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WIDEBAND OPTICAL COUPLING INTO THIN SOI CMOS PHOTONIC
INTEGRATED CIRCUIT 5 Cross-Reference to Related Application This
application claims the benefit of US Provisional Application No. 60/757,962,
filed January 11, 2006. Technical Field 10 The present invention relates to an
apparatus for providing coupling into and out of a thin (i.e., sub-micron
dimerRINeBN R € TH& g GO BRANf dPETSU A INAQ T o HESUBHQFONIC
reference planes and lensind El&fdd EPotdREL Ebupling between a fiber or
lens and a thin waveguide. 15 Background of the Invention A common prior
art technique for coupling light from an external source to a silicon
warBgRdR e eerelatal pppbtuton facets on both the waveguide and the
mating fiper (rmination: bxamples ot el serminateas iclude putpreak,
limited to: mulimode or sing e-modfe fibers with ‘small drzero cleave polish ™~
afitfédarinaysdeddlfy 20 shaped or lensed single-mode fibers that produce
spot sizes as small as 1.5 pm. The fiber termination is aligned to allow
maximum light transmission through the waveguide, and then fixed in
plesticaAfiteiilection (AR) coatings can be used on both the fiber
terminatiba paektiénveavieg uitiectaceintapiadiceftiehresingldassag. imcadhobut of

these prior art arrangements, the input and output ports are necessaril
1orai. i EH&WPE 1P TRna 0]
Ioactjltlélglaet T R A

redtriftisnecatesdod gasnsatisnients. o wpvldyyoanttebsireyareliiaposiedsiapd a
ugingWhis Rrigr 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 S01-based opto-electronic arrangement.
FBhLiRerpuiaoseReThilaesent invention, a "thin" waveguide is defined as

30 having a typical width on the order of roximately 0.5 pm and a typical
thicknesS T dragk uh Ecmicus bor SouTi Beb Foan Ut Ie e’
"isieppemaysersdchave deon ospobslsshdllipessednbith thinweasaydided. the mating

F@N&?Y&hiﬁ!ﬁﬁoﬁu %Pﬁﬁé} RheNRAY; nithin Bﬁtsﬁéﬁﬁﬂ/ﬁﬁﬁgwmem
environments, where there is careful control over fabrication conditions.
multimode or single-mode fibers with small or zero cleave/polish angles, and specially-

shaped or lensed single-mode fibers that produce spot sizes as small as 1.5 um. The fiber
termination is aligned to allow maximum light transmission through the waveguide, and
then fixed in position. Anti-reflection (AR) coatings can be used on both the fiber
termination and the waveguide facet to reduce the Fresnel losses. In all of these prior art
arrangements, the input and output ports are necessarily located at edge facets of the
waveguiding-containing wafer die, significant restrictions on device geometry (e.g.,
topology and/or size) are imposed 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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1 Thus, a need remains in the art for a manufacturable, high efficiency optical
coupling arrangement for providing permanent coupling of lasers and fibers
into thin, SOI- based optical waveguides as utilized will be required for high
volume production of opto- electronic products. 5 Summary of the Invention
The need remaining in the art is addressed by the present invention, which

relates Thnadissaratog foipfovitiig eowpmes e nbigueidicenpiregtisal
subuplgsR-HiRaBsiongs) ARticA WaNEIM dR faHDE AR e LRSI RO IHAY SOI-

of an SOI structure and, 10 more particularly, to the use of reference planes
whttie PRI SO Y argettire %é&#lé?ﬁjdwﬁls%&?&’fé‘aqéﬂ%’iﬁ%‘“&%’r‘ﬁ%ﬁg%‘lﬁ%{h8fe°Pt°‘

celgplingibptvdeen.a fiber or laser and a thin waveguide. In accordance with
the present invention, a defined interface within an SOI structure (such as,
for example, the interface between the silicon substrate and the 15 overlying
b Sritiehaxidd IRAMetisar) is utilized as a reference plane for the coupling

arrangem%eﬁh%rﬁgiﬂlﬂpﬁquﬂﬁé%&af%&% thgﬁgge%\l%@%mh relates

terminates at a_sidewall formed within the SOI structure, with a lensing

al PRSI iR YD R AURN R U ﬁ&dtfé’t‘\ﬁéérﬁhfﬁélnﬁpﬁﬂbd@%&@land the
\Mﬁﬁ&g&lﬂd&:dbrbpﬂ‘@le\mbagilmeﬂirﬁfem presatidngsentiorr afsesdaterlense and,

element is dis 0S| 20 between the light s r%ﬁ#e r ber or nd
B e P e S R g
firtspeldigbloseiddnlemeatich thatilasdebngdiehadnntibeherSeirstdettive. The
fixfve{iRef includes a reference surface that is associated with the

SOI- based reference plane so that the lens will be in optical ahgnment with
the thin IhacsaElaRRS WHR et iRV irlcadisH A e Hiai a4tk

akgomeatseonfigtratiomatz, Qﬁéhtﬁeefmqﬁmeem,tﬁh gilntarahvisplacedahéhe

lens xtur with respect to the a.ve terml ation can be adjusted.b
et SR v R e e
ceupug@n@obfénméml W@Vﬁgm@ns ftacdrmathinshm8Qe layrranrh@ximmatas at a

COMRUREY 15 ARNIGHREh R AORURERALY &SR AHME r S| RSO ATARIE P e
may be directly integrated
coupling between the input device and the waveguide.

In one embodiment of the present invention, a separate lens element is disposed
between the light source (either fiber or laser) and the sidewall termination of the thin
waveguide. The lens is held within a fixture disposed in a trench that has been etched into
the SOI structure. The fixture itself includes a reference surface that is associated with the
SOI-based reference plane so that the lens will be in optical alignment with the thin
waveguide when the fixture is placed in the trench. In an “active alignment” configuration
of this embodiment, the lateral displace of the lens fixture with respect to the waveguide
termination can be adjusted by moving the fixture along 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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30 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 2 the core

istha ¢hEe deisitbel JsosiiorPsiprdoinke e pling)ing thehthihinvayesuide. Thesilicon
silieRR iPtagk daipflipahied atachrst tortbre Rl i et iaEm éBEEpHﬁémanent

coupling arrangement, using the substrate/BOX reference plane for optical
aflgARSERE Ble b8 tthe DSRPEEY HRGHHRPANT (DA VBYEALY! S8R ARy Srcehe

efiteoditoeniadihthéipreserduideention, a portion of the in-coupled signal
propagating al the thin waveguide may be tapped off and used to as
bctive. To A S G 0 A e Hhe BTG o e 19 Bes e

thigwbnegagdengraddnsm i thiny ecgpidegnirasbb émpescdlievetusad Hitto nalhgtiee
SRR A0 ME Me ATANIENERMANNE LIFEEL I RHEEPHRIR A RIONA T

propagating along a thin waveguide intg 10 an output fiber, or other optical
oHlifﬂfné‘éwé’é“(%ﬁ%Haéé’,"?é‘ﬁé&’ﬁﬁ?ﬁle{*&%%?ﬁ%‘&foﬁ’é)?a‘t‘ﬁﬁ@%ﬁ&Wﬂﬁ‘é‘?ﬂt
embagdémentsnaychiaakd esct-tupeasapidnpeptigninglhioaganten appageidt into
during the.course aof the following dijscussion and.by reference to the
L R R A R R oaer
the draviddgs ard@Gurthes embisdmenticieisadfremoéstemysisayt B@Instpactilidecome

'nﬁﬂggﬂ QQ;HgQHMﬁrMeC@HB@HHgQH&H%H aRb @9%@3{@&% TQ"ﬂ%ancom any

coupling arrangement formed in accordance with the present invention; 2
FiEWIngsan enlarged side view of an exemplary fiber coupling arrangement
formed in accordance with the present invention; FIG. 3 is an exploded

is mjtﬂ'c vievt\é ofél;.xtahsigcon.block portion of the fiber coupling arrangement
and dn &544EiAtES op‘ficéf’ﬁb’@rs; FIG. 4 is an isometric view of the silicon block
of FIG. Befpitingheofivertpoditionad, 25 within the block's V-groove; FIG. 5 is

an iSOomefAC View, ol HResticrn, BIogkRl iR B INREE VG AURPboth a fiber-

based coupling arrangement and a laser-based coupling arrangement formed in accordance
with the present invention;

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

FIG. 3 is an exploded isometric view of the silicon block portion of the fiber
coupling arrangement and an associated optical fiber;

FIG. 4 is an isometric view of the silicon block of 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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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; 30 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; 3
FIG. 8 i§¥site itde gt idkelase ot rrainpesment of teeppsregkimpention,
inygotiahe Uﬂk%ﬁﬁ@ﬂ%ﬂﬁﬁlpﬂgﬁﬁi RUIPWSfram A3 a%rsﬁfgqfﬁguéﬂ @&mmg

through a lensing component and being focused into a thin SOl waveguide;
R @%‘%ﬁﬁ%ﬁ%ﬁ?ﬁéﬂ%&é‘?ﬁbﬁ?@%ﬁ%ﬁé%é?ﬂ of the present
inventioRAI® the a5dpriewioathe asniplaty aouléng: arcatgemaaibtdnd: amoo uiphé

couplinpaanasment, hetalied Descripton FIG, 1 A isometicagy of an
exemplary structur :[lé ?orm%énto INCiU CPe %8 ]%H) coupiing

arrangement and a laser coupling arrangement of the present 10 invention. It
ispor R APPSR that any number of fiber-based couplings and/or laser-
based cou (Igllngs may be utilized on a given SOl structure. The pair of

couplind€Gs SRotlrsHRTEIONIG Y e SeRaIp AL TEigHand %&'ﬁ%ﬂw‘&ti&iﬁl“ﬂ%
shoin, fSﬁl cﬁ)ﬁiﬁﬁﬁlgl’ﬁﬂiﬁg@ﬁmmaﬁ&& ansit eampﬁu@aﬂaﬁg%adﬁmﬁeﬂmﬁe

(I?gg( t10 A%Oab fs ?082'1' % ftl?’l%hﬁi 6%3? rgsgal s&llcon surfacg/la)fer 16

herelna er referre O as ayer IS an mporParﬂgFeaI&ure Olsfﬁ'le
pk@s@mnpbmsonamh@ bylistitizing awb’sﬁhl@tmtdrmeﬁ@maewbmmgs is shown

WRVegHIdeoMERIC. RO I@¥ETs1Bn e BNRkaRES. coupling arrangement can be
configured to be essentially polarization independent. That is, both the TE

and TM%%M%%@&?WH%B&BI@W&WM% Slis aTains %é’s@n’ﬁ%ﬂl?"ﬂﬁé (BOX)
sane leoul mglsiﬂﬁmcm@nﬁ@xemyﬂammeaﬁl gumati@rafé@ N e$keiBinafter referred

a soc; WI'[ ro atin Ien of 1310nm) utilizes
B e E S5 S heine o
widbhno 10801 nroGiemed Bytickiliwing aundcasgbii et iens 1Sy she rmogithper nmmhng

f'%l@aﬁé@ﬂ?éi@éaﬁfb% 509ﬂ%~u§188 b p A A M adRs il BrPfﬂH%%ﬂH‘éﬁtthﬂlat is, both

nanotaper lp with nearly the same efficiency (e.g., less than 1

piadZatishldéperice Aadesyiit @%@%@@ﬁh@?&%&%‘ﬂ“ﬂ*ﬁ&ﬁfé?%ﬁé&& same

thickplassesiant 25 Oanelapprhiipcsnaihs (with fasseciatedormitisiments in

mp(%ggagz?tllglgd\i%r\r/]e g%chn%?% ?190#19%%%% an SOI layer 16 having a thickness of
approximately 140 nm and a nanotaper tip width of 180 — 200 nm. By utilizing an
associated lens system with a mode field diameter of 2.5 um, the TE and TM modes will
couple into the nanotaper tip with nearly the same efficiency (e.g., less than 1 dB
polarization dependent loss). It is to be understood that other SOI layer thicknesses and
nanotaper tip widths (with associated adjustments in mode field diameter) may be utilized
to achieve acceptable polarization independent performance. Polarization independent
coupling is an important advantage for applications where a photodetector is to be utilized
in association with the waveguide, 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



10

15

20

25

30

to achieve acceptable polarization independent performance. Polarization
independent coupling is an important advantage for applications where a
photodetector is to be utilized in association with the waveguide, inasmuch

as the photodetector will be able to achieve fixed responsivity with randomly
polarized single mode input coupled light. 30 In accordance with the present
irfbertisrenaeqamet g ivinaffacdepanvied nscefigusudangyerg g pucisothe location

sUpgidrRdsHilizes as & l?f %E@ﬁﬁefﬁﬁﬁf%?em@&%‘(ég e@éigg MRNhRAWES RN
input element (such_as a fiber or laser) and a relatively thin Waveggwde

fARNGETSH @@F - [y istycp hstaseBIf %@Fﬁt@lﬁﬁf‘cé%é‘m@% o8t tsdttiake
12 arduBd Xildns Oelined ldscah thelcefenardapland (hacinaftetidisignatad. It

an e leranae-iane k. nasmeh andbeogatien, of fis INEHRGE. ARSH AR e
vary great rom Wafer to Wa%} ljsmg tChIS mter?acg as t refe ence plane,
tkﬁé@éﬁ@r@%@tméﬁ&éféﬁéﬂé@cgm@ewmm@l@mmm@tlﬁmtself

wRegHide vithin: BQIlaven e sanhestntermingd Aand Muibrerain essentialy

constant. it 5 is to be understood, however, that the interface between any
CBWQB]Bug%Q@H&Wﬂﬁw"ﬁl ﬂi%‘e%tt‘?ﬁ&?éﬁés?n%w Béthgélaeé@%s'@fé’r‘?ﬁééeﬁ?alﬁ s
sucly asdhve toglak 3R kdayrenctpiiself. Moreover, as other layers are added to

the SOl gtucty %odﬁrd}" proces ar[‘ﬁb(n,ﬂg%h saﬁnfs a‘a”g%'s‘?ﬁé%'é’c'l%su nterieve),
dlelectrlceiayer , any o rfaces tlween ese layers may also be
ugédoa@em@relﬂehetheéhmbzms mﬁﬂ@éfféwmgr@dﬁl@ mlm@pnbabﬁb@ai 1iBas 138

SRR fRASHEABI WIDiMBURNER SR inmerlbropelikedbigkaessaiis

SOl structure 10. In this example, optical fiber 18 includes a lensed endface

19“66%1?5}8(?@ Qﬁé@o@pﬁﬂ’iﬁ‘%@ﬁb %ﬁﬁgelr?ogﬁéé‘ihﬁﬂg}e&@%%ea il
Wwenagghidide aZitaimedadithin oddayen26s ﬁmlaé@amﬁb@etwem@ fe{ﬂﬁﬁdnot
er dface 1t of f|b tﬁ&% andlthlrt1h é twd 22 is. rov%jed b)éa f| 3 t|n1%
fix SPNen(lrrllo RownN in r|§e\S/|ew)gl at overiies the stru %Jnree usm I
réfer@mqﬂmeemlmi deteoniilvarligrendirh € Aistanasticdaripepk tts pfohﬁeber holding

aligRment b PRI asRRERAfiMREI SR eh-NQlding i preve dllystrated

and described hereinbelow in associated with FIGS. 2-5. Also shown in FIG.
1is a la8&osbaraeip X ihich %lﬁ%rp%’é'éﬁ ot ‘é(lPéfé’cWBfWFﬁﬂ ofpEdatglydhied
Wita#sS@ Fsitridatuiehiis &Y kenstog: fixtupel 2B iispnsitiong s Q@Mﬁﬁ@dtba“%@n the

g“&tngf dscr sprce f‘% ?a?l?nt\%”vé’v a"cfgz‘i"%'§P22 b %"r'ede fhe £ ‘ﬂzfﬁm&'{%h

v coupling o aser'Soutput signaPinto thinwal egw

accaptagobthwitlastres output signal into thin waveguide 22. In accordance with the
present invention, lensing fixture 28 is positioned to span a relatively deep trench 30
formed between thin recess 26 and a waveguide termination sidewall 32. In particular,
lensing fixture 28 is formed to include a reference surface 34 that contacts the reference
plane formed by SOI layer 16, with the width of surface 34 sufficient to span deep trench
30. Importantly, lensing component 36 within lensing fixture 28 is formed with respect to
reference surface 34 so as to be in alignment with waveguide 22 when in position. A
backface monitor 38 may be used in association with laser source 24 to receive the energy
exiting the rear facet of laser source 24 and provide feedback/control information for
proper biasing of laser 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



10

15

20

25

30

present invention, lensing fixture 28 is positioned to span a relatively deep
trench 30 formed between thin recess 26 and a waveguide termination
sidewall 32. In particular, lensing fixture 28 is formed to include a reference
surface 34 that contacts the reference 25 plane formed by SOI layer 16, with
the width of surface 34 sufficient to span deep trench 30. Importantly, lensing

cBapdarsitIdcudthi laraing falsee!rgvis foipiethinitnyespee2tolsretaretpethin
sYhRes 34 §QREHRPesif lisRmRALW ik VWaNeeile.d2 1WheR HRAFEIRR Nt

backface monitor 38 may be used in association with laser squrce 24 to
reCENEITHEARBHYY Bxitihgcaredaass P tismsertdBYrRLo 2R holdige block
fe&xibacwaorpi@imfo_r‘maedaﬁgﬁrﬁmpeh_imasiﬁg@filmelrgmurﬁeea@oﬁtﬁn2

s A aniaged side view,of aneemplany fher cpypiing arandement, jormed
in accordarice with the present invention. Shown again in'this view Is optical
fipdicongnihalend vig deplsdy etefgddoleraoftsiractomeanbleriddingsilieanrticular
syhsirgted othi B B dayvesioaindoSOldayes 46 iR alkashawibewhgrg thin

waveguide 22 is formed within SOI layer 16 and fiber 18 is positioned so that
RSO BR RE ISR tivar i e IR cTeRACtRIFN G/ AV abofdersyctie 10 when
aseidansenwithitbe piesenitovention, byfitstrbiolcingehlogk of0/igesee 42 with

provide this desired align t. while holding fiber 18 in a fixed position 5
Proved (DR AERLESAITEN RIS IRIRAIRER TS I AL SRRORID &
ctmisdsedfasitidrvahberalagnod rotishyibe referrdd b e iedtet Gis Poilidoned in

blagk- A% ik tiayepaf%ylar MW Af- KGR pnloR 68, HaRR1ARKAR iRed to
utilized as a reference sur}f)ace that is maintained a predetermined distance

aPoRRAPERshetitashPirrk 9 OrSd Fetiinld-10mErionrsal A id nduttét
oyRIT&LBlsTouekit efkidoy, catitio hiag HbetkiepthcabM-arpoviei sh2onBd I kb iespe o

to,reference,surface 44, therefore, an arrangement is formed where the tip of
pte Sttt it R e
poesitiother linvgraaehed thirttiaicatsoff dmymapexphisairkdih bonting ondspoisgd,

MG LR MRy 9[%&1'%ﬁe@al?%ﬂ'@ﬁ@?@ﬁyﬁﬁ%wé’GgeﬁQot‘PoﬁQﬁl%UlU%:' (EhdQ S

mentioned above, block 40 is preferably formed of silicon, which matches

tHEFhaRi P EhRbo SR SATIMANURY 1015 aRRISY N, the components
will maim@n3theinh akgronerntaveiiaviextensadopaaa ab imeassisieR dgyical

nave. 'I?t‘j‘;'f}?&r‘folﬁf&‘%éev?é%ol the 5”S‘tllc?nx$?a{‘sé8rt‘i&?§@: S0 B8 féﬁdﬁﬁétox‘%gﬁt

however, that other materials (such as 0] asﬁcs may be%JSGC? to ormgb ocC

40f sllerebdock 40. It is well-known in the CMOS processing art that a V-groove may be
formed in silicon by anisotropically etching the [011] crystallographic plane surface of a
silicon substrate. For this reason as well, therefore, it is preferred that silicon be used as
the material for block 40. The actual dimensions of the V-groove can be controlled to sub-
micron tolerances by controlling the width of the V-groove etch. Also shown in FIG. 3 is
a relatively deep trench 46 formed at the termination of V-groove 42, in the position where
lensed endface 19 rests. In embodiments where a lensed fiber is not used, a separate
lensing element, such as that described above in association with the laser source, may be
positioned and used to provide the desired high efficiency alignment.

FIG. 4 is a similar view of silicon block 40 and fiber 18, in this case with fiber 18

disposed within, and fixed to, V-groove 42. A plurality of attachment fixtures 48 are also

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

attachment of block 40 to SOI structure 10. FIG. 5 is an isometric view of silicon block
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slight mismatch of CTEs may be irrelevant for certain applications. FIG. 3 is
an exploded isometric view of silicon block 40 and associated optical 20 fiber
18. Evident in this view is the location and position of V-groove 42 along the
extent of silicon block 40. It is well-known in the CMOS processing art that a
V-groove may be formed in silicon by anisotropically etching the [011]
cAfstambgrapiticSSIhpeustirate oharesititarisighkatehomoy thisreteasims agfagsit4
tr&@t&?ﬂi@w1§ﬂﬁ%&%ﬁ@%@ﬁ@ﬁk9%%ﬂsﬁﬁc&ﬂ@ ma&@mglr@érmel@ﬂﬁ?e Thes

actual dimensions of the V-groove can be controlled to sub 25 micron

tcﬂE’rBﬁﬁ%@%ﬂ‘éﬁ’*ﬂ‘?éﬂfﬁ&%ﬂ@%ﬁﬁ%‘?Sﬁ?éf\ﬁ‘%t%%}éc%%’ﬁh RSBrEBWR S, B
isis aoretatidelytdeemiranichys6 docoupt gt ihen@mmaﬁ@yl hefdﬁigmnvemathﬂ the

pOSItIOpbel‘hOel‘rgn (I)%[[-]S%(Iilgerlqua % S? : Stg’rtfglu ar, W n}?nts Wh lrbeel‘aise imode
[l)é)l’ IS not used aseparate en Ing ement, ‘such as tha eSCt'I %a%ove
infihssbeyationithvile lige casuce amlayl@enp@sm@’ﬁéd dnginesabled provike

t%c‘é ééﬁ?ékb?ﬁl @Fﬂf’c%}é &Qﬂ%ﬁﬁﬁcﬁﬁlﬁé@ léhés(e'i‘t@mﬁ?efg}/a{?éﬁ of cﬁﬂ&?&@)
block 40 and fiber 18, in thls case with fiber 18 dis osed W|th|n and fixed to,

VRGPBERRbR Y A B iR B it Bhe rpedinsg 48 Ao sz utput
fixibee shd Snare-nsdd fiddpiaxice: thadaetUal ieecihan ma&eaﬂlgmmnﬁcamdccuracy
attachment of plock 40 10 SO strg ture.10. FIG. tgelge%g jsometric vie\ \q/qj

ar

cqulr or er o us, eli 1nat1 a Se
silicon bloc 0 In place over SOT structure 10, where It is pa??rcu

showpptigat 4@@91@@@19@&%9641& of block 40 is dlsposed over and attached
to SOI StiecyIe,19mPRING tEFArRACS RIANG hAiAS 1106 ElNeNCa SHER & Pbrmed

alignment purposes in accordance with the present invention. It is to be

UHtRGIBBEth it hiReisacst LOGPIRRY ditaRgmEREnay teittiset Wit Wither
ashbliop uichben erameatlipatfibsofathetin: 10 ﬂ&ﬁﬁﬂl@ld@&éhﬂh&l@ﬁf@ﬂ fiber

|samult|mo e fiber hay relatively large core ar numerjc
o e R A e R e A S i o
m@lul@ﬁqga@bren@l(@%h‘émnﬂtegmww ’ &etép%@m@eneﬂqeewa\zégwwemmp ut

a@&lﬁlﬁuféggﬁ gpﬁﬁﬂ&@s ﬁa@%&%é‘i‘ %lé&rn mgﬁs()&ig? %J!Q%h%lse arise

multi-mode fiber may be attached to trenc 20 since the alignment accuracy
169?8%16??@& féhdh“fh’é%srd%fr‘%’lmﬁpf)me {55 Aipivisin &%“ﬁécé‘ﬂufﬁ °4 Yeparate

biagkiGRmpaneni4p teiovidedligrunrabiFipréisaayn pifigech JoByiRweathes
an6ex%{'98lar Igsgr co I|n arran emenlt formed. in ac nce with tt}11
opmcg sm conventiona rﬁ%tlve ion efc GPI{ process, where a
present inve tlon aser source IS dISpOSG
“deep RIE” process is preferably used to form trench 30. As shown, trench 30 terminates
at a sidewall 32, with waveguide 22 also terminating at sidewall 32. Particularly evident
in this view is the positioning of reference plane 13 at the interface between silicon
substrate 12 and BOX layer 14 (as mentioned above, other layers may be used to define as
a reference plane, such as the interface between BOX layer 14 and SOI layer 16 or,
alternatively, the top surface layer of SOI layer 16). Regardless of the interface used to
provide a reference plane, as long as laser source 24 and included lensing component 36
are properly aligned with thin waveguide 22, coupling will be achieved.
In accordance with the present invention, therefore, reference surface 34 of lensing
fixture 28 is designed, in conjunction with the position of lensing component 36, 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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shallow trench 16 formed through SOI structure 10 (for example, a trench
having a 15 thickness on the order of 10 pm). In order to improve coupling
efficiency, the laser source is preferably mounted "emitter stripe down" (i.e.,
towards the reference plane). This configuration eliminates the vertical
tolerancing problems that would otherwise arise associated with thickness
véltiatieied of e 1asur anipaitsa R Lsnsiigp fixeuieiersiie Hositrnediwitbmmeridpat
trench30.(enthe EH%EQia%BBQ?@M%M ﬁagp\wmglﬁ@mr% 4f1§ and

30 may be formed usmg a conventional reactive ion etch (RIE). process,

WHERIRE MHYERIE P SEERS T HHERSLBNA ROSP R Yo fi”éﬁ%ﬁ‘@ﬁ 23&§%f’1‘°0\?/n
trmduaﬁpt&mmnﬁ‘tes mbpagidewetidl aghalwaviegtiicte @Rvatsodiaronifratiog at
S|dewail 32. P aBr eV|cg Onrtnéglsthl VIE\(I)V IS th(%h%osglonm of. refq ra e '[hlS
pFane K5 &he e |nte Iface between silicon Substrate gfnﬁagg&i

miahtioRels taoe oty eownhydsdlissay tdhatdfgn aehipsed. r@fméﬂ@éurement

Planepsuchias theintafasedaueen BRX [RYelih At S0t eveh B rench

alternatively, the top surface Iayer of SOI layer 16). Regardless of the

|rﬁ@Kf%féé“t}‘é‘éméhep‘?%‘?&%e&“}%"fé‘i’é%%“ﬂf&d‘éa’%@‘l‘&haoa 1Rgaffichmaei P gired
in¢lsdead tlﬁnsmgae@ve p@nentaii@maeatpmp%émahg RedtWitthdhin mavegubdeasd o

coppling will. b achle ed. In acco ce with th sentl venti
B B, e O AR PEEAL Mo
corjdhrciionvioh athkssosiiore 8ftlensing component 36, so that when surface

34 is popitipREd Withist HEEAJEEAGH HAnaligemenpiny Q@aﬁ’&?ﬂ%\é@gf frilprekdsit

a side view of Iensmglflxture 28, showing in particular the configuration of
rdRSFIHER. 185 cass s Hﬁ&%&%&&é’d&&%ﬁ%ﬁﬁ‘& ESMpEREUSE 1 thegssifticular
emagdineanimstikilitdStsaied beidd @cbseanmpticaliapphids mlI%M@ulde 22
dete{mlne the d%%ree of. allgnment }hat has be na chleveycmtlwle n laser

SOUNCE"4 BN i Wakeguide 23 T BAEUIAr & Cobishng waveguide 52 182

digpesaiinznfacent ttg@abmm@rpm thmemmm@] ma@mwmg@t@xaﬂa@ & pogiode

obherRopaRAlingLRICE) SRl AR OPHFALRBWRLMARIRIW A (R! RigAsPRIE:
a photodiode) is used to measure the Liﬁcgwer in the propagatln%&gnal and

LA YRS Al RS R RN T @ i RO R EHAETERE Y B Heh termination

achiexeduitiBisaneasuoement Thr.bense thparaxasples tﬁeadbastﬁhﬂ diameter
position of Iensm f|>51ture ZSngr}rdee trench %0 6%3 shown b

aSUBIR SRR PR Wik fishaxiraUR coBB’i?ﬁ(éme ercy 1 Gitainec @grr%l?%e of

tyjpes 6f0active bptiealoaligpmentnatiangeneedsiexist (tilth@tamgn@lfmydleof the

uﬁgtqatlodimensions of the tip and the optical wavelength(s) being used). Depending on the
performance requirements for various applications, such a mode converter may be
required for either fiber-based or laser-based coupling arrangements. Evident in this view
is both shallow trench 26 (used to support laser source 24 and, possibly, backface monitor
38) and deep trench 30 (used to support lensing fixture 28). It is evident in this view that
the focal point of lensing component 36 can be adjusted to achieve maximum coupling by
moving lensing fixture 28 backward or forward within trench 30 (as shown by the arrows
in FIG. 8).

As mentioned above, it is possible to use the coupling arrangement 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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10 effectuate this alignment process. Optical power monitor 54 may also

used for feedback/control of laser source 24. FIG. 8 is a simplified side view
of the laser coupling arrangement of the present invention, in this case
illustrating the optical output from laser source 24 as passing through lensing
fixture 28 and being focused into thin waveguide 22. Waveguide 22 15
cntaingnpleitand ARHAREISINS, dippeisicial dgreidopvemet knpregenyredBplsing
thesfresnsiregdthreRidimeBdaRa hsignahinie aangdimensiona! signalfem
propagation along waveguide 22. The mode converter can be constructed by
al BB Xy N AR WY B WA o BN 2 YA S B A PR PLO-
(elgctdbobivrkol a0mareetaviom Wik SOak et ier Minatio roihwave idide 22iety of
(5. 40,0, This, adiabatic Japerwil conuert fhe motls feld iameter 20.0f
the wider portion of aveguide rom approximate )%. pm to a value in
tirewalad entst ayupRIGqstipartibinairsetigeté?nirhdoer sl WaoeguideRputhe
vadiglionidhnsHonefithe oagiualslimepsions of the tip and the optical
wavelength(s) being used). Depending on the performance requirements for
various Biopli dationsnseiCthas dacebeo)iverile bendyibes tequikeshiiosdaitber of
fioer-hased.or aserbased coupling arrangementss Byidentn, (s view g s
both shaflow trenc ti%](rll}s% to supporlPila er source 2X4°an , POSSi ? ,
backfregerdednitord g8y tard et 80 supsediohs upysoridersidglfixicire

28). ItiseMidaphindhisien BiatotheforalnaintAfRNSIng: GAmRRAEHL 36 can
be adjusted to achieve maximum coupling by moving lensing fixture 28

backPeid IR st AR RS Hh B HS SHotrHnsy idharieliayinte elens). 30
As mentioned above, it is possible to use the coupling arrangement 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 8 this example, an
input fiber 181 is disposed to align with an input lensing fixture 281, using a
silicon alignment block (not shown) in the manner described above. The
output from lensing fixture 281 is focused into thin waveguide 22, which is an
input to an optical/opto- electronic block 100 formed within the SOI structure.
Block 100 may include a variety of 5 different active and/or passive optical
devices, where the output from block 100 is then
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coupled into an output section of thin waveguide 22, and directed through an
output lensing fixture 280 and into output fiber 180. From the invention thus
described, it will be obvious that the embodiments of the present invention
may be varied in many ways. Such variations are not to be 10 regarded as a
departure from the spirit and scope of the invention, and all such
modifl¥atidhdagsfiéiild be obvious to one skilled in the art are intended for
mclusmq W'théprath%ﬁé:(??e ort)w nlnvelrégl IIgefl eO(Ijnlg Egtevf %Yglglgcclalms
9 What i$ claimed is: 1. Ad arrangement oP Foui INg optica oupllng Torfrom
a relaﬁ@/@@t@ﬁﬁ%%b'ﬁ anﬂlHéW@ﬁﬁéﬁ%l%}ﬁ%‘iﬁe?@%@ﬁ ByEq e
layerkoidusilicaprdndnsulaios (S, stroeilyacamarisiag laysiH isanhsupgirate,
an overing.Ariest eyide deh e VRRL .Sl IRYRI R Oldaver). the

thin silicon waveguidé formed to include an endface termination at a deep
trencltlerﬁ?f’i’ﬁté‘?:]lﬁtnrao‘lfﬁliﬁtﬁlﬁafﬁgﬂegf'ﬁ‘fég{‘hﬂ?ﬁté%og%tglg‘@ff K into the
silicontisgtustiatehthelicouplhngasr thngenieghoenpngingnaienging component
for coupling a propagating optical S|gnal into/out of the endface termination
of the thin SilfESHEVAVBGRIYL 16 HaternRE PIn e atiney He e hiYetace
betweedf@dfacemtleg/efﬁlefmhel vetregstidee; and a lensing fixture for
supporting the lensing component, the lensing fixture attached to the SOI
structure afbiUPHHS<dUES FLRE Ao SPBTHER G SIS NG AAL BERten
said thirsiticed waveguide endface and said lensing component; and 15
wherein the endface termination of the thin silicon wave%wde com rises a

nanotaper. 2" RKBIPAHGEPhERE 44 HAHHER IR AR L UHET SR SrigatiEnt
is utilizelkk iFOToNjUetidmavithdasr optibaltremgiditifyudegicesnthendsticedn said

transmifingdevicedispased. Uronia kakaivelshatiowdrench formed through
the SOI Iayeﬁ into hhe Sd con sultl)sé(r)gteﬂgo the llensmgvflxt%re |nclud|n a

HCG termi e thin silicon w

refer%g&§g?ace ‘0t & dimension sufficient to span the ‘width of said deep
trench prowde optical e}lllgnment between id Iensmg com gnt and
1 Jangemen tasd claim. 1 wherein t e arrzaléem nt 18 utilize

said endfac® TEHRSTHATON 67 LRIt A BiNl B WA S
conjunction with an optical transmitting device, the optlcal transmitting device disposed
upon a relatively shallow trench formed through the SOI layer into the silicon substrate,
the lensing fixture including a reference surface of a dimension sufficient to span the
width of said deep trench and provide optical alignment between said lensing component

and said endface termination of said thin silicon waveguide.

3. The arrangement as defined in claim 2 wherein the lensing fixture comprises a

silicon component.

4. The arrangement as defined in claim 2 wherein the shallow trench and deep

trench are formed using a reactive ion etching process.

5. The arrangement as defined in claim 2 wherein the arrangement further
comprises an active alignment element for adjusting the position of the lensing fixture
with respect to the waveguide endface termination to provide maximum coupling

efficiency.

6. The arrangement as defined in claim 5 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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3. The arrangement as defined in claim 2 wherein the lensing fixture
comprises a silicon component. 25 4. The arrangement as defined in claim 2
wherein the shallow trench and deep trench are formed using a reactive ion
etching process. 5. The arrangement as defined in claim 2 wherein the
arrangement further comprises an active alignment element for adjusting the
positinicorette gl ipageitherdeiiebe torthe Waveidedssaseie
termifatian toapuowid i gaiinadisaay pkngsadediaie neying fiihe alsange neent
as defined in sl haRinfeactye.aligarent element comprises a

tap-out waveguide disposed adjacent’to a section of the thin_silicon

wavegulde 83 HE4T T JEEAnsGHibh UithE Broansiig ighbrsia a
photodetestom vohpledicallibre clx e tes ropti Cakisigralpropagating along the
tap-fti{ ut M@Yﬁ%&@@%ﬂfﬁ?ﬂ@@:@m&f‘tﬁﬁﬁ% %Ha@e?@;@qﬁééiﬂmh&@ﬁ RdinsHng It'he
position e lensing fixture alang the de rench.until maximum couypling
e SR SR e A R
arrang@piepigseamiifenihos vypjunctisniwithcanaphiesk fitsed e BerdAbement
furthestcampsistng Asalighmeat lack ingtudipaioponajotsuriaceotgn the

alignment ARGKINCIAAIAG 8, DA IRIMSCLIHOUAN NG IQRBAIQE Surface to

hold the optical fiber such that the fiber core is aligned with Said top major

surface SthE' eGP b R RFABE iR (RSB PSERYSH IR SR st said top
majofsurfavefiscatidcheditg the®@hstouctuptingdnagoto dligntimesiliooptical

fiber Gake ik dhe.eodfacedesmination of the thin silicon waveguide. 8. The
arrangegne[nt as defined in c}aim.? (y\é‘rilrgr_ﬂvqlthetlen%[l:)tijal fiber i CJFL]Jf(IjHetE a lensed

endface as lfﬁgrﬁeénﬁgfrﬁegmcaosr%eplgﬁ%ﬁlt or coupling INto/Gut SFRSThik Sfifcon

wavegRiipesenifaoctiendh inamrrit 9 addeapiaigenicht Eendetifietpritpitidhmitper
whereinifthe Rligppentdloghfusthanlkbcapopsises a deep trench formed at an

end termynalion, of e KENGRANaF SURRRYS IRRiHRGr . SNAIacs QL SYRRRMINg a
separate lensing component. 10. The arrangement as defined in claim 7
wherélfithe alignment block comprises

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 endface termination of
the sub-micron dimensioned waveguide is configured to provide polarization 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 optical coupling is
provided between an input optical signal and a thin silicon waveguide.

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

provided between a thin silicon waveguide and an output optical fiber.

11



silicon. 11. The arrangement as defined in claim 1 wherein the relatively thin
silicon 20 waveguide comprises sub-micron dimensions. 12. The
arrangement as defined in claim 11 wherein the endface termination of the
sub-micron dimensioned waveguide is configured to provide polarization
independent coupling. 13. The arrangement as defined in claim 1 wherein
the burié? dXitiRRgeRcS cefpmdde slam crireds Bt Hizyrextlphdpnthredidits a
nvesanse ¢bnkhe. arrangement as defined in claim 1 wherein the interface

betweendhey, slican.sHRSI AL ARG NG RYNAL XIS 1XGL IS H6EASthe

reference plane forthe alignment arrangement. 15. The arrangement as

deinedhisChinra A erdit the'gptieditytpling is 30 provided between an
input optical signal and a thin silicon waveguide. 16. The arrangement as

defined in claim 1 wherein the optical coupling is provided between a thin
silicon waveguide and an output optical fiber. 11 17. The arrangement as

defined in claim 7 wherein the alignment block trench exhibits a V-groove
geometry. 18. The arrangement as defined in claim 1 wherein the lensing
component is monolithically integrated within the lensing fixture. 12
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