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The present invention relates to a systemfor nmechanically aligning a fiber
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Technical Field

The present invention relates to a system for mechanically aligning a fiber array to
a photonic subassembly and, more particularly, to a multiple piecepart alignment
configuration where a fiber array is presented to consecutively tighter and tighter
alignment tolerances until the array is ultimately presented to, and aligned with, a photonic

subassembly.

Background of the Invention

Inasmuch as optical fibers are characterized by a wide transmission bandwidth and
relatively low attenuation, they are particularly well-suited for communications
applications. However, optical fiber interfaces to electronic and optical networks tend to
be expensive to manufacture — usually as a result of the difficulty associated with
mounting optical transmitting and receiving devices on a substrate and separately aligning
each one of these devices with an optical fiber. For this reason, optical fiber technology
has been widely implemented in long-haul communications systems where the interfaces
are relatively few. However, the high cost of manufacturing fiber optic interfaces has
been a barrier that has slowed the penetration of the fiber optic technology into other
markets, such as local metropolitan area communication networks, for example.

A typical single mode fiber has a core diameter of approximately nine microns,
while a multimode fiber has a core diameter of approximately 50 or 62.5 microns.
Because of the small dimensions of optical fiber cores, aligning optical fibers with optical
transmitting devices, which have aperture sizes that vary from approximately 2 to 10
microns,' is difficult. Obviously, the problem is particularly acute when the optical devices
are to be aligned with single mode fiber.

Many efforts have been made to incorporate alignment schemes between a fiber
array and an array of corresponding waveguides on a planar photonic subassembly. One

such effort is described in US Patent 5,482,585, issued to Ota et al. on January 9, 1996 and



each one of these devices wth an optical fiber. For this reason, optical

fi ber technol ogy has been widely inplenented in |ong-haul comrunications
syst ens wNeneiwdssount erf aces are relatively few HoweverCTiuseooiogisicost of
manuf acturing fiber optic interfaces has been a barrier that has slowed the
penetration of the fiber optic technology into other markets, such as |ocal
netropolitan area communi cati on networks, for exanple. A typi cal
single node fiber has a core dianeter of approximtely nine mcrons, while
a multinode fiber has a core dianeter of approximtely 50 or 62.5 m crons.
Because of the snall dinensions of optical fiber cores, aligning optical
fibers with caister EBrocess lnniicatly feininteaniQpiieal fibdniAciay reanedrpprsnt MerebesT. zes t hat

vary from apmpé 0w Rt Skt destrded Ombthéd iR Wfich 5r$o;ﬁlk$lff'b&%|nray |S%MJI??§%¥¢! the
problemis i cul arl P/ﬁ acute when the optical devices are e aligned

with single Hﬁ%@'"&%‘éﬁa bers betweging, Vegrqoyed: haseplajeand @similpeivgraowed e or por at e
al i gnment  sphenase b;ﬂtcmarsaf fht Bt lcalaTbeayr E}Goﬁmaw J'bﬁz);!d Rfanepidapspondi ng
vvavegw des orbgfa gé g} g hot oni c_su 81% such effort_ is described
in US Pat ent B og9-csHE “ORpougabgentyr é"%'tg Jo'angeefﬁafacwu@ce £8lt56 008
entitled " Pobchsssuffae oyt ifigiak base platenat wigictate 6picalCibbrs hielfixed MNdragycohd an
Cpponent I\/Eg:pr?a eoft;l_ehf?xu%b%setplatf?gpogf%tomasuﬁ ! .be.s a et .hOd In whi ch an

optical fiber array is Af fi xi ng optical fibers between
a V-grooved baseAfsithet effcamld%ﬁcr@emrﬂéﬂwengﬁ 339894 isserd tpKaltiieet alTbreAagosti cal

fibers of t h@ 1@94 éng%!'mtfeh b@roo%dr(%éllg% 'n&:ﬂl)l& %cérgérgtﬁ% él&.@&u@?? 'nCaI

substrate (i. 0 ;%onent usin ] oI nI ng r'ef er ence
surface, ei FF?é?‘"gdW’é“QS’fs hg IF@‘ﬂ‘eéﬂrﬁa&ﬁ egrribesa OP‘i'%I $Pgnastes for gpnaeddingt  whi ch

the opti cal oéticbleﬂb‘érs%f)rﬁprﬁdlﬁg@%uﬁi@%r@vesﬁﬁﬁﬂg havhd é’r@@ve?for b&‘?tlofnlnﬁ'oﬂlgzapase plate
opposite togbhe sur face not her effort described rn US Patent

5, 339, 876 i SBURYYeyidkaies;jan uppex plate faving gropye P&’B°“Sf9‘§‘4f°’aﬁ‘me’é‘ﬁtﬂi°t8“é’6 'Gr ooved
Opti cal Fi b@i’ns ﬁh}nnemtxhﬂi&ghﬁé@ﬁo&&&afthﬂgncEl-g’iﬁdvb§ub@vldtdelaﬁlcrgu|alé@>&5| ng Menbers"

The Kaki i | tent descrjbes, an op necto r _connecting
optical fib rre%m(‘,;o FOPES eac?l. PRV Je?d‘etheggr?)o&@"i ﬁ'E?sQ‘ti &“8*’%3@%8 §P809Rs £ or

posi ti oni ng wobgre ﬂcabndq& Plberwvarad: iguertket witnthe guide piper  pl at e havi ng groove
bort | ons each T Qs mRE sEmdsRudlih B3, ElRuPas, toh%%}ﬁ@lndeps%%& i dles 01 ooves

of the guide-groove substrate; elastic gulde- each
provi ded i n2t HENgamsatfar yehinemsamileverad’ msp'@raym eaml@aab@‘WVpomltohs where the

gui de pin gpARAUES, tﬁer&nl'(lgve?éamb@f%ay"bénkbr&é}% DIk bRd f3Psupporting th&fpeat ent
7,587,108 issued to B.S.. Carpenter et al. on Septenber 8, 2009 discl oses an

ar r angement 22 With 3 SRV 1Hige qver Hﬁﬁﬁel"é’m@?'eﬂhe‘? 3 Y5uning] epch9f theofiber graXnar
| i ght wave céextends beyorbd’hn[baﬂ bfdt Waﬂlbne SR cordnbi lﬁﬁé’%’rﬁ%gfa'cbﬂnev@feﬁ ay conprises a

base nmenber fo rti h ber arr ver i ng over the
base menber ST} ureere gg e'rnﬂl%mi\? tgeh eb?rratyhsetﬁ%/"iddsé’Psegt“}W'é?%?eé'ﬁé‘é’m%eyond an end
of at Ieastfoomei lofthetplfwardrghmav@cnrcbmm,roviderommagcoaplmrhbMeervﬁe @beratrayjuct ure. The
term nal %dqﬁe](; Iags @,affa?‘ygcﬂt@avw%gtd' sposed in an alignment groove

formed int 0 provide optical coupling between
the fiber array ‘M*H& SPCH@ fi9m prewdgdseme oredng ofd lignment bétgbanveafiber arfay eod 4

waveguide array, there remains a need for an arrangement for interconnecting a fiber array
with a planar photonic subassembly that permits the use of low-cost alignment techniques,
while relaxing manufacturing tolerances on the various components and permitting the use

of inexpensive materials (such as plastics) for at least a portion of the structure. v

Summary of the Invention
The need remaining in the prior art is addressed by the present invention, which

relates to a fiber array alignment system and interface structure and, more particularly, to a
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As the components are mated, the “x” direction position of the fiber is further
constrained by a series of etched channels formed within an endface of the silicon
photonic subassembly. The channels are precisely etched and aligned with waveguides
formed on the subassembly to achieve positional tolerance on the order of, for example,
+1 pum in the “x” direction; therefore, as the fibers are guided into place from the fiber
holder and along the grooved lid, the alignment tolerances will become tighter and tighter
until the optical fibers enter into the well-defined spaces between the channels and become

aligned with the optical waveguides. Final alignment tolerances are thus expected to be



until the optical fibers enter into the well-defined spaces between the
channel s and becone aligned with the optical wavegui des. Final alignnent
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less in the "x" direction (e.g., a fewmcrons, for exanple 2 p.m. It is
to be understood, however, that tighter tolerances can be achieved wth the
mul ti pl e piecepart configuration of the present invention by, for exanple,
refining the tol erance requirenents associated with the grooved lid
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holder and grooved lid may be formed of relatively inexpensive, common materials (e.g.,
polymers, ceramics, metals, and the like), providing a relatively inexpensive interface
between a fiber array and a silicon photonic subassembly.

Other and further advantages and aspects of the present invention will become
apparent during the course of the following discussion and by reference to the

accompanying drawings.

Brief Description of the Drawings

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

FIG. I'is an isometric view of an exemplary fiber array interface and alignment
structure of the present invention, illustrated in a partially exploded view with the fiber
holder shown separately from the attached combination of the grooved lid and silicon
photonic subassembly;

FIG. 2 is an isometric top view of an exemplary fiber holder piecepart formed in
accordance with the present invention;

FIG. 3 is an exploded view of the fiber holder of FIG. 2 with an associated fiber
array, illustrating the direction in which the fiber array is inserted into the fiber holder;

FIG. 4 illustrates the fiber holder of FIG. 2, with a fiber array fully inserted as
indicated by the arrows shown in FIG. 3;

FIG. 5 is an exploded isometric view of an exemplary grooved lid and silicon
photonic subassembly, showing the orientation of the pieceparts and the direction used to
mate them together through the registration features of the grooved lid and the alignment

detents of the subassembly;



FIG r is an isonetric view of an exenplary fiber array interface and

al i gnnent structure of the present invention, illustrated in a partially
expl oded woaewod4sdvst he fi ber hol der shown separately freartuseooattmehed

conbi nati on of the grooved Iid and silicon photonic subassenbly; FI G
2 is an isonmetric top view of an exenplary fiber holder piecepart forned in
accordance with the present invention; FIG 3 is an expl oded view of
the fiber holder of FIG 2 with an associated fiber array, illustrating the
direction in which the fiber array is inserted into the fiber hol der;

FIG 4 illustrates the fiber holder of FIG 2, with a fiber array fully

i nserted as i ndiEl& éds abysotriaeicaremesahdzwueiothlgﬁiove’ﬂ lid, shown infdafficular i S an
expl oded is 1.C Vi opved |id and silicon photonic
subassenbl y?mer%%\%fn%ﬁégﬂ t%%YE o?n;%gtﬁt a?rg‘ﬂ%oo%’ ??1 RO 8Part s and the direction
used to nate thefiG 6g@tnh@metrﬂqrvawgiﬁtﬂemtedegnlsnanan pbthegrea\tedmésndjﬁethe gr ooved

lid and the sﬁﬂcbﬂ&%ﬁk sASE&RALE, of the subassenbly; FIG 6 is an
i sometric view of e undersrde of the grooved lid, shown in particular the

registration feallG &é aan@menis visaf deicoryplesely pssprabledipsr arayripferficoanes :
FIG 7 is anligmeaBdrutibre\oF WpREent MGent®;€d conbi nation of the grooved lid and

the silicon p%]otrpg}l 8 subassenbl y;
is a view of the same arrangement as shown in FIG. 8, with a portion of the

fiber holder removed to illustrate the location of the grooved lid underneath the fiber
holder;

FIG. 10 is a cut-away isometric view of the assembled fiber array interface and
alignment structure of FIG. 8; and

FIG. 11 is a graph illustrating the coupling loss, as measured in dB, as a function of
transverse offset between an incoming fiber array and a silicon photonic subassembly, as

measured for multimode fibers of different diameters.

Detailed Description

As will be described in detail hereinbelow, the present invention relates to a
multiple piecepart alignment configuration for providing alignment between a fiber array
and a planar photonic subassembly. In particular and as shown in FIG. 1, the invention
consists of three separate components: a box-shaped fiber holder 10, a grooved lid 20 and
a silicon photonic subassembly 30, with an xyz set of coordinates also shown in FIG. 1. In
use, a fiber array 40 is inserted in fiber holder 10, where the individual fibers forming the
array are introduced to sequentially tighter alignment tolerances until being ultimately
aligned with waveguides (not shown) formed on silicon photonic subassembly 30. An
alignment on the order of £2 pm in the x-axis direction, in combination with a £10 pm y-
axis/z-axis (longitudinal/vertical) alignment has been achieved with one exemplary
embodiment of the configuration of the present invention.

The three separate components used to provide this alignment capability will be
discussed in detail below. It is to be noted that only photonic subassembly 30 is required
to be formed of silicon, where this requirement is also a necessity for forming various ones
of the optical waveguides and other optical devices (receiving devices, transmitting
devices, passive and/or active devices) within the material thereof. Both the box-shaped

fiber holder 10 and the grooved lid 20 may be formed of a less expensive material, such as
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FIG 8 is an isonetric view of the conpletely assenbl ed fiber array

interface and alignnent structure of the present invention; FIG 9
is a viewofotdmsmane arrangenent as shown in FIG 8, wrCh/m2@onticon of the
fi ber holder renoved to illustrate the |location of the grooved |id
underneath the fiber hol der; FIG 10 is a cut-away isonetric view of
the assenbled fiber array interface and alignnment structure of FIG 8; and
FIG 11 is a graph illustrating the coupling |oss, as neasured in dB, as a

function of transverse of fset between an incomng fiber array and a silicon
photoni ¢ subassenbly, as neasured for nmultinode fibers of different
di aneters. Daoa?en@@abe@@wiabmqlmr ceramic, orapetajlid dombesitibes Alteipasivelynsiliter ai |
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i ntroduced to_sequ nt| nent toler ces
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subassenbl y a88y. Jeparatclyggroeed hdmo islagacheddesili@h pRotgrie §uba$s¢1talnlx3(abo| singdi r ecti on,

i n combi nat 'n%ahémcftahe?ﬁpagoﬂf&tﬁéﬁhﬁ{ dehift’d r%dg Qétdta%gw\rﬁ'ﬁ\ ée\{‘%e% e dvodl 1 gniment
ary e e

has been achi eve one exenp contiguration of the
present i nve¥fCer3fis- In one embotiment, p paieof siephenisel seferomrns dertnes2udeade fosngsr ovi de

this ali gnrrwatmeqna@amé dftgvoo\oed lhd mnaib&sma%%imh@mta%lrobﬂllg%m bdtedts to be
noted that qnly photonic_ subassenb é is required be forned, of

silicon, whePeSHRitt PRYYReESHE Riokni &béssﬂélﬂé%%l Thys 'f‘Eﬂha'f'B"l’ F‘Fﬁﬁ@at\%r i ous
ones of t he ct):[atek £ adfinedal ekt dstwadhthredvEElid 20phd ﬁ&&ondﬁ&&)ﬁie&béfserﬁly 80.ng
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mat eri al t h SOF O° BRFRVERL "% CURA(BR & "B BORGIIAERY T SRR §r ooved 1 d
20 may be f cpﬂtrmw dfgravéseSSomep em e wuadersive @rereal in tiglaeda aashown in FIG. 1.
As fiber holder 10 is slid into place over grooved lid 20 (as indicated by the arrows

in FIG. 1), the individual optical fibers 42 of fiber array 40 will be captured by separate

ones of the plurality of grooves 26. In accordance with the present invention, the plurality

of grooves 26 are formed to tighten the accuracy of the alignment between the fibers and

waveguides formed on subassembly 30 along the z-axis direction (i.e., the elevation of

fiber array 40 with respect to silicon photonic subassembly 30). Grooved lid 20 also

functions to direct the fibers into a plurality of etched channels 38 formed along an

endface 36 of silicon photonic subassembly 30. Channels 38 are precisely etched

alignment features, formed along endface 36 of subassembly 30, and provide the final x-y

adjustments to the alignment between fiber array 40 and a plurality of waveguides (or

other optical transmitting/receiving components) formed within silicon photonic

subassembly 30.

The details of the various pieceparts forming the alignment configuration of the

present invention will now be discussed in detail below, with reference to the remaining

drawings. It is to be understood that while the following discussion of the details of the

present invention refer to the alignment of an optical fiber array with a silicon phofonic

subassembly, the principles of the present invention are equally applicable to situations



a conventional industrial polyner, ceramc, or netallic conposition.
Alternatively, silicon nay be used to fabricate either one of both of these
conmponentwQ 20fo/demir ed. Initially, fiber array 4@cirasdimweeciced i nto
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surface 13 of box-shaped fiber holder 10. G ooves 12, as will be discussed
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with a pai r wah tl&hir@ém'ﬂﬂ&ntﬂ:ﬁt RBM8ntidded aBGveOfibek R&Iddr A0 may bé AgfRirRfuredioli con

phot oni ¢ sub?ssenb% % hi s nmechani cal registration creates a defined
al i gnment b8l WRSHRNYGFS Eathyely ingxesasivggatea), F‘&Bﬁs HRJYBEHI CramibReAlia y 30, As
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area as shoﬁ/n(J TR %&g“ %’a edete rm,&g PPo f')rlhé?gdr¢ [1bd P@'Z§ g NBY"BF ace over
grooved | i dc@@iggrason aftfiepadsed inyyntiche c&ﬁmeoinlsapprnmﬁh@pltdh)P(lbhﬁbelr-ltrdﬁhelr dual
optical fib ones of
the plurali ? %élgé)&o’?g%éﬂéésp%a@ﬂgsrogyrgg&w hacf?\g bgta’gér}uﬁ@genl?érog‘%? F’? ﬁlztlg'nt ion, the
plurality oPogibloiPeexamglegto@rovise apitch Poontthegrdesef @. %Praédlbpwbwtf@f valise al i gnnent

bet ween theerIpb&ﬁﬁayada@m%y&gw &Lﬁéusfo@{en&%"gﬂatﬁ,uﬁa%%eﬂbwd.s%st@d R, the z-axis
direction (i el evation of fiber array 40 with respect to silicon

phot oni ¢ suB’QE‘b’B%‘?‘Qt%?ma'@%&‘iﬁé‘lﬂ’"?'itsdﬁ%h%{ﬂ%ido plgheasitionsthe Boeg fPect t he

fibers intopasqalaumadolgtopvaiflldaoqfwa(aﬁip&nmhsmsg%wfm ns&elanaé émgpraximewyf ace 36 of
silicon phot? et ched al i gnnment

ssenbl 30 Cha 38 are egi se
f eat ures a§ ﬁ&xé‘ﬁﬁf“ p'f%'"l?fe @#@eﬂmgﬁh '%n'ﬁl %FW“d’é the final
X-y adj gst mera. @ nst@airheohzsleivgmml hdobetlmaﬁiﬂ6;thab&é f@ﬁlédiwutlﬁﬁ) ﬁBeﬂQiolﬁerplO]chI’ ali 'Ejy of
wavegui des (0 t ransnmi.tti.ng/ receivin orne
within sili g:oaﬁlm&tfg% m%@ dsuﬁgto OBsernﬁ%e' ﬁmo'ga"d e i gfef n%s?y wat e various
pi eceparts fespest tn@erWeldaﬂ llogrYﬁredTIWSdéarﬁd Gurefor thacaivertidnee pfitessatand dyent i on
will now benglng&ggg,s%%rhrb Aekak b %qun th reference to the remaining
drawings. It is to be un ersto 5 |Ie the follow ng discussion-of the
details of the pi@selpstiaiestinstkenef ipseftias fibe arqedOanto gnmadapemne Bofdidei cal fi ber

array Wi th goigdrh. cn@shlahgtm,@;&ra?u@e&%@éalawuréd?ﬁof%,sa% &Jt.@ﬁ 8frs ke present
e to situations where onl a single fiber

i nvention arg u {Hl%&aalﬁgél cab
needs to be" 'ﬁ‘%ﬁ °ZReb H@Fpgidfféé’f?éﬁ“"cnbatéh%i"v’i“cBﬁ’erp”ﬁ'@t’6?1lsc,g”'§6‘b'§ senbl y.
FIG 2 is aﬁbdrﬂoitm't]Disun:h\ll'haeWeOIBaréIrlncBwﬁﬁpﬂit&Fs)AZfﬂril@lisshﬁé‘@ﬁrendl&beﬁlﬁg ned in

accor dance t he en nventlo above |ber hol der 10
may be nmanu ac{']eﬁrcgrae%r& yp Wrplity Q%r%ovesrgler{%mgl 10 T Re s l?\/ag mat eri al ,

such as a poKiyiesl to seistdmihe pbtlcemmteﬂtlhenadmmmﬁlsarsttlbmo tlmrplss;pmadedty of grooves
12 are forrrg,g ihin a base portion of fiber holder 10 and are separated by

a predeterm ned s(gam n Fi ber holder 10 is utilized in the alignnent
confl guration off1¢Hellpstraseihe finglpertien efithis Brsciesiimthe ahienmspt avd ietashmensi t ch P

(i.e., flb btebm&e@s ngﬁber%ﬁ@#ﬂ%mf)% with®, dnld RETxe Mol Ader hSigerd6f Aaaféwh,v the
spacin e n_a cen [ OOVES 0SSl or ex
prpow dg a p}l\ﬁéﬁf‘zlﬁréo‘ﬁwf’ffg "gﬁhH‘éFe '87""@“325’%%5@2”E‘ﬁ(ﬁ[‘f@tl‘i‘gdf'%‘&?”‘??dﬂ”ﬁ'?eg for pi tch

ga?/ be \(/amrrpl bé]\e«infagﬁcemameﬂu&t Ofsp@mt mohﬁpr@dfsamdmne)me éﬁoWelpgsnm”@loSf:ussed
el ow, en,J ol ped to t i onen er .10, al so

posi ti ons twer | breerPgsmsfpoPﬁ’b?oe"sr%net §P°ﬁ%§é%€g'e a(‘)'ve%l 4"“&”2?) g IR ) e,

posi t i oni ngcledving teghnoddgias arag ¢heabe ap;pomtiormaed the dndfacp rerminativgs 8hef x- axi s and
appr oxi mat eyfical k8Lks @mo‘%leﬁmeghéP@néﬁ%oﬁl?m@ ocerr%PW a'd?sI ired %I <32(1’drS a pair of

observati on w ndows that are torned hol der 10 to
al | ow for af¥emplgi %40 cma With sespssiersidewal herminpsien 19 erﬁbafrhi"%r Hbé?rém beof fi ber
array 40 with respect to fiber holder 10. Wndows 14 and 16 are for the
conveni ence of the user and do not necessarily formpart of the present
i nvention.



FIG 3 illustrates the step of inserting fiber array 40 into an end opening
18 of fiber holder 10. As shown, fiber array 40 conprises a plurality of
separ at e wptnmald4sfosbers 42, which are all capabl e of i nedeparsdeatcosorenent
at this point. Fiber array 40 is guided into fiber holder 10 such that the
"bare" individual fibers 42 first pass through end opening 18 and then cone
to rest upon the plurality of grooves 12. Wndow 16 nmay be used by an

i ndividual to assist in the placenent of the individual fibers 42 into

t heir associ ated grooves 12. FIG 4 illustrates the final portion of
this first step in the alignnent and attachnment process, with fiber array
40 positi onedtedihatiariousgithgr tgtiniquesimayde usddiiepre acd adfacd ®rmiAgiosdwend fi bers 42
are di sposed,deRirdlacvbl ﬂxgzﬁj%\éftﬂm oﬂ'ﬁ ééQe'?m;]r\%tlontsgyalltﬁ;e§ { @bl e desired
pitch P between adj acent fibers I'S poi nt t he process, however, the
absol ut e podP¥fdfi ng of fibers 42 renalns poorly controlled along both the

"y" and "z" di rem.lnamsned@méegfommﬂb z@h@@\(&&&m&@ﬁ.@@@&%ﬁ@@ 308% then be
enpl oyed to cl df ace term nations optical "fibers 42 to

define the yoUl 8}"&&{‘1 t%?ﬁ°‘5‘6’s‘?%¢i"l9h’i"ﬁd“"‘6?”éh"?%{?/‘“QFG bty ng-"tfé%ﬁ“?@kﬂ"e{)‘aﬂ"ﬁe (for
exanpl e, 10 mn@anmmkg.msmeéreﬁeavesn dEIo&|s| 6 &raraTiluserhte @His aksecoéftﬁd ber hol der 10.
It is to be i OUS er.tech sed to. prepare
endf ace terr'ﬁwﬁ'g Vf'glr%'mﬁgt cgafégu #8\]/?%@‘ %\'S?%F ?ngéejl'ss‘?mla %é&wﬁ’gﬁoﬂegﬁﬁdng of

endf ace t er 3D azt silens plbBoniv whassembpelﬂt shbwing tHeeriedtaiod f thdds .two componenfs
mentioned a d M 1 ly 30 are
configured 'lta gfﬁ?year Jgﬁgg%getkér A%Qp qﬁgto?eﬁg%gsgorogaﬁt @5@83?26‘% (E)I%) h physi cal
attachment &iarehef@nnsiiebis ma@gﬁlsscuplaqsm@nlytnhrep@mpwe@«ﬂhc PEesitidy, oghend 7

illustrate fiéd. $oa§ﬁé%¢lbn@f>urb&%séﬂ?}‘{eefmal aastoﬁkgﬁ&nﬁmbagseﬂély@blrs%éeegamyFl G 5is
an expl oded, |sorretr| C VI ewdgsr?pglr ooved | i1d 20.and silicon photonic

subassenbl y t c@Hidgsrang sous 9thgs o8 €hts as they are

fosed isgiRphagdrine it 2 YegHid @ ths opUsHATHA

1: oi neg t]?gebbleflectréggﬁﬂ,lcek tnot SpedificalipshenepinegaedmeRat grooved |id 2P| may be
orrreoanysutae sych. as ce tallic

conposi ti on, "%%’Benlt'mkega B?—"S %%eé?@fé]'(?%ﬁtlaﬁBﬁ?‘ﬁ&%gedolfd {Oﬁg}ql”f‘ﬁﬁg phot oni ¢

system s ubar;hléﬂbblyraB@ of sectenied sagistration ffarunmgdin dfis ikd doaprisiagalpdinaf| udes

opti cal r i . 0 rgni ¢ devi ces

(not speci f.?‘%HW mcs\é%lalﬁ(?%hs réa%%egﬁrgttﬁpltd 8%@&'[3%" {e%tﬁs?'@g 9?{:1%% above and

descri bed i ﬁhoct’etaaqum%@WergﬁwmwmadthﬁGhari@ sufpaeefivaring ightiké a plurality

of mechani cglootedidIbr AlsinARr Bl@@‘l&ro?%gnfngntﬁakr?ts &@ﬁﬁm?@&ﬂ%ﬁ sirfi& A gpai r of
registration features 22 and 24. Referring to F 6, registration features

22 and 24 aF'@c%‘WB%m&%“bﬁﬁ?’ﬁ@H3%n“d§1‘8@? %‘idﬁ'ém%‘h{“éwb&éo greiresnsded surface
of varying keil gthoir leéangﬂispﬁveﬂudct 6111)2@-the’%eﬁ*rmohﬂderé@ﬂohﬁ'(ﬁlt}ietu‘éerOfTh@J i gnnent
detents are forned ﬁ 2 é 1 of silicon g)[g f(:]subassenbly 30. It
is to be unapef'gfase(f flh%lafr g rég'ﬁﬁﬂ‘r'ﬁ'é ayfes 4P avadatcd Paletf ligunethiei

| ocati ons, aqrtents'ab}eexptar)ownllyyamcforttllmesalches”lnlgxmamoglmed}eafnabﬁtbﬂ&esaﬁt t he user. The
speci fic usg, %f ot "Pair" of registration features and an associated "pair"”
of alignnent detents is exenplary only and for the sake of illustrating the
intent of the prBefering bask enklGoh the alignment qRessrin thisgpatimelar amboffi@nt 5, t he

al i gnment  dednghisa § banr dr Qfdémﬁﬁtr delefitd b2 End®AL ORI RRA nsﬁnB%&We héreBiirdtioR |

al i gnment detents he rel ationship between e registration
features on e@‘t”ES’é(?‘é%“’P‘leﬂ "Qéoé'f?cf"é‘llmﬁ‘hﬁﬁéﬁﬁ‘fs%éﬂ'é?ﬂ@%?ﬁ'%?‘traﬁ-‘@@ﬁ')’ féteoni c

subassenbl ywamcmreueaeh&mmmwgrbmd ﬁwzmnsbmghtvm@ébnﬂaﬁmw%béskéinb%o i's brought
into cont ac? e re ration Jdeat ur es al i gnnment

detents wil t'%g's '6&6\/5 WY "ﬂﬁ&i’gﬁf‘tcdﬁ?e“ f”ﬂ' BHFERY 9% M Phese two

pi eceparts atachneent betiedee ieattwd@rapartadnd apintreakd ddgregofiopticalfatignridaefor nvent i ve
interface c [ i Sk ' n these
componont s SATT RGN SR RpoflRAUALL Bk i Akl HERD, L7
accor dance mn!mnftnh?@né*@rﬁfdeg af 5it0i ronal orfg aﬂlhleeqﬁxwemhieivm/isratdomance with the

configuration of the present invention.



As best shown in FIG 6, grooved lid 20 further conprises a plurality of
grooves 26 forned al ong underside 23. As will be discussed in detail bel ow
i n associwoi2orv/oasioh FI Gs. 8-10, the plurality of opti calpciriusesm/oddsiwi | |
enter these grooves 26 as fiber holder 10 is nated with the
previ ousl y-joi ned conbi nati on of grooved lid 20 and subassenbly 30. By
controlling the depth of grooves 26, the z-direction alignnent of optical
fibers 42 with respect to silicon photonic subassenbly 30 will be fixed
with a precision on the order of approximately 10 gm FIG 7 illustrates
the final attachment of grooved Iid 20 to silicon photonic subassenbly 30.
As a result of thebésnshmmpiHceﬁr@mvdﬂflxdr‘zeg}r&ﬁ&ro@hﬂpﬂﬁsEeataluryeﬁg%vesza and

al i gnment d ents e relative sitiqn of .cha th respect
to grooves ?tg alo"% \mdgréfrcli o1 1% w'“% discusse |c}eliaqé’ﬁbwh'bf%?f'a%o'%hvﬁggr\gesrrbl y 30 is
al so shown a&slq rhcIplsmhhn@fapqmaufﬁlatsmyvnkbént@M&mmboye% dsdiberddidet Brig endf ace 36
ther eof . Chapnel wimife aéﬁong.,aﬁ% OB m%aagvearkq el

usi ng known CMOS processin ques, ere e use o [icon as the
base mat eri genfdineshasisriyofigrogves s, t*teﬁei'rmtwe%anmstOénericsb%ﬁﬁé “@t’h channel s 38
are vel | - contgpadr toaslicanph iRy Adsehidlye0 Wik baidel wWAB a et Gida 98 the BRI | N

association with FI Gs. 8-10, channels 38 function to accept endface
t er mi nat i on<ePRISXipRtely P pmt FIG Jalustrass theinadintiaghment ofegreavert ¥ 20 0 sifisgn pit ch and

IOOSIt th i onaljI %&fuﬁ.agwassém?@@i A%fliﬂ%'fﬁwﬁ&w@ﬂﬂéc@rﬁ@ﬁbfr@gn@tfat:@ﬁ Ryhs g accuracy
on e oraer,. o0

hean|sa X1 S ftheflnal
interface st¥gded é*géme']tf’etF'g %%E%éheﬁﬂfté’ﬂ p°9r‘|‘&ﬂﬂévg}"‘¥" ﬁ’r?tw' He¥EF {%i n
i npl enent at |g®db&est2f6&s ﬁéll-@jﬂfi‘em:tj tol erance along the y-axis may be sI ightly
rel axed to avoid al ele ong

Q
Cndface 36 of i PieBIERe? siaent AEsaRbip®a et PERERE FebRBRIERNE o o
direct phyS|3(8d¢rm@d)aiDmndiae€tEﬁebfnectprhamadls 38 doefornesidtaceschingranil pmtdsong 43 and

subassenbl venti on,
e oyt e e e OB R ARGE M ) BB Rl bOuer o,
20, which i tbawmatgrial fﬁh%“é%ﬁswbt'ﬁ%ﬁ’d dimengens@nd wagng ofchbinnphét A€ subassenbl y

30. FIG 1, Bgrdilesmds ueqbevgswah&vasscas@&b@romm@sd,mn%htpt@s giiper hol der
10 with respect to |id 20/ subassenbly 3 wel | as the directjon of

movenment us&GRES PHUBston{q %fé%ptﬁtsifaa%wwtw ‘}:?I"é@%“cébfébﬁ‘st“ﬁé"‘w%i‘ i on of
lid 20 and SMb&SSzﬂrﬂib&hyanBQoanhal’ac&}u‘iHcylEIﬂdeea, ch&@kls B8 akicagable @aprovigind. 7 on fi ber
hol der 10 wi a n al | t detent 28 f d .o he top surface
of grooved Iaf%"afbg'(g'ngF”g& #g A a?g%[ﬁl'hgl"ra"éfr‘?ag§8§'R8€‘£’gﬁ‘éﬁéﬁ‘éeﬁfaﬁal al i gnment
nmechani sm) . stwrirauls syo besutddphisveadrreat it ¢epais imflemaetiam tbadligheeitst rati on and
attachnment gr nma ol jgrooved |id
20. I\/breoverqOI ?rﬁg%gﬁgégyla’ﬁx\wl%?’ bﬁaﬁﬁg rgla;(egrt% Vé’ldgogamag tgg%smve %pt[%m ned  may be
vari ed; t hatelemsnts flisgneed ahayigdadfack(6 whsilidon pmomumswlwwhagusugl@@d id 20,

and the COt DR A QeI OLAR! ock Uk bfl 2 0L & AERRGn kP agubassenbl y 30.
FIG 8 shows fin arrangenent of he mult] pl'e piecepart alignnent
configurati éhbaéﬁemf"iﬁléobresent i nvention, capable of providing alignnent

bet ween fi ber arrnaym{é@aoa&darﬁb itk 48 p&E&t ARdnGios ibahoRBDIWindRdind\fi6eit - away Vi ew

of the arran nt .of FIG in FlG. 9, illustrati the 'l ocation
of gt coved 1 50 58 ConE Uty L OE WHBh e i O Eb i A ege T FG 10
is anti s;)metsmccn pkmmhrcawaysembl@wo: FIG.|$talsatséwsgghlitﬁe\,saw/guao@rnmdme?fthe .
registratio aj chann o formthe

mul tiple pi gczergart g)lsw'th hi 9%’} ? I'J%(gsu%a‘r%gf“%g%b?s “Eeﬂ N ﬁ]e gée%?l? |ftnvent| on. In
sumary, fi beverhe desd torﬁsenrftbbméisr wnpbhawdvmttbfe @inbglat)@\/@féldlig afidor supporting
the indivi dyalas@Rblyas! wfhlepj%fn%d %%Jnﬁé%nﬂ%uﬂ%bﬁ&n f%eg ﬁ%de‘}q()v@' 9@)(&5 12 are

spaced to provide an initial er-to er spaci ngj. G ooved

lid 20 al so w"ﬁ@na%ﬁnﬁ@méessnwa@wwwe@péwﬁaégofzaaoo%km(rﬁfﬁrqﬂﬁ%ﬁrasu de 23

t her eof , vml“sehnawuls,dckaa%waﬁcéllab@hﬁn%caasnsfnr) b@swdmlydeernowoth@ nipkd 6f i nto place
over grooved | 0. As.ar the individu s 42 will be

oncased bot EEHSAGiAIE g e hiiet ARl e B 4 D GO NS e t he
fibers). Bald grandd §02keVlomoveaniggamienin vilifh tRSseparav cabgmnentcdigviredmagt t achnment
and alignment between fiber holder 10 and grooved |lid 20. The nechani cal
al i gnnent between registration feature8 22, 24 of grooved lid 20 and

al i gnnent detents 32, 34 of silicon photonic subassenbly 30 functions to
set the z-axis positioning-of fiber array 40 with respect to subassenbly
30. Gooved lid 20 restricts the position of optical fibers 42 to

approxi mately 20 gm of silicon photonic subassenbly 30.



FIG 11 is a graph depicting the rel ationship between alignment accuracy
and coupling loss for the nultiple piecepart alignnent configuration of the
present iwoentom@sso4The coupling | oss (as nmeasured i n dBpcrasspéoonsesdl on t he
y-axis, as a function of the transverse m salignment (x-axis) between a
mul ti node optical fiber 42 and an optical waveguide forned on silicon

phot oni ¢ subassenbly 30. The offset is neasured in mcrons, and different
plots are associated with multinode fibers of various core dianeters (in
this case, 30, 50 and 62.5It is shown that coupling |loss is nore
problematic with smaller dianeter fibers, with the 62.5 tmfiber exhibiting
t he smal | esbe vhsipdtiie isclibenholder A0 gwe fisstbermated| withrpraemed 1idAY; brgl thehe exenpl ary

ar I ANGEMeNt gorfiindl6G HoREA AR AnenlolEthEl BLftnsshly SEPT esentative of the
i nvention, the spirit and scope of resent anentlon is considered to

be linited only MG &¥hewshsfipa aaﬁ]@@nmeﬂ enuiple picggRat aliggmentai ned i s:

1. A nulti ph&f@ur@tﬁ‘&%@ﬂk paésér@mn’bn Q@;ratlegwsra&.a, nga:fg%em%mgm fer hR@St one
opti cal flbg \N | con g onlc subasse i ncl udi n & %urallty of
opti cal @in dé§°" m*ﬁ@"w?aﬁ%w pPe ey dievgh ﬁffa'&%ﬁ'ﬁf'}‘gﬁ &

conpri si ng: shown in FIGa9 lequrSth@pI&docfanhﬁfngUbl/lei’d 20@5pReM by fitke holdérng a
plurality of(%r09ves formed al ong an i nner surface of a bottom portion of
t he box- shape r hol der, each groove for supporting a separate optical
fiber of the at Rl@aldtis meonmqmm, calawhy Yiew illnpating the eartoupgrooves,segistrgtiade openi ng

Of. the box- &Q@Q@,%lérin%%[dé?&lsdﬁﬁ channels used to form the multiple piecepart alignment
configuration of the present invention. In summary, fiber holder 10 includes a plurality of
grooves 12 for supporting the individual optical fibers 42. forming fiber array 40. Grooves
12 are spaced to provide an initial “pitch” P (fiber-to-fiber spacing). Grooved lid 20 also
including a plurality of grooves 26, formed on underside 23 thereof, which will capturé"
fibers 42 as fiber holder 10 is slid into place over grooved lid 20. As a result, the
individual optical fibers 42 will be encased between grooves 12 (below the fibers) and
grooves 26 (above the fibers). Ball and socket arrangement 17, 28 provides mechanical
attachment and alignment between fiber holder 10 and grooved lid 20. The mechanical
alignment between registration features 22, 24 of grooved lid 20 and alignment detents 32,
34 of silicon photonic subassembly 30 functions to set the z-axis positioning-of fiber array
40 with respect to subassembly 30. Grooved lid 20 restricts the position of optical fibers
42 to approximately 20 um of silicon photonic subassembly 30.

FIG. 11 is a graph depicting the relationship between alignment accuracy and
coupling loss for the multiple piecepart alignment configuration of the present invention.
The coupling loss (as measured in dB) is plotted on the y-axis, as a function of the
transverse misalignment (x-axis) between a multimode optical fiber 42 and an optical
waveguide formed on silicon photonic subassembly 30. The offset is measured in
microns, and different plots are associated with multimode fibers of various core diameters
(in this case, 30, 50 and 62.5 um). It is shown that coupling loss is more problematic with
smaller diameter fibers, with the 62.5 um fiber exhibiting the smallest dependence on
transverse misalignment.

While the exemplary arrangements as described above, therefore, are
representative of the invention, the spirit and scope of the present invention is considered

to be limited only by the claims appended hereto.
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a grooved |lid conponent including a plurality of nechanical registration
features fornmed in a first region of the underside of said grooved Iid and
a plural iwg 20fo/gsmaves formed in a second regi on of thepromdseewadesof said
grooved lid, the plurality of grooves for sliding over and encasing the at
| east one optical fiber disposed within the box-shaped fiber hol der; and
a silicon photonic subassenbly including a plurality of optical wavegui des
formed therein, the silicon photonic subassenbly further including a
plurality of alignnent detents corresponding in size and |location wth the
plurality of nmechanical registration features formed on the underside of

t he grooved Whalisstubhedtiftat upon pl aci ng the grooved lid onto the silicon
phot oni ¢ subassenbly, the plurality of mechanical registration features
enter the plurality of alignment detents, providing alignment and

mechani cal at t achmArmultifiepiedspartmignment benfigirhtico dor ntiog atri¢ast awebptEslenbl y
further co t bS of e t her eof
adj acent tmb%?l@%;ﬂgﬁlkaw(ﬁn‘c SMbag;e %pﬁm”{%hepq{;{mp%ﬁpﬁ%gg@ éﬁann s for
supporting SHYPicRiccERSF! mqnbmf&frattonémmﬂsmsast one optical fiber in

al i gnment wi th thgxphapedkibdrYolaér c@;ﬂbérﬁﬁ‘t'mdﬂﬁm@glﬂlﬂﬂﬁy $f%66%’s féinteliafong he
silicon photonic s |ece8art al i gnnment

bas
confi gurati 8h"4¥ SH%?F ﬁgﬂbqttﬁx‘@PﬁpﬁPfth%‘@‘rsé?ﬁ‘?g?h"é h&'fje'} 58 e B pt i cal fi ber
conpri ses amumpiting abephrato@pticar fitky othi& ileaitiongopdital @ibgH ugbrilinseitjonaiito 8 sipar at e
optical fibers. | e piecepart alignment configuration as
defined in cPemnr%ofthe b%x Sha%edél?mﬂbowfpshaped fi ber holder further includes at
| east one wi ndow greavetid ¢dmrroogrhinalutiopa plurafizg®€ medhaniead Fegistration featureh, A

mul tiple pi fGmB@Rinta f@gtr mlﬂhe%ﬂ&“ &%‘%?atld %E \@é]l&igdlarb%gal*rpop @dvgg | wherein
channel s of the silico hotoni ¢ SUbAss e ri'se teatures etched into
the top sur feeed sgcazn@jresion PEbAuRsiseside af @ldmgweyﬂwl@n@f geaevesienf ace

t her eof . sliding over and encasing the at least one optical fiber disposed within the box-shaped

fiber holder; and

a silicon photonic subassembly including a plurality of optical waveguides formed
therein, the silicon photonic subassembly further including a plurality of alignment detents
corresponding in size and location with the plurality of mechanical registration features
formed on the underside of the grooved lid such that upon placing the grooved lid onto the
silicon photonic subassembly, the plurality of mechanical registration features enter the
plurality of alignment detents, providing alignment and mechanical attachment
therebetween, the silicon photonic subassembly further comprising a plurality of channels
formed along an endface thereof adjacent to the box-shaped fiber holder, the plurality of
channels for supporting endface terminations of the at least one optical fiber in alignment
with the plurality of optical waveguides formed within the silicon photonic subassembly.

2. A multiple piecepart alignment configuration as defined in claim 1 wherein the
at least one optical fiber comprises an optical fiber array consisting of a plurality of
separate optical fibers.

3. A multiple piecepart alignment configuration as defined in claim | wherein the
box-shaped fiber holder further includes at least one window formed through a top surface
thereof.

4. A multiple piecepart alignment configuration as defined in claim 1 wherein
channels of the silicon photonic subassembly comprise features etched into the top surface

of said silicon photonic subassembly along an endface thereof.
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