric waveguide.
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woeensiirnigs of the present invention,

10 associated with a silicon wre waveguide is
prohi bitively high. Thus, in accordance with the

a dielectric coupling layert124 with a silicon

nanot AngentbReC 4By ehlt§BHd hie- kﬂ&tcé‘/ﬂéﬂ ﬁ@@# %%81 &Cﬂaﬁgemem of
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%J?WGQWIF%@}FIG%EI pPuing wavesuidp o8 nt,c&ﬁsimgeat the least,i @llwélag
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(Wi t Rygile thO Pilve RE&Rbed embodiments of the coupling aspect of the present
invention utilized a prism coupler to bring a free-space optical signal into the SOI layer

(and also launch a surface-propagating beam back into free space), various other free

space coupling arrangements may be utilized in conjunction with the dielectric

t he combi parivsmosHo4507
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shown as inpinging input facet 52, and an output beam
"0" shown as exiting along output facet 54). As

wdesasroried above, input beam | will propagate parTmsgins/004507

prismcoupler 50 and 10 then enter evanescent

wERIERIdE/MBndtapearradderh I OF fic PHAHE 55 EiftfonC LR | 130hrldaV 8 lusédte
gener.al | nprises silicon dioxide). The optica

Oft?éa?ﬁlﬁ%a ¥WI§%F‘EIBFIH% a@ptiagstustuse 4 iepteadofi Brisng gouparRg (or

sh)a¥es. 134oht s FBRe Qfemadhm@rmtbﬁwﬁwtotmﬁ@aﬁﬁmar ¥RBSEment.
the signal then encounters passive optical devices

Ap pomielf Aigting 70 isderme de egnergens seurtise BOCraRd (angdéss ppesibly a

diflebiddyky2 8o cd%gwe\ées Qd%td G g T ﬁﬁ&dl@l@ <th®Guplin layer 24.
conversion regi 8 es the overl ap bet weg %

Incihig lcasst the pemmlm Igramgg W&&@mo@h“fa’hm higndB aper14) & defgmined, in

conbunvgcbnswglﬁ th20 Ig}‘o 61316% (ggl%!gﬁémc#g}{gé) \gﬁ&eeglrn%g %}ng) pr}g\gige the most
effitientrmatpling dnengement. €ld isiantadvantabt othé hifangéSidnt 6fihe present )

. waveagui 18. shown n t he e iment of F )

inf S8 of g Bripetiies BhadeC R S0l hiliheRa® P4 (rap bs glustcd diring

fa(atié‘dﬂiail (&/g.ciacipding bﬂ@)}?téﬂs Id\Cli\lﬁ{g fﬁlbr@&h&ﬁ):oﬂbﬁo‘l {ibf&lﬁi&lﬁ_%@i etch)@o
tra |nVVa e | C IN CO nati.on wt

PR e T PV A e RTINS S G TPLy By ALGIOUER fot llustrated

s@&ﬂﬁdll’jﬁn F@s. 3 RBOATH i HEbvadRs tiaah sﬁhlﬁﬁﬁjran@éhﬁhﬂnay be used as
ultrathin mavegU|de 18. A second silicon nanotaper 56,

anQuippt ceunlery asdiscssedabayg in assqoiatign with FIGS. 4 1 andyi2t r at ed

i N b telindéntidh 89 96¢:riBdd, Ithel B@Bmcﬁﬁ'ﬂia@ RhOEmbbdimatdt bf‘the
wavegui de 18. In this case, the lateral dinension of

ingszition g Be Apread 15 S19NE WeKo W KaTIsEP RS RS tadeiregandsdras a
déﬁHﬁlﬂH EroROHP Lﬁlﬂgandfs@&ﬁtof aft- 1n\;EHﬂ1031 aPachch ﬁq&ﬁﬁ‘ga’uons as would
[lTustrated in . Adieleétric cou
bm@g@n rqmessﬂlz@ mi tbe iant msntp@deé éorumplusmszvmm thﬁ gcopg ofithe
i8R GeriRy 8P i GolRkAhk ARk termi nal portion of exit
nanot aper orm a rode conver si on regi on 57 and
al l ow the propagating signal to expand into
di el ectric coupling wavegui de 58. Passive optica
devices 60 are illustrated as forned within
di el ectric coupling wavegui de 58 including, at the
| east, a collimating mrror (not shown) to properly
redirect the propagating signal into an exit
evanescent 30 coupling | ayer 62, through coupling
prism 50 and exiting through output facet 54. While
t he above-descri bed enbodi nents of the coupling aspect
of the present invention utilized a prismcoupler to
bring a free-space optical signal into the SO |ayer
(and al so launch a surface-propagati ng beam back into
free space), various other free space coupling
arrangenents nmay be utilized in conjunction with the
dielectric WD 2005/ 077110 PCT/ US2005/ 004507 12
wavegui de/ nanot aper arrangenent of the present
invention. FIGS. 13 and 14 illustrate one specific
alternative, utilizing a grating structure 70 instead
of prism coupler 20 (or
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50). FIG 13 contains a side view and FIG 14 a top
view of this particular enbodi nent. As shown, a

wgnredasingiid0 is forned in evanescent coupling | agEUS2D5/004507
(and/or possibly 5 dielectridc |ayer 24) to couple

ki SR@mEl APt cal signal | into dielectric coupling
ayer 24. In this case, the period of grating 70

( denok-edin armngerpert lﬁ@sorou@naﬁmwil@puplylgd@tvmemarf@&spacn
@g@&g&ﬁ 4 Jéﬁﬁal%%ngl dAGnRY c}ﬁmﬁ#m@&l Mvegl; gé Ed  of %E]Fér 90n

egui d O provi e nost cou
@wranf geihson- on-jrisulator SODsivshra g K91 stmetuwfua]neg eommsmgra

n%'ﬁ?s?x%%tand a e%ytx)i Hs&lzﬁﬁ% dayég H%Caglﬁgéetmeggcom&rlglgg

ric coup I ng
d uri rayln@nﬁaalmtamastmmrs{ ﬁmged ini thmhppdr mgccmfla}céo(m)itl@er) of the

i.ng, fa ation tr
A R S M S o L A
afdfae withi angeraAy thiendide tapired étﬂuumtertaérelabtws@ﬁ&iefswbaﬂ,Ilatgern
FIGs. 13 d 14 if.isS. obvious. that a sim!] .
%{}d%&ﬁ §%%?a¢3° W%ﬁéﬁlﬁéﬂﬁowavegwdsmlaaiﬂd‘a SWtﬂaE‘ioPp%
thesbetssad above in a3500|at|on with FIG. 1 1 and 12.
Fromthe invention thu§ scribed, it wll be ObVIOUS

that &HeleeHp¥aYGaKe SoyTling fayer baging 3 jemmaigR syriige. pdth 2

MahEBE ihdex FRAKT AN the iRUKIbE HRIdiddch R iBsiddtBigNBler 612 1REthan the
regarded as a_ departure fromthe spirit and scope of

teﬁréctwﬁvw o silicog dhsﬁPfred% ahiopmenlf 3 pertipmeikthedielgeitir énsulpdng

RPMIiRH Pedidh RS Sfdshdcfled ];Q)rﬁd?l%f ﬂ{etS(ﬁrﬁye'r R EREeRN9Ed and
inclusion within the scope of the invention as

ersicplrerplig ntgghe rsmp@wgmrt@m@f ﬂ@ SOAdy20B3le g E.1ith an end
Fﬂé&&%ﬁ@&él@%é %Vegli?de%gﬁlm ?a,y@tl qﬁ[ﬂ)pxil%s e]ng sédion of the

arrangenent for providin tlc etween a
filienangpetarer inshidingdbe finsy nepew elfacs ity e aan@tlea;nnverswn region

t
LA B B RNERU R AU AP i g0
80 structure further conprising a 5 silicon substrate

and % ﬁjé é)gé:e orph&il c&%)lf gta}rgr%ahla%% oselaeovgrrtha{g) %{Lgor} surface of

nmprisin r ucture
ﬂlh dleieppema%guldﬁoawblmgdaye(r SOhs tb aquﬂé the ﬁordph@tm@@ﬁ)tlcal signal

ruct nanot a er
Rk A B B R Aol Ye BifbiBud lob g ingo the
MHMEmaMkanMVQmﬂkng tapered structure therebetween,
the second, |ar d | ed he ultrat
i1 corronireaindEes TS 0t Phedsin YTty cpeel coupling
zirhﬁgﬁbﬁit WRRIdEs £h SafdsCdlt CoupliMBIPE i pBsca @i dt Rgstladiv@ion of the

a% ato @ﬁ urface, with a refractive index

B VAV ERRITCCAWP IR BT of the diel ectric insul ating
| ayer3, Ak ark@§eménd anddrined inf @fimachhetEn kRAR%-Phee Dbttt Sdupling
di sposed so as to, overl¥ a portion of the dielectric
PEL

rrageragnt fyther comuriseSAnpPEEY) PEYN GRS disnossd o¥ithe gnescent
QR lin By @fso b cSile b BUE EpabaSe e Blfo LRITRY k8 Btllerlying dielectric

waveguide coupling layer.
4. An arrangement as defined in claim 3 wherein the optical prism coupler

comprises silicon.
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15 optical coupling into the remaining portion of the
SO layer is desired, with an end portion of the

wdiels@atinoc wavegui de coupling |ayer overl appi RGTAIS2@8d04507

section of the silicon nandtaper including the first,
nar r oiv Andfragement af defined imciaien 3 whateihsheosptica@riom coupler

bet ween the free-spac r gpagat.i tical .signal and
POPITRER p dicfeetric drsTRD A v a0 dER b frass 6kl F e Fegiactive
tndex ofthe diawpiricrv@vaglﬁc&n@aﬂlﬁigtlaﬁhsposed ovgr t he It_op
maj or _syurface of the.dielectrjc waveguide couplin

| ay orb-<3P ATREGTER S g g MBpaYAt RETOHEIPLHT Vareghie
bRIpUBE Ay ér fRRhe RaMPriRE Ebchiflfy thi@!_; BGhdrk ﬁaI‘P@M? gbHe the lateral
g(i())u ling_layer and thereafter into the wultrathin

yndariss ofa PEasAliae opticahgngt asthepriepapatingontistisigaal anters the

fbaé onlerdlBi&idh.t he free-space optical coupling 25
arrangerrent i ncl udes an evanescent coupling | ayer

di spo5edn Baeerent|ag defined ipelpim Ghesein theefocysing|oplesrcomprises a
. o) . it
H’tﬁé’a@ﬂéﬁe%v@%lmﬁ@é tnfHbr f@l’)h%? by §1’Sp(ﬁﬁlg2)§’(%%{l? ?g??ep%egﬁ%l&ﬁ é)k’ BR8n

' ' [ ree-spa

in claim?2 wherein the '
gipxidp fmibadidesiicwasvesdipedupléeg laveropt i cal prism coupl er
di spogegl %Yﬁlr ehBf SUSIRE (ﬂfagim COKRLL B c{ig?c%ri%agvegadet: 0
coupl & a fre€ space signal into and out of the
emigbng layerdurthies cerprises at 183t eng\pessiviedpticad ughpangntldispesed atla
r ' in claim3 wherein the
B B BRREP O BB LSBT ESR S 7 con. w0
2005/ 7/ 21N Y82 0ib1e0 Qa4 1 WHer&n thrfreafspa@ptiih toudsing

fi in claim3 erei.n t.he optical prismc | er
R Ok Mol P el s 0 € g SRS BB Eture
i ndext0atAd ematematiad defded in&ldirﬁ}?rvaﬁtdin/ the atripRMemt fuiiee
di el ectric wavegui de cpupl.in ayer. 6. ar rangenent
SCOIER st a2 (RGP oRt Sapeiisal edllgiBour de
wawguidt coagplihgweer. f urt her conpri ses focusing opt}cs to
nore narrowmy confine the |lateral boundaries of a.
prop aﬁ"r?ﬁr%%‘?“iled‘éiis ﬁé‘ng’I“ cfi’émtl eesibihs dielachis veveswdn

Sughied lapiicBmpridel @ laydPEEm AR &l ok Trdne e %FbuF bonsfing of doped
angenent _as defined in claim®6 wherein the focusing

Sg‘é“tqnéé% HeQwirige, sificop garbide aptksiligopoguhitiden rror
for meg, b M8 R08dn0es REAREHI iR AtHRRCGHe ﬁﬁz@:‘cﬁﬁ%’aggguide

silicon 10 droxide into the dielectric wavegui
yDlg layer eskyibits a @perpghlaipral aradidanerts tatgpetanvard towand e aiode

JonVIGIbR tidn MR d dRbEGHch Get@YGGUI de  coupling |ayer
further conprises at |east one passive optical
C on-pdﬁepﬂn c@ﬂg@f@g@@ng@m@t for coupling into and out of ultrathin silicon

waveguide sections formed within an upper silicon layer of a silicon-on-insulator (SOI)

structure, the on-wafer arrangement comprising

a plurality of dielectric waveguides disposed within channels formed in the upper
silicon layer (SOI layer) of the SOI structure;

a plurality of ultrathin silicon waveguides formed within selected portions of the
SOI layer; and

a plurality of silicon nanotapers disposed between selected ones of the plurality
of dielectric waveguides and selected ones of the plurality of ultrathin silicon

waveguides so as to provide optical coupling therebetween, each silicon nanotaper



| ocati on separate fromthe node conversion region. 9.
An arrangenent as defined in claim1l wherein the
wonews/gpace optical coupling 15 arrangenent ceapuSs®s/ 004507
a coupling grating disposedson the surface of the SO
BavinCd fisCnarrokiéd oAV p@HibR q@s@h 930 HRb&iRRE edd sebid dT'a9
wherein the arrangenent further conprises an
diglenisis d@mgu@@&?;pliomgie e POTfVG?S%?édheé%FW@&H pesk 2 segpndp fviden end
I
B FoPELplel o HRMGRACERRUR o] B VX Ehice Koro e optical coupling
thewebelzeeti. ¢ wavegui de 20 coupling | ayer conprises a
| ayerqof t I
of oo T Pt L B O e R P2 b o
digleblirid evazemides tonrse oilipen nitriddevavdg@ideAn arr angenent as
defined in claiml1 wherein the dielectric wavegui de
coupling layer exhibits a tapered |lateral profile so
as to taper inward toward the node conversion region
and reduce optical reflections. 25 13. An on-wafer
arrangenent for coupling into and out of ultrathin
silicon wavegui de sections formed within an upper
silicon |ayer of a silicon-on-insulator (SO)
structure, the on-wafer arrangenent conprising a
plurality of dielectric wavegui des di sposed within
channels forned in the upper silicon |ayer (SO
| ayer) of the SO structure; 30 a plurality of
ultrathin silicon wavegui des fornmed within sel ected
portions of the SO layer; and a plurality of silicon
nanot apers di sposed between sel ected ones of the
plurality of dielectric wavegui des and sel ected ones
of the plurality of ultrathin silicon waveguides so
as to provide optical coupling therebetween, each
silicon nanotaper WD 2005/077110 PCT/ US2005/ 004507 15
having a first, narrowed end portion overl apped by an
associ ated end section of a dielectric waveguide to
provi de node conversi on therebetween and a second,
wi der end portion coupled to an associated ultrathin
silicon wavegui de to provide optical coupling
t herebetween. 5 14. An on-wafer arrangenent as defined
in claim13 wherein the plurality of dielectric
wavegui des conprise silicon nitride wavegui des.



