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TWO DI MENSI ONAL LENSI NG ARRANGEMENT FOR OPTI CAL BEAM
COLLI MATI ON AND BEAM ORI ENTATI ON Cross- Reference to
waRedoatiEt5Appl i cati on This application clains tPEr/US2009/047427
benefit of US Provisional Application No. 61/132, 407,
filed June 17, 2008, which is herein incorporated by
reference. Technical Field The present invention
relates to an arrangenent for coiiinmating and turnin
AR OIUMENSIOEHRL. AENSINGr ARBANGIMGENA EOR ﬁﬁ’ﬁtiﬁe&lu%fﬁmg
a pair of OUH-IdMBREISAND BEASEORIBNIeFdOat e t he
collimation into one-di nensi onal operations, while
{fmsun@yahez@RﬁhﬁéA@mm@hmensional | enses to al so perform
the L.urni.ng. oper at und. of, Jnvention In
many ot %%fomaérfl e bene @%g%?é"gt ‘&{101 ﬁ&nﬁ%’ul ate a
61 pB@p@g&kﬁngmﬁptE@RLwSmghakﬁﬁfmmmemew@banﬂmtmeanother
wi thin a substrate-based optical arrangenent.
Ei ectrooptic devices, such as wavegui des, generally
Tebmatdreid Wo primary planes - one paraIIeI to the
substrate and one perpendi cul ar

substs RFEN EYTERT *h%g BT BTG %"FO H%."”Bpt dt&‘i"m@é‘&m

oph@es&nt MdbaotWaRRGal tb Bcieddett of twd-digRhane! Rhase t o
another. FlIGs. 1-3 illustrate a prior_art arrangenment

seRapelt thy €oljgaliPm Blopreierasipesl gp rét&tnﬁ’d’rf‘ BISRA OBpLY ERIvO-

dreAngh@A 0 9Re ped ANk ALY dRr@hRt her. FIG 1 is a
ide view, illustrating an optical waveguide 1 forned

along a portion of an optlcal substrate 2 . An optica

Bagﬁ@m{&@”)ghétb{l&t%df ace of waveguide 1 wll expand in
all three dlnenS|ons as |t propagates out war d from

\Navb”gﬁfi“ﬂé’”lia ﬁlﬁ\‘ﬁ‘?%@ isneepArg myBIE BN e Ppaghienartical t he
sxg'ﬁﬁqw 54600 a}h'e%e/\’*t{%fthel:tvﬁ %su%@??%ro%dagﬁl‘a@%r% ment. Electro-

“coordinates as W || be use ) ut” this di'scussion
oplag €evick$, yedhraa tadedu rﬁeb@enﬁrtﬂh@eaw@ tah gripary\nirsie e plipeparallel to

thezugf?ﬂla an?(o ;@%ér&%gzﬁgﬁi thlg%t Q)Otg fti%‘ffl ubgt el“s @FLSH\A@l\L% léh gteortlo

and t ane d es endface 3. in order to turn
thqmnw@ahnmeadtKﬁnduweiﬂhr@srrwtwmhﬁaxaphavegumder|n

ano% )l%%r d: (‘faotrlore 3( QP a!ngé chl]??\gt tg u:\,v‘v%/ %% Lg gl)réctiglp of

angl e 'ecting sur ace®is o
an mefda lex;gnah@ms wnf acentadion o FoGer. JHGREst aamtel W st}ustrattzg E%

1S al on the ut si

or yiRaas 1 Sl B % elbP bl aPE 2 R Tpucsypesn@
exisiys teiface Ref M@cdglumg 1eur‘fea@;ed4n M thieeidhte@sioapds i t;litepaﬂates
- q%gwﬁggﬁéggn%and in thlsﬁconfu%urat on, d|rC Q .
ik I TPSFAPP A Y E The RE Bt e SoRFYCAE !
FIG. A umBiQagedidn X 07 Codraihh@Cis Wig bs ukddageughout this discussion are
itlustrated in both FIGs. 1 and 2, where the Z-axis is defined as the optical axis of
waveguide 1 and the XY plane defines endface 3.

In order to turn optical beam O and re-direct it into a waveguide in another plane
{(for example, “above” waveguide 1), an angled reflecting surface is often used, shown as
reflecting surface 4 in FIG. 1. Reflecting surface 4 is disposed along the output signal
path from waveguide 1, in this case defined as the Z-axis of the system. Reflecting
surface 4 will intercept the propagating beam and, in this configuration, direct it
upwards. Generally referred to in the optics art as a “turning mirror”, reflecting surface 4
may advantageously be formed of the same silicon material as the remainder of the

arrangement and fabricated using CMOS processing to create the desired angle of
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may advant ageously be forned of the sane silicon
materi al as the renai nder of the arrangenent and
wo atmoitsmsed usi ng CMOS processing to create thecOes200g047427
angl e ofreflection. For the purposes of the present
di scussion, the phrase "turning mrror" wll be
herei nafter used to describe this conponent. Inasnuch
as waveguide 1 term nates as a perpendicul ar facet at
refgndirader G pswesEloGhePrfson danvseinh.ahgrdase [Tuostg airianwaf be
nefRIRAGE ) ueCXPEAR Al Bl e beam in the Xv plane wil |
continue, causing t the signal power to spread across a
reIhfwvaﬁw~Mawg@ubuﬁﬁan@mameapdaswmmkm§xphremﬁby3dh@
FI @O‘nflogavmgl\{agg cf) F]Estr%p elngfa g xr% q%ic!\r/xburfekovb% *1 H]i E\% xt&es‘ﬂ?le
expansi on w con fhue arter “the
will eerdllnnéectiledlﬂbye ‘tigrrahpﬂgerm spraad adross aF?r:ane:a)B aagwdn rface area, as
G ESRELhF b TR RN R oty ey R R VP

co@pist e@dr Y}Mm Ohely dserexidtredediamegingdeirdor aﬁﬂar’@éﬁmd associated
re:- dlrected Thi s consta
sppaites P | HUBPE 4R dobah olrivgvarav SRt Mo ar sy the
tmﬁ@:ﬁ@ﬁbe:ﬁ{ Canyepet Mavauivg sad E&Hﬂfraﬁﬁec(fﬁittﬁhu@&gpﬁiaﬁetl
5). _Wen re-directi an. Optlé' ggnaL into ,
o TR R er B P Ers Ry e enege g i) fsnt 4t g

poiPalbel erpEefemallant 9). CORdT @lditt R SPObt 1@1 iﬂna@fmd he
re-directed bean1so as to |nprove the cou

Wy EUIGE; IRICY e M MR ice e 4t kR gt BB F‘@%Pmﬁ@% fo Ciowtr% therrgot
siz@bN@E rA@MBAY e sORLtb GRbrolEGEEMIPNE: SaYik &S, of Me friiRgating
like. That is, it is desirable toTimt the expansion
opigal gigal 1 ihe AIneuRPEENIBNOPRIAbFGE ke §o ks pialikal BIEt Bot is
dedifBle G fiBALHQR Qfmo%'ogﬁé'on@ra‘QQM)H@enﬂl{,' ax8s perMABRuiar (o the
propagat i ng F -axis, limt expansion in the
dirWOppaﬁ@)&f P@B%ﬁ#ﬁﬁy(f@f’ fvﬁ‘hﬁérlpﬁ%éﬁfw Pengrthelrssd i e gianiion
n B AN ior art is addressed by the present invention
Eimﬁ?%hgﬁg?ates to an arrangenent for collimting and
turning an optical beam and, nore particularly, to the
use of a pair of t wo- di mensi onal | enses to separate
the collimation into separate one-di nensi ona
Suopriatfitbadivemdid e using one of the two-di nensiona
! ensgs Lg Fuqlléﬁq cp%rtgeo “Egl‘tdg ac.%e §c@%v Qn%% e%le;#tq‘pveﬂ'lu[}l which
accordance Wi th th resen Invent irst
@WU@dhaﬁmgﬁmnmﬁmhensmn@gsmimmnmgammpdqua&e@%hhmhhe

I
gt el B ot TPE e P B PeE 8ol D Bk Bleceligrian
mtak@agtme-daﬁm&oaé dobretieysv e (siiglonex@iptves-ditaesiohal lenses
. qxg%; A ond two-di nensional |ensing surface is
P r%éH’EV“mHFFBﬁBE?hg a defined curvature to a
t ur mi dagoridnct Gdth ke driientSyahedn, a TiRe nedliiahioe! Rhsikhirface
turnlng mrror is de5|%ned to create col I'i_mation

IS PO he N A cfeditr By TR E HEVGF t hogoRal™ b okt Fem%
sufdak Bro@ RIS €solifi®ion along one axis of the system (for example, the X axis). A

second two-dimensional lensing surface is provided by introducing a defined curvature
to a turning mirror in the system. The curvature of the turning mirror is designed to
create collimation (or focusing, if desired) in the orthogonal beamfront {in this case, the
Y axis beamfiront), while also re-directing the propagating signal into the desired

orientation.
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Y axis beanfront), while also re-directing the
propagating signal into the desired orientation.It is

wa@nooadyaat age of the present invention that bypPCT/US2009/047427

separating the collirnation probleminto two,
i ndependent one-di nensional collimating operations
(e.g., first X, then Y), arelatively sinple
arrangenent can be used to create a fully collinmated
si ghalan peéleategwel the pasdnyinventivh éadwescadrhtirgytst erlimation
pros"%:%%tg%%g Wi leezlzt%n%«gﬁ‘newsggaqggiu!*ﬁgf\{rengﬂe% oY (Je.l,cz., %?s X, then
described befow in terns of an i nteggraf ed,” "
Y}, sirdintceh-drasiedrrarbodiirenbe udet td Sedtoa dly unidlenst ogdait hat
ITﬁiaghg ggqgg . Og,orlat,i.r@gi gnk:@gg} orientation configuration
O REVpf €SNt R 1SR4 %ot so limited, In
parwhi¢ithapresdt Beerive wopbe eatrileanponentssml bemsesgrated,

.gratings, mrrors, prisns and the like) nmay be used
st G D g Bereht el i v R g Gl B oS bl o
oridatatyn cerfigtheiéNer-tBd @Psc@Oinldnital isent anthitedr M Rgticular, discrete
Fqﬁe_\r‘ati ons ﬁf Lhe present invent izé)r;. :Trse abi lit) Lo .
OPUCHBGP A8 S B S B S PR A3 oPd "8 Ko )ghat oA P any
typHOMBMBTing deSp2ang) seiediadMmantagronsmwhatepBN¥hation and
arrangenents, particularly where an array structure is
turTi R EPQTAHAE A A HIFSAI HEVERBPR i ncomi ng optical signal s
needs b @n0e i Gedhic MRtBLARdinLr Slid8Rtedm, IHdeed, ist he
abiiity to forman integrated, nonolithic coupling .
congif¢rathifeARASOUS foR RN ST EEMOS: PREBIEY ST WeF e ¥t |1SEHI & s
usedl SnCPR S0 R hcbRiRQ 83 kORI heall, BAVRNLAGEHOMEL RS,
prior art, particularly i'n terns of cost, size and
Indgedpihe dRibivip Farmyan imegpled.ergretthérdsorlingsyangsinegt using known
MBI rGR% 81 ; LS8 advantage over the prio
O B e B a5 2y P RaT e aivemts e g i
art, pyiowtinligindsrgnal ct jpagad iepgdeliohy. & melvoeliérdedromieth
L in.acthin 1li.can | aye f. TS
o TSk dnd ot AT s Sy 8L agon vi e
incamingmgerrerpsgating theg presenide fonreatn ohiniutihcesdeombayer of
the @Bpgr&gam%;{i ng the course of the follow ng di scussion
“and %y‘ reference to the acconmpanyi ng drawi ngs. Brief
De sitheicpinti otheodd vhitegebr s g gerRef i tiangesaovin taativheill
h draw n%s, where | i k_efp@rrg%gl s I pyﬂesentd%ilgg ence o th
CUBRIEREAL LTVR UEevaPar UF SIS TEIREC158 49 &Y HETTIEW OF a
accfipa@pin@kitavépdsi cal turning mrror arrangenent; FIG 2
Is an isonetric view of a portion of the arrangenent
of FIG 1, illustrating the conic beanfront energing
fromthe endface of the optical waveguide; FJG 3 is
an enl arged view of the endface of the optical

BrigllrseiinTqe b edHBWIHSF n

Referring now to the drawings, where like numerals represent like compenents in
several views:

FIG. 1 is a side view of a prior art optical turning mirror arrangement;

FIG. 2 is an isometric view of g portion of the arrangement of FIG. 1, illustrating
the conic beamfront emerging from the endface of the optical waveguide;

FIG. 3 is an enlarged view of the endface of the optical waveguide as shown in
FIG. I;

FIG. 4 is a side view of an exemplary embodiment of the present invention;
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FIG i ; FIG4 is a side view of an exenplary
enbodi nent of the present invention;FIG 5 is an
wendoangedy i sonmetric view of - the wavegui de enPEBUS2009/047427
the arrangenent of the present invention showi ng, in
particul ar, the positioning of the first
t wo- di nensi onal Sensing surface with respect to the
wavequi de term nation;, FIG 6 is an isonetric view of
a poft P dranghiargre. ia@rﬁ%ﬁ@@ﬁwé*@ﬁvaﬁf@d%ndaam tisbs ati ng
arri'{%@mg J14RGRLRe R MVefiri &&%Q@‘v{ng nk p%@ﬁ Q" 19 pbsiemitdr vhd fist
-di mensi onal Sensi ng surface; % is atop view
tvwbﬁlmhéor@hﬁawﬁmﬁ%fvlﬂwa@eumﬂ m‘@‘«esmri%teanwww ew of a
Prige 85dandbddi @%E@%Q&‘H&—%n offthGirradigd e of O Y] iﬂ\eétz@fma
an array arrangenent fofmed i n accordance with the
theprueeast conimpent irgm emFIg@e {1 ths fiath (s dimeniipeal Vinging ofrf2etie
ar Ay, 317 ANOSIRNE O e Gl offlG 411 1 @ si de vi ew of
an alt érnatlve embodi ment of the present invention,
per Figr. fiiyrgtoXvaxi o aqolot aratdyemraaderent; Y- axi s
g?lllt‘lr(]xggtéslra?tgﬁ VEI};JEOT&“%F%\F? nr%[na)en ﬂriF%é;in ag W* 1fc% %itgg{etl on
presany iveatted; coni ¢ beam‘ront enmer gi ng fromthe Y-axi s

t ensj surface; ) & .ew of yet
ano]?lg’gr‘ ésr?tr)’éﬁmehhc ‘”l%‘? O{ ﬁ%“r&:’ a§éﬁferneﬁ€§nr:flt’o¥fv inthis
cased. ntlsudiideyiav paanaliemhital dmpoditreved tsegerd: iSemsbmng
urfa;ie,rx ;ggzﬁl‘ orm nﬂ% focusin of the re-directed
PeGPET Y “Ha S TERY R 4 DRSO Bt PEn 1 n accor dance with
t PfeHIQT €3 Bnh idomeantidionof Wr@&ﬁjf&ﬁﬁariaﬂg@mpbﬂ'mg 10,
cienc

a.re-directed i cal
”“"“ﬁ%i“&x?é?o“’%%/at? SRR G B Forb eSBaT Fgns susfice and
U WORHITRN 1 QMR i B GhoShet EaBRBmEMNLOHE R séf 1ABGRMBMlthis
erformcollimalion along two axes while aiso

{o .
Cﬁsﬁl’%ﬁida}gr?g’ﬁfﬂ%i IGagrrREd FEonl PR e et Pftrhém%"ﬁéﬁ%‘[sm thige
re- @;ggé{gblopgwg;yépem of the present invention conprises a

first two-dimensional Iensing surface disposed at the

endface of an optical waveguide to provide collimation
along a first axis. A second twodi nensional iensing
surface is provided by introducing curvature into an
De#ﬁé‘b@ﬁ%t@@@’t urning mrror (or other re-directing

d ewn%%)orgﬁc?&/@( hde, ok m»te!?@ond ﬁéﬂr&% etk lcbﬂﬁfhg QfticledEy for

focu5|ng a second ort ogonal axi s an
a rq-giregicd @eti¢abpi g iﬁtaqéﬂcgaddnanwmomﬁ@aam@v ReferaiRicdepi on.

dml:elmqsna AEnszz I:L!r?lld%hﬁt%ftﬁc ﬂﬁngémgoag{eyf()mo(?%mtai& 1&«9%«35

resent
whi ie also pfovgdmg the desired re-direction of the signal. The coupling system of the

present invention comprises a first two-dimensional lensing surface disposed at the
endface of an optical waveguide to provide collimation along a first axis. A second two-
dimensional lensing surface is provided by introducing curvature into an associated
turning mirror {or other re-directing device) to provide both the desired collimation (or
focusing) along a second, orthogonal axis and re-direction of the signal along another
direction.

FiGs. 4 -7 illustrate an exemplary embodiment of the present invention. In
particular, FIG. 4 is a side view of an exemplary substrate-based optical system utilizing
the coupling arrangement of the present invention. The optical system comprises an

optical waveguide 10 formed along an optical substrate 12 and terminating at an endface
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particular, FIG 4 is a side view of an exenplary

substrat e- based optical systemutilizing the coupling
wareooangesent of the present invention. The optPCBEIUS2009/047427

system conpri ses an optical wavegui de 10 formed al ong

an optical substrate 12 and termnating at an

endf acel4 of substrate 12. As with the prior art

ran nt descri bed above, the op nal
14 %ref‘??f &rrgs 38 ‘ﬁ@“&ff@?ﬁmﬁﬁeﬁe%r‘%&f%o&? ! W“ﬁ@t%%
is dwhedes endiace: 4idq gi@E RS drie ke vane: aldtkbes agldecak
stem |n_ accordance with the present invention, a

XYH%W§P B8PSRt GA" operation is perforned by a

t Wan déddRABEONR thSBRSIRGvEMIch AL 201 TR dpattidahe
term nation of wavegui de 10 along endf ace 14.

Pef‘fpv%cdoqyﬁbtﬁ/é‘rfbw&?Sﬁqf@h‘éﬁlw wifprgddorppdiasthe Enmingtionef, i n
waleBhige @Xa0R &ydféc@l@oﬂab—ﬁﬁﬁ&sbﬁkﬂ leXsiRg b reyefs. \,@m u@id tshe
propag atlng optical beam For the purposes of
sm@'gfémto FelveatitonX tahis svayefa petberrogiggied vﬁt§aid7é§mgﬁaltté%i
puv&%e&?f tkfér%enﬁméaﬂuﬁmgﬁbgﬁﬁat SOIBLE 16 dHaBW L0, 8PPk 0N
face 14, best illustrates the |ocation and shape
enimvdawr@ﬁrémmam]a poworipimsdBF Habedt divsraies Bulopaiive apdshaps
of a8 eQéﬁ?&% ed. dedhﬁé};"s n06ufacs 20 1 GO RASEIn QR &b
system "t echni ques such”as reactive [on etching or
siliqndsred ogtich mgfnrrﬁtychmeuqasw & ceagtiwabeetthios oylasndraiaials
mafigeoifsl (!i % c?(gatej, '%Q?I r}gr §alil m%‘fe u‘%&s% c?%* %Qge Jté'aw\ml le
Wo-di mensi onal” I'ensl In this
exaHpWemasﬁmehhgaHyMWmdnﬁaaP0nﬂ¢BWnucﬁwmaﬂwpkasbmn@ be
C‘/E l""lcri]rcij\,eay i3 sa.mégurehat <\L)/a"»€r !ji E‘SStbaéhh vanous gtlhrr%n§ doqg'“lﬂom
ge retr es may be Propri rate. 'h
g@pmwkscmvawu%a~QMampmgp@MenmmﬁﬁmnaFagsmekekmemakﬁnsgmay

f 20. . A ,
S A b S AN AT ATt
s11;@amasﬂd|dptlz:esﬁbemrmc@m$bamg;tit@@hmamﬁs@etsﬂngxreaaﬁ@_eato

gra %E Fresnel structurﬁ or aq¥ othﬁr gﬁg[gErLage
orey W)é d FEPBhAT T ER<Y AR LUFPRREP My aHBF TP 5] 18
surfa@nfih gweai Ecl cM&gﬂoQI‘hm\M which gp@w bdeide @birlinlﬁﬁ(ﬁﬂ Ofngadn@ Elfgis one
axis m e ysed. as, a two-dj nensi ona ens sur face
may pf ‘éﬁ%%ladt&ﬁc‘ﬁmﬁﬁ‘sf%‘a’t RS IS S RTRIN PIFOERRGOH 45? %Fs%“f
invaabgh 1s an isonetric VIeM/Of optical substrate 32 and

| ensi ng surface 20, shows the truncated conlc geaonetry
of 1681 §ivhidaanisgngric ve of Raical ibstraimis 404 %‘ﬁ%ac@@éﬂ

ﬁm@&Q%&ﬂﬁéﬁ&ﬁkhk@@%m@ﬂmﬁtgﬂ9m&6QmXaQﬂ'ikﬁﬂ@ sk errdden
expansi on of the beamin thi partlcular direction. As

pProypswRl intaRen biéa%ﬁfé% Piingdilingts d1 TREpgIstoRal thedaam fgthis

naﬁ%‘é(afr @Qﬁtng WL LowGORE b Bl i PLBRAYAIHa! 100Gt NGk axi s
continue to expand in the Y-axis direction.

will Gmw t@ BrORRE(F qngébv Gfxip el wiisodiine i expkndinthe 4-axis
di R%&QXV\AP@@ AL al%’:{ §; l:& MS? {reh%tf'ﬁftﬁ‘%hg%w i @Hacuabxf ﬁél .

I ensi ng surface i mat ed beam forme
relationship between first lensmg surﬂiw 20 and collimated beam Cy as formed in

accordance with the present invention.

As described above, the coupling system of the present invention includes a
second two-dimensional lensing surface. Referring to FIG. 4, this second two-
dimensional lensing surface takes the form of a curved surface 22 of a turning mirror 24.
Turning mirror 24 is disposed along the Z-axis of the optical system and positioned to

intercept the collimated bean Cy exiting two-dimensional lensing surface 20.
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accordance with the present invention. As described
above, the coupling systemof the present invention
w0 pabuases2 a second two-di mensi onal Sensi ng surPEr/@S2009/047427
Referring to FIG 4, this second twodi nensi ona
| ensing surface takes the formof a curved surface 22
of a turning mrror 24. Turning mrror 24 is disposed
along the Z-axis of the optical system and positioned
t o Iin Htierseepte, whengwirtdr hisedeboan @t gxiX-rrigeotiimated beam
IQn nsiL l e,
Cx &;}Q@n&jsh%%% q% %h;r%f% B (é%ﬁ%?td]%r 2l %%rég%eﬁ{x X?‘g!fﬂ%
orthpgbrai st @dfed @hm*a@;ciwmm‘lﬂa sipﬁvwodmmg acsug‘lhil wiEth orlsof
pagating colllqat rt Qnal
conf RPN Y a8i P& APED TR PO g AT RSO g
belaw sinegmaiatMDmm@vs& faLsionmsiohalm:ag safon@? g bé{ccavﬂvsred to
as, c
profg o e R AR TP Shanar, Sotimend R TRt g
apﬁﬁmmaeﬁmaﬂuﬁEMgﬂﬁz&Qmﬁy@uﬁeﬂ to provide, for exanple
u3|ng |Esteaq of golllgat on. | n.one. enbodi ment
for“g?&‘( © ORETIYAP BB GTTES %‘ﬁp%d‘ PEHUTRY QAT PREE WS be
22 Seisk deEﬂeoQ@ﬁ‘@éaa:ﬁ shabing”, epereakis kp PR @npad by isacehth

Wo- di sional lensing s rfac may be defi ne
"%amaggﬁ P AsH e WhelsilgRy F‘%*ré %f}/gt‘é}n%aaé’%é) df?réc‘j

cmﬁcﬂﬁ%dﬁd@f B@Lr'@s&ﬂin'vérﬁ%ﬁ 0w ABELE eGNSLRGS shgat D2 (die use
of sil|icaon-based arrangenent as the g;eferred

congfddi it VoI KHE PHESMrIcPIRAGHTIEHS DIATIES PHACK RGP
of behth il 1Qfce UR §iRESatd@mb b1 R8c 6ARLI Qb8 dat B HYGhed where
wel | -known CMOS fabrication processes to provide the
optigdipstatetly pad BripeRin s Rapicrtsroted g aed foafﬁfiﬂﬂp niteigrapBgon
Sm({m[l@gbhg@lle optical systemcan be provided where
opti cal substrate 12 and turning mrror 24 are
di SpesEtrene betedrorpwy ing belin ) o teorriro Art SFIG. éband twice-
1R3¢ thd S e gam O
Shug)é} %9;6% orél tar Fg Q{ el %gané"b?{v)\n\l%g%gl T(ﬁ%rrg?ée g\ggam CT
mosr};mmh!éarm @gmtstratmﬁememﬂrir(glh@pon;uq o besi deintFIGn! ulddke
is t l.ar s Al ane
o T B o TRk RF DA Coto RS B S e
tndtspn}t ofgshggopfgabepny @l will wWtiBMEy b4 colfial in@ranewediated optical
ﬁq&mggeqbgrga of beam CAY ensures that nost of the
gatl ng S|gnal will ultimately be coupled into an
as simem%cbrdemph'h@abptmagnmu a;&atﬂ'and regtei wevegulde be Bx,c pett@r a

dj al
TS AR e G e T
to f&yset Eemm@\i%cem’saﬁ @ssdraigpaandiht aprdng athie@rin ttecahmethe«s ibedn

M O R M o P P A M i

end 00 dimNsk gaRlarSEBSsige SUr TRCH 120 1d SeshOMWhtegSteal eat ed

directly alon . . . ‘ .
monolithic stru¥ ture ;Siows for the lensing surface to be precisely aligned with the

si gnd %JQ

optical waveguide without needing to perform any separate alignment and attachment
processes. Moreover, as will be discussed below, the utilization of a silicon-based
arrangement and the ability to integrate the lensing surfaces directly into the structure
allows for an array of structures to be easily formed and reproduced. Indeed, a preferred
silicon-based optical system comprises an SOI structure, with waveguide(s) formed ina
surtace silicon layer of an SOI structure; the lensing surfaces are likewise formed of

silicon and integrated within the SOI structure,
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endface 14 as an integral part of substrate 12. The
ability to create an integrated nonolithic structure
wa@bkéoomss26pr the | ensing surface to be preci sel pCBEUSTO®0M7427

with the optical wavegui de w thout needing to perform
any separate alignnent and attachnment processes.

I\/br eover, as will be discussed below, the utilization

Ig gllcon based arrangement and the abili t%/nfo
|nt Gr A% PRECEH SPRY LY CoLerliPeet [y Py e aucture.

incBld Gtolllr BitAbT @P&ratk Gavadui®E 1.aYy 1-0fand 1 BUGT F@&d ¥ BhibCubstrate
SI| formed and reproduced. Indeed, a preferred
éwl%@oﬁ\t%‘ﬁsw%a& PEET SYYAE Erti ess?rﬁw%e%seéﬁ”@@*‘fﬂ the

pluSliUg U@l bddntsho-Wavegul def SredtE MReh dpvaddsSHEEREL The spot
silicon layer of an SO structure; the |ensing

*‘”s‘tfr“ﬁfa%‘é?érdaﬁ"é’ebqa?ﬁe\/ﬁ wdlfsgriEei 98- &i 1i con and i nt egrated

W tHEN9 tNemdPel S §if Gy tee FeGr a iJkaﬁlt\,aoftc?pnd/"!@Wf&fexﬁfnpie3
prlor art array waveg ui de and w\ﬁg mrror StrUCture

lengeq Pudithg 2 Hi- ur“ailoﬂby“dd%“ gébapéfa@ VEEE s 14-1110-4 and
10- a%jfo;lmg’p Qé, lt‘y Ep{ %90%1’B£}|ﬁ@be&%%grl’ak€ Z%nd C’,%J,anrhggl:&ddme
extended turning mrror surface 4 is used in this case
with ghejtepchingefitha presepl nyeakipe.yFliot 1 ptahdwimesangyy ofthe 0- 2
ar e 9] I
i N g Et e G PR e
endgace Ff ¢f o@icalghbmiva2i vielvgntagepisiis EMEReBrotdtsing gey bf ugd to
. Li4Ye.Q Fib Sl wilif 1R § I ses w1,
en R o o D s R b e BT i e
ienﬂ\mhéjgm@e:smiearkm&ozﬁhamgﬂx thDarBingondnoshmva ipFlitab iabd 1 bf
on{g(_i:}g%(t:ga a% g(!,e lc\%lm{i]{?% dﬁ%/ege\?&ergcg(sﬁo gm %}%Eis}?od %ap‘;’ig ‘;es zcr(} number of
waveguided dnd ms:;oﬁbﬁd {h@ing Sur&labﬂ rsmtfomwr el\rgncrfe it fﬂ’le'eto
arr el € 0- are
et URAPTY Tl “aTahG B of &es7a 5 it eaRy e
sepsmiaat croatnea el&c, h Achnasib @@@e USd X¥6, wﬁ.‘ahmscpch&cﬁ@sthm |h rmyy die
e t h a ens i.s y
veef RSPt o PP iV G S AR “Sbeh! 1ng BAhil s
Flﬁsh@arﬁjafm Avhmadednigy, i bhedigh of ﬁﬁxa&&@fa&ﬂ@ﬁﬁﬁﬁtﬁmﬁﬁ@%ﬂsn

nd 10 on]Jy illustrate a s three. .
*O’Wé%i‘é&ﬂ ES "”I“Fa‘P%‘J \X‘E}“’HE‘ Eﬁ r%f%‘&t“'g%é’ﬁ” VSRS RAB ST Feagne

surfbgEbamh iefassamegwadesi®nd associ ated Sensing surfaces
may be formed in alignnent thereto. As besé shown in
P

FG Whie thg agpiggment éﬁ%@@%ﬁ?\f@dé@ffﬁ? thegispPet BISAHY used

dirdeRsiSERAL AL 8l theL8lptd MRUE 2 826N RBAM 8k QG ENR mYn@XirSor 1o
while al so di rectl n? the plurality of beams upward.
fate

proYiHeSersisgodBadion if @%@é‘ﬁéﬁ rgieese SReRpPeESiote g¢; iceg- 2
J%&Q@ Cﬁgi‘gfnitﬂg %;ng@din‘%nt%?gqeév@esent/‘\wéﬁmi@g’%@@ﬁslf’ ¥t lehdifs

formation of an integrated array structure al "ows fqr
surigpg Yhireeitligpe die rivaida tainee Ninatho of a biier prélan ot endface 14 of

wa\%?@i@é 4 §ldanallon;8ach;pal FruOL 1L eo%le&‘% Xl %%ﬁﬁxe&"‘sg trfice

S assocl ate vvavegw 6e Vi | he arrangemsn S
34 gse tliebedxiabovervide|bg8t X-akie ccvlh@amveanéfbe@n fo-¢igaction. In this

exakmg hg%% Birected downward, perhaps into a photoreceiving device (not
shown).

FIG. 12 is an isometric view of the waveguide portion of this embodiment,
illustrating the orientation of a two-dimensional lensing surface with respect to endface
14. As with the embodiments described above, when fabricated as a preferred silicon-

based configuration, two-dimensional lensing surface 30 may be formed as an integral

~3



| ensing surface to provide X-axis collimtion and a
curved turning mrror to provide Y-axis collimation,
WO 2000asREB0 possi bl e to reverse these operati oPST/UBLO®/047427
11 illustrates an alternative enbodi nent of the
present invention where a first lensing surface 30 is
configured to provide Y-axis collimation of a beam
exiting at endface 14 of waveguide 10 and an
partgd SWBITAE dd along Mdigpent ef wrvegpide £0.f Drermdditt © festhimbintegrrted
%trugtuF «:%Q“ %«fil?tcr%eg’ﬁ) e( @Lx g&ga"i&%r@(\“o@?ﬁoﬁgm %@aryg[}f%}” ﬂ% LQQBh
X-axis collimation and beamre-direction.
silig@grdagsd e mbp figepicrdin 4l lgwel far e etvedlsudBonivae de fﬂﬁéﬁﬁ&ﬁiﬁ% i< T a
CV@‘J@%@Q%@ ¥'ppsgxia%%WhC*ﬁe S&Q&d @9‘@”& XFJ*&‘ coiliz?ét% HY re-
i sonetric view of the mavegU|de portion o hi's
direetyoditremiopagiiigust atkhbearh@otiietttatidtd tot the Subscripts
- n NgL syt h . LEesREST, .
e R i R SR L S
wwmhenkﬁahff%ated as a preferred S|I|conbased
CONLBHERLE Byl 0y L TEReapal L6009, Y1888 30,
mn%ﬁﬁﬁ@d&x&éﬂaﬁummwegundéexemnghgbah1km&yﬁﬁ@u$®ﬁmaaanr
integr d structure ates th e to align.and
spol P arE LS ret S St Bep st Eicga sa R oo
Louﬁii dgi sgaEm ba&e(ﬂxrceélb@ddemtw*&lrémd gdrhins f‘fu@tltuﬁ:ljs edduced into
f ace 3§ %o be formed_usi nl% known CMOS proce ssg 11% ({10
a‘“ﬁYe&\fﬁ‘ EHOOh {HUNBLT Y d JEgTe8 PEPAs % Fgd 8 Bt s
spofig H, aﬁmoa@t vamieafis & NBodaneR agAts thuse @Ok biraBdlie dhdpe adther
be n d that the Subscrl ssoci at ed

C. is t
Cuf‘(%%l‘ﬁ BB 46 et BTy : qrus@angBhtiEntig 2y ﬁéﬁifl of the
colyiimathd &vakapdiihhes bwe baoteRsdribe®in tert¥ 9k sP¥rate-based
Moreover, as nentioned above, the degree of curvature
optipH Syffan SUBHHIESHIED AYNRUTER AL iHay bR TaaBl fpineddpe plgned
usifBAINIOW ptREsskIPE RADPo LB, 1S @S dﬁz@t&@&ﬂ%rkz@ﬁﬁa@l imation
smal | er spot size than achieved nerely by collimting
andygrdirestighatuplipg gstersoldpforescaiinepiieraith Beupkidaycsy st em
gen&hi, LAB: Rk %&;@é&m &:‘é&ﬂhbﬁ’ ﬂep\!@?,értbeé»@n BlaPAd,; ARQLhGrLMyAat ur e
i's introduced into a curved surface 40 of a turning
presgiiripgitigy it vl éarbwgusaw Froepaditadi im e gitghrd vangup og ifications
ma;f QH&@%@BQF%% fz Fom@% SR \(\gé L8nd QS RAROGU XMy
ows the use f a parabolic sh ot her curvatures
meﬁbWHBQP@@@HWF@OprOV|de f ocusi ng and/ or col | i mation as
desired. Wile the above enbodi nents have been
described in terns of a substrate-based optical system
conprising silicon conponents (which may be readily
formed and al i gned using CMOS processes), it is also
possible to formthe dual two-dinensional collimtion
and re-direction coupling systemof the present
invention with discrete devices. In general, while the
foregoi ng description represents exenplary enbodi nents
of the
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present invention, it wll be obvious to those skilled
in the art that various nodifications may be nade

wowdass2szeparting fromthe spirit and scope OPCT/82009/047427

invention as defined by the clains appended

hereto. What is clainmed is: 1. An optical systemfor

collinating and re-directing an expandi ng optica

gnal, the systemconprising: a first two-dinmensiona

W@@ﬁ%ﬁﬁéwgﬁrface di sposed to intercept an expandi ng

opti cal signal and perforn1colllnat|or| of said

expandlnq opt|cal qnal along a first axis, forn1 ng a

firstdeefticeted ﬁﬁP E%?msﬁghﬁr”ﬁéW§aae§%@6W§0mm3 signal,
thebsWRefldmpsiQnal | ensing surface disposed to intercept

the first collimated optlcal si gnal and perform beam

shaapi"lfuf‘“’@fd PRE IRk gsingoH T RGeeki @ase8 it ingeatersargirapnding optical
%m 241 %foan Q@@mdﬁ&mgld%w Bk 0§41&n§!|>na@91@n<§ §I‘Qs't Lect the

beam shaped optical si into a predefined

ﬂ“@ﬁ%@ﬁiéﬂpéﬁmﬁﬁimWﬁéb@bti%él systen1as defined in claim

Lunereliy dbeicasend 1L I IRDI00RL J ARRIPASHES ace Ts

configured to perforn1 eam shapi ng by coi mating the
colfinpted optishl digrat and psprintbaamsibgriag odhofigt eligederheptical signal,

(Lhoganal, Osif.0f M| R Ligal i

o R Rl PP e R B R R o
pm@ﬂhfﬁndﬂmh@neln t he second two-di nensi onal IenS|ng

sur L 1.0 _perfor N L BY.ensional

Fockior kg PRSP ot B8l B Ry TR SERLD-Mersona
knangskhpma&@ﬂkmﬁQOuseﬁwmﬁmmnawmogﬁpub @wgnaﬂm‘ﬁﬁu@hmawd
opt‘cgi sltx%%%? ? rgtsv]tjs:e?(])nconp?}%érgas 9)8% Ootorm I" %ni ty CV\ﬂln‘a?ﬁd (g% La? output
swmmcludlng an opti cal mavegU|de forned thereal ong, the

optjca! substrate including. an endf ace ter a

or bertieBra v B BT e B BB RS ES sser b S Sional
lenViBy eglatdie cvfidarddhe pakpandhn ghapig wdbcusing Aal fireddotiintg:d

pti.cal wavegui de _al ong th tical substrate
0m§ﬂH¥%8Lh¥@Fﬁ qﬁﬁﬂFgm”fﬁgp ﬁf?%‘f ¥t em as defi ned
I N £l BeppdcaMogiei ik deligeDRkiaGARl vaysiem bﬁtjrpfuﬂﬁ& @fprises
si ] i con-based thlcal el enments.. 6. The opti ystem

o GCHSPOAE TR B AP AR CaH AP IeG AT BF O?tﬁé
subkhdtSInc ARG g S8 @m&ett%ﬁksaﬁﬁé*;@mb]ab @ﬂ% HigkcBM HREESyticH!
formed as an int egr at ed I con- ase corrponent

wayegdigei edie G eRd iphertsel S wshewneds spedicavesiemioneshe 7,

Optmfesﬁmecahfaéyém%% defined in claimé6 wherein at
| east one of the first and
5. The optical system as defined in claim 4 wherein the optical system is formed

of silicon-based optical elements,

6. The optical system as defined in claim 5 wherein at least one of the first and
second two-dimensional lensing surfaces is formed as an integrated, silicon-based
component associated with the silicon-based optical elements.

7. The optical system as defined in claim 6 wherein at least one of the first and
second two-dimensional lensing surfaces are selected from the group consisting of:
lenses, gratings, Fresnel surfaces and prisms, or any combination thereof.

8. The optical system as defined in claim 6 wherein at least one of the first and
second two-dimensional lensing surfaces are formed using CMOS fabrication processes

on the silicon-based optical elements.
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second two-di nensional |ensing surfaces are sel ected
fromthe group consisting of: |enses, gratings,
wore@snsd2ssur f aces and prisns, or any comnbi nat i BOT/US2009/047427
thereof. 8. The optical systemas defined in claim®6
wherein at | east one of the first and second
t wo- di nensi onal |ensing surfaces are fornmed usi ng CMOS
fabrication processes on the silicon-based optica!
el émdint spi@al sphiemoys i el isyisme&whgeidéfﬁd freideismgchdionig
a-hereln-th [ rmed by etching
"Oﬁ(%gorf e”lr%fn dge %Héj?a%ng hégtg?%nﬂjg?ﬁﬁgg%ﬁ S{lkyc‘\trfﬁgsubst rate. 10.
Thébopté calcalsystmms acsﬁr@éﬁ crimh b \mhm:¢iafzwo@ igherseinrn t he
. cal licon-on-insulator (SA)
“Omg’%%ég f“%)r{?)}anmgrren?gé goHc amn Pt CAl system for
coil[u Hmtopngsl a;m;tﬂr ©r db! hme&ﬁngnagdaa {irasriag 4 plyradfy @epremdingg
I ; as = gnta Sy tng system conprising: a plurality of
pt WS 57 onal “ l"ehdlfig surfaces di sposed to |ntercept
t he p{hlr&ll“ﬁbfi\h}b dfeex@anididng aptdes dlspstgrahsrdept tae plural m
roQnesto-one rel ati °n5h'f a]ch t wo- di menS| onal. g
of exRnflige 8Pyt Fo¥ i g BBt Pt RIS @hf %‘&‘8&‘%&3 ol
sur"@@egamﬂmnlg ant;ms;«-ain Shgaadsoahodekpanding ﬁi @6l al khg a first
. %/ t wo- di nensi onal Lealn%surf cesn rmn
axisy il Blpujf%h 1’3}“’8fd”E‘affsrci“ﬁla?’égdﬁééﬁ%ﬁ‘céé org g galigfpceimate
Qntlﬁé;@@hﬁgta‘ﬁ@ di mensi onal | ensing surface di sposed to
i ntercept the plurallty of collimted optical a}Is
and SPltyP i BERIfN nesiEgU bt d5epsed IPrefﬁﬁﬁetae Bl ﬁ ga‘f
colIFh @R p1dl slohEs %dﬁe@ﬁohﬁ Yo slﬁ@ilnlz biBdc8 doPRtatea bridil GBI SF
form ng a_plural |t)( beam shaped optical signals and
the plaragiprcd eollingtog watigst teals fymaTe Ardur s vhped-gigpidantical
signfls AR@}eSdileRliQ Be PLEGES df@)@gﬂ Qkd E@BﬁtchpsnﬂmﬂsamoE@@sd‘aps‘édcal
system as defined in claim 1f wherei n the opti cal
oriegyi¢tem conpri ses a silicon-based system including an
Optih C@the §¢%¥e§tsk9&ﬁ ags@m%& $ NGm@ (RIHAFAL ihk ¥p @t QRERCA
wavegui des, wth the p urallty of expandi ng opt| cal
comr@qﬁalﬂéﬂce&maeﬁg‘y%mlmmg uging em dft e esuberare gvatrieing e lurdigy of
r r,;ed in
op R L Py o Pk S e P R AR SR
endfaensimgateurd Heastical e!hﬂ’irgposed al ong the endface
ter, I t W th
tnaepl e ufEa i B B Bt Sl SRl P o R
dimszgssmeﬂmasswckef‘aa@ed eldvspciealaiwg&ewhéfaw tarntih@ion ofth\, optical
subs‘%raleliggigﬁﬂp?ae%?thﬁq%etpeam %,90 orplugass\’&ag&a? -based system
14. The optical system as defined in claim 12 wherein the silicon-based system

comprises an SOl-based system.
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