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| NVENTI ON PCT/ US00/ 10243 The present invention relates to an optical #' e

5 connector system More particularly, the present invention relates to a
connector assenbly for optically coupling a circuit card to a backpl ane.
The use of optical fibers for high-volume high-speed comunication is well
est abl i SHRHA8Y t he vol une of 10 transmitted infor matBISHEYEHE, the use of

optical fiber cables including nultiple optical fibers, and of systens
using multiple optical fOFBIERE , Camﬁz&ézﬁmu has | ong been
desirable to increase the nunber of fibers that can be renovably connected
within a given space. 15 Until recently fiber optic interconnects were
limted to single or dupl axckesomics ot rhE ZixgNrieyst ry standard

connectors, such as the SC, ST, LC, and the |ike. These solutions are

anal ogous to siThgl presehteliestntcal reabkes teran Bptioess fnRwal ent prior to
the inventi ical ribbpn_cabl.e a mass-term nabl e 1 DC
connect%r s.cgﬁlng(fétr&lop i r('::e er nplgogrft %’%ﬁgl%%ﬁarrelﬁt'l gg%r%rees\%’ltvilﬂ&erl’tr](ﬁﬂ singl e

t er mi nati oAslabesrdss a epphectdnassenpihifion betpastly feowpyeagd sy ri bboni zed

mul ti fibegjcablesdravecbeaeshcidgwgboped. In conjunction wth these cable
devel opnent 25 efforts, nulti-fiber nmounting ferrules al so have been

devel oped. TheTHEsYHh Bf oPFaGHt i Divsrsefetthighi-godume netahisperdw  bei ng

utilized teonseoivmdaneiopidiales8REL DgHier.l Ret FRRIw 1 HEVEEES. 1N
the cabinet 30 conprises a box having a

traditional _cabinet designs

pl ur al |i°ty Sfa?%lfl%rq"r?éjldlg}fg%ét&ron PRRYY Jendrsl Py PiERLefiR%r each ot her.
Conponent s cabkes nmwluddngmpltapde spbistalatteberealdred ofssgstend t boards or
daughter cgrdsy hiGRiarspdeshonedet alide L0to{Ne,gkqts or racks within

t he cabi net.

It has long been desirable to increase the number of

fibers that can be removably connected within a given space.
15 Until recently fiber optic interconnects were limited to

single or duplex formats utilizing industry standard

connectors, such as the SC, ST, LC, and the like. These

solutions are analogous to single end electrical cable

terminations prevalent prior to the invention of electrical
20 ribbon cable and mass-terminable IDC connectors.

Fiber optic terminations currently are evolving from
single terminations to mass terminations. Within the past
few years, ribbonized multi fiber cables have been
developed. In conjunction with these cable development

25 efforts, multi-fiber mounting ferrules also have been
developed.

The design of traditional electronic cabinets is now
being utilized to accommodate optical and opto-electronic
devices. In traditional cabinet designs, the cabinet

30 comprises a box having a plurality of internal slots or
racks, generally parallel to each other. Components are
mounted on planar substrates, called as circuit boards or
daughter cards, which are designed to slide into the slots

or racks within the cabinet.



0 1 JUN 2004 WO 01/40939 PCT/ US00/ 10243 As with electrical cabl ejlt.hﬁbg @d
exists to provide a neans to allow the fiber signals to be passed tiyr g
the backpl ane of el ectronic cabinets. A backplane derives its nanme from
the back (distal) plane in a parallel epi pedal 5 cabinet and generally is
orthogonal to the board cards. The term backplane in the present invention
refers MYPHUAPnt er connection plane where a nul tipl i EFTASP0243

i nterconnections npy be nmade, such _as with a commpn bus or other external
devi ces. For e®pl%hah iDFCput pds&ablgsqotimdiestansistss Foserpvede & having a
front or imésis afo bacew eimel mbeackigiaexter berpdAca tARoSNRMNee of a

backpl ane connecti vi ty lication js  the jnterconnection of telephone

owi t chi ng BRUHHRNR OFf RCT L LEpBrPHIRTSon BATERLAMA PREVEA (841 and

el ectr oni cndbe tfelogc chmubaciat (distebhyoleeiet $nas epatdldeilap Dol nets. The

need exi st A2 qLEOPY; fi rLhipation fr bo t front side
and th)éf’ ba;é:ilgfs}} e\égf ? %e?%%l?%pﬁgn&ém%&?ta e??ro#hee? béjg?g] ??J%A(;st'i o%ggf

i nserting &@En haskpilagealn st peasenty iiywentaenl fefemsateawk coupled to the

backpl ane, ; 2 CIARleicRYoRNSh 4HAC QHBE NO npif eh P81 Oty &3l connections in the
card is to be conpleted in a blind nmating manner. I n order to naintain

appr opri at #'%% CEEL B J1aY PEhPadsyi GirgPsas opttic & CPPBRR RuSd€Tare to be
careful | y athgnecteahahgdadiceshr eBonmspranit{on purpaBdsz)a axes, as wel | as

25 angul ar] v, i_gngen Ll en increase_and tolerances _ decrease
georre?]lrdi ca?%l?kpggnt%hggn%%%%?ibg %%tsl?acvéngf Fbgf‘%&t Fhd Tt EF tYnddEncr eases.
Bl i nd natiard &f backapd-exhanied Eadponent to a backpl ane connector has been

found to creal g pekial ofNAIRRGeANY dhrcR9aLde, L AligpiENt; And mat i ng

force issues 30 along the axis of_ I nterconnectiaon r e purposes of the
present dekRF iipESAONRFRELBH §f BRlgnhodec sHhkehingn easiergnted fhe
| ongi t udi neirapylarksiand car@sdedviied obyithe drenghbudidiale al i gnment of the
OptiC%g telecommunication components are slid into cabinets. The

need exists to have a removable fiber termination from both

the front side and the back-side of the backplane.

Furthermore, as a function of inserting and removing an

optical driver card from a rack coupled to the backplane,

20 coupling and uncoupling of the optical connections in the

card is to be completed in a blind mating manner.

In order to maintain appropriate transmission of light
signals, optical fiber ends are to be carefully aligned
along all three movement (x, y, and z) axes, as well as

25 angularly. Alignment challenges increase and tolerances
decrease geometrically as the number of optical fibers to be
aligned increases. Blind mating of a card-mounted component
to a backplane connector has been found to create special
challenges with regards to alignment and mating force issues

30 along the axis of interconnection.

For the purposes of the present description, the axis
of interconnection is called the longitudinal or x-axis and
is defined by the longitudinal alignment of the optical

fibers at the point of connection. Generally, in backplane



fibers at the point of connection. Cenerally, in backplane 2 0 1 JL@”Z(})@@ 004
WD 01/ 40839 PCT/ US00/ 10243 applications, the longitudinal axis is collfni a;
with the axis of novenment of the cards and the axis of connection of the
optical fibers in and out of the cabinets. The lateral or y-axis is

defined by the perpendicular to the x-axis and 5 the planar surface of the
card. FiWfa#483% he transverse or z-axis is defined PRW1HAY hogonal to

the x-axis and, the bacﬁgl ane surface. The angular alignnent is defined as
the angul 3PPHYFERCEET ohfOr ARe LEAHRA i Sr &8 il ingar hei s dshies. | n
preferred egbod frestenethe fimuhieobasds HniddicRg 4Nie b8 earskdtiid a¢r ecei vi ng

sl ot sinmul{aneqgusly.agchi eves optical, | rconnecti on-_The "optical gap"
di st ance afL'%%go L’:ﬁLé-'A‘é‘ll g%‘? LA eSS thJ;{L eFPNESpt i T ¥a%seAlends and
i Nt er conneer exraxitsi ¢al debnFohdt the pempendponlantto cbhasx-deriat aaa. A | arge

gap W Il Pesy Giangll SGEENE: 13 €RONEEL] ONgs hOETEDY gaMBLNGLNC Loss of the
optical signal's. A On the other hand, excessive pressure on the mating
faces, suéreds tifafeEiRRrEP D] ariasynah" ta Wer d-anhy amssuhe in danage

to the fragidipiemel sakridder Tandsnqunch /1Bt ik BEnGAMINGRE Sned radi} L oNal
opti cal ga%?]%lgl{ace}rances re.in tge 20 order of |ess than one m cron.
r n

Current co SRR B O nEPR e H AR dE HIRESEJ O sHRS ity 2B Ent ed
ferrul es. The purpesfercédtémbstingnbs asthes motngs ¢ d1wafiahdehone, to absorb

alimgted f.o . f.rav f.the ferrul.es _during mati.ng.and two, to
provi de a gﬁgp&lpggﬁgt gr%[ng%\eeld'tlggr ?%%Pbﬁlténsuﬁﬁan?%‘%sclé’ Fﬁﬁ%eﬂgsgi"r?&llc%é ferrul es
i nti mat el yintrpoopepchh@n t f8ef depuicad gpp” i distlesice abwmegl theosition. An

addi ti onal 1 sfiteelin@l LHONCBLRWESH Cald @Peal ESRES éh&y n dealing wth
backpl ane connect or sg%toepg:sl.EPRBO Card gap. i1s defined as the space remaining
f

bet ween t hEPTE5PBEGE cT? P Sah¥ ¥heMPREERAr or front face of

t he consideration._ A large gap will prevent effective

15 connection, thereby causing the loss of the optical signals.
On the other hand, excessive pressure on the mating faces,
such as that caused by “jamming in” a card, may result in
damage to the fragile optical fiber ends and mating
components. Traditional optical gap tolerances are in the

20 order of less than one micron.

Current connector assemblies include forward biased
spring mounted ferrules. The purpose of the said bias
springs is twofold, one, to absorb a limited amount of over
travel of the ferrules during mating and two, to provide a

25 predetermined spring biasing force thus urging the ferrules
intimately together when the ferrules are in their mated
position.

An additional subject of concern is card gap,
especially when dealing with backplane connector systems.

30 Card gap is defined as the space remaining between the rear
edge of a circuit card and the interior or front face of the
backplane. 1In general, designers and users of backplane
connection systems find it exceedingly difficult to control

the position of a c¢ircuit card to a backplane within the



backpl ane. I n general, designers and users of backplane connectio syis@e?@l{
find it exceedingly difficult to control the position of a circuit car

a backplane within the 3 01 JUN 2004 WO 01/40839 PCT/ US00/ 10243 preci si on
range required for optical interconnects. Card gap, otherw se defined as
card insertion distance, is subject to a multiplicity of variables. Anmong
these WRM4ERs are card | ength, conponent positionPEHUENA04Yface 5 of

the card, card |atch tol erances, and component position on the backpl ane.
Over i nserPFOR-DIOM TEPPRUTTICERH Fof fARtvdeat olrtRrcannestsor @rcf ace of a

backpl ane gsgsenitervisepasfivedses efrd Gerditionsaihenekn fhe backpl ane
connector's _conponents af & 110 subj ected.tp, excessi ve conpressive stress
a mality 1c6gy ? E}

when fixed" YW % t 8d"condi tion: VEEHEBIRS | ndt™eRBesPERe sai d conpressive
stress nmayvaeishifes erentaid leagsk, piymgionaht dassige onoohhehe cairfaetor's
conpongnt s, And,d Re At Eeal HRRr 8o fantRiRedy n d NERei N, 45, g ;nsed remai ns
for a connector systém that prevents  conponent darage due 1o 8xcessive
oper ator foRcee hagipéaRat es for |ongitudinal card msalignnent, yet

provides accupgée of¥utrkobn s QPLicahigaR 4 stance,angd ¥RLi ng force.
Anot her conpsideration_is rafglaa})am sal i gnment of the 20 card. \Wen an
S

operat or | HEFTETa SBAFECDP tkphane pregentsh 4iSePRERTE %% Mdintain the
card edge geidiadidng ahégmied thenbaekmldnel cohtdcddie sl abRpateris aref the
backpl gne. _Fi [ tr.ates an angularity msaligped card 10 having a
conneclt%or i@%é{t%ﬁg%?pé% séjcl%l g?\ rcegsr?%ggtséér % “?‘ﬁg gé’i‘%“‘z‘%‘ Ps ot herwi se
correct |y mitehedngdibhen + hdny cantain dyesanges thee spdiintorgfressivact bet ween

connect or Sgfhe ANthad4pe L 16 £13AEAHE Ao MaSRLT GRFBIAIPLENEDL Sc £QReCt gap
spaci ng between optical fibers 16 and causes undue pfessure on one end of

the connectYMEFTETt AeCTBRPECEF VROt P ki ib6d st Gerkained

therein.

15 The need remains for a connector system that prevents
component damage due to excessive operator force,
compensates for longitudinal card misalignment, yet provides
accurate control of optical gap distance and mating force.

Another consideration is radial misalignment of the

20 card. When an operator inserts a card on a slot, it is
often difficult to maintain the card edge perfectly aligned
in parallel with the lateral axis of the backplane. Figure
1 illustrates an angularity misaligned card 10 having a
connector 12 mating to a backplane connector 14. The card

25 is otherwise correctly aligned along the y and z-axes. At
the point of contact between connectors 12 and 14, the
angular misalignment prevents correct gap spacing between
optical fibers 16 and causes undue pressure on one end of
the connector and the respective optical fiber end faces.

30 Other considerations exist in backplane interconnection
systems other than correct alignment. With the advent of
laser optical signals and other high-intensity light
sources, eye safety is a major concern associated with

backplane connector users today. The safety issues are



30 O her considerations exist in backplane interconnection syste
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another corresponding male-female connector pair, not to
standard connectors, making their use cumbersome.

EMI (electro-magnetic interference) contrcl also has
arisen as an issue in backplane connector design. As
connection of optoelectronic devices through a backplane
often necessitates forming of a physical opening through the
backplane of an electronic cabinet, the potential exists for
EMI leakage through the said backplane. Electrical
interconnection has attempted to address this problem
through the use of several elaborate EMI shielding
techniques. However, current optical fiber connectors have
failed to satisfy this concern.

Finally, another concern regarding backplane optical
connector applications is bend radius control. Horizontal
cabinets connections are often subject to bend stresses due
to gravity, operator misuse, or physical constraints, such
as when a cabinet is pressed against a wall. Optical fibers
are made of glass and rely on total internal reflection to
transmit light signals. When an optical fiber is bent
beyond a certain critical angle, fractures may appear in the

glass, causing the fiber to break or become damaged. Also,

nnect or
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internal reflection to transmt |ight signals. Wien an optical fiber is
bent beyond a certain critical angle, fractures may appear in the glass,
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certain beng, angkgsn £ueN dbnbbe oldss o iperoflass apl. preak, the optical
signal nmay be lost or may deteriorate, as tfie conpléte |gﬂ? signal is no
| onger contBferdd RS et sippel magpba- a8l 96ydestsrivaste, fasbre optic

connect of - sy &g et COINECLE Blla BLORI §8hodd Ricticazhle smayaLedion @ pl anar
substrate through a backpl ane. "Several nethods and apparatus for

controlli nngctl’%'bend radi us of an optical cable have been attenpted. Anong
those are pre-f rlrieﬁpbre)gts that are slid over the cable, external devices
such as clips o cPafipé®>and®efEPoTHSF i%hj bidticoPPtas| qeBneH o fesEe™t hat

are shaped fuichcddinictdhgn =l t ehiedt of i vrLabhse t houmal eo@Sgumsntbe shape
of the nmolded  structure. Since backplane connection frequently involves

connect i ng ARSEARTF ALY TRuALRICKEL 288t i cal fibers in a small space, the
need exists for an apparatus for controlling the bend radius of the

optical fibers. SSUNMRICOOIHRNIINYENTF ONSTHorprestentl lingetitd dendel ates to
an optical fidRfs oENber&IRAAL cayss E}mvtehaéeﬁf&\@eﬁﬁﬁebsm%éoﬂg;a;’flisea”d
saf ety

angul ar alignnment conté%lr?, contam nation control, visua and bend
[

fadi us cont BT PIEA FREPRAI TP &b bRR retiss SLifeohnt ithsl cablfecabnmet system of
t he presentdénivesst sonh pro\ildes 6orclanpiser sAMNEGHoRGL Al {1t @6n Opti cal fi ber

cables in 1l vhdyale . %Rg{:ecti ve fashion. ,The fjber optjc. connector

[o] encs

system of the presen# are é%apea such that when attached to
a cable, the cable assumes the shape of the molded

structure.

Since backplane connection frequently involves
connecting an increasing number of optical fibers in a small

space, the need exists for an apparatus for controlling the
bend radius of the optical fibers.

SUMMARY OF THE INVENTION

The present invention relates to an optical fiber
interconnect system that provides longitudinal and angular
alignment control, contamination control, visual safety and
bend radius control. In certain embodiments, the optical
interconnect system of the present invention provides for
interconnecting arrays of optical fiber cables in a

individual or collective fashion.

The fiber optic connector system of the present
invention is designed for connecting at least one optical
fiber cable mounted near the edge of a planar substrate, a
card, through a backplane. FEach optical fiber cable
includes a plurality of optical fibers and a terminating
ferrule, the longitudinal orientation of the optical fibers
within the terminating ferrule defining a longitudinal axis

and a forward direction towards the backplane. Each optical



invention is designed for connecting at |east one optical fiber cable
nounted near the edge of a planar substrate, a card, through a bagkLUaﬁblﬂﬁQ
Each optical fiber cable includes a plurality of optical fibers and a
termnating ferrule, the longitudinal orientation of the optical fibers
within the termnating ferrule defining a longitudinal axis and a forward

di recti JFOPRE®ds t he backpl ane. Each optical 6 a 1 FCOUFEMIIM304 WO

01/ 40839 PCT/ US00 %02.43 fiber cags)l eis _termnated by a ferrule having a
first |ongiTFdCABL® rEhdE B AT &Y R1EGFTH & depdee 2 Figstet ai ning nenber
and a ferrigngispoingl eteegendt haviieg a, haingi tedpaad td ar kb gispig ng force
f,,. 5 Th I.C C t rises.a card hausin assenbly and
a backpl aﬁ“ee tghs?}r]l% %sw}gr%?%.éﬁlge‘;{:naeﬁgrq%%ﬂé?%dngagsg?ﬁﬁli”ld%gﬁﬁunt ed on the
pl anar subfsrrate sproty deamd fh.ncl udes at | east one ferrul e-receiving

cavity s or receh¥i Hiddiecophé&dly fs#@@émfc%n{ﬂ'ijiges-rgecacrac{ foflousing assenbly
10 includes a card housi ng sgrln . The card "housi ng assenBPy fas a

| ongi t udi FRSEPRAYPH TbECERLIX® WictFiRe spexambly - t hEhe card, hoheimar d housi ng
assenbly siysenglgond nhuniteg sHvereRlangi ddeteatd Housilg.agsenbl y al ong

t he | ongi t.udi nal raglgfre oft %on. The card spring has a |longitudinally
directed B EEPFRGY 01588 thO e AT hREE 1SSt FBVELY i iR FEFEEVHIY t he card
spring carthecophierhcitibelrefepposi.t eThpriagi fhoneenefasddmolpe ferrul e
springg. | n hat, t ferrule spring 20 conprise
one orﬁmrlglcﬁﬁg?%/?%.%&sg??%%%%gkéﬁ%'s. hﬁenne cf):r"i“éTH g%old"lgrrgﬁfe’@f’”@/he present

i nvent i onhaghe teRUWWHPAY ranid edeBotiwn on whthk reppenyste atter al | y spaced

fromin eaghd, othercarddOneh8aiE RRehBUgPaNdent cgﬁfpoﬁg%%eﬂﬁggﬁﬁrﬁ at
conpensat es ig{e %qugl ar msali1gnnent al ong the x-y plane. e backpl ane
r

member ha$ta GPPEERI AP EPLE Rt aeryityiEngdckpramecthousi ng

i ncl ude atnokéast dMe card spring has a longitudinally directed

15 spring force h, wherein

h>}51ﬁ,

that is, the spring force of the card sSpring can
counteract the opposite spring force of all the ferrule
springs. It should be understood that the ferrule spring

20 may comprise one or more individual spring elements. In one
embodiment of the present invention, the card spring
includes two or more springs laterally spaced from in each
other, to create an independent card suspension that
compensates for angular misalignment along the x-y plane.

25 The backplane member has a first surface and a second
surface. The backplane housing include at least one
longitudinal receiving cavity, matching a respective cavity
in the card housing assembly. The receiving cavity has a
frontal opening along the first surface of the backplane

30 member and a rear opening along the second surface of the
backplane member. A frontal door covers the frontal opening
and a rear door covers the rear opening. In a particular
embodiment, the doors are spring elements made of a

flexible, conductive material and biased towards a closed
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second surface of the backplane nenber. A frontal door covers the frontal
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el ectrically nn d.t round. In another particul ar  enbodi nent, the
backpl ane %loelfs%ﬁaggoﬁp(:rcinglggtfgg\otorre%ﬁé]rrl ; oﬁé ‘-‘Pn(%l%‘ﬁlri RYFHIFUHRE first side of
t he backplemedamdnt hethse bandrband uplusnggt cothe seac ond mdnterefl, the

backpl ane. Vj : o) iGN t rs may i.nclude an
co-[\%lg'h {:g_etheEMJ.rQE_énlﬁﬁat ord thgnﬁTﬂ{Plg%%ng%?gtﬁ; C-)secélxg

electrically conductive material electrica dund. The
i nt er connetqUPdyadeh? dtheo seey i nttdad e fohbe dradigrlene10 DBptiroalideabl es

i ncl udi ng mMbeReteaisn ©0Bt 60l tHEMRAbef O ma\r ARLAALLi LY the bend radius of
an optical fiber c Iec. The . bend radi us control nenber conprises a

f h
def or mat i &%elr"g&‘é? WERFELTT ineed 18l eteGtadiced Lir eppestadotind t he

optical fidmundcabl e, wherein the heat-shrunk outer jacket has a desired 15

bend radi us cu t | PTI ON OF THE.DRAWNGS Figure 1 is a side
el evati on Vi e.wﬁé%l %‘%ﬁ?ﬁ’gﬁ%%?a?#ﬁ%er&a%#&laﬂa %P%é’&kﬁ'géﬁe connect or .
20 Fi gifr e optilsadncalblafetincéuding andgndi eavliofs @ohitrst mexdeadifoent of a

connect or &EkeM iy A4E0LEAICE N olNEn HIEIENT el PYEILAR | Ny, cOUP! ed
card posi ti on. ure 3. is_an isonetric view of the connector system

Fi ,
i || ust rat e PnTRREES Frgl TS pICOBPERTRF posiefPeRat o Eeguptant i s an
expl oded imameshitnkddewuabrt fecleanweepped Hsin@mhs | ystiatediber Fig. 2.

cable, wherein the heat-shrunk outer jacket has a desired

135 bend radius curvature.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side elevation view of an angularly

misaligned card and a backplane connector.

20 Figure 2 is an isometric cut-away view of a first
embodiment of a connector system in accordance with the

present invention in a coupled card position.

Figure 3 is an isometric view of the connector system

illustrated in Fig. 2 in an uncoupled card position.

25 Figure 4 is an exploded isometric view of the connector

system illustrated in Fig, 2.

Figure 5 is an isometric cut-away view of the backplane
housing assembly of the connector system illustrated in Fig.
2.

30 Figure 6 is an isometric view of the card housing

assembly of the connector system illustrated in Fig. 2.



Figure 5 is an isonetric cut-away view of the backpl ane housing aﬁs§np'lgm
of the connector systemillustrated in Fig. 2. 30 Figure 6 is an WUsonef: 2604
view of the card housing assenbly of the connector systemillustrated in
Fig. 2. 8 WD 01/40839 PCT/ US00/ 10243 Figure 7 is an isonetric view of the
card-facing face of the housing assenbly of the connector system
illustraWe@H®s¥® Fig. 2. Figure 8 is a side el evati on RGI§HF024% backpl ane 5
connection system wherein the connector conponents are aligned along the
axis of the intfdI88RnéctI R éFeretHsUGReYt bk Wier caird-£aeihd Sagagul ar with

respect t 0ot htheSaiots @id Sasbmbl PLEF CHRNCEHhAOF o FisGUEErn % 1 S, kSQNELri C Vi ew
of the pl ng_épEgrti gn of 10 the connection systemillustrated in Fig. 4.
Figure 10 a7 i §ometric expl oded view of plug illustrated in Fig. 4

showi ng the pl I ssenmbl.ed . except for the installation of the cover.
Figure 11 is alr%qﬁgg%re r%c%vfé%o?letvﬁglgpuﬁlﬂ Ic%star RePLAT in Fig. 4 with
its cover duminggtiinstaysted Fherrio e soamedizonmebmponantes afe t he pl ug

iIlustrat eéjligin@dFiagplluf' Y la)(iésogﬁrgéj_ee‘imigh%ﬂn%cjc‘0}1;%\3%]1L{: Orﬂehri c view of

the plug assenbly ilTustrated in Fig. wrapped a orm ng fixture.

20 DETAI LB DESERPPY| €N IO S TREIY INVENTL ONEFSRAte 02t s Bid laxdst pit e an
enbodi nentireraBnapttt@l. 1 nterconnect system 100 in accordance with the
present 25 invention. The optical interconnect system 100 couples a
circuit card oFidaughl ers ear tisdidd ndict kiandot hheughu@ pdackpl are 104. The

card 102 iched BLABRL: GHISLERR S ) SHeN-B8q £ Glyicull card or daught er board,

whi ch may 1 nclude optical, op ectronic, a 'ectroni c conponents. The
card 102 may Figure 10 is an isometric exploded view of plug

illustrated in Fig. 4 showing the plug fully assembled

except for the installation of the cover.

Figure 11 is an isometric view of the plug illustrated

15 in Fig. 4 with its cover being installed.

Figure 12 is an isometric view of the plug illustrated
in Fig. 4 fully assembled.

Figure 13 is an isometric view of the plug assembly
illustrated in Fig. 11 wrapped about a forming fixture.

20
DETAILED DESCRIPTION OF THE INVENTION

Figures 2 and 3 illustrate an embodiment of an optical

interconnect system 100 in accordance with the present

25 invention. The optical interconnect system 100 couples a
circuit card or daughter card 102 with and through a
backplane 104. The card 102 is a planar substrate, such as
a circuit card or daughterboard, which may include optical,
optoelectronic, and electronic components. The card 102 may

30 be slideably inserted in a slot defined by card guides 106.
The backplane 104 includes a through opening 108, a first

interieor surface 110 and a second, exterior surface 112.



30 be slideably inserted in a slot defined by card guides 106. hﬁ
backpl ane 104 includes a through opening 108, a first interior su flade i1 1804
and a second, exterior surface 112. 9 0 1 s 2044 WD 01/40839 PCT/ US00/ 10243
The optical interconnect system 100 includes a backpl ane housing 120

di sposed within opening 108. The backplane housing 120 includes, in the
present ¥MBYent, a first portion 122 and a secondCGIBiIENNVH3124. The

first 5 portion 122 i ncludes nale locating features 126 that engage wth
correspondi ng fBRePRE¥E JPESTEAIELhENRT O 0Y Argatudesmce of the second

portion 12dackpraid mpukeay Hs dikpesed helthianspéei f avkat erg i gnment
ns 122 nd 124 during assenbly. It

between th | a housi paor

shoul d be %Q@eresthé‘)lal %a |ﬁn§ﬁf1§?%’atﬁr\/ &8 BB STEn CEPASLRS Hy Porti ons
122 and 12f&idet neirtieedl2?d 4w separane mndiooulzk be el dedst as one pi ece.
Splitting gbicidie HQUShOGAY waqasl%égﬁl%d £edfilre NV Oh  MBY, B! OW T OF

nore freedomin nold core desi presen € fasteners
128 secur e¥ife C%&?EP%@%M%@ geatamsisy (EQO %@WﬁeODaekmearne 104.

Fasteners #2328 IdIC|ﬂh@esE861&ﬁCi%§:tﬁ.Bhaizd nS%tcétM@ef’eta%%reEhEQ mat chi ng
bores 130 n the first and sec ortion 122 and 124 of t backpl ane

housi ng 120¢1HHBEETEKAFT R 69 grafetween ?%dﬁ%%ﬁb?e‘é‘?%légt hat
nount i ng spoetws:rwr é22used ixt @umpu@céssymbwth fadmnensrd28 and that a

variety of 1§ eniyn C i heS| terference fitting, and
ot her %ew ¢es 0\%1 ?Hg?hgﬁgrlt%@rr%a ]g‘ée uese %r JIPUEARY BYPBSt he

backpl ane hétisingg 1adséatngr reed 25 l'-ﬁneietmckpeaarei howsd dnhe assletdad y 120

def i nes ana@rdiy fkcefl OUWpriRe8LYI H8r CaV hbﬁ&&é?ﬁ] oA bRENRS 3 V%denbﬁgl ”En]E S
necessary nu er o

|nclug§ single receiving cavity or an
caV| ties t %t'célf?r‘ﬁ'?gﬂﬁt R EIGEY EPE ineHe ffirB%‘Fom cldblff@léoﬁ@nlé%tl ons. Each one
of the cavdésiem.132 includes a

15 In the present embodiment, fasteners 128 secure the
backplane housing assembly 120 to the backplane 104.
Fasteners 128 include threaded metal inserts inserted
through matching bores 130 in the first and second portion
122 and 124 of the backplane housing 120. Those skilled in

20 the art will readily appreciate that mounting screws are
used in conjunction with fasteners 128 and that a variety of
fastening mechanisms, adhesives, interference fitting, and
other devices known in the art may be used to align and
secure the backplane housing assembly 120.

25 The backplane housing assembly 120 defines an array of
four receiving cavities 132, Alternative embodiments may
include a single receiving cavity or any other necessary
number of cavities to accommodate various optical fiber
cable connections. Each one of the cavities 132 includes a

30 front opening 134 and a rear opening 136. For the purpose
of the description of the present invention the terms rear,
front, forward or backward are merely illustrative to help
describe the depicted embodiments with respect to the

figures. The folding front doors 138 are coupled to close

10



30 front opening 134 and a rear opening 136. For the purpose of t&d ,
description of the present invention the terns rear, front, forwa T-ol'd? 2004
backward are nmerely illustrative to help describe the depicted enbodi nents
with respect to the figures. The folding front doors 138 are coupled to
close 10 01 JUN 2604 WD 01/40839 PCT/ US00/ 10243 the fraont eni ng 134 and
rear dod?8¥¥8%are coupled to close rear openings 13P6:T“*Fﬂ'lé‘pwont and rear

doors 138 and _140 in the p{:ﬁs]ent enbodi ment |ncI ude flat spring netal
nmenbers hi ﬁg‘gdf§°ré'b§|cﬂeé‘d“?o & BRET aHPTSedf 0 opemiGny®led4ts and 136. The
doors 138 amdsé4ﬂeaau' epdesngnedB .o ﬁ‘bbdf:ctﬂwnanalaéamr@ pPheiGaris i nserted

into the o i cel Vi Vi 32 n the present enbodi nent,
t he backplegge ousi %seﬁgr%[}bm?%ﬁgo%%uidgsf ¥ B PPaBEFR pieces of a

di el ectri cmgEbers alméﬂymﬁqd thetke riumngr ahd 1kt Dp&gﬁ.hgﬁrﬂdifldl mensi onal

stabiligy paguised teeNBbSELiTEe GAAL I e h@&&?&;}cﬁ%‘ f{j?, Sho o, Posi tion.
Such materials include, but are not |imted ernoplastic injection

mol dabl e pohPhethen FaPlif el (4Nsedtsd MG Ithedonsring eifntbecenent agent s,
and transfeécmﬁa;bloavpeyyms sucbh@sprek%n@p@ﬁwodlﬁé%tdo%é 138 and 140 are

made of a %%ui:atr{ev Orlggtlgl asseﬁ@ﬁ raT% such as tenpered stainless steel,

beryl | i un1 Al P8y 8" Or2 IR it L rGORPE 1587 e dc BUBF Y t 0 provi de a
gr oundi ng Qheceslafala gaehectitie nt_eoeslaus&hamdem:[b:pf avedet riddaeif unctions:
20 1) f,0 prs.@ngec@a%yéiﬁé{sm i1 6Lal il fkgq@?o o naonta am nation from

entering the assenb connect or housin Fef' route to
ground el eE?P'F%OlrrétfnéPFc"P‘illﬂaér féberce ROFatinmy diusdr waserialak t hrough the

25 caviti esndBidd,hiyghré hvthackpt aderol04hedgh N i@ @593&9&&”9 saf ety
from enm ttedlc'ls'lt%ht po1JRaLS crhtom e Lher £nd of - Lhe backplane.
reinforcement agents, and transfer moldable polymers such as

15 epoxy. The doors 138 and 140 are made of a conductive metal

material, such as tempered stainless steel, beryllium/copper
alloys or other materials, and are coupled to provide a
grounding electrical path. The doors 138 and 140 provide
three functions:

20 1) to provide a physical barrier to limit ambient
contamination from entering the assembled
connector housing,

2.) to absorb and route to ground electric magnetic
interference that may otherwise leak through the

25 cavities 132 through the backplane 104; and

3) to provide eye safety from emitted light signals
from either end of the backplane.
The backplane housing assembly 120 may include mating
features corresponding to common plugs or ferrules. The
30 dual door design allows for the sealing of the optical
connection without the need to include special gated
terminations at each connector. The double door arrangement
also allows for at least one door to be closed any time a

receiving cavity is not filled by both a rear and a front

11



The backpl ane housi ng assenbly 120 may include mating features 4 e an
corresponding to common plugs or ferrules. The 30 dual door desi gr[iJ al b o ilh
for the sealing of the optical connection wi thout the need to include

special gated termnations at each connector. The doubl e door arrangenent
also allows for at |east one door to be closed any tine a receiving cavity
is not fMOOMMER, both a rear and a front 11 WO 01/ 408B357/B¥#BEH0/ 10243

plug. Finally, thg, uere of %gnducti e nmetal doors retained in a conductive
housi ng asf&iry 2aPatiowd PForSE et Cofrarhre MetahdigrBur@tigned EM
conponent s,irusi rgnductitathioushiyg sisgen®lanzld ed agart fdestign. | n enbodi nent s

where 5 the L J 0 i ny of the above issues, the use of
doors may bceol{%%tlp{r)“rglrép %f%&%ﬁﬁgfr?%gél r%d?t %%mpoﬁleepggr nmaite ghd function of
t he backpl ared aitdusingsmpslenphg eli@mntAdeshen. udef ebbéeditame ehetde housing
assenbly 12Q,d $sed0id hotusenelrside @t Qll?yr@f:ft'ﬁl\é![ agofea RS 1?1%; Wi l e

as tha

traditional plug retaining features, such In a convéntional phone

plug, are pis%ced BACTH T P8 ephIlovitheuy effectéreithitng housing, it was
found that geigbrancardrangeAEtionYTEEasSBAEkYL dndt B6HE1 RS askhpife stacking
of 15 ribb 0flat optical fiber cables. The present invention addresses

this probl By placing the latch receiving features along the sane pl ane
defined by the 2optheal useher feaknay of the bptsial afsiseeblyitdmoniscable. This

al lows for verticyt stacklhpgyof yphe flat , ki bhgn .cables in a 20
reduced spa{tce. _gr%eg#ront end of ?cﬁeél ba k%?%\ué: Sogélﬁhgq%‘slsléenbl y 120 mates
wi th a boar‘dafdtiiprdy SlenBry2ITmavfeaturrs caugh102 that sinid into the guide

slots 106. cHaGehoasthhQushBOp RS eHey p1hdEd WLt 0B BPUSINGERRDEr 152,
i ncluding hqllow protrusi.ons 25 154 shaped in size to correspond and fit

into front POPENPRYSTS LI 18P PRSIk pf afe® HEWOEN Pk s ¥1120. The board

arrangement unnecessarily interfered with the stacking of
i5 ribbon flat optical fiber cables. The present invention

addresses this problem by placing the latch receiving

features along the same plane defined by the optical fiber

array in an optical fiber ribbon cable. This allows for

vertical stacking of a number of flat ribbon cables in a
20 reduced space.

The front end of the backplane housing assembly 120
mates with a board housing assembly 150 when the card 102 is
slid into the guide slots 106. The board housing assembly
includes a housing member 152, including hollow protrusions

25 154 shaped in size to correspond and fit into front openings
134 of the backplane housing assembly 120. The board
housing assembly 150 includes board attachment features 156
having a barbed end 158. The board attachment features 156
are designed to be inserted through a receiving slot 160 in

30 the planar substrate 102, While the board attachment
features 156 secures the board housing assembly tc the board
in the transverse and lateral direction, a range of freedom
of movement along the longitudinal axis is allowed. The

present embodiment, the length of the slot 160 exceeds the

12



housi ng assenbly 150 i ncludes board attachnent features 156 having 3 oy
barbed end 158. The board attachnent features 156 are designed to% il 2004
inserted through a receiving slot 160 in 30 the planar substrate 102. Wil e
the board attachnment features 156 secures the board housing assenbly to

the board in the transverse and lateral direction, a range of freedom of
novenent V2I° ﬁ‘lf’[ he | ongi t udi nal axi s | s allowed. The H4%enbodi nent ,

t he Iength t&{le !;ﬁ 160 exc g Jlg WO 01/ 40839 PCT/ US00/ 10243 wi dt h

of the ali g LA TR P& i ThReskatiediin the readily

awar e of adaitt iwdAal bﬂetdmdslyf evaratdfackdngiémel heahddhofist ng assenbly 150

to the pl ar@ﬁrtacgig trad g)rﬁq)aggl man%i %Islsg%?golfego: dogh%novenent inthe x 5

direction. A terna ive I'nc N4feans such as
mechani cal E’r‘&?ttéﬁéﬁslo%»pr‘ihﬂéecﬂbylmg fheeddn kd. mPlemguintimushens 154 in the

present s enhodidg@abnar ema&hhe%@@rﬂo%q}n@ﬂey'ﬂ aﬁegsgﬂaa&dcgaﬁf 5?”“ nated in
ape

a 10 truncated pyram d shaped. | ead . ram 162 al | ow
for conpend3tSn BFN 2T g aﬁh??]ngfarﬁ%aFF@nn@ﬁl@g Byims racttheg t he board
housi ng asseidal.y protrusions 154 into the rece| ving cavities 132 of the

backpl ane housi | E rther usi ons 154 are shaped to
15 provide ali g'fr%%eﬁ)?g\?f?% C?ﬁess 1(Eélct ﬁgf”ae "&Rdllg‘eBT* a%%cei vi ng

cavities 13@llPWO@n@|sﬁ€tﬂt§nm5Haals?@ppﬂoandeam teauti nawdd cirpressure for
openi ngo f r QiundaeEs J3BndHr LAgedmidn01 ¢The 'Ilh%ngx 14 Sl pLLYST On 154

define a stepped. cavity 164 that provides guid tic
ferrul e 20 102t bohef YesOBRENFRG TR 6fFf Fﬁétésltreméén@amﬂ#lbﬁmenﬂ'ﬁe present

enbodi nent byt Iaers&emxﬁcth@awb&yd 1’@)4161&1@ s8a00d \t 8rof BELIME 3841 DYUSLTY
optical ferrules. Step cavity 164

standard f rrule such as g ﬁ%
i s desi gned *n Sigh" HY Fa%hetes 1t £ ERfrackedane b3 ingnd a rear
rect angul aras2gmbpeni rfglrxﬁerm,la&,e pespecdionsl ¥54 Taee fanapkdopeni ng 166 is
15 provide alignment with respect to the inside walls of
receiving cavities 132. Protrusions 154 also provide an
avtomatic pressure for opening front doors 138 during
mating. The inner walls of protrusion 154 define a stepped
cavity 164 that provides guidance to a fiber optic ferrule
20 170 to be seated inside of the stepped cavity 164. The
present embodiment, the stepped cavity 164, is shaped to
receive an industry standard ferrule, such as the MT-Style
optical ferrules. Step cavity 164 is designed in such a
manner that it comprises a front and a rear rectangular
25 opening 166 and 168, respectively. The front opening 166 is
sized to allow insertion of the ferrule 170 up to an
internal flange 172. A typical MT-style connector includes
a ferrule 170 mounted on a stalk of optical fibers 174,
slidably connected to a détente body portion 176. The
30 ferrule 170 has a limited range of motion x3 along the
longitudinal axis. The stalk of optical fibers 174 is
allowed to move with respect to the détente body portion

176. A spring element located between the ferrule and the

13



sized to allow insertion of the ferrule 170 up to an i nternal fIagggILYZ ,
A typical MI-style connector includes a ferrule 170 nounted on a St Pkdo&ﬂq
optical fibers 174, slidably connected to a detente body portion 176. The
30 ferrule 170 has a limted range of notion x3 along the |ongitudinal

axis. The stalk of optical fibers 174 is allowed to nove with respect to

t he det eWPOL/M8Y portion 176. A spring el enent | ocatRCrsspamen the ferrule
and the 13 01 JUN 2004 WO 01/40839 PCT/ US00/ 10243 detente body portion
forward bi &fE€ntRebrdy rRAME ippwEerrars blasemrttheedfgrofile heowaangeaof notion.

In the presgtvaebbesd BNtehet Benpoayddeusi ng assenbly 150 includes rear
openi ngs 168 desi %ned to accept the M connector, including the detente

| 5
body portion 178" “FfePTsteHht E"bodi §ibrt ithA 2ysrd fausiapnessempdivnst fl ange
173 whil e t3teihelnade rka@ bpemddquedst ge exdrand toNgkgey©Oft hePK@t r usi on 154
up to apd thr he, r ear..openi ng,.168  The detente nenber 176 is designed
in suchya n‘%r?%grg@? htlnfg%ﬁﬁgglg'en&?%gptiﬁqys PoRsePRet’ §nt 8Phe front of
t he st eppediétgnieybod6porthenspts g #Baimed apiassetlirjen@en detente

menber 176 xand the f&rmike13d0s Thefe " %é%éggi Enpigvented from

travelling freely through the rear opening n 180 forned in
the ferrul ®TPFOUSTPR ¥idangeta8tnd $hrengiedthe re8racpemna l6favethest op f or

the ferrul dstéfrvheamidrange 18Qdss gneBoAgeshdl thmbfMier Nala:f Lange, 172. The
det ent ) menbe %7ﬁ7é S, Rrovi de(? MW th a latch feature that engages the rear
openi ng 16“§“'%? t he® 0SardSRbteT igtasEBmvisPs0f Phefwrenpeg, chattehi ng
features ané4prové daeing bos hisicdepsusiatestabehh@shitsd AEnBOL asgeNdl y 150
o0 L0 SR En gy Sr0! TR g Pl oL, S st ances o
si tuat i ons travetbinhdaerdst theovss pheviesd openihe séxldyoh fhendwusi ng.
This rel eaggof eatntce iinSthantd HaMaer 9o andrdl LoWRGde t P P10k o rmed to
15 act as a travel stop for the ferrule 170 when flange 180 is
engaged with internal flange 172. The détente member 176 is
provided with a latch feature that engages the rear opening
168 of the board housing assembly 150. Preferably, latching
features are provided on both side surfaces of the housing
20 assembly 150 and the détente member 176. It may be
desirable in some instances to remove détente member 176
from the housing assembly, and for these situations, a
release feature is provided in the side of the housing.
This release feature is cantilevered and allowed to pivot
25 and thereby allowing the release feature to be sprung
outwards to release the corresponding latch feature.
The length of travel of the card 102 along the card
guides 106 is selected such that when in the coupled
position the board housing assembly 150 exerts spring force
30 on the backplane housing assembly 120. 1In a preferred
embodiment, the width of the card gap should be greater than
0, preferably greater than the combined travel of the spring
biased ferrules (typically 1 to 2 mm) relative to their

respective housings.
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25 and thereby allowing the rel ease feature to be sprung outwards to

rel ease the corresponding |latch feature. The length of travel of t el datld 2004
102 along the card guides 106 is selected such that when in the coupl ed
position the board housing assenbly 150 exerts spring force 30 on the

backpl ane housing assenbly 120. In a preferred enbodi nent, the wdth of the
card gapOMWeBY be greater than 0, preferably great B¢TVHAR02%he conbi ned
travel of the spring biased ferrules (typically 1 to 2 nm) relative to

their respectTRH® 109Si A§SOHELIWS @f/ 2083 axCdThespr A Gxs8MPhE }2hge of

motion x2 wftH hesbeat dehatel agrassemilsy shbPicWdth thespeedctt Gorhe card 102
is sufficient to correct for _ . tolerance errors in _the range of novenent of

the card 152-e%@P6RgeEF R Tafd thGi tYeL66, "SReMeT gBsbR® cand Péessi ve force
5 i npart ecalnnd hbeuserd whenes! 186 ngricheocabsbbefaayeekbes Ciared folrge St oOpped by

the backpl Ae NAUSHIOALQAL DA N2 84AR AeAULRLL Prasent iyn the card
gui des”106- “fhe present i nventron addresses T1ssuss or° over CoApressi on by
al l owi ng ishestoppedi by cidredbschplanhdpusénactbrorcbrpbnedtsn o nove 10

relative t@dhigesakd Siddaitt ifafke AGeOLMdiA0 Yiod.N thE l.ed position,
the board housing assenbly 150 is held “tightly agalinst” the back of the
backpl ane HHFAtAGNa2dLTAASES 12BUehPh SVEHEPBREESSACH Py mskiamingpri ng bi as
provi ded bshe Hiricagt asaeithl yti8dhed ROnadvest agmpohept OV dlimget he 15
constgnt spriing._bi as i.s tag gnsur e that i.ntipate coniact, is. maintained

H ¢ & £0 _the c

bet we CIRSISENGC adie B Pt 18 fatd T io0 BT IPAIY nel B8t that the card
102 i s subjeugtledopapieivent tHarbeard inossoperadsamblyFl §lUres heilkl ustrates a
detail ed cutaway Yiewaf +28 Backrlane hgusi S ,hg front and
rear door géigali‘BB)éar_lg 140. The doors 138 g‘?éf{_ egl%gﬁggpls%%_h%t%ﬁg@!khen t he

pr ot r usi on? 01 88dof s hHRIE o b8 hFUESE@nB| §rabw dvesi peeridad bivnto the front

openi ng 13rineapyémiiyd 18hapethd erkah®2q8fof providing the
15 constant spring bias is to ensure that intimate contact is
maintained between the housing assemblies 150 and 120 even
in the event that the card 102 is subject to movement during
its operation.
Figure 5 illustrates a detailed cutaway view of
20 backplane housing assembly 120 having front and rear doors
138 and 140. The doors 138 are designed such that when the
protrusions 154 of board housing assembly 150 are inserted
into the front opening 134, the pyramid shaped lead 162 of
the protrusions 154 forces the front door 138 to fold down.
25 Similarly, when a plug 190 is inserted into rear opening
136, the insertion of the plug 190 causes rear door 140 to
fold down. Doors 138 and 140 are preferably formed of a
spring-like material that withstands numerous cycles of
being folded to an open position and then returning to a
30 closed position when the plug 190 or protrusion 154 is
removed. In instances where EMI protection is a concern,
the rear doors 140 and the first portion 124 of the
backplane housing may be constructed of a conductive

material such as metal. When made of a conductive material,
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the protrusions 154 forces the front door 138 to fold down. 25 Slmlarl,,y,2
when a plug 190 is inserted into rear opening 136, the insertion of vh@ Gt
pl ug 190 causes rear door 140 to fold down. Doors 138 and 140 are
preferably fornmed of a spring-like material that w thstands nunerous

cycl es .hg folded to an open position and then to a 30

cl osed %%QP%@%E when the plug 190 or protrusion 154 rs %%g@akggd I n

i nst ances r o] t S ncern doors 140 and the
first port?@% §§§ dPB? iﬂ&ﬁg% ang1 udi°h iﬂ%y&%' gﬁs??ﬂ%?b&hﬁf a
conduct i vemah®xiiy gif §GEhE%k;mméﬂatlonNhaatnudeldﬁouhar@mdacéécﬁpeﬂateriaI 15
(i 7o) 2ERRAIOALLL0500 ACTAUS00LIO243 Lheoear, dagr daggnd the first

portion 124 wl bsorb maj orit Fation 1hat woul d
ot her wi se %%%%ﬁﬁ%caﬁﬁﬁoﬁﬁﬂP%q?et€a9|%?QH?d132d ﬁ?ﬁiqﬂerstlportlon 124 is then

el ectriscal hyteoitnlied éﬁb@dngfemndeeﬂ%zf eakUABord mq@ dkt enbaging enmbodi ment,
ei ther the_doors 1 OtgF ?F?IrSt ortiogn_of the backplane housing 122 may

be const r RPELBY © PeenBYEHRA 127 B RF GRPytBREEbRdueti ve
el ement . aimﬂauarannmagﬁxmniduQEHvtngxnﬁlwoanéwnﬂnhdtMQﬂeb@léﬁéﬁﬂ ed to

ground. viding, or 1 rear door 140 covering
both the ?PgﬁfE%%en?ng %ﬁ?d&tg raﬁﬁa Sﬁgﬁgngl CORRLG ﬁﬁval of either
pl ug 190 ogrewel.-card housing assenbly 150 results |n t he cl osing of one of

the dogrs, SdvaWi AL | B IR £POSSI g MihgU f shoul d 15
be understoodhyﬁat eacha%oor is allowed to un%%?gﬁlﬁ%%débéﬁdééily of the

ot her. AccOTERTgPyPothathsEZRR t PRENING 18ﬁ|§“4ﬂﬁ?epFﬂgr19EPﬂkﬂm nserted into
the rear opm&uruyelsémoﬁimaofreathékxﬁkﬁg14900$rtﬁﬁé QB RbiME fgecei vi ng

cavities 1 , 1EE ur%losgdthgbjfurtherfassur th tight fit of the
doors 20 1 lié rg% it e opentngd I3d M f%G Frifif¥SFeatures 144
may be fortﬁuﬁ @ﬁlﬁﬁeaﬁﬂnﬁaamalpQS$ﬁbhﬁqglsaab|saﬁﬁ}y risk. It should
15 be understood that each door is allowed to function
independently of the other. Accordingly, that means that if
only one plug 190 is inserted into the rear opening 136, the
rear doors 140 of the remaining receiving cavities 132 will
remain closed. To further assure the tight fit of the doors
20 138 and 140 within the openings 134 and 136, frame features
144 may be formed on the side walls of the receiving
cavities 132 that match the side profile and overlap the
side edges of doors 138 and 140. This further creates a
tighter seal to prevent contamination, contain EMI, and
25 prevent light leakage.
Figures 6 and 7 illustrate the positioning of springs
184 inserted into spring receiving openings 186 and housing
assembly 150. Springs 184 are wire springs having a wire
diameter sized such that the wire springs 184 provide a
30 slight pressed fit between the spring, board attachment
features 156 and the receiving boards slots 160. With
springs 184 inserted into the spring receiving openings 186,
the board attachment features 156 are prevented from

flexing, thereby locking the housing assembly 150 to the
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cavities 132 that match the side profile and overlap the side edges of

doors 138 and 140. This further creates a tighter seal to prevent (0 | JUH 2004
contam nation, contain EM, and 25 prevent |ight | eakage. Figures 6 and 7
illustrate the positioning of springs 184 inserted into spring receiving

openi ngs_186 and housi ng assenbly 150. Springs 184 | prings having
awre ﬁ?%@g@r sized such that the wire springs 18?%#%@@%3;1 30 slight
pressed fit t nt - 1.0Y, .. hg rdatachmi.n.t features 156 and the

CJFE h\irg ﬂgiﬁggghgw%Qlpé}tlcuiar]5£4 lﬁgé?té;

recei ving boards slots Springs i d 9%t 82¥he spring
recei vi ng cpereagatddew sthes bbel dravide hwarstagkeabuswsh HaGdane2 pr event ed

from flexifg thbesey Le¢ki 4 j ssenbl y,, 130 t.he: 16 01 JUN
2004 WD 01/ 40838 PCIT USGO/ %%%9{%, é;gfre %Q%ggggléﬁ‘#'er?F%gb%%eﬁtar%flfjcﬁ?%r to Figure

6, one may °fapprebeatit SRR fEaGUBEHV e iFadsayenachrsugh eaim 102 for

the boasd anleashoendidecatucesd 1 theebardadi-end 458 nffsshje board
attachnent feat ies 56.is designed as to gaé‘:_p 5"the back side of card 102
ﬁ“g Y hies i8n§e

t her eby se&iFF SUSPRg PR SEERETS T i%hH t e t9e398veFsde axis to
t he daught ei0@ar dThd G2.otThe68| ates siG@dasectsitrad shehbddrat hbheikgar d housi ng

assenbly 1 o] ]p%gﬁ:mg t ng t I i tudi nal axis on the
surface of %tgﬁga%%i?df%%%%e co%bfnﬁg?@on% %F thlﬁoggf gg rd bias of the
spring assdpppjtudinalgdgishen fiheegomiete mivdirencar® 9¥2.t h@hhousi ng assenbly

150  ahd OV okBisANRANDEL €né Of o hAGAr hest §0!t8kansesnd rasts*égb%g'wfﬁem of the
card 102 with respect to the backplane 104. The conbi ne rce of the

springs 18278f *Rpriafealsthuiqrermsat1Kz pE ke dredng o2 peemileyail &P t han t he
summat i on afllaké woppespagsasPridigihesesscts teheasnédwse ehet he i ndependent

Fort oS, 178y ghab e I Sh) el Lyt ARRRI Lo Il ag, e oot ned
assenbl y bdbrweemsinsdusopeevattivegsprings 184 of spring assembly 182
15 is selected to be greater than the summation of all opposing
spring forces such as those of the independent springs 178
of the individual ferrule assemblies. Otherwise, the
combined force of the springs 178 of the ferrule assemblies
would push the housing assembly backwards thus preventing
20 the desired coupling between the board housing assembly 150
and the backplane housing assembly 120. However, as the
forward movement of the board housing assembly 150 will be
limited by flange 151, the independent ferrules still retain
their range of movement, thus assuring a tight fit on each
25 individual optical cable connection.
As illustrated in Figures 6 and 7 the longitudinal
movement of the board housing assembly 150 is controlled by
a spring assembly 182. The term spring refers to a
resilient or elastic member, such as a coiled spring, a
30 biasing clip, an elastic band, a compression foam, or other
similar devices known in the art. 1In the present
embodiment, the spring assembly 182 includes two spring
clips 184 laterally spaced with respect to each other and
located generally at the lateral ends of the board housing

17



20 the desired coupling between the board housing assenbly 150 and the
backpl ane housi ng assenmbly 120. However, as the forward novenent 8f!tlhgl 738
board housing assenbly 150 will be Ilimted by flange 151, the independent
ferrules still retain their range of novenent, thus assuring a tight fit

on each 25 individual optical cable connection. As illustrated in Figures 6
and 7 t HOPIPt udi nal  novement of the board housi ndF&SAU¥WIY 150 i s
controlled. b spLing .assenbly 182. The mspring refers to a

resilient %ﬁggﬁngt?%bheﬁﬁlrfp§b%$|3ﬁ§§5bgﬁii§% Mg 580 Dbiasing clip, an
el asti c bahuthctaocoenpaessi @xefrbam faawaatihéorcsialidnar tdevi ces known in the

art. Int : 0t o1 i SpLI ssenmbl y. 182 includes two
spring crfopr%rl%égg{l%ter.al | ggggfé%eﬁ \%idt ﬁg{rlg%f) catsst%gmé%ﬁéhgso[i'hgpuﬁnd | ocat ed
gener al | y @eathag] at BEinceRdss oreieenhbartd Housiing 27s4 1 /150839

PCTI USQ 10243 naseesdd Y10b5@ha hens Moakg ﬁé@ﬂﬂan%sééabf?w ighree

functions (a) tq exert a forward force al ongalt e longitudinal axis on the

board housiIPtE8s82mARA 150, tPntRCk theab? ashing beatsiasst Ween board
housi ng astsaibbyet&ft inantiet beabvarctsiAg ihadmdiRe 180agghdousi ng assenbl y
150 is nount .and (b) to | ock the poard |atching features 156, thus
prevent i nglr{ahdgrgﬁgg?%f %l?gl?%fgr%r%%‘éer%tI%OTS § AT "naaaef‘f)erﬁol y being renoved
from the trravddeandngensatdonpfowiatgudenpensaltiqnmehor ofing amrdi sal i gnment

of thepard. 19:Ihe,spid na-amseMblsy bi2spraley Akycbi Asesddg boar d

housi ng assenbly 1 towargs t ront or mating e ge 0 daught er
card, sucHUF&n9t aRS PRV LRBUSPTRF s SBALT 55 @ gatiny cestbe ofnbhe agai nst

the resistanedtef &Pfd,nguch8énayhame bhsr@%&ihlgugggan@ﬁﬁqw Ys150 i s noved
by an actifon posite to tﬂaél of the normal_force of_ ‘the springs 184.

15 o
Fur t her nor eo,rcgg Fglrﬁos‘{er 8P84"Ph F%areLet e A PEARAE 1%% “PRB two springs
184 at | attdreabbyrd pasedngoeasemrly dlSDois mdwrd tyeanosseidd on of angul ar

m SaliQﬁrmﬂﬂﬁ%siggu§orfﬂyﬁcg@gthe normal force of the springs 184.

Furthermore, as illustrated in Figure 8, the placement
of the two springs 184 at laterally spaced locations allows
for the correction of angular misalignments, thus reducing
the pressure and possible damage on the leading edge of the

20 backplane housing assembly 150 and compensating for angular
misalignment of the port.

Figures 9 -11 illustrate the plug assembly 190. The
plug assembly 190 is designed to receive a conventional MT-
style connector ferrule and provide connectorization

25 features to match the backplane housing assembly 120. Those
skilled in the art will readily appreciate that the plug
assembly may be molded to receive different types of
connectors. In alternative embodiments of the present
invention, the backplane housing assembly may be shaped to

30 receive directly traditional connector assemblies.

The plug assembly 190 is comprised of a lower housing
member 192 and housing cover 194, As explained above, a MT
style connector assembly includes a ferrule 170, and a

ferrule spring 178. The MT style connector is used to

18



the pressure and possi bl e danage on the | eading edge of the 20 backpl ane
housi ng assenbly 150 and conpensating for angular msalignnent of Ehlej;j:-] 7004
port. Figures 9 -11 illustrate the plug assenbly 190. The plug assenbly

190 is designed to receive a conventional MI- style connector ferrule and
provi de connectorization 25 features to match the backpl ane housi ng

assenbl yYW@IWH8PHose skilled in the art will readily BIfS8¥%Be that the

plug assenbly nmay be npl ded to receive different types of connectors. In
al ternati v‘@l@ﬁ*&&&?n@n‘f‘%“‘drfﬁhﬁr priedeR: cabhg ehtd dhatt he BuaeyPdae housi ng
assenbly rmy sbershapeilvd gadReterm.ve directly traditional connector

assenblies. Th I Ly 190 is ¢ i sed . of a | ower housing nenber
192 and housi nghgogg?&i}%mﬁ}s{ge%opwpﬁnﬁggng%%v]é’,défdﬁ/ﬁ asﬁlfﬂ“é? connect or
assenbl y iopenidgs280feefimed byOflamye aurfaceul202spai ngeelifngThel M styl e
connector Jgy Usgd gosgﬁn\éorggél% grﬁg@gmﬁ%%gr}g{énlrk%% %Tgsér‘ml ti-fiber

R
' 1
ri bbon cable 196 that is surrounded ' rotectrve |acke . The | ower
housi ng cotseteRPTEo2n 1| aadsa £ fargRt 17dperiheg £200t defitried BY1f| ange

surfaces 30%sed EREGIGH RPpewehy 200 .204owaksk A @@&&Hg-fﬁ aidnisAgeki p 206. The
ferrule 170 has._a_front portil_ﬂc))&eﬂl and_a flange 172. The front portion 171
passes t hrdligh tBpkntiy Zea9e Vier FOBpLET Iy ©08aFE Wl such that the

fl ange 172pemingozb@raye tthephsangehridaghesopenjangs20thand dnge fl ange 172
rests ai ng o] rf 2. The end 1 of ferrule spring 178
Y {E?fakgg £6f{ %h£mfﬁﬁi%j%F%% %Q tule igrigﬁ,f§% %Rggn in

when positioned properly ! ower “housin as Fig. 10,
rests wtHositeeeedirrpraily Rodhiandowsr clovgpriegséd2, bet ween fihange 172 and

the springiet abni Asdd Wi2A6n JNQiveAgPEERSiN ghaf£Lr Lyg 178
results i nlgef orce_bei nq115 l‘éxerteld agg‘ir’nst fl angce! %2&85%51%?'&%&2061 t herein
spring biPREMRGDT £F 3% 117028 Wer GPERPSURRT FHeAP Ny LR A6 -Fi §he11

i |1 ustrat esmpeHssign ey €erifle pesiihigonesl fayultat tACANRIHcet Bekyer housing

192. 1Ty55é%%2%89”56213§% flange 172 and lip 206, therein spring
biasing ferrule 170 forward through opening 200.

Fig. 11 illustrates housing cover 194 positioned for
attachment to lower housing 192. This attachment is
facilitated by placing engaging features 208 of housing

20 cover 194 into engaging cavity 210 present in the sidewalls
of the lower housing component 192. As housing cover 194 is
rotated in a downward direction, engagement features 208 are
trapped within engagement cavity 210. As the rotation
progresses male snap latches 212 are engaged with the

25 respective female latch receiving features 214, locking
lower housing component 192 and housing cover 194 together.

An opening 216 is provided in lower housing component
192 to provide a path for strength members 218 to pass
through. The strength members 218 are generally present in

30 fiber optic cables and are typically attached to the
housings of fiber optic connectors to relieve axial stress
on the cable’s optical fibers.

The lower housing component 192 also includes cavities

220 into which posts 222 of the housing cover 194 are
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facilitated by placing engagi ng features 208 of housing 20 cover 194 into
engagi ng cavity 210 present in the sidewalls of the |ower housing( 1 juM 7304
conponent 192. As housing cover 194 is rotated in a downward di rectl on,
engagenent features 208 are trapped within engagenent cavity 210. As the
rotation progresses nmale snap |latches 212 are engaged with the 25

respect iwool/¢8i e | atch receiving features 214, | ocki ngruseoness housi ng
conponent 192 and housi ng cover 194 together. An opening 216 is provided in
| ower housimgprdemponeing the? asseqmp iy irdecadpsad o @lrosﬁﬁen.gatﬁbﬂmrrbers 218 to

pass thropghiy ghsnataﬂlﬂmneﬁaeeme abs2hg SRS %' LY B &S RN L0 30 fiber

optic cables and are typi caIIy attache ousi ngs 5t TrbEr optic
connect or sSh4PING| FETROESAGIL%Gt ress  on the cabl e's optical fibers. The

| ower housi ng mgpomenilll&%ratée pINGY WeeEmEAY i11d0es ssdhih d Nt Whi ch posts
222 of he housi ntg fo%llgar 194 %(;9 V\D 01/ 40839 PCT/ US00/ 10243 inserted
duri ng 1 hetis SBEHF eetd&?g iGe? | RNt F241Pg kPR ANd al i gnnent  of

t he hou5| rnyamb@\ret23(19ﬁnsualtlled I dvmar belmdusa@gls:m(ﬂlﬂemtmé;&?er Bizg. 12

illustrat I 0. onto 5 the . optical fiber cable 196
with a beﬁ%rp ggﬁsgéontr)ﬁh&g 1%% r%é;ggl 'nst aﬁqmé’ﬁls?ﬂ g%e"hd radi us control
menber 23(ﬁh1f16ﬂ‘ab&¢p6§@§1901th@hlleaﬂ IHegst apwlind ioyecoaprésmedhonfsiag shri nkabl e

tubi ng thajehasnbeen sPRILGAa0¥&4H13 18g! e 2 of pl ug
asserrbl 1980 neggabl erﬁs @r?)t ecti \Ei;e 10° j{a\p{%a%g%g Ig{.%p%%%c bl e

strenglh rEfsEFs 1998 anfhéh Beﬁﬂb & &St ECEBH MsmbeERbhR}E8 23(Fhies biyaat ed and
shrunk i ntadiesi tootrol enben ZHEUsi Rgated! mdl 96 rtxt e Plgegiid9, Fig. 13

shows a cahl.e fQrp devi npt i si a__yertical support 255

f ast ened ?% e%gsge%%g[a]tq’g Eéﬁléﬁl%’e’g%e’ é}rle I‘%%’%P "form ng nmandrel s 256 t hat
are attached t Bigeri chlowsupporrle252rnihe deaidiceszbo ¢drrq:mta;|1dlgehs 256
exceeds [h@rcsbhl i sdlodiendss aidterkdl cbhe pild £abeLihef SGaplge196- The

angl es of the mandrel's 256 with respect to eac
more forming mandrels 256 that are attached to vertical

support 252. The radius of the mandrels 256 exceeds the

critical bend radius for the optical fiber cable 196. The

angles of the mandrels 256 with respect to each other

correspond to the expected or desired path for the optical
20 fibber cable 196.

To apply the bend radius control member 230, a
shrinkable tubing or jacket 262 is first slid or wrapped
over the plug assembly 190 and the optical fiber cable 196.
The term heat-shrinkable jacket or tubing is intended to

25 include tubing, jackets, tapes, wraps or coatings comprising
heat-shrinkable materials that may be wrapped around the
desired portion of the optical fiber cable. The term heat-
shrinkable jacket refers to a material that, when heated,
collapses and compresses around the optical fiber cable, and

30 remains in this collapsed shape upon returning to ambient
temperature, such as heat-shrinkable plastics.

The cable 196 and the shrinkable tubing 262 are wrapped
about mandrels 256. The illustrated device 250 produces a

dual bend wherein the cable 196 is formed down and left thus

20



correspond to the expected or desired path for the optical 20 fibber cable
196. To apply the bend radius control nmenber 230, a shrinkable tugnpﬁ Q" 9504
jacket 262 is first slid or wapped over the plug assenbly 190 and t B
optical fiber cable 196. The term heat-shrinkable jacket or tubing is
intended to 25 include tubing, jackets, tapes, waps or coatings conprising
heat - shrVARYHPE naterials that may be w apped around BGTASOYNS oq portion

of the opti caI fiber cabl e 'klj'he term heat- shrinkable jacket refers to a
material tHR2C e REBRURd PEBE a&s SARUNKRIthSr E888RY ok (HBEMt he opti cal
fiber Cabllﬁaat&ldd t30ar eengiarstiune t hifficdkehapse kAaPEhs POILIHRL ¥ENi Ng to

anbi ent ratu e apl e .plastics. The cable 196 and
the shri nkseiﬁﬁglkt UblEﬁ tlgéjgj}aerggng\ﬁ%ﬁ&poég& Eogtt’e r{%ﬁ%r 8fB°956 The illustrated
devi ce 250rqauddgdeto acoiamsebeel irdr-shninkableablate 6l iis f or mred down and
eft thus 20 edUbh 200 YR, 044339 BETLIEAN:10243, £Taticng @ compound

bend. The shrinkable tubing is then heated to a tenper re"sufficient to
cause the HHFTNGaPLe: i K. PF P iHEIpitBaRnEhe M9saR Feprentdneat exposur e

required txamgel fapsend hptheal - sivdmkabhe, Mai&rd abuksed sl §aLeGad 0 avoid

det tal, effects to.t i b bl t 'to_be higher th
The nor malhpa¢AC PRI, (HARGE-FoH ™ M SUpPHERF (9. bEP2 4B T8RP SBUT Cos may

include hotheai sujtaisle ihertidsatiaws .hedhe cheaminigsmaheisd eibngabdEets or ot her
sui table hAdk:8QuERESprlig) Nealidg offRYnDEnd GG el o7 50 Pl acing the

optica he mandre er war ds & shri nkabl e t ubi ng
262 and t HEteanRrEA196 Thee Fhr inkatdisp&dbane ud 62andr the @BAewhPbe t he t ubi ng

is all owadnkenCROAppNGBoGOOhAkr 138 2680416 1LIG Wi bhbﬁﬁli%e the desired
shape and nd r.adi uscq'inhe tlffnecﬁs of the faornmed 15 cable may be

cont rol | edBP¥ERe? HFWKRnes G FIHEduF BRetahle 696t‘h’eun'élséflmﬁl the om whi ch
t he shri nidebliectiughame iandf bemdcadius . The stiffness of the formed

[5 cable may be controlled by the thickness and the durometer
of the material from which the shrinkable tubing is formed.

In certain instances it may be desirable to cocat the
inner surface of the shrinkable tubing with a heat activated
adhesive that forms a bond with the protective jacket of the

20 optical cable 196 and with the rear housing section 232.
The bend radius control member may be applied to any portion
of the cable where a bend is expected or desired. Field
applications may be performed using a wrapable shrink
material and a portable heat source, such as a heat air gun
25 or lamp.

It should be noted that this invention is not limited
to the use of shrinkable tubing to provide strain relief and
bend radius control; however the use of shrinkable tubing
offers an inexpensive solution to an otherwise costly

30 problem.

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

precise alignment. While the present invention has been
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In certain instances it may be desirable to coat the inner surface of the
shrinkabl e tubing with a heat activated adhesive that forns a bonf Witk 7¢04
the protective jacket of the 20 optical cable 196 and with the rear

housi ng section 232. The bend radius control nenber may be applied to any
portion of the cable where a bend is expected or desired. Field

appl i cat Woned/4088y be perforned using a w apabl e shri nkPCTES00MG2¢d and a
portabl e heat source, such as a heat air gun 25 or lanp. It should be

not ed t hat 9efFihesy WAt oh Hefemepce | th taxgmplary erafserefi shrinkabl e tubing

to provi deembddiimentel i ehe antenbesd maAdids a0 I 11 NOVEYEr 118 syge of
shri nkabl e_t ubi n N ne?Pensi ve solution to an otherw Se costly 30

offers an , : .
probl em THIEW &KithPR ‘iﬁ“??atrﬁéngr W 14hea 5B BET Atfe thBain¥eREigir-esent
i nventi on Amyoridngdgd iheshomdudpbé nthdersabbetyhaf thepbhbadimieisces and even

non-optjc L GBS I equi eci se_al i gnment . ile the present

i nventi%na{h%ﬁggﬁ ﬂ&ghfu%%gég%ﬁ% 6‘1?%0 PETFUBOBFAHS descri bed

Wi th a ref&h@aHcenes kxerpiisidprpd ederldad tivgiiddi senbe, of hehd nventi on may be
enbodi ed | grdher igpestfdC bOREP W AR j 3 he spirit of the
i nventi on.&Accor dingly, it shoul dwbrtelgggx,)d%???g%yotaﬁgéé%ﬂieénesnﬁ% iments 5
descri bed Bhdade tﬁgtg%“)(/oerc?laﬁéﬁtht'hrtéleoﬁPyrb&eﬂr’fﬂ gegrandf Wiroul d not be
consi der edpassentnibhvéergridne scope of the present invention. O her
variations and nodifications may be nade in accordance with the spirit and
scope of the present invention. 22 0 1 JUN2 0 0 4 dains: 1. A fiber
opti c connector system (100) conprising: at |east one optical fiber cable
(174) rnounted near the
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edge of a planar substrate (102) for connection to another optical fiber
cabl e through a backpl ane (104), each optical fiber cable (174) inélludi HgZﬁM
plurality of optical fibers and a terminating ferrule (170), the

| ongi tudi nal orientation of the optical fibers within the termnating
ferrule (170) defining a longitudinal axis and a forward direction, the
ferrule having a first |longitudinal range of notion xi with respect to a
body portion (176) and a ferrule spring elenent (178) having a

| ongi t udi n&ai®¥y yl e spring force f" in the forward direction, a substrate
housi ng assenbly (150) nounted on the planar substrate (102) the housing
assenmbly (150) including at |east one ferrule receiving cavity (164) for
receiving tthe 8pfikedl oPFbF CTEEELPe YEROY, (XMW semxtisine: housi ng assenbly

(150) having a SECQ@dstoaﬁét%ﬁtB@él r 8nge- ofapiet i @RaX2 Whhded reShecind 0 the
substrate (102); .a substrate housing assenbly spring (182) connecting the

substrate housi ﬁag%s%%rﬁallﬁ/la(“ﬁofuﬁﬁfattﬁe (E)P%lhafrorsﬁ%fl?‘é’%’ém teogpother

characterized i Bpthail tfmaehmasdlagtaﬁca@mbbyb&mglage(aﬁm controls moverrent

of the housing asserrbl 15$%a agnprt he se?ond | ongi tudi nal range
motion x2 and h&9Fhg Bt Maf¥HEusi G sprrhgastst c@ PRUFH I e°fforvvard
direction, whereptideal ' ffllbeﬁs Eha conneckatimyihgm ffrrallai milo) whenei n the

housing 23 0 1 JUN 20 senbl prln 2) conm ris a first. an
second |ater aI# J|§ta(?de sugﬁé?f'}s/tia% gp |né frefiBet sal( 1§z)frsc8ﬁ’fl?]tﬂ 1 d“r‘?
novenent of thethmns‘tatgnasﬁenbl];e (150) aedingngt helsagntrmﬂllnamgakinjlmﬁi range
of motion x2, the fadst.and g;$8800 sus?[g SIE)%: LHI’I ng enbers (1%0%

% he housi ng asse W t h

all owi ng a range of angul ar “novenert Iy (1
respect to thelﬁmmdlgabstrlﬁagé Ef02)otion x; with respect to a body

portion (176) and a ferrule spring element (178) having a
longitudinal ferrule spring force £, in the forward
direction,

a substrate housing assembly (150) mounted on the planar
substrate (102) the housing assembly (3150) including at
least one ferrule receiving cavity (164) for receiving the
optical fibre ferrule (17¢), the substrate housing assembly
(150) having a second longitudinal range of motion x, with
respect to the substrate (102} ;

a sgubstrate housing assembly spring (182) comnecting the
substrate housing assembly (150) and the planar substrate
{102},

characterized in that

the housing assembly spring (182) controls movement of the
housing assembly (150) along the second longitudinal range
of motion x, and having a longitudinal housing spring force

h in the forward direction, wherein

DI A

2. The connector system of claim 1, wherein the housing
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3. The connector systemof claim1, wherein the housing assenbly spring
(182) conprises a plurality of individual housing spring nenbers ﬁlﬁﬁyﬂ 27004
wherein the summation of the |[|ongitudinal spring forces h of the

i ndi vi dual housing spring nenbers (184) is greater than the sunmmati on of
the longitudinal spring forces f" of the ferrule spring nenbers (178). 4.
The connector systemof claim1, further conprising a backplane housing
assenbly (120) having a receiving cavity (132) for receiving the substrate

housi ng assenblassedB®), sgrhagbaclkphanehausing assepbly {20} being
connected to the backplane (140) and a retractabl e door (138) on the

recei ving cavi t\**€¥323Y 5 SERCPHper SBRTIEIEBNNeBROIN Iy STERPEFS cl af il

conprising: a mlwbanﬁqdﬂom@da@naswn‘@mé K28k ngetisBémg At (103Sta10ne
| ongi tudi nal re e|V|n cavi t%@?Zé the receiving cavity (132) conflgured
to provide a fr aﬁec nflﬂﬁg’( Apal) BPe OF i TEECB UMt ace’q 155 tofithe

backpl ane rrenb@rec(aﬂae%u@musaonr eprimperinBgré 18694 )alaangwans e£ ontchgeurtace .
(112) of the backpl ane and a fron Qo0r 138) coverlng t he
frontal openi ng & i‘gﬁf ‘&Vdemeggr%’g Ordgc?roufi%)as &‘7%?%815(% FERr TSRS ng

(136). 24 to the planar substrate (102)

3. The connector system of <c¢laim 1, wherein the housing
assembly spring (182) comprises a plurality of individual
housing spring members {184), wherein the summation of the
longitudinal spring forces h of the individual housing
spring members (184) is greater than the summation of the
longitudinal spring forces f, of the ferrule spring members

(178) .

4. The connector gsystem of c¢laim 1, further comprising a
backplane housing assembly (120} having a receiving cavity
{132) for receiving the substrate housing assembly (150),
the backplane housing assembly (120) being connected to the
backplane (140} and a retractable door (138) on the

receiving cavity (132).

5. A fiber optic connector system of claim 1 comprising:

a backplane housing agsembly (120) defining at least one
longitudinal receiving cavity (132}, the receiving cavity
{132) configured to provide a frontal opening (134} along a
first surface (110) of the backplane member (104) and a
rear opening (136) along a second surface (112} of the
backplane member {(104); and

a frontal door (138) covering the frontal opening (134) and

a rear door (140) covering the rear opening (136).
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