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1 SILICON NANOTAPER COUPLERS AND MODE-MATCHING
DEVICES Cross-Reference to Related Application This application claims
the benefit of Provisional Application No. 60/543,613, 5 filed February 11,
2004. Technical Field The present invehtion relates to silicon-based
nanotaper couplers and, more ’oarticularl to nanotaper couplers that

maAPHC AN NOTARERIGONR-FES NDMORERMA T BEVICES

facilitate the coupling of optical signals into and out of ultrathin,
C§H‘F§T5—%ﬁ€c§iﬁ%&?&’§4€g@@é§?’%ckground of the Invention A

"nanoaResppicaliye S8 iAPaE bimeensr ey vdatingdasp BN Nasig)/543,613,
ortion of 15 a core of a high-contrast index waveguide that is used to

figdifehe amiditmt®@upling between a single-mode optical fiber (for
example) and an ultrathin, single-mode high- contrast index optical
waveguide. For the purposes of the present invention, an "ultrathin”
I idd4¥ defined as having a typical width on the order of

approximaieléndin@miondedatypicalithisknassdcomioeapedes@lers and, more
approximately 0.25 gm. In a tyPicaI 20 device construction, the lateral

PR BRI BRESI Y e N BRI PHEAR e R8T HREHE8 Y G fiee-space

opiatceNpRSt BdexN@agy s pRRE@f Bialely matabes shawvisitoelithethin,
core. The lateral dimensjon of the nanotaper decreases monotonically

S RgALe ALY 28FHYNEbropagation until it reaches a small value
associated with a "tip" (i.e., that portion of the nanotaper distal from the
core of the high-contrast index waveguide). The 25 tip portion represents

Batkgroned ChMe A enters the high-contrast index waveguide for
an "emryndmngiapeor oither-potpieat Vihighdaht firstigedtasth@dhigifrating portion of
contrast index waveguide for an "exit' nanotaper. In some prjqQr art )
B E HE I S LA R S A3 78 i BB LB sayPling
bewiaeidesingtb meleayrit dduer ightiaihse) amheheddaatlyiide-theditigh-
of 30 an entry papota er,.gr extracted directly from the tip of an exit
YA AL EIGE Gt b AR DABEF S HRE N GBHOBr e
“tiprisHocaied daside thectaviCes Avayg troypitae widaven ®dgedarvauppiarimately
waveguide is then used to transmit light from the cleaved edge to the tip

O Hse Ao tapisr! FHERaEsaIRINAR AU G aPEEE PR b rp il 1aaybepical
delinogsions anshadRwaerafmetbiei itex B b e b RaWRYBEUMSK iSfate to

tﬁg %E)re of the high-contrast index waveguide approximately matches the width of the
core. The lateral dimension of the nanotaper decreases monotonically along the direction
of light propagation until it reaches a small value associated with a “tip” (i.e., that
portion of the nanotaper distal from the core of the high-contrast index waveguide). The
tip portion represents the point at which light first enters the high-contrast index
waveguide for an “entry”’ nanotaper, or the point at which light first exits the high-
contrast index waveguide for an ‘“exit” nanotaper.

In some prior art nanotapers, the device is cleaved such that the tip position
essentially coincides with a cleaved edge. Light 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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2 maximum coupling efficiency into the optical fiber is achieved since the

mode size and numerical aperture of the auxiliary waveguide are much

closer to the fiber parameters than the ultrathin waveguide parameters.

The core of the auxiliary waveguide may comprise a polymer-based

material with a refractive index on the order of 1.5 - 1.6. 5 Other materials,
MAXERYE SisInapkHRicaeY dpdbestritsa! diBide 2ehic YrdyiBee e anpsiersieh and
nihEeFRE JfSiRReQIithR atkiliary wakegkiderdmirKieady & PRIOTiBEE parameters

nanotaper coupler usually comprises a pair of waveguide sections, A first,

thapdgee-HiFrhia oreg sl BrREstioM s gEnardlly tHePhedavRTEe s BRY

cHnPrERCOPHLySRe AR RARTIANRANVAKGBIIHC-SAAHLB S UENJRRE 8PR5ONG.
of the 10 first section qverlaps a portion of the second section, forming a

J . . . . g
Olhdrataiersish Fetjiéirn oRe tdmprms sl dRuftefl ity ©
fornRcR@ientFivhliatienu2004{0Ravébiidavhere FIGs. 1 and 2 illustrate

this geometry in a top, view and side view, respectively. As shown,

refereMde HifaFaf PR AL AN ANESAHPISHETHA b, BRMRRAS GURR, of waveguide

sEEIRIRNCE AN alle denaiasrmpae:figldesizaionnyetsienggiRBosed with
reference 15 numeral 3 denotes an auxiliary waveguide section, and

TR SEPREr AR BRSSOV ER IR FhB G iR sfoRortion of the

fiEQREErINBVETIDR Zpoanpiapaickhand datad, fimensiondat sarielich
relatively small value at tip 5 (often 50 - 150 nm), and then tapers outward

58 e fi QF&éQHE’Wa%f‘dlﬁﬁé‘?ﬂlﬂ%tﬁ%i‘éﬁ’éséi@&é!Hie[&%ﬁﬂ‘ieﬁ}& Athifgation
20y egside sedias kidha thigkngsseitpanotanshdkemains ralativel side view,
constant along .20 mode field size conversion region 2. The mode size

re3REEAtdd %ﬁﬁlﬁb”%ﬁ? WS‘I‘F&HB{‘&‘SE‘?IA %eﬁ%ﬁean(al}@?&’%ﬁé%)&d&mde
weoblince esfepéibe lightr armdshtiks asoda TRikipes dconpaniis ife 8id, reference

roviding, tighter confinement of the light as the eﬁgctive refractive index

iperd s AeRIRy AR AUSHEH St HAmTRaEr, HdIrnretRsiab esnotes a
nfi@gtiper Wadm casyersitnsintoctie atialies fnaoe, dbnasgaciates witkeral

ultrathin single-mode wavegyide 1. As shown, light is | ncrlﬁed into an
RGREB BT SERR A AR 0 b AR = D R lhen
tapetshawvayd whesdiippagatesaangddimmpadaed umikciheaontihterisatip:d

of nanqtaper.4 i de conversion region 2. At this paint, the light bea
WOFENTRal ol LR VUGN Ao SHEEH e RIS B DY S lone
mudvéglidezsecinarsSiéa thgisalatively high effective 30 index ultrathin

waveguide 1 with low loss, since the mode size is gradually reduced

along glg%gen%%? mgoagtg? w1(t?h tip gn ofdtﬁe nanota ergf 1S ‘Yarge ?(?ue to the weak
confinement of the light) and shrinks as nanotaper 4 expands in size, providing tighter
confinement of the light as the effective refractive index increases along the length of the
nanotaper. This effect facilitates the required mode conversion into the smaller mode
associated with ultrathin single-mode waveguide 1. As shown, light is launched into an
endface 6 of auxiliary waveguide section 3 (perhaps from an optical fiber - not shown),
where it propagates along unimpeded until it encounters tip 5 of nanotaper 4 in mode
conversion region 2. At this point, the light beam is transferred from the relatively low
effective index layer 7 of auxiliary waveguide section 3 to the relatively high effective
index ultrathin waveguide 1 with low loss, since the mode size is gradually reduced
along the extent of the taper.

While these and other prior art nanotaper 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. Perhaps the greatest hindrance in utilizing the
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While these and other prior art nanotaper 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. Perhaps

the greatest hindrance in utilizing the 33prior art nanotaper couplers is the

“end fire" coupling requirement; that is, an optical fiber (or other )
PHRAAG OIS PRIt PrIvIad dhsigiRas ek FROYIGHTC iR/l an optical
filRhdércai Qi optioa) substpaleiand é@ﬁa‘lﬂﬁd@%@@fﬂ@ﬁﬂa@h@h AsERHRING

arrangement requires careful preparation of the sidewall surface in terms

(dbresy i natichishing e gt the SaRaIIRG I0SUER Y FotiBlRS (AR ment
repRlisatieral faatiatRfiestie MRhvanaiintcs it &fthese deapPRRERN polishing (to

activities are expensive and time-consuming. A larger problem associated

TeAHACt A S HA SIS E BRGNS tAEAIRIIGHRMABIHY B AGH w4 feating.
ANRY thedsRGIITRAURING EhQkempidRanih e Matensuriace I larger problem

unavailable for use with a conventional nanotaper coupler. 10
aRAEHISAAD dhs igrsErtsGRYR N EEis dbatior b s At dReArbsgate may
behsnpteriabsglves alHviianmdeicks (Reard s tuaatalisha lgubRss inte iang a

to the fiber), where these dimensions are not compatible with
CRYRAIRShARENABRS HBRIELsing techniques. Thus, a need remains in the

art forAheideyal9pine nireécasiicRrynanaiapge cectpiarofténthajuissn@i€use of
robust and can be used as a coupling device at virtually any location

maLcHak s FarEPSIRRCBIS ST bt BREhHOBAIGY TR HuedasHiAMinERRD-

wihadthesadiiseasidinsaethoycthieparpse Blithvenient yhlcMIS plaies didg
silicon-based nanotaper couplers and, more particularly, to nanotaper

(cBOHIBES: that may be utilized in conjunction with free-space optical

couplansito faekidaterthias coupling ffrapéicalsigpalntto A¢1t @utRhotaper coupler
ultrathin, single-mode sigcon?\gaveguides. In accordance with the present

A TEBH? SO ShEAGRP REUDI AT AERURETE LoiiihAG AR eS¢ GHgn across a

wedEpiigasea silicon nanotaper in combination with a thin 25 dielectric
coupling waveguide having a core refractive index that is greater than that
of an associated cladding material, but less than the refractive index of

Saseiry st Iddraerbigrsilicon nanotaper is disposed in an overlapping

relati shido e\;g(ljtrh the dielectgc wave lilide whiqg nge%gs as the, auxiliagl which

Wave%%fa §EO L BROVRLE T R CUHUEYSTEP AN GRS ™ Whic
riepagaiiigsignaldninanmssoviplad altadhdiespaedcularly, to nanotaper couplers
that may be utilized in conjunction with free-space optical couplers to facilitate the
coupling of optical signals into and out of ultrathin, single-mode silicon waveguides.

In accordance with the present invention, a “nanotaper coupler” refers to a
coupling arrangement that comprises a silicon nanotaper in combination with a thin
dielectric coupling waveguide having a core refractive index that is greater than that of
an associated cladding material, but less than the refractive index of silicon. As before,
the silicon nanotaper is disposed in an overlapping relationship with the dielectric
waveguide (which 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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30 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. 4 _

MoredJeF BN G AL aRacOERIRIE 8 dGisq &5k BriSH ERRpIRErABerating).
(i aRdathg sRRRIARIG e dhadhiknRssRS AR deiipgiivaindaxeshphting the

materials comprising the dielectric waveguide in prior art nanotaper
dicdessriravaregridany Relaka NeRORRYAV REI IR §aaticEdasdplEmgpace

cSiptientving hingrRYesaQIMaariglisitsan 5 aseImmesatas iange of
refractive index values. Thus, the dimensions of the dielectric waveguide

ACCATBROAA B &8P PAIREEAHAP AR CorABK bl WHth SertiRsnaiodiop! the dielectric
whkReesiNanba sdiiabiedighuaitastive ndey.materahiscavirtlablR s processing
_comprise the dielectric waveguide_core. Silicon nitride (n z 2) is.one

e SHIBPAR B ECHAE AR PR TR ds AV iR ARt the Shcdifleririso it

wisvapuagly astages pidhe hreaenh invedionctbad thguiizationiotimthiay be used in
_dielectric coupling waveguide with a core refractive index less than silicon
ingpisRre rsing ARo i8R tments to be made in the free-space coupling

arranger@nh e prayilerfor i prpsoved velfice fet. thouexampleothehin dielectric
thickness of the dielectric layer may be controlled by conventional CMOS

CPUBHBAEH protlsalid foreVIE i HIITLIF tHKh LS PR GlveG FBF yagious
aguptina{as Befhagtion oktheespecicAipipgtiermatenaltselpeerd) framproved
referred embodim?nt of the present inv§,n£on,,focusing optics are
SiHElGRY TtRARE ti e tERTsoh NG Raletiite B Fetitd Lt nataligt by
coimanisen MBS fatsaples ppteakbeaprasdt appspaanas thelerRianeired for
of the silicon nanotaper, The dielectric coupling.waveguide may itself
NG G AP LSRR 1 BHEie 5 GRS S5 sdhice reflections
at thelintgsfateradtbribe diaratapehe Presetitizaian «of, #onaiapdppitieirtiaoluded

silicon for the dielectric. coupling wavegujde aﬂo s for materials o%h r.
G T S0t RO G A Gpeea St i
complplespptaVising terisappeoieitactiorifathe geomeily«f thedapstnThe

conditions required for coupling a Ii ht beam into and o .ﬁ)of a surface
Al e s et Sell a5 s HvaR e i
diieledtictcoeghlistgryiceiguidea ihe daejtineliitivite Azaidicpernanotaper may

be usi tOﬁJlr.ovtide C upliné% into t@)nd ﬁut of .uItr?fthirt}%siclilc n \t/vave uides at

any lobGi8HIBAHR Sheb MSet) et e b icRB  fpg g etectni catpling
waveguide allows for materials other than silicon to also be used to form the associated
free-space optical coupler, providing for some relaxation on the geometry of the launch
conditions required for coupling a light beam into and out of a surface waveguide layer.

It is an aspect of the present invention that the dielectric coupling waveguide in

conjunction with a silicon nanotaper may be used to provide coupling into and out of
ultrathin silicon waveguides at any location on an opto-electronic structure (not limited,
that is, for use as an input/output coupler). In this case, the dielectric coupling
waveguide can be used to form various optical devices (passive devices) that are not
compatible with the properties of ultrathin waveguides (scattering loss problems, for

example), reserving the use of the ultrathin waveguides for high-performance active

optical devices.
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that is, for use as an input/output coupler). In this case, the dielectric
coupling waveguide can be used to form various optical devices (passive
devices) that are not 30 compatible with the properties of ultrathin
waveguides (scattering loss problems, $or example), reserving the use of

the ultrathin waveguides for high-performance active optical devices. 5
omer%ﬁharf%@ﬁamfaamg%angﬁee@&ftﬁ@ PreXahiRYGBHAB Vil ipecome

appaeMeanRARNtSMEnerthR conesanf dnedaliowingdiscssionandiy

reference to the accompanying drawings. 5 Brief Description of the
AESINRAE R FEHIRGow to the drawings, FIGs. 1 and 2 illustrate an
exemplary prior art nanotaper coupling arrangement; FIG. 3 contains a

side view of an SOIl-based exemplary hybrid coupler formed in
Byt Passratigmiefiee PEC8 IS vention; 10 FIG. 4 contains a top view of an

SOI-brsrémxeap sy brigveatpler formed in accordance with the
present invention; FIG. 5 contain plots illustrating the wavelength
WBlg R eement:

deperidéiicd HuLdi e SaeRLABEBIHY BHGRANSRIS 9

prismEeHpecHtias @ saetaew plais SloskatinocthenpRyeiengia coupler formed in
dependence associated with Bau, 15 the beam launch angle into an

acsaranesy Bhdhe EsTsRA B9 ontains a top view of one exemplary

arrangegentwmiens faeysingvasitias Solmekided dmiplerinvemtidoupler formed in
arrangement; FIG. 8 illustrates, in a top view, an alternative embodiment

AT SR BRSRHH INEBH Sr ating passive optics into the dielectric

wavegysleslaygtiir G IolGilRdaAisidayiew okiienadepasmentdibstiaied ith o;,
FIG. 8; FIG. 10 is a top view of an alternative arrangement for including
ths g9 gticiilee sreIPRIeRidktsst B98RIfEsent invention; FIG. 11

illustraigs 8N GHIARG PIBRTIGIMAINORO. 20 NBHE GHIRERBAQUIRIEA with ..,

coupler, in this case a trapezoidal prism coupler, formed in accordance
theibs el prace Ar s aptRRsIPIEY IZBCP 1AW of an exemplary

out-cqypjing.BHanYemENt ik W3 e (RenMSUIEREfHGhMhere focusing optics

is included in the inventive arrangement;

FIG. 8 illustrates, in a top view, an alternative embodiment of the present
invention, incorporating passive optics into the dielectric waveguide layer;

FIG. 9 is a side view of the arrangement illustrated in FIG. 8;

FIG. 10 is a top view of an alternative arrangement for including passive optics in
the arrangement of the present invention;

FIG. 11 illustrates an arrangement including both an input coupler and output
coupler, in this case a trapezoidal prism coupler, formed in accordance with the present
invention;

FIG. 12 is a top view of an exemplary out-coupling arrangement 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.
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FIG. 13 illustrates an alternative embodiment of the present invention,
using a grating as a free-space optical coupling arrangement; and 30
FIG. 14 is a top view of the embodiment of FIG. 13. 6 Detailed
Description The utilization of a hybrid cbupling arrangement comprising a
silicon-based nanotaper coupler and free-space optical coupler, in
Dgtaibed Reseritio®ne present invention, addresses many of the problems

assocRHed IO FTIoR A QeI COHRIRES RACANSISI LM bsed
flexibility with respect to wafer-scale fabrication and free-space optical

nRRRIBRAGC PRI RE A mEPACSi AR ARG XA it Ao arfapcsiavihdhg present

inveHtoasaddRxevplany byiidpeeselas fRsnestdn asgondanes Withilerire couplers

present invention. In most cases, the devices formed in accordance with

apdee Hrasatitioralidrcibiliboriptissnas SOV dftstale thigating andiicgsispace
optibsteie g a Biirocdinxife dRsuating, |aye FiG. angap iew Rirem¥oPBased

device layer (hereinafter referred to as an "SQOI layer") 14, where SOl

cxgyalafy ydnich Sy RIGhiprBed 12 facRiaas oV Es SRy SAE RYRAGAN AN most

csllisomdanatapesrhifhasiddvstiatedviithte phisentarvnadivitiinia Rapire an SOI
of SOI layer 14 and used, as discussed above, to provide efficient

SEBEBnE G AR DitHeam s UEEH P waisag dlina s Msdairnbn dWitignd an

uS$et hayesnlde it @nsRidaBEenMthr thgetR PreseRhingeN g VAIPUShere SOI layer
limitations assocjated with prior art end-fire nanotaper coupling

14 At R BrSSS veHUS KIE By IHERS NG 8 dBIS8ce optical coupling
elementsidth thenSiehcbasedstrinivtiadd ithpIexenplasshembadimencaton of
illustrated in FIGs. 3 and 4, a prism coupler 2 a% associated . .

S@jﬁ?é?cb”h?‘&%Bﬁ?%j‘?é{lé‘f‘ﬁegl%ﬁ%%é‘%d’%d&ee wﬁ%&%ﬁ%ﬂﬁ%ﬂﬂ ultrathin

sibeamstrile adligleielsic Svave guitie Caupling (Ayiay &4 4vith lighdrd@nce with the

ropagating in dielectric waveguide 24 unéil it reaches silié:gon nanotaper

P AR E T ™ S S AT &3R0S e Ak TS R P U e (e

chligmatimabyasediscus sedrivnidrtiandetii de ove-spacaiopd sirdolipendaly ment

b seg a free-space optical coupler to guide. a propagating optic
G e G i ESEIOME g BP 2k T e A Ly - 3 and
4pagsent tMIor) malhtivelyiltda eialesuiacauping layer 225 24uis includeple a
in the inventive arrangement and used to couple the incoming li J*gég m
L e e e e e R
plapes athisinséidetedto be: giehior thavil iin adehey siliesaatinoipRling |ayese the
1.2 an&in%ulagg%laygr 2, P{et less than that%f Z%I,C%Ht In one, di i
BB R STESE AR 5 ARy iy 6 termatively. as discussed in
further detail below, a grating structure may be used as a free-space optical coupler to
guide a propagating optical signal into dielectric waveguide coupling layer 24.
In accordance with the present invention, relatively thin dielectric coupling layer

24 is included in the inventive arrangement and used to couple the incoming light I from
prism coupler 20 into silicon nanotaper 16, where the refractive index of layer 24 is
selected to be greater than that of evanescent coupling layer 22 and insulating layer 12,
yet less than that of silicon. In one embodiment, 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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form evanescent coupling layer 22 (as well as insulating layer 12). In this
case, silicon 30 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 déposited, patterned and etched to
exhibit the desired dimensions. In order to provide the desired light

NERRIBRAG iRt HERStEIEE Tl dniEnepyripior diene fricteslssmply 1difdsosric
couAlisRAR0E tMqveran-a |y eslatRiming iarmioal Pprtien gt daretrRRels tonears

within a mode field size conversion section 26. Preferably, dielectric

nEeRIBRAG | AyBRSU A tMErs AT RITBSM aptie b ot ofil drittte Tageig reflection
ISAHECHON@MiEAER DehaRARaE A (BmsHIaie thby rRferenes uppaecRlddd B ayer

FIG. 4) so as to reduce reflection losses at the interface between | ]
Zyieidberidlicupitg yseidasthan i BpERE ddaing Wldreslssc dbedd s iriah
h&tERBERME OV TdeuShe Wit 80 B)fAmvdilbedeseréeastivodptaik layer 24 and

hereinbelow, a focusing element 30 is formed within dielectric coupling

ufggldp Sartifafe Be do BRaRABIHRCRIRIRG NG OR OO 6 58 ARR ARG Hfeor

ngRGthsbzE AP PIRRERE R BRBU PSS thRe HRCEFNDLIEMBNh IMAOEEadiabatic
the form of a lens, a mirror or an adiabatic coupling arrangement to form

ORI B ARSS IR, (OdopR A e 1R BISSFLYIS, SR fEoming free-space

opticahsigealtldm RN IRS AMATHPEdaceptiddl ef s MepuRler dDamnthut facet
then passes throu%h evanescent couplin%rl?e]lyer 22 to be coupled into a

33 19bRtida¢ SRS AR EBLBIRRT Tay U RE BT 6P tRES baganrig P

copiiealibeamiBoisidus satee dothitGodp MVRRORA0UBIY, dhginsefahs yebpagating
cqupling arrangement allows for the beam to enter a wafer surface at

OGN de S84 4HGN *a OHY RSP PH¥nNatisIar (B bthepupling
affeecspRECOPIaAfGalp bagra ey iearane ML aReNit GOHPINY Jegitniase

resent. Additionally, the use of a dielecfric coupling .layer 24 (such as
kgiﬁEBH’ ﬁ:‘ﬁ%&% YT TR T raé&B‘&%% %Qﬁﬂﬁ%@héésﬁf%vé?ﬁéé‘ﬁd
evaaecalt(bouaitigubaiob Gt Ipysedd) Asdikisnatyplitousdarm alic Margoy&ipling
the yse of an alternative material for this.dielectric coupling layer opens
I B S I 55 TSHHETOPEN SR Ly S A G e of
sididvaniageiof uiilzngdsepapteydidecticliouplipgrayem2<hin Magsvet, the use

oS RS e P SR e S e ot ion

offiepy it drsBQbulsiyerd4 is utilized to not only to couple into the SOI

S e L S AR 08 BN

of SOI layer 14 in the input coupling region is that the refractive index of this input
coupling region can now be modified as need be. In most cases in the prior art, SOI
layer 14 is utilized to not only to couple into the SOI structure, but to form other
components within the opto-electronic system. These additional requirements of the SOI
layer controls both the doping and thickness of SOI layer 14 for both optical and
electrical considerations, thus not allowing the parameters of the SOI layer 14 to be
modified for optimum coupling performance. This constraint, in turn, places significant
constraints on the geometry of the launch conditions for the input (as well as output)
beam.

Therefore, by virtue of processing SOI layer 14 to eliminate a portion of the layer
and replace it with the dielectric waveguide coupling material such as silicon nitride, the
thickness of this deposited silicon nitride layer may be controlled (using standard CMOS

processes) so that the final dielectric region exhibits the precise dimensions required for
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layer controls both the doping and thickness of SOI layer 14 for both
optical and electrical considerations, thus not allowing the parameters of
the SOI layer 14 to be modified for optimum coupling performance. This
constraint, in turn, places significant cdnstraints on the geometry of the
launch conditions for the input (as well as output) 30 beam. Therefore, by
elfitisalomiictessiriipgoinape P adisntiindte RiptraSHOS iRkt FoRlNg layer
21ERIACEE I B g RE TG WAVEAKIAS GOLPIDG VS RUERRD SHIROB der of
nitride, the thickness of this deposited silicon nitride layer may be
1 ébmmolled (using standard CMOS processes) so that the final dielectric
region exhibi ise di S ired f icl '
coup o e B oo s
layrry Weslesszbd toGoupie witredrenakaibepmyeaionm SaVUintus tiickihe s weited

pHEﬂ?Eﬂpgﬁ S %8?85&8?893&8&% WRSHS R SJIEORNAUGRH DG oG

(usual e SOl 5 layer) was utilized to couple a free space beam into an

dgbrestrdistiertrichaaedaliardbic prisivgeslipteronpling sesfombedhof lower refractive
iRRRERS G I SHERP ohﬁ?%‘%ﬂ&ﬂ%&%%?a&éﬁ%%@ figlagtnicdy r?&%ﬂh the

for the waveguiding coupling region (with a lower refractiveé index than

péﬂr@mmmnif mr@imt@ﬁglgcaﬁdﬁékmmmm@hts ﬁw@esqut@fmmewhat
g PHRMCRLRIR L DE AR I3 $RlGabA DURFRRRMAEIRLIS Alith respect to

considered to somewhat 10 "relax" the stringent requirements on the input

inpeRacs dpling etk nesiipienpstet & drpasteoerad)ingelayer 22, etc.
thickngas{RIARGIHERI VLAY BORSRAMIIAHRING NS AR &IE iR PIaddBiAMlon as the

advantage is found by using silicon nitride in place of silicon as the

ceerlpliny wagelsidndeeiberhennemng sifigaiinondaitiedighel igah£gnghion has
bEANITiAA a5 ReST iRk 1 RelRRs SENSITYER i WaMaleRAkhAIlovngifey

the inventive coupling 15 arrangement to be used over a broader

axxfa@l@ﬁgtmaﬁgé?d%@t Bhaf é&ﬁ@ﬁlﬁr&sﬂngestﬂﬁﬁg&ﬁ@&mﬂm plots
ii0S RIEREM NGAtQR (R ﬁﬁésgﬂﬁrﬂ%ﬁbﬂ'}gleeogﬂl%dﬂéﬂ%ﬁﬁ{%@é SeRIEIAs20 -

and 9au (the beam launch angle into prism 20 - see FIG. 3), respectively.
s&Rdflrriny 10dFG (Biecbeampamsbrigdeve®pusing @ -sitted Giitdideespectively.
Ruvave wtg) 899I|Q%0Ia er. 10 g prior art silicon . 0“8'{{}%‘5‘ er is shawn. A

OB st AL, THare S0 sy 0 G e Gptinci e
layziue fopi9s:; as tHeonputuyibnve lemethsishearie dAsverobherarigerofhe. sult§5here
th&/Eivke of 1.3 - 1.65 wm when using a silicon nitride coupling waveguide - allowing a
single device to efficiently coupling multiple wavelengths (especially useful in WDM
applications). In contrast, the prior art arrangement shows a variation of more than 5°
over this same wavelength range. A similar result is illustrated in the graph of FIG. 6,
where the prior art change in 0, is shown as varying from less than 20° to almost 40°
over the wavelength range of interest. When using a silicon nitride coupling waveguide,
in accordance with the present invention, this angle dependence is reduced to a value of
no more than 5° over the same bandwidth.

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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applications). In contrast, the prior art arrangement shows a variation of
more than 5 over this same wavelength range. A similar result is
illustrated in the graph of FIG. 6, 25 where the prior art change in 9au is
shown as varying from less than 20 to 8lmost 40 over the wavelength
range of interest. When using a silicon nitride coupling waveguide, in
aberoribAce MAtHen ¥ PhesEttarkentisle XAl BRI dfdhde R g ferricsy

rdR@ RIS DI rdTpaBIRei iRk A AYRRILER Samedandvidthilparpsltodgent
having optical signal loss through fi;gﬁht "leaking" from 30 dielectric cou(f)ling

mareiaba S8 thadapms tieracdiRxidgetiicon R ¥ribitatad pliggicarbide may also
be@REinement of the optical signal within dielectric coupling layer 24 is
required.. Therefore, the refractive index of dielectric coupling layer 24

must AR Al st idhaass rh SelrtEiocouriing dayritetidl picallyilesy than
ofOXIdeoW I tRd B iaf 1R QREH Db A BRYEpSHit MoK RIS WIth) @ay be on the

refractive index of approximately 2, is an exeerppﬁlary relatively high

OFdfr TR RGSX SRS BEAPIrPEY et Hotamis PR Rl BRgam into the

ulmateiialEi oMok A auiliened gilicandioxigr, milkeon oxyatiidReangsiligdiension of
carbide may also be used. 5 While the effective thickness of dielectric

theoRiRGaase Fobeicednstd g RULHAR VNS SHitFor TS BRI dE RuteRsS
aSaeYdmBNthRepepiidaliraisi @ tttuPlimaoReronding reqdat ehdends&@hper to have a

micrans. In order to provide efficient coupling of the beam intp the

g HIPPETRISH G AVRYR IR ROH S QRICO? SHEICHSN P 18eu Bk Erapes at

a grnansion ek Reandinesds deitpashita d toatbalsed inehyaregitide.
Using a prior. art nanotaper. 10 arrangement to provide the desired

ARG RS AP RE T T SQHBASERYS v Ao eliegiHhe lateral dimension
ofnappmRLaiedes Osgicr BAhdbsad eptailesisaicodevicRs, WHSE s@GMed by

comes at remium. Therefqre, additional focusing optics 30 are used i
tl{ﬁ&‘fﬁ%ﬂﬁ@éﬁ FEARGS %T@es%fsg‘g 4 Hﬁ%@i@%f@c%dﬁﬁﬂ q ?ﬁ?‘i’g that
vieiduco e lniengkaisnensionbetitea eppiestideade dqrl adhe de@iement. For

entering mode copversion region 26 defined by 15 the overlap of dielectric
cKBpIg AU S5 SO GBI I oS AR D AL G AAGLon of
didlleefriarcanpemdaiemayaheé pisetitoty deiie dne akstiacnhicdetad interface with

copfinement. For .example, a photonic bandgap (PBG) structure may also
R SR S8 Blion S5 I B Syt 95 AR BRI

desiredacionfingpeent dddhenptaitage wiits nede: cesyessiesviegibn &ila beam

adiabatically tagered structure may dﬁio%? e used. 20 Varjous g es of

e exemplary

SHARUSAY Qi AR E RIS A Bel Wb 1 pr oS ALE ORI EHR

arrangement where focusing optics 30 is shown as comprising a turning mirror 32 and a
focusing mirror 34, disposed as shown along the beam path within dielectric coupling
layer 24. Advantageously, these waveguide mirrors may be easily formed in dielectric
coupling layer 24 utilizing conventional CMOS fabrication techniques. In the case
where dielectric coupling layer 24 comprises a layer of silicon nitride, turning mirror 32
and focusing mirror 34 may comprise silicon dioxide. As a result of the difference in
refractive index between these two materials, essentially all of the impinging light beam
will be reflected off of the encountered surfaces. Therefore, the propagating optical
signal will first reflect off of surface 36 of turning mirror 32 and be directed 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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shaping in the mode conversion region. FIG. 7 contains a top view of one
exemplary arrangement where focusing optics 30 is shown as comprising
a turning mirror 32 and a focusing mirror 34, disposed as shown along
the beam path within dielectric couplindOlayer 24. Advantageously, these
waveguide mirrors may be easily formed in dielectric 25 couplin%; layer 24

utilizid§ edAVEHRGS ORI TN {aatishPisRh RGO e ids Iopea be

fAialREUGSAHRIRAdaYRT A SRMNLRESa |ayehRf GRICQRNUIHE cBHMNIAG slab layer
mirror 32 and focusing mirror 34 may comprise silicon dioxide. As a result

2hiRAY e N oReh iR Vil hp dtiee ek fNEMFh g xide material.

essenfiiadlyall-ehthenimpinging et heasmiwiliRe reliseiedi @ft efitdgeferred to as
encountered surfaces. Therefore, the propagating optical 30 Bi(gnal will

“fitgaRRaEssoHher s FrTseed B lyr Tl KRS REEIS 20R B L SRF et B o st Hextim and
3 (B FOCHIIBIHRITERE B NG HOT UM RIOVIARR YA FRCUBIRG ARIRE 34pfsal loss

shown in FIG. 7, results in significantly reducing the lateral dimension of

cirdpatrbaSH lerirsiemBd Bohodvsivinfsgispnias antiemi apghiges. doping
rRRIARES 18 180l 8 RIS RIMBIPRRFINEPLAPAL SAGW @ﬂa@r@%\‘@ll‘ong
.1n

waveguide lens can be fabricated within dielectric coupling layer

opticat At WrtErnie IBSTIAGIQYAS RFSH DRIk SirisSrsifiebAAIRIR), the loss
aWhiRHRaRs slamenisfarmesrfan %ﬁﬁ)i@@égrﬁlghlt e RQRIERRE with

the narrow, ultrathin silicon waveguides (also referred to as 5 "silicon

thgitearhingyafdhe deeipriysiraitis Byt ardistcstias serRIme dayer 24
waihth tQnd i yo @l pssies dhamitsiiodialgatiaeamsipapsedinR vices

increased %)étigal loss can be attributed to factors such as the high index
Wit sihesidislfairifotRmBeslay ety rediGRBERSS etddeed- ey R 85 gassive
oPRRICAHIAS QuaPRICRIIRRAHMRE, RALES Agﬁg,rmﬁe&kpgmﬁ%ﬁwm@j%ay be
the

Increase device sensitivity (such as sensors, for example), loss 10
forgagbitddn il es SiRCOHRIRG paeedtidiss BratibliceliiyHrgetimpnsions
(RERQEJANER) Mt it RRGRIAESDY 1DBPKSE LMY BATPRN PR GOPOINRLOBilicon

of a dielectric coupli’n%gryer 24 with a silicon nanotaper 16 can be used

“iSeAtrRAIySIGste VsftaEoftichicauiiftaa RirrbitabrdidfeeRtical devices.
couplirgdageiodtk SiiepRvW A Hdaglag AHIMREHIRhPASSIYOPRHtAlg a

devices ésuch_ as, for example, lenses, mirrors, filters, gratin%z, etc.) may

pRElibyBhRRE AR A tsE CHBIRG e A AR Ay 24 e filbfgartial side

visvgeseinansionsotvtbdlessgnasopi@wingfor. wlativelydent: Wavestige type(s)
Eath lengths to be used. Silicon wire 18 may be "saved", therefore, for
[0)

EBSHR SHisA e YEe Araealaopit e HiSicaaneid, Avahery e eRadinent is
ilnfsanexemplasy Aanaerentprnees peidiatarror 32 and focusing mirror 34 are

disposed at the output of the plurality of optical devices 40, so as to focus the output
from focusing mirror 34 directly into mode conversion region 26.

Indeed, this specific aspect of the present invention may be implemented at
various locations within an SOI structure and need not be associated with the activities of
coupling light into and out of the SOI layer itself. That is, a combination of dielectric
coupling layer 24 and nanotaper 16 may be judiciously used at various locations where
both passive and active optical structures are required, with the passive devices formed
in dielectric coupling layer 24, and nanotaper 16 used to efficiently couple the light from
the passive components into one or more active devices formed in silicon wire 18. A
similar taper can then be used, transfer the light energy from a silicon wire back into

another dielectric waveguide.
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plurality of passive optical devices 40 into dielectric coupling layer 24, with
a partial side 20 view (without the associated coupling optics) in FIG. 9.
The specific number and type(s) of passive optical devices are not shown
in FIGs. 8 and 9. An alternative embodiment is illustrated (in a top view)

in FIG. 10, where turning mirror 32 and focusing mirror 34 are disposed at
the outpiReHinRPIaPaNey Bredpieid Hegisracamangiaretseyplisgrerargpuent of

tHEQIFE {LRURINEL I & &ﬁﬂh@egﬂmi&glm@qﬁgmmmi@m@ fr&n ultrathin
Indeed, this‘e%)gecifip as%ect of the present invention may be implemented

SIHCQPABYSHIEaTEROMBRRY &M OV RICL AR B4R d TR i RA5E- Ak K ciddldustrates
aivithdhe activitiruainseRiRg Hight iepachagbaiphecseldavariiaalhsd hat

is, a combination of dielectric _coupling layer 24 and nanotaper 16 may be

ARSI TEB §UtRI s RS LB W Pe | botiaRsZ QAL i fpder S0 is
{1RRGH SHUGMRAR @ aeplirgaavBh 4Ae pRsaipatdryiess formeth3Rpi beam “T°

dielectric coupling layer 24, and nanotaper 16 used to efficiently couple
ShRWRGA{ B RE 1PRYLIIESL S PBHARS YRt ramr hotBoxEte datnsealons
ofepmgddst silicon wire 18. A similar taper can then be used, transfer the

light energy from a silicon wire back into another dielectric waveguide. 11

As méMtitEH AR hd A RS W ORI AP B Iy coupler S0 and
tiRif2ngspei-otdhechipsartlie niaw ik RoMaE AR Rticalti e inyRIEdARrally

out-coupling from ultrathin silicon waveguide re%ion through a cou(%ler
f

ComATBSER e YN pake M EPY R IRFate SRR TR EErR IR s

c@ﬂih@ﬂi@@fﬂz&mﬂﬂiﬁécﬂﬂﬂafﬁtﬂppﬁo@@iamahiéﬁﬁéﬂ%c?&@ra &érﬁ@ﬁlzpdﬁai encounters
prism coupler 50. Referring to FIG. 11, trapezoidal prism coupler 50 is
PHOSIFABHCAS dRICY B ihpat fesd 82'ng %Wlsa&%ﬁﬁca?wkmwl&ﬁahw of

piRpivt sl te\dbeywrn asioeingiveiphiégnat 22 daffleathe Wi Heerwddn
shown as exiting alon ouéput facet 5?. As described above, i,npu]tsbe m
AR SPHBLNE ot PRGBS, 60 AR ah il Rt Evianakedeo
tleouplingiiaye cazvirieierypaeseansgonplngpayes 2zdagnerally be coupled into
omprisgs silicon. di xide\% The optic Lébea IS thereafter coupled int :
e Gy S SRt tAH SRS A sl AERIG. 11
tbeosigival sheppnctiddiaks] 49as 3t cuopiitakdeipdem indludindiakiaastvith respect
focusing optics 38Fa , possibly a plurality of . passjve o lical evices 40..
R LBV G Yoo B M LG Y BN P i acdine
l3eupingilbyenfa andprapatamher dbtidhs shov/ryithie opdicdl sigaed nilgas.
through a mode. conversion, é)rggagate on nanota&er,lG and uItimaﬁeIs)(
be co ?gﬁloﬂ‘l c§111<:0n nanotaper 50, dlso referred to as “exit” nanotaper, 1s 1llu rated
in FIG. 11 as disposed at the termination of ultrathin waveguide 18. In this case, the
lateral dimension of exit nanotaper 56 is shown as narrowing as it nears output coupling
facet 54. This aspect is best illustrated in FIG. 12. A dielectric coupling waveguide 58
is illustrated in FIGs. 11 and 12 as disposed so as to overlap the terminal portion of exit
nanotaper 56 to form a mode conversion region 57 and allow the propagating signal to
expand into dielectric coupling waveguide 58. Passive optical devices 60 are illustrated
as formed within dielectric coupling waveguide 58 including, at the least, a collimating
mirror (not shown) to properly redirect the propagating signal into an exit evanescent
coupling layer 62, through coupling prism 50 and exiting through output facet 54.
While the above-described 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
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ultrathin ("silicon wire") waveguide 18. Clearly shown in the embodiment
of FIG. 11 is the location of upper cladding layer 25 (usually comprising
silicon dioxide) with respect to ultrathin waveguide 18, which in
combination with dielectric layer lower Eladding 20 layer 12 will confine the

propagating optical signal within ultrathin waveguide 18. A second silicon
WANREHAIER TS ANShAEIBRERR 45 theprerrii dRapRHoR iflStraternd Fidlupirate

oS Pisnasadidhtir detnination ghlEin-wayegwde dBof D iRif 68861cH®) (or
lateral dimension of exit nanotaper 56 is shown as narrowing as it nears
SBltplPcddonnirscetisa igs2ad Jatt is b nistrb thin pagcylsr gmbodiment.
AdiSIRGHHCCOMBHRYWAVREEE 1R i ds HMStAISEhD 1EYaS A dasid b &Sbly
disposed so as to overlap the terminal portion of exit nanotaper 56 to
diBlHTACHEGe TOHOSUIBI SEfotPecr SRHANSIE M HREpAiGHTGgHRI Rs layer 24.
Ir%ﬁ@@&’s&“ﬂﬁ iRlescly @f%%&ﬂl_ig‘Q(V‘(agﬁ&'é@'e&&n&ﬁ@f@%%ﬁ?ﬁlﬂ@d@%ﬁﬁ&ed, in
are illustrated as formed within dielectric coupling waveguide 58
CORENRAGHRY! Wi B RO A S VIS UG SO HoE Wﬁ&w@% ProfePKp Yidhrdis most

e QICRAGAHNGSIGNA G 2Nt RUheYRARBERYIIACAYRNGHENES GRe
ethrough coupﬁ%r?g p%%?fn 50 and exiting th%%%h output fa%le%n54. Whileprtfﬁlseent

ingisatiendbat Hiscrr eraBisdinicheleat i s Rhlimny asgBidcot tiratpbegdiysted during

rABMEIMON EiZE RAHSBrCRIPRIRS Eﬁlﬁﬁig'Qaﬁrft‘%ﬁb'ﬂ?_%ﬁtﬂﬁtiﬁ%ﬁiﬁﬂ@ésl@&.) SO
the SOI layer (and also launch a surface-propagatlng beam back into free

theys sEeh, 4, &i6E BRTRBleSpHEE HEBIMG W ahGRIRERE MihBIhesdustrated
SHRGRLAINGHAN@Nh e dieleatticohR i e YRAUIdRINAR ARRRAIAEANGRNBOLEE] as

the present invention. FIGs. 13 and 14 illustrate one specific alternative,
ARG COEPHRIngs Stitrditisdd 2DaMS BT OCIm WD SiEF2d o ddd: FiG. 13
containg @ Bigervia N thi GedAiBetom igwIRf Shis uariiukhe SRBEGIMETRS of the
_As shown, a grating 70 is formed in evanescent couplin%1 layer 22 (and/or
inySEER B YRt raFiEd AP P WE Youprs rauiaiapaspiie &Eﬁﬁﬂgﬁmﬁﬁ asa
defplestéiespubing layaiRdope Hritheaseerttindari@d Pl aatingifR 4deneigdvould
"A"in FIGs. 13 and 14) is determined, in conjunction with the properties

by PhemtsR WUHEWRRG Bt 2 e db IR dnHESIAB S BidRhE CRTinG S

IIBEANGE MeRE Hets BNRd I age:Qfl Ahasarrangement of the present
invention that the properties of dielectric coupling waveguide 24 can be
adjusted during 10 fabrication (e.g., including of dopants during
fabrication, control of thickness, etc.) so that such a grating will provide a
sufficient amount of coupling. Although not illustrated specifically in FIGs.
13 and 14, it is obvious that a similar arrangement may be used as an
output coupler, as discussed above in association with FIGs. 11 and 12.
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From the invention thus described, it will be obvious that the embodiments
of the 15 invention may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the invention,
and all such modifications as would béXdbvious to one skilled in the art
are intended for inclusion within the scope of the invention as defined by
WhetIiiI§Ci&ims. 13 What is claimed is: 1. An arrangement for

prOVi@D%ﬂm}PﬁlW{%ﬁﬁ’Wﬁﬁﬁg%ﬁfﬁ@aﬁ@&ﬁﬁi@ PRANERIHNY fRRUSHAce
signal and an ultrathin silicon waveguide formed in an upper silicon layer

PEIPREIHOSRBYEM SIARRO LS BN WA &liFRD 9@y sthide i madHaan upper silicon

1SRIGI iSiNGcB R tilicRNI P sYOlS and @ dielRcyoTinsuwalirdaver. dh@prising a
arrangement comprising: a silicon nanotaper structure formed in the upper
silifeBRYBYE S miET oSS g Rl dh e anRERcAL OB Maving

a firsta Rarcow Rndtass: andcasecansbdanaae GpdacRihagdats@ilayer) of the
extending taﬁred structure therebetween, the second, larger endface

SCH sHRdUEs 1l SHISER A ARERT WAL el B?ﬁ’(ﬂ&e"%@&ﬁl%ﬁﬁﬁ)ﬁ@ larger
ehderebeiteetiterdliglecicicdmavaperiele seidnlirgHayde RavdAgRet GAajQhrger
surface, with a refractive index greater than the index of the dielectric

endlessmoynskionhe e i e Ry EaU e dridhieBH dispurRiEso

tiRsieav&ty a portion of the dielectric insulating layer in a region where an
associated portion of the SOI layer has been removed and 15 optical

couplihi it e YEYREMGS urtiBR Gy TR BER 4yeP B YaEHEd With 4h tnd

rdIRItive @hdbe gielegttitivaraguideotohiplingelayier auanappingean @neks than the
ilicon nanotaper including the first, narrow endface to for

section of heé}im 0 ni% r’rf .
relTAcHYE TGS SHS R ALy S PRESH SR AR PEE P RCE SRS ebtieAnsulating
18ighial angite wligashin silisanydavagdidef tandDlayteraspace eptivald and

cqupling arrangement disposed over th ﬁ? jor surface. of the
O RIS SR SHIAS D kS SHRRhE Prosabativy hed
psigoalobgivgieredrae spaceuancctin gl &ofscovaNgsliteagaindl isg tayiast the
@gd thereafter int? the u trﬁhin silicon Wad\ée(?uid% 2. An a%%n ement as .
SUHSAAGH IR RSN WHBRTS HE B SRt Etipirgo eonversion region
barrebgeiiberddnrphides @ granespeni cotipling daye utispdsedevavalveaste;
alr{ildportion of the dielectric waveguide coupling layer.

a free-space optical coupling arrangement disposed over the top major surface of
the dielectric waveguide coupling layer so as to couple the propagating optical signal
between free space and the dielectric waveguide coupling layer and thereafter into the
ultrathin silicon waveguide.

2. An arrangement as defined in claim 1 wherein the free-space optical coupling
arrangement includes an evanescent coupling layer disposed over at least a portion of the
dielectric waveguide coupling layer.

3. An arrangement as defined in claim 2 wherein the free-space optical coupling
arrangement further comprises an optical prism coupler disposed over the evanescent
coupling layer so as to couple a free space signal into and out of the underlying dielectric
waveguide coupling layer.

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

comprises silicon.
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3. An arrangement as defined in claim 2 wherein the free-space optical
coupling arrangement further comprises an optical prism coupler
disposed over the evanescent coupling layer so as to couple a free space
signal into and out of the underlying diéfectric 30 waveguide coupling
layer. 4. An arrangement as defined in claim 3 wherein the optical prism
couplér SarpRsEETiEah dglinel il rguhesrindBeitiad P trhpupler

cUhseil haQeticR! RHeMCHRIer comRNan & 4ifleclliciuates ahavilitractive
refractive index at least equal to the refractive index of the dielectric

ingeyof daslicdtingayrevide ApvRHR® fifient as defined in claim 1

wherein Kie fialeciiicivayastifa meeMaling Ry TURNS MR 8% guide
focusin%optics to more narrowly confine the lateral boundaries of a

cpBpag LG BtcaIcomRaISS (PR BREPRIISIG BIoTRArSIRNAY epdne s lateral
bOMALERAMVET PP ALEHAB oA HEANOSMRI 5 HRHRe D AT NdIRERI The

the focusing optics comprises a at least one waveguide mirror formed by

MdH SeMESIEdETBIPatterned regions of silicon 10 dioxide into the

dielectricanayrggida-seupiegdayen Gait@RRIgBNIRNE RS H8HIRH I Waiptises a
1 wherein the dielectric waveguide coupling layer further comprises at

ajdeast ORe Paveds SREL CEIpThRY (HBpYE8 PAPs v RANER <L rsians fbhHicon

dibgideaae eniRIsNd egiaddAfapraitgrment as defined in claim 1
wherein the free-space optjcal coupling 15 arrangement comprises a

coupliitg R AHE &EPOEET e Sufate Sriheree adiettraie tpvaauide

calipingamentashdetioeginalaimawierpisine astrapesmginkitiaposed at a
comprises an evaneé%ent foupling layer formed over a portion of the

IOSRILBP ARG ST g TRyEH 1 A Brrangement as defined in
claim 4, vhiesgimhenditiectiéginavagilice 20vteuphingdaker GgamrpsisaSs Bcoupling

layer of material selected fﬁom the gro confiisti g of doped éshili%? |
BB BRPRRFIE CHELRECSTBINS SR SHLOR Uk, HEAE O SOt sructure
arrangemantasaefinest i defiied wheieinotheelishe ois amaveguidefurther
coupling layer exhibits a tgpered lateral profile so as .to taper inward .
CBIPLRFIL FAHE EBhGRHEIENE T3y P e Bk AR e
waveguide coupling layer.

11. An arrangement as defined in claim 1 wherein the dielectric waveguide
coupling layer comprises a layer of material selected from the group consisting of doped
silicon dioxide, silicon nitride, silicon carbide and silicon oxynitride.

12. An arrangement as defined in claim 1 wherein the dielectric waveguide
coupling layer exhibits a tapered lateral profile so as to taper inward toward the mode

conversion region and reduce optical reflections.



