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COUPLI NG BETWEEN FREE SPACE AND OPTI CAL WAVEGUI DE
USI NG ETCHED COUPLI NG SURFACES Cross- Rbfer bnce to

wRedoanzEssAppl i cati ons This application clai nms PEEUS2008/013665

benefit of US Provisional Application No. 61/007, 394

cbdlﬁﬁN@eﬁE*i‘WEEﬂ FREPSPAERAND G P A1, WAWEWUECQMN@

61/°062, 923 trichfith NN GSuREFRCSEs Techni cal Field
The present |nvent| on relates to an arrangenent for

coupling into and out of an optical wavegui de and,
nore particularly, to the utilization of etched
Croma&gktenge tﬁ)alwt&lappmglhan optical wavegui de endf ace.
the i 1
ﬁrﬁ% PHPC%{BOFBamésntL%M 3k, \Asgeég%loggl %;&S&QE%A&;}&& 61/007,394
ﬁled Bepgimbent 200anddy Popisiooall Amprhcapind\kebé/d‘)ﬁ,ém Gled January
30, %%%Tgr ated circuit arrangenment. Several approaches
nly used in the art include, for exanple, grating
couplers, prismcouplers and "end-fire" couplers
coupling into an optical facet along an endface
Tec&‘f’c%{rf’ffﬂtl cal substrate). End-fire coupling, for
eXaTﬁBlplﬁésedt libﬂv@ntﬁbrﬂ@ﬁ?% PG arSihfeednt F@ cf)\gm rm_gdmlo AndBut of an
optical substrate offers advan Si icit
optigg deVEitnanat ROGPABIsRREY:i'd caic %ﬁ&@gﬁtﬁh oppling g fatets
alor@%%bh@aﬂda%guid%@ﬂ@ﬁwem operation. See, for exanple,
an article entitled "Nanotaperfor conpact node
conversion " by V. R Alneida et al., appearing in
BackPlouhd of @k Ukeppiop! - 28, No. 15, August 1, 2003. One
renal nl%g difficulty wth end-fire coupling, however,
i s Gonplingdight e (apdioreut pHep APHeAl i vepniderina gk eguiraent for
anyB _a?&dJ @le&fm‘icﬂﬁt &Eéd%%un?é*ﬁaﬁﬂ%&ﬁérﬁ Sé\rérzgrag&‘baghgs
xi'mze coupling e f1ciency ween a free space
comgioghyalsedindhe ar lnxa\degfgr ek@mpteh gratingiéupters, auem cotplerhend
wo WRVBQUI
em%vlﬁ?/ee _Q%Jup‘}%f)ﬁég% n?t@ %ﬁ ,g;;‘x Jégfaggt a JF.E% 'én(?fﬁ%{o%%ﬁ foPec o
subspfateg cBid-Brei qwgplamlfqr@ﬁdram iigne nahmapmstruca(m\ﬂc&ntd omah
. a and/ or [ erat | ons
optnga\f§ b%gg ﬁf@}s ad§ ‘Jmtt%%% %]ts lmnl%lt&Ungg baer}] gté e()'?ggerg fon afEacet
(potpﬁlaﬂls}’pq@lzahmmdmndens operdtione Seq rﬁ@wxnmglepameas eititktl
“ not. cons to be r,
NPT R T TaE S A i baeV 1 o IVERE b Q0P 2RSS
Lettblﬁ,SVd)ltSS oln 13 |Anghat1| P08, primarily associated with
avin rystalline eri al th the cr
cl D% s g A it e g odhlisE o Yo B IR AeeL i Seho
preﬂaﬂﬁlaﬁ bOthe whiiefSiideaat ﬂﬁ%ﬂdﬁa&f@thkﬁoﬂti&altsh&tﬁfel Th @Fder to
powdlngotlcall)é/ snoot h coupl pfacetsin
ge |C|ency tw a

maximize coupli een a free space sngna nd the waveguide, the
endface facet of the waveguide substrate should be as smooth as possible (i.e., “optically
smooth”) so as to limit the effects of scattering and reflections. In most conventional
systems, optical polishing and/or cleaving operations are used to create the waveguide
endface facet. Facet polishing, however, is a time consuming process that is not
considered to be readily compatible with low-cost, wafer-scale production. The cleaving

process has its own limitations, primarily associated with cleaving a crystalline material

with the crystal cleavage planes required for the input/output coupling locations.
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a manner that is conpatible with | owcost, wafer-scale
production. Summary of the Invention The need

WO e0onomisssy in the prior art is addressed by theCPDS2681013665

invention which relates to an arrangenent for coupling
I ntygyy, ,Q%e@c?ﬂen%‘cinsqaﬁ%%w fﬁlﬁﬂ)ro%}ﬁ%%ﬂii?ﬁlyéﬂﬁoth%ﬁSling facets in

particularly, to the utilization of éetched coupling
a marfiepthat i compatiie wish javatoshapéyurde pedudtione. | n
accordance with the present invention, a plasnma-based
etching process is used to specifically shape the
endface of the optical substrate supporting the
[ jde into a contoured facet which wll
S“%ﬁ%P%@Q”%@ﬁ%?#%g efficiency. The ability to use
st divdarell roheindlg inlwgprévp it és dddhsed dyelse presepeinvention avidch
relai S0 @b Rl Rafio R B B¥fal Pl R lore
particaparly ctattieduté zatiesofleded usptiog faoéts alongheoptical wiveguide
dgﬁ%ire group of assenblies being fabricated. In one
en jodi ment, a precisely curved contour is etched into
t hdn aedosdaned witle thdfpassentisieRtorn a pradpaibhed@ethinggdocess is used
hot o].i t hographi ¢ mask so.as o create .a "l ens”
o RGthl e APE G cdife oRisar b PR 6 T HB ks
wa\Bghie€ ineda YérkduréLBPA Gthidhow il INApRAE as@Niag sfiRfenty ETIRRAbI @A ko
waveqgui de and the propagating free sFace siqnal. B%
use §iapqaePhstollibeasephiticehni sy aneen 2pdBich g Pl sPdeesgcet
alloWldrivithiR1ly aRN esired RRBINHeSmBRY 1ol fhekdaechranehi sl atBssthe
conmpound configuration. Alternatively, an angled facet
suripggofgevates e SR graupef avemblics beipgfabricaed-angl e
SUftf bd &MbodiRert & &R clrfdd ShlcBAISRALY RESHe SHIBRALS
away fromthe optical axis. Advantageously, the use of
endfpge btingha properbsdefingd pootehithegsaphignask soae & creaea cleagar ed
fhaPtEdiiie, Rl R PoiRGYThERNS BB HSRcd
“méoﬁgﬁgﬁ%ané_gccufbgf %é fﬁe %nglg creé?%%mﬁnteq¥§§g§%%
of thepopting waivegiadedndttheeprepathtieg{reeSpecs fignehl By yirtupef using an

i ! _ ) i th alamvi | .
ek BIL 088, 50 AL e LA 0 Tl
compeinmtroafigetitdn. pkloregivelynareanged davatmaybe formbdalpngthent

| [ [ Y f& esent | nventijon
ens S0 B0uld e PR AR N RS L b
opticdupisi Agvinsagebusdy, ttewse bban aclpproceab id fprro thecnpiet ifavgt (as

facets to be sinultaneouysl .({gormsd for an array of
compRaaT iR ermmibte PSR iR PR Ko PR BY Fhady grne
anglelvecapdtviigy mspeot tamc pérehif g qadface sSyesifishllyoWefldmitatiorei se

al i gnnment between each waveqyi de endfgce and .its .
oSSR P Dt e 1 Wl i st ainradiplangs s dimigated by
using2peh pedcedsie apgoedntd withueprdsert inatiod. he use of pl asma

mqhin énfac% , . ) .

t 1s arT advantage of the present invention that the use of an etching technique to
prepare the coupling facet allows for a plurality of coupling facets to be simultaneously
formed for an array of waveguides formed along a substrate surface. Indeed, the
patterning and etching processes allow for precise alignment between each waveguide
endface and its associated coupling facet to be achieved.

It is an aspect of the present invention that the use of plasma etching in facet

preparation allows for wafer-scale processing to be used. That is, the entire wafer (or a
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preparation allows for wafer-scale processing to be
used. That is, the entire wafer (or aportion thereof)
woreapolozssgiat t er ned and etched in one step to f oPET/ES2008/013665
speci fic endface contour for each optical assenbly
porti FRRLESH ﬁg € H%némd%i,@a in ohBSEE td RRAGS éw. e[#aﬁace
essent| al form an inprovement over Bsi'n
confeyt fos h@qhgn/p@wé avaen@%frab@@@si@srosﬁ the M/efepr Tlogse éarctets will be
t
esseg{gglf}ﬁﬁén?@é ezlrhei{ng)rrc?\gme s%%fthgg ltsﬁi% c\fjegyl‘a% ggt{%egs@&@fttﬁe
priobert. pMofepveme theatreatien ufzﬁad ogtmt ccapblng:fa(mis anthe waiwh mel allows
ses re w
for &Qigp %&gl:ies\é\fﬂg (6;5 ée%on%gé atqga%%%g colsﬁ ddeI mp elxng g#grbcomeared
w1tH pawelart ptcvcessepreaﬁemgéabeewfemﬂatmamhd tebtiveg a0 plid iadividual
cons r#g tF is a conponent of a high refractive index
@86? ft system such as an Si/Si Q2 system- al so
r eflen pederted dnrbotjhmanamﬁe mncamulﬁiﬂatebaseainmmémaﬁla heghst em

bbrevi ati on
efrlF R, BT AT ORI o Q2 Fetier PERregsisads e ar o
an SGI Ha§edfd#t1t:zh 8Ysterd mthb dsusreﬁatwnefsem’r RELriify tlb&:\/lﬁ:oh]ﬁ)ﬂ lssrmwt@@ e
i de back sonmewhat fromth

In ﬂgwgfel"gf’ @mggéimeb it ‘b Frﬂnaﬂqrsﬂ PrFfefrﬁ%t%%Yé&l? pdfapgof the

wavegUidesllied backRRRhREorf 8RBbdindte chBte, panticHaRE f the
refracti ve i ndex di sconti nui t%/%between the silicon

wavggindg is dpraned a8 nanotassemstry u b ih dinpryrefiasiverindexai r |

dlscen'tlir)ultg%etg»regﬁth%ryItcBﬁ‘@uﬂsB@te @lﬂﬁcﬁ @Ed Wx'e‘ ISLIYOLDI%IH‘@%%I&III tducon
silicon dioxid ) ar er portl on

n= lérs ggﬁﬁttqrﬁta@ﬁhm@sqqné@uw&weprs p@g@fﬁﬁ@a@ ?glmn digNide be
(n—i 9)55 1P Yer PERIh & LR eheAmthe rﬂ?éce sﬁ%@ ﬂg)aéartmk @gnW@%'l&@by

face is exposed to t
Scattmd@ prdt gHecting afwbe e\favegumendfl‘aee istexpreet toabeambiantedt is to be

f
BRI, BECHE S R B
invenyien emualww@hllfa@ldth other siti¢dnitmseuppsicdlisgsemo xyehi asithate or
utnléxh%%ﬁlg& &ytnm §o %gw:tth&a {l%d%%ngﬁ]%te%lekr)\lhgr gfsgr ng 2

con lon 15 cof

i nThhase Qﬂmmaowhpera;bnfﬁguﬂzenosnszc@nsxderlearogerprefndxbfeun thHaethe

A n fficienc erance
optbdTRIGHY £5 EIe! 19 dific: GhEREs BT o AR hnd AGHRRE

toletagcecitis ihd @peichl hmdbeHomvem nhd usad a Aaiotapef|isicordddrat to be
.etch reparati.on rocegéleof

.utilization. of ed fa
optigaL e &b LB 6l o0 B g BBt P PreRB o RS G
presamdnm‘ﬁadl ments of the present invention will becomne
rent . during, the course, of the Il owi ng di scussi on
Gt S e etaessAa SEb ety PHde RS AyEndary b
becda@esa?;fpa@m diin@fthd RrofeTgfowRed Gkdus§ith MMAVb RfckdiRe to the

dr awi ngs,
accompanying drawings.

Brief Description of the Drawings
Referring now to the drawings,
FIG. 1 is a top view of a conventional prior art “end-fire” nanotaper waveguide

coupling arrangement;
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FIG 1 is a top view of a conventional prior art
"end-fire" nanotaper wavegui de coupling arrangenent;
wWO-R@9/02588% a top view of an exenpl ary nanot apePCT/US2008/013665
wavegui de coupling arrangenent including an etched
co [ r r
| mtfg&r}]til“% a t@]%?%iwo aH@Qe:ﬁﬂ?arﬁ%& t&?ggg\\/ﬁ@gw@o?MmE afrafgtnent
inclediogrpt etcjedwafigingvhdet ﬁarmao}' inpscplawe sdddhe prefept mvention;
pl I t
PG 1% Rher R Al Sk BOR Rl DA AL x]ag& e BREESA to
form hIplusdlitadf eichet! Heceismpragphamniimtof pptnoabsjpictum fefmfddghaaioy

betﬁ\ﬁ te Alp |\§t6ah%e%;$1u trrafel n%@g%%% %n@nﬁr&%ugf%efp |encg'q)e¥ween the
priov aewmfgememaifﬁ?e@ nadrdvie Bwbrode sewdturefof Fite 2pr esent
opti e SHlegLPRL R ceeR et medt SR AR gpnion.
in tIOtRE Er)us@With 6 ofaPddrs btitabwhve@iite ttfiqthatingloed nhaegler

cr atdvvltha t chi process; FIG 6.is a, side view
couglf) 4T S9HRIFECA @téﬁﬁgg nﬁ'ﬁ@iﬁcewgﬁaMbﬁtet@fn&wess

Pr 43614 isiatVRRidvoBf anl ditefnatite £nafed Pidet Ardngeman ok teGraited

in the plane of the substrate endface; FIG 7 is a top

inveptiggy %fhlwtse wHbihcanglseratedin e phne ohibe spksiratsendface;

I NvgatT BN to;b lieWsdr z@ttdnﬁﬂle:t S0 ddRhembE BB p%fsenﬁ"h\%h@chﬁd
curvature al ong e substrate endface to forma | ensed

ilugigtipg the dormatien ¢ or qnl ached cnvptyestalengdhe wbstripendidre e frsed
lene@ERpiing rdcacet formed using a pre-defined pattern and
subsequent etch process to create each desired contour

al dig- § Hstepsesi accpmpaxndlepsed wewning facehkyaerlisig aprd-defined
patt@MQﬁ& EL?JS u%ﬂtdéct@hpﬁ'oce': 4 g‘crgaté e%cl‘rf‘dés@r@d X&)rﬁg\ﬁr%LQng sdh@é(l.axg
mbodi ment e present 1 nvention, In IS case wt
bet\&f:f:pltln.ﬂ\aweggnd@anctambsﬁ@@le ¢rdése;s formed with an etch
Pr 35658 1Ny iTRNREH é@’%&ﬁén‘?bo%ﬂ%tfaf‘%grésént%deg{‘ d; V\ﬂh%&a?e
separ at € wavegui de w wavegul dearr &
with &plaraﬂtc»poﬁmuswd tdcem fqmrnedr\malrzm embtpr@calss v ypghawmed windreidichg
face?nsa‘ﬁ dC p, L Iase trans ﬁ and fo usi g el enent as
gne it a a wav C witiin a ave € arr
I'n conj Ut o a nano ap T vvavé/gw de forned
on F&G i ia e VI&M bﬁh pazbnea,rt opnidalcadtemn (thrdjxllg zemsff-chlp Iaser
tran @ r rﬁl:fecs le efaeCt OncS tuc nwith a n ¥ae ve g
B'Bﬁ? GEUSHE ' LLT} %ﬁ%&hé’ﬂt”fﬂc‘f'ﬂ?’?& ‘6?) %%‘?N
formdd @ranatptied) gaﬁﬁaﬂe iaflicaingqpébland assocsdtedwito Fafieckidng that will
accor resent |nvent|on where the endface

dance.
be ngUE‘Etecg}facgﬁ'Eogﬁtl CaforRMEL ate is contoured by an etch
pr CRI@SSI is @ t6}evitw o sn afdngEaélt@€hecbtRaliyatmatnddiinect - | t

- mthe actlve i on ser transmtt -
accqfﬁtﬁée Pt .pgessntt%\ﬁnv%v&ﬁg “51?“ ﬁtaff‘egﬁ%ﬂ?% wHea! é‘é‘?“@&‘ié% em

conlredb9 aR R PRdcetstY GBEDB any reflected signal and direct it away from the
active region of the laser transmitter;

FIG. 12 is a top view of an alternative optical system of the present invention,
formed to include an angled facet formed using an etch process to direct a reflected beam
away from the optical axis; and

FIG. 13 illustrates an alternative embodiment of the configuration of FIG. 11, in

this case where the nanotaper is angularly disposed to improve coupling efficiency.
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formed to include an angled facet fornmed using an etch
process to direct a reflected beam away fromthe
wopinozssaxi s; and FIG 13 illustrates an al t ePCEHUB2088/013665
enbodi nent of the configuration of FIG 11, in this
case where the nanotaper is angularly disposed to
i nprove caupling efficiency.Detail ed Description FIG
Detajldds!)@cmmpmvi ew of an exenplary optical substrate 1
f OTHiE d1 itS% to n9|e\l73/do§" af8x Qrpglérg .%l ti%yu%gt%tg ¢ f%m‘@!@ :5& nwﬁlldg' &
|ncludes a nanota er transition regi on and a
opting vaitvegnéde 2 which ago oreludles 4 hariogpgrtemsined rdgam X 4nd a nanotaper

o BHREIY BiaPpsrat B BEP pale3F R RLRPubhsshB i EPhges
subbasel is aySDl-@ﬁseﬂlshbm& comptisiaf ovakeilayet hﬁﬁlldo@mn(\tlsbmb/n inan

over.lyin Iec ric l|c n di oxi
his o Ul DY SR Ui SO VG (afsS Y o Sugied
oxideNayeh§” b10IB@NVIA}) 5° amdhafoﬁbwg@panarayﬁrtgaé cryShlDsuB-@c8dh thick

t hi CF silic nsur | ayer 6( | so referred to as SO
siliqog s facg jaye (arlti? re FW Pﬂqscﬁ%{l ay pr ocessi ng

t eainglce8yentioRd iCMOS wsg gd&hzolegss opdal wasegailicOl (ag well

regions 3 and 4) are forne | ayer 6. The

as adioingfaeiPnot 2dyd asseBedwEhinSE éﬂyph6 tﬁhesretnawder. %Wq s,

exp&sl%@%@r?&éﬁw th%@%‘p L@Wﬁﬁ tRerefOfe, BBX! R 8d ARBRY Con QB I0RE
art techniqu preparing nanotaper tip region 4 to

. priof g éqCUreqlmqfooprtep@rmg ngnefaRgr tipgegion pil reeshverdneopdipg] signal ipfo

pollgmﬁle QMQ&%f tl%’(ﬁﬁ&:gl%{@stra!en h iR aﬂﬁﬁg@ﬂﬁﬁf@rﬁmof this g"oupd

hi' s woul ire polishing endface 7 of substrate
requlww@hﬂmg f‘alsif@e Ao aetistipiall. prsising¢ti asgonenkipnag pelshinguch

tech?)?}q‘élte% ﬂcsh%afgpl:)?a éﬁ@%ﬁérﬁ@!ﬂ - f1E&h 9l||sh l#ﬁ@r‘n%ann tcontrol

annot Atrol the en nt 0
the grdpeiesef thopdishimgprasassdp mntwpmndlmfmawm apedtager pp rmgpno‘h

neeé]'s to %g go? %? OP ? Blfeg{tﬁnr?nqngaf lfé%ﬁi?g&c%mo%g férqn%\hg\lslhl

naccur ac
macnenaoy n‘ghtl@nq@domtd erdvhieshladdﬁlmonahm regiop, tlhegnmmrt mdhshmg

f
merfibd o ks onh s hslE BRFrofesTPa R Pl chath Ao
Foriatiamadf itl@rendface Metamdfgaiqmof aic eleavisd prgcasds pisd euffens from

| uf f f d k
crosfor R e Faed e keie oL Ange B bR Mipeed o
creatd s tiddel ne pI ane used to create the cleave. It is to

be understoodt t the prior, art ration of FIG
2 IR s ndaS bt v gy R e kiR PRIt Pelt Fo1be t e

rem@nhmgelmwmgmmttaﬂng thd@rdient ihvehtic, Hahet iBYRIae Jv@@tfeatareqff
" éhe fi nal tructure for the sake of. clarit y)
€

Al rycliire (10T the gpkq it Inypasticulas, 4 diglsstric L Y as

incl@ded@P a tpOVSVekiRg Id ébf@éfer(récﬁtt)% hi€nfeRe$ dRRctricNhyRr! &velD”
dielectric |ayer' "ILD" in the art), but i's not

in the i)yt ﬁtn@a"'s'arettwa%o that ey eguide 2is visibls @iagpe view- a t op

Ad(NtII(ﬁ)\Mly, it is to be understood that while the prior art arrangement of FIG. 1 and the
following drawings describe the use of an “SOI structure” and/or “SOI layer”, the etched
coupling facets of the present invention may be used with other material systems within
which optical waveguides are formed including, but not limited to, silicon oxynitride

optical waveguides or silicon nitride optical waveguides.
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Additionally, it is to be understood that while the

prior art arrangenent of FIG 1 and the follow ng
W(drzmm'omgss descri be the use of an "SO struct ureCT/HSIODO13665

"SA layer", the etched coupling facets of the present

i nygat) nmsws PR E Fackd foFn QiR GECRTBIES With th%Yp?és%ﬁﬁnvennon

wi t hin which optical wavegui des are forned includin
to pEYiderpapplingriietveagntap opdsal Mavnguigr pnd ¢ fieeiepappentical signal.
optlw@ugsﬁ@él B sifdvbrd £ABrrltih L Sof a&mg' Qf\a'ﬁ%%@%a%%gﬁéaqi

me

trates an etched facet I n accordance
arrapanient frehigh isledes 4 silieontbiagsriayep, ot ghoimatearsbanmiveriging 8O en
i;gnal
oy e S part B e 20eD e BELISORFE ARl P e RO,
nanbtawrtratiﬁtum‘ region 36 whxas eﬂdls:cp‘ssed abovar man@ecrfeamancémmr(m
i con, base

benéfnmal i sn?uata%)karere a lar%_e&fptl m{)cl’l]e SIZC at ﬁ}e cguqblénlg mt)cz,rqigce is

desmeptl cal wavegui de 10 is forned to |ncI ude a nanot aper

t iti [ 16, wh d h
3 oy e ot B e R Cngies FRET ol B A haT e
etcHedb@qﬂm@ fcEC is Imlen S bEmgal)rn{eh%yGélﬂ@ng’l@ poffibebf BOX lhyger

| n accordance w esent. 1 nventi a
14 G M de PR AR abeE e o regton, LGB P g BEats
(sho%aq dsﬁ‘shéid&@%rti@ﬁ SbiﬁlFII\G HomMRelspayi fic D tieRehveg e ¢lhdingdf
yer. 14 fromthe area between nanotaper

matffeaénswav%?g bothy #38«‘% pgerditendthe werlyieg laéﬁro@afc%wm)) are
rembSRIVYh@&cHRRPREeROThé RihathdeMofthiSdisélssiolYWiR thus refer to the

specifically, the wavegui de cl adding materia
rempyad jof e n gawweamdlnsmermﬁ Whigh tihendgrstoed yo ﬁ\glur’tbﬁh BOX
laydr 3¥ §hd ATy UveRNAVMD cladliRg T@Wﬁgh Ry bOBreSineddl r)%am as

process.” The renmai nder of "this discussion w |
mentignesabpge, tﬂrﬁeetqaf@ﬁmmlmaffacph@ thepprgsegLindention a@duhqglsed Wlth

OX

othem?}bﬁg bt lcal\éwla{gggulg%se g?% Sﬂl%&%l%ge %Gﬁ%%agg% ific ch
Oxymwewvsgleé@nt ed. Again, as nentioned above, the

et i

us%8%@@6@%1hdga§{e{nﬂ%§échg;qu£ qusgcg ﬁsd%v\g{n/% {hg%gﬁﬂdaﬂ& &%Macféﬁ
portgin §, sothaha tike aiea way by wnubesd omsiadh amrnalcaxgcmul)r fodeed across
an emﬁ%g%%rc{%% Flé § ?(ﬂven?argln\garl llglggr%c]%nn%’] % t eag%}uiaﬂ@eoflgattemed
areats Inabe raniowé«btosfnmacmyn@ﬁmete)rrdn@dd famdm; wabbe dlpctulssealm detall

hereéﬁcbe?c*wé }l}/el emﬁ‘ca g?qmeérlys(é?rfogﬁly refjﬁr(sw tﬁ 6 sg afil cd)ﬂwgciulr t))?f 8\‘3 reglon
rempeddttgrendihgas eathe Hisclogon @ity @dr. tmarfemmple auiglpbsigble to remove

L o R N e S e T

dottt®ligd ‘S BSFIGC Q) edfing arDdtcHel aceegideide LB ARYSGhOMtRE GRS
IS, a]]t Ehe di scretion of the user. For exanple, it is
the apiical YPEraf% renpve an entire width of the wavegui de

cl aglhep@rti¥BlaLEhBdd i ERIBf BRGEAER iRnliGNRWRORY i PIE. 2,
nanotaper transition region 16 is formed to include an endpoint termination 18
(hereinafter referred to as “tip 18”) which is disposed at a location which is pulled back
from etched facet 22 formed in the manner described above.

Several advantages have been discovered when using this pulled back placement

of tip 18 of nanotaper transition region 16. First, when tip 18 is located at the coupling
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dotted Iine "W in FIG 2), creating an etched facet
endface 22 across the entire width of the optical
weuwsHT®wee. In the particul ar enbodi ment of theCPUE2E$013665
i nvention as shown in FIG 2, nanotaper transition
facd SO MEthi i | @t on
o GO0 Rhear Ry AP BhiOal RN S PN Bl BOATA
Thl%ﬂdlffp@s@oﬁnatfraatlveomacx cwsashan dieréaseqopartietbftbcicémipglight
rihe
SIgng t%%%q?gtép vanﬁ l§ % n%cgntbyekgl?cdn%&ugﬁr}éeg’ﬁgﬁg% |ﬂtsoie}‘?]lggtgper
16. tNdorgovpulak emill bfadnlsupkaioen‘etaﬂ hetinbelpw,1tBe pbllauzack laopetron of

en.ti
nanb 8RR BRTALFRE B Aty 281 ¥ shad B b Fprp g toR R RN 2"
patthamgandi euRing mafce.aei, itey forin velgoustfengddmXtrieayweiichlwlill flitthes
ference_d n refrac e |nde causes. an i ncr. ed..

incrist ERING TRt DBt Dot ARG o §aing
matéial beyond Bip 18iigd1sd detimpd by thigshot| iftbgfbiel prav@sse bbvichsey) ehe

into n?nota er 16. M%Heover as will be discussed. in
dimgnsiogs of Hig PRTtIoR &FBA d bp dheRighingPraciskaTe BE ke disFregen of the
desigadrot aper tip 18 allows for the facet 22 to be shaped,

usi ng standard Ehot ol i t hographi c patterning and
et childfigabbare el the grrangemens of F*\S@éesﬁlﬁd‘é‘te”b%'bﬁé'ﬂar‘ p@lasma

etch\M'k! &&e\é\é fokmé§ m&%ﬁny SRS RRRREE wmmmh@aﬁqb&wﬁ%ﬁem‘e As
hickness " he renalnlng wavegui de cl ad
merﬁlﬂp@rqbgye Wﬁgf@ cbelggrlp/glr |nge(§fa§@pl§q1|@d\lmyeq ﬁlpgposs ilities of
scatRe'FIQ% Qhd kh@&feﬁpm&e&fepg%%w Qp%a‘i’lHé#)%cests%g e TREBiUdBosit
he portion renoved by the etching process are a
an anhreefificEve maten atingtficet 2Ry 9pgjneserformed pgmwvhiecdave! reerss.i t
of FiQ& R %’?“r’rﬁ%n% Ids Fﬁs qu%ét?d?mtof*ngr‘(cﬁ e} REV\J &th&rﬂ@}suﬁed
pl asna et n process forms an op y Snoot
in ngr Canye A is lamoclaing withehaprinratt ao’anmt @rﬁlﬁgl (Wsere the

nanéﬁgél:té lt ? nse&pg%ég\é?w&ﬂ%edjgn%fe%%f oiathe %'O"? lst?ﬁ?ctt e)C. éﬁ{g][m inimum

insegemtlosy omitye ardr ofed d&masmnatdﬂmlﬁm/mnptagerftqj Wwidthr @200 nm.
As tﬁ% W c{tfﬁ]glglf%ég%lree\%ges% %c?e?aasﬁl:’lss %cl)cthsgl de 0y o lﬁgeasg grg?clj?mg values of
12 dBesrfnoorareGuas Bais v\a;baatelj wmlthepsnmcm&sof thd ;ﬁeseﬂt inSerﬁlog raaph
I,ns i,0 as a functi af nanta I p
st 8 i 2 iy o & Gerion o< PR of WE pBbf
and agdin aﬂﬁl&ng%hﬁmoﬁ 164Gt a fip (e bﬁalioh&(]ﬂ)&mmlﬂﬂﬁi’ cdsé Pavifs a
ure

exposed a i shed endface of, the SO st ru
vl 3R A B ey eB e G PR Arote P I
mcraeﬁsmldaheﬁsey\/ltﬁd'ﬂoﬁs RGO aMarsIdviep raté thiah tHefpridP Bt AR, if\eny
e width ejther mcreas;gs? or_ decreases, the loss is

Cases & NPLEXCRRG R ereaedhaniboutal s of 12 dB or nore.

Curmyére Brd far3SHQ8icat Glerditidie R esd tbug(ll#éf:ﬁangfreﬁ*@iﬁm
present invention as illustrated in FIG

reﬂftCﬁfé sighale fomyig-entssigs pregpcanyng sigaal gatht Agvit haf"SG)lfSSQChlé

detaRbe Ry laragsoaadora@ﬁh RIGX b3 ta%ytahﬁngzmhmm &%érpetate% allhdRr
wi dth of about 200 nm in this case having a
source would benefit from redirecting reflected signals away from the laser cavity. In

accordance with the present invention, therefore, a plasma etching process may be used
to particularly angle the coupling facet to re-direct any reflected signals away from the

active region of the laser source.
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val ue of about 4 dB - a 2dB i nprovenent over the prior
art. As the tip width either increases or decreases,
W bh@9Tsss | ncreases at a slower rate than the PCT/082088/013665
and, in any case, does not exceed a value greater than
abw& it 8t ReADr/ Bl BARE Brotlfh R ehir Snibi® 2
need to redirect any remaining re signals from
proyigesgpilestddraigne bre-dinselean. fdGsT raabp piawtef thrsenviiodImeng
S [ .
oSN S fhe SERTLRGCREER bfb RGBT | BRopcblydiefie 10
no l@p@tanee traoulich fogioefis mtllfzpd)mthecpamlealau engbad@hidre €it ssdo be
und?ﬂﬁ%n% hz)glgn ytlh%lj\’/eﬁt E@ﬁdm‘{%ﬁ?&a&? rVn|1§)ynot lr]clu%ﬁéoredggg? wth
tranpnom %mnnuyheb@smetm ctfmhqaamt): as lslawi/ry amm@l&i ¢duelmg)fapét 130 ds
e- di ire way from.the
crea @ Rjeh Pl sttty el SR aerCon ST Y Hat A ont
oftlans@me;mh af e mrbmﬁtgmjmtal@fgnhlh&qmﬁ@%tow ‘Venh ltmmpamhuﬂ&‘r
r.ovi des re | ected .si gnal rec n.
emBiIEe. S 8 R GRS HEREREOm TIPS PR AR BRSTIRG"
the Qfbs@dle. OPhd iBiadtraidddinale o i9EQe M 1886 kdfitieddio ShsupPihbCiié
wavegui de 10; no nanotaper transition region is
reflgstqd signabiwil hpropasatepaay ifiom aneled spedingderet 30, vhilg neigingaly
Imﬁﬂ?%%ﬁ)@[ﬂﬁk FRUENS into EftBRceANbf YADQRJTB B! A@Xntg eoUﬁy the

i ncl ude a nanotaper transition regi on,
use gf ayigtegtcionplingffacen 80 alseljminaiss tihooss toanplaay metdrqugtp\rq (AR)

sfully re-direct
Coatﬁ@; re%?acgtfssea I ?"té’ﬁga és lgl\}mmnbfmg?)gp%&v& R') out of the
si gwadng[sdtferepay hlgo betomeh iy thprdrdel ds¢oglna,l as(sktvemim the/
I r |
emb%ﬁ{n?e\g(& %tl]flé c6: . &a‘ﬁjﬂ e?g rc#)w \r%gg{:\/ at%gkg%c f(grm% g glg
etchengrfracees wfactdrdarse bsthrilt wesemhievantions As altosrdl mmgiceieqt raysl

| ecte suf o ensure t hat ref.l ecte
il GG E i e T L E oy ARG A0k R R0 L6F
optl&ﬂ wamk‘gdldz: rotReflacted yaylR mshawrgastd‘lected) up\k'arﬂ gt af drigtd, eway

0o_endf ac of e en y, the
fron g R T i 1 s SR Er Sbod SERh R RHGLS angled
faceNBEH fo@ncARPhiy ardle BRbAtrdIRE Ibg% el fmﬁ.o(aAR}oremhtenaecp@rﬁd%e of

facet, saving both fabrication tinme and expense. An
the dafﬁ’gqeed facet may also be fornmed in the vertical

di regkdiffant a&eﬁh@mm Qtéh@@c&)ﬁh@%fa@&@ﬁn &Eon%hx%e vth th@
thlS case, downwar acet 32 is fornmed

presgali IR AN étthqﬁ thegropraye @f)s/tée fasetapaydiecpinelithaptaphicily controlled
to c.reas%ﬁpaegueagwnm@ P8, PRAWS, vidh dfaﬁk&%marp%bbd. leht o Jkeﬁe

directed through't he wavegui de cl adding nmateria
presg@fuipyeatipmtl ysteatge sloie advaniege, mreceaﬁocuwmgégmﬂ Xds faymed by
[
et B P B FraTR oo CARKC ST MREA R s
indigesed bycthe arownibo dicoeing ehowated nigral &ill & foawsgll bl lénad@int@2

the ée%tefr ggﬁ%ﬁ* oﬁzépnggl @m s.dggao gtge%fa% | 0rirediPRcdi AR SHRS

arrangement — as well as every other embodiment of the present invention - will allow
an outgoing signal propagating along waveguide 10 to be transformed into a collimated

signal as it exits the optical substrate.
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the device. A significant benefit of using etched
coupling facets in accordance with the present

WO pwentisesh i s that the contour of the facet nERCDES2008/013665

photolithographically controlled to create any desired

ge r i ew, of

engg%hugh s et gnls a rg)roecggesn A lfhn%aé\nb‘glcglﬁrolfﬁ%g{g rpa?t%llthog Pth
proadwtamt@@aanmmgeemtrfes,ous|png|Hlems°o&5mumpﬂe0¢mm1dmbys asa

’ | y- t d t
o K B RiRR & b EE ARG AR LS s RrRR Sl Fip g s
a toawrelwvxﬁ an gmmm{a@mmg cﬁmblt)ndﬂ'ﬁ¢<ﬁﬂltlr‘£g fgoa) intudihg b@etfo(ﬁetdﬁﬁﬂ
en I NTO e cen ort.i o
conRlirsR iRy e da e frae et Pying Bas it L4 Shind, pelligpting

lensi%l Sn &ﬁsr FRGRINER RinbodigniBlal egdile @064 fHrinéd@rinaudeaihsmpdr
present invention - wll allqw an outg

trangmglh mgmﬁrléptgggwpt'w; aé|n6r}%a%wé& A&aviy 40gs E)réated thrgugh the

wa\kg@a@élmm%mmeha uBing Al pattdribRFletS Braadss Bt istcoXdlled té Beate
opti cal substrate.lnasmuch as etching is a process

the MF%§WY§8ﬁt°b'é agoRREdI iEfopyping Igtcttand @rﬁkssg PapES3 pf ocess

contnoatmg %& 86 Vﬁlrﬂa%lﬂe@w&lhlﬁ%raphfc rhatk R@iRS me%oﬁtemf&fcmny
mul tl | e conponents as a Ccou |ng f acet bet ween an

40 ig ﬁlteateépn e verdasic @€ thervirvaeyidedaadingowateinli ¢hereaftegrihg exposed
ared i @mo&/eéi §sn§g£ Qﬁtame%ﬂfhgﬁt @Qvnﬁg(@anm/ 36 YwItHh g/ll” &P«%‘&g&iﬂ%ly

coupling facet, Inclu Set of etched contou
exhibieled dqsuzﬁai ¢py10@iat mﬂewrfages{) oPwiemsuffagesi’ offcolumsting ldne 36 is

also%%nl%nx%d%mﬁ 89 h FOQL,JS t%’vﬁg tflegféﬁieg%ou;!)lp th&e?gftzogetry.

I cul ar vegul
[ ncﬂyudleuenafnmmgp@pntqnanmlphcmhth@aptb\np ngﬁermmgandmmhmgg at

techﬂﬁﬂdg {oatp)ﬁn c&llp‘?laé %aceé i ? co‘t;c% ceuw1!th the igreeg mven I;OOnu L{ren“?y of

eria
suclpfaoﬂesnsy bhrmed aloog,na singleeddface for mtvetlt dmemrag «:»és;stmay

v ERa PRI F albhe PRl Sy kg PR gpresgt
invepliod, o th:indager ﬁlpftra:mgﬁ?hurhay 'gﬁga\tegades)m- ngezog ?gg\é# :] 9-N40
uitge §REIRY oF Br ARt > F e ek udect o BAOTE G g
marihsi a’ﬂgh@erﬁbdtdgﬂé;gﬁcé]ﬁEWEb%\;ei e?llfgﬁlé@g@wy taysirfhle ]ﬁa\ﬂhhﬁrﬁ‘g step
may e O P B Syt e o SR 5T 10T E6hHA KR Y11 ens

throaﬁ1 35N 0idaRMHlighnest bdsiert tiRfodl FEInfARES Bset BndérAVicee
desi red. coupl.ing facet geonetry. By virtue of

H-1rqvgh 41 doshreverwe 1 Ophbraser d o r Hisrabdity i erliaice same

lens@le6MERGadr&S Y 349 i$ Reh BT BB LOLHM; daﬂgacfvalﬁﬁéesof‘tﬁb use of etched
accordance with the present 1nvention, pl ural i ts%
own, it

coug‘%ﬁaqeaerépaga%yn@écorr@ﬂnﬁwtbmsrpgessntgm@w ebe'%e@
is td&%nﬁérﬁt@o@ﬁ\a@a{ﬁ 1A PaQPhE B uBEE YN qﬁ%y wglveg%l idd s{r§ct9re

vi ew of one exenpl ary array enbodi nent
(ms]@ﬁ afethe illuptvasert lepsed faagt)t i discasee both thesfages angle araad the angle of

e Bt Bl B RE s e el Be Spreq ol
optigm3oupling (s@FIN. § Hrbgtoey, ifay an Wéuswatipm of an angled facet and an
angled waveguide).

As mentioned above, prior art arrangements for coupling light from a laser source
into a nanotaper waveguide often encounter stability problems. In many cases, a

separate micro lens is placed in the optical path between the laser and the nanotaper.

9
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manner as the enbodi nents descri bed above.
Advant ageously, a single patterning step nay be used

W o00defisse t he shape and | ocation of the pluraPCT/ysns/13665

etched | enses 35-1 through 35-N, providing alignnment

Unf&%n‘ﬁ@?}n bbt€hd I@ﬁsaelndg ﬁhtnofagertt@%llllqgﬁe%ﬁa off Bﬁfh@?rﬁ:%mmg
-1 t'hrough wavegui rough 10-N
laserasbgnai t 4 Stgolfrcelptl nocta:tn@ftth@ereﬁgmeei signakhagdeereforyd @cheot@splﬁ%e
bacl@lﬂ\(oat}{e %&g%?% rf&tpee ?ersrjemlrrg 18mtm§£jov L34k IQ§c r.l he use
acet pr€paration 1 n accordance

wi FIG.tllGes ptce)seq:w of mmemtan’tmmangﬁmelnewmh estribitnthisiinstdbglity o
ol OSSRl 0l Ay EDEE T LOSE e Y 5 R P
outpuebeaedivifialc dieh prdpagaldf!;l tBroogsﬁﬁ abahdeidoentt@aeaticanhgils elearedt

T e R

towarp hanowpe £ ! P8 bﬁ\ga\(egelee F0,Gs sHa3vn. Hedsemich opri@rart coupling facet
r at.i o of an, angl.ed. facet and a

| I1u angl ed
7is [aDET b GO9S T ARt bAUR B EUEessof g NSt PAT ARG ent s
incohffig @bl il Ing refladd, §Ho?ﬁﬂb@z ahﬂﬁﬂﬁbeﬂ:‘d@luﬂﬁ\%ctg@{l 6f réflected beam”
anota er wavegul de often enco ter stabilit
in FB% -dB1 & °“'Pﬁ'5ﬁgfﬂ9°fl?3%‘g§h‘séef§%‘ﬁ PeAW eqsauwgﬁgd?dsthmugh

mictoleds SMlandreldifer athvieGedioP st & IRRE ¥@ @B sHdwm. | aser and the
nanot aper. Unfortunatel y, both the lens and the

natbicapeange; Withihe feaphingsed thepressptinyaation aqeuplingdfasat Ayying
an elcﬁ&f—‘éon@du@ @ﬁ'l be t’%rrﬁécﬁenblfg tﬁ@@ﬁdf&@ o¥ H@Q)p%altsﬁ%trﬁt%fté ﬁl"ﬁ{lﬁﬁ&e
al has been found to be coupl ed back into
the %l@@lxﬁéengéglrmﬁe%@ac:k livdo thgdeser souessylin thﬁ @alitﬁultah@ﬂbodlment of
FIG! ﬂsh@%ltéhw )fm&)lm el lg%wn sle%llt%&mg h%on?to&ﬂﬂat%nﬁ%&fuo@as a
prior art ar ement whic Ibrts this instability
lensggPo s discusaed dtpuovile patternsig of¢hd gdEge isrdstayaingg nawnamcnma
caf
i 04082 RSB 8 ks AL QUL PSRN 1
of nariatapet @ﬁ@aemslsmhh ebrtatwictdfilons &0 slsppodirccd anyeeficcEs.
port[%lg\%éfthg E%Hg ?AW%/LW&% ltheno%élg fagu(g %Pﬁ\e Psgfén? %Ettigg‘dg-ﬁ%\%}s]es” the
refldcrd drach e qprwacb ldesagxt parmxpérs (g fﬁQC:dtlen@tﬁ)@f fems G&dn by
comgma{wcg'fowt}b he 9&9 H%%%etﬁgs énalcrzrr]o\ﬁlgT ?A{ ore d ?qn%gpg%lz&hcam
coupidingarf rha\mdndxtmelaed beﬂn it haramapef tip &f bvﬁmt gdhubg&aolisly scaktéring

0 -ax onent this reflected beamw ||
the fﬁa%%e‘ﬂw 'Hraf) Vﬁﬁegﬁ’rb?%l ens 54 and re-enter
ac wn\aaexrne@mlse%a@ﬁ sysaéhe bsibPa c@orEMChed| ficea6OAE fREGE
resen

el G G- Rt SrodRaRERY EERL A TR gbne spdfess

20 oftengtitdl sutr ekt aGethafpattitalap B b e s UG biA &@fat:& mdamsa Ze
the opti cal energ cﬁrected back into t

receggseh WetBIn the,optical syRptiate fipm endfagroldh (esfntrast thrheang_lid facefg

.uuserm@m ansbveowmkh Bg shéwRhs HdichBOWI s gkt iid duidbi@ f&aml our
hat will function as a |ens 60. %s di Scussed above,

em bpflvaepmfttjbﬁr PIESeqt iBrention). okheraasle ui is seleated ivirprdireqtithe reflected
signgl%&mcthé Qefbture angle of microlens 54, as shown in FIG. 12. In order to still
capture a majority of the incoming laser beam, waveguide 10 is formed to be slightly

offset from the optical axis OA of the system. Improved coupling efficiency may be

10



with the parameters of the waveguide so as to focus

the incomng | aser beaminto tip 18 of nanotaper 16.
wo\dooantwgeousl y, the curvature of |ens 60 al sOPCT/US2008/013665

re-directs any reflected portions of the bean1amay

foun,dc?g%tgn%stﬂpbfsg(ﬂslmo% ﬁweag%%;ylbl eOZsﬁ)sag %I"Iﬂq t&hﬁ{gl h taee isnlcanr}ing

beampafidive 8 éiwstrites s, cohﬁglabtndre w@tnh)wa&éguhc@nlé) (6 assamiated

onbi nat i,.on th the o ar amet er crolens
nanHEP LD el e g oM mBRE AR BrRAD i 0

| NG tele Adredonseype dlBiddmonthe 1ri’i'amﬂinaﬁﬁbeehld§scllgecy\ﬂith feference to

#nultaneously scat%erlgﬁ the reflected S|Snal away
spectiicsFreiar entod QP%HS sreofart Will BpWeMer. & eyident mﬁdé%%“

modHatieHYaHS LB ges ﬁ%&@:ﬂﬁ&dh@r&@hﬂﬂmﬁ%ﬁ&mﬁé fbRehObRa&NH
invention is shown in FIG is case, an angl ed

spirif andeseorgofithe inyintieR 2855 fRythaA drepreigd elaings  he spscifigation

and &ldRe1gs feCacchilin CFW S0 B@Felzhrabld AranGIRRAGH E&Rther &Q?a ARglcad
facet" is fornmed as recessed within the optical

sensgubstrate from endface 20 (in contrast to the angl ed
facets illustrated above, which are shown as
"notches"; either geonetry is suitable for any
enbodi nent of the present invention). The angle y is
selected to re-direct the reflected signal beyond the
capture angle of microlens 54, as shown in FIG 12. In
order to still capture a majority of the incom ng
| aser beam waveguide 10 is formed to be slightly
offset fromthe optical axis OA of the system
| mproved coupling efficiency my befound by rotating
the di sposition of waveguide 10 so as to better align
with the incomng beam FIG 13 illustrates this
configuration, where wavegui de 10 (and associ at ed
nanot aper 18) is disposed at an angle of a with
respect to optical axis OA. In the foregoing
speci fication, the invention has been described with
reference to specific exenplary enbodi nents thereof.
It will, however, be evident that various
nodi fi cati ons and changes nmay be nade thereto w t hout
departing fromthe broader spirit and scope of the
invention as set forth in the appended cl ains. The
speci fication and drawi ngs are, accordingly, to be
regarded in an illustrative rather than a restrictive
sense. | |IWat is clainmed is: 1. An arrangenent for
provi di ng optical coupling between a free-space
propagati ng optical signal and an optical wavegui de
i ncorporated within an optical substrate, the coupled
i ght provided through an endface of the optica
substrate and the arrangenent conprising an etched
coupling facet forned al ong the endface of the optica
substrate for
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directing the free-space propagating optical signal
into an end portion of the optical wavegui de and
WO 200d/075888 | ng refl ected signals away theref r onPCRUSANS/013665
arrangenent as defined in claim1l wherein the end
WhHQHJLWbdQI: the optical waveguide is pulled back by a
predeterm ned di stance x from sai d endface of said
optli dalargogrmanafos praidingpopticeaogplingritetegenddtdersearei n
' i | b iR IRbHRES an
RS AT
substirafei the dowptedclighit pro3idath ¢reigh anlvedfackefl the dpticet sshgthte and the
oupl j facet is forned in a direction orthogonal to
arra?%eg%glp{blgncpé\smgxi s and across a top surface of the
optn e@hedsavpplingafaect farmedaloag tierngdfmendf ths optehl substratafor

. ¢l ai wherein the anqgul arl y-etched ,coupl i facet is
dire s oo PRt OO I e AR B SPE s
wavaglddd dndeerdhedting réﬂ'&c&?@%ﬁsls afvay ilThEreﬂ'btni. cal substrate. 6.

An _arrangenent as defined.in clai.m3 erejn e .
opti ARIATGASFINR Heds @eé\\ﬁ‘gﬁﬁ"&rll yhegia Hlfsegg p88¥°8§gﬂtﬁr?8“ca'
wavegllidedis Quitdd HablebppbiedadkrnsiHEBdisai R xtfRonPfdid BidFRePtdi€ Bptical

coupling efficiency with the angul arly-etched coupling
subgrget . 7. An arrangement as defined in claim1 wherein

t 8. AhGaAHRIAPhI RGinE AR aiMONPHRdrSR Sheetdhield ¥8EhliaLHREI NY
facet. 8. An arrangenent as defined in claim?7 wherein

compFiges @y ARRPr botiper vgurlEedacekonpri ses a single contour
et ghag AGhSHent RedetnEd ACRiNT WiGeiRBle! a&gblaﬁyt@t%ﬁ]cg&o%pn&

An arrangenent as defined in claim?7 wherein
face igforagd dog girgatign Prbegonealderpic opiigal axiland adrpssya teyf surface of the
optiSfBAs@lE. contours etched between the end portion of
the optical wavegui de and the endface of the optical
subsAnarrengen@nt gydesinechimcpdaim it wheseio dfeiangalailyrecherd qpugling
facem%r%eg if Qgir &)h%ﬂh(ﬁ%H?lst{) 'E}%tos)tigaq qglrs 'aﬁc?ﬁnr&&h%% thickness of
structure and the optical wavegui de conpri-ses a
the gpticalcobstragvegui de. 11. An arrangenent as defined in

cl 8! mn]alrr Senfen ast in&P fnlcﬁa&% AN kh%eop‘f\'loa v&alvggeu_?deals
materi al selecte romthe group consrsting .
ang\darly disposedsackass dre soxyew dfithecdptica 3dbssiadeita optirize bptital dodipling
An optical trans '%t r including a | aser source for
efﬁcéeenﬁ re/ét%‘ ﬁlﬁegangﬁl%gﬁ'tg}c 5$C°§ip5%ﬁ?etat | east one focusing
| efls Ahafrangeeinvasdg fihéeinadindabheséig il etdhed oo dphiag Faser
source .
comprises a curved coupling facet.

8. An arrangement as defined in claim 7 wherein the curved coupling facet
comprises a single contour etched across the endface of the optical substrate.

9. An arrangement as defined in claim 7 wherein the curved coupling facet
comprises a plurality of separate contours etched between the end portion of the optical
waveguide and the endface of the optical substrate.

10. An arrangement as defined in claim | wherein the optical substrate
comprises an SOI structure and the optical waveguide comprises a silicon waveguide.

11. An arrangement as defined in claim | wherein the optical waveguide

comprises a material selected from the group consisting of: silicon, silicon oxynitride,

and silicon nitride.
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and directing the propagating thereof along an opti cal
axis; and an optical substrate including an optical

woRWeQTEsse | ntegrated therein, the optical subBCT/HSB08/013665
further conprising an etched endface formng a

conbou e tlggq&lngrggteﬁggﬁgm etween the | aser source and

atermn ortion~of the optical wavegui de,
th@l@@nScmucreefdrg@lqpaltmglgnf)latm@t&gmhf| gur ed to re-direct

anytqe%gtfggkﬁcgmg? eng réc'ceg/ tp?@@y sﬁ%ﬂ} ¥r95 @Fageq%l)urce

trans |ne In clarm
andXkrevtinerthe prop@tnmg)thlemaf almg/egazpttdel axpscanddes a

termntln . i on V\,hl S

B P et Bl B P s Herine e opica
substratOflirther @eh peidiup lah B@hébeface Iatmirfya @ptdufh@llcobplmmett er

as defjned in cl a| m 12 wherein the tched cou
bergSgodfe B SoEr oG ey PRTIOR GETE SO NG RSB the
condduredAdu el fedd corfnfeditd teedirabarabfidred dpficdllsiinah alvhy from

wherein the optical waveguide is angled wth respect
the ppliqah@Xibpt i cal substrate to i nprove coupling

ef fi3cianepric dalsrhier AsaBheSiAENG0 m Wh@lﬂé@hth% ldptical waveguide
angul arl y-etched coupling facet. opt1 cal

includesadpimipging £8d getiopadichys pylled Ma nm@ﬁ%manqdhﬂéstance from

the@ﬁgéﬁ éhﬁfa)ée ﬁirﬁﬂ?gda &ﬂHﬁ'réd%uElﬁ%%oe‘ts fornmed in a
direction orthogonal to the O&I cal axis and across a

t op'4s ¥ eptiealdfansmidtengstdedingd isiglpm rlamdereimthe aighehequpbing
facdt'c8R metsﬁﬁﬁn@%r%eé‘t&HQQQOWm lr@lem 14 wherein the

angu arly-ettched coupli acet is forned in a .
di ride tAnorpticaittrao sfoitar aStct@ﬁnWbm@iwmdélwhamlrsthaﬂathahweu@hlde

is akglgd Mlh 9& &%?o tﬂg é&%l %I%Etlreﬁ@*o i #}9}%& fin %ﬁ"lm y %B'tl?eal

ansmttras defined In c eréin the etched
lasen:@uptq mgaugbidwtanguim@y-etsb@i @uplingfeckt.cont our to create a

S'I%u A p‘r;‘BLl t?a%srﬁ %%Féﬁ dei'iﬁed iﬁ CLX%% th%Fe”rFt‘Ee ta%?ngée}?éﬁQieﬂg

Coupmg faedt mﬁounéd ing mbwﬂm@mwm omlcmlgaxmndpttiosm top
Sur%ggegfqgef%[sﬁggstuggr ted therein; and an etched coupling

cet g an endface thereof for directing a
f r a8s paceptipilapagaitteng d&ﬁmob:alclaeimg Aatheteit the angugarty-etched

coprd e stiounefiniisslip ¢REEEH) Gin SRzl ihglh e
thictled'sk BEde optical Qibsrak®. wherein at | east one opti cal
Coul%| IAngop?ircgla%g Segi%glt ascd%rfll.ﬁerc] i?lec?aim 14 wherein the etched coupling
facet comprises a curved contour to create a lensed coupling facet.
©19. A wafer formed to including a plurality ofoptrical coupling arfangements,
each optical coupling arrangement comprising
an optical waveguide integrated therein; and
an etched coupling facet formed along an endface thereof for directing a free-
space propagating optical signal into an end portion of the optical waveguide and re-
directing reflected signals away therefrom.
20. A wafer as defined in claim 19 wherein at least one optical coupling

arrangement comprises

a laser transmitter source for generating an optical signal;

13
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a laser transmtter source for generating an optica
signal ;at | east one focusing |lens for receiving the

Wopinozsssi gnal fromthe | aser source and di r eR€T/O820D$1€13665

propagati ng thereof along an optical axis; and an
Ophi [6&tk oS Helsif 1Bnd @P}e‘ég'\/m tl%rbpggél'sfgﬁhl N@Nﬂﬁ%s‘é?souree
integrated therein, the optical substrate further
and disersing gerpgonssatinechesao femegaopticl piisignd cont our ed
COupLiRR §iGithe RERUREIn bBcdl RIRIuRBHIERRB theldif. the optica
termnating end portion Sptical”wavegui de,
subsgraietivitires domprging argetéhed @ndfemﬁﬂorrgmg edgontgunee c@nnhég tfacahy
[
betwe %ﬁn kh%n{isggsroglpée eaﬁglrt]hest%lgrnﬁeltmgw dp é}rggﬁg%{éqggﬁt%i@ eg@?&%sthe
contperetheeypliag rﬁacatrcwlnﬁ gyredfo r&fdeestmazeefbptofbagmai gnabpwa)cﬁbm
the @'tgg%lx% and a plurality of optical wavegui des forned
an“array along a surface of an optical substrate,
t hel.aAnamgegeereht ﬁoopmmdmgngmaad cetpding hetw@aph iphugality of free-

confi ration,for n n .endface of .t he optical
spacg afkpAtE orfoh SERAT e S By Sefeel FuideD Pl ar Bl
array elopg E)ngaee ?bﬁﬁh@ﬂic?lahlb?ﬂ'am?ﬂie ah&ﬂigbﬁﬁﬁtl mqhnsm@t ijcal

wave e of .the urali tica vegui des, and

I ar bR Bt o g R A R e s ORfRha
substrdie, B eRhEBAUPIMIdonBigurdedr fredled 18 pedvadedpticdl alvBeheitbetween

et ched coupl i ng. confi guration conprjses, an
eacha%'a?'m@g%% aeelam!i? ﬁ@pf%aéév@wrgaﬂ%a"davww%@ free-

spa@@%éﬁga,ngfopt.ms,@@gu cal substrate. 23. An arrangenent
ined in claim?22 wherein the plurality of

£#-cAn afaResgNtResiclped i sim &F Mpersinshe SEPRABRRE t he

con rraft@g%o,%r,ge@e optical substrate to optim ze coupling
fici ence; wi th the angul arly-etched coupling facet.

4an mesubrbyieherentpliag faget forreedt alenccthapndface pf WieaapEFd t he
subsithehi ng coupling configuration conprises a plurality
of etched coupling facets forned al ong the endface of
t hé3.opniacrangesgbisasidgtiecd inglaim @2 eherginctbeipluraliy elaansical

wavg%@%gélﬁegp&gnlaﬁ& Hgg&%@tacr&s the @PRASSA @ﬁtﬁzgl LBLik £ optimize
coupling efficiency with the angularly-etched coupling facet.

24. An arrangement as defined in claim 21 wherein the etching coupling
configuration comprises a plurality of etched coupling facets formed along the endface of
the optical substrate, each etched coupling facet disposed in alignment with an associated

optical waveguide.



