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W DEBAND OPTI CAL COUPLI NG INTO THHN SO CMOS PHOTONI C
| NTEGRATED Cl RCU T Cross-Reference to

woRedoangdAppl i cati on This application clains theChesmdT/000813

of US Provisional Application No. 60/757,962, filed
January 11, 2006. Technical Field The present

invention relates to an apparatus for providing

coupling into and out of a thin (i.e., sub-mcron

di mensi oned) optical wavegui de and, nore particularly,

to tWEDEBANI OTEfEANCOUFERINS INTO TANS S0 GRS TIONIC

provi de coupling bet weerEerRATED cCardEms and a thin
wavegui de. Background of the Invention A common prior

art technique for coupling light froman external
Cc 0 a co uide is to cleave or polish
ssf’g‘gtgtegc%?? %‘fﬁ"ﬁ‘qt‘iﬁ ?ﬂ%@’égw de and the mating fiber

t er m (This applicdfiva kpiresthe bedidfiv of USrovisiahdl gipplitativh e 60/757,962,

r ted to: nultinode or single-node
*H%d ptiar) SE’ }do'(? or zero cleave/polish angles, and

speC|aIIyshaped or | ensed single-node fibers that

Weggl,%g,ﬁ-gﬁt sizes as small as 1.5 mm The fi ber
ermnation is aligned to allow maxi mum | i ght

t r ans rhhg prasenttimventigphrelaies toaw eppeirates foa prbvidiencdupkeglintmand out of
F&Q§1'nt(l 9 nsubAmcl*onr cﬁrnleﬁs%degﬁo;gti%a) w%gﬁ 48 Ard, S B?f&%gﬁ}( ' the use

t he ber term nation and wavegui
rOé atf%rémteﬁéarteﬁ a8¢h iensing glements fqprayide @punlmoet»men @rfibar er lens and a
WihIQeFBM. S, the input and output ports are
necessarily | ocated at edge facets of the
wavegui di ng- cont ai ni ng wafer die, significant
aﬁﬁhpbﬁhHQﬂﬂqumgﬂﬁhce geoneLry (e.g., topology and/ or
si ze) ,are inpose st 0 this r.art e
cou pl) ?1@??%5 %rrcoflalé‘{)%lr‘g?‘é H’cﬁ“a‘t"ged'“%s?‘ﬁce toa
opicot atav egiins is ttgcleas/etoh polibf\ead GeEB Rh batitthe $@veduide and the mating

{

FELEEMbion dfhmel S8 M tEuh oS oo o Bieed s
trrhlétlrpodqo@mlw}fmﬂh ébgs osthrstnall v eerd iclaye/polishahgles, and specially-

%Q lot Eiﬁsédss rgéé H&QQF ggfa h‘%t/hmg X&l?e@las g\dlnglﬁ Es PE el"he fiber

er 0 ap roxi mat e
éfﬁmt"r@éloo rlfd%tgnott thqébwoxamvml lgghotrarsrrmwonl througl ﬂpawegulde and

tmrfggeaﬁ)@ §snt1c91r Adtﬂ%ﬂ@@t%nt(?gﬁ@ ESatinga¥ Qaetﬁgd on both the fiber
successfu use th thin wavegui des. However, %

sgmination gad %/l@é’gy{egwgq,\ﬁcqmq) yadw;q the Fresnel losses. In all of these prior art

RASERhEA{OR e.t;m@ mtutﬁn\pbw BBt S sarith RIcBtel Qﬁ‘éc%e lf§cets of the
careful. control @£r$ab ric t|on condi ti ons.

Thu
NE&EEY! H%‘lcﬂ%ta'inﬁ‘gt‘ﬁ £ ngo‘t “h‘ﬁﬁﬂ?‘é&f‘t‘“’tﬁ’f‘gﬁt"ée g?ﬂ"@er‘iry (e.g-

edpolapyendipr oipe) atélmposed by using this prior art edge coupling constraint.

Another factor associated with optical coupling is the development and use of
extremely “thin” waveguides formed within the SOI layer of an SOI-based opto-electronic
arrangement. For the purposes of the present invention, a “thin” waveguide is defined as
having a typical width on the order of approximately 0.5 pm and a typical thickness on the
order of approximately 0.15 um. In the past, “nanotapers™ or “inverse tapers’ have been
successfully used with thin waveguides. However, this success has been shown only
within research/development environments, where there is careful control over fabrication

conditions.
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coupling arrangenent for providi ng permanent coupling
of lasers and fibers into thin, SO based optical

woeegslodes as utilized will be required for hp@ius2007/000813

vol une production of opto electronic products. Summary
of the Invention The need remaining in the art is
addressed by the present invention, which relates to
an apparat us for providing coupling into and out of a
thin (i.e., sub-mcron dinmensioned) optical wavegui de

for m:-‘ql‘hbsn athB& SHaiRGE theht fhAY %ﬁnlﬁﬁct@ﬁbﬁchgﬁ'éfﬁ&én'éf' %ptlcal
and, noreé parti cul arlcﬁv%t o the use of reference

SPHRPE orRRdegont S PR diRE PRI CoRNG OF BT AR 'P%’ﬁg}t?lﬁ““ SOI-
%h&ﬂ%ﬂﬁ@al WavEHAKs A uB AN Ge BRIUMEE Fordidh Vaflim®proda&Rh of opto-

d a.thin wavegui de. In accordance with the present

{EORIE BIRIUYS-def i ned interface within an SO structure
(such as, for exanple, the interface between the

con rate and the overlying buried oxide (BOX)

?’Jgﬂf’ @H‘ﬁﬁ'l"f”i’é’ﬂ as a reference plane for the
coupl il‘hg netrdrramgamm theldreis hbdrassed be diei pilesensinbortiorOdwhich relates
\f% étmhl garapu[shts r proH r%{ﬁoagfn m Ourgrng%{lg %&1 aq glh(sj Wt%llc!ron
dimamgeednipticdlivavegdde forqncd)ml thieswtgp SOh gaybecbﬁ/@e?rOItSItmcture and,
nﬂﬁ’% arfEHALSS 1S00 SO6 WRNGRY Bgﬁes Jvﬁ i §ﬁ'910 'c{B‘?é‘ﬁse?Fand

resent”’invention, a se arate ens
dssopiaicd densime\odamenthie nrq>\g¢lﬁ coyplifrlectyesnt éberfor baéi:r 3(1#1 a thin
lLhASE&ukdeand the sidewal | term nation of the thin
wavegui de. The lens is held within a fixture di sposed
in a Frasenlanerayith e poeen iBraHen 8 4?{ ged ingerigey within an SOI

Strlidierk WuRh ad iBr Elakdplld, ehel 1B§ﬁtidce Heﬁﬁéeﬁdﬁ@mﬁcdﬁuﬁﬁﬁﬁ@ﬁxd the
surface that is associ ated w.t

PEFEHREies| oxifle (B6*Prizyerk i @“'I‘7§H§S wr?fﬁrea%e P‘ﬁnf‘o{?( fegeupling
aira@emaﬂt wetthmtxh@egﬁiua isviaMR@U ielen mesonlhyerfahx terifEnates at a
ace

trench. I n . an c ve a
QURFRL PR Rt SERCY siisB Whhe g e PSR w g sgovide
(obu;ﬂing bbmasnfthathmteleww hnd s pm%guhdm t he wavegui de
term pation t ' .
o ong L P fimdf Githe e Gelt (TR, Bl kGt i disposed
dvpﬂwecxathed ighpsdungy (edhaplfiber ordaser)Red mmﬂwa&tttmmtof ithe thin

r\(\% U el“l%qér\ og}:lﬁ %H‘ll"{ Qgi(tluﬁi it se%v 1“?1@: trén@h ﬂﬂt has begn etched into

nat lve ensi qg arrangerren
@rer%éltstrycﬁum eE}Teafﬁ)é@Fe\AﬁSPllﬁ inclwdeopt @s.lvce%{fﬁce?éhatsm%owe%w'th the

Is@i.%%gédfrbﬁ%nc@ bxaae L@ﬁﬁf thE ﬁmwm? bm @ﬂwam@%@ht Wwig¥®e thin
In the case of | ensed I's first be

perguiduben ihe ﬁ?‘W’%\lSé’é"ﬁSﬁ’ a’ttee BF‘Efé‘k I% B’Frp%ﬁﬁ'éﬁfi“g“mem” configuration
opied @rsdinied, G lldteandikyiaelor tHehads fixudtuiih reeheoy®rthd Weveguide

\tge(rjmlrfc’agclgrlil ggnull;e édJLqugd BQ’)} rlnloglgg thelfgcture aﬁ)ng the lateral extent of the trench
until maximum optical coupling is obtained. Permanent attachment is made once
maximum coupling is achieved.

In an alternative embodiment, a lensing arrangement may be directly integrated
with the optical source, such as a lensed fiber or a laser comprising an integral lens. In the
case of a lensed fiber, the fiber is first be positioned within a separate block component
(preferably a silicon block) that is mounted over the SOI structure. The silicon block is

formed to include an accurately-positioned V-groove that will support the fiber such that
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formed to include an accurately-positioned V-groove
that will support the fiber such thatthe core is in

W0 bh@768959 ed position to provide coupling to tPer/ukion7/000813

wavegui de. The silicon block is "flip chip" attached
to the SO structure to formthe permanent coupling
arrangenent, using the substrate/ BOX reference plane
for optical alignnent between the fiber's core and the
thin wavegui de. In any of the embodinents of the

RERSRNS id fY ﬂ&tuje@ OSIﬁorpQ)rptrb\ﬂ@e &fup”?ﬁto' the BARLELuTINRE silicon

propagati ng al on hi n wavegui de may be tapped off
Blaek iss&dp @mp’a@taalnfsdafe ﬁhw%OE BghECIe fgr.ngmme'traan&a} ¢rypligge

akdrgerent ubet e ‘é‘ﬁbs%rﬂ@/ﬂ@ﬁ%ﬂcifeh&?ﬁlalﬁﬂ'fdr I);hlcﬁl AVRhaRHt sRween the

unt il maxi mim coupl i ng been achi eved
ﬁ%l%qoé?@dlt?ethﬂfh@a‘é‘?gﬁﬁietypes of alignment arrangements

My bg 4458 tHeQ@nHol msid fah&p r%beﬂﬂﬂu'verﬁfoﬂpﬁg@’hbﬂgfﬂ'Jteﬂl@o@led
thin vvave%w de into_ an out

er o)
6‘5’?‘?3 REOPAE ,ngéxlqngl}%q]thggwa\fe@ 1d8 e appgd Bﬁi@f‘g eé,gtg)as an active
febidck anpdlall 1t b the e APt Fedite fasatfieesndihit Weveguide until

FoPed sreAl R e b ar i awauer - SReBy i of Bfknurens

tuffh gamie s el be dsainbryscoupld @fighie popagatingalong atthm waveguide into

Dr awi ef
LR osh o Sk PPt g s B B oxdibe, dpliodifn
bot h @tlfer mﬂbatbetbndmdpmmegaralrfp%m@e rEthe quwtanventlon Wl“ become
Eernt h& Q&HLé mhé‘foﬁlﬁu&% :@%5516}{ emaq)y' BRGSO ESAR Q@company
%('esent I nventi on; I's an enlarged sid
dlraewxgsf an exenplary fiber coupling arrangenment for rred
in accordance with the present invention; FIG 3 is an
expl oded_isonetric view of the silicon bl ock portion
8rief Rescripier ocbaglrwgsar r angenent and an associ at ed
opt i cakfefridpaiow btk dAvvll,ﬁgsan i sometric view of the
silican bl ock of FIG vvlthtlggé?er 05|t|oed b a fib
wi t hi ilG- He‘SB‘Ptfeweg“’\Y“BY BEaexepplary SO Srughing ngiielig oth a fiber
vhsewcodpling @rrandenfanaddl Dlaker dhsddlcGuplihgi alﬂraﬁgeaﬁ:ﬁ&lt Garared amaccordance
% truct re |ncI uding a thin wavegui de to which the
Pirdpe rgseln INYENUON yned; FIG 6 is a sinplified top
VI ew BIG.2ris ex empiged yidé aiser ofcoepémplgryditea ngarieaarrhegemedt
%8%%&8{5%&%%%%11%% es%ﬁﬁ@e%oﬁ .nvention; FIG 7 s a

VI eW 0 ary | ensing fixture of the
| nvenFICorﬁ is s ovledpdiisprpririe View) of the silécon Gk gpartian Arihofiber

ﬁlg eﬁtﬁ ﬁ%mSédeaﬂ%@so%mE’ed%%@Q'f%? d | ensing

is a side view of the |aser _coupling ..
ar r anﬁgﬁré‘nhﬁ a@fsotrﬁglcmafé\g @ﬁt.he sﬂvgﬁﬂo&]ﬁof FIG. 3, with the fiber positioned

within the block’s V-groove;

FIG. 5 is an isometric view of the silicon block of FIG. 4 in place over an SOI
structure including a thin waveguide to which the fiber is to be aligned;

FIG. 6 is a simplified top view of an exemplary laser coupling arrangement formed
in accordance with the present invention;

FIG. 7 is a side view of an exemplary lensing fixture of the invention, showing in

particular the configuration of the reference surface and associated lensing component;
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illustrating the optical output froma |aser source 24
as passing through a lens ing conponent and bei ng

wo owosgdse nto a thin SO wavegui de; and FI G 9PCEHUS200T@0813

vi ew of an exenplary arrangenent of the present
invention in the formof both an input coupling
arrangenent and an out put coupling arrangenent.
Detail ed Description FIG 1 is an isonetric view of an
exenplary SO structure 10 formed to include both a

fiberpfounli 5@% Q/L HPNARIBN: Bldling alrﬁﬁgerm&@ldpdhb Bgasent invention,

arr angerrent (0] pr esent |1 nventl on. |
inleriimcbelontivat ouipiy Troum® BEergpUIE? RS basioe tf&aasgu 4 leping

éaﬁéﬂenéeﬁﬁ%%&@@hse&hh@déﬂ%s@'ﬂwab@ui&l didzed on a g| ven
SO " structure.” The pair of couplings Is

only FI3 %ipa t%‘kxgwgf agy exemplary angs egg( tgﬁgr[efeélﬁ mvg%tlon in the

SRV boBAn BpEUESLMIE akQnEaRmit hEEam cutgitlcbelihgrtasganaing

12, a buried oxide (BOX) |layer 14 and a sub-micron

thICk single crystal silicon surface Iayer 16
ﬁaﬁii@kmﬁdr%mheferred to as "SO Iayer 16"). It is an

i mpor t, feature, of the resen t .
utili {zf(g gl i ag Lﬁ())mﬁ]trbc Vd?lw 8| %XS?I ar g&?tstti' %]ﬂ' Vl\ggérn% &o include
wbthfai fibeS&bupliay arradgemehtwndradast gcp@rlmg gupi gengnt of the present
arrange t ' Laldiv d Jor laser-
bna' rétrll o %1 (gcr)] %? g e?st&gpél%tgﬂ#ﬁxg{nﬁogr Efs@ﬂ a%dE gsn an or aser
bpeteid caliplings awty e Iutlh@eduwl aegiven Ok s’q@mm elisi raE Qﬁnct)lﬁ)lmgs is shown
ﬁé,%%np £k g &b oistﬂﬂﬁss?&}’aﬁlld'eﬁ&aﬁattfohc' ency. One

exenp aI‘K con guratl on ( Oor use in association i
pr opadatshern.\fletrasigien Ogompaiseaniliqeonisppssrae %aéwed oxide (BOX)

Lrﬂ&&hm ckmnas sryothl ARINAXIAEL18)e¢ 164KkréiMfter referred
AL 48 Lo e iR b aRagu gy 1 e er e

nm
inasg S dpyer é N dts a% %Qwﬁfeﬁwreaofﬁlaﬁgeﬁné ’r%elmoa\r{h?té)y%tlhzmg a
Qfib- gnéoﬁrmménbﬁna_fo;ﬂﬁdl WMe@ﬁﬁeS\nﬁMd $0101@3ml 16, 1hBh®ndth&r coupling
nan ot er ti ly t

PaggEpRal e s BPATe et BRI e Pbugrept dhiejs bor
lﬂ&: T ded SMDadi chlhabde@tvhkk oG inkathe Mavb’gmdcrmsls esemiadly the same

OB cibeD, (Rl o RERARATE o8 H MR IE Rt
powpepitiy veaveizhgthiof 48 1 m)i uiidiegeamditlaysed  bevinse ghickness of

Pﬁé n%a%l HO h&%%?%%qg&gpeq‘ wlhtﬂg)f'lk\ a'iOb AROEAftlizing an

age or a I cati ons ere OtO etector IS to
bgsogla;qd| lgr@@y;itpmaglgbq;mgﬁ ﬁﬁd\ma{nwtqrﬁ)g W&V@g‘h? and ™ modes will

cﬂéﬁwﬁ@ tiRSahSSp RIPLAHELLAY He MinklerREerrbl(@g ] Q:sﬁﬁilbh e\dB

I Xed responsivity wth random%golarlzeﬂf % ng d
mbmzatmw&@uiem lgE®-. Ttjintokecpreraines i Pfher Ha %Y Jifgnesses an
:nﬁfﬂ{&ﬁ‘ﬁér WIath§ g%ﬁl@ bRBcihiBd adjhasenioed meegf‘ éldl’dlﬁangdﬂﬂyl fhay be utilized

ayers o structure is ufﬁgl ze
SR aesepm%a PTG E B e =B SRR dent
(colsithgds atalrﬁ;bdﬁﬁht alvahtagefoy agmidatons athatd aglojodetvictor is to be utilized
\er?\z{sesgclfllatqoen WCH; rﬂ% wavegu19c inasmuch as the photodetector will be able to achieve
fixed responsivity with randomly polarized single mode input coupled light.

In accordance with the present invention, a selected interface between contiguous

layers of the SOI structure is utilized as a reference surface to provide alignment between

an input element (such as a fiber or laser) and a relatively thin waveguide formed in SOI

layer 16. Preferably, the interface between silicon substrate 12 and BOX 14 is defined as
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| ayer 16. Preferably, the interface between silicon
substrate 12 and BOX 14 is defined asthe reference

w@b@mnesyober ei naft er desi gnated as reference plBCEUIBYP7/000813

i nasmuch as the location of this interface does not

vary greatly fromwafer to wafer. Using this interface
as the reference plane, the distance between reference
pl ane 13 and the |l ocation of the thin waveguide within

.SA layer 16 can be determned and will remain

%ﬁ“gf&]:én@é bl\in@@\@?etl HHer ddstgnh@d bOrdi&epiR(RAnR!t 1@? ﬂmasrhﬁ’(ylﬁdé@ﬁe location

hat the 1 nterface between any conti guous é
Wf thisi ipterfage 4qef net Yﬁ%g‘ﬁ’ﬁﬂlly fyem yader tq walere Usingt ﬁéxgerface as the

Rlifeesce plzﬁiécfheaﬁst&dae btiReDfefdpédce ping 3 hfd tHeS8¢altion of the thin

Mor eover, ﬂ& er I@ ers are aﬂedtothe SO I I

ey geudgrt lH{!us GYSF & n%te(@ﬁ'e and wilf ffrmaé‘k%ﬁ%ﬁft@ y constant. 1t
(\BXbe understb 63 dowdi&| et the ihtdrﬂiyfe bsc)/v,eexﬂﬁwy a@htigies layers within the

i nterfaces betyeen, t ese ers
SIS s e b RareP R ieD FH11R o of Sat Bt et
Mcbﬁcfveﬂ, &s bthet 1alyeltstafe8dcﬂdd m&h«pﬁ@l strhee dmmg’1pmce$sm1g éauch as, for

ﬁ;]an?[ﬂ? '329§ WB eHgVBé {e?eca‘Pc l%/(cgs ,f asni'ggf thS nbea%lgesgbe e%n :‘!lg;:se layers
mglfa&oebehgect C+3 thcntﬂf@vmeterecoupl ing efficiency bet ween

opticgl fewu%tro F‘]I[ﬁ @rl,lqi, 3&4’] @91‘1“39‘ tefl as E%ﬁ%d%l&?’l Mrench

SA la nmen tween ense
af fdirmyé throg8ghthd thlhkwsw\@f\ﬁé@}ﬂfdetuwl (. dn pripoxadgierde. pptigpl fiber 18

ldclﬂﬁi Qfgng%d}egxdfféc)étlgr@ irh18%e P EYEDIInE effliHlélcy 'b@ﬁOOeeﬁ Bﬁﬁcal fiber 18

overlies structure, using reference pl ane

eed gthimpaysaide? farmetheithin SOI é@/@r #%dT*eeoa'mnWPb*&tween fensed

hdABF fibEP €8 RAY thirt Whwipuids BL 6 roPilied Bea FibbEKoliNak @ilxﬁ@e (not
fixture are illustrated and descri bed herei nb?l OW. i

skavgringhis yigxithatpveries the SOI giraciure uspnge referencgplape; ]g t%determme
ltRsBe SPoHsGEquirkdWh bfvidealighBERS FHe partiaulbedspédty ef tie fibérrholding

2 t .10, Al [
R A R A e A Rt B L A
sour calsdhawd it BiG. I\/\E‘a&zgsat gherc224tvehigh B\dispesddim a relatively thin
[5 g Lg6e fgrra%cgwltﬁwté | nt}ﬂwglg)g% ie gng Elef‘nllggt i%ﬂ‘? gg%{ﬁoned between the
W'utpht tfHaseps@seni4 anﬂﬂbntwmgmg{e P2tyspmyidé tb@trmlereﬂgllgfsefﬁmency
Q&?ﬂlfn‘ QPRE l%%:r’% %ﬁ@g?ﬁ%ﬂé%& M’l%ll Wa R thG N Qcc%pdaﬁqeé Q;ﬁﬁi the

'|n rece 1 a wavegul e term nation
Pregentanvention, 2| langing fixtore| 28ris posétipsied & friar agelativdy flegp trench 30

fm%e%eh RiGih ll'g,%ssaZJ ﬁfd%r\ﬁmgmgé‘{efrﬁﬁﬁtl%sxﬁmu 0 rl‘h%ﬁﬁ:ular,

the reference pl ane forned er 16, with t
rextcasggy

\A‘ﬁf’dtnﬁ foypure g fisy S‘ﬁtoslﬂ?lf‘ﬁiec? 367 By cPpian H'esfsfefe“ce

@'f&\?déﬂ'bxr S(blaﬂﬁdrﬂg @mﬁﬁﬁﬂth o8 §ux\ﬂddebl4l’$uffesﬂﬁqt t‘dagspan deep trench
f.ormed wt

ure fe
i p(gganf & lBES‘?%C%Wl?Oé'ﬁ laf g ﬁe é'ra r%g Zte ed[] w%respeet to
p&’ﬁiehteﬁsﬁlrfaée M@d(ﬁsalﬁfbemﬁ)ﬁllhgnﬁfensﬁltmv@nmhw in position. A

i&%%%c&arg?rﬁ{ér% n}ayfbgeiug%d 0 oaléI roggxgrgrf' évgtgxrl%sgp %JXY(% £4q8 rr%t:l\%ﬁlr We energy
fe&emg aitdqfe&tﬁacawlf lasm‘sonwatZ# ond meldprfcﬂd@aclwoagphlgf@maﬂon for
p%%l: biad Hé B?Iagéi' source 24.

FIG. 2 is an enlarged side view of an exemplary fiber coupling arrangement
formed in accordance with the present invention. Shown again in this view is optical fiber

18, including lensed endface 19. SOI structure 10, including silicon substrate 12, thin
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FIG 2 is an enlarged side view of an exenplary fiber
coupling arrangenent fornmed in accordance with the

WEe@3mesnos9 nvent i on. Shown again in this view i BCDP$1002000813

fiber 18, including | ensed endface 19. SO structure

10, including silicon substrate 12, thinBOX | ayer 14

and SO |ayer 16 is al so shown, where thin wavegui de

22 is formed within SO layer 16 and fiber 18 is

positioned so that |ensed endface 19 is in optica

HoR MR 4 Md 4oL B 16aY QIQ(S‘ br%%v@%heﬂe@mﬁ%%gﬁ@&@ Wff)ll?ned within

the present invention, ber-hol di n

SO deeg Ioprst Al 181 goseféglﬁﬁi gl ﬁe@%?ﬁ@ﬁgfacw jsdn Hb‘l"‘(é‘i plggnment

fW1bﬁhxn1\3a\ﬂeEulae b xaphcla@@ibﬁdecmtm& BieBerit u}u(/egﬁ&p\éqabéaholdmg block
grned in block referred structEres 0

4
48riprsed &xproyide &y d%ﬁﬁf&g ﬁE%r‘rV%{}t’l Vit Rpldigs B?re‘rgr‘ﬁé f’(xﬁd position
Réth@i &fﬁérﬁéve&& f'oSrh&d mmlodkl 4¢ Kn ﬁgsferreld%trbbtﬁre@ alflbd:l@&d &mprises
View o surface .44 of

SRR Sismagvarkng R i st Y O AT the partioutr
piesdet HGIR2Newp duﬁtc&m@te;faammmo nehized 6€a pfadcelsarfate thadl is

i te
SR Eort e el B Rl b 1R B P K slpgung g when
Wiach 4P eéspewtted @vetr@mrsern@eresl@r baecentddling the deptbrof v-gnove 42 with
' f
TIPS TS AR W O SR 00 o
dpsedsengface (1P gril e |ahgrpﬂdav:1§1 thin wineguidaija whef bloel 40ypeosifoned in
Welck - KNRidNayee Bﬁérﬁ&ygl %fﬁm()fnm §3dfle JF%}‘O%H@%QI I‘]j@/ be used to

pernanentué attach Sstructudre

REFAEHEE ARk lock AP deRObgryckurg | @»f éf‘ asjorred e, Gfock 40 is

ptdferaBIn fornttld OfF sitRbs, Mafic MBcHBRE Indlerie RS {oRBF 801 Sflcture 10.
struct sult, the conponents wi | |

AR E S e R PO IGHE T els AL B et PBerlegdcgeriod of ime,

kino®theg haeeanitbied dvaridigd &hﬁﬁnﬁpﬁipﬁmﬁdmwﬁt r&, I&ewﬁlderstood
owe

an der tood
B REET B sbeh ool Pt e B8y P dosiia Tnebiopk 4h.griere a
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i n associ atl on aser source,
disposed within, and fixed to, V-groove 42. A plurahty of attachment fixtures 48 are also

shown, where fixtures 48 are used to provide the actual mechanical alighment and

attachment of block 40 to SOI structure 10. FIG. 5 is an isometric view of silicon block
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positioned and used to provide the desired high
efficiency alignnent. FIG 4 is a simlar view of

wa 2do7082050] ock 40 and fiber 18, in this case wehu§i00s000813

18 di sposed within, and fixed to, V-groove 42. A
plurality of attachment fixtures 48 are al so shown,
where fixtures 48 are used to provide the actual
nmechani cal alignnent and attachnent of block 40 to SO
structure 10. FIG 5 is an isonmetric view of silicon
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t fib th). 1 . .
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eranci ng d”otHerw se
désod Barag bmfomneﬂmsmlgme@svmpn@ltmagnse oh etchdRIBmpcashivere a

'“ iﬂﬁ)l I{IE” 3%&%&&19 lfelféﬁ {/ %s&ﬁto 'férnpﬂéic}n '39 n &q SW)\LII;] It&r?‘?r? §® terminates

e or ) appFOXInH
lbii ﬁd?‘%‘h%ih é@thl\savaa'ads @2 F’ﬂé? t%@lrfaanmlwaﬁgna Particularly evident

qloﬂlvseﬂ&wmk pb@B&ihY 6f lefiterRb ';Jané R B thB irRGERSE bettBh SiliBon
"deep R process 1s preferably used to formtrench

Spbstrate @W&MOX 1R H @5 meatipRed PR § thealag?ra &iga1 be vged to define as
\Mréﬂ&réh@élﬁlghlé d6chZad tid BieerfaCé batvadd BOXAkyerildau@kOl fder 16 or,

rticularly evi th 0sition
el Enetiop Fufrel oot SaEiysrath Reeriiafgehe BiirPignwd o
$>ub8deraaxte&réjﬂ:e plutle, B@)l’oﬂ@sdﬁseﬂ.ébu(‘wmmm@mmd latsingssomponent 36

h { efine as. f ce
%f Opergy ﬁ‘we % Flv aaic%eﬂ e?u\ﬁ’g %Vgg% cetll?eé/r%crl] 14 and
Sa | éyeqcom@n@rwmatl!e@rmm irgdngion,ttherefoop r@“@mﬁmrﬂaewﬁ of lensing
Qfxtugr\‘gZS ksa&églrgnéu@n Cdﬁﬁ%{igl’ll G tﬁgpotsni%n'oﬁe(ﬁgit‘n@EgmH&?eqt ﬁ@ so that
when surface 34 is positioned within deep trench 30, alignment will be achieved. FIG. 7 is
a side view of lensing fixture 28, showing in particular the configuration of reference

surface 34 and associated lensing component 36. In the particular embodiment as
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provide a reference plane, as long as |aser source 24
and i ncluded | ensing conponent 36 are properly aligned

wowam/ostesn wavegui de 22, coupling will be achi BUEUS200TI000813

accordance with the present invention, therefore,

reference surface 34 of lensing fixture 28 is

desi gned, in conjunction with the position of |ensing
conmponent 36, so that when surface 34 is positioned

mﬁthin deep trench 30, alignnent wi || be achi eved.
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23 ngf r g}lilelbr(ljaerroﬁvzta%'c-le-:lr]rgln[a‘rlflD dneof(r:] vga:]v\ré 1\15\1/?% %2 ftﬁg v%)rw?aaitoﬁ a (f)'?nction of the
tacheal\davegmnd ef fhedim antl @qmrpad atavelehgtb(s) beigg used).5Dppending on the
?erf@fngn&a%aﬁ n’f@n% r %rl Epﬁlf‘cﬁﬁgrﬁaédcﬁ’g nfde VBN R} ﬁ%ﬁr] &

atic taper wl conver:t
Fraittied o phatifipaebased of lafqﬁ@awd@epplwmaaaera?ntwa%wf fethis view

%%oﬁf?é?ﬂllé‘\p&%ﬁéﬂi ﬁ@%{ﬁ%d’htogugpdmfhk? sGur¥@b41gnd, ?ostsm?y ,1badlg8e monitor
. . nm a e narrow ti I al 1 on
SV e ireh COHEsgaF rapos st F 6B OF sshietip i view ths
fheITBd:S pOINS oibndikCelbinpnt 28 daik B@acg@:itd:mhcld\ﬁveineﬂg‘tuh( &pupling by
bei n endi ng on.th re UI enent s

Py R PRGELS LT EaPT DRG0 sl al omyeh Bl s

Bﬂmnnedﬂﬁeof&nmhgebﬁmb@%gbased or | aser-based

cou pl %eﬁ{lgr%r&ga%gs@tlt 15 p(lr:s\ﬂbgeetgtusé fhe cgﬁlﬁm\é' a%ngement of the present
invention as either an input coupler to a thin waveguide or an output coupler from a thin
waveguide. FIG. 9 is a top view of an exemplary arrangement of the present invention in

the form of both an input coupling arrangement and an output coupling arrangement, in
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Is both shallow trench 26 (used to support |aser
source 24 and, possibly, backface nonitor 38) and deep

W e@noseo39 (used to support |ensing fixture 28pCT/U$2005000813

evident in this view that the focal point of |ensing
el ement 28 can be adjusted to achi eve maxi num coupling
by noving fixture 28 backward or forward within trench
30 (as shown by the arrows and phantom outline of

| ensing el enent 28). As nentioned above, it is

RIS §k4?1|t1;ﬂe,taﬂ iR fibBiel 8 LpoRd 18 aligd gRAaRn inpat Ie‘hfﬁﬁg ﬁxture zsl, using
presen I Nven (0] ni1np r 0O a
TG0 e Bloch (3ol B In B AT B e STheR cBu, Tt ygput from

FédsingTixindre 281 io focub@Mnaf thiivaxsgulpd 2, wiash g eﬂr@m to :ﬁlfoptlcal/opto-

5o B e D OB G BRG] e et a variey of

aiuﬁfemgten@veta,ndlmmmsale@panmIdevlcanwherﬁ ttte cfuthﬂrfroerbl])clt $00 is then
§;ﬂ9c§ ﬁgo gr] ouq%ut%ecftlon ol} thal{m1 wll%{/1 C%r(del(éég rec{e;c(i tklrﬁ)uglh%r] output

r}msnerﬁxajes@% bt&tjmabwmtf'bhelﬁwt put fr om | ensi ng

fixtu : l,ch

< an Tortche i fert8 HRE dedcph ol sAEGL B e ¥Biitossof he

fpmsn@dnwntlm may fye V@@d lstrmamtvaé Swihoekiati®B anayotity bt regerded as a

@eﬁlzﬁfu‘r@fr&m%e Hifid a@:@%@&peacﬁtﬂ# 1ﬁv@1@igﬁ Qnd Qﬂ%ﬁ&:}yﬁoﬁ Pheedts as would
devi ces, where the out rom bl ock

bE@BYiees torng slalHe‘é) in the P“ Sescipteadeddpr mﬁiuﬁlomm@gmha scqpp of the

amnfbr £CdeBitled By MegBlIAMnLYlaY. | ensing fixture 280 and

into output fiber 180- Fromthe invention thus

described, it will be obvious that the enbodi nents of

the present 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

nodi fi cati ons as woul d be obvious to one skilled in

the art are intended for inclusion within the scope of

the invention as defined by the follow ng cl ai ns. What

is clained is: 1. An arrangenent for providing optica

coupling to/froma relatively thin silicon wavegui de

formed in an upper silicon layer (SO |ayer) of a

silicon-on-insulator (SO) structure conprising a

silicon substrate, an overlying buried oxide |ayer and

the upper silicon layer (SO layer), the thin silicon

wavegui de fornmed to include an endface term nation

along a deep trench forned through a portion of the

t hi ckness of the SO structure, the coupling

arrangenent conprising a |ensing el enent for coupling

a propagating optical signal into/out of the endface

termnation of the thin silicon wavegui de; a reference

pl ane defined at the interface between adjacent |ayers

of the SO structure; and
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a reference structure for supporting the |ensing
el enment, the reference structure attached to the SO

wa@reoaoswse for providing focusing alignment beP@EER2007/000813

said thin silicon wavegui de and said | ensing el enent.

2. An arrangenent as defined in claim1 wherein the
arrangenent is utilized in conjunction with an optical
transmitting device, the optical transmtting device

di sposed upon a relatively shallow trench forned
t;p;;,gqggya;,gwlssa | ayer into the silicon substrate, and

the reference structure conprises a separate component

for hdudinrirapgenend Ao negy iding eptigal coupking g}%?l@r@crelatwely thin silicon

Skavbgtid ®ndbsReneppa! PRBntfRY @.ﬁﬂﬁaﬁ"rmlﬁ&h%dmhﬁator (SON
create the endface term nation the sjilicon

VHYL UG caBPEHaS Pﬁ'&F%F?P@trﬁteffé‘f%/Fdwéé burigds oide lgyerand the upper

dl]ﬁﬁﬂiﬁy@rr(s&lflzf}lef)l @Bthih @uﬁ&awawg@ldylfﬂmd% u&mdé aqeeﬁ@face
tical alignnent

g AloaRa et <B B PR R GHORoSef te SO
tstricnuis] dhee empmvg‘aﬂgmgedﬁent Somphrldehgar r angemsnt as defined

I f tr i
B0 L o g S SRt YL P PTBG 2 Betnatc
¢eraninatian whthedhin stlicen shwddudde; t rench and deep trench are
f
aﬂ gﬁgeérfgé'h Fge aﬁal% C%%BEA/ gtl tir'x]g [C}nlteq‘a.%p E&%ﬁg’{ e(l)cgaec%ﬁthlayers OP fe sOI
atrnetwrgernaint furt her conpri ses an active alignnent
el eneqtedQhcAMuERE 9 s&;ﬂ)% BRShd 169311 BeRbn Cﬁ he rlafé%k@&ructure

el ement wth respect to't e vvavegw e en
eeache & the FOL émgﬁtte“@ ifefeprareidingnieguc vg pllgmgerébm@ee faig thig silicon

TheeahidadanRNénsaS dghdfied in claim5 wherein the
active alignnent elenment conprises a tap-out waveguide

di spodednAfEagsERANt phdefingd & ¢lain bivherein tf‘ﬁ rnﬁa@emeeblﬁ utilized in
\éﬁr\ﬂﬁﬂdﬂotd&wﬂlchnaﬁ)txbﬂ tﬁugmwe?;og t?@ B?ﬁ&ntré}fsn{lﬁi%g device disposed
In al and, a oeecorcou
PBILE Bty isBalpy reagh forgmaiosb B gl G Hlto g Siion substrate,
hﬁqbth@uéfemwegmdlee acnﬁiprgaeme s@iamatd mﬁ;ﬁmmmahcﬁ@mgrtm& lensing
t.he

f t t f th
3| ERh TRy Rblede Po BT El e I oo ARt sy e
endfacs telrm;lyatlcea odi ¢l sel\vceni waegfite ardr naci_gélrrg atrefagendefurfaeelof a
'dﬂn&”!sﬁ)h%ﬂﬁc%?{oes'pgn {hlg%}nﬁ{hrcﬁ Q%S tr%nl?]:h %é Ho%l?d% né)ﬂ{:al alignment

conjunctlon W th an optica e arrange
betvehe paid tavping gienvgntamdasmd@nﬁ@n@ tebhbr@kon wﬁﬂaubnh igpiliconoyrveguide.

MBj Or 3SYhE ACtheehbS: a@ldbﬂmﬂtcla%@%héraﬁ kAL R Re structure
V-groove forned through the top najor surface to hold

ﬁ‘@p%fffﬁlaé&co? fiHEtureuch that the fiber core is aligned

with aarnaie E@&lg@ﬁbﬁras%blﬁﬁ&ﬂﬁ claifi® whdrdif @1t BhIGN FBAh and deep
bl o rrg%red wiith the S E}ucture such that said top

fFrapdrare frrmsd ES‘P%aé‘faPté‘é%‘é’B ef INEPEOSEY structure so as

t o al 5gThé bi®angement as defined in claim 2 wherein the arrangement further
comprises an active alignment element for adjusting the positioning of the lensing element
with respect to the waveguide endface termination to provide maximum coupling
efficiency.

6. The arrangement as defined in claim § wherein the active alignment element
comprises a tap-out waveguide disposed adjacent to a section of the thin silicon waveguide

so as to out-couple a portion of the propagating signal and a photodetector coupled to

10
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optical fiber core with the endface term nation of the
thin silicon wavegui de. 8. The arrangenent as defi ned

WO poociosion? 7 wherein the optical fiber includesp@r/usgeeosi3

endface as the lensing elenment for coupling into/out
of the thin silicon wavegui de endface term nation. 9.
The arrangenent as defined in claim?7 wherein the

al i gnnent bl ock further conprises a deep trench forned
at an end term nation of the V-groove that supports

troezive the bptesatifi g pfophg A amhg Itli&gﬁ»foﬁﬁ\ogfegﬁﬁe 'aﬁ‘c[‘één@ﬁhte therefrom
ar rangenent efined in

L R e AT R oA S —
amtibmgeirent caplideéfficrdcy i3 ac}hlavemn 1 wherein the o

| at t hi i de .co i ses su n ..
ot ot St G ¢SSP R R B
whejuectiont wich sudptivalcfiten tblé mmgémenﬁ(fumm egmpdﬁng S
Co ) SRS IR A A5 LTS gk ntuing
wWhrarceve fqrhled hrenghdthe rquaaj blaweﬁacq:mr’rpid the sptical fibalsnesthat the fiber
ggregga t\)\ﬁ{h Jar}latﬂ%‘fllafo(?%uxrﬁqgéﬁgarhc&# %l e%]&%n?ﬂlgé\{‘x%e{*ﬁ with the SOJ

In c whereih t ace
tSABCtage| Svelbwaéwfkﬂop magorgrfacetieatiaghedty thx QEsthugitae sa as to align the

Wpach! FBel Hife {vﬁfl NP AR Rati O of e ﬂgll‘l ?lggmaveg%de

arrangenent. 15. The arrangenent ined I1n°c

wher ePn Thearraragpientiy deingst r@xﬂlad@d? w@qrweélw eaiichlrfiher mcludes a
OdtsbL @ldfde G e 18MGhoPeldhd ft c]ohﬂm% NRYRIF B8 thid élhca_rh@avegmde

arr ngenent .as defined in clai wherei n the coupling
%P%VPH@ametmeen a thin silicon wavegui de and an

out pub. Qpt afratgeticheds.defined in claim 7 wherein the alignment block further
comprises a deep trench formed at an end termination of the V-groove that supports the
fiber endface for supporting a separate lensing element.

10. The arrangement as defined in claim 7 wherein the alignment block comprises
silicon.

11. The arrangement as defined in claim 1 wherein the relatively thin silicon
waveguide comprises sub-micron dimensions.

12. The arrangement as defined in claim 11 wherein the sub-micron dimensioned
waveguide is configured to provide polarizatioh independent coupling.

13. The arrangement as defined in claim 1 wherein the buried oxide layer
comprises a thickness of no greater than three microns.

14. The arrangement as defined in claim 1 wherein the interface between the
silicon substrate and the buried oxide layer is used as the reference plane for the alignment
arrangement. '

15. The arrangement as defined in claim 1 wherein the coupling is provided
between an input optical signal and a thin silicon waveguide.

16. The arrangement as defined in claim 1 wherein the coupling is provided

between a thin silicon waveguide and an output optical fiber.
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