;e3ej~g@*T~FP . 2 6 ~~E Y 203 WD 00133117 OPTI CAL CONNECTOR USI A bietci23
-+ DI AVETER ALI GNMENT PINS 5 The present application is a

continuation-in-part of United States Application Serial No. 08/953, 950,
entitled " AWQ@NShtT Assenbly for Miltifiber or Single Fiber GH{B30%% e
Connector", which is a continuation of United States AgFlication Serial No.
OB/ 614, 412, issued asORKCAdOBNERTES USINPAARGE INAWMETER7 ABLGMMENT PHYS present
application also is a continuation-in-part of United States Patent

Application Serial No. 08/819, 247, entitled "Stubless Optoel | i ce
Receptacle", filed Septenber 22, 1998. Al of the related admme@mMQWHmmre
commonl y assigned to the Assigne i nvention and the

di scl osures of the above which aﬁ%igggéi%ggﬁgés%gggﬁed by ref er eRee?  The
present knventi orHee |t €sSegeneppl 1 yat o aimest osst 2Aud pionpinepbrti b€rs and
devices. In _parti ar, t esent inyvenii r el o] optic

connector | awcﬁ§%a§%%:}§%§i+%%t3a?r? ?fréln?ff At uﬁéﬁgﬁi&%&kéiﬁE

| NVENTI ON 25 2Qniigrdntf i hesemlal ¢ fore reabt ifilye beb ngsisgtef BibeheOptical
transm ssio f. optical sigpals., ptical fibers offer greatly i,ngreased
transnissio%%éﬁﬁﬂé????cgﬁg tr@%% i s3¥ oh %ﬂ%?éﬁ?@%%gPigg §9é¥egr§éF?F8na
copper w reapplhieatstonfsepiataliof i b&s 614 Leyet ssdedsapr vachbdsonrtas
difficulties, tical fLb e, in fact, copductors_of |ight signals. To
avoi d | d9; né"aotr%o’b%é‘?%di’fﬁgﬁieﬁ?ghtﬁ%‘?g%ﬁe% iﬂBP?%SﬁgPﬁ’Ptg SO B3rE is a
need for prexrseiralaghorninaparconpl Undtadystatesopateakt Appedsaaien
connected tq eac her . or, I cal . devi ces ¢ transfer 2.6 h~r~Y
To03 w0 00l SEEA LA U8 Bh808E L reRFERESA IS EB L drnRERa TS tReRS G e 1 he
ability of DenmiveRacepvaately aftlydcheptembbe PeanifLBL edAllilghtt shegnal s
Use of optical, cables has perally been limted to 5 .large,scale.l ong hau
trunkingilnﬁ%ﬁ§Eﬁ$o%%Pf§ gﬁl%%stﬁ%gec%?m?ﬂg}tgﬁgégﬁﬁﬂnﬁeagpgngsﬁﬁgﬂg ry,
where the i npf ovtesl prasent sshvaenthanashertsei déisatosheespbifc&hef aberva

L AR Rt et es iR

manuf act uri ng B I"on.
IEARHAT W

FIELD OF THE INVENTION HTAR1RAH

The present invention relates generally to connectors

20 for optical fibers and devices. 1In particular, the present
invention relates to an optical connector including a

rounded rod alignment feature.

BACKGROUND OF THE INVENTION
25 Optical fibers are increasingly being used for the
transmission of optical signals. Optical fibers offer
greatly increased transmission capability and transmission
characteristics over traditional copper wires.
The use of optical fibers, however, does present some
30 difficulties. Optical fibers are, in fact, conductors of
light signals. To aveid losing or degrading the light
signals being transmitted, there is a need for precise
alignment and coupling any time optical fibers are connected
to each other or to optical devices. Optic transfer
1



t o ‘demands on comuni cation nedia and data vol ume continue to incr@agei)¥ 19§23
~advant ages of using optical cable for transm ssion of signals across

shorter di §icweRsry or for interconnecting | ocal devices, CcORCITNUS9%04608 gr OW.
Wth this growth has cone a need to connect fiber optic cables 15

accurately and economcally to each other and to a nultiplicity of devices.
O consi dereabf:e:irencewa'm:ethe thempused eno afie giswed oip}imgalp)ihttj/calf ki ber

optic connectors fth p cy at the
connect or . MG e of SC 6o SR Ao Rae b e HERRRRFErErt FRRBRE, "ot
connector iswdnelisng (a) gap separation at the point of abutnment, (b)
char act er i o1 o5 D1° COPrEREorS. RARGEUL-BpePRer = ChbI B EonnoRt SEE Mave been
devel opad Zbatge aschle ldngchanéctrunkmﬁgfLbstabpatmonablsachAasdahase
requi r enent S¢ 10N,

Si g bertcab es Q E g en va $o mul ti fiber
cabl es, suchf Eh%éﬁ ?m?P868ﬁ t8BPe3 PR nY 5F6|E 8|%?9r8 tica
fibers a|Igﬁﬁﬂh$mu$ﬁﬂ6m|eharé&tbh&sﬂmﬁbebefhélbﬁt$c@[0ﬁabéhehjdethﬁ®

diff I ti 30 t f f th :
Exanpl 65 of CRAGHE ATt | SEPRBFCcBMeEYB ot ntk hhLLhE/ NREoC L hRB PO )

Berg El ectronéts matufletWEiGgnaadt onshyllabiofoneNevEythbeeseyanpel es of

tical t || ust, din US Pat Nos, 5,420, 9S2 t
Kat sur a0 or9g8°61S 55 °5omniBa B Toa Bt a: 58, S3baotal EBeraPEy oEeaIS 2

friiiy 4, 78ﬂn45€a$@,FthéehBVaﬁté%QSB&Q tieibgzeptikhl ekbak. for, 287, 426 and
5,287,426 tﬁEShah|d and of the known

connect ors hAFRSH S3408nP g§§9§ é§s&5F8§8dsagFﬁth§ﬁFt ﬁésfyﬁg' nect or,

iI'lustratedihBeFt@ninectinis loralotetlieesPston@ifnasC@BNGEbALS GLIHIeH s

used. Connector 10 includes a feryr Ie 12 hayi r ot rudi | on ins 20
a 5o e EEBRaC TFARE A 66k Lo COBRACE: Albkh, ePhate SaRLaS, oL andar d

speci fi es thatutdtel( ahbgesdiomiicad Ifusb paehr vddeat ah@agsb 2 285 pin

di aneters (1 E nnigro rusion faor a 0.7 mmdianeter pin) fromthe face of
the ferrul e™ELEAB HRFRYpPEs 4893GFSas those of the MI connector, attempt to
contr ol nDVGnEntOﬁfcbhela@&ﬁﬁﬂhO&dl@vbheeXtoyt&@dproblem of developing

practical fiber optic connectors is the question of the
optic transfer efficiency at the connector. Various factors
20 affect the optic transfer efficiency at a connector
including (a) gap separation at the point of abutment, (b)
lateral separation due to axial misalignment, and (c)
thermal expansion characteristics of connectors.
Numerous optical cable connectors have been developed
25 to aid in the connection of fiber optic cables. As data
requirements grow, single fiber cables have given way to
multiple fiber cables, such as parallel ribbon cables
including a plurality of optical fibers aligned in parallel.
As the number of fibers grow, such do the difficulties in
30 maintaining the transfer efficiency of the connector.
Examples of known multi-fiber connectors include the
MAC™ connector by Berg Electronics and the MT Connector by
U.S. Conec. Further examples of optical connectors are
illustrated in U.S. Patent Nos. 5,420,952 to Katsura, et
35 al.; 5,276,755 to Longhurst; 5,500,915 to Foley et al.;
2



15 z axis. Long pins may help achieve suitable optical connectionsfprii$o7823
~applications and the coupling of pins and holes may be intuitive to users.
However, the use of such long pins does present significant coupling,
alignment, durability and manufacturing di sadvantages. 20 As illustrated in
Figs. 2 and7$4, 48T ithg e ing ©f4 30 M1 ypso coindeact ary,, tde fleryule 12 is
interference fit upon_a receptacle 14. The receptacle 14 defines_a

recei vi ng® 0#§ 11426 ot B0, 4 Ahetpi Fhanid s it er 12t it thdHiEDondi ng
recei vingg,hole 30. Significant insertion 25 force is needed to seat each
smal | dianeter (-.0.7mm pin fully into the respective hole. It has been

cal cul at ed t hatanheof rntles flen@nt ecdnneafors nmnenali i corredtr pin inserted

into mat chi ng receptacle hole could require approxinately six. Newtons of
For ce t o AETPGTRER TS afo " K SR i P et S ST Ghp

bet ween tﬁﬁ?&ﬁ@ ferigl ose resuis bt EmGRAUSShEMR e |dghtedosp. Correct
alignnment of the pins is very inportant before coupling. Figure 2

i|lustratesed. 0.Commdteerdl) Mehidemmenienfulhe D.1Bwamdr Wohnect or pin 20.

The smal | _35_di of pin 2 of e chi LVi hole 30 3
26 ST \P g o0 i A (bl 6860s Tat i o T TR et o
coupl e even dofhescier yist@tthat€abylithasfamdatd |dpetefes adledtal the

m salignment. Figure 3 illustrates the effects of angu] ar_m salignnent of
pin 280 ThblISAPRE SPHES JVRFC PERBF Pl 1725 g 283 iR L aReEeyni fi ed by

the lengthy of thepPbtrusVSn BosMRl b ang! &l oak e rdp deYreesd may
again result in conplete failure to couple. If the pin 20 is not perfectly

al i gned befotlke efefagehent into the mating hole 30, the pin 20 may nmiss the

10 hole 30 and.crack, the mating ferrul g 14 causi,n catastrophic failure.
The ong and tHPRI nERLE BRG: 20 gRcP22EHPES OF - 1% BT &SP Beher tiur i ng

i nserti onagpémpt t bdr avat raDdndosnet t e hé | dhhest ot eid dclon BUbgegu@nt
insertions. The high interference fit of the long pin to the mating hole
can 15 ca@s@Xifie hbPRItBiBe M3X|hedr ardideporiitambRrREIeRbris onto the

connect or gk 0g; bAGeruhi £hng AR EYSE: PLgDAlnd AL EouPPeAySse the, B NS
protrude sgﬁ%ar tFom the natlngpﬁace o? tﬁe , tﬁe |%gyface 'S
di fficultahd bbkas.may be intuitive to users. However, the use of
such long pins does present significant coupling, alignment,
durability and manufacturing disadvantages.
20 As illustrated in Figs. 2 and 3, during coupling of a MT-
type connector, the ferrule 12 is interference fit upon a
receptacle 14. The receptacle 14 defines a receiving
orifice or hole 30. The pin 20 is inserted into the
corresponding receiving hole 30. Significant insertion
25 force is needed to seat each small diameter (~0.7mm) pin
fully into the respective hole. It has been calculated
that the interference fit of a nominal MT connector pin
inserted into a matching receptacle hole could require
approximately six Newtons of force to fully seat. If the
30 pins are not fully seated, an air gap between the two
ferrules results that can cause severe light loss.
Correct alignment of the pins is very important before
coupling. Figure 2 illustrates a 0.5 mm lateral
misalignment of the 0.7mm MT connector pin 20. The small
35 diameter of the pin 20 and of the matching receiving hole 30

3



Manuf acture of a MI connector further requires tight 20 control of ZK%F%W 2023
..tolerances of at least nine critical dinensions: (1) pin dianeter, (2) pin

st rai ght neaseo/(33)7 pin taper, (4) hole dianeter, (5) hol e strcigsmmess, (6)
hol e angle, (7) hole taper, (8) hole placenent relative to matching hole,

(9) hole placenent relative to fibers. 25 Accordingly, the use of
traditionareamlgﬂnémtcgmptetarfheiudeitescopp&ana&amtwnda;(ﬁéﬁy(nmaNLand

costs. rther i de e | an rotrudlng metal Mr
allgnnent E?H% ha@%fg geég%%gge%% 2 a§§ a&nF@%ﬁg %ﬁﬁ?FWay cause

el ectro- nagnet|ElguterBeiEmuetwheaspkaeedfme&mSSQfha@@uﬂmaquency
conponent s ) integfe ence gBy |§ tur se interf rence to

ot her equﬁBh%?u{’l%%e% nponBAts: e°f 8 §I Gorflich ora it i s
di scl osed nbsabigedeSt abes Elat;amtfll&al b@ EYx& Mgteﬂtdﬁ uiye p%ln,grﬁﬁﬁsm a
er. or Si.ngl e Fiber, ti cal Cabl e 35 .Connect

Assenbly for ltifi r"

commonl y agg?ggeﬁnﬁfgﬁrtﬂésﬁ}é BWFnFnJéhgggﬁeﬁé) maXN%?Q§-w"ﬁﬁ”f54§1MD

001 33117 PedmpS88£0960DBukknnesebapleni ng and Manufacturing and which is
her eby i ncor por tef erence. The di scl oses .a “ball and socket™

al i gnnent struc?sﬁ. gh PFBS?Paﬁéd“PE %aft H\Mn&i% cf)ﬁ?ﬁﬁ‘?fgeor socket 130
in a ferrubﬁgé@@msﬂat $naobalh|e #2d.1ingy Il’fﬁillaeeBOt hathea gion@ intay Thies §peté ng
130 ha§ a gegt he ball 120 has a r u ymere R>dl . The ball and

socket &t r fietGrd of"‘l"1 r ST8CEni e AR 1A é’ése 3¢ (FVHRT v does not

over ?onst r aiaaatshleophaw saauirx]lg-@rrenmea;lsbxfhgequw efmcmmté&sllbqfllwﬁotmd 22
manuf act uri t ol eranc e.si ze t he .10 al.i gnnment . ba ichis

Cast |y conBraP| EFelIaRAE He LRI B AddtR S S tsh bt TR S HBhede, t he
Ea:l 120 o‘d&mageonhys &alé:umgt @darb:ﬁulf & g smfsamsl é@éﬂlﬁdﬂthﬁ%ﬁddm T@@][renth
ol e 130. ondi n rfac result. in inadequate bon g o t he
bal T 15 126195 LHECFERPERERIG0C AR MR ihrke Gt IS HERY RO HeCD
suscepts bl eaheedaﬁagﬁoﬂéomoow Pl ishedIy afd tdepd €1t Wsvanted b@br@gds As
illustrated in ghg oV rpO|I%PIn bal I -in-socket ferrule f ce nay
damage or G8BIEPt tgopﬁgc 29 ™4 ﬁﬂé%ﬁ% G" FAMTerSteRd

i nhi bi tijng facmuirat.e @bt&@&@ﬁ{jhé)rpﬂﬂ@ ;kb.&lt%rud@lesc@pwfsu tw&ﬁ\&hg}?&a}amﬁrﬂ 821
i nproved optica ec alignnment featu

25 The. pr oRHE Pivent: i STF AN GG chrieet GHoR hel i Fbeanovel

al i gnment f eat umanhnmdtgmenwﬂn\eedﬂalmmmoﬁnﬂlmm&aﬁé@ﬁiﬁgs tight
characteristics qver_ traditional connectors, while offerin e advant ages

t
of bot ROt hEOREEGt Pon &t epi P LA Drdt o %?@?%aﬁ%n?nCEbEEE?Tconnector. 30
The connectdaienadlonges (13r gairlidiRieted) | gEHin r o€Baigbhb¥sfi (3)nban

555 bpt | 0 PPETY or ddn B0 oL SRS af Ahatele rSHEs B EEREPFnod Ohs PPdGs
wher ei n t hangds have e tﬂpéleK&rUhole placement relative to
matching hole, (9) hole placement relative to fibers.
25 Accordingly, the use of traditional alignment pins further
drives up manufacturing difficulty and costs.

A further consideration is that the long protruding
metal MT alignment pins have a tendency to act as “antennas”
and may cause electro-magnetic interference when placed near

30 high frequency components. This interference may in turn
cause signal interference to other equipment and components.

An alternative optical connector design is disclosed in
United States Patent No. 5,778,123, entitled “Alignment
Assembly for Multifiber or Single Fiber Optical Cable

35 Connector”, commonly assigned with the present invention to
4



WD 00/ 33117 PCT/ US99/ 09608 di ameter such that the rods protrude frodnft &Y 2023

.containing holes less than two rod dianmeters. A fiber optic connector of

the presentyd gyt on has a first connector ferrule and al i gsuB0soorm@enRs for

aligning the 5 first connector ferrule with a matching second connect or

ferrule. In an exenplary enbodi nent, the fiber optic connector includes a

first conneginfie$etauMeningl adidnYaaufaesurimtyi agdswhiate.islleredy ng

surface defjnes at Igaat one receiving %vit
atgg B

and at |.east one pr.otruding
al'i gnment tEAFREPPE § FRIERENEAVI t JDENERERAN G FALARITE naltd g 2nd
sur ]1: ace. Thso@k?egrlnamg.gmdnlaaStaudi\%gm‘et,eﬁlmsgmdtli@rdo}irmdacb.f FLD,mlv&HErémérix ng
sur aceaprotrusmn I stance y ereln . an ex
ohbod! ment PRENBE REe SRCRBT: doRedPog Ty tAa 100 sr ks i BB I the
fiber ogii Cré@ﬂéﬁctfﬁénWEYlb?h_rgt Bemn. i ncrhgdeplapsa@gnaocm_ Cé:QLeﬁ?’_ﬁ ral.e ftnd ng
a secon (M ce configuredq to,be allgne 0OSl the fiIrst
connect or n?}é??gl zgaTﬁ@ssé‘CEﬁﬂi Mt g‘ngwgﬁrrﬁa@‘@%élef i ﬁgg gaggcéﬁ‘ﬂl FQ&Z‘ie\H ng
cavity havi sgracdepehofZemiersdighididaplt adiantdGebhasatondteHimecddss
ferrule may further includes a second  cavity and at | east one second

protrudi ng BPFgRREREOPSETEdak &S F-Affé Sc A TP 209 GBS LIRANY a

di anet er dl pangnpiotivedimag uffa@iirie gnitiled asielsac & he i USE Ofhéli st ance
pl, wherein EI_ < 2d1b Ln turn, the first 25 mati rface of the first
connect & f &FLETBSRgy Paetli n&hd e dSn§aSeddi ¢ORG L 'aci?l/llq'ra\ﬁ% E@epth p2,

wherein pl spBR2iafdpeiteiinn thie thid @tperrg@,?'sv,i ng cavity is configured to be
aligned to receive the first align t rod and the second receiving cavity
is configured tofR¥eYStgndda (?arlgt%e A& rso bl HR YRR NPORDHII The
fiber opticsgemaeet @b e fayddraraddirlaldeyrinend tHedidal 3@r oonesideségned to
receive at | east one optical fiber. In an exenplary enbodi nent. the mating
surfaces ar 8Op84PEi Svedase FA% TR nid W%g%ﬁwl%g of ghe paji
2~~3 W0190/ 33b ké RGEE YIFANWOADHJ.he rdigegctinen 11 hen@psberetfhbgigh of

t he connector ferrule. In .an alternative enbodi nrent of the connector of the

present invBAYi BF, SUFEERSHR@® di° [N e oM e PUeFRENE PECERGI ng

cavity. An @RieeleCiarei G ot ins pliacet Mtdd nid heigeviege-recei vi ng
cavity and a flexible circuit is electrically coupled to the optoelectronic

conmponent . PYeEROASHIHET y» Sdodi smicChte Fouift £25¢ BRY EARaE8UPAL es

and protect othe teaae! adid BH Xl Cofestit gdtiihd her recenteng thusavity.
The flexible circuit may i nclude at | east one li Ir};[’]t- ansn ssi ve w ndow
optical 2§ alingied it %@%ﬁﬁ%é%ﬁqw’b‘c&%ﬁﬂé alBRI EF DESCRI PTION OF

THE DRAW NGS 15 HingUréppo tsurdi Persaeciny efod em ofmgrMfellygpteennect or.

connector and alignment feature.

SUMMARY OF THE INVENTION

25 The present invention is a fiber optic connector
including a novel alignment feature having improved
alignment and manufacturing characteristics over traditional
connectors, while offering the advantages of both the
traditional pin connectors and the ball-in-socket connector.

30 The connector includes large diameter alignment rods tightly
fit into appropriately sized holes to align optical fiber
cores and produce a low loss optical interconnection. Large

diameter rods are defined as rods wherein the rods have a



2 § MY 2023
Figure 2 is a cross-sectional view of a laterally misaligned pin o
.. connector illustrated in Figure 1. Figure 3 is a cross-sectional view of an

angul arly Ryg@dsgped pin of the connector illustrated in Fi gigy@ydeosdbbs
Figure 4 is a cross-sectional view of a connector end of a ball and socket

connector. Figure 5 is a cross-sectional view of a portion of an

over pol i shegd; fabt e ANduERACKRE tCRRRE GRS p'f'o%“h@eG frdmaBnkS eERkRIG i YLW Of a
connector ferrule_in 25 accordance with the present invention. Figure 7 is

a cross-sechP @l 19FEWEBRNatYor iosh ddRMEtedRnect or end of the connector
ferrule illustrated in Figure 6. 7 2 6 ~~~i'Y 203 WD 00/ 33117
PCT/ US99/ 09608 FRgliibes PRLAR icommactod @ifelwhef PERECBENABYEHLiPEr has a

i1l ustratedei psEi gYRRBLrapd reuRRAN i handwaler Redhise f%rl %161%%@ qded
isonetric view of a connector assenbly in accordance with the present

inventi dn. S1FFEuFENBECEeTateraas.es aiifhoramalichingl sgeradecarPPaRosal i gned

rod in a copagehPE.i NTACEAr ARG 1Wriy drftR RERTEN! thaveibdnofdigure 11 is a
cross-sectional view of an angularly msaligned rod in a connector in

accor dance ﬁPFheFﬁerp#%éH@efO ! rﬁﬁéﬁﬂﬁ sennecere ferrud eg incdysligecta onal

vi ew sequengerik! Makhabl 8 Apu:LONnerd ofa digly tHu%Sfa'c% Feardance Widdsd he
present invention registering to elimnate msalignment. Figure 13 Is a

cross-sect i enal r@FéWVéﬂGaﬁaU\}érmolﬁ%eﬁi: ﬂ@aé(in@é@t HrodFydieg @Mﬂd@m@r in
accor dagge %Bhétshge@rt‘ééle'ih ‘éerEaiﬂH: & tehdsS f3nl %%@tnfa’tcin ew of an

Opt oel ectronic evli ce receptac I n accor ance wth the pr esent ention.
20 DETAI LEDSBESEREPTI @Neoalmem;mcmaﬁ @ereta@auaru%ranéspantmam ary

enbodi ment @fo3 €ABNRGEEH %wéaec%% 7 b AGEAAARGE iy e pResedh

invention. The term connector in t mgr esent i nvention is meant to in&lude
devi ces forUcdBpl i n§radd 9¥¢§Hilﬁth @ﬂlmsnﬁnﬁéeopﬁﬁcéﬁsf Rber cabl e ends,

an opti cal E‘ber ableﬁgwth oﬁ i%e or two or nore optical
devi ces. SP&FRE‘ “fhio é‘pska}r} ed h81 Il readily appreciate that
the pr e$£nt i nveﬂl‘hleOI‘flm)t e uild |doratkd toAlngn furient iicadl dddel sordegt or
ferrules to one anot hefr "lhiY L
onnector errule having a second mating surface configured

to be aligned opposite the first connector ferrule. The

second mating surface defines a second receiving cavity

having a depth P, wherein and p, < P,.

20 The second connector ferrule may further includes a
second cavity and at least one second protruding alignment
rod seated in the cavity, the alignment rod having a

diameter d,; and protruding from the mating surface a

protrusion distance pi,, wherein p; € 2d,. In turn, the first
25 mating surface of the first connector ferrule may define a
second receiving cavity having a depth p;, wherein p;, < pa,
and wherein the first receiving cavity is configured to be
aligned to receive the first alignment rod and the second
receiving cavity is configured to be aligned to receive the
30 second alignment rod.
The fiber optic connector may further include
longitudinal grooves designed to receive at least one
optical fiber. In an exemplary embodiment, the mating

surfaces are positioned at a longitudinal end (defined by

6



WD 00/ 33117 PCT/ US99109608 or alternately, to align one optical fi_r%q{ Y 2073
~ferrule to an optical source, detector, or other optical device. v
ferrul e 20QpRghsges an alignnment bl ock or body 210. For desg¢tRishd/@eos

pur poses, the longitudinal z-axis of 5 the ferrule 200 is defined by the
direction along which the ferrule 200 receives and aligns optical fibers.
The body 2l1@nbadizefBibng cRurdac &ptlizdloddied Bt oFf Itgidditidwtoend of the
body 210 and a f&ber-rece|V|ng surface 214 |ocated on a top mddle portion
of the bodyf2X¥8Ul®he fiber-receiving 10 surface 219 allows for top-|oading

of one or nore ophi gal aflitkens wing idddddern RUtHd tdbrife st diF 0O¥ eEnL16
that retain and align the optical fibers in parallel. The body 210

further incPGREENE FPVSRLAQR a e SRRNESEON iRy B sl TRP shdd@Bicencat ed

| ongi t udg naklaiéeakf@ag theritydes 2f d &c&%r&l%l%oxdabdéﬁ p£§ Dhcéxenpl ary
enbodi nment , %ﬁi s. caonposed of a thernmopl astic, such ortron 6165A6

fromthe Ticéﬁaléo n eVﬂﬁ?TQﬁQQHW%QﬁnH%Y%QXH?qﬂa%nﬁk?%ﬁb%ﬁwcb¥cnﬁhyls

ot her mater bakstiriebUdiNGsR1dEd EMHE Goptdldmsinid asddgon@ht Ot NER an
suitable materials. 20 The sockets 230 and 232 define first and second

recei ving c8¥PIPETY3LmRRdizen e diha tilaNiplen qlowgilmcﬁrﬁ;aap%tibegeseewon
of socket 23@oitacitl ket optebidbtidiii® domphat G rﬂEEZ@Qcé§v1ng

interference fit into the receiving cavity 234 of socket 230. A second

al i gnmen? r §@VaLy .25 THg |fds€t>w§ﬂefa T ifumay dnmigrdn %yl%s'ée‘a{led in the
second receiyighg -¢3untsw %36 vd mfﬁ&mr?ﬁealq@% d iifeireﬂeZZO i's
cylindrical and has a dianeter a length of nm and has
spheri cal eﬁ@§°EQEQQﬁ9WHP1COW&PQﬁﬁbnnent rod 220 nay be 30 nade of hard,
durable materials, including plastic, netal, ceramc, or netal alloys, such
as stainless steel all oy 303 SS. The receiving cavity 234 simlarly is
cylindrical and has a dianeter of 2.0 nmand a depth of 4.5mMm When
inserted into the recei Vi k155 kRtsckAbridie ¥ IS HHAWEEs3D 220 protrudes
a distance p of about 1.5 mmfromthe nmating 9 2 6 ~1f~Y 203 . WO

00l 33117 PCTI US99109608 surface 212. The desired relati onship between the
protrusildn di st afd@us s or s s@i@i%c’ﬂ‘iﬁ)e‘dwvbdof s2 BT vledpe 0C8NRECROL | nes
the dianmeter D of the rod 220 (i.e., 0.5 D5 p <_ 2.0 D, providing a

spher e- ended postmgaqre P 5 sphesicsdlyeofidem sphanisal dy1atepadiyod a
di stance p of O ual s the radius of the sphere, thus allow ng the ful

di aneter of nt’i?@lrl&ﬂiec% B Khi Fad| CRRRCEPY t5RERd ahn 0B HEYFRg L -
receiving cavity. In alternative. enbodinents, the shape of the rod and of

10 the cavity mayihmirqolyhesral cﬁ@gis-tQ@cﬁii@rﬁ@I ein@& éheaﬁaé(hbﬁlaﬁﬂﬁend' ng
on the material u]:qefdﬁflor t he bodé and t he J-L X

| arger, equdt St 1*F EhEn ?Pn?ﬁt%ﬁch H%BH?F%ﬂts Fﬁ@udﬁadeter

is neant to be nmeasured as the cross-sectional thickness of t he rod. AIso,
t he end 285 georreti:n;ginfetmlalag@freﬂs sedt toya bevhewasfeaycohngbapes enguch
as sphericall | oped. If the rod tip is not

d h d
heni spheri caﬂé/ & %#ﬁggarc%fﬁs%c g '?Fﬁ’d’éngg’s than 0.5 dianeters, while

preferably allowing the full dianmeter of the rod to be exposed for aligning
the mating 20 corfiepios .5 is a cross-sectional view of a portion of an

overpolished ball-and-socket connector.

Figure 6 is an isometric view of a connector ferrule in

25 accordance with the present invention.

Figure 7 is a cross-sectional view of a portion of a
connector end of the connector ferrule illustrated in Figure
6.



Figures 8 and 9 illustrate a connector ferrule assenbly 900 incl ud'%reg M;‘ €933
..ferrule 200.Figure 8 illustrates an assenbl ed connector showi ng th N
i nt er mat i ngvadoszaifzi ber optic cable 800, a strain relief boorc®Wssnodeas chi ng
body 250 25 the ferrule 200, a ferrule cover 816 and alignnent rods 220 and
222. Figure 9 illustrates an expl oded view of the connector assenbly 900.
The fiber optic Fane $009 mal videwnetir outerey azketh80ldonnentar nfagrale

fibrous kevliar , i (%%P orizontal array
of optical ?Bléftgag%%t rl1Dhe trlegoezaabr?ée) %ﬁéﬁé ea e%w%l 0 the strain
relief boot 804, which restricts the bending of the cable 800. A cable
jacket retentioFigusevé® 965 ans stplbdncdrisemtler Booview 10f a Xxenmeayox0~3 WO
00/ 33117 P 0 J r L bpl ng rearward

W t hin strggﬁgrﬁgﬁj%?ﬁbgggogyoﬁgﬁgp%%i%%%?%%%é 8%§¢%Pﬁp§rll’serted into a
connector body 810. The connector body 810 consists of a central body 5 811
connect &d to a drigyre dfi drf S xresswestignakbrvigee afi gnhaberpbdys 813 and
ferrule re ' a I sire qeRber iS.S i.Ghed
bet ween cr ?ﬁ;gdrlg&%%%l@ giﬁg acr%p&%(gr8 %g%é?ﬂp ri %gwgg% #Eesggggﬁaﬁgnt |y
conpr essed,invend itamappi ng strength nmenber 803 between crinp to region 812
and crinp ring 806. Springs 817 are placed over ferrule alignnent posts 813
and ferrule 200 gigpinsert ods oresrobs 000BPL LBt 51 8430 2NEn T £h&HR1 L PRt ONgue
815, thus conpressing springs 817. The array of optical fibers 802" passes

t hr ough cortexdlorg ywod e eenrectaeri hnfasearéange, wathghbke pseskat
v-groovgs Z16;enkh&@rray 802 is then held in place by ferrule cover 816.
The end of array 802 is polished flush with the ferrule nmating surface 212.
One or two alignnent rods 220 are the inserted into ferrule sockets 230 and
232. Finally, 2F18%hilg boR 250SFsSeREianeédveswr SeABeRERrul e 200 and
attached to; comesd ©indodyo 8lohnELBYECBetPuled?ih! husbEEhRM NS tHO¥RlI NG Of
ferrule 200 wth a matching ferrule 300. The ferrule 300 is generally
symret ri calPX¥®S&He IRVeRFEOR00eGhaAtPRENGdES ahiBppasrt Bigslaanmagtsur f ace
312 and matchi ng opposite sockets 330. As illustrated in Figs. 10-12,
during coupling,riferdeishi §0aferoybes8001BRY10¢1RlaeedaaPBOSKES 1likRed
ferrule 200. The rod 220 is aligned opposite a matching receiving cavity
336, whil e GPRRRFE2DH #d t FRr ndt CAPAGCEeFr tiPe2320TRENER YAER SbSopFESand
recei ving can¥dryr 2. The matching receiving cavity has a depth P2, where
P2 > P. When the corresponding rods and cavities are nmatched, the
v-grooves, and accordingiy_the ogtical fi bers, becone aligned. The | arger
sphere ended postr®98°of*ihe PpRres@RPeSELFnVERYi 8 2P GRECFIRCSHEOR Gt eat er
al i gnment nisvbéehraBépddcle in accordance with the present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

Figure 6 illustrates an exemplary embodiment of a
connector ferrule 200 in accordance with the present
invention. The term connector in the present invention is
meant to include devices for coupling and aligning two or

25 more optical fiber cable ends, an optical fiber cable end
with an optical device, or two or more optical devices.
Accordingly, those skilled in the art will readily
appreciate that the present invention may be utilized to

align two optical fiber connector ferrules to one another,



2 6 ~~HY 2~~3 WO 00/ 33117 PCTI US99109608 nore reliable mating. Easzsbof“\{ 203
.mating is a significant inprovenent because nmany of the applicatio 1!' LU
t he connectypp 40/54¢P as connection between a daughtercard to gchasiorbenre,
require bllna mate", that is, visual orientation 5 of the connector prior
to engaging i s not possi ble. Figure 10 illustrates how the | arge dianeter
rod 220 conpenspt@enédvslq, 0td ml;ﬁt ehal optsahlgfBBl, feuehlas tdhaln
previously illustrated in Fi advantage is directly proportional to

t he di anet e‘PPHC%%es‘é‘ﬂﬁﬁrreﬂgt?%ﬁ?ﬁreort RENRE PRE4EAL REVASS-ure, the nore

m sal i gnment t heryodr&ayuaeCco0UDEAE udebl 8H 8114nhkhits blalas gomMmergat i on
on an angul ar m sal i gnnment , of the sanme magni tude as . that previously

i |lustrated?tf- Fi EorSde%ﬁréPFbﬁﬁeﬁPrPaéeﬁmt RREj dPngd tysimadt Ard*d’ & om

0.5 to 2% roghdi papERIE) 206 §Hb§b@ﬁ!hba| by |tﬁ§5d§¥r§@:¢:ﬁbhb|aq RS aHeent
based on angul ar_inaccuracies in the alignnment holes. In addition, a |arge

di aneter al FeRrehe B8 HRERIVER pBd ﬁll&t?F‘&sPBFrlF@ll &dbegifscefiinIRed

bendi ng andzpperkags hheing blir#aee 2M0r @o2dteMPased aldnyiRidimin.erd gure
12 illustrates a mating _sequence of ferrules 200 and 300, frominitial

al i gnrent (Pfgth§2¢\9dyozégnﬁ§ﬁs§t foRerorecsiying sugdacenert Yasared ms)
to coupling,(Ebg - mid€le gbetfwht ber +advarkgoe10f, tmecqure&fu;m;

present 25 invention is nore robust bonding between the rod and t

ferul e. s PRFaERaRed Pﬂalpwgs for sp@-192diRpg rfr g&e %%%rﬂféﬂl‘fﬁﬂst

offers a WQEbbéggsﬁdb@H@!wae@nﬁ %tr'a'igt%r 8 VR RS W ile ﬂﬁh@%é@dm
adhesi on between the rod and errul e. as illustrated in Fig. 13

the present 23d phk8ht LBA P§tll€§é fdbesst iy é’atréild@éf polThsh baskeryH i shing’

the face 21%u9fchfaer &Hl:@uagg Eerﬁ|r3étr @31 oS delkotld HUdeh BERISI kO 230
protrusion which has little effect on the alignnent of the connector. The

| arger di am@Pdr 233napPratepr éPP@dltNg‘jilrn@d-lé/r rdeFehERe 4TS the ey
inventi 9 hagoot he $h@nbhieaamtt Q@J&%{fﬁlta%y Je%bod%uﬁent“\&?@%m 004 33117

PCTNS99/ 09608 The rod has | arger surface area to align the two ferrules and

i s not insefPBRO§§AdeEpPy thEEBOPHE SSdketS R 29 @r&fﬁcﬁq{l cOhhreR® of Lo ke

dramati cal | X‘lg%ﬁ%e@%'m@%n&he RQUI FRJ IS I 10D 1 F be MU dDES DLy §F NCE
t he sphere ended post 5 i's not sharp and does not penetrate the nmating

ferrul e as deayl prhemanted igds iinglading metad, Brr apher ctaHReSpbst

connector i$183%Y4cl 0ot RherSifGEdNG Mt Aags ot protrude far fromthe
face. The present invention increases the reliability and quality of the

interfad®. The spher sosk@dd 13 hand iBmasfime L ivvusandnsesesdstant to

damage due tQdeli%indf %er‘i:rl%%s -BRLd N8 3 @N&dsp At B 1Y m'APIQB&HéhQDn&iom
the connector face. Finall the present invention mnimzes thé unwanted

"ant enna ef fcé(ﬁss'ﬁerﬁéot"h@ﬁ' cPRe i fiTdntivs SRR rin nBhovse| dng Pins

and does nota preideide @ foaro o fram fdeeponnect ofnf@cenasrieadiyihgnal
pins. Those skilled in the art will appreciate that the Er esent invention

may be used GAVFY A iafy SPGKAT 430 of Bpieeand bl gwserhdrededZhon- opti cal
devi ces Jjhat(n@qiitted in Figures 8 and 9) may be seated in the second

receiving cavity 236.

In the present embodiment, the rod 220 is cylindrical
and has a diameter D of 2.0 mm, a length of 6 mm and has
spherical ends 222 and 224. The alignment rod 220 may be

30 made of hard, durable materials, including plastic, metal,
ceramic, or metal alloys, such as stainless steel alloy 303
SS. The receiving cavity 234 similarly is cylindrical and
has a diameter of 2.0 mm and a depth of 4.5mm. When
inserted into the receiving socket 230, the alignment rod
35 220 protrudes a distance p of about 1.5 mm from the mating
9



20 -precise alignment. Figure 14 illustrates an optoel ectronic devicef MAY 2023 .

. receptacle in accordance with the present invention. Receptacle 400

i ncl udes awkpsysspy al i gnnment bl ock 410, having an engagenenpcpiikdnepost12.
The surface 410 defines a first and a second receiving cavity 430 and 432.

An 25 alignment rod 420 may be placed in either or both of sockets 430 and

;132 tf) COW@hE@&tef tzqzqorm%pmihi&@doljm&mrr?tnsm;{j mm@etrhitrmeadrmtchi ng
errule, such as ferruj.e 200. The rod 42 as i.aneter D and_protrudes a
i st ance bBEASERS0R () SS A Fed BT o STE ol SR (b AR marfe

surface 41§ 30¢Hupt Raiedelifiesy Anfled Cos HCqIN NG LRI V1%, s b <

opt oel ectroni ¢ conponent I's placed within the cavity. f'l exi bl'e

circuit 454 ksapbacsd ewevidNtd @ Qffdrd-Gildad ?&m.ed Fot tahe _
opt oel ectroni ¢ conponent. The flexible circuit 454 may have a plurality of

wi ndows’ 456PbeAECadilg O35 hemidRheghitca klah SRR Qsblay s tanamer] o th
optical 13g, 52p exuals@rd NABRIOISE Fne g S, Od‘hﬁﬂeal%ﬂer{%eﬁéeﬁ@m c

conponent. The flexible circuit 454 encapsul ates and protects _
opt oel ect r §Mild Edstar af tHis qatk tedks A a4 s 2 lignment gvighy 203

What is cl %hn%g;ﬂo%:in]% A ddRemPridFiepnnect or conprising: a) a first
connector ferrule including i) a first  mating surface, ii) at |east one
protrudi ng al i giferftl fodabden ERRPIFBIR & e i ThpRurghcdie t1rd Anpgreent

rod hayj ng g digrpier iy B A DY SO RAd & IBd ) W 68 Gavity,
protrusion distance pl, "wherein'pl <_ 2D1. 2. The fiber optic connector of
claimil, fgepeandifshyn iRy mgterisekonsed offtecie Bady Brd heghve rdeaisedond

mating surf gﬁﬂfﬁgyr d 41 g 2L goed i nen fdh st &0
ferrule, tt%ctg'eco d rrat&?_lng& sug?ace %é;fl n? g a (%lfréét reéce%v}%gn%ﬁ%' havi ng
a depth pzﬁmﬂgugh13ﬂnp4ﬂm&nmgh the diameter D is meant to be measured

as the cross-sectional thickness of the rod. Also, the end
15 geometry of the alignment rod may be a variety of shapes,

such as spherically radiused, chamfered, or sloped. If the

rod tip is not hemispherical, the rod could protrude less

than 0.5 diameters, while preferably allowing the full

diameter of the rod to be exposed for aligning the mating
20 connector.

Figures 8 and 9 illustrate a connector ferrule assembly
900 including the ferrule 200. Figure 8 illustrates an
assembled connector showing the intermating of a fiber optic
cable 800, a strain relief boot 804, a latching body 250,

25 the ferrule 200, a ferrule cover 816, and alignment rods 220
and 222.

Figure 9 illustrates an exploded view of the connector
assembly 900. The fiber optic cable 800 includes an outer
jacket 801, containing a fibrous kevlar strength member 803,

30 which surrounds a horizontal array of optical fibers 802.
The optic cable 800 is threaded into the strain relief boot
804, which restricts the bending of the cable 800. A cable

jacket retention sleeve 805 is slid over cable 800 to

10



. 3. The fiber optic connector of claim1, wherein the alignnment rod hgsMaY 2023
--spherical tip. 4. The fiber optic connector of claim1l, wherein 0.5D1 < p

< 2D1. 5. WOJ,:PQW optic connector of claim2, wherein a) tplas®60o¢ds
connector ferrule further includes an at |east one second protruding

alignment rod, the alignnent rod having a dianeter d.sub.l and protruding

fromthe medidgestréa@6ke ajREREEUSDONEdbRAL BDEEPRhg WeEERBRdPWi€hid1l, b) the
first mating surface, of _the éir%t connector ferrule defining a second
recei ving cavi3y naSt hgt £A8pt RPBz, wherein pl < pz, and c) wherein the

first receiving tryiéptiSatonibausedoboabe ahkgreddt enkscel ¥enhketir St
al i gnnent rod_ and. the second receivin%gcavity I S configured to be _aligned

to receive R s8tBnd Tr¢ gRABRECESd. P28Y 8505CARAYS5H306. aTRENATRdr DOBY ¢

connector of1tl dbRhdctydeEsi A t:hemg_oae?@b@r gierrukewkne! Hdegehrandict udi nal
grooves to receive at |east _one optical fiber, and wherein the mating
surfaces i s2bbSMRERRRORES a8 L dngrLudrRERLEngesenthenc SRREEEOE 1er r iRE 7.

The fiber opihLeCORPERYER REmBEa BB, i8) swAALELReEhBERBBACER ML Hddi®n
defines a device-receiving cavity, b) the connectaor further conprising an

opt oel ect r oft ¢ 2BAPERERAP EFaeeéoéhthpﬁi@ﬁeréégi@QﬁrééeﬁvpﬁQQ&QHQHK and c)

a flexible ghhsebts8heCcthhsakhuppanll adriagthenanbee! eobr 8aiteeTRANGY |
wherein the flexible circuit encapsul ates and protects the optoel ectronic
conponelt wreHi@ant Ré2r aREi GFAFPC &dingy 806.

Springs 817 are placed over ferrule alignment posts 813
and ferrule 200 is inserted over alignment posts 813 and
retention tongue 815, thus compressing springs 817. The
array of optical fibers 802 passes through connector body

15 810 and rests in ferrule 200, aligned to the v-grooves 216.
The array 802 is then held in place by ferrule cover 816.
The end of array 802 is polished flush with the ferrule
mating surface 212. One or two alignment rods 220 are the
inserted into ferrule sockets 230 and 232. Finally,

20 latching body 250 is installed over the ferrule 200 and
attached to connector body 810.

Figures 10 — 12 illustrated the coupling of ferrule 200
with a matching ferrule 300. The ferrule 300 is generally
symmetrical to the ferrule 200 and includes an opposite

25 mating surface 312 and matching opposite sockets 330. As
illustrated in Figs. 10-12, during coupling, the matching
ferrule 300 may be placed opposite the ferrule 200. The rod
220 is aligned opposite a matching receiving cavity 336,
while a rod 320 of the matching ferrule 320 is aligned

30 opposite receiving cavity 236. The matching receiving
cavity has a depth P,, where P, > P. When the corresponding
rods and cavities are matched, the v-grooves, and
accordingly the optical fibers, become aligned.

The larger sphere ended post 220 of the present

35 invention allows for much greater alignment mismatch and

11



8. . The connector of claim?7, the optoel ectronic conponent includi o gaMAY %[]!33
. flexible circuit including at | east one light-transm ssive wi ndow optically
al i gned wi Wo édm3i10pt oel ectroni c conponent. 9. A fiber optic pcarusaeamos
conprising: a) a first connector ferrule including a mating surface; b) a
| arge di aneter alignnent rod having a dianmeter D and a protruding length p
fromsai d matdengedurdtdee mathierge 2Base dHmadirgni g 4 heidniBicantnect or
ferrule with a matching second connectar. ferrule: c¢) the.second connector

> R flo

ferrul e haviRF ¥ FEE NETG IR MAY (Hat e &R 13 §R% dH et er
al i gnment rqathnedtRe tsiehr eceicdrie cadond Yodase en di ad®h it drcab@r ecda> D. 16

A2, A A3 A9 AL A L AY. AY. Al.. ASr..A .. A3. A A ASEY . A3Y ST . ; . .

zupkf a\ W c%accﬁﬁp%ncea] Eﬁ%r@a]r @Q}%ﬁ‘?é%ﬁ%%ﬁcaﬁ a% ¢ty Y;iéuaf orientation

glscg] gaU] cajft dieRalaralealoea |prdlos] wa | @sjafaieal g cad e pdsalbnt KL\ Foyaxe;
V20

Yxsni d_2Z] c]X e ey e 3T A anetgtaled) 4P caprRerarESFca) cal ¢

a] ca] ca] ca]f(c)ma]acad.csa]mralkaaﬂesx@lcaﬂicﬁlﬁjrﬁﬁélﬁﬁr%m@h as_that previously

| viwennss) o wahel o] AUy o calel sl gl sl ol gelecel gal oal cal cal cal ca

a]scg] ﬁa]ucg]pcy_g;}m’%ﬁa%jrmﬂ] asad Gﬁié}:&ii%&é@%&ﬁé)éli@ﬁ?\éﬁt feature]; tfle l cal

-3.8.H U.d..0/~yto calcalcalUcalc"a]calcalcalcalcalcalcalca]calcalcalc

a] ca] chca]Jcaaﬁ%%‘j c‘g]%%é?aﬁ c@t% c‘&%ﬂ‘% 5 t %T%ﬁ?cgfl%/ _{;’5%/ !96@000

1UIW 11111 1R desddd444505| w mhe”Y] ca] ca] ca] ca] ca] ca] ca]ca]c"a] ca] ca]ca]c

al eal cal cal cal o) calcal onl il eal ool ot ga cal ep] 2l sal gal calgqloal 051585955

¥]<==WFn=@@ﬁ{i°sd\Pi°gruw¥ri@\d/§ | red codmé ahsghcebeal s8] enheapeaksaliealcal cal call ¢

ajc . : . . . s

a] ca] caU] catthef e ted it Bt 3a)Ra) A caltapreptaresd YASRAASBS E868DDgEEEEEE

F) FI FaﬁbFFi@ﬁEﬂfMH HNNGIIE} s r edic2 Yiddical smbeaked] @aulsg@kct"aﬁ]cqa]l%]lgca] ca]
aJ ca] ca

A oAk e LSS e L b o ST

ZRHTUXVYVd
a] ca] ca] ca] crdeaheat)] €8] £ at @] £r] gaheal crbtalcal eal aahealioal cal qaler] cal ca
C

alz o diametsr ahignpeRt (AddREFRsLEBLFRET PEREGHREAPY 12 1BSSa] ca] ca] ca
] ca] ca] ca] csusceptible to bending and breakage than a thinner, more

al ca] cal] ca] ca] ca] ca] ca]ca]ca] calca] ca] calca)ca]ca]ca]ca]ca]calc"alca]ca]ca
CL!thZ hh]ex osed ;lfénmint]pfi. ]F?LurL 1L ?hluLt atég J mJtinJ Ica]ca]

ipiii=jjjccetduddkeneseeernil é)gbgghxansdos] krbaaligaltqalic alilGyreama] ¢

alcal cal ool gt gal eahralselgatealsaledl satetlealedl saladhoaheal oA sg cal cal e

10908 () - ! 19%O% €p- c&LPY B (X FRE. 1026%.() - sys10%0& () - TvuyWs! D' 9! #109KK&
- o/R' - O&XK" - Of * R - - ® Of * R - -

gé#§%8é§é9($;§&j§%gé é%gaeg&géﬁgﬁ%géz %f(%he %o%%géﬁ%f&ég the present

10! 99) $1P%&] hiyre=@ 188) $404C8re) r&HNSE) BLAUWNE Oet@den the rod and the

ferule. As illustrated in Figs. 7 and 13, the larger sphere
ended post offers a much larger bonding and seating area,
which results in better adhesion between the rod and the
ferrule. Also, as illustrated in Fig. 13, the present
30 invention is less susceptible to overpolish. Overpolishing
the face 212 of ferrule 200 merely results in slightly
greater rod protrusion which has little effect on the
alignment of the connector.
The larger diameter, smaller protruding rod arrangement
33 of the present invention has other significant benefits.
12
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SlO@E&f()-yﬁﬂ@QEEﬁ(haé1D&E§éf)s@iﬁ&@&.éteh 840&HHEN( the two ferrules

2aBM ! 1 10068 () -~ 10938 ()¢ ] X- #10%& 0 .
rioos () A 1SROE SibeRtEed 51 anoAy RiD) E) BoEkRE) 551 iy Long pin
"Ellgyg\/l(?l_f;a#lo/ Rg %d@;/%}g/a@tlc%ﬁg/ézcreassa(l)nglgr}e re)cIu S0

a 0@ ! 0, 0, " 0,
"10944HE () - 1288 %%Bgrl"f&ﬁ efﬁ‘@ﬁow&&%‘ﬁe‘t o@%@% fﬁk?o%@oﬁfe
=s10%& ' ) - Qﬁlﬂa@&sﬁirﬁc‘aﬂaxaﬁbﬂ PSSP ENELChtE tﬁ&&ﬂc@%ﬂt{ (f)e'r@ule as

1S8&10%& ()-@! 100/##&' 109&, () - f ! &#109%&; bC' 00/(>>&'
Q! s&&lo%\m%epf# @‘Wéf& 6%& BRF&S( }g)@‘»‘-ns&&f@ (&-T%* s&&l &9 RN (sé&

10% ()- @ coHPdLt89' 18%8aby- tbh81é9%& 6inckl@He&roH db%@%h%d)proﬂﬁhde
far from the face. The present invention increases the
reliability and quality of the interface. The sphere-ended

10 post is much more rfobust and resistant to damage due to its
larger cross-sectional area, and minimal protrusion from the
connector face.

Finally, the present invention minimizes the unwanted
"antenna effect" since the rod is significantly shorter than

15 long pins and does not protrude as far out from the
connector face as traditional pins.

Those skilled in the art will appreciate that the
present invention may be used when coupling a variety of
optical devices and even non-optical devices that require

20 precise alignment. Figure 14 illustrates an optoelectronic
device receptacle in accordance with the present invention.
Receptacle 400 includes a body or alignment block 410,
having an engagement surface 412, The surface 410‘defines a
first and a second receiving cavity 430 and 432. An

25 alignment rod 420 may be placed in either or both of sockets
430 and 432 to compliment to corresponding placement of rods
within a matching ferrule, such as ferrule 200. The rod 420
has a diameter D and protrudes a distance between 0.5 to 2
times D from the engagement surface 412. The surface 410

30 further defines a device-receiving cavity 452. An
optoelectronic component 450 is placed within the cavity. A
flexible circuit 454 is placed over and is electrically
coupled to the optoelectronic component. The flexible
circuit 454 may have a plurality of windows 456 comprising

33 of a light-transmitting polymer aligned with optical

13
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first receiving cavity having a depth P, wherein and p; <P,.

3. The fiber optic connector of claim 1, wherein the alignment rod has a spherical tip.
4, The fiber optic connector of claim 1, wherein 0.5D; < p; <2D.
5. The fiber optic connector of claim 2, wherein
a) the second connector ferrule further includes an at least one second protruding

alignment rod, the alignment rod having a diameter d.sub.1 and protruding from

the mating surface a protrusion distance p;, wherein p; <2d,,

b) the first mating surface of the first connector ferrule defining a second receiving

cavity having a depth p,, wherein p; <p,, and
c) wherein the first receiving cavity is configured to be aligned to receive the first

alignment rod and the second receiving cavity is configured to be aligned to

receive the second alignment rod.
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the flexible circuit encapsulates and protects the optoelectronic component within

the receiving cavity.

8. The connector of claim 7, the optoelectronic component including a flexible circuit
including at least one light-transmissive window optically aligned with the optoelectronic

component.

0. A fiber optic connector comprising:

a) a first connector ferrule including a mating surface;

b) a large diameter alignment rod having a diameter D and a protruding length p
from said mating surface, where 2D > p for aligning the first connector ferrule
with a matching second connector ferrule;

c) the second connector ferrule having a receiving cavity, that receives the large

diameter alignment rod, where the receiving cavity has a diameter d, where d > D.

16



