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ALI GNVENT FEATURES FI E Mw’mmmm ENTION 5 The present mweptNanq'O | at es
gener al | ywioxpogasgect or or optical fibers and de%éac@g
particular, the present investiron relates,to an opto-electr @m’ﬁ@ct or
assenbly including a senmi-cylindrical large dianeter alignment feature. 10
f| bers offer reatl | ncreased
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traditional copper wires. Use ofm@mﬁmcqiﬁmm 15 gener aIIy been
limted to large scale long haul “TrunkTng Tnstatrations, such as those of

the tel ecommuni cations industry, where the inproved transm ssion
characteristics of the optical fibers justify the greater expense and
typical difficulty associated phriRpt bgi g Mdg and 2o installation.
Nevert hel ess, as demands on conmunication nedi a and data vol ume continue to
increas®, the adehiRRgEeny iRvewtbpni calatesl eaheraﬂ.ﬂam& ?ddrﬁfédffozsl gnal s
across shorgt, t § [ n t al devi ces, ntinues
o orow W e e LB R a0 R TR BEF S bl o
accur at el y SRl REGE ddiventirrarelather tandnt opaonsllecpiriotiily of devi ces.
The abi | it\vdrihaaQy opt i ed f.or_data

transm ssion with el iﬁ%ﬁgﬁ%&ggﬁgsgbgg%mggﬁkﬁ #% ?‘hé’atfegﬁ gn of many
opt o- el ect rdd-rﬁntete?&plaﬂcleﬁmt Braueeuse of optical fibers.and the coupling
of thejpptical fibers with electronic devices do present sone difficulties.
Optical fibers are hair-thin wavegui des that conduct |ight signals. To

avoi d | osing or degradi ng the BAGHGROWDalOF IBHENINVENTION t ed, there is a

need for precis o] 003 _PCIT/ US991 20683
al i gnnent and cgbt}iﬁ#na& any 11 me op??cg?gglc%er %nEFSaESﬁ géPQH% ach ot her
or to optoteflaékﬁffrlcﬁﬂ1@rbrcamﬁbldaityjeamde‘sraﬁbmussnbansharaeftbmls@i@s is the
term used tR,JE3SU, bi nnegt gr curately._couple the
transnitted Séygl nal s. lr%aaicoéndsﬁ%%r ah eggel evSﬁc8 t8p ﬁSaEr 88%&[?150 as

devel opf ng gaRENA Hedyerl iopi ted ctmnbargesscaleheoqgehhumnt@imlkli(hgopt ic

t f i, h V f ffect the optic
tranafer offiinakdind "IN Mot neF ohia,EEhFEanBuatiaraprsn at the

poi nt of abludushry,(wWhers drted :snzpmwaedotnrainsmlssaasnathﬁraategﬂ@tﬂbs ¥
(c) thern&&ﬁ@qyyﬁﬁaal<¥Eﬂé¥§€§d§%if§ fle gggggggrexpense and typical

difficulty associated with their manufacturing and

20 installation. Nevertheless, as demands on communication
media and data volume continue to increase, the advantages
of using optical cable for transmission of signals across
shorter distances, or for interconnecting local devices,
continues to grow. With this growth has come a need to

25 connect fiber optic cables accurately and economically to
each other and to a multiplicity of devices. The ability to
accurately connectorize optical fibers used for data
transmission with electronic devices has become vital to the
design of many opto-electronic applications.

30 The use of optical fibers. and the coupling of the
optical fibers with electronic devices do present some
difficulties. Optical fibers are hair-thin waveguides that
conduct light signals. To avoid losing or degrading the

light signals being transmitted, there is a need for precise
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*..Nunerous optical cable connectors have been devel oped to ai d in the
connection of fiber optic cables. As data 15 requirenents gi @wW0¥iogy e
fiber cabME0MHIY gi ven way to high-precision nultiple fibepctasbesosgsuch
as parallel ribbon cables including a plurzality of optical fibers aligned
in parallel. As the nunber of fibers grow, such do the difficulties in

mai nt ai ni ngalhgnmennsérd ebhipdieRCcurmf tithd hﬁb@ﬁﬁ‘ﬁcf%ergxéﬁl Eénﬁfec@%@’m
mul ti-fiber_connect O[:Jﬁgl ncl ude the MAC connector by Berg_El ectronics and

the MI ConntltH?By® BENEL. RN e BRI @ LHfORpi Fohl devhaestors are

illustrat edOpm&J Crahatent elf@s cierddP i HO et Uided eto 21§e§£ure t?1§6 755
to Longhurst 500 15 to Foley et al.; 4, 784, 457 to Fi nzel

819 to Si zefPi{$tyepiap conn&ﬁ’ﬂoﬁf MWE#WWWPMnW%ftrﬁésmﬁﬁmd

connect @ s @ﬁgﬁaﬂssadvant ages associated with them An MI-type connector, a
portion of 30 wh'é%h is illustrated in Figures | A and 1B, is one of the rmst
comon connect or 8* cGPREAERT2RLEd TVEVES TR it RFRPLeRCR developing '

al i gnment bﬂmaktlaaﬂefﬁ.bée Bt i EonneRaVKE ald gm@rk%u@é@%n &fdtge
receptacle or rru 14 The t é&ym al i gnnent. bl ock is nmeant to

mat
i ncl ude fer?IﬂF?‘ag £§gnr°'géﬁp? fiedengy R ECRRTIRE bl oGkELoYRefrELPEFE

12 has  woapPeo8stha dptibOYr2e@F LCHASW 6B PrHt Esih &g bPNg pi ns 20.
The progosed TIALELA- 23) 5 MI connector internmateabili t% standard specifies

that th® al FRRMBAEREI h8) nHeP Separaddon ateddte PO ph abuiRerts ()6 mm

protrusion i@teﬁa@ Zeﬁﬁ}:ﬁtﬂaﬁt QePitd) i thiesdBcenmeof, thegfesyule. Long
thin pins, ﬁuch arsL t hose of the MI connector, attenpt to control novenment
n

of the connEREERe; eg‘:ﬁénpo? SRATACHEZ SUIGT i RORECHRTS: achi eve

sui tabl e optical NepeReaki 8psiken s;@meamiﬂrfeaiﬂﬁbs l?d'&'e%@eﬁoa@{réﬂg g pins
| 0 and holei be |nhU|t|ve to .users wev the use of such Iong pi ns
does presen OSFéHI thchhe EBHBIeicﬁdorhqung:&ﬁ %%l‘Fq‘l?Jye%nd Mangebat uri ng
di sadvami ageequisemkhtist gabad Isﬂ.nEjlga fibedtird a1l P U v g DFe RN - £¥PE
connect or, %he ferrule 12 is ﬁ’; erﬁnce fit. upon a 15 receptacle 14. The

recept acl e ﬁgBePFﬁgéséoPeE‘B#ﬁl APYf5 e SHED 3% RaFaDbels

i nserted i ntabbba eabuespan@m@m@c@ ‘ﬁlﬂ&de.t%/ %Qf opttdl CAifergsertion
force is needed tatseat eaiﬁeimall di ameter (~0 pin fully into the

respective ROFERCF: lRab2kE | cdiSattde® m thh IBRES [EF@RceSRER 80 a

nom nal Ml €RBNESEFLcRlAik8Sant @k idHa i it NG-dreeept act € HobL-GOoykd
require @ppggm mat el y si x Newtons of force to fully seat. If the pins are

not ful P £edOPRRCAPF -gap between the two mating alignnment bl ocks

results that canEganpeeSewer @:ddughtmdlct&&fﬁfexOQfdrﬁcéc@étQﬂm@Iu@é EH@ pi ns
is very inp Figure IAillustrates a 0.5 nm|ateral

t bef
m sal i gnnenﬁi\%anFﬁé’%G%%ﬁﬁ\C%Wp?éﬁ%e@t]&c RIE etk R MT FenreGEoBf by he

“pin 20 and of, st.heomricchi m:w&eg \emn;ﬂ(w o desidd s donrodpbeseatailure to
coupl e even, lﬂder very sma hal f_a mlli rretea% | at er al

m sal i gnnentERGEAS et 1y U §t raﬁaé'serigthé‘]%?r'f et Y93 ged Hatrs@eai gRkent of

pin 20. ﬁheaeffecst,sm TBEER A Hulas’lgulsa,rscm SPl 8 OFTERG 1 & S FBGDI £ ed by
even a ular m'sali gnnment (‘e.g.,. 5 degrees)

the |l ength t in,
may again _35" ggul"%—’ r’focgﬁ'ﬁiz@clel'f a?rl‘l?r §1° dRuptizer, II, et al.; and
5,287,426 to Shahid. _ :
Many of the known connectors have disadvantages
associated with them. An MT-type connector, a portion of
30 which is illustrated in Figures 1A and 1B, is one of the
most common connectors currently used. MT Connector 10
includes a first alignment block, a ferrule 12, and a second
alignment block, and a receptacle or mating ferrule 14. The
term alignment block is meant to include ferrules,
35 receptacles, or any other mating blocks. The ferrule 12 has



*,.\WD 00/ 70381 4 1 2 NOV 2003 PCT/ US991 70683 |f the pin 20 is, not perfectly

al i gned bgfore engagenent into the mating hole 30, the pin 50"%83?0081 ss the
hol e 30 al® W4 t he nat | ng ferrule 14 causing a catastropPCT/US20683c. The
long and thin nmetal pins 20 and 22 5 also3are |iable to bend during
insertion and wi thdrawal and danage the mating ferrule 14 on subsequent
i nsertions.prdverkdihgi horgf piasc0.i t Tofe tphredosey [TIAAEIA- 60 48s iy hol e

can cause t 0. Y ski posi t_ unwant.ed dehris onto the
connect or rrée]flll@n%é %%e}gﬁﬁlr%élt\c%%%gﬁgegga& rc#(fqeaﬁﬁ .t%bét%u"sl'éethe pi ns
protrude s;¥igniienm phesnmtisitg praceude tate IMEstt [2e 288 igigh fatamétSers

difficult tg c . re. Qf .a connectqQr further_requires tight
control of F"h'eé ?%Fe‘?%%ggégg%ﬁa%q%e&{b'wﬁg -aﬁe&ﬂr @H‘?Qnsﬁ%:trﬁ)f%ﬁ%

di aneten, (&f phe Sermudbtness, (3) pin 15 .taper, (4) hole dianmeter, (5)
hol e strai ght nes 6), hol e.angle, (7). hqle taper, . (8) hole placenent
relative to matc cl)rﬁé) %%fg, p&@f’h&“@s’blagcgzﬁ\?ﬁte rog é:ﬁgvéﬂt FHRG T/

Acco][ di ngl yattétep?s'eooéontadilt rvaimenlti @rfmdihie hmiolmédtrog:hqrn diHe/ s, u’ﬁ and ]
manuf act uri Lffic nd _cost s 0 A further_ _cqnsideration is that the
| ong protr u%??\’gé%rét a#&lw’ gﬁ%ﬁn%@%’t h&aﬁs aﬁg\}gva? Féﬂ%@??&f &G s

"ant ennas" comheayicasstorl soteo-appdrietitd ot ande terRc eoMpaidYy aseth iaar

hi gh frggu s, Thi s i.nt.erference nay turn cause signal

i nt erfefr%eng%g oﬁggggpﬁg uPSm%ﬁscu H:&Vgo%ﬁoﬁgﬁtr&‘ 2 OKﬁVzﬁrt'ertE’eﬂi‘%Feecﬂﬁi cal
connect or destynlésgdpinboseesi pridsiendd sSigaticd daatte riouNd.irky,7 8L i.grdsent,
entitled "

L f |.t.i fiber or Single Fiber Optical Cable
Connect or " ﬁ%ﬁ%ﬁﬁgﬁ%ﬁlﬁ%ﬁuﬁé&wﬁé&% I‘T‘atdﬁ’@nﬁrag§§nt i nvention to
M nnesota M ni ngAaniil Mastitatiedr iimg Fid uhi eluriingd@ohgnabyy io¥ MBI dY
reference. J@Ené’é\t:&@t g{zgclf%s%s a "?al.l angtes cket" alfi,glrrent structure
where an opBnIng- 67 §0CREt PR TEFerFulrd SBLLEIETRRCE Tidt BB an a | ong
pi n. ThE opescegtaaiealdept Thel reteptaallle Nas defiadisua Recdisrimd>dl . The
ball and so .qiructure otfers.significant, 35 _advantages as . the design
does not ov&e‘flg%ﬁé%rggnﬂ?ﬁs %-oaxi ﬁ‘e %%8%76:?8%’@31%?%%@"\9 X3
PGT/ US99/ 20688respgndeny aerdeieqmg & leonbr.ol Sdigndfliyahwo imauftadnuri ng
t ol er ances: Sk ze e.al ignnent. _bal |, ich is easily_controllable,
and t he spafcclgggeb%%m%g%d%ﬁetf’mﬁggggﬁaﬁgs.s"ﬁ&:ﬁ'g\?étaf“et%ﬁé' kfé‘loly' TFHedonly a
limted bonflithgysintacthd respleetiveotioded allitghasnbeldl ealdligtided

uate bondi.ng.of the ball to the

?gpfhrg’.’ﬂs/‘iﬁsﬁjﬁt E@ngﬁ glﬁl’%alrgé(?%ggg eSifgh ARPHELs Ml c EPPPSISE %o Ridage from
over pol i shi imsetteteifeor al matahifigheecentaclevapbnel icohilay redalde i N- socket
ferrule faCEpBnggggggfyogix Newtons of force to fully seat. If the
pins are not fully seated, an air gap between the two mating
alignment blocks results that can cause severe light loss.
25 Correct alignment of the pins is very important before
coupling. Figure 1A illustrates a 0.5 mm lateral
misalignment of the 0.7mm MT connector pin 20. The small
diameter of the pin 20 and of the matching receiving hole 30
results in complete failure to couple even under very small
30 (e.g., half a millimeter) lateral misalignment.
Figure 1B illustrates the effects of anqular
misalignment of pin 20. The effects of even a small angular
misalignment are magnified by the length of the pin, even a
small angular misalignment (e.g., 5 degrees) may again
35 result in complete failure to couple.



' .10 obliterate the ball alignment opening or chanfer, thus inhibiting
accurate attachnment of the ball. Another issue with tradlth nﬁ6 nect ors

has been M00&1034t ri cal interconnection of opto-electronic 12@;79%

enbedded in a receptacle. Manufacturing lgmtations 15 encourage the

pl acenent of the grounding contact for traditional VCSEL on a back plane of

the integrated cif cthd gsre20€i§. notHbehrBetligr man d%%%‘i'eb
Vertical -Cavit Lasers f or tical I nterconects” I\/b Intl. J. of

Hi gh Speed Hha HEe . theoratingnpgoie 3§94 her piay 2 m@(y purss dse of
whi ch are hﬁrJEd)yBO rmmp@fs@edtlby ket engneerrudace 4t ha@phe gl ectronic
conponent IS errt%%ilo din_a ecept cle, a robust eI ectrical” connection to

the groundi TR Ja%ef%% Bhes GRefieDft anfhEhdppdetati pinse?d mnd @22 an

i mpr oved omm:alamow@bp@t@oeﬂ;eﬁar@argngomﬁe@wio@s%ﬁﬂbw«chdr%wﬂ' ARG OF
THE | NVENTI The tﬂbesent mvgntl on | an optic and opto-electronic

connect or FRLS | ‘ﬁ:ﬁﬁ‘fﬁ%ea RRntFREEAMNERG dRaeaEdenisst | Rhever
traditi onthJ(gI-n nict & Se rdi€e CODDESE Othaolaﬁge hy tef tmemaft‘ii‘a“fhdl%vﬁgd on
e

i ncl udes a flrst ‘%ﬁ qb nt bl ock_ i ncl Ugl ng irst matin surface

al i gnnent 5 BRIOpt? RBF FbEVeder BPegepF’ééépP&U?&*reldnéilemlrﬁg
opt o- el ect rcnmo: tl'[e Oﬁm@@&t@lﬁvmﬁﬁﬁngofa@éheWhQEh' C:%h %laﬁg%n%&gh%l”eed of
align Ieast aone | arge di aneter NOV 2003 wo oono

PCT/ US FTHAFF cBPe pp TP uHFﬁEr‘é@Pgﬁﬁ’eﬁtarpég'o@xﬁiéﬁd@aftrl@@ t he

mat i ng SwaﬁEEe dﬁmtﬁéHMHﬁeﬂheCﬂétﬂﬁél§§be|§s”§§@ELEthnEBU@§eQ%95 having a
circular, sem - %%%,Wel liptical _and other suitable outer

Cross- sect | onal B8, ohgsan MT| gppnastereivgtberpeeapheey wdwhte

i nscri bed idorstird east '@hel%bld@ﬁéﬁ@e@fsf dBe1685M hangecdigneLgr refers to
al i gnnment gcﬁlq& havi n % arret er D1 and rotrud| ng 'fromthe mati ng surface
a protrusi T3 H V\Rb?eﬁihalﬁ?t%rQDi TRéNaFtgRAERENEES  mdy ) hadid a

hemi sphsri cadpda p. (40 HdSIBeC@ﬂQﬁ@t@f fysy heslamytiragbHdRedsseq@Pdnahicgnnent
bl ock havin a][sec d .ma g surfaﬁg defi ni ng a first. receiving cavity

al i gned opp%%q @ the 18948 L#PeRnehf) pRglet ReaFemsnt, sedrtiNg &&vity having
a dept h HL miteteing amw, £9) Hholé NpBicexend! aeYa89hadiBER @501 __<pl

<< 2D1 ang}the @1199{}},2 nol ded as 1’gart of the first alignnent block. In

ot her enbo fT’IP%tu%.?I%‘FIITE adbtienadeplhgamgnseninfgfurithege and

the al i gnnehtipey mrmém'&f@cﬂuﬁﬁaﬁ' diﬁﬂléﬁﬁtgdaha EBgtgrifice. A second
align t peg xtend fromeither one of 20 the alignnment blocks to

match & second réc ‘H/’f'l?ﬁrc‘é‘?/‘??&d%léﬂ:h%‘a by thatofher lanpgRrehrupisek,

wher ei n t henseLDMIT r ETEgNMEPE CBYhS Ynhde CANELAYEREY! @oahEgNa W hhnRRANLRGEI Ve
t he second alé nrrent peg. #n one enbodj ment, the second alignnent peg is
seni - cyl i nd#? Bt OrtEPaRReRetEp ihterference when placed near

high frequency components. This interference may in turn
cause signal interference to other equipment and components.
25 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
Connector”, which is commonly assigned with the present
invention to Minnesota Mining and Manufacturing and which is
30 hereby incorporated by reference. The patent discloses a
“ball and socket” alignment structure where an opening or
socket in a ferrule seats a ball, rather than a long pin.
The opening has a depth d,. The ball has a radius R, where
R>d;. The ball and socket structure offers significant

35 advantages as the design does not overconstrain the z-axis



© 25 and protrudes fromthe mating surface of the one alignnent - block a
protrusion distance p2,. wherein pz 5 2D2. The second receivngp\vcasiety has
a depth HYOWWEHI n p2 < H2. The first alignnment block may pPaT/USSkER6EOt h
the first and the second alignnent pegs, ®ne peg and one receiving 30
cavity or two receiving cavities. In another exenplary enbodi nent, the

first and sAcertherit GiMENte PedSe HANYENBrEDNYEX oA EwBIME nRFld A} 4
non-convex .out er_edge partion, wherein tge non- convex edge portions of t he
first and @gﬁﬁf‘ n’gfﬁ PetR Af eTBPpRLT FBTEBLeRRAL 0t WBLC ﬁ-S Wlly

001 70381 7¢br9cm4a&9p§ RiId U001 £9888ngPbeerbehi BRE Blvba¥pleh

bet ween the opp %&ﬁonconvex edge Fortlons An_opt o-el ec ronlc deV|ce
al so may be pIa§§H° Twec€ He2 bppds ﬂﬁsnﬁﬂlﬁoﬁvé%méﬂgé berdiss sunfaseh

an embodi nand tﬁéam@dlﬂﬂﬁ@%emoﬁﬁém'Hd§§m§96d5b5hrcﬁtn %Eﬂf‘ce
second recelvw§%§€%lt1es the first and second cavities aV|ng concave

i nterior ' HhdRedemebachoRdingePLofhedgel hotoi dhe irmmike ¢ he
non- concavenligy ertos 1%11:113 DAt sO8Re Of dbBeghi haY Bedsﬁseeﬁéﬁﬁ\é tiges are

opposite each othe 0 tlcal fiber arra aced | 0 between the
opposi ng nd%“%ﬁﬁ%d&&’ TRE %ﬂ%%nﬁo?FlBﬂé fB%FE#eDESQRﬁPPﬁaVQHdSHHE

DRAW NGS Flcgw@dhﬂs?n@g ca @&1 BeChigpakevi evretila katerabhy adnsa)d ¢ed pin
of an Ng t%gstonnector %i % is a cross-sectional view of an

angul ar E%eﬁh%fQP $hedeBARECPBRNLPFUSEr GREBIRA / Fitdug A Fi gure
21s a.frcwﬂdﬁmﬁ&tiﬁ@”@éémﬁaﬂée&t@écﬁﬁeﬂ@t@Q'Eﬁbr98l§ connector assenbly in
accordance with the present invention. Figure 3 is a backsi de i sonetric

view of the opt IRPEreEL}TFE %b%%eEFB@lEéQEﬁ%IQOPP?E§PF§téGﬁ ey the

Figure 4 i ssredtopptse iﬁ@é‘?&éhﬁe&tﬁ&h%faoﬁtggtegg{:g%n%ééé%%n%{: : f: gf ]
| u | | I gu i

the opto-elecgtr connector asse
a back5|de?éﬁﬁéﬁ#éclﬁléwf%$e%t%§}? ofMQBUFééébFéégeél@#tﬁ ons
opt o- el \ct rmmﬁ@@@e@ﬁ@rp@&é@ﬂ@hteéfsaﬁb gsotinasfgl bhHehkat ¢dd n Fig. 2
mounted on a qéigyééaf VCSEL on a back plane of the integrated circuit
(see, e.g., “ngh-Performance, Producible Vertical-Cavity
Lasers for Optical Interconects”, R. Morgan, Intl. J. of
High Speed Elect. and Syst., Vol. 5, No 4 (1994), relevant
20 portions of which are hereby incorporated by reference).
Once the opto-electronic component is embedded in a
receptacle, a robust electrical connection to the grounding
back-plane becomes difficult.
The opportunity remains for an improved optical and

25 opto-electronic connector assembly.
- SUMMARY OF THE INVENTION

The present invention is an optic and opto-electronic
connector having improved alignment and manufacturing
characteristics over traditional connectors. The connector

30 assembly of the present invention includes a first alignment
block including a first mating.surface. The alignment
blocks may be optical fiber ferrules, receptacles including
opto-electronic or optical devices, or other optical

elements in need of alignment. At least one large diameter



" Figure 6 is a front/side isonetric view of a pair of opto-elf?tﬁ@pbﬁﬁ
connector assenblies, such as those illustrated in Fig. 5, prfor to
connect or WAPI/WAST  wo oono3al 1 2 NOV ?pp3 PGI/ US991 20683 Bcrhgvyseds S a
front/side isometric view of the pair of gpto-electronic connector
assenblies illustrated in Fig. 6, after connectorization. Fi.gure 8 is an

el evation vsemi-ofylhedfBEaNIpkaeeudiinigh® 13 dritfdnt $dd |e‘i§€éxfﬂ'&§dﬂ.‘<§n Rlge 2.
Figure 9 is ahdetalleg i sometric view of al’ignment pegs 1n accordance Wit h
the present™ ARt TONT 2R gur ERgo tes S edigratliipeinicad dofs teamttag face of

a second enhodlwdaipefsankeinyl @ il raeaerdancgudihdhe Lo o {cal
I nvention. Fi q£€%11 Is . an el evation view of the mating face o a.%?nrd

enbodi ment YL HET uFBLFAPAEBCBHEERC STRISEIT SEE inesle e imhaniam. 48 gure 12
i s an elsevalowg & eyhe€f oliberBeirAgnkase nadly del 3y .itb'éoe’f%gcgmrgasce\{ egat on
vat i

ferrule in ordance with the present invention. Figure 'S "an
view of th tYTIEFRCRIGF alhPf tRrEnBedidre stiagketerf aefiens ito aligrdrerce

With the presesthavvest hoaian8tPETA| LEN DESCRLBAL Fi gs.
2-8 illustrate an exenplary enbodin%nt OFEa conne§§L?EE§EEH%P¥E?ngPn
accor dance SH¥facheca ppestnusionedisgancehe: s ewnecoehnest of am .t hener esent

I nvention i t | ncl ude devices for coupling and aligning two or

nor e opticéflféger cé%%g %%gsgagﬁ SptiCary eﬁéfa@aﬁﬂg'end with an optical

devi ce,%r two ofhencennpctoal fdetheesmaihe nicdumeopt ise@londe\d1Gyrineltudes

opt 0- el ect ro ' . Accordi,ngly,. those skilled.in the. art wll

readi |y 30]§%%§%§?%?£§§h%tg§§8n8r§§§%PgiﬁygﬁgFSn B9 15iZSE t o
receiving cavity aligned opposite the first alignment peg,

the first receiving cavity having a depth H, wherein and p; <

Hi. In an exemplary embodiment, 0.5D; <p; £ 2D, and the peg
15 is molded as part of the first alignment block. In other
embodiments, the first alignment block defines a seating
orifice and the alignment peg comprises a metal rod seated
in the orifice.
A second alignment peg may extend from either one of
20 the alignment blocks to match a second receiving cavity
defined by the other alignment block, wherein the second
receiving cavity is configured to align with and receive the
second alignment peg. In one embodiment, the second
alignment peg is semi-cylindrical, has a major diameter D,
25 and protrudes from the mating surface of the one alignment
block a protrusion distance pz;_wherein p: £ 2D,. The second
receiving cavity has a depth H;, wherein p, < H,.
The first alignment block may includes both the first
and the second alignment pegs, one pPeg and one receiving
30 cavity or two receiving cavities. In another exemplary
embodiment, the first and second alignment pegs have a
convex outer edge portion and a non-convex outer edge
portion, wherein the non-convex edge portions of the first

and second alignment pegs are opposite to each other. An



" WD 00170381 9 1 2 NOV 2003 PCTI US991 20683 al ign two optical.fiber connector
ferrules to one another, or alternately, to align one optital NOY 80 ferrul e
to an opt WOM0/783ur ce, detector, or other optical device. Thecgg k&
assenbly 100 includes a first alignment 5 block 110 and a second al I gnnent
bl ock 150. In the present exenplary enbodi nent, the connector assenbly 100
i's symetrippali Wit Firgspept b Tyl zzaxis, The first alignnment
bl ock 110 o? t he conlnector ?a%%ein%%iﬁggac%%%‘??é%stgé %B PEARS MRAY

connect or FONVEKe edhfe PRIIGINI O Al geketebéotkons0 dencies ad san may be
opt o- el ect KORIced AT GHEAVI ; 5 S i) g.i nthe art will
recogni ze Fhat in other_ enbodi n%%lp?ﬂ%o%oﬁ%%%?grgggéehﬁ? lﬁ&?'cod’%}i se

di fferent SHFH A2 iFReHMeNt grithmtseterdsal sguhent blockeindlesies ikhe
recept asl egi ratf @ifd!ltg AN Ah®Ptd & vilpg € sugf.agigRrism Iens,
etc.) or other conbinations. For desc‘r’%%?i%%?%ﬂ%%%éegget %é‘gls n&ir’t di nal
z-axi s of CSREORGNFEMId & Faing 1DO-PRCaes | hatie byorheddier potritdomlamy a
whi ch the hen dog bl rieaal fosra&gg | ; ot i ihers 120. The ferrule
110 i ncl udes a body 12 havﬁllng a ?i%ﬁféb%?hc‘gﬁéfggﬁr %glge%?ﬂc(’?é:évﬁ gs. 3
and 8) | ocadPE@Trarcra sdamiPanhnigpnsid hathenfiin$t t aedbsdgobli? chvie idisstaale end

in Fig. 2)q s%tfétéed"t{"cﬁmq-i L ng Sur 6 t a_top _mddl e
portion of ?F?g body 11c2. e%/fnati%g %?f%%% ]?lelg&gf S?ﬁgg}f @?VUP’@ fﬂ'@ i nes
a firstifan@eivessoidie @rnQs ing o tgorcsavelinneri0s. edge pbieionecei vi ng
surface 116 includes a plurality of v-grooves 118 that retain and align one
or nore optical fibers 1BRIFF HESHRIRBION QR ITHRADRAWINGS in parallel. In
t he present enbodi nent, an array of optical fibers 120 is 30 bonded into
the alignment fefirg],e L40.; She V=LL 00 - I f 0 di of the
fibers 120 intq t hdgifer'r ulles 110.r%%0%€?t%%€a?54'%n§£d% gﬁ%%%gg'ri%y
nmechani cal Tafd GIngshaxinv e freahdil- { e geonnexerference fit, |atches,
bendi ng and crinping, welding), over the parallel-aligned fibers to 35
further retain thenfiders i 4 herdesiged aligprent,, Jhe (381 10
1 2 NOV_2003 PCTI ?J;SQQI 20683 grooves 118 andﬂtﬁe g%%&ﬁﬁ %nglggllgn

accur at!é | Faddned REy ®fF ke teppnefighsi 1estrated 180Fig.t BA.array
vertically and horizontally with respect to each other. The array is al so

preci sely ali gnadgurd e 1Ge1 faditk B Ald OUBIRE L RDL 091 4340 8Ndn 18ALH0 L he
mating face %of the ferrule. The fiber faces of tfﬁe optical Tibers 120
are pol i sh&SFIEIT HorE1eG5q% agseinkY pie RErOEGeRGE avythnbbdi peesenthe
ferrul e bodnvkhtiail the receptacl e body 152 are injection nolded of a to
t hernopl astic, such as Fortron 6165A6 fromthe Ticona Conpany, in Summt,
NJ. The ferrul e&and recept acl eba%l!-)f-%g) es_al so ma%/ include other suitable
materials incl uditfaferhiis &RafY SitR v trlasyiev of thaepPharerial s

havi ng 2he edesitiresh idaigtile Stebi d 4 4 smeng ﬁﬂ@é@f&'ﬁeahﬁndﬁg[eﬁ.lf’
manuf act uri ng preci sion. Post-manufacturing processes, such as grinding,

may be used to t}elé) achd' eve the desj ed,é)'reci sj on. ,
lgure 1ls a top/side 1isometric view of a step in the

assembly process of the opto-electronic connector assembly
- illustrated in Fig. 2.

Figure 5 is a back/side isometric view of a pair of
25 receptacles of two opto-electronic connector assemblies such

as those illustrated in Fig. 2 mounted on a circuit board.

Figure 6 is a front/side isometric view of a pair of
opto~electronic connector assemblies, such as those

illustrated in Fig. 5, prior to connectorization.



" The receiving cavities 124 and 126 each have respectively g di aneter dl and
d2 and a depth H and H2. The 20 receiving cavities 124 an &ZQVaﬂng

sem -cyl iWME0DEeA81 The term senmi-cylindrical in the present pdasusppdésdn i S
meant to include shapes having a cross-segctional periphery wherein the
outer edges of the cross-sectional periphery generally can be inscribed

within ai Ieast raghéQ of YL ofioR 2 SlddEERL FUENCOR! LALCpAEXCY ary

cross-sectional shapes may include a sem -circular curve or a convex
pol yhedr onPPFR-CRECHTEIdt Oty asas hies , it heskeetedi 4y Fadi-tifes 124

and 126 detifRer’ cghines®9riGdtGHrar cylindrical hol es and correspondi ng pegs
- 164 and 166 have right sem -circular 30 |lateral cross-sections. The ferrule

110 is a femal e ali%nnent bl ock, as the mating surface 114 includes only

recei vi ng cavi t F&gUTEn 8aitSe ATatS MAY ARSI et <O £ t FeerBpEdne fagenaf Bée

mal e al § gnFerirulleogk 10461t ald gringent2 bl ock 150) including one  wo
oono3si 11 1 2 NOV 2003 pc~rws99no6s3 or nore alignnment pegs or a hybrid

al i gnnent bl ock havi ng one alignnent peg and_one receiving_cavity. The

Fer Pul'e body 113 GMEE; it e SHEA s by SR 1§ CHESY | BEf SAf APBehEn s
form of polivhedicairduinte: edgas ¢S mrgkdntl3hvdheibedy 112 al so may include
a rear-face mating surface 132, defining a second set of rear-facing

recei ving apertuyres 13 nd. 136. .The a&%gqyent bkogk 150 inclgdes t%e

recei vi ng receptad¥ hody THEHS T HF F e 701 @F r 08 DRhYEavAts 542 to
The ferrul sawmea e diandrity did htesrrulerital agadttdahasi vgth chspl enentary
shape hg t he alkgﬂnent l.ock 110. The receptacle body 152 includes tapering
| ead-in-tr &SRS ﬁﬁﬁ?q 156 defining the nmouth of the ferrul e-receiving
cavity 154 and pol yhedral -shaped interior side portions 158 15 and 160 that
mat ch the outsi ddgqeonetl yiofar heEldwatride sice efigese 138tand £38e of a

respectively.. ilLlustrated in the alternative enbodinent,illustrated. in
Fa 12t T ek e RS o AP ETRUTE Hashbb R epEaSaith
correspondiimyergciept acl e 20 geonetry to allow insertion of a ferrule in
only one orientation. The receptacle body 152 further defines a second

mati ng surface . at i | farce 0
ferrul e-receivi % alsg'?%/f%ﬁ.aﬁhéeﬂn]‘g#%%ﬁ gﬁjr'?gcsef 1gge Z%a%ggpugggeaoifi Pst
and a décorfbwrth -emboditméntalofil a ghemrnlpein 18dcandanéé whthatbevi ce

receivinglﬁg&ggﬂgﬂfﬁ&éﬁ%f&@ped bet ween the pegs 164 and 166.

Figure 13 is an elevation view of the mating face of a
fifth embodiment of a ferrule in accordance with the present

invention.

20
DETAILED DESCRIPTION OF THE INVENTION

Figs. 2—9 illustrate an exemplary embodiment of a
connector assembly 100 in accordance with the present
invention. The term connector in the present invention is

25 meant to include devices for coupling and aligning two or
more optical fiber cable ends,- an optical fiber cable end
with an optical device, or two or more optical devices. The
term optical device includes opto-electronic devices.
Accordingly, those skilled in the. art will readily

30 appreciate that the present invention may be utilized to



" Fig. 9 illustrates several exenplary sem -cylindrical peg designs in
accordance with the present invention. Fig. 30 9A shows a fp%lmpj ngpg!l ar
peg. Fig. viBoghags a sem -circul ar cross-section peg. Fig. 9C shows a peg
having a crosssectional profile including an outer seni-cir@gpyﬁmHEW§bhery
and an inner concave portion. In the enbodi nent illustrated in Fig. 2, the

al i gnnment pggs 164, and 166 Ta¥e a sem 35 circular cross-section and have a
spherical dt=h® eF"D1oBhycal ~Iibeg goppectns derades £t RON ESENIPEE83 D2

respectivelgr ahtéhwapebgentoeaboghmenle ddtild it FL e T %ki gnment
pegs 164 an %E% grotrude addtst%nce pl and p2 respectively fromthe second
mating surface 182 AR hEUe EERFIREN SFh&S oPtdsalrgleFicear72,

respectively. |nThetbenneesent asgbadilienioo AncRdel & @Tré%#gfﬂéﬁﬁgnt
1 spheri ca i pped

rel ationshi.p, bet th rotrusi.on_di stance p for a hem

rod is getd£5ﬂ§5$§f¢oa§gtgnﬁchﬂg FexFRMNd bhock 15%f e they Riesent 0. 5
D5 p 5 2 CeBmpliatyaempbeinestrednpasbnnkditod RaweaBher 197 I tipped peg,
a |0 distance £ 0.5.D eguals the radius of the spheré, thus allow ng the
full di aneterThy Theahe* EB BESBESFI 58I &beort cRigignPdne Lnizriexds .oppdse ng

recei ving cBiisy.algamehbenesdkgeQUELEY ok Tc'&%nreid%%ro‘castslé?anlr% qygnt peg
may be a variety. of shapes, ,such _as spherically radiused, chanfered,

geodesi ¢ 15-¥RHEIES o7 R oPRELCEL £ABRE SRAPESLORT ferauley t iThe Semmnd

heni sphier i cal i gienpelgl 66kl Uspr ebhpde skeSant Bakoled c¢-2BRLEN $- é@g:'tj.aetfle .
preferably allomnn% ghg ff%% dlfgeter %t the peg to be exposeg for aligning
the mating CONHEEt BrE°Fhelpeys 18958ngKkide s énnbh@ed itntd lihaesegpi®D of
20 the al i griventimbl othe #56mbdaemenyel ebacephnet tap! qis@ﬁmbh? h@rge di ameter
pegs as part_of _the rggggtable bodX 152 aids .in achievingﬂt e

semi - cyl i ndF PR L 3Rap TERE PRURInELLiPRS: REr 81igBpMesd Pleskse pawh dis not

act as antemmastehahleBy twdSeeebpehtQelRRCiesrlkebhar GRCEH A2 aIN
alternaﬁive gbod' nts, the pegs 164_and 166 may be seni-cyPin rical rods
made of “hard- St abf BUGRt 2% &l BE18Heh188Sst &LRI-&s §Ts PEBRTaKPBP1ZET iSmS -

plastic, other nesnldestraptoye, paepases, eheOtBakitultahhe URLEY s,
inserted into seatlnchaV|t|es. he receptacle ali'gnnent pegs may be 30

fully round-dF PEREFEFPY 2B5FMCLNK oPAerlst deddnsanbyathet Hareptdon edanmni c
devi ce and whi¢h phevieerplecise abbgnveBt hndSallkibHst batedann figss 2. 3,

ﬁg?cﬁindurifg%coufééngéﬁégg ai#ﬁngenguglock %10 i S_placed opposite the
g al hent Bl 9. elPEYUEEE. psPafyghéd BppaBpteé masingl 2 NOV
2003 W2000! FES8 lo PEULEN0¢ 20683 (see Figs. 3 and 8) located at a front
longitudinal end of the body 112 (the distal end in Fig. 2)
and a fiber-receiving surface 116 located on a top middle
portion of the body 112. The mating surface 114 of the
ferrule 110 defines a first and a second receiving cavity
25 124 and 126.

The fiber-receiving surface 116 includes a plurality of
vV-grooves 118 that retain and align one or more optical
fibers 120 of an optical fiber cable array in parallel. 1In
the present embodiment, an array of optical fibers 120 is
30 bonded into the alignment ferrule 110. The v-grooves 118

allow for top loading of the fibers 120 into the ferrule
110. A cover 122 is mounted, such as by mechanical and/or
adhesive methods (e.g., interference fit, latches, bending
and crimping, welding), over the parallel-aligned fibers to
35 further retain the fibers in the desired alignment. The v-



13 'matching receiving cavity 124 and the peg 166 is aligned opposite the

mat ching receiving cavity 126. HL >_ pl and H2 z p2. \Wen the xav rgggpondi ng

pegs and &RYod/ o8t are coupl ed, the opto-electronic device a j cal
fibers are 5 optically aligned. The di armjioﬁr Dis neant to ggThggg’gq%&{j as
f e

t he maxi num cross-sectional thickness o peg. The dianeter of dl and d2
the receivi vitd 124 and 126, d ndi ng .on the material used for the
body, the 6§§§§§ﬁ% 1§€ %%%i€%8 ??Y?rth§a§ng¥9qgﬂﬂl%Fq%E%ﬁﬁ, equal or
even snal | drondidnmdinal $ongctsréhehdeshledns &R Wik rd dtih Sthe
mai nt ai ned W thin accggt | e ggraneters. Ege advant age of the present

Aty #19

i nvention i% that  gert i BOEAZPBFatdYc Hitor asmech fensta® of | arge
di anet er rahkmperThs escoay Lyl aDdbi pakclbepgyaltibprOfcsrmld Picdivagyl ar -

pi ns or feafur The recep l e 150 _furth I ncl ydes an opto-electronitc
devi ce f76,aal§téﬁdear§t gh?/%’fiigg ?:ﬂ%i ?§Gsbe gb& Bttt acss &l ¢ eSehe

i ntegrated tarmuli¢, dhgntibegarastst b¢ brekophtdre 1168 vk Widdh sLspect to -
the pegs 1 ! 6. The back 2 | ane 168 includes a recessed attachnent
area 178 p?pgoclglggq’b%?vﬁ%noﬁ%c% iﬁgﬂgﬁ?yredges 180. The attachment area 17B
al l ows for bondilg tife tiweopho- €keablapyCerBybsmellt  acs@MRIALI W KNS

t hi ckness fl bocgdi ng | ayer 182. Thg bgggl ng | ayer 182 may i ncl ude

suitabl e adhesiiES e sSTFTPtas5e APBRYN L9 e 6f IPHE RO FSideR et @4 of
the ferwul ecHebfndslddt st reted 28 Foeguren8e18ba6f ifkoh and thie-second

recei vi ng cCavi ties 124 5?md J have a concave or flat interior edge portion

6

and a non- CONCAVE i m2ri' Y etyeNpor t FBR, TRAEFE PN 2P Fe IRGRRIGTIR 9 &S i or
_?_ﬁge porti ?Hﬂss_cofmaa,@ irtmlﬁd;désétﬁéﬁ seiceaﬂésamht'be&ﬁars,e i@:@ﬂ.Qﬁiitrf‘glei@&Ew th,t her.

e optica er_arra e~pl aced al ong the v-grooves et'ween
t he ogposi ncgé"lr\ag?%cc’onti:}é%’g“‘?ﬁg?g%?sﬁgﬁe Bor Pngﬁg, m@lrnﬁ’§l%lrﬁ Mavifg the
t he~r equi r etk iore ctlos rovd Ut St aBhei o9t ahingfEbrgi ngnéheegrd radd gnrent  pegs
164 and (16 Jgﬂgaﬁgggnvex V[100I70§81 12 2003 PCT/ US99/ 20683 14
(see Fig. ot 37 2 U FF RTHRIPBr t | BAS EAGRRUABRF IS HTEK PHRGES Sfye Such
portion, wes grindingomseprivexuedgetpontipnacht etvbe thier e sgndsecond
al i gnnment %\(Ia%s are opposite to each other. In an alternative enbodi nent
i ncluding t T s array ferrules, an optical fiber array may be pl aced
bet ween the oppdBiagrewst ey exaedgeedorionaad et Bachr ese/d enbodi nent,

t he opto-electronic vice,176 e pl aced between the opposin

non- cgnvex eed§ eecrp%)]r‘f%g%s? q‘h%‘“ﬁ\g’g%aabé'{)r&ﬁdﬁt RED G idSRIR é'flplgﬁ'é'l \?‘ggr o8bes or
of the i duréadisvimy ddvitigenerts ghdt heeopte- sbRGLeQNiiaddadge argknown,
such t hat vy%e_n the cor rﬁgxggndl n{(_g egs, and cavities are matched, _the

opt o- el ect ront ¢ YEU T LHgat heR ol P cRF S FEBEr SeESTiptdone I8 maRNt tas
may be bet timclpps eshapesl havihgsa Srdssasébexbhbe porGiph@sy wia¥&E nl84 is

electricallghgqgg%gg égbégeogpége cross-sectional periphery generally
can be inscribed within at least a 180 or more degree
25 elliptical curve or arc. Exemplary cross-sectional shapes
may include a semi-circular curve or a convex polyhedron.
In the present exemplary embodiment, the receiving cavities
124 and 126 define right semi-circular cylindrical holes and
corresponding pegs 164 and 166 have right semi-circular
30 lateral cross-sections.
The ferrule 110 is a female alignment block, as the
mating surface 114 includes only receiving cavities. 1In
alternative embodiments, the ferrule 110 may be a male

alignment block (such as alignment block 150) including cone



‘el ectronic device 176. The flex circuit- 184 carries electrical signals to
and fromthe opto-electronic device to and from control/driyerppe\}::}@s 186
(Fig. 5) Rywpémdson a circuit board 188. During assenbly of ¢t ept acl e
150, 20 the flex circuit 184 is first attached to the opt oePEE{USMIBYevi ce
176. Traces of the flex circuit 184 are aHgned visually to correspondi ng

traces on the chip and then solder bonded. |If greater alignment precision

is requiredft tW$I% 1GBMENLC BRES19F andVhr ithe linnente i ¥ark chateinge 176

may be sui tard ya pogrueenedpeyt BnSobeey -ret&li'\ﬁrgj d&ﬁ}*@y The flex circuit 184
woul d then be r %\Igﬁgom tioned and the solder balls heated to cause the

sol der to nelt. Fude ey dn orlisfe inftlwes @xt@T iau| gk anmeir bea Lised
to nove thefid0 fdexugbscuht the Fokmnds g i |44 .1 Jhe, conbi ned
devi ce/fle><JI segﬁ_lxg i s then pregi sel%lyf aF‘{Hilygle :.fagl }qicﬁegféréodtﬁe)éql%g,] aang
heat abl & al '%C?Sme R ol 13534 FBI Py XinFlaide |3 rRannfatd mating 4, using
fiducials muttecsevize 4€6; tge . ther, )

£ dé€iandgt Be shemwded 32 e %&@%%%&%381

i ncl udes an_outer sur{r%ge t hat _conplinments the inner su
15 1 2 NoV 2RRFB89 L14892D0683%0f the receptacl e cavity 154. ‘The ther node

190 al so i ncl uderng egki ¥hRena! bURERNY 52AMIHd 1821ek9% 1N widn lar to
receiving cavities ]flLé4 and 126 in ferrule 110. A vacu%n%jc(%ﬁ(ﬁl%s#ovm) is used

a
to hold thed HhERTES eb?ay51§ﬁedﬁ|ﬁéflﬁ=@ae a1 F T INe- r aded igreiqay il tay er54.82
i s applioed Tre ther reTeptackeving tavihe qté@qugeqtn@e{]ﬁwam%f %at‘x{}i%&eavi ce
e

176 w Il be_bonded. The receptacle 1507i s then broug own over

t her node 190°UMtSTeR MR Y eEBpPECFR Ahiegdtenmsays blewkadd 0166 Tired t her node

al i gnnent ossddpescld BO3yand2194-qaalact. P l'g},{@ i fetween
t he thernode 190 and égcggt acl e ig achi evéil \é\%rh%r?ptl%(eaé;-ggg& ac e%e%ls 164
and 166 ar @ITsEIRd! P At efheipFethsd@omting wie e fisnnude -rezedminios.

Al ternat el yoatditey devd cghlll 8x198sarRhY MR Re iRlraced 15 sdid ‘f%té ¥Loingt cihsté‘e
receptalle cayity. by usi ng the flat side surface of one or otth of the
recept a%l e &t g]n%%n%/h?)‘ég@ 5shf thecPitside geamiesaly ofosihe dienrd eassiatedl y
bet ween theeqm.12’$1eaﬁ@cggbackgsﬁégtci%tligques to nmove until the 20

al i gnnment IedgefsA 180, of the back plane 168 of the receptacle 150 contacts
the back side of*HeltedtEatedeinyEhe o tergmtive smbodésend t he bondi ng

layer 182 tilefudisramoedbehvees.the, bask Bleanet N niehg j4RVi 7@ unti|
the bondin Iayﬁ%r 182 is curgd and the gevi ce Yéﬁi ghtl?o%dg% 0 te#e%fI
receptacl e QSe TERF Tef JBRY ab8okeyafdwiEhy seFrespondiage regemtagd edesi gn

consi deoat i paemdtenyi t&dal DowBkRsbPe i8Rt @relaeFar @& HEC %Btl?C bRel>0 .
functional . Mechani cal coupling, optical coupling an& el’ectrical connection

all nust beEYrFIRed in unison for this 30 assenbly to work as

intended. Properri@unétagtatlbhBo89MMeneRLT e B A5l LWkl &n%?#j{n?
ef ficient cou l%l n fgg groper operation. The conponents of the asse
have been sﬁi‘bﬁ'?"’? a eSphREdahi Bhlragitied nedatfagr enidde £t tder equi r ed

functional iferrule-receiving cavity 154. The mating surface 162

25 includes a first and a second semi-cylindrical alignment peg
164 and 166 and a device receiving back-plane 168 placed
between the pegs 164 and 166.

Fig. 9 illustrates several exemplary semi-cylindrical
pPeg designs in accordance with the present invention. Figqg.
30 9A shows a full circular peg. Fig. 9B shows a semi-circular

cross-section peg. Fig. 9C shows a peg having a cross-
sectional profile including an outer semi-circular periphery
and an inner concave portion. In the embodiment illustrated
in Fig. 2, the alignment pegs 164 and 166 have a semi-

35 circular cross-section and have a spherical diameter D; and



" wo oono3sl 16 1 2 NOV 20p3 PCT/ US99~0683 First, placement and mounting of
the opto-electronic device 176 together with the flex circuif 218aV (08
optical conpaoenigy i nto the receptacle 150 requires precise positioning in
lateral directions and well'as depth 5 dirgction. The later SETG@WW@%'M

t he conponent nmay be determ ned accuratel y"by the fiducials on the thernode

190 and t heyl I r alignpent features. However, the adhesive
bondi ng tec zn%%%%%%éf%tt #ﬁegggpPﬁeﬁsgitt EBROEBeNks uPe=Pimitditke=2 . 0

conponent irmaccUhat elygpoenti peed 16 idhpute adhesi Maad W dinass, af f.ecting
position, t drﬁce]pé%%g :L‘;O cogt ai ng the ali gnrrent, back plane recess 168
agai nst whi ch the optocerertt¥nfEOReiPEeSE98NAs MaLtaRgdSUTfacBadib2sanidace of
t he backpl d‘mVQ68emi-demiigphdrtiear105éintdsor1Idﬁ%rfd)we@es%e%ﬁ(i} di sfance
into the r%?ghﬁggge;iﬁo.n%S Wt hin the backpl ane 168 is designed ‘the
recessed attachRent ared 178 "8RS aFiaRAENt® &R W EeTiRadles a bondi ng
surface forretattbhagiphbetpeencitbet paritrudd\vrcliktGnes pldy 35 a vol une
for excess adhes) - I in. thus .assuring that excesS adhesive will not
affect the pos?%#l\éﬁrégagf e\plﬁgegoﬁﬁﬁnéﬁt. SHyE irbgrﬁrér?t 2 &dges 13® keep the
opt oel ect r i €ieMi 88ahEOBY BCEE RY el the att t. area, 178, Wthin
the attachnent area 178, there al soea?tg%pr(gviedéd%ggg%grs %D%ezpésgégeSO’:

t hrough whithSRRrREETRRAFICBAGLEt OFSTOR 2emdspiiectiicad 1adhd pipees pay, RASS
(such a% t Mosghnapept Ur §Ss0f e 9 i ig. 3).. The apertures
196 permit electrical connecfi gggégg B%g;engagﬁgl\g?\?ef;ﬁﬁtehépg&fﬁ'oft%t‘%e

opt o- el ect rot¥WHag| Eee 178l indianetbackfstheapegl®d bk thaineeapt Fge 150.

30 Exampl es pf gL Sl BRL 2 BptiSedas rgkgﬁgii%ggc%ﬁetf or gulti-fi0

er
paral l el optical interconnects are scribe Ff or flafile, Beo&d bl e,
Vertical - CHRY3°t5¥%ePS Fof bhpFcaf kheerddanmens” peBobeyt bkbagaarikereywel |

Technol ogy (enéesipe$ Nt ei8RLLQN : 0 Is pe El_.ectr.oni cs and 35
Systems, Vol. 5, Ry (199!31)9 gggé%%%\% %ﬁﬁﬁggﬁgreﬁgmf&ﬁe&n%gﬁeﬁqz
Nov 2008 PEHIRRY) 20Bsathetofpbtabee Bhapeser eddethehpesr tipl €8 descri bes

that VCSELs&geneprétychayve ri tact _on,the li.ght-emtting
"top" surface of the aafert%ge%ﬁgpegggg F%gkérﬁggnggﬁg BHaPhg'épposi te, or
"bottont st¥3Retensdi ¥hbhel PEefiatablpr atdéowing thepfokagingmetepsowoul d be

iredt t i QR.tQ. +top" f f
L1 adi 1 onal o) Beey i ooy O np Ao ERdCeRt ATLbRR0 enk Raciha Eotneghar-

potential |y reduthtgPede 1efiand| 166 atethelgadkaged treibedyAtsar diengl y,
in the 2orestd ATV@héR block 150. The novel concept of molding the
large diameter pegs as part of the receptable body 152 aids
in achieving the semi-cylindrical shape of the pegs.
Furthermore, molded plastic pegs do not act as antennas that
may cause electro-magnetic interference.
25 In alternative embodiments, the pegs 164 and 166 may be
_ Semi-cylindrical rods made of hard, durable materials, such
as stainless steel alloy 303 SsS, plastic, other metals or
alloys, ceramic, or other suitable materials, inserted into
seating cavities. The receptacle alignment pegs may be
30 fully round or partially round in order to accommodate the
opto-electronic device and still provide precise alignment,
As illustrated in Figs. 2, 3, and 6, during coupling,
the alignment block 110 is placed opposite the matching
alignment block 150. The peg 164.is aligned opposite the



" to the connection between the opto-electronic device and the back of the
receptacle is made with an electrically conductive clip 191 ﬂ SN@WQMBfor
use with tweooeesptacl e 150. , The design of clip 191 includgg g@@ﬁ
protrude fromthe back of the receptacl e ;150 through the passages Z’[
and provide an electrical connection at the back of the opto-electronic
device 176 mst I u aqdhasiyas r h I ccept.abl e neans.
The groundi ng %?}ﬁelgﬁé?éeﬁg n?%bg%x ggqefﬁnggg €%§k§s§$9§b§;ﬂﬂfﬁﬁ t he
receptacl e dfosTte gheoundtohingi petivifg sawiene 1pleecenlei>eggréﬁal hy >
conductive fl at vﬁ?r{)ﬁé‘hat i S |nser ed into the back surface 1 of t
recept acl e P250. FeR®dS t #ed cF2 Yl 4besi arangeuptled, net al
coated nat etfh@'Olﬁ'eogele@'OfanbaH@dl@BO&ﬁHUH:hEr 8p2eLa0" rapeiiidlf Pi ece of
nmet al or, meta1EJJC gy ﬁiuch s copper, 25 silver, gold, solder or another
sui tabl 8 cSH t@RPAt. The clip 191 includes connection |egs 194

that nay be bentTgeneiaméweﬁenpesdmeuh&rtbObehﬂeHEHBeQOQE ¢he e oimundi ng
clip 191. {g?éegs 1?4 |nf g gln% % ures and clip into the through
apertures 196 0h The-bAe& shPtEcBeSs 52 €oRadct i vEeadhagieke oL hdand
connects thi g:Tern:éqﬂlaﬂmd bmka)tﬁstm dend cE24,/6déPeh P8 194 ehet he
groundi ng qé,g 191 thatdhg grted into the rece tacle 15 The back
surface of S217h 4999 nk9F bENENBREY  afiftesPEEd 2B9cEPEr dsmygieshITit any
connectloon neperibegs] i @Mtlyelaeg@p;aghaa15ar 35eﬁhgm§hugrlg§a&rqqu§§ an

el ectrical connecti oono3si NOV

18
PCTI US99/ 20685 o%?o%é? ‘g??bﬁ?é ﬁeé{léeyl?énéﬁaaéﬁtePécf“ﬁﬂé&lalg%erdcmlttl'tllrrat

provi des opes@éptigbpovesr andteirgnal @nboaﬁbﬁnGQFbCSf]-Zﬁe bR edletgr native
sinmpl e enbodlnen£ t he géoundingrgﬁ cti,on coul d be nmade by a common wire

connect i on. "ASRA“ECRnhT | P2k EPR YwitFelfi RELBE FepFasEdoBy tden re bond
ConnectlCNIdﬂhﬂﬁ&i@ﬂﬂaéfVEaﬁ@bOdhHﬁéteﬁoﬁbdnaeaﬁekﬁuﬂesfEﬁﬁ 1Y &a1

conduct b nown ex circuit. O heér
alterna |v ?wQBﬁgs?gl nggcﬂ¥aerSHH$€F|PénEOPﬁngﬁétaﬁGSconductlve

adhesi ves. to | NThéer peeseatl exesp! suytReogdhaRtest B8 BpeSLLICAMbnic
i use the flat clip provides better

conductlve % gﬁdeib?n i s _chosen becg

el ectri cal St tiFt ySAAY RBnAe¥BFOLCaAngeYhb¥r FBFIRERhSREEAL NG dmad es.
The el ectri C&CSPLrommtiegtaeed! cpréit, m@emgﬁadeagglﬁgtaeﬁéoggbit%lgﬁkgl or
sel ectively. ggateg éh a desi ng ng% EFOVIdes a better electrical
connect i on t B3ndt ?l@%sB%Fé PstBP RAHSsi6&sanguébfe t BBel RAGk surface
area of20t hepXIamé ro8pidebu@ds aheeebbPedddtpreMndfs abe8UYTYaLARcePr even
better eleq% tcal gnduc pr tha @ 20 simple electrical wire, or a wire
bond. Suitabf e coNdbE? | DHEIRMEREeLPIPRT gﬁortﬁh? aREAChREns| azes ddi8
connecti on abhuwseﬂoer@n@iﬂgnéfrQhérBpﬁanéﬁébtﬁﬂni@rdHUhEbpb? el ectrical
signals, and_of further i anc round return is for extrenely

fast el ect rFCaP™EPYA f%gt gngHGFFeog argaﬂelﬁgaﬁéyééna§8torTm@’ pr oper

oper at i on. andinggeayéﬁriazemayeﬁnaiuaéesﬁhtﬁb@ésﬁdﬁégibggso%a%%ﬂa
connecti§w1to thg giound C|rcg £gon the circuit substrate. The electrlcally
9 e

conducttVve clip ARyVIRE 9 2t BASEBAs SBFIBFSt LLdi Bfis thes Femamler ot r ude

bel ow the bbloois301pheteapédt g FegapbaeleTh80ri FBESEnAr PheUSERRH4L98 May
provi de electrical connection of the ground to circuit traces 200 on the

substrate 1§%ceFﬁs89tFﬁ§th%Sp?3@rE§?OH§GIQBVPnFoCQBﬁﬁEthenfﬁéﬁes in the
circuit subshtereot88dgeyparteovnehrat i fah-e6ABEGEI PRBeYiBrsalder or
el ectrical portion, wherein the non-concave interior edge portions of
30 the first and second cavities are opposite each other. The
optical fiber array 120 may be-placed along the v-grooves
118 between the opposing non-concave interior edge portions,
thus minimizing the required connector width. The matching

first and second alignment pegs 164 and 166 have a convex



* 35 contacts to substrate circuit traces 200. WO 00/70381 19 ~ 2 NOV 2003
PCT/ US99/ 20383 I n addition to providing superior electrical 1prgpgrjses, the
mechani cal YO8 of the grounding clip 191 nay be used ~o HaYUH9/ 20488 M
mechani cal attachment of the receptacle 1%@ to the circuit substrate 188.
In this way, 5 nmechanical and electrical connections are nmade

si nul t aneougbge Whgn Bhe orecpiticd e dbedge PUAE £6h tOng e ﬁgflg%hvg#bst rate

188, the pr h g§io s 198 y be positjoned into holes 1n the crrcul :

substrat e. $ é reggﬁfa?fjg 'néa‘?"?f’e’rp B SreRIRTFRRT ey edegachedtionshef

substrate byhe fdmber ahtd efedmansal fpmen@ples 40 &w&gyggoeg %%ghmay be
or o

attached by | deri to t substrate, they may be crinpe €rw se
mechani cal | 9%§830r ngg £8 é&ﬁ@%%‘fﬁ i$PRRAEentyringlugingppesi €tbsrde of
the circuitasrhyt fareul8s,i fard hpthictas mnsed augh r

conbi nat i onggof 15 nmechani cal and sol der attachnment & S%e n%aggauégaweﬁng.

5 i 11 ustrat &8t REPRSARE RETGTCORYSS redde RAEpoNg ¢ s chibé i pEedddtonto a

ceram ¢ BGAefiBabliméntd Aheay)ptd-lid@iddn o, substyat I
control /dri yer chi ps, 186 _and ,associ ated traces 200. Durrlﬁan Sgn%gngtyéﬁgd th

flex 20 cirgfi f’efgﬁPFr SPPPS A9 R SARYER Rt Rasports ng Thacdssafcen

the BGA 188andhehtl pwstitien o fMhd e, -sidiarad Jowk oy, Lo 1ze
Adhesi Ve i s?g_gserteg tégt gﬁleen t he rece‘gjtyacl,e 150 and the B{éﬁg%géigéngoﬁured,
r men

forming a strong B BFP - AT fadarEise anR krewnt asieh 188atmy

be mechani cahky thet ackeedsbordias ey alrt s wiali Q4S MR aRs Ligh uding
SCrews, clang he .protrusions 198 of the electrically conductive

etc. . T
clip 191 al € %Rﬁﬁisgtagé‘dct FEGA de & sk e antiigatedf et sethrbeadme
attachnent , adegaedng the receptacle 30 until the adhesive applied between
the receptacle 139 and Eubgtrate 188 is cured. The insertion of the
protrusi ons 198 ont B2¥h8Ss Mt SR SPPFeHiad®d ey s t3eS mounflerilste engt h

of the tecepiachetlblble UlBa SWhelreiteik38.1 LCUMMAdY & AAEST Y5 ds applied
bet ween t he gg&fndi m% gl ip 35191 and the top of 'the ?tlex Cl I‘%;a:(% 184 to

conpl ete th& ron syasend o/ 73581 Tek USoTwEdedB4 aryiesindi ng of
the device @Z6ct¥healr etigeal@NRRLHRN fronRIR forpttfa-tefl%é?@féﬁuﬁé cH\?ice.to »
to the T1ex ciTeui

ggZ?_eleCtrgQHCf98¥|gght&%&?%%qv%gec &%%nq%%g(%fgg %3lhounted on a
circuit board 188. During assembly of the receptacle 150,
20 the flex circuit 184 is first attached to the opto-
electronic device 176. Traces of the flex circuit 184 are
aligned visually to corresponding traces on the chip and
then solder bonded.
If greater alignment precision is required, the flex
25 circuit 184 and/or the opto-electronic device 176 may be
suitably patterned with solder balls or paste. The flex
circuit 184 would then be roughly positioned and the solder
balls heated to cause the solder to melt. The surface
tension of the molten solder would then be used to move the
30 flex circuit to a final, more precise position.

The combined device/flex assembly is then precisely
aligned to a thermode 190, a heatable alignment datum or
assembly fixture, illustrated in Fig. 4, using fiducials on
the device 176 and the thermode 190. The thermode 190

35 includes an outer surface that compliments the inner surface



" Referring to Figs. 6 and 7, two ferrule assenblies 200 5 are coupled in
parallel to the two receptacle assenblies 150 shown in Fig. $2tRoV gy t wo
connect or Y3¥HB8E es 100. A | atching body 202 is nounted onperivBdngss ul e
110 to conplete the ferrule assenbly 20015l n the present exenplary
enbodi nent, the ferrule 110 includes rear-facing receiving 10 cavities 134
and 136 at of e redeptutie deit? 194 M | Shet PnbBRoHBCYIY Bg pavi ties 124
and 126 at Q-ﬁ (HDeStal end.. The Jpgtchi ng body 202 includes a first and a
second | at ¢hi NG Body T gfishia Legrment cavibses 498 andi Aldni simidake wal |
and side | dtechesel08 ndTheav ot 4w Np Hoshyd dep snes ’el5uhecgRiacl e-recei ving
cavity 210. The first and, a second | afching body alignnment pegs 204 and 206
are simlar to AtighnEit Rk SinéhdlsiG‘GS%ﬂdt‘al hghdt heedeviigei AJ&caha ti es
134 and513@hien tHermodxi 10, envkof, tige fvsnal 85119 egsl A 212
and 214 ar Q:thsl i.d ovet[ thegf)%eo)ly, egs 20 204 andg206ygg19grag tgﬁegpgflr&ﬁd;q%lo
is nmounted T8 GRS HH dVP > Fheachmpresareal 4Br whgse2theand 214
provide a desiildeerit7d orickl s WRamdde fEie WhecddPaand iBg &gt ggbﬁg body
202. The f rrrox‘lg;* as enbl% i S onnts}(l:t ed to the receptacle 15 nount ed on
t he BGA 188. 5 FE8 Y 115 ?ﬂ%%e-%%q’i’%ﬁ% | Ehei recepheciecept acl e
150, the i midignuednts mégd 64 eaRPIEES CarddO KOARSAL Ya Bh LRtk Fabﬁ%i%g o
Ion o]

si des t ferrul 10. The tapering lead-in transition por
r ecept gél eq%go al’l"éfr}:‘gﬁlt‘féoqtéarcrtul e VOY SHRF1Thedl bgrpent| beggees0thehe

ferrul e asstverimodes yBEhath ifddediic YEcePt 26 LevERCHrLRCLABL Egge%@%%ljem of
the ferrule 110 %ezgrscgggsgpt oel ectroni ¢ device 176, the receptacle

al i gnment g’&?sslé ik R FRETERT AREQ ke viRgrRedesalgnment126 and
preci se al icgwismite=0fl d2heaferrad.e 110 to the receptacle 150 35 is achieved.
The ferrule ass | y_canti nue'i"to rm,ve%} orward 1 2 NOV 2003 WO 00/ 70381
PCT/ US99/ 20683 TRt Stertnedaeeoobl o aneemal ¥hpay bedplagedsnap

over tHé redemcmlye ithd the LRSS SNSRIt PASy 2121 dtgéAffﬂEEn%%H@
f orwar d for%er r&the ferrul e%q_i) kfﬁtg'lxn the front nafing face 114 in
contact w tHHS hatk PrakF fo & TekeRptacl e abbgnpentnpags asount
of space | Lindilained ety iyIHNH O aatd %§§e$ﬁgcﬁegéeﬂgggghe

ferrule mating face 114 in order to avoid damage to t devi ce The
| ar ger endé® €gs 164 and 166 of the present invention allow for much

greater alignnermhenissgdptadnd 180 edik aldable rﬁ@&é%tfgsehg{] mating its a
or e connector,

si gni fi,cant_.i.nprov nt . because many of the applications

sugh aszﬁa 3&M%é&q &¥ ry iRack #%éﬁnh@%"qfthhe receptsaidk
orientati on56f ddrtaimeHObAYK Yidd ENGAH MedScd0f780SSEOLE oINE s ont
advant age 4§ ‘Q I ect l‘i/ 15 t@iﬁ%&pnal to the dianeter of the all gnm&*r“ﬂ'l
feature; the Ié’rpglelre RS e RORAIHE TAMSF ni82 thakehs R betweep the
accommodat dack mlard y1,68 hend atge ddvigTEIT 6 NBUS het e COTRENSE FafoL

angul ar m jgnment. An alignnment peg with [imted protrusionh Is

subst ant i aﬁﬁ{# I sc"%’iﬁcﬁeﬁﬂ‘% Hﬁ'\@ B FESi L i ghrRondediste bhe angoentacle

i naccuraci a60.n tSlddy RN lcdiBlE e Wsafdition, a |arge dianeter
alignment rod with limted protrusion is |ess susceptible to bending and
br eakage than a tHiTh&re MFEOYOLRRF N Framtderationgsreqoined to

i 11 ust r at e nerkEs e G 1ad 1 R O Rt £V Of 56 | ace 314 and
414 of ali ednﬁnnt bl ocks 310 and 410 of zﬁﬂternaﬁ vehg%!g%%%&g%%'thi rd

enbodi ment FH e APl iR e QRtdfde sRumL it andsehectnieali on.

Cor r espondiauprd GRSTPN{1 Pades 0 HBL KIS o AR bEOEkEn L Shoun by
i gnent paraneters

Cross- ?tche%iﬁ. Fllgs. 8, 10 and 30 11 conpare a

of a full & Y & RAK as rddttendsnmdtrorpig soumkingre fil €he 10,

i 11 ustrat edcdmpdrignht sl Qu g Udaremd Iy Rt BN, COPgl & pand. } Y139
cavity 324 and 326. The clgf/&l.ty 324 ryecei ves a@ﬁ?l%ﬁ%ﬁéﬁggéggﬁ#y#ﬁe
cavity 326 HIRRER R Fatiarel o, They @Ot 9§ rtkatassembly have

been specifically designed with features that provide the
required functionality.




35 ‘bl ock 400 of Fig. 11 includes a first round receiving hole wo oono3si
"1 2 NOV 2003 PCT/11S991 20683 22 and an ellipti cal receivingzhgﬁ@ 6. The
hol es 424 WaA@04®81 seat two hal f-circle pins 464 and 466. Arr dobHh&5t ©
constraint along the relevant Y and X axgsg As shown in the figures, as

| ong as the exenplary alignnment pegs are sem s cylindrical alignnment pegs,
that is, the outeir&t) cyrieERRR t riybes at | east a hal f ,
circle, the, pegs fuII§ %onstrgig_? 5 ?gygﬁggg?%&fﬁg&kzgﬁﬁjVsé%ﬁqfﬁﬁéfes.
Hal f circl éi‘% e at 6 ctRErthenswisbdthe Sliegnedmcuds: fU84 - s cbpensal AS
may be seencdmpdhést) linagd , peg a hol e _conbi nation (e.g.,
424 and 464 I?; necegsé?y tgﬂgoﬁggkgfgeggtEQPhSQSﬂiﬁﬁfzﬁﬁfﬁ%ﬁ?y-axis

f reedom of weRinghi hagterplcdiaecpégnsi hndstwedtledhs ridptgs. 8, 9 .and
11 not @nlygofdefiadl ofnihe ' ; fi f large 15 di ameter rods,
but al so offer a pore con%ac?eéig?rﬁg%lgggﬁlFEEF%a &@ﬁﬁ?qﬁﬂﬁamﬁ¥ D% and
11, if the FreTeiRed apaeragely. bandhezfaducha lweon diealthdmedwl fopi ns
al | ow nore a{@a-KOr1 Pt HELN el ec ' iLRS.,.. W der, optical fiber
arrays, etc._ between t%ﬁ,pegs?e&fthgg |%%?e§%FE§IF%E\M(ﬂ V55 'ofti%e

al i gnnent FRISHIY PordiedntecbrigyeenphyatTeethaife piepta ipgreierion .

recei ving hmj esnsmye Miya€ the sba th qun 1n Fig. 8)
or may remain as circular or e[li%??gér E%Igghkﬁgggaygg%gng¥ﬁﬂ§&]

Seni - cilPcul"grthethi #kes awi théskneaehaffechdng postiltdomybdtierent shown in
Fig. 8, 25 addewed@retegall S,k S e.cl oser together for
a given pin dfgﬁ%tere(Vm<3%?ﬂ?g$géuF??naﬁgﬁnggéﬁapkgﬁbg&éﬁﬁIr%ﬁﬁé%ﬂﬁ .
Fig. 12 shd@@¥sthlvkichtihe eptetaleabodnientevfica doBndet el adwd.Ng Bk
alignment HLpek H1Pri e AGEO n ] O khe.pr nt_invention., In this
exampl e, the alignnent b|OC£H§1€§8£??%%§ %E i%gtgégégpﬁg Egrﬁgﬁﬁ%ﬁﬁﬁer
aperture 53¢ IEATPRRNIVex Preéaige diabetee (pts 2BE) reemptayliendiscal peg
564 (hatschefl € DSStSE€Chd Q)1 adbe1 kar | and the aperture
524 constrain the Y diréggéo% o%kgnggsgggg§§g?hgﬁ% %%éggﬁggsﬁ%faf %003
Pcr~crs99n @2 178. The attachment area 178 provides a bonding

surface for attaching the opto-electronic device 176, as

well as a volume for excess adhesive to flow in, thus

assuring that excess adhesive will not affect the position

20 of the component. The alignment ledges 180 keep the opto-
electronic device from receding into the attachment area
178.

Within the attachment area 178, there aglso are provided
oneé or more passages through which electrical conductors or

25 conductive adhesives may pass (such as through apertures or

passages 196 shown in Fig. 3). . The apertures 196 permit

electrical connections to be made between the back of the
opto-electronic device 176 and the back surface 192 of the

receptacle 150,

30 Examples of VCSELs that are used as light sources for
multi-fiber parallel optical interconnects are described
"High~Performance, Producible, Vertical-Cavity Lasers for
Optical Interconnects", Robert Morgan, Honeywell Technology
Center, International Journal of High Speed Electronics and

35 Systems, Vol. 5, No. 4 (1994) 593-623, which is hereby



*alignment block 510 and the X direction overall. However, since the ferrule
510 accommpdates an array of parallel optical fibers, possi ti% gnnment
may occur wggesdsf ot ational angul ar nmovenent in the 8 direction abo the 5
center of aperture 524. This rotational novenent nay be conPCTAISS2068y t he
use of a second |arge diameter pin, suchlas shown in the enbodi ments of
Figs. 8, 1Q_and 11 or b controlllng the shape of the aperture as shown in
the enbodi MECIECTRLS %IQ#IfW%res@hﬁ éwﬁ@@ﬂnsndesar&chtl'i&

rect angul avasaia d?@x(‘aa_\n_ Yh 226 t sya T |l ter pin
566 constr th\eg di recgtil on (rr%?% agcﬁggtag ?/grac]it gt%f%%glt %r%
direction ? Y ERiGTd gt hdioR)| U fRAEeOTt hheawagement Ia:lhacpk agai tHes
constrai necl;v_-iommtdhe..snflex*le‘»télﬂat poh e di pech Fu use of a
15 smal T1§er wpfn 566 al | ows reduced %/? rreélgl otr?glegﬁ g%‘élgﬁggol nt 1§|5’ér,1| ng,
whil e provi"itfd HI0SRASTE e Rk kAGHNGr StepRewonildnbat requdfredieo
connect or metitRg.thid Grobad | y ther,.e izqent of a connector
i n accordance wmith jie presedr#ﬁlién%%??oﬁé %ﬁg ZSBgorngggFgF S fOFudes a first
al i gnment  BEGER 608 alm'@ﬂﬁéﬁnnbméhnhathug Zadisighe the

seni - cyllnd:bls(talanldalm@n%'i%tlﬂr %écﬂi‘é‘?ﬂé @@f' EQQMtb ? ?15 hat ched
cross sectign., The fjrst alignnent |ncf' 85 a’mirc

seni - ci r cuPAFYPIEE \#er‘(g"c@aw tﬁwdmgéhomm Ahei greseptZEnvhatlmhf -round

pi n ando holteecmasimmrea:ttl @n € ot ks _al.on the
hori zont al )%( clal %n#ggﬂﬁi?w e;%{:#r;géé‘ onggbsﬁés Béfet

i ncl ude: E)g |r§C(9Ptfa§dtQJr3@ %ﬂ@et‘dl—éhahneslaeEdedaa.my al i gnnent
bl ocks and cmlame,(ttl@re 2359mMlgs rgaé/sj_t}ﬁ.#@rfgiue% t? %V\!ESFBF}% %ﬁ)

al i gnment g %cks nd connect or assenb ﬁ
dependi ng dn peg I5ie, degignspdpel ignd 9 )lleehtlda:tldedaal.sgndeptodlrutides

Lol erance ifaarogian dhald oo :pld gl il DEE) AR AYuon %ﬁegﬁggggbﬁﬁat t he

Q?? %/ US99120683 Those ski

presen fri R oy dgs aap Wareolptl ngoaneatienyabf thpt bask deviaes

and even neptoplkilealt rdeMicC e viltatl lr'ﬁéluﬁéfncg@&ié raI é&@&ﬁg{zé Wil e the
X

pr esent |nv<f-:i-lg1 i gn has been 5 described wth a refefence Errpl ary
preferred EHGSTESrs Ot RENEF aaGent akle b@emw ed in other specific

forms w thout deperigrdantien N sSPidg] t; of ccor di it
shoul d be un%%r sto t hat lt h@e enbpgdl rreth'és) escrl rg Wﬁﬁﬁ?ﬁtggcﬁer ein

are only eXEFPRELy 134d°fo thgoeFeniiagke cbh@i deTleeJ gusommdlimgnglibelsmope of
the presentisi avenlel piece, h%’le\é%&‘ﬁ:tdl &ﬂrqdﬁ@t‘.jix; cgﬂé) %Jf+%ytlt3§tnade in
ve

accordance ,wi th tI&e spirit and scope O pr esent 1*% Nov
2003 25 CLA p,@grte into the back surface 192 of the receptacle 150.

In the present embodiment, the clip 191 is made of a metal
coated material (e.g., gold-plated phosphur bronze) or a
single piece of metal or metal alloy, such as copper,

25 silver, gold, solder or another suitable conductive
_material. The clip 191 includes connection legs 194 that
may be bent generally perpendicular to the main body of the
grounding clip 191. The legs 194 include griping features
and clip into the through apertures 196 on the back surface
30 192. Conductive adhesive or solder connects the ground plane
(back) of the device 176 to legs 194 of the grounding clip
191 that is inserted into the receptacle 150. The back
surface of the clip 191 may be shaped and sized to cover
physically any connection openings on the receptacle 150.

35 The clip 191 provides an electrical connection between the



1. A connector conprising: a) a first alignment block including 5 i) a
first mating surface; ii) at |east one seni-cylindrlcallproiﬂuMUVumma

al i gnment Wg0rt8lendi ng fromthe mating surface, the al | gnmp@t/URGEhdesy | Ng a
di aneter D~ and protruding fromthe mating surface a protrusion distance
pl) 0.5D0,, <_ pl5 2D, ; b) a second alignment block having a second mating
surface defdpticieiedtirdiic cevYE8I138 AN LY éhé&f&%gc%ap%ﬁgc&f@%r{#%st
al i gnnent pe ,&&Pe first receiving cavity having a depth H™ et e ~ <H
2. The conﬁéﬁv GF W LA WPRYRF n2RfeS honahfekP tag eyixendfiégpheri cal

tip. 15 3. The Cﬂﬁﬂ@:ﬂ:ﬁé}i‘naﬂfi@éaéi&ble%@&ﬁnéﬂ%s??%hiSg'%lu%%qﬁl?hpart of

the first [ nent bl ock. 4. The connector of claiml1, “where e first

al i gnnent TR iR Redrady BYi ¢ oM vhEeacognesttiomeg G i ses a

metal red sslmauﬂdan' rsc{)alk&,ﬁrﬁﬁé Cﬁirgom?gh'la- hs? Cifggggkgg n%{yl %: %J&Taeﬁbo‘?{%erei n
the first alignnent ock is_a receptacle ful o
op?o-;{thF IE%%RQKL M aheeEonhbRe ofpdERent coulbdebsi @ tthd.rf,i r st

al i gnment mhzﬁsiﬁiéﬁibmﬁ(b6$@@éﬁ§fi§hat1wghfﬁwbgog§mmonly known as a

flex circuit. Other alternatives are possible, such as

conductive polymers and conductive adhesives.

10 In the present exemplary embodiment, the electrically
conductive clip design is chosen because the flat clip
provides better electrical conductivity and connection,.and
superior mechanical properties.

The electrically conductive clip 191, when made of

15 appropriate metal, or selectively plated with a desired
metal, provides a better electrical connection than
conductive polymers or adhesives. Due to the larger surface
area of the flat clip design, the clip 191 provides an
equivalent, or even better electrical conductor that a.

20 simple electrical wire, or a wire bond. Suitable conduction
is especially important when the electrical connection
required is a ground return connection for multiple
electrical signals, and of further importance when the
ground return is for extremely fast electrical signals that

25 require a ground plane conductor for proper operation. The
larger surface area of the clip also provides ease of
connection to the ground circuit on the circuit substrate.

The electrically conductive clip 191 may include
extensions or protrusions 198 that protrude below the bottom

300 plane of the receptacle 150. These protrusions 198 may
provide electrical connection of the ground to circuit
traces 200 on the substrate 188. Inserting the protrusions
198 into connection holes in the circuit substrate 188 may
allow electrical connections via solder or electrical

35 contacts to substrate circuit traces 200.
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a non- convéxTgdianesssl por tWhen Wierzeceptechenl 5onisxmeunyeegpotsdi tha of
the first age | e e QPPOS] t ther. _10. Th
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opposi n ngﬁ%?o%\fg%gg agil[)%ﬁ’%n%@a&g&g W%%O%%‘%@i%g%% LONRBREDr of
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opposite egeh ' ¥pposite side of the circuit substrate 188 if the
holes are through holes. Of course combinations of

15 mechanical and solder attachment also may be used.

Fig. 5 illustrates the mounting of a pair of receptacle
assemblies 150 onto a ceramic BGA (Ball Grid Array) or
circuit board substrate 188 having control/driver chips 186
and associated traces 200. During mounting, the flex

20 circuit 184 first is aligned with the corresponding traces

200 on the BGA 188. The flex circuit may be soldered down
or connectorized.

Adhesive is inserted between the receptacle 150 and the
BGA 188 and cured, forming a strong, permanent bond.

25 Alternatively, the receptacle 150 may be mechanically
attached to the substrate by various means including screws,
clamps, etc. The protrusions 198 of the electrically
conductive clip 191 also may be used to provide a secure,
intermediate mechanical attachment, securing the receptacle
30 until the adhesive applied between the receptacle 150 and

substrate 188 is cured. The insertion of the protrusions
198 onto the substrate 188 also increases the mounting
strength of the receptacle 150 to the substrate 188.
Conductive adhesive is applied between the grounding clip
35 191 and the top of the flex circuit 184 to complete the
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Compression springs 212 and 214 are slid over the body pegs

20 204 and 206 before the ferrule 110 is mounted to the
latching body 202. The compression springs 212 and 214
pProvide a resilient force between the ferrule 110 and the
latching body 202.

The ferrule assembly is connected to the receptacle 150

25 mounted on the BGA 188. As the ferrule 110 is moved

horizontally into the receptacle 150, the inner walls of the
-receptacle 150 coarsely align with the outer sides of the

ferrule 110. The tapering lead-in transition portion 156 of
receptacle 150 helps the ferrule 110 enter the receptacle

30 150. The ferrule assembly is pushed into the receptacle.
Once the mating face 114 of the ferrule 110 nears the opto-
electronic device 176, the receptacle alignment pegsl164 and
166 enter the ferrule receiving holes 124 and 126 and
precise alignment of the ferrule 110 to the receptacle 150

35 is achieved. The ferrule assembly continues to move forward
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ibVention allow for much greater alignment mismatch and more

10 reliable mating. Ease of mating is a significant

improvement because many of the applications for the

connector, such as a daughtercard connection require “blind

mate”, that is, visual orientation of the connector prior to
engaging is not possible. The advantage is directly

15 proportional to the diameter of the alignment feature; the

larger the feature, the more misalignment the rod may
accommodate. Similarly, the large alignment pegs help
compensate for angular misalignment. An alignment peg with
limited protrusion is substantially less susceptible to

20 misalignment based on angular inaccuracies in the alignment

holes. 1In addition, a large diameter alignment rod with
limited protrusion is less susceptible to bending and

breakage than a thinner, more exposed alignment pin.

Figs. 10 and 11 illustrate cross-sectional elevation

25 views of the mating face 314 and 414 of alignment blocks 310
and 410 of alternative second and third embodiments of

connectors in accordance with the present invention.

Corresponding alignment pegs of complementary alignment
blocks are shown by cross-hatched outlines. Figs. 8, 10 and
30 11 compare alignment parameters of a full circular and half
circle alignment pegs. The ferrule 310, illustrated in Fig.
10, includes a first and a second round receiving cavity 324
and 326. The cavity 324 receives a full-round peg 364. The

cavity 326 receives a half-circle peg 366. The alignment

35 block 400 of Fig. 11 includes a first round receiving hole



16.9%10%&' ()-!.9%$10%"& ()-! @ Z"10%&' () -556666W <MA0@!!! F" 109& () - g'N$}096
()$fl‘#1g&&f()-I510%&f§g "109& () -, &L0%& () - VW77Y8§[9A9ZX9Nﬁ®@D'ﬂ&ﬂO%& @)

- l #"109& (WolobHdRY& ()-!3"109%& () - y#lO%&' O)-!; y#109%&' () - ’\99%&7”899/20683

s rg\=0@!s10% <& ()- 10 10 .

10&- 9$10%&' ()-"1& 9%109& () -! N& 9$10%<K&'2(% 3+10%& ()-

OW\ $109%&' ()-3"f10%
il R R e e
10" hs$10% h?%% - sBadbire i rclel pSbEYR6E) aﬁﬂ%]}@‘ﬁi ;&' Breoie g@%ﬁaﬁg 99\ =0@!
/R 1 9 % &
'16?232-/“53%% TB st reereis HoEY s s laamans e |
121$10%t & J)guzr@,loa/& 19ngJa3) 3B2) Brevip0 @y I3 1 AYEMENE Dlgld '2hQOSR 0 - | " 10
Z%Z§O&L5Li%é& Kar§é%%ﬁ%}£§8&é83)p e tngAﬁﬁ& E?e@fpter circumference
 $10% () - @F It oRes ) deBcribss0ad ledst) a! asl?z/)&%fc%' ’\W:@Q\ s ;4@
% & & 1 )
10 S100 & ddndlis S L AL SR (4@ D,SI0E0 0TS B
# 10% & ()Chmle (Deds 1998 RuslleYé's( oodlat &QEUBSEEUWH§KWU§K4round
10tlly&100

y&109%&! ) /‘:gﬁl> |\?y&'100/§ TPY) 0P RG8R03R: FY95r ap R18BRKE3 () OPLY: PPGUREZERNG) -
XYYYYY qxnom§@n£m4@nlle@@ + 424 and 464) is necessary to

constrain both the x-axis and the y-axis freedom of
movement.
The half-circular pegs illustrated in Figs. 8, 9 and 11

not only offer all of the alignment benefits of large

15 diameter rods, but also offer a more compact profile. As
illustrated in Figs. 8, 10 and 11, if the pin center spacing
Wi, and W, and W; were equal, the half pins allow more area
for placement of electronic chips, wider optical fiber
arrays, etc. between the pegs, without increasing the width

20 of the alignment block and the connector assembly. The half
pin alignment receiving holes may mimic the shape of the
half pegs (as shown in Fig. 8) or may remain as circular or
elliptical holes (Figs. 10 and 11). Semi-circular receiving
cavities, such as those in the embodiment shown in Fig. 8,

25 allow for the alignment pegs and holes to be closer together

for a given pin diameter (W;<Ws), resulting in a smaller

overall connector.

Fig. 12 shows an alternative fourth embodiment of a
connector having an alignment block 510 in accordance with
30 the present invention. 1In this example, the alignment block

510 defines a first seating large diameter aperture 524 that
receives a large diameter (P1s 2D;) semi-cylindrical peg 564

(hatched cross-section). The large diameter peg 564 and the
aperture 524 constrain the Y direction for one side of the
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constrained by the use of a second large diameter pin, such
as shown in the embodiments of Figs. 8, 10 and 11 or by
controlling the shape of the aperture as shown in the
embodiment of Fig. 13. ' In the present embodiment, a second

10 rectangular receiving cavity 526 seats a peg 566. The small
diameter pin 566 constrains the Y direction (more accurately
rotational angular direction (8)) for the other side.
Hence, the alignment block again is constrained in the
relevant X and Y directions. Furthermore, the use of a

15 smaller pin 566 allows reduced dimensions and greater inter-
Peg spacing, while providing a keying feature to control the
orientation of the connector mating.

Fig. 13 illustrates yet another embodiment of a

connector in accordance with the present invention. The

20 connector includes a first alignment block 610 and a second
alignment block having a single semi-cylindrical large-
diameter alignment peg 664 shown in cross-hatched Cross
section. The first alignment block 610 includes a matching
semi-circular receiving cavity 624. As shown in Fig. 13,

25 the half-round pin and hole combination fully confines the

-alignment blocks along the horizontal (X), vertical (Y) and

angular (0) directions. The benefits include: (a) less
precision features and tolerances needed; (b) alignment
blocks and connector assembly may be narrower in width (W);

30 (c) alignment blocks and connector assembly may be shorter
in height (H) depending on.peg'size and shape; and (d)
Centralized alignment divides tolerance issues in half for
an optical fiber array.
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described and illustrated herein are only exemplary and

10  should not be considered as limiting the scope of the
Present invention. Other variations and modifications may

be made in accordance with the spirit and scope of the
present invention.
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a) a first alignment block including
5 i) a first mating surface;
ii) at least one semi-cylindrical protruding alignment peg extending from the
mating surface, the alignment peg having a diameter D, and protruding from the mating
surface a protrusion distance p;, 0.5D;, < p;< 2D ;
b) a second alignment block having a second mating surface defining a first receiving
10 cavity aligned opposite the first alignment peg, the first receiving cavity having a depth

H, wherein p; <H;
2. The connector of claim 1, wherein the alignment peg has a hemispherical tip.

15 3. The connector of claim 1, wherein the peg is molded as part of the first alignment

block.

4. The connector of claim 1, wherein the first alignment block defines a seating orifice
and the alignment peg comprises a metal rod seated in the orifice.

20
5. The connector of claim 1, wherein the first alignment block is a receptacle further

comprising an opto-electronic device.

6. The connector of claim 1, wherein the first alignment block is an opto-electronic
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alignment peg and the second alignment block is an optical fiber ferrule.

7. The connector of claim 1, comprising a second alignment peg extending from one of
5  the alignment blocks and a second receiving cavity defined by the other alignment
block, wherein the second receiving cavity is configured to align with and receive the

second alignment peg.

8. The connector of claim 7, wherein the second alignment peg is semi-cylindrical, the
10 second alignment peg having a diameter d, and protruding from the mating surface of
the one alignment block a protrusion distance p2, wherein p; < 2d, and wherein the

second receiving cavity has a depth H,, wherein p, < Hy,

9. The connector of claim 8, wherein the first alignment block includes both the first
15 and the second alignment pegs, the first and second alignment pegs having a convex
outer edge portion and a non-convex outer edge portion, wherein the non-convex edge

portions of the first and second alignment pegs are opposite to each other.

10. The connector of claim 9, further comprising an optical fiber array placed between

20  the opposing non-convex edge portions.

11. The connector of claim 9, further comprising an opto-electronic device placed

between the opposing non-convex edge portions.
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edge portions of the first and second cavities are opposite each other.

13. The connector of claim 12, further comprising an optical fiber array placed between

the opposing non-concave interior edge portions.



