TWO DI MENSI ONAL LENSI NG ARRANGEMENT FOR OPTI CAL BEAM COLLI MATI ON AM BEAM
ORI ENTATI ON Cross- Reference to Rel ated Application This application
clainms the 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 all arrangenent for collimating and turning an
10 optical beamand, nore particularly, to the use of a pair of

t wo- di nensional |enses to separate the collirnation into one-di nensional
oper at i ons, TWiH- DBV ESKHYN and Kif SN ARRNE EEST 0GR ORBRBeS. E8A3 so perform

t he turning operati onzOBREKGMBONGA S BRI IR T ONRCSI n many opti cal
systens, it is necessary to manipulate a propagating optical signal from
one pl anecise-asrotehers ro\lietduandppiisaubiat r at e- based optical arrangenent.

Ei ectrooptic vices, .sug ui. .general ature two pri mary

pl anes’ - one giﬁéfPéP”%%ﬂ?ﬂé dﬁg??afg§§ﬁ8%6ﬁ5[§%9%éw)|cuIar (normal) to

t hat subsdirates7 iéehse theoos, iventhat hoin dcotshatdpl ircfadentzeam needs to be
turned 90 to redirect it fromone plane to another. EEGs. 1-3
illustrate a prior art arrangenent that is used to provide re-direction of
an opti cafe shgratfirom one orientation to another. FIG 1 is a side view,
illustrating an optical waveguide 1 fornmed alon portion of an opti cal
substrate 2. Ak 6”??%&?3béﬁﬁ?@w%§VWﬁn@*%ﬁ8W3€éﬁ ”%TmméV£Bﬂiﬁﬁﬁi wi |l expand

in allothige: ddBRs, aRs @stidular Pl QRAIAL 652 QU oFakEl disaponaveguiiel e 1, form ng
a conic wavefront as shown in the isonetric view of 25FI 2. The Carte5|an
XYZ coordﬁﬂﬁﬂeémag‘ﬁF?P“bé’%?éH“PHF@E@ﬁbﬁf’PhWE‘dﬁE@d%sP HeR¥YE illustrated

in both RliGBasichabiRthcLio MISLBLNEs ¥l Spdrstiodef i ned as the optical axis of

mavegU|de | and the XY plane defines endface 3. In order to turn
opti cal bean10 and re-direct it into a wavegui de in another plane (for
exanpl e, gzahove. wavegw.dsx6, 1), an angled reflecting surface is often used,
shown as re ecting surface 4 in FIG 1. Reflecting surface 4 is disposed

al ong!% he outé@ﬁwsxgﬁaPfbﬁ?ﬁsﬁ&®ﬁ$ﬂa@égwﬁé@rf9%@ﬁﬁ%ﬁﬁéEé@ﬁ@ﬂﬂef|ned as the
Z-aXI'S_Of ;L er SYSHEM RELh GRS SHE LR AN blicnka5ERRL the Y opagat i ng

beam and, in t configuration, ditect it u nerally referred to
in the optiess \acpqs digh @rswqvaghﬁmggmﬁmﬁbmqutéﬁ|pémtarmga@er-ﬂa%énrmiiemy

f‘ﬁ‘éa”t a0EQUS Y NE 2T U I B0 pQlai bl (RRNEY B thA CONLHRL Bk RlnASich Aok §Mai nder  of

the optical beam needs to be turned 20° to redirect it from one plane to another,

29 TiGs. 1-3 illustrate a prior art arrangement that is used to provide re-direction of
an optical signal from one orientation to anather. FIG. 1 i3 a side view, illusirating an
optical waveguide 1 formed along a portion of an optical substrate 2. An optical beam O
exiting endface 3 of waveguide 1 will expand in all three dimensions as it propagates

outward from waveguide 1, forming a conic wavefront as shown in the isometric view of
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FIG. 2. The Cartesian XY 7 coordinates as will be used throughout this discussicn are
iilustrated in both FIGs. 1 and 2, where the 7-axis is defined as the optical axis of
waveguide 1 and the XY plane defines endface 3.

{n 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
30 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. Generaily referred 1o 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
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arrangerent and fabricated using CMOS processing to create the desired angie of



35arrangenent and fabricated using CMOS processing to create the desired
angle of reflection. For the purposes of the present discussion, the
phrase "turning mrror' will be hereinafter used to describe this

conponent . | nasmuch as wavegui de | term nates as a perpendicul ar
facet at endface 3 (see FIG 3 for an enlarged illustration of endface 3),
expansi on of the beamin the XY plane will continue, causing the signal
power to spread across a relatively large surface area, as U lustrated by
t he coni cclhavied rimth usgimﬁWSesidfiiEI'ﬁ,serﬁ didvimsmoviee ph fadee'abeiamﬁxqaénslT ion wll

conti nue aftﬁgetye sig ng Dbeen re- directed by turning mrror 4. Plane 5
and associ At Bg° 5;% S|%§ QC“K“Fﬁ‘F|G. 1 illustrates the degree of

expansi on mhlemﬁha&uueeuegeﬂ:byan£e$ﬂnenqpmh@aitheanw&ﬁhaﬂi&x:ted
wavegui de_|. apd be d|r cted rning.mrpr, onst ant
expansi o T ragarest T B sgend BRpfed) S 5Byt ataht &R any poi nt
al ong & &wWcﬁﬂ&mé&ﬂﬁﬂmﬁﬁemgﬁﬂﬁoﬁ%“OM%&ﬂdﬁﬁﬁdﬂﬁ&ﬂbﬂﬂ@ﬁﬁﬂnﬂﬁ@ﬂ%@iaSIgnal into
a wavegui receiv evi.c it woul.d be preferable
o Contr ol ST Sh O corE Sout PR Pl GGt AP Bk eut SHR T HBR GV ¢ ho

coupl i ng ®hfiligizencye afnd he uaw@aget:ﬁemgy @ﬂ{ﬂhg:ﬂlrr(ﬁ noriade 3 EfHinSEtbbﬁtht her
v, ,avegui de, op tlcalﬁb§ce|v|n g 8 or. the like. That is, is 15

desi r abl PP THPEC 4 HeV ek hAHS o 18¢ dishe b prragsipn MG Boer%ﬁ*f“-’&%%g axes

per pendi cithadpii A bR (dizk egitddamnveduid 0Ralbedf @RABAL BNubiin@miroen
propaﬁstlng alon the Z-axis, limt expansion in the XY plane). Summary of

the | ent|on‘”“‘ﬂ““#%%”ﬁéeﬂ’W%Wﬁﬁnﬁﬁg”?ﬁmﬁﬁée%ﬁ?éﬂlﬁ?tm‘?“&ﬁ&?bssed by the
present invRBkhOR siMHE Nubielalas 55.0wakh AL ARGRMBRL{L0Li£M 4 Rt i ng and
turning an optical beam and, nore Eartlcularl , to the use of a palr of
t wo- di Mer¥ivEEATe. PESBEC UG NS Bpicaant HE: & BN EPISHA AtOFos B arate!
one- di MeNngj-Qnal. 0RELALI RIS so WhibliBpist BY ONEInSE s kﬁﬁe}MQmﬁnH%@&h%pal | enses
25to also performthe turning operation. I'n"accordance with the
present iINENEREH N trioer wavisLdimetisi orralvingengFn g darltacEhdl 8, Bissposed at
the endfage.pf. & ihAURCOLAGNREEIHE WTHN R f Lt adwbs diiRnsE onal | ensi ng
surface provides col tion along one axis of the s ystem (for exanple, the
X axis). dﬁ(eeewonéfwmﬂwﬁmﬁénsr\maﬁrmn ersiaynsupiabe 7rde 'spliovictiesdsiby
i ntroducipg.. qxﬁgfhned curvature 30to a turning mirror in the system The
curvature of turning mrror is designed to create collimtion (or
focusing, if desired) in the orthogonal beanfront (in this case, the Y axis
beanfront), while also re-directing the propagating- signal into the
desired orientation. It is an advantage of the present invention
t hat By s%wamayanEﬁMendwtlination problen1into tmo independent
one- di mensi onal.. goll.LIBAI DG, APELALLQNSEeliy fd LBL SR @
relatively sinple arran errent used to crea F1y " col i mat ed
si gnal rehmmsue%wreayhynumrmhmnamgmaﬁhamygmemmeﬂdhmhemtume: 5mhlle t he
present Ipmr/fﬁplldll‘n?no Wllé use a fed ]gi?rsoqrhl/é)g%ﬁeqSona\{vmlngestte EsTek ua‘m the codlm?z!tj%gr ated,
mto separate one-dimensional operations, while using one of the two-dimensional lenses
25 toalso perform the turning operation.
In accordance with the present invention, a first two-dimensional lensing surface

15 disposed at the endiace of a launching waveguide. This first tvo-dimensional lensing

surface provides collimation along one axis of the system {for example, the X axis). A

second two-dimensional lensing surface is provided by introducing a defined curvature
30 1o 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 beamiront), while alse re-directing the propagating signal into the desired

orientation.



silicon-based enbodinent, Uis to be understood that the general
collimation and orientation configuration of the present invention is not
so limted. In particular, discrete optical conmponents (lenses, gratings,
mrrors, prisns and the Iike) may be used with any type of incom ng
(expandi ng) optical signal to provide the two-step collimtion and

10t urni ng operations of the present invention. The ability to
integrate the objects within a silicon platform however, is considered
advant ageous manmnﬂnmngbbamgenﬁmtsneﬂaMKM£ujamh&nm@meedamaamfay structure

is used and, a .plural. %y 4 %qug ogtlcal gnal.s needs. t e collinmated
and re- onQ&‘r ’mf‘ﬁda e EH%”%? TEEYT c?uf*&arh%v?”‘fﬁii‘agf“aﬁt Sl SdI¥81 i t hi ¢
CouplingYahﬁamgﬁﬁﬁﬂmpb&hﬂ@m&ﬁﬁwmrGwﬁﬁdmfQﬁﬁ§5bﬂgLbﬁﬁﬁﬁﬂhﬁghﬁs i s considered
to be a S|%n|f|cant advanta%e over the prior art, particularly in terns of

cost, si FETHRY FEPPIBUSIH VI A& B8 er red enbodi ment of a silicon-based

arrangerrent CRINPE H}E@Sevéﬂ%lvkhiﬁﬁﬂm@%akﬁé’b%ﬂlb@t&fov( 5%%5@9@%@@@&@! on, with the
i ncom ng 3lgnal q gati ng along a MBV?QUI formed in a thin surface
silicon FE§8r %t % dgrynt. dtdﬁfﬁ%juwawa?ﬁ By O SE e B B RE A" Advant ages and

ar r angenenéSadh chiieruRies 8Mtc pRYENVEioWd 1ot REGAR®R!. appatiant:, siuieg the
course of the follow ng discussion and by reference to the acconpanying

dr awi ngs “PUE8! BFPAREIBLIRERGS pR TS TP R PENHAI 'S | RBFBRY FEfeh W) 89 t he

dr awi Ngs rpWREnEodinK ExPARIA LS HERERS Aok kancRRPOnaitdidngfveral FIG 1 is
a side view of a prior art optic al turning mrror arrangement P10.2 is an

|sonﬁ?rlé”WF@Q%@ﬂ@aS%dr%?%ﬁ“b?VTﬁé”arrangenent of FIG 1, illustrating

30t he coni c bgandnenk i QﬁﬁghﬂﬁﬂﬁrQﬂhhhﬁd%HQ%%&@o%B1§hﬁyﬁpﬁ'ca| wavegui de;
PIG 3 is an enlarged vi ew of tﬁe endf ace of the optical wavegui de as shown

FIG 4 isvaidgisdéedvanagrayt fumaay erplsamyto wpdidiiaenthaf ap Wenpf'esBits i nvent i on;
FIG 5 1 §:80nfRbRFGED ihSUTRE fdiard! B4 Al RSN8OS aNAiage, of the

Indeed. the ability to form an infegrated, monolithic coupling arrangement using known
15 CMOS processing technologies is considered to be a significant advantage over the prior

art, particularly in terms of cost, size and reproducibility. A preferred embodiment of a

silicon-hased arrangement comprises g silicon-on-insulator (8G1) configuration, with the

incoming signal propagating along a waveguide formed in a thin surface silicon layer of

the SOI configuration.

.
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These and other advantages and arrangements of the present invention will
becoms apparent during the course of the following discussion and by reference to the

accompanying drawings.

25 Brief Description of the Drawings
Referring now to the drawings, where like numerals represent like components in
severai views:
FIG. 1 is a side view of a prior art optical turning mirror arrangement;
FIG. 2 is an isometric view of 2 portion of the arrangement of FIG, 1, illustrating
3¢ 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;



arrangenment of the present invention show ng, in particular, the
positioning of the first two-dinensional |ensing surface wwth respect to

t he waveguide term nation; FIG 6 is an isonetric view of a portion of the
arrangement of FIG 4" illustrating 5the truncated conic beanfront energing
fromthe first two-di nensional lensing surface; FIG 7 is a top view of the
enbodi nent of FIG 4; FIG 8 is atop viewof a prior art array

arrangenent ; FIG 9 is a top viewof an array arrangenment forned in
accor dance w FiitSheapeegem: spaventvicom! trorvezuidoendican f8ometric vi ew of

the arr aYardhde ﬁ%g‘gﬂ?‘@me@sfer chﬁ’mlg“l \i"uwmtg 1r"r%lgllt§uiﬂllﬁe ;_T%Ql ?la%ng‘: ¥ ﬁl‘Q’t of an

alternative ® ment of the presen vent 1 on X-axi s
col | i mat iten-dafidneon¥ lepxing sgdlck vnmtrésoert td?thﬁﬂ’a‘alézwsteaml“!aémt r| c view of a

portion of ! neral @RERIRAL. 9 ewﬂfgﬂq&i%flof'lh!agéﬁr{'* LG eHRe L IMARRHEd Coni ¢

beanfront emerging fromt Y-axi's l'ensin FIG 13 is
a side vﬁhvx&no*ftaty@tcna:rmﬁm%meam@nm&m rr@f.nrsrheoﬂrrees?enm’|1W@gtﬂisr@¢,e; inthis

case includin arabolically-c € . lensing surface, performng
f ocusi ng of t%fe(ar@%? ed ik 1 (ﬁYjﬁ%gfnﬁgg * Detail ed Description I n

accordance w FiG. tSheapmeseﬁmbf‘a ;mmeaﬁmaw, arianpsrmerrent in coupling efficiency
fixare-dire o?O .8 a|saac nggy ,lan]g orat i hsgapalr of
separate two- |men§ thal e"] én ﬁr Y U rEEE Fo TRV AP ARgeReNnt to perform
col l'i natimmhmgtadrmo axes while also providing the desired re-direction of

t he 5| gnal ;Eﬁc qg g iy % sxst em &) " t hg 25pr eseg .gI{er ntion conprises a
first 't wo- di mehsi grhat” FERETRY TE G FECET EPEYRA 8t thé endface of an opti cal
wavegui de to pr@viides €64 Viewat bofitcal:00ge reboklint St clane SrescAt Beennd t wo-

performing A-axis collimation after Y-axis collimation;

FIG. 12 is an isometric view of a portion of the arrangement of FIG. 140,

ilfustrating the truncated conic beamfront emerging from the Y-axis lensing surface; and
13 FIG. 13 s a side view of vet another embodiment of the present invention, in this

case including a parabolicaliy-curved second lensing surface, performing focusing of the

re-directed optical beant.

20 Detailed Descripiion
in accordance with the present invention, improvement in coupling efficiency for
a re~dirccted optical signal is achieved by incorporating a pair of separate two-
dimensional lensing surfaces into the arrangement to perform collimation along two axes
while also providing the desired re-direction of the signal, The coupling system of the
25 present invention comprises a first fwo-dimensional lensing surface disposed at the
endface of an optical waveguide to provide collimation along a {irst axis. A second two-
dimensional lensing surface is provided by introducing curvature inio 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
3G direction.
FlGs. 4 -7 illustrate an exemplary embodiment of the present invention. In
particular, FIG. 4 is a side view of an exemplary substrare-based opiical 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



di nensional |ensing surface is provided by introducing curvature into an
associated turning mrror (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 30direction. FIGs. 4-7
illustrate an exenpl ary enbodi nent of the present invention. In particular,
FIG 4 is a side view of an exenplary substrate-based optical system
utilizing the coupllng arr angement of the present invention. The opti cal
syst em complieER QLT obttighle Raveguirdesersnt sread é’if(b’ﬁdh%‘rptﬁb'tsiré‘él substrate
12 and tmﬁh&%ﬁds@&p@%.ﬁﬂ aRRE R 18f sy SURSELEAL Endbde 1AScid fhehe prior art
arrangenent descri bed above, the optical signal is defined as pr opagati ng
al ong t he'Yzplai o§ thsfoppipia syt em  where endface 14 defines the XY plane of
the optical SM%L@MM@\N%Q%V&Q&G%Mﬁ& L hee &H’ﬁ:ﬁﬁ% JpR¥EM on, a first
collimation operation is Sperformed by a two- |nen5|onal | ensi ng surface 20
formed atetdiecd by aivrativension kaveguide A0uiengrenuraeEondl Two- di nensi onal
tensing %laoég%% 8Q10h 8 AR 1GURGM. ik srmlamm %g@mﬁe h& f%QHLhLHaE@ the X-axis
wavefront of th e propagat i ng optical beam r the urposes of the present
i nvent i ofiit Hiagpigololciohianagsdbe Kepvadl wivsireid of Ggnatcwazadisg emualj&:@m Hora enl ar ged
i sonmetrig,, N3 A ek aGes & rolakdgUS T akR$ st | ocati on
and shapg”$b§m6qzeﬁr§§£h% g}eﬂuggﬂdlnenséblg%§%Ikgkn Esurﬁlcemgo In a
pr ef er r ednlergbbdpmuric vistv od agiitiop ohe=ése d4.dpttii bahatsyBe enpticneohniigiaes such as
reactjpve .} ex@h? WG9 o PRSI S1 G 0. PRY D8, YRR, %P;ﬂ%% 8rfhe .
cylln rical pro l%e " of [enS|ng surface 20 a ong endf ace . Wi | e
t wo- d|nea$wmﬁmha1@msmmgﬁsmﬂﬁ@oauﬁauﬁsmsh@mm:mnethmsoewawwdﬂdasgbelng
vl ndr | AR sk DAl o ks A8 D8 Under shaad gk vatlous of her
t wo- di menst onal geone?r e ray " He d en a prop PPate. particular, a
grating eIenehmﬂ@nwfwmsnﬁmmﬁtnumgnm@mnﬁysﬁmumggduasmnm@wﬂmﬂ3@5|onal | ensi ng
surface 20. . N, t@e nr.ef errq% §|Hh§ based QQ%HF ~SYyst em enbodi nent
can utllf§“m6%%§l processihg "t EeHiT gl LRI S0F grating. Fresne
trudﬁureyy@mmamwwakh&ﬁ ap@fnpﬁmahe fmmmﬁbmamgynmakmhenatﬂgmsﬂrface In

gener al , any conf| u tion rovid tion along one axis
Jonmy. besEUHE 28 hOTRE i Br Gt o RAEHT Qee™t 1 ARES dance it h t he
pr esent B]ﬂk@ﬂﬁids@fbnbw system BliGudi@ent\Wit @izt SMIIS S 09¥BLS teChidi@wtcof opti cal
substrate 12 and |ensing surface 20, shows .the truncate canlc geonetry of
col | i mat €§*5+ §fafl® ‘“‘S“T%éf Eei, O 28R SR PR P e 8% 6‘“&“‘89‘? E&5E%1 | i mati on
al ong thw?ﬁcaxﬂnsgeaenﬂ diyioh Sgt R nepANSii Qrovak: cbgnabieamunodehixs parti cul ar
di recgtion. 3 t he bean1eX|t|n t wo- di nensi opal | ensing surface 20
will ‘80nf”i“‘h6‘é 196 pt Bﬁhﬁ‘ﬁieés'%ﬂbﬁﬁ“’f‘?n% pad ‘i&laéc‘?é%d“%\hﬂﬂli“&&rﬁ‘;? Mue to expand in
t he Y—aXhﬁeﬂkﬁeCtlon FIG 7 is a top view of the enbodi nent of FIG 4,
showi ng in partlcular t he . . .
I'IG. 6, which 15 an isometric view of optical substrate 12 and lensing surface 240,
shows the truncated conic geometry of collimated signal C'v. That is, lensing surface 20

provides celiimation along the X-axis and limits the expansion of the beam in this

o
L4

particular direction. As shown, the beam exiting two-dimensional lensing surface 20
will continug to propagate along the Z-axis and will continue to expand in the Y-axis
direction. IG. 7 is a top view of the embodiment of FIG. 4, showing in particular the
relationship between first lensing surface 20 and collimated beam Cy as formed in
accordance with the present invention.
34 As described zbove, 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 sorface 22 of & 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.



rel ati onship between first |ensing surface 20 and collimted beam C as
formed in accordance with the present invention. 30As described above, the
coupling system of the present invention includes a second two-di nensi onal

| ensing surface. Referring to FIG 4, this second two-dinensional |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 to intercept the collinmated bean Ck- exiting two-di nensional

| ensi ng surf aeehi2@xample, wiming mikdi’g iexadpl e;dirtainin Xgxroliontc@dedns used to
re-direct. the ?\- axi s, col |.i mat ed b'_eamGCAg,\(Hg_nv\@r,{j% proyi ding collimation of
pr opagat i ng" E8HT PRYTEE CEERETOR CoRORISBHY Sl Bt HEYIHAT "8xis (referred to
her ei n asritdrendl agx (1skred husrdiosnthay aaiss klign & oy Cheraswaks 6 atol | | mat ed al ong
the Y axi s, defined as, collimted beam CAT. As wi |l be described 5 below,
the curvERPahFREeRS T rwat BT ener GRar Tainds wor St B S5 ¥my be

confi gur egot-ohptgvirale of §@b6nEXaPhessidhecesifguinsteathyok coalduisams i on. I n one
enmbodi nent, . for exanple, a paraboli ci-,shatgeg | ensi n%. surface may be used.

I'n gener B 9Ena" SEEPLL 161 e PB4 BT W e dRANT WO B HehdPoRaTPFensi ng
surface 2Zaamyicheudeldnad:ascchaake sRapi ng", where this shaping is
considered to i ncl_ﬁdg both 10col li r@;;i‘on and focusing. Agai N, .t he use of

si | i con- based @ PuHg@RERT LS PEHETHSY drPRYMEnbBET HRE B 7% HERT esent

inventi om alal @M8e(fiOl ad hRak URapa ot eheef (h8UR{pRGEs dehsliereb @ GEME @itk ed t hrough
wel | - known CMOS fabrication processes to provide the desired type of beam
shapilfig. coh@aew ndircpitegh@iedtnvR el I ErrdsEpETa e rs) s dif R provi ded
wher e optie&imSHRS It al8ent @Rt UbRL R WL Fa: 24 sditecdb spased on and for med
within a common 15silicon substrate 15. The difference between
expandi n§PHEa Brayeh FREKPIYbEMEES b2t arpeatd 1 P eds B6IrTRa{¥E beam CAT of
the presgpf..nueitd ARl & inddiated nBULIHRBL AR LRSS Y LEWS Y RBEWwhS MOST
particularly denonstrated by Conparing the spot size of beamO in FIG 1
and the Spe! whydlol! 45d Arnicamiyo 4 apy Gpoded oPHad fumed welin sCsAvERt rat ed ar ea
of bgam CAT, ensyres:s20t hat nost of the propagating signal will ultimtely
be coupl ed Into an associ ated optical signal path, receiver, fiber, etc.

| n enbodi ment Brevhigsrence priveat xabsey e 4 2f Giadrioptti(C8E Ihvavieguicde 10 are part
of a siligan;hased, Sptleaal, SYSLAT.GNRR; PEHAces sl NG AQE f.aRLAER I on

t echni ques can be Uséd to forma lensi ng surface as an Infegral part of the
system wiegrrerticnlatihderapovgedescnidsans 25ephodi pEREmtGe-dioneagi bhal | ensi ng

surface g}%t isi%e §JL%WR ('f‘y«? iﬂ%ﬁ%%.eﬂe qgtrr&&t-dl, é’on@é*f?@x&d arga of beam Cyy ensures
20 that most of the propagating signal will ultimately be coupled into an associaled optical
signal path, receiver, fiber, etc.

In embodiments where optical substrate 12 and optical waveguide 10 are part ofa
silicon-based optical system, CMOS processing and fabrication technigues can be used
to form a lensing surface as an integral part of the system, where in the above-described

25 embodiment two-dimensional lensing surface 20 is shown as created directly along
endface 14 as an integral part of substrate 12. The ability to create an integrated,
monolithic structiure allows for the lensing surface to be precisely aligned with the
optical waveguide without needing to perform any separate alignment and attachiment
processes. Mereover, as will be discussed below, the utifization of a silicon-based

30 arrangement and the ability to integrate the lensing surfaces directly inte the structure
atlows for an array of structures to be easily formed and reproduced. Indeed, a preferred
silicon-based optical system comprises an SO structure, with waveguide(s) formed ina
surface silicon layer of an SOI structure; the lensing surfaces are likewise formed of

silicon and integrated within the 31 structure.



endface 14 as an integral part of substrate 12. The ability to create an
integrated, nonolithic structure allows for the I ensing surface to be
precisely aligned with the optical wavegui de wi thout needing to perform any
separate alignnent and attachnment processes. Mreover, as will be discussed
bel ow, the utilization of a silicon-based 30arrangenent 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
si | i con- based™$ptiitAoPSyRt i ORI PEEsv RSBt IEe GHECr St H *wavegui de( s)
formed i Racudlrd BeR1SIok kSR dwekui®ds 1an 13Qhd ST, We k#hed wAih@ shiealeng surfaces
are |ikew se fornmed of silicon and integrated within the SO structure.

FIG 8 i3 & #ue grigwedruraingrioe: srfecedris aypd Walissgaicde Hagieet tieni ng mirror
struct ur @, dinehtdhiibg pdardd grabil #1493 SeRALAURNAUEEW Hefovlr Irnekps and 1- 3,
all formed within substrate 2. A single, extended turning mrror surface 4
is uséd iSﬁepﬁﬁhge@%@%@eamﬁtiw!éewtwttawg ipfer&l ity of optical beans 0-1, 0-2
and 0-3, diregld B, LAGM YPWALHS:-85 . S00WA-p1 By SPQYinsk&eH exhiificpxPandi ng
beanms is also illustratedin RIG 8. _ 'FT‘/C]. 9, alternatively,

i |1 ustratesestiiel, d&a 2ot 2&3 o earallipatipn ofth e plurddy picatvegdide 18xanpleyd | enses
20-1, 20-2.5306¢.20: 3,40 ¢o0blnation w,th.a-p) yrali of ;wavegui.des 10-1,
10-2 and 15(0'-"59‘%%0%%F‘ﬁ]”té%gfz%?g??%Iy‘q%}@”bx{}a‘i?*?’66?% 111%Xed‘%eg(?ﬁgwétg 1. (LI1-2
and Cx- 3 wifmhagadindantide pictdn! trhentiveat i s afisngripriesehthei nvention. FI G
10 ispan.,i.s, 1.6V ew,qf the 19a S L QfaEhGe 9. Lenses 20-1, 20-2
and ?8362?%%&%%%% IL%L?%?%H a %@%&%@“ﬂ‘@@?“%ﬁ? %r?g’? substrate 12.
Advant agesdisdeyis «OMBBaprudsgess| hedraytapyeuis 6MED pensuime ntahdt ueadh lens is
properly aligned wth .t sociat ed. waveaui de, and.that.. e | ens exhibits
Phe’ same “SUreRRG bt hood el e P S E M B Mg, S o ol v

i |1 ustr atiensaxisits thf sanfercesawav egjtiodgsthe ptranigamtio shevuindérst?eod ¢ t hat any

desired nunpber of 1bwaveguides .and associated lLensing, surfaces nay be
. Oy Tusirate a ser gl Waveguiaes € LUROarsio ihat an esdired, pImbher OLL
formed in dl'i gnrent thghrr g7 VEEHIeS, Tt RIO BE LTS T ARG T G ngl e

curved swakgoele22nd ss@isedideablpyputisedmbobskepasdit aliynncolk thervat e each beam
along the Y axi

( g‘_,l Wil e ?L;,gq directing the pl, r;FaJwia%y Rf beams upward. These
twi ce-col | i matedhERie 'Af & o HowH 8% - H IPERHCARTE i n FiGs. 9 and
10. Advantmgeousdiyyat behfeimatong heof a:a4) whiit sigs ditednathe alrgty wict ure al | ows
20for alignment to .be maintained wthout the need to ée rately align each
bai 1 of IPEHST Ryl s o PH T HAROUT SHUE RhvEdu e, 0 X i | ¢t he
ar r angenents 5 des or.i Hednabawely] tht Gt bl Ritdisedofirad stridngt alioves di mensi on
| ensi.ng surface to 1 ovi de X-axis col %‘I‘mtl on _agd a curved, turning mrror
to provi d& VRIS CE THRATFON A Teged) 6 6°RIEET B 1Y PEVEITE Ehese
oper at | oRsrfack €arh Jtd associated waveguide.

While the arrangements described above iilustrate the use of a first two-

dimension lensing surface to provide X-axis collimation and a curved turning mirror to
provide Y-axis collimation, it is also possible to reverse these operations. FIG. 11

25 illustrates an alternative embodiment 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 associated turning mirror 32 is formed to exhibit a curved surface
34 (along the X-axis) to provide both X-axis collimation and beam re-direction. In this
example, the beam is directed downward, perhaps into a photoreceiving device {not

30 shown).

FIG. 12 is an 1sometric 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 [abricated as a preferred silicon-

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

|



25i I lustrates an alternative enbodi mrent of the present invention where a
first lensing surface $0 is configured to provide Y-axis collimation of a
beam exiting at endface 14 of wavegui de 10 and an associated turning mrror
32 is formed to exhibit a curved surface 34 (along the X-axis) to provide
both X-axis collimation and beamre-direction. In this exanple, the beamis
di rected downward, perhaps into a photoreceiving device (not 30shown).

FIG 12 is an isonmetric view of the wavegui de portion of this enbodi nent,

i |1 ustravirhgf subdragr iZedingteh dhcofd @ vwawgude nenShaomalty lefosh agindagrftiaice wi t h
espect K TRolAgRydha. A%t i LhE ERRAELIRILS, destribed,aRare, when
fabricatéd as a i) “hased” conti gura I mensi onal

| ensi ng Slmdram;*eecti@nmyndnealﬁmmdf% naad hmfaegﬁaio hegamtedofingbtistirate 12 al ong
endf ace T i | to . fo 1Nt Led structure

el i m nat @ﬁ%r%\’%g’é” OLQO\I;]k?‘: bn'D lb% rfea b wff}‘ Hﬂ %“ J[‘Qtogg‘g%ot her. The use of
a sil bconndztised’ bﬂb@dagmﬁg, cali‘smfealhhmyxf 0T1“®J$ﬂﬁ@ﬁtd§bﬂﬁ@%bﬁﬂpﬁh0 be forned
usi ng kno sing LO-provi th esi.re e of X-axis
ol 1 ot PRI BLRERg P PO R bt PEh s L S PRSP B beam cyx.

It is toabe (inatx&dot V). the subscrl pts assom at ed W|th collimated signal "C
denote the orrqer of the g |W&t|9p al oncgf ) 2 % XY or YX),
Nbreover, as WEIETOEABOVE 297 e o dtr e Sf” @ﬂi‘Feviﬁtrtfr 3 ?nhégsecond | ensi ng
surface smfach@aybeket @ fubthdrh@iron aerivpinking beami0gs Rgobrady asmakks to focus

i nto,@ smal | er ,10s ;I ze than achi eved. ner %L@/ 3 col limating the signal.
FIG 13 SHOWE GA" | %t”& PGB PHE Y 1 788t PELEHT" 998Nt i on wherein a
par abol |4 go&;zuﬁg/@tsﬂdhe)ﬂu& pridehia e e6h WFkLﬂ*alaﬂ@ﬂdﬁc\éad‘u?ut’uicﬁ@gm‘l@ u@ll vdot ulr: ni ng
mrror creating a pro ating signal with a focused spo t size F, as
shown. WAFFES Hrecetigidit Wgw% "W PRE S SREY I AERHGY ] hcd SREFS, ot her

curvat ur gs: BRYF ke sised WeldhRkEed FesUSHNgHhand/ Bt peabhicmiionmas desired.
Wil e the above enbodi ments have been descri bed |n terns of a

subst r at BUBHEEHTAHPT EaF 1YY EnioC BT IR e SR R %%fr"rr&onents (which may be

readiiby for megang. abdGReMosH-RG hiMIB PIQGARS &Skymd 4f als8h: RS DaRASSI bl e to
formthe dual two-dinensional collimtion and re-direction coupling system

of the pPREBHYSERGERPIUIE Wit camsecat évael Merse rephglemeidand «iiicie t he

f or egoi ngq;dgéwap&b% eREEIENSHEX RIPHAMY d@mgglaw%np colis tl%.mizo present
invention, 1t wl be cbvious to those skill In the art that various

modi f | caﬁﬂorﬁzf,hrﬁedymbéurﬁﬂaeyww Aot PeEphiny gD f"r"fbm“tﬂﬁ@ dspicts thand scope of
t he i nvept-pn a8 4ef kA G nPYet NG 8l BB PRENIRH NBELLOus cMRat i clai med

20 present invention, it will be obvious to those skilled in the art that various modifications
may be made witheut departing from the spirit and scope of the invention as defined by

the ¢laims appended hereto.



1. An optical systemfor collimating and re-directing an expandi ng opti cal
signal, the system conprising: 5an optical substrate including an optical
wavegui de forned thereal ong, the optical substrate including an endface
term nation perpendicular to the direction of the optical wavegui de, such
that the expanding optical signal exits the optical waveguide al ong the
optical substrate endface termnation; a first two-dinensional |ensing
surface disposed to intercept the expandi ng 10optical signal and perform
collimation of said expanding optical signal along a first axis, formng a
first colli fHeed copeadésal signal; and a second two-di nensional |ensing
surface disposed to intercept the first collimated optical signal and
perform beam shaping of the first collimted optical si gnal formng a
beam shaped opt i ga‘ﬁ“ SRUGH &Y ST FoH e Pt F Yo i apeprediedpid optical signal
15al ong a sei‘gﬁmdhe @ﬁ&rﬂ&gﬁ}iﬂ@hg axi s. 2. The optical system as defined
in claiml where ﬁg t. WO- dlrre onadtl (%f e?%ﬁthacells confi gured
to perform beam aélr?gﬁb‘ia Xo| Sﬁrﬁteé%}”ldinﬁﬁq ?pﬁlﬁa Wﬁéeg’f“ ¢ P Siersivae 85 OBt cal si gnal
al ong t he sedonds indnditggendhceastngatiap pEpemticalaf tltHeydirexbh ofntatcedcabptl cal out put
signal . 203. al the second

t wo- di nensi (;vr?g g’ldgﬁﬁsdlh?]ﬂ tshgr’&gﬁdégglaoznéég{ﬁnqaglrtgeﬁ &Jg@%épﬁ *e(%%g%&%%h shapi ng by

f ocusi ng the?Ptfqa}rSg'PStrefeIefllcif%?ateé@m@mi cal si gnal al ong the second, orthogonal

axis, formng a L@l sBheebionh0GHRE AR digBled RUABMEp: &l 8f}hding 4.
The optical systemas defined in claim!| wherein the opti cal systemis

formed 2%of °BIP steap-phREgmpeRieatien of saideyparding optical signal algaga figh#4it 51 syst em as
defined in (fd»raxmg]aéhrs\ﬂ/&ﬂmeatwo@hcall ﬁgxﬁt amme of the first and second

tV\D dl rrenSI Onal | %g]sht\g}%}ij}r laorlq? nSln S %rc 1S Sed Olntérnette rtSted SI | I con- based
conponent associ‘at ed PRE"ET 9T Con: Baseao i'cal Pef eneént s. 6.

The opti cal celisbtehoraisal sigfal melgpeiformdlean maﬁngl\bfelneeﬁlrn caltlmhte@mwab signabf the first
and 30seco nq’?rl:ny}@ a%aﬂ?‘? Qﬁbé&%ﬁémal s%{ﬁ%l' A8 resd'll{egtﬁ‘lg 8R bk sh%ﬁéd%ﬁtﬁcgg gnﬁlo m the group

consisting o
15  along a second, orthogonal axis.

2. The optical system as defined in claim 1 wherein the second two-dimensional
lensing surface is configured to perform beam shaping by collimating the first collimated
optical signal along the second, orthogonal axis to form a fully collimated optical output
signal.

20 3. The optical system as defined in claim 1 wherein the second two-dimensional
lensing surface is configured to perform beam shaping by focusing the first collimated
optical signal along the second, orthogonal axis, forming a collimated, focused optical
output signal.

4. The optical system as defined in claim | wherein the optical system is formed

25  of silicon-based optical elements.

5. The optical system as defined in claim 4 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.

6. The optical system as defined in claim 5 wherein at least one of the first and

30  second two-dimensional lensing surfaces are selected from the group consisting of:
lenses, gratings, Fresnel surfaces and prisms, or any combination thereof.

7. The optical system as defined in claim 5 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.



| enses, gratings, Fresnel surfaces and prisns, or any conbination thereof.
7. The optical systemas defined in claim5 wherein at | east one of the
first and second two-di nensional |ensing surfaces are formed using CMOS
fabrication processes on the silicon-based optical elenents. 8. The
optical systemas defined in claim7 wherein the first lensing surface is
formed by etching the endface term nation of the optical substrate.

9. The optical systemas defined in claim5 wherein the optical system
conprises a silicon-on-insulator (SO) optical arrangenent. 510. An optical
system for col | i fraffharptieaheystee-sgilafisetip plgina’ wheminmibf fiyt lgfsing kAt ng opt i cal

si gnal s, th%ox%égE?&blﬁw&n&awemmatmn of theDpdca QR REsed system including an
optical substrate conprising a plurality of optical waveguides, with a

plurality of exp&ndisrptieshersEmes %fiﬁ@?fja‘f‘%la‘é‘k? Vi G B aXBhdf ace ternination
of the opti campsebsiilicahen-intll@aoRbon apichiar@fgeid- di nensi onal | ensing surfaces

di dto int lurality of di t |
one. - o el at I DASHPISY Rtk 6t RS DAL RS OPRAIE per f or m ng

col | i mat i on opficasagmdlsassgeabrat@cpriswpandi ng optical signal along a first axis,

the p| ural ity of %y\é%n%!is %%t'elgnrgﬁufkmggrﬂ)ﬁg 1§%rst§'a@ecg§nﬁe§?r(grg&{mflﬁ){&l urality of

collimated opti c single two nsi ensi ng surface
di sposed to qpmaéwe\@g}tlde@ hyathpg|plpradityi nyxwﬁdlléﬂﬂptl‘#aﬂmsféb eyiping 8ee 28j gnal s and

perform bea%%@r&r&%a% O@ghglg &l shbsimt.ed optical signal of the plurality of
collinmated opti cal gnal s ’f)ormn plurality of beam shaped opti cal

signal s Hhd re-df Plé‘i‘:‘lcltp' ﬁ@tWP’rﬁié“eﬁFlﬂffaé?PSt‘%% spfaceelipehiofRiereEhir E’éﬁah% gnal s al ong
a second, ordthgmmgl Opﬂéﬁl ﬁgna@@ﬂ.alone-fchene(iﬂitloﬁﬁlp Sa)éﬁfv&l’-ﬂnaﬁlsﬂﬁ}fl lengsk i n claim 10
wherein the ura n di sposed

al ong t he eﬁﬁ*ﬁ%ggﬁ"@%ﬁ% ﬁ%\%’?%‘ﬁ“ 8tjf n"f?ﬁséo%aﬁ% ex%ﬁn %%‘9 réaq?lﬁngaﬁatﬁrgsgt nment with
the plurali tayisohe gptlitg af twoinegsiordelsnsing surfaces’_ermm‘Eh@hmzptty Qfablhslgﬂsd em as
defined in c(jpgéamlghqlsyxﬁgrel n the silicon-based system conprises an SO - based

system
15 a single two-dimensional lensing surface disposed to intercept the plurality of

collimated optical signals and perform beam shaping on each collimated optical signal of
the plurality of collimated optical signals, forming a plurality of beam-shaped optical
signals and re-directing the plurality of beam-shaped optical signals along a second,
orthogonal axis.

20 11. The optical system as defined in claim 10 wherein the plurality of two-
dimensional lensing surfaces are disposed along the endface termination of the optical
substrate in alignment with the plurality of optical waveguides.

12. The optical system as defined in claim 10 wherein the silicon-based system

comprises an SOI-based system.
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