WD 2009/ 099737PCT/ US2009/ 031176 REMOTE GRI P OPTI CAL FI BER CONNECTOR
BACKGROUNEO 2p940198738f t he | nventi on The present inventi o®ROTESINPSOS1K6
to an optical connector. 5 Related Art Mechani cal optical fiber
connectors for the tel econmuni cations industry are known. For
example, LC, ST, FC and SC o-tlcah connectors are wi del v used.
However, conmercial | yWEYEITEL e wel |
suited for outside plant field |nstallat|ons Typi cally, an adhesive
is required to mount these types of ferrule- 10based connectors on to
an optical fiber. The process of BHMHEGROIMEDfi ber to the ferrule can
be awkward and tinme consuming to performin the field. Al so

post - ass d%ﬁﬂ?]ﬁggﬁ% requires that the craftsnman have a hi gher
degree oftd Renote grip optical fiber connectors are

al so known sun{épaésehhm&nﬁﬁsgﬂir@@éh ionlptiatconiutord, 337, 390. These
connectors enploy a mechanical gripping elenent to secure the
150ptical fiber as opposed to an adhesive. Al so known are hybrid
optical $HlateéAsonnectors, as described in JP Patent No. 3445479, JP

Appl i cation 6 ngﬂ
2004- 210357 '(\I% %8@%71 %%é%ﬁeﬂé%&%?ﬁ?ﬁ%&sggl ri 5 ]%lgclgla{l:% e%lgor S
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significant piecew se asserrbtlrlil ’ZJO t he connect or in th lgégq
handl i ng and JlYWsHeRiPEMSsially pyailsble aptigtl coppestars apynat peellsyp r@rdtmde
can resul c t
Goor casad it Bl HRRN Afns O THRCER Han BIRSNE N il d%g.fﬁg%#ﬁ‘éﬁwe
Al so 1knovinsatr c&)nnea’lme@ndo an bpadtal fibenorPermoeess oberndiig the fibhato the frrule can

fact or n t n these connect r the c end of th
ber s evray e apd mé SOPRBng B Serraiin U BER. A sersemRy rskine
8t chi g gl ShadBRckrh Buchdr] vt Bt P abgbueLAIA he back end of the

fiber stub and the front end of t termnated fiber. For outdoor
appl i cati ons, Regpdegep IOptwetbﬁbehmnmﬁﬁ@m‘@alsmhnomrsu@ln@ethg@ desquiilepd in US

t enper at ar, nde fraction.o

et e NE AR, et e egfoly RbLORiR! ghibfippElen{Fit i SeaR e
l'i m tisng ealmp@g@ﬂfosaefof@rmmeel n those particular applications.
Anot her effect that can occur is nobvenent of the fiber ends relative

to each ot her Alsakseyn pse hybrif optieal isplice wanreriprs cassiehisd iin R PatepieNo.
t t I
LT O s RGP APRREad S04 04 b B HOBRNEN ) U R iy

can be a@opded03sy (WO Z006419818). \Hosvevem tiede h»ylbxid sphict betinec i ae not |

whi ch can 5fractur t he bond |ine_and cagse mat [ ng_failure. SUNNARY
OF THE | NOmR#ilblwith standard connector formats and require mgmficant piecewise assembly of

20  the connector in the field. The handling and orientation of multiple small pieces of the
connector can result in incorrect connector assembly that may either result in decreased
performance or increase the chance of damaging the fiber.

Also known are connectors that incorporate fiber stubs that are factory installed.
In these connectors, the back end of the stub fiber is mechanically spliced to a field fiber,

25  where an index matching gel is used to fill the gap between the back end of the fiber stub
and the front end of the terminated fiber. For outdoor applications, especially for
environments that can undergo a wide temperature variation, the index of refraction of the
gel may change as a function of temperature leading to more reflections, thus limiting the

connector performance in those particular applications.



According to a first aspect of the present invention, an optical connector
for termnating an optical fiber conprises a housing configured to mate
with a rewepb@ulersand a col | ar body di sposed in the hougCcmgiS200be30oé | ar
body includes a ferrule securely 10di sposed in an opening of the collar
body, the ferrule including a central bore that defines an axis, a flexible
wal | structure, and a housing portion disposed in a 3§£erally central

portion of therrwhirgifepighyt carpecuarsiongmeisof therfihon endidekatizg togsshiotigrt o
. nex ; 1o | 4 " 0 1
oveabl o tAMANE A RRNEerkfl 8RB o0R hE Rl e sl FbPRrHAS iy ! &1 1Y

gri ppi ng stéhgiboadedlinlphacanidtivefibeappgedtion Heng tHeffpirtlg cdeéw toe grdac leucssiva
gri pping el enent. and .an actuyating cap, where the gripping elenment conprises
a duct i | dOFFaP €41 A anRAGH %&a‘%@%w Vﬁlil%r@atﬁﬁ tthagaiceeomes et “Heh S¥cond

el enent Hﬁg??%g%qnmaﬁkaEdkﬁgén&ﬁﬁg%ghﬂg a fiber gripping channel to clanp

an opti cal recelived thereln tGpon actuation by the actuating cap. In
anot her aspect, the housing portion of the collar body includes a nest to

receive 20 the gripping el BuMARYHOFdHE INYENTHONt i on of the received
gripping elemept is registered against an.inner wall .of the housing portion
ana s second paeerant 4 FiEhree S OTG A p RS, AR i aptSelP Y olabt ! ¢

el enment  despEas@t dnbptioel My SompriRe atho@king o fiirédPlol dte Raghya rebéptaieamBs pect ,
the elastic el enent cogPrlses a spring arm In another aspect, the

act uat i ng @alpr bashyphisppsed wirfbe bpusing: el ool lpabadyl inelndesd: isruterbeosehit eri or
portion of._t : I | . i | egs
tomar@ oﬁ%*gﬁ%{ﬁ@@fﬁ%§@$§89%3?&§ﬂ§§§;ﬁ%ﬁ%%geﬁﬁiw%ﬁégfs %%ﬁlfg%ﬁggﬁﬁ%;freely
fit w thian dxbea flekidiogalpstidtgs, sdchhdubiag poprton dgioded inangdnballgapntedpands and
contracts wi.ith the gripping _denent during changes in _operating tenperature.
In one adipEiqn ofithe C@W %aiihgﬂéq kst nosiiPHiReludes HPRAPIEEP ECFBRSH M a

same mat &Rk 1o ng]% glrlrp @Btgéag gP?lgflﬁl%%rrulte he, QIU ﬁﬁv%%ﬁyinpéﬂeﬁlgg{t O.E g%: Hlgs a

buffer clanmp to portion of the optical 't e that
houses t heowpidnc af the iopecal fibVORIHHPORARIWRCT/ US2009/ 031176 | n anot her

aspect, the f%rrul and col | ar body define a first ﬂth and .t he gri.pped

opti cdl fiber BAEOGET BRPGnERNUE doich O LeS e IR AR R R and

second paaag,swﬂéw%&g%ﬁ@&&ﬁéﬂmpg@gs&fg@cﬁtéﬁ%ﬁmqla%%_raaéobumﬁg&maﬁ hat the
y

path | engths change in substanti he sanme anobunt with a tenperature
change. Sonplgnbtshend secped elemgpidngactdiaefitbalegs inchuling ¢ fpérrayippng chenzehd upon
connectiqn of the gﬁtf§§l fiber connectorttq.OQ§4$f % connector coupling, a
connect or'® §EAPRY E R P Srishet SFeEs Ry acFion Y PEALUEIY €8s t han about
20% of a t ot alinlape@ei 6@, ths hdhdiREpdrioRBPIHeRdI1irbddfendidds Galest tb B&eive

I n anot her aspect, the flexible wall structure conprises bowed outer walls

of tHe 10BoBNERINGeleMenumdees nitst pation shthsfreeeivedsipatiarrsment oy ieaistepisl i ed to
the ferr nggin'stsar{[ 159&%531’ 5fe[ﬂe h&s&%p&ﬁx\ﬁe gncpé’ Ee%%nefvf%ljtiﬁn of the received gripping

clement engages an clastic element disposed in the housing portion of the collar body. In
one aspect, the elastic element comprises a spring arm.
In another aspect, the actuating cap comprises one or more cam bars located on an
25  interior portion of the cap that engage the element legs, urging the element legs toward
one another, during actuation, where the cap is configured to freely fit within the housing
portion such that upon actuation the cap expands and contracts with the gripping element
during changes in operating temperature. In one aspect, the gripping element and
actuating cap are formed from a same material.
30 In another aspect, the collar body further includes a buffer clamp to clamp a buffer

portion of the optical fiber cable that houses the optical fiber.



I n anot her aspect of the present invention, an optical fiber connector
conprises a housing configured to mate with a receptacle and a col |l ar body
di sposed w0 200909bm3asi ng. The col | ar body includes a ferr&rasecammbp7ei sposed
in an opening of the collar body. The 15ferrule includes a central bore
that defines an axis. The collar body al so includes a housing portion

di sposed in a generally central portion of the collar body, having an

openi ng to red8iapethar pp@piha derady prkcallsr gedypdafincspinsrath pidibe grinped e t he
ferrule is. axi I: } he

opt 1 cal. 1! ek nd BGAR, S ARRRCREndHunt, e i TRKE TEOha Pk

i ncl udes have aubspinnallWWheatnb effgetivepivogllel Biremthat heathplosghs ¢hang®irhe housi ng
portion, a portion of the gripping device registers against a first portion

of the caMPpirHalYARe tame FagHnb PihergRgEe W hHENGEP ppi ng devi ce such that
grippisng devi ag shomexdBbdyylinaRhAGEHof MEQEidHink iV LE AL forRARCARNUAL T on Of

the campin to generat I ber protrusi one aspect, the campin is
r ecei ved thyoptidahfiberglonhat@ th onerefia connietter calpliag, houyettpambpersed 80 t he

fib is, wh th i i | i ically-sh d st t
N s Rt A
a first peplitdn thaypinal péd rst di aneter and a second portion having a

second dianeter |arger than the first dianmeter. | n anot her aspect of
t he present i uenethenaspesi, bpilcsidle walhsitutwre comnpsdsdesed ohtsusiaHgotdnaf i gur ed

1 t.h | d | b di d.i he .h i . 30
e e ol By CRRPAR SuBBS ofa ARRLaRim R T L ARG 56 aleTellE iR RIkg. 90

gri ppi ng tdeid sBvddnakdrdianlg. a fi ber gripping el ement and an actuating cap
configured to enga%e the gripping elenment. The_ col]lar body includes a
ferrul e secur dnyhethepiseed of hearesspeimiverfions an pricabfipercopgsctor comprises a

2009/ 0997 /E§§$9 g ele) i | bore

t hat defﬂﬁégggﬁ a s&igﬁééggfﬁgg%ggggﬁg%§%£?ﬂg?hggéggbﬁggg}%gm%g$%$on

di sposed The m@llgebwiyahtlydsentrrale sparrtlyafispofed ihanopkhiag obtdycolacbdigyiThg an
compr PaesPH Gaet ke st i are RAAeast bt T HGr BHar AeosheE Fi st and
second e'lﬁﬁﬁﬂ% baZS.difR Afa RhBGII 88frdl PEHIBHST 1R ddiRERod) hARhP G, Channel to
danp the opti gl fiber received therein upon actuation by’ the actuating

cap. The apemmgdt cceivs atgnmgpmgldeyich&b gng ed optvet fibert whpertht fermle mangellpf at

| east 100C. . .In on ect, the cap.i,s registered,to t.he coll body,
where t hddwplsindsayt ol BR A% worGpife i Ao UR Bl ePonins o&fiee-THis e ¥ he
dement | SpkieilMRsdr 86nRce R tholRieS b icai-pin. IWhER ehA&Eippatd QBmERRs H%ﬁos’éd GEin a
fiber axis direction that is substantially different Troma CTE of the

col | &0 bobyhoysinghwordeme rortiar ofghe griphipgdevientcgisteropgaings péiett portipa cddhauat i on

cap has a gré':frrll,' {%ﬁi%hé ang E)%n? i gge%itflee g%]%pgg%%igvé} e iu%ﬁgﬁagg%)igéiné '&%‘v”lcé ﬂeaxlgl-E of the

col | ar bo&y e sane r=axis i on: ummary o he

present idiytadet @wdrds thetfeirilt @poe aethftichaselid &en piaad gdiirhte usibeapusiohodi ment
or every inplenentation of the present inventigon. The figures and the

det ai | ed Ta@8e psnset. i anbRinfpioceingd bop drpugh bl formed v herpllprBodyhese _
e e S RTINS et o
wher eisn: insertable into the through hole. In another aspect, the cam pin includes a first portion

having a first diameter and a second portion having a second diameter larger than the first

diameter.

In another aspect of the present invention, an optical connector comprises a
housing configured to mate with a receptacle and a collar body disposed in the housing.
30 The connector also includes a gripping device to grip an optical fiber, the gripping device
including a fiber gripping element and an actuating cap configured to engage the gripping

element. The collar body includes a ferrule securely disposed in an opening of the collar

3



20Fig. 1 is an isonetric view of an exenplary optical connector housing

according to an aspect of the present invention. Fig. 2 is an

i sonet ri cwoizew/973an exenpl ary col l ar body of an opti calPCTarsa@odr176

according to an aspect of the present invention. Fig. 3is an

isonetric view of an exenplary collar body cross-section according to 25an

aspect of the present invention. ggﬁ is a cross-sectional view of
ag

an exenplbedy. Befdrafe eldingce emiiahpre shai de @xpf Thgsobwrdodnelspnvent i on.
Fig. 5 ry, pect of
t he presén? ?ﬁ@g%@?oﬁ%ogg%iﬁ§ﬁgaégla(%g%i?ogadgé9§§7o 5£&%%§Rp d?@’optlca
connect orhaameahdipaging o flcias Id&cgrlppﬁng dE@lQR[ @hentthd prvgrihg cloment compriséd gs. 7-9
show sche c top views of a | ary tical connector during

connect i GHC akéeétaﬁlﬂéamgér@% fo h CtOHgl%Pé%éwi SRV RIEMSRC cgs. Ethigf g. 10
I's an s sQRe{dsl tohldeWa B AT aARY 16 ClahB thD B cP FibATORTdCRE fCt or
accorélngﬁ§éggno¥hﬁ aasg tTof tﬁ% presé%?;|nv ntion. g%?g 11Fﬁ9g%

secti onechctuapom/bgwhem‘cuanngxqrmﬂwcpnocﬂtdnam theoayllpbalamced pivecatemperateet or wi t h
a can1p|n i ns %ﬁi tﬂmgcflrst position according to another aspect of the
present iAVEHAGFAst Fig. 12 is a sectioned top view of an exenplary
col I ar body Of[n@dfec AP Me GRINREIRIedMotthe BolfRBL&Y, Wi RSBklc8Hartfddg afg@cond
position according to anot her aspect of the present 10i nventi on: Fi g.
13 i s an dapereforned of efirsomataniabredpiharathe elemsat is formredad aseeandonatatdor di ng
to angth it of the sent |nve d vi ew of
an eggnpﬁgpfcoaf %§$9m%nﬁgf Ot 42Tt 4Fa$%ngﬁgpﬁgﬁm%§we %eqhgn%ﬁesent

i nvent i orCTH bFihg<olldEoli® 1§ﬂ@vyaﬁ@h'ﬁ>ﬁﬁ§>h§dir&@10ﬂl ‘BMBneOzfsp@éi maemhtacwca@ptl cal
connect or durln connection according to anot her aspect of the present

i nvent i orltas a CTE ingg {gber pyin dirgctien thabimergare thande 6T E tescelisr hedy B¢ cal
connect or,, AGGHY g&ggdﬁ&ngﬂpther aspect of the present invention.

The above summary of the present invention is not intended to describe each
15  illustrated embodiment or every implementation of the present invention. The figures and

the detailed description that follows more particularly exemplify these embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further described with reference to the accompanying
drawings, wherein:
20 Fig. 1 is an isometric view of an exemplary optical connector housing according to
an aspect of the present invention.
Fig. 2 is an isometric view of an exemplary collar body of an optical connector
according to an aspect of the present invention.
Fig. 3 is an isometric view of an exemplary collar body cross-section according to
25  an aspect of the present invention.
Fig. 4 is a cross-sectional view of an exemplary collar body according to an aspect
of the present invention.
Fig. 5 is a top view of an exemplary collar body according to an aspect of the
present invention.
30 Fig. 6 is an exploded view of an exemplary optical connector according to an

aspect of the present invention.



Fig. 17B is a cross-sectional view of the exenplary optical connector of

Fig. 17A 20according to another aspect of the present invention. Fig.
17C i s arwexplades7vi ew of the exenplary optical connec®or/uskooiogl17d7A
according to anot her aspect of the present invention. Fig. 17D is a

cl ose-up cross-sectional view of the exenplary optical connector of Fig.
17A according to anot her aspect of the present invention. 25Figs. 18A-18D
show di f f er entFigs. dvisshop schematée ioatviigns i Brmplisy ertéhramgctepdyra

connect or i g. ' ct of the present invention.
Fi gs. 19&@%@?8@#%@8@%?%%pg&s%v%%%gh@&%ews of the cap and coll ar
body and the diigeldisan iwinein] @etviodanckanplafy sodaebodl ofciuraphgal reohekcng
according to anot her aspect qof the present invention. 30Wile the invention
i s anenabiceordBR/aAnIlsT avBeht of BstTonat BMENTANt er nati ve forns, specifics

t hereqf have : R Endi -t i |

descrigbed in g}ggglilﬁgg\légc@%gw ‘géewﬁﬁderseﬁnoéol%;y éﬁgﬁlﬁxﬁgﬁg?ﬂ%ﬁ\gbél%fgﬁti on

i s not t owith acdm pheinVdtcdo 9/fG9PoSiTIPT R IB0Q S ARt Gspaey efthe prestwt t he
particul ar enmbodi nents described. On the contrary, the intention is to
cover al I""WB4PPi cations, equivalents, and alternatives falling within the

scope of the ipyemntiaRc@mnd@tdy gy ah B g Kddgiors dhcbfldct
DESOR! PTI ON CF THE EVBEDIVERTS o o 8 e o ovvidﬁg Dgtogﬁr ed

Descr i pt iwith a pah grremeetddgo prdeond positien acwodipa ty dnvghat rsbichgisthe whiset f orm a
part her eloféntialrlld in which is showm by way of illustration specific

enbodi ment €M whi ch t he i nventi on may be practiced. In this regard,

di rectional tefigi 130k @fYson®ttdvid® oftafRxcmplast dodfibctor droMdection fRekKling to

"l eading,"” "forward,” "trailing," etc., Is used with reference to the

ori ent at i49Athst aspret ofithppresedy inyBRtRY. descri bed. Because 10 components of

enbodi nents ofg: nr L nv-ent St J er of
different ori eFr%%'glt%i 15%12,%9]? %éd(;?/lfg‘gco ?1{1)]ﬁgﬁﬂglg&n?%(rg%%ﬂodgogﬁlﬂi&g&ua!segﬁdﬁgﬁppurposes of
i 'l ust r atanotheaagpetctofitine prosendinvention.i ng. It is to be understood that other
enbodi nent s nﬁy be_utilized and. structural or |o ical.changes q?y.be made
wi t hodt depar thii&y 1P riomhpiechapiic tap Vichs o AR SEFRPIRRVRAtCR ORISR i owi ng

det ai | ed deschibRbtQRdink A LRI R @spdc of¥BE ptRcRGnidieR in @ limting 1l5sense,
and the scope of the present invention is defined by the appended cl ai ns.

The present i Mignt7Aorn anssatiatec ved dfanancmplarcapticabemmaettor accbrdigatot i cul ar
the optical connec8§é$of thg exenpl ary enbodi nents provi des an enhanced

t her mal  SORET PPYCIRThe FeRingivVeRer at ure range. I n one exenpl ary aspect,

an optical comMECt isiaTr&RRbtHALEHHWEhd ARl ope&il toitRcRt of PR, I7Rer end
face with respect to the ferrule end face remai ns 20substantial I'y constant

over 2 wiageondmgpe enethereaspenigétheipicsentiaventionve embodi nents, the fiber end
face can be p%g.éfﬁﬁ%nzelﬁﬁl%?ed%iteh &f}ﬁ?ede;)(%gx{ ga{rgto&ri‘é%l%&%%tc{%? O%ﬁ%dfwger end

face can protru om errul'e en a predeterm néd protrusion

di st ance.acklsiding tb hfotaxenptaLY titpgresehiinesntioar ei n, the contact force applied
to the term nated fiber can be kept at a suitable |evel during connections
made over a wilde tdhiserdessrwy Gramgectionhriesrafithetcapiary opdeal sQuipsiosof

embodi me rﬁig.olf7At g&oﬂﬁﬁgsﬁ)%ojtﬂéy gﬁ)te.btod}"théa&egéﬁtt bfk@htion.
25 Figs. 18 A-18D show different views of the actuating cap of the exemplary optical
connector of Fig. 17A according to another aspect of the present invention.

Figs. 19A and 19B respectively show isometric views of the cap and collar body
and the direction of injection flow of material during molding according to another aspect
of the present invention.

30 While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be

described in detail. It should be understood, however, that the intention is not to limit the
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fi ber connector 100 is shown in isonetric viewin Fig. 1 and in expl oded
viewin Fig. 6. Figs. 2-5 provide nore detail ed views of various conponents
of opticawvocomwme13or 100. Optical connector 100 is confipgunsdowo3rmae e with
a receptacle. For exanple, the receptacle can be a connector coupling, a
connector adapter and/or a connector socket. 30 Also, as shown in Fig. 1,
exenpl ary optical connector 100 is configured as having an SC fornmat.
However , 18¥n{entQths@agjspbar embodigncatiedessriteddiQrethy cemdrary, theyintepsiogs togi ven t he
pr esent - 3 jiRt . I nect ors
havi ng ot E%Q§@%§%%§%Z£§¥%§§§%%§%gﬁ&é%gggs%ggyﬂg%ﬁﬂtﬁgg%%%@%ngﬁfornats, to
name a fedwyentian aslisfinddéyphowpaded claims. Optical fiber connector 100 can

i ncl ude a connector body 101 having a housing shell 112 and a fiber boot

180. In this exenpl i | S_C Lgured to 5be received
in an SC receptaclea@éiégggﬁﬂ£%§gRﬁﬂ§b$H§%%ﬁhf%ﬁﬁggégg* ISor an sc socket),

COoopPT C1

and a sbackbongnd6¢1BRind Eetgﬂ’étﬁﬁgschﬁﬁ%}g geftefbﬁlc§ gﬁhdtde]té ZhedohPaty

h&aovides
structural support for the connector ). In addition, backbone 116 further
i ncl udes dewingssvhidnéracepsshapgnimignmiich istshewn dbanwayradvileheratert spesifico
actuate a_gri,pping. devi di sposed wi.thin the connector. .Backbone 116 can
further i REIHIECS® BoUbeR Al Yot SEisesead B Boaes i g ieRsupt ing to
the fi bertedsifdlodPGuchid @bp,caBothsm Ut fohzethatR”Plalidel” ‘tfhevaedt Fealing Pber from

bend related stress | osses. According to an exenpl ary enbodi nent of the

present dt&eintupeshwith réprengelte thnerigmeioner dhelHiguiehn bemgrdspardgdoBepaiseled from
a pol yner [ t.al - i . i.Q] Lal s can
a1 5o Be uelbTHSbegBhqdi 8N o TR Bre BREPLIER Bl b BRHoltadh A RS bECS Cf
backbone différeni @ichinaions,ithe ditGondleaidnold@Pisfused frputpostdusidBudracioh had isbody
120 that .is disposed within the connector housing and retained therein.

Accor di ngn08 edHpitiagy ltdiindes whdststoodithat oty iegbodisepntsimay beutilizediapd - pur pose
derment t LOpI i . i (such
as bt fer Cop SF o RS EndHgkPRLLHe AR SRR BRRNE Rl B e
connect orindddion ndhe debvang dspil@cdventtiome thesorsnis nboto Hehekeanbadinmeng of

Figs. 1-6, the 0 di spl.acenent nechani.s onprises a flexible structure,
such s At OF SERE R DRI PR BT DAPe PRRGRE BT col | ar  body
120. This flexpiRlgeRaRdcIongs dedidd Sianuiptivdi®oprcbtd! TRPErtieRhE, ¢ otRANECt or
100 to distribute contact forces in an appropriate manner so that the

ferrul e aednddtirenf teaetentpdiky covvodineenesqroeides amenhancedfthrorat stabitisnotene

connector i,s,conn addi ti.on re 127. can begave in
nd and

cted. 25ln the wall. struct

o hout ol HESTBAR s e d dpe F Rt B0 el orsis RS SRS
contract th@ tkOpRRAIASRhE Aberchd TaRswitliregpdieto PaférsulObnd hiee eaniget or .
Alternatively, the flexible wall structure can conprise an outer wall
st r ucOur subgIRtivgy LorBsIoVant Wisettempeturoraneel Bsalisatativeembpdimgalst thet r uct ur e.
Furt her i ce dj { buti ' i bed, i tai.l bel ow.
e ¢ st b, BRabtP Rorh FA Bith ROk IR G RS s, 00

axi al di gpbaednfest tiaf fetR dnerfice & aghualctedmintd pidtustonpdisnshan /(i thact i on.

exemplary structures herein, the contact force applied to the terminated fiber can be kept at

1

a suitable level during connections made over a wide temperature range.
25 According to a first exemplary embodiment of the present invention, an optical
fiber connector 100 is shown in isometric view in Fig. 1 and in exploded view in Fig. 6.
Figs. 2-5 provide more detailed views of various components of optical connector 100.
Optical connector 100 is configured to mate with a receptacle. For example, the
receptacle can be a connector coupling, a connector adapter and/or a connector socket.
30 Also, as shown in Fig. 1, exemplary optical connector 100 is configured as having an SC

format. However, as would be apparent to one of ordinary skill in the art given the present



WO 2009/ 099737PCT/ US2009/ 031176 As the structure of the collar body
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other parts of the connector. Alternatively, the flexible wall structure can comprise an

outer wall structure having a compliant material formed as part of the wall structure.

Further detail on the force distribution is described in more detail below. In addition, the
30 flexible outer wall structure provides for a limited axial displacement of the ferrule due to

thermal expansion/contraction.
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fiber being terminated in the connector can comprise a standard single mode or multimode

25  optical fiber, such as SMF 28 (available from Corning Inc.). Ferrule 132 is preferably
disposed flush with flange portion 121a and secured within the collar body portion via an
epoxy or other suitable adhesive. Alternatively, ferrule 132 may be friction fit in the first
end portion 121 of the collar body 120, such as being fitted and secured against flange
portion 121a.

30 Collar body 120 further includes a housing portion 123 that provides an opening
122 in which the gripping device 140 can be inserted in the central cavity of collar body
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Tenper at YWotior B . PRY dthd:@R8 bh MR 2 Tis Gﬂi{)os@d-ﬁgﬁlﬁs‘c elastic element 129, such as
a spring arm.
10 In a preferred aspect, the gripping element 142 comprises a sheet of ductile
material having a focus hinge that couples two legs, where one or both of the legs includes
a fiber gripping channel (e.g., a V-type, channel type or U-type groove 147 or a mixture of
groove shapes) to optimize clamping forces for a conventional glass optical fiber received
therein. In one exemplary embodiment, the element can include a V-groove in one leg and
15  achannel groove in the second leg to yield a three line contact region. The ductile
material, for example, can be aluminum or anodized aluminum. Gripping device 140
allows a field technician to grip the optical fiber being terminated remotely from the
ferrule. Alternatively, gripping device 140 can be designed to have a shape similar to that
of a conventional mechanical splice device, as would be apparent to one of ordinary skill
20  inthe art. For example, in one alternative aspect, the gripping device can include a wedge
actuated mechanical gripping element.
Cap 144 is preferably configured to engage the gripping element 142 such that the
element 142 grips a fiber inserted therein. The cap can be formed or molded from a
polymer material, although metal and other suitable materials can also be utilized. In a
25  preferred aspect, the cap 144 can be formed from a material being the same as the material
forming the element 142. Alternatively, a material having at least a similar coefficient of
thermal expansion (CTE) as the element can be utilized. A description of such an
alternative optical fiber connector is described below. Also, the cap’s size is designed to
freely fit within housing portion 123 such that when it has fully engaged the element, the
30  cap is not restricted from axial expansion/contraction with the element 142 during thermal

expansion or contraction.
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In operation, as the cap 144 is moved from an open position to a closed position
(e.g. downward in the embodiment depicted in Fig. 6), one or more cam bars located on an
interior portion of the cap 144 can slide over the element legs, urging them toward one
another. The glass portion of the fiber being terminated is placed in the groove 147
formed in the element 142 and is gripped as the element legs are moved toward one
another by the cap 144. Thus, once clamped, the fiber may move within the ferrule.

In a further alternative, the cap 144 may be separated into first and second caps,
where the first cap can secure the element 142 in the housing portion and the second cap
can actuate the element 142 to secure the fiber.

As mentioned above, the exemplary embodiments described herein provide a
mechanism that can enhance thermal stability of the connector over a wide temperature
range. As mentioned above, the housing portion 123 can further include an elastic
element 129, such as a spring arm, to contact a portion of element 142. As temperature
conditions change, the element 142 may expand or contract in the axial direction while the
spring arm 129 provides some resistance to keep the element 142 in its cradle or nest 143.
The axial force provided by spring arm 129 can be selected based on the intended force
distribution within the connector over the expected temperature range of operation.

In addition, the collar body is designed to allow for the movement of the ferrule
independently of the fiber. As mentioned above, the collar body can include a flexible
wall structure. In a preferred aspect, as is shown in Fig. 2, collar body 120 includes bowed
sidewalls 127 (only one is shown in the Figure). The bowed sidewalls 127 are flexible and
can provide axial movement to the ferrule 132, which is firmly secated against the internal
flange 121a of the collar body. Alternatively, the sidewalls can include a compliant
material formed in at least a portion thereof to provide suitable flexibility.

Table 1 provides data corresponding to the change in length of various components
due to changing temperature over a 120°C temperature change. In this example, the
ferrule is chosen to be a ceramic material, the collar body is formed from a plastic
(Vectra), the gripping element is formed from an aluminum material, and the fiber is

formed of substantially silica (glass).

-10-
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Table 1
Table of Length Changes with Temperature
CTE | Length | dL/AT | Tmax | Tmin AT AL
ppm/°C| Mm | nn/°C °C °C °C nm
Ceramic Ferrule 10.6 10.0 -106 80 -40 120 | -12720
Plastic Body (Vectra) 6.0 9.5 -57 80 -40 120 -6840
Aluminum Element 23.6 6.5 153 80 -40 120 18408
Glass Fiber 0.75 13.0 10 80 -40 120 1170
Total 0 18

The results above show that an almost negligible total change in length of 18 nm
can be achieved over a 120°C temperature change.

The selection of materials as described in the above table can provide for CTE
matching of the components so that the relative position of the fiber end to ferrule end is
maintained over a wide temperature range. Additionally, the exemplary connector
structures described herein provide that the appropriate end load is applied to the gripped
glass fiber to attain and maintain proper optical contact. This load can be applied without
either overloading or underloading the fiber contact (thus reducing the risk of poor optical
connection). The balance of the applied load can then be carried by the remaining
structure, e.g., the ferrule 132 and collar body 120.

As mentioned above, especially with respect to the preferred aspects of Figs. 1-6,
connector 100 can provide these thermal compensation and appropriate loading
characteristics by use of a flexible sidewall structure (either as a bowed structure or
through a compliant material) that provides appropriate deflection versus force
characteristics.

During connection, the structure of connector 100 can provide for a suitable
distribution of forces so that an excessive amount of force is not directly applied to the
fiber that could cause damage. In more detail, Figs. 7-9 show a cross section view of
exemplary connector 100 before and after mating with a second connector (represented for
simplicity purposes by ferrule 190). As an illustration, the structure of connector 100 can
provide two substantially parallel expansion paths (see Fig. 4) — a first path P1 comprising

the gripping element and gripped fiber extending through the ferrule and a second path P2

-11-
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of fibers 105 and 106 remaining flush with their respective ferrule end faces. In a
preferred aspect, the ferrule will carry about 90% of the applied load and will transmit that
force to the collar body 120. At the same time, the fiber will carry no more than 20% of

20 the total load, preferably about 10% of the load in compression. Part of the force applied
to the ferrule 132 is transferred to the sidewalls 127 of the collar body 120, which bow
outward in the direction of arrows 107. In addition, spring 155 will be compressed. Thus,
the flexible outer wall structure 127 of the collar body allows optical connector 100 to
distribute contact forces in an appropriate manner so that the ferrule and fiber each take on

25  the correct amount of force when the connector is connected.

Further aspects of connector 100 include a buffer clamping portion 126 of the
collar body that can be configured to clamp the buffer portion of the optical fiber cable
115. In one aspect, buffer clamping portion 126 can be configured to include a buffer
clamp as an integral part of its structure. For example, the buffer clamping configuration

30 can includes one or more longitudinally formed slots, resulting in a collet-like shape. In

addition, the inner surface of the buffer clamping portion can be formed to include ridges
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0. Pt ARGPIeSR s ineligh Ve o iU Gl hATRTO0UEL Y Bovc Al HPEAARET )
To pravenin steatpdadyifiber cdbda csr @imprize, ecgmmédtmmﬂ]aaklamd droyt estiatoe a 9@0poot 180

can be 15ut|I| ed. _In an enplar pect, hoot 180 |n | udes conventlonal
tapered todfical efeﬂﬁ%?li’ tca%f'%ﬁg’ﬁﬂr@’?r % HHPRING gh @Sﬁ‘ﬂ’é% 87500 are

descri bedfefhablvely afgikd) Nehg & ectRBntlotal cle&P! PRE Ab&JalupRERS &AGRg BRPYE-

stripped using a conventional mechanical fiber stripper. The glass portion of the fiber can

be wiped clean.
30 After the fiber end is prepared, the stripped portion of the fiber can be inserted into
the connector, particularly within the collar body until the fiber tip reaches beyond the

ferrule end face 133 by a desired amount. The actuating cap 144 can be pressed onto the
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The exenpl ary connector shown above can provide for straightforward field
fiber termnation for 250 um 900 um or non-standard buffer coated opti cal
fiber, wwbaow/whs720need for a power source, adhesive, pcodiskgooiosaral | ati on
tools, or field polishing. For exanple, the exenplary connector can have an
overall length of less than about 2 inches for an SC format connector for
250 or 900 mcron fiber cables. In another exenplary aspect, a field

t er mi nat i ¥ dd2EugiEp the ghise fibereand thp pufdscehiini cangbecastinérsk torclanap tiel ar or t he

sanme as r above can be provided. 25 An exenplary fiber
cabl e caﬁo%?%ﬁgéllgg,jo?gl.eg&%%g 3.5 mm jacketed drop cable for a 900 gm opti cal

fiber. The optWahlthd fileercaasd bihtho ghippimpepmiand iby ps¢fetrppaspgctathd fibeeavi ng
flat (or,t,ggte natively [

angl ed). using a conventional cleaver. The fiber
j acket / pl il Rorg eakonse ugipg iaﬁﬁ%e%@ﬂ%feé& E@h‘ggﬁtﬂr_%‘??éi}“er%&]ﬁgﬁf s
fiber sstrdRpep.is Al\G Wia fBﬁE]IE R eRE. mr%raaﬁ@ag, &%?dl[bﬁleiyl} @gﬂo&dc%mﬁéﬁmf ter

the fiber end is prepare e stripped portidn er can b

i nsert ed fitwt prathusioo@am e penfornpdr tFoc exaamily, imiat hiternatine aspedtahe fibeky unti | the
fiber tip.reaches beyond the ferrule end face 133 esir unt. The
actuat| ngiEROEAIn B poR e rauledhe Bl Tien o6 ouberabs Pedpern GRs068 031176

el ement 142 t@es8éd MwhlD ifhasstrdlicBehandBe TS afidh{Rien@l Bl¥TFcEaR iPthcakimat ed to
clanp the buffer portion of the fiber. Wth the fiber secured by the

gri ppi ng drcetiemt Whien the pelisliiag peagesssip eempletddethiisisigrwalisgan be railmedinda f ace i s
pol i shed usi nvent.ional. fi.el |.i shing. procedur.e such that the

B0 b 18R RO R b R R BBl b FRE PP ST e dRind '

pol i sh t aites pebtesioa. sl i ght fiber protrusion can be perforned. For exanple,
in an alternative aspect, the fiber tip/ferrule can be polished while the
bowed si de wallPgngHemREvEHPEdr 2 BOER/igA solurhody capptiustion canbeadizgd.iiflar d) i n
a control g! R i | : { Axl ﬂ

directi ona!.lsar enﬂg ﬁ%erp%‘{]#héh?}ﬁ%ﬂag90%@%@@%%%% ng,'[ﬂ{ee:j%n tf{ﬁ% Jgt}gee wa tso can be

r et ur ned dseabhshlibodsadalistribsionsinadoatact twéth @bytheacomnoagort He thie nherheatintemspadty act

in the axjal direction, producing a fiber protrusion. Ip an alternative
aspect, &Lﬁaﬁkés bgicaecptt lp%fﬁn%%‘@q%?&lymé@f 9ﬁf§ﬁ ﬁ@er latSF@ﬁtezlseﬁtR%ﬁ h a
prot rudi %sifrécpﬁélofah Qal_fug%d ﬁf&tfﬁﬁ?‘ﬁp@s ﬁ@s’ﬁ!\i}i@ff't_h@'f&hﬁg@i ) ‘kg;?ﬁbét{b% cﬁrzlﬁyf ace of
the ferrule to establish the load distribution on contact with anot her

connect oradditionalhibsd wilt be caaticd subagpsaly by ths feimdegl ass fi ber accepts | oadi ng
i tened at the desire r el oad

Val e and t he TeBEENE o ATGER QPP RAEOTBF PP R BHEGICET any
addi ti onalonh&@at 200114 stRRviCiardkpRAcS VRt iaMis all with¥idsheof8ptdliding Aekdr di ng to
an alternative enbodi nent of the present invention, an opti ca% fiber
20  detailed views of various components of optical connector 200. Optical connector 200 is
configured to mate with a receptacle, such as a receptacle that accepts an SC, ST, FC,
and/or LC connector format.
Optical fiber connector 200 can include a connector body having a housing shell
212 and a fiber boot 280. In this exemplary embodiment shell 212 is configured to be
25  received in an SC receptacle (e.g., an SC coupling, an SC adapter, or an SC socket). A
backbone 216 is housed inside the shell 112 and can provide structural support for the
connector 200. In addition, backbone 216 further includes at least one access opening
217, which can provide access to actuate a gripping device disposed within the connector.
Backbone 216 can further include a mounting structure 218 that provides for coupling to

30  the fiber boot 280, which can be utilized to protect the optical fiber from bend related

stress losses. Shell 212 and backbone 216 can be formed or molded from a polymer
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connector 200 is shown in exploded viewin Fig. 14, with Figs. 10-13

provi ding nore 20detail ed views of various conponents of optical connector
200. Opt iwel2zoemegset or 200 is configured to nmate wi th aPCEaspi@®BBe such as
a receptacle that accepts an SC, ST, FC, and/or LC connector format.

Optical fiber connector 200 can include a connector body having a housing
shell 212 and a fiber boot 280. In this exenplary enbodi nent shell 212 is
conf i gur edateial pelthpgel msta) aad pHheaspigblyrricid prateials C(aé agpo beailiged. gl 31dg, an
SC adapt t inside the shell 112
and can g% r#% F?S% urgﬁ‘%nm@mg?&ﬁggﬁgﬂ%$gg%§ectorﬁg% I n addition,
backbone 216 ﬂuﬁmhabrmeﬁmmesmamdhea&ﬂbbhe¢@zﬂemmneﬁapoﬁgwaﬂﬁnﬂmhich can

provi de access to actuate a grippin deV|c osed mnthln t he connector.
Backbone RBCEAMOUHAE HBY TSTRFLGEcH- a&%@ﬁclt rdesgnsdeRaye. 6P des f or

coupl isng ﬁoﬁz%@? hgn E%‘Qﬁ‘que frgtrég@extmr%lﬁaﬁ"hg%oﬁgr'ﬂoh% 08y tth %IEE gct the

optical fib rom stress losses. Shell” 212 and backbone 216
can be f qrippthgotevivel2d46cnd r dipenbyftdrchaarp 290. 20008/t0O BT POTY 193200803 101 76

mat eri al ,, althou tal  and ot her. su I igid materia n.also be
uri 11 v e ho sptne Bt gl BPLeripityviedt biRodt P 1 R b2 B0 ckpone
216 via smgRahiidclude a shouderPECHhEN cad B ukel A tEMargded BRRSdcAcGiHhh@ aghRdya 220
that is disposed within the connector housing and retained therein. Unlike

col | ar bogying 265, detstosisblrtabayide celbitbedy Badthe baszldoomnwlmntbﬁ fgeledsisri gi d
exterlor mall§ The Cotéi@ﬂe gg %n an QQ%% %ﬁ’ﬁﬁnm@ V|ce 240 and a
BT rards Y & % B0 &’y 3 Pe

fiber! buﬂ?ﬁﬁe Igu @Kmﬁave sone

limted axvalltloﬁmoelafmdyvuomaﬁ bbdgikedne nﬂ@edﬁma@o&m&ﬁnmém #ltoughi body
220 can include a shoul der 225 that can be used as a flange to Erovide

resi st and@etalgaélidr%lﬂeré%ﬁ’rl‘? mgtepigls cap glsa rbs@ebaedoé%qneéﬁﬂplﬁec%@r bedy Nand t he
backbone, . ,yhen. Eu? oh%&d%g%gbgeﬂ@h{aﬁﬁq Lﬁ% dhBice %tf@mtab?e @%‘éﬁ%wt ¢
€ presen

Accordlng an exe ary e I nvention, collar body
220 can hellhobodgdtanibe meldd édadcoalmee pith yinetempataearre athbilia} pdramgiorsitcaksednd
other suitahle materials can also be utilized. For exanple, collar body 120
can cSnp€&&nan injection-nol ded, integral material. The choice of suitable

materials for s;thenﬁau bRy 28H &ﬁd&@g%gt%@gsﬂfoﬁe@@eﬁawng BinbB&hing to
tenperature stability paraneters di scussed Structurally,

col | ar bodgeiz2d hwoba ttesila2 32 rFﬁn’ru@biZ{mnthedummﬂfrdmwcngmaq ghperplagict o

recei ve and haus rrul e Fer e 232 .can rned. frqom a ceramnic,
Ol ass. pIRALRLE Mgerigrde ornd G pRIce] HoG SR bt g Sep e d8A Tt ng
inserted B pla®y ﬁﬂp@@tt fghruld M8y fal deflmi® X@ M. aInYan@ﬂi%@@iemﬂl ra‘dfa&t F8dules a
ceranic ferrule I'n anot her exempl ary aspect, ferrule 20232 is a gl ass

ferrulde. 2PAds e B@se&r@ie sThetchbice ofraeitableamatetials fortbe fasruleipan heanadseinmade i n
accor danc ElItDCG ‘Ehg ”é%rﬁ;ﬁc?%tu& sta%[ b' lairan)[etglrg1 rd%gestsg({ ﬁerg S Cllfl%a"%gl‘ Qel[lggl e The

fiber belng ernlna e conne £8r*Can conprise "stan d si node

or mul ti reeasnpd irck chhletor cﬁewrﬁlbxesemxidarmegle fridak Wr ﬁﬁ@tﬁﬁ@cd: otichi n the
col | ar body portion via an epoxy or other suitable adhesive, or,
al t er nat ifReryFerde 232 & msfﬁrq’eg}yw@erefirvw&m 8e ooiler badytnestiqn Yia an gprxy or

other suitable adhesive, or, alternatively, ferrule 232 may be friction fit in the first end

25  portion 221 of the collar body 220.

Collar body 220 further includes a housing portion 223 that provides an opening

222 in which the gripping device 240 can be inserted in the central cavity of collar body
220. In an exemplary embodiment, the collar body provides for an axial displacement of
the gripping device 240 to provide a predetermined fiber protrusion distance.

30 In an exemplary embodiment, the gripping device 240 can include an element 242
and an actuating cap 244. Gripping element 242 is mountable in the housing portion 223

of collar body 220 within a fixed element cradle or nest 243. In a preferred aspect, the
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25portion 221 of the collar body 220. Col | ar body 220 further

i ncl udes a housing portion 223 that provides an opening 222 in which the
gri ppi ng wewvo@a92sd can be inserted in the central cavi rgTafS2aloBare body
220. In an exenplary enbodi nent, the collar body provides for an axial

di spl acenent of the gripping device 240 to provide a predeterm ned fi ber
protrusion distance. 30 In an exenplary enbodi nent, the gripping device
240 can igPiEeIment 2é5epmprses aghectoh duettle satgitgl h@pn%ﬁqcu@mgsm?g el enent

o | . . . e
Fixed ol SURROLEY s DferD R h PR ERaelPnBl: ERPIA AR Fottt ' 1 @
2009/ 099 Z3HRAGTS E52000 0 3ddva6tiadl phisigptalab fibetre @R dahemin,. Sks dacslkeet of

ductile materia haviqg a focus hinge th t(fguples two | egs, where each of

the | egs M#EN?las examplBetan PeiaFpniRgMAs #AAEFCE YUBHYU i ze cl anpi ng forces for
a conventi onal leal fi i i ﬁggﬁ{ erial,
for e?anple, éﬁ%kﬁgﬁﬁﬁﬁﬁ$ﬁﬁﬁ$§$@§ﬁ%@??ﬁﬂ%ﬁﬁﬁﬁﬁﬁﬁﬁyﬁgﬁﬁgg?nati§§ﬁ§?ﬁﬁripping
devi ce 240 acanvéeiodédshephenicslapheydevaces hapeuldibeiapparentgo bhabf efdirary skill

conventi anal ani cal . splice, devi.ce, as uld be ar ent one of

or Gt nar y B9 47 e taler B Qe AT b SF IR e e R RBE PO ingliebedghe

gri ppi ng MdaMmtan&RbniclGrippmeipége actuat ed mechani cal gripping el enent.
Cap 244 is preferably configured to engage the gripping denent 142 such
that the 10 el(apsitd igpzigablysonigured wengag@sthe gsippinglantrat éfhsuchiikatélap can
be fornmed,or l,ded from.a yIe terial, altho netal a { her

oui t a8 o Sibal A Eeni e Tl A M Bug g B SHERY RaTRt Bty Hentho 244
can be f qiomeflerfmasi4, sftdoaph aletd)ehd ththgiieBREnASAS chi d18d B utllze hen aat eri al
formng the elenent 242. Also, the cap's size is designed to freely fit

wi t hi n hougficrgd pacet His c2p 344 Gembe feamcdirem ¢ mateaial baing thespyagear simdaeioenent
242, the } b ot e r i i el enent
T4z, EEMRSMLIERARRE ARRL I Btsd SRV B RRKSHREL oty G ENTT o
cl osed pdmiutingpoften@23davinthat whémit hiefudyleagigrdntic depemt2dd, tha chp 244 k4) , one
or nore can1bars(iécated on an interior portif of the cap 244 can slide
over Phe 1ot Eieted fEa axig giongmenarih BRst@Bhédanot her. The gl ass portion of
the fiber 205 1j$,Blaa68%s ik L}@4anOMNUSePirohlf @%ﬁg@ﬂﬁo@f& apgdIRksiodr i pped
as the el enent Iggs are noved toward one another by the cap 244. Thus, once
cl anped, (tlgeddwibeardmatherapvwdwingrtiidapicted i Erg: Uit e one or moreaenbarhbcefcdant 242

is placed i.n the cradlge or n 243, a portion of, the element is registered
hgat ner - dminietTRGHRE BRS6A M o NidsosPihs sBheRHebb tngre P bt he

el enent 248t PRSEhisHIRGoPERLOSibert 108 iehRSEd & tBE BFIBE 0RAY cleMGN2&Bar@ SPri ng
arm Campin 25 260 is a cylindrically-shaped structure that can be

i nserVed ib grippadrie thoelsinaef lpesrare soved taved ent anathdsdelyhe eapcdgh Thob.onee2

transvers aé%lgeld%ﬁlglf{biepg{ag Oi;]se.wi&hgglqurr&re groove structure (not shown) can

hol d pinC ace a provi de a register for the el enment 242.

I n a preferredvaspeetclentatiopd (v p2aRd hathear{dl 6t nd30243, @podfnlofahe dlamemy a
first dianmeter, and _a second portion 261b having a second di apeter | arger

t han t he 1f reesyterad agaanst @ firstrpgstionsgfdpod p caminig Rt gThgether nowtonefthe er r ul e end
face, th i . - inser t TS
further sy 24 SRIGAES b AATETIGitn? 020, 88ih &\ By SRR, CRitpib,

f i ber2sf or2gérigla wylitlricedpsictped stridterceid chabe insortat iaat the hohditeporivodbf thei on.

The di aneters of fhe 2009/ 099737PCT/ US2009/ 031176 cam pi n 260 can be
sel ect ed Cpﬁafpl_?%ité@ugl\{\g?légégéﬁaﬁ%%éﬁ P F%@%ﬁrsn?\ Blighor#a Veastlaﬁceﬁ%?r@f mi ned
f1ber prahbus o fiohd paicovRBlee hiHoOVada camTbiG: IREGRR M Al ternat i vel y,

cam pin 260 cam be structured as an eccentric cylinder such that a 1/2 turn
rotati on provildegpreferadmipact, aanipon2Gizs adirsiyicaites2 G lhehdengnfirs dRnatat, cap

t2 ggl ?ﬁ;?a%éh%\%ﬁ%%{ﬂﬁ%{;oe%gﬁ@ Iglkfﬂlgcaas%cgfd (ﬁgrrﬁletee}/ Elggé[r t&{a%utﬂg ﬁ}rsts Giateter” tl"hfa,}s,SI pl e
30  after polishing the fiber and ferrule end face, then pin 260 can be further inserted so that
the element 242 is further axially displaced by the wider second portion 261b, moving the

fiber forward with respect to the end face to create a fiber protrusion. The diameters of the
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access the cam pin 260 through an access hol e provided in the backbone 216.
In a further alternative, a wedge-shaped structure can provide a

di spl acermot200909913¢ el enent 242 and cap 244 as t he wedg@CiraSeemsmstigel i nt o

t he housing portion 223. In a preferred aspect, the fiber 205 will protrude
a distance of fromabout 10 jtmto 10 about 25 jtm nore preferably about
10 jtm-20 jtm_This amunt can be determ ned based on the desired force
that is t@nbEngppraree sdedtdeofmrodde ¢oradpigrenahaersigion. oirhithy aconnect i on,

the str “ﬁaﬂ%’%eg%rﬁfine%%‘?gb%s%ﬂqs & ri‘evg‘[)f%‘{hl%‘ﬁgﬂ%a gﬁﬁ%ﬁl@%aﬁsﬂl stribution of

forces s an excessive anoun forceé 1rs n rrectly applied to the
fiber thakltenativdlycanuagid2biagen b siruonred deimédcentiic g$linded s@hcthdtta 'Shawy a cr 0ss

section view 150f ~exenpl ary connectoy 200 hefore and_ after ting wth a
second cdRHEER BFOVeCfeéarce@érﬁfl%acth@rtﬁ%ti 4&%1%4%? fqg? e&w%%@% a%%p uw?my.
Prior st dihd O pifd:RBL NhiBhARRYGRAR i3 oP URRAADIIAR ok sRACHIAL ML NI D t he
col l ar body 220 gn the cam pin 2%0 I's actuated suc tﬁat tiber tip 204

pr ot r udesactesstha daen pier26Q tiroegitat awessA®e prpvalepirethetbecktioned1anbumturihehe
fiber 205.is preferaply,polished flush with 20end face 23 riqr.to, this
actuat | oreRel € SRR sEREUe o TBeY 1o 4RBRS PERES Uahe 892 8% i pped
by the el@qpent aand wdige fid RrtcdQRoMBY hdRUE doRtide2F errule 232.  The
connectors arc first nmated as depicted in Fi 8 16, where fiber tip 204

¢

first contact dnfaiseferrod aspett, thedibseddhwilt protrede adistanicpef fro@z5bpwt k0hem to

b h ' il f e rul d_f
i or Paca ol i BRRSPEBRULOS e i 20 R St Pl ot 88 e HER & cup ect

to the renmédbmeldosied fhrcemmdt Iilﬁto&%(‘a@ﬁﬂe(ﬁ@ﬁﬁ@ﬁb@fduriﬁgrcbﬂlgsca515 of connector
200 preloads a suitable force onto the connector body. 220.

F
exanpl e, the tIrHI2 spapediosniic pBrciBremndcpprastas 3AA et Biogidedpr pauifaplsm g[)out
7.8N t . ; 0.t ' i i on:athe fiber 205
w1 be Qtbugol Grcl ik AEolch v sebunl B ol Rk B BleciF b Pilied B o

ensur es dilick @bk eowdptazaldamagd. alatmortetad OBigh alfcandaf6 shbe d @ad settidn ewbor n by

the ferrule 232 and the coll.ar bod% %20. In thg'ls enbgdi nent, as co red to
the erbodfFEHPBTY copnpgiet O bajere apf atte matngawidh p sefog conppctar KEPEeseNtsd body

and fe”%?siﬁ@ﬁ@ﬁh){ 5&5%8%QQ@Q)‘H mes the stiffness of the fiber colum.
WO 2009/ 099737PCT/ Sr£009/ 31176 Thus, once the fiber conpresses (or

defl ects) to @rpoitmmafihgipmppingtel¢rhent @Ad isofubsthetidllyrseaired wptbm thaicoliaal
fggzjé(:t ' b%'&? 258 bh ![hee c%r%zpi}ll\'i 2'66 isba%?Jaté[dhs%cﬂl la? ﬁb%poidj B@ot?‘fldets fom ﬁlrgaijer%lgg
end face 233 by a predetermined amount (the fiber 205 is preferably polished flush with
20 end face 233 prior to this actuation, as is described below). Fiber 205 of fiber cable 215 is
gripped by the element and the fiber 205 may move in the ferrule 232.

The connectors are first mated as depicted in Fig. 16, where fiber tip 204 first
contacts fiber 206 of the second connector. Fiber 205 is then compressed by the pressing
force until the ferrule end faces meet at interface 292. At this contact interface, the ferrule

25 232 then is subject to the remaining force from the second connector. Spring 255 of
connector 200 preloads a suitable force onto the connector body 220.

For example, the total mated end force between connectors can be from about 7.8N
to about 11.8N. With a 10 um - 20 um fiber protrusion, the fiber 205 will be subject to an
end load of from about 0.6N to about 1.4N, which ensures suitable optical contact. The

30  balance of the load will be born by the ferrule 232 and the collar body 220. In this

embodiment, as compared to the embodiment of connector 100, the stiffness/rigidity of the

collar body and ferrule assembly is about 1000 times the stiffness of the fiber column.
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Furt her aspects of connector 200 include a buffer clanping portion 226 of
the collar body that can be configured to clanp the buffer portion of the
opti cal fwbepowmbize 5215. The buffer clanp can be confi garas2ém/oatir@nner
the sanme as or simlar to buffer clanp 126 described above. According to an
exenpl ary aspect, buffer clanping portion 226 can be configured to clanp a
standard optical fiber buffer cladding. In this exenplary enbodinent, to

act i vat e Te geethaciibacompraess (er daflsriytost raieifushvginibe ead oo ferade f ur t her
that s abobHRGMUBHLEE o) GRLE BT 56D Bp CRERRP P St 10RL L T 000
portion 226. Shetheeaspbds oficordectbo?dteicludembaffpodymping@ortivet 26 ofaliceri al . The

operation of the sleevel/clapp nmechani smis described above. To prevent
sharp fi @ lonjoasigahayieat b Semlies b b huﬁfg%?‘?%%%?g %ﬁle@@&?al’f&@ﬂ be
15uti lsi zeds e {0 FEX QTR R5Y bé‘é&ﬁfg&redllﬁ%tmzﬁﬁl@r HAGhMEES oAsirPBY RrRpal
tapered tail. The boot 280 may have an alternative structure, as Is
descri bedlatpV2o described dbovanot her exenpl ary aspect, a field term nation
procedure is provided, For ex l e, a.connector, simlar or.the sane, as
Bonnect or 200 OGS ETRIBE “ie6k PEEG, Ik eRpIoN7 orrhbe ConEE
Conpri se,to@athp a farkiard SPdapak&IRECHERIIRAD EthfsQxemp PP chbsdineht, @pt | cal
fiber. The optical fiber can then be prepared by stripping and cl eavi ng

flat usi rigtizate drevpeptidubidiutier damemg ciinecnty doancqterclddtcap ifiarghor encdwsigtanng can be
stripped usi co tional nechanical. fiber. strj t.. T l.ass portion
of "t hE°T 450 Ref R Rl P ARG U Ry RS B B BB o e, | Che
stri pped rp@itdday thé otiResdrdeebf B@ﬂﬂerﬁﬁaﬂlﬁlﬁ% pbi@idni2N6t BRcCODEREINMe, formed
particularly within the collar body until the fiber tip reaches. beyond the
25 fer r ulfeoreagobyaess op gwtadynaderind s Theepantinual thaslecvecdlamp meghandsn 44 can be
pressed QuLQidNepsdEement 242 to grip the glass fiber and the buffer clanp
226 can be actuated to clanmp the buffer portion of the fiber. Wth

t he fiber secuFeprebynt shep dgibepipindg aethe vemicctor/iibar jpreefaee, radboadflecin, bet he fi ber
tip/ferrule end face is polished using a conventional fiel ol i shing
proceldur ailiged) bridexeheleBoiner g?qt&SPénqlwcféﬁ anvsntond tasred el dhe paice.

Al ter nat ingglifay Bk iaflale R SOrcRIrLQ MG RSl dbgit. fiber protrusion can be
performed. WD"2009/ 099737PCT/ US2009/ 031176 After the fiber is polished
flush with thdnfagothat excempdary asrect, aHeldmmuinagompprocedme eprovided.tléd to axial ly

di spl ace the gripping, device 2 so that the fjher tip, protrydes b
des 1 o HBTRL: = PEITLIEAIGST d7 Byt cortr oot kb Son e droREbr di ng
t o anot hegn atdnSfIAIDEE cANDOH dHRIPrisef ¢ §. N8 3 BremgAdketdd\ RS tsls forA 9OPLineal

20  optical fiber. The optical fiber can then be prepared by stripping and cleaving flat using a

conventional cleaver. The fiber jacket/plastic coating can be stripped using a conventional
mechanical fiber stripper. The glass portion of the fiber can be wiped clean.
After the fiber end is prepared, the stripped portion of the fiber can be inserted in
the connector, particularly within the collar body until the fiber tip reaches beyond the
25  ferrule end face 233 by a desired amount. The actuating cap 244 can be pressed onto the
element 242 to grip the glass fiber and the buffer clamp 226 can be actuated to clamp the
buffer portion of the fiber.
With the fiber secured by the gripping element, in a preferred aspect, the fiber
tip/ferrule end face is polished using a conventional field polishing procedure such that the
30 fiber tip is flush with the ferrule end face. Alternatively, a field polish to produce a slight

fiber protrusion can be performed.
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5fi ber connector 300 is shown in exploded viewin Fig. 17C, with Figs.
17A-17B, 17D, 18A-18D and 19A-19B providing nore detail ed views of various
conponentwoahowppical connector 300. Optical connector PBO0/US00OBfITGUr ed t O
mate with a receptacle, such as a receptacle that accepts an SC, ST, FC,
and/ or LC connector format. Optical fiber connector 300 can include a
connect or body having a housing shell 10 312 and a fiber boot 380. In this
exenpl ary embohiiterehe f1Berds polzhod flgshewith thpufeadlcragdecer hespmaring pinggnde

recept acligsét%g axi ﬁgplgéiéétﬁ{k igﬁg%iggﬁeﬁge 2&1@9& ﬁét thQ rﬁb%ﬁo?@ﬁgs%%% As shown

in Fig. 1 ackbone C housed 1 nside the can

provi de siesivat amalntSfoppainiplé,dront hlsout 0 n@c tocebodOP0 uinn addi ti on, backbone 316

further includes at. | east one access qpeni Q]%_Ogtl whi ch can provi de access
i

to actuate a ¢rOpHRglRRRthes AR LR D CHECEBhREER N, aBaRIBbne 316

can furt I L t : (S I.des pling to
t he filgbe:}ﬁ{)e(gg?ﬁ{??ggﬁs gf&:ﬂﬂ%villg@ a éé%gcdlgﬁgﬁ%%i%@aml%g&%b%eg@?’rg%j’t he

mat er i al sl8de$8D abé d9abGBeproBdelg mEt2letaglep vemaradivhyosemupederito oboptmat er
surface of back e 316 via snap, fi.t. nnect or 300, further includes a

col | ar  boBynEs TRaOnEs HBRTRRE Tt FoTHERG DOURNABEF ROk NFteing.
retai ned bOgkRIdthatlfReeOhh 8C, HPHC I8d L2 N0 @ahedot Priiave some limted axial
novenent W thi n backbone 316. For ‘exanple, the collar body 320 can include

a shoul der t hd®dptsahfibey coseattarsi08 chn snshuletaopnesierdwdy devisg ahousing shallst  a

' ! : - backb when th
POy R >33 g HREREA JRF MPER SRty RebRfe: 8B A1 S B Sa p¥50 o

house a geéddRidNg 00 @ecpdde and, @ $C beuplgf £8C all@mer, 326 STReckgt) pisng

devi ce 340 includes a griﬁ ing el enent 342 and an actuating cap 344 and can
be seat eharin Rigndde. Bbey gq’necﬂ|6| cap b haysedusidqhpishedl 213 angrcap pagrideoo
descri be n - gl i Lls. In a
or of er r o0 Sats pufif BF (Rt 00" 1 RIRALR BallOhE 2B LM E o an
30 act uatlesnocagpcdhbponide 3f 7 onhich ears proeideatarss &l actinitt a gappinpdwviag a
different, CTE jn.the direction of the fiber axis. In particular, the

act uat’i o;filwaedn\agﬁla Hesr oA BEAKPRER 7 KEAgTTuEhs tholith BRpRtIRERuCiUge

subst ant i Blglys b i@ &0t cduf AL td@ic GLE: 8ot BRE. SR 812 BRDACKELAERIE cappe WO
2009/ 099737PCT/ US2009/ 031f76 direction. As a result, the optical fiber
connect orfouned fremtthematlibls dosdrioed ebovav ethel 33U lnspraferabdy sqcured.to agoe®t er t han

| 00C) tenperature ran e.qg., from-40C to 80C). Structurally,
col | ar b%ﬁ%@ﬁ@l’%@é&g lq‘gslntagtﬁt'end portion 321 having an opening to
receive and hausigcéier 500 RirBdinclugéd HES1aBBSd I 6t i AlsBbdfwieHTh ehecer am ¢,
gl ass, plastic, 5or nmetal material to support the optical fiber being

i nserXed w@hacatarhoupiag and rataingd theyegn. The collar body is configured to have some

limited axial movement within backbone 316. For example, the collar body 320 can
include a shoulder that can be used as a flange to provide resistance against a spring 355,
interposed between the collar body and the backbone, when the ferrule 332 is inserted in,
e.g., a receptacle.

25 The collar body 320 can house a gripping device 340 and a fiber buffer clamp 326.
The griping device 340 includes a gripping element 342 and an actuating cap 344 and can
be seated within nest 343 of collar body 320. Unlike collar body 120 described above,
collar body 320 can comprise rigid exterior walls.

In a preferred aspect, optical connector 300 includes a collar body 320 and an

30  actuation cap 344 made from the same material, but each having a different CTE in the

direction of the fiber axis. In particular, the actuation cap has a CTE in the direction of the

fiber axis that is substantially different from the CTE of the collar body in this same
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exenpl ary aspect, ferrule 332 is a ceramic ferrule. In another exenplary
aspect, ferrule 332 is a glass ferrule. The fiber being termnated in the
connect orwoanapri se a standard single node or nul ti mpd@/uspaonail7é i ber .
Ferrule 332 is preferably secured within the collar body portion via an
epoxy or other suitable adhesive, or, alternatively, ferrule 332 may be
10friction fit in the first end portion 321 of the collar body 320. In this
exenpl ar yliggsheint As ¢ sispy thp epkjcad foercepnnessort e e dhasmalp balaacedrayst & pol yner
material ,_| e ' i,n ! ic CTE. In
this exensfal %?y?agt lpeé’ r%t?rﬁgalg?d(%g?E\eéﬂ%ga\%llgggg‘é}g(\éigﬁgfo%e@mgﬁgtépe ent 342 and
an actuating camucBddlly, Gollgody 320 armvhnles 34i2sticad pottioh Bl daving athephdngtang

portion of collar 15body 320 within _an el enent cradle or nest 343. In a
pref er r ed R ,Wﬁ%ﬁmﬁ%g&@mca@mﬁw RS CAIBHOE PRt | | o
mat er isal &%Yétﬂgnﬁerfiﬁ‘%&'?ur{gbbﬂgﬁe bk EQ&meﬁ% ihmeP%E& el GRGMQf the legs

i ncludes a fiber gripp channel to optimze clanping forces for a
convent i ananpiiraspeapiarodd 333 bercerapveifarade.t memeiher eXdmeplahycispdce fomtler i al |

for exa ,..can be al un.,n or anodi zed aluym num 20In this.alternative
hopect errshehsn B kel be B fCtER She e BTG ol isna BRI
descri bedighoM@de bPmARIddeWpatal fREMBGHuIS422 Isrbre®Sy SRR Mithid theblland
second cl anpi ng zones 341A and 341B, respectively, to e‘r;tgage with cap 344.

| n addi t ibedy partroaces an epoxylse ofhsr seithblreadhesine, o aakisinag velyniesruBABBA mgwba41B.
Wth this..strugtur t he coll.ar dy..320,can .f her..include a tab 328 that
ot ot quedit fENGEe bl End Borki Bl s Sy SOuE R S B GSSMPRrDriRR Do fhe
cap i s i rcodlafisutty@20Wwah 86 farafl tor aiblddd éiea polend amtétal Paipagicityed from an
actuated position to a non-act uat e_dpﬁosi tion. Cap 344 is preferably
conf i gur e@bacrenyaidid hereggriappsptigpieCd¥ent 342 such that the el enent 342

Shown i 1 B go. e REplFRRhidnt BERGRE Hevle bl AcFHETH AbkeRepE S o
342. | n opendghgodp 34 GlphihecleapntBUR ik sommtablt ih tionh@aningpertiqgodicoilan to a

cl osed pqgsitign (e.g. dowmward, in the_enmbodi mepnt depicted in Fig. 17C), one
or nore 3&%29&@&% gmgpt ale AF pgst %&-&&aﬂ?fs e apnset s erPpIE Lefetas ¢ he

cams 343%4@%11%ﬁ§& asﬁfébeidﬁcttilI%‘?n&éI‘Pﬁ%avgiﬁgaif%hs\ﬂir?g@ tRft Blifles tWllegs,
2009/ 099737PCT/US2009/ 031176 | 8D, can sfide over the elenent | €gs in one

or nore coviempieah of tinelsgs mclyidaga fibemgrippwer dhanme t@ogtirhee clampimneraspect , t he
i nner surface of ¢ 344 incl udes c ortion 43A an 43B di sposed on
the i nt erseareneaps 5o opten det ERa SER Y o MF Sfiorafiel iR GhaE ©o
cl anpi ng Z@hRudld sbodRadalhenhanpi ng force applied to cl anpi ng zone 341B.
The cam 5bars can extend partially or fully along the axial length of the

act uad’i ng cap 184s alternafines gspect.caleraent 34p et a diffesend shapsifiogn tlsmentsdhplanéd t o
cl anpi ng | o to err 3 i t he

cl anpi ng Qfé‘ g?% %C%g%gﬁg‘g%?' tSl g?’téﬁg%a%%ge‘é%lﬁégéﬁfﬁ‘d%% %épzlra%rﬁﬁgéd geei‘(}gltrlr(%)l ary
aspect, tdngihanpiddg4i arapa 3app| desskctitelg) ALNE WitheapIUUB 16 andibien, a

substantially zero, 10The glass portion of a fiber is placed in the groove
of the elesrsheambefognegd patween clamping zones 341A and 341B. With this structure, the
collar body 320 can further include a tab 328 that extends over the element recess to keep
25  the element 342 in place when the cap is in a non-actuated position or when the cap is
being moved from an actuated position to a non-actuated position.
Cap 344 is preferably configured to engage the gripping element 342 such that the
element 342 securely grips a fiber inserted therein. In this exemplary aspect, as is shown
in Figs. 17B and 17D, the cap walls snugly fit around the element 342. In operation, as
30  the cap 344 is moved from an open position to a closed position (e.g. downward in the

embodiment depicted in Fig. 17C), one or more cam bars located on an interior portion of

the cap 344, such as the cams 343A and 343B shown in the cross-section view of Fig.
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gripped as the elenment | egs are noved toward one another by the cap 344. In
a preferred aspect, the fiber will protrude a distance of from about 10 gm
t o about Wb 200y099re preferably about 10 j.tm- 20 gm TPhirajSarmousti7€an be
determ ned based on the desired force that is to be applied to the fiber
during connection. 15In particular, in this alternative aspect, cap 344

i ncludes four retention | egs 348A- 348D (see e.g., Figs. 18A-18B) to retain
t he posi tli%h ceit slideeovenhewd aning lagh én efisl Qrapors shynmErgzorEsurghgilne tovesd h of

th t i - : i t : d
e L e RS AP A PR AR ARSAR} A AAAR3 s 20 on 0
det ent ( s)343BIMspoacd wethesedridbrsupfaasahérbef thatpreeide b differwtichinpihf éoroest 343 of

the collar body 20prjor to actuation. As the cap 344 is fully actuated onto
the el emeiiMBAS ?Oliqé‘flée%%&ledé%we29&%3@%16@5%0@}%@5&2%&3%1?_ 3B€6HMar body
to furt he(farss&ﬁ%&%nwﬂgrtféﬁg Pty 41 vEQrt'ﬁE%xial length JFYid Jb%%aﬁnggaﬁ Bip fgap! ary
aspect, cap 344 can incl ge r |n?o ci ng vval%s at both ends of the camm ng
sur f aces mefetrhé aspede thei gtgppofe oive appled Dhvdsepinakdrs XA (oloseit dethstiewetur al

strength tq hold t el enent . 342 | egs,.in their. actu osition. In

caar ¢ on S 0hE By gpnedBres i ol b et b A Sbifiee 1 dges
345A and 34RBlaty 8Het, the.cldtfing 16360 afplRl t& ARG/t D8 84 FBeMt b@g{%sﬁﬁﬁy@en the
rai sed cl anpi ng zones 341A and 341B (see e.g., Figs. 17B and 17D). These

surface r4actdges 345A and 345B can nmaintain the relative axial position of
the el ement 3 ile in use...ln.this  exenplar ect. t ri,ppi ng devi ce
50, Warti cul aniyatsbolfbe (T ioeE i PG BT SL BXRT Shmat "FR2neP) 27 body
320 and tdHppetasthe @iinicat el axh@ledrow it adodet 1y theetpadd expamnsfeard For
exanple, cap 344 is designed to securely engage with collar body 320 so
that t he asBsstdhelfibe widlrisaie adistapegdfdiaam about d O tosthont HoiiE MofHr  exanpl e,
cap 344 7. / 0 70, | ey i L1 dge 347
f or med oﬁﬁgﬁeg\é\gs%%gﬁgg%e%da,ﬂ F::@gs : a%&:&i@%n% #é?% - t%gg(gee{{gﬂ%?dgge&%fl sposed
away fr onfotdeehdtes totleaapBBE) totthatibentyaggsofecgon. by sliding fit) with a
correspondi ng sl ot. 327 formed in.the openi t he col | ar .bodé%3 To provide

f
for cantrol | edP@itignlag,ipthis ﬁ%ﬂnﬁfhwe%sp%amagﬁé?% U CRIRRAQN 158534 e cap

344 is deﬁliz%m?é’e .9, FresNAe 188) @%kalin hepetiflof BAthe chh GMtnfiuht Xol%a‘%%&f 3b@ the
collar body, leaves a snmall air gap or opening 324 between a front edge of

t he cap drd eaarfiplongach ot greirotentval leg8248 0848 P earc oichale dowdis 3494eand. 3g9B Fi g.
17D). In an exenpl ary aspect, aside fromthe registrati int or side,
the capl dPERGHY BRI R METRal: Ueher Toniagisd T pheSdohal gy o
reduce t hpt@tGpsdm odn deised tdPlasiiht gy sRBFMIRlvitBHNRANAE®R43 dPMCCoNslivddyt 0 a
preferred aspect of this enbodi nent, the collar body and cap can be ?or med

or nol0dedrior dhaatisiosards thoramitd ibulbr scsiatedrato theapigment 3¢hdhe sgsord4 and

[P such SEecHi am e R UL B o s Skl B BRL st oo

utilized. HowaMgther, i tHidé:englaipbmicy, cas pettan ihbiad€ anfddddasllatGoh in the
direction of the fiber axis, which is 15substantially different fromthe
CTE of t Hadgef thgcappdne gpficeson the andermee af tecppoRhesasvadlscan Piayidedi st ance

bet ween tsﬂ%ﬁtﬂﬁ TR tﬁ?@hcﬁ&ﬂletéﬁé’mén‘%@ﬁk"\l/e%sﬁr?ﬁﬁﬂ%%&%?eﬁga?sﬁiﬁn.a%rﬁ%& i, liid

fashion wth 1 ncreasing tenperature. I's structure, e el erffent 342
i s canst nadosdicalf omg344 sanpnclode yndexdide wirfane ndgdsS460nmed46B (bye d.feFigap, as

opposed t e collar body. The LCP materi al exhibits a_fjrst in the
directi onl%&lf) r‘glfqt Sgga&grt}ilenéel%ﬁlg |b8‘fvypé:g%he raised cFarnplng zones 341 and g HB (see
e.g., Figs. 17B and 17D). These surface ridges 345A and 345B can maintain the relative

axial position of the element 342 while in use.
In this exemplary aspect, the gripping device 340, particularly cap 344, is secured
30  to aportion of the collar body 320 and thus has controlled axial movement due to thermal
expansion. For example, cap 344 is designed to securely engage with collar body 320 so

that the cap and collar body are registered to the same point. For example, cap 344 can
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20process and a second CTE (different fromthe first CTE) in an orthogonal
direction to the flow direction. In this exenplary aspect, the first CTE is
| ess t harwoheoswensnd CTE. Accordingly, as is shown in FiPgE/USI@¥0ardes | 9B,
the cap 344 and collar body 320 can be nmanufactured such that the cap 344
is formed by injection nolding the LCP material in the direction of arrows
372, while the collar body 320 is forned by injection nolding the LCP 25
mat eri al inudhedeyo-adiridga 347 fermedwnaws, 34aKbeste & sFigh + Hdgeidal OB othe 5ep

di rection:of ;.arr I ' 44. ¢ CTE in the

o ol i T i Bt o foh o TR o i, REP, SEGARISOME £ T 1T

exenpl ar yoasgatingtshe 3CT Borafedtih ehcoqenmgdf denamiit; badyo i prbeide fova) or axis, is
eater than that of the body. As sugh the front. end of the

sel ected to be gr " .
el enent (Ceptsgl_i%cf’ ax teép%l}%é)nfl}é‘rdFWI@)lg@gr‘iher‘?é@gc%’id%oélﬁ’t Dot badRsigrd Bf t he
ferrulse walBah BELPRALNAMACTRE! AlIYKEuicd in the cdifR bBay 1YL 8851 'y or

corresponding to the change 1 n |éngt vari ous ‘conponents of “opti cal
connect orop8fidgddé betveeh ariginh gdgeanrfples cpuand advent el @01t Efpefithe wolarchange.

WO 2009/ Q99737PCT/ US20 031176 In this exa the ferrule is chosen to
be a cer%‘a%ﬁ%?ﬁte&m E; %ﬁ%a@ Rt %SB?Ct’bag%%qu%t_ SPRSEPINY Wect ra Lop
A130 mat efidcathe dapleldnit@t Edromive infiBfhdl @fRr 8bnthd&yifBthe tbBrHody Qo SédudeaRnal
(collar flowdirection = parallel to fiber axis), and the fiber is forned

of subst afecildf yrighian) dpaing gheame) expInEoICTE val ues are given with respect to
the diyection ol L BTJ BEf A8 ARk Zuolfple. G bENYHy hRRgeR
formed or molded from the same polymer material. For example, the cap 344 and collar
body 320 can both be formed from a liquid crystal polymer (LCP). A LCP such as
VECTRA LCP A130, available from the Ticona Company, can be utilized. However, in
this exemplary aspect, the cap 344 has a CTE, in the direction of the fiber axis, which is
15  substantially different from the CTE of the collar body 320 in this same direction. As
such, the distance between the eclement 342 and the ferrule 332 decreases in a controlled
fashion with increasing temperature. With this structure, the element 342 is constrained
along its primary axis within the connector by the cap, as opposed to the collar body.
The LCP material exhibits a first CTE in the direction of flow during the molding
20 process and a second CTE (different from the first CTE) in an orthogonal direction to the
flow direction. In this exemplary aspect, the first CTE is less than the second CTE.
Accordingly, as is shown in Figs. 19A and 19B, the cap 344 and collar body 320 can be
manufactured such that the cap 344 is formed by injection molding the LCP material in the
direction of arrows 372, while the collar body 320 is formed by injection molding the LCP
25  material in the direction of arrow 373, which is orthogonal to the direction of arrows 372.
In this manner, the cap 344 can have a CTE in the axial direction similar to the CTE of a
metal element 342.
In this exemplary aspect, the CTE of the cap and element, along their major axis, is
selected to be greater than that of the body. As such the front end of the element (closest
30  to the ferrule) can move closer to the back end of the ferrule with increasing temperature.
Table 2 provides data corresponding to the change in length of various components

of optical connector 300 due to changing temperature over a 120°C temperature change.
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Tmax "C Tmn "C AT C AL nm Ceram ¢ Ferrule 10.6 10.5 -111.3 80 -40 120
-13356 Col |l ar Body (Vectra) 6.0 10.5 -63.0 80

10

15

20
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In this example, the ferrule is chosen to be a ceramic material, the cap and collar body are
formed from a Vectra LCP A130 material, but the flow directions of the materials are
orthogonal (collar flow direction = parallel to fiber axis), and the fiber is formed of
substantially silica (glass). The CTE values are given with respect to the direction of the

fiber axis.

Table 2
Table of Length Changes with Temperature
CTE | Length | dL/dT | Tmax | Tmin AT AL
ppm/°C| mm | nn/°C °C °C °C nm
Ceramic Ferrule 10.6 10.5 -111.3 80 -40 120 -13356
Collar Body (Vectra) 6.0 10.5 -63.0 80 -40 120 -7560
Cap (Vectra 1) 18.5 9.0 166.5 80 -40 120 19980
Glass Fiber 0.7 12.0 7.8 80 -40 120 936
Total 0 0

The results above show that the connector 300 can be formed such that there can
be practically complete (total AL = 0) thermal balance over a substantial temperature
change. Note that the CTE for the cap can be relatively close in value to the CTE of an
aluminum element (See Table 1), even though the materials are different. Also note that
components of the same material can have significantly different CTEs (as a function of
direction) based on their manufacturing. The selection of materials can thus provide for
CTE matching of the components so that the relative position of the fiber end to ferrule
end is maintained over a wide temperature range.

Further aspects of connector 300 include a buffer clamping portion 326 of the
collar body that can be configured to clamp the buffer portion of the optical fiber cable.
The buffer clamp can be configured in a manner the same as or similar to buffer clamp
126 described above.

According to an exemplary aspect, buffer clamping portion 326 can be configured
to clamp a standard optical fiber buffer coating, similar to that described above. Sleeve
365 can be formed from a polymer or metal material. The operation of the sleeve/clamp

mechanism 365 is similar to that described above for sleeves 160 and 265.
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0.7 12.0 7.8 80 -40 120 936 Tot al
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In addition, connector 300 can further include a retention or crimp device 375.
Device 375 is configured to retain the buffer clamping sleeve 365 in place prior to fiber
termination. In addition, in some applications, device 375 can be used as a support
structure in combination with a first crimp ring (not shown) to crimp strength members,
5  such as aramid strength members, utilized in conventional optical fiber cables.
To prevent sharp fiber bends at the connector/fiber interface, a boot 380 can be
utilized. In an exemplary aspect, boot 380 includes a conventional tapered tail. The boot
380 may have an alternative structure, as is described above. In addition, connector 300
can be supplied with an additional crimp ring (not shown) positioned at the rear portion of
10 the boot 380 to crimp the fiber cable jacket.
Connector 300 is a ficld terminable connector. As such, a ficld termination
procedure similar to that described above can be utilized.
The optical connectors described above can be used in many conventional optical
connector applications such as drop cables and/or jumpers. The optical connectors
15  described above can also be utilized for termination (connectorization) of optical fibers for
interconnection and cross connection in optical fiber networks inside a fiber distribution
unit at an equipment room or a wall mount patch panel, inside pedestals, cross connect
cabinets or closures or inside outlets in premises for optical fiber structured cabling
applications. The optical connectors described above can also be used in termination of
20  optical fiber in optical equipment. In addition, one or more of the optical connectors
described above can be utilized in alternative applications. Moreover, the connectors
described above are designed to be more insensitive to temperature changes and thus can
be utilized in a larger range of applications, such as outside plant applications.
Various modifications, equivalent processes, as well as numerous structures to
25  which the present invention may be applicable will be readily apparent to those of skill in

the art to which the present invention is directed upon review of the present specification.
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0 O The results above show that the connector 300 can be forned
such that there can be practically conplete (total AL = 0) thernal
bal ance over a substantial tenperature 10 change. Note that the CTE
for the cap can be relatively close in value to the CTE of an

al um num el enent (See Table 1), even though the materials are
different. Al so note that conponents of the sanme material can have
significapihymed fferent CTEs (as a function of direction) based on
their manufacturing. The selection of materials can thus provide for
CTE mat ching of the conponents so that the relative position of the
fiber end to f I i i.ned over a wi de tenperature
range. L I’—lﬁlﬁéﬁéﬁl %lge%gg?ﬂs&%)’ 8ohﬁglg?'or 300 include a buffer

cl anpi ng port iowousiag coiffigunal oahdtawithadyceptaake; amin be configured to
clanmp the buffer portjon of the qgptical, fiker cable. The buffer clanp
can be confi gursliasbp ﬁeé]rmtﬂﬁgfoé‘élﬁ‘% tﬁ%‘“ﬁﬁ“?? nglpding puffer cl anp
126 described above, ferMIBGeQK&Y ABpbRd R arLHRARI AT YhARMREbodyPME & ule

cl anpi ng portion 326 can be configured to clanp a standard opti cal

fi ber buffer coeudinga central bere thay defimes adexiér i bed above. Sl eeve 365 can
be formed froma pql erial. The operation of the

sl eeve/ cl anp mcha%%%@%gé%lg&écﬁﬁnﬁe1%? to that described above for

sl eeves 160 and 26% houMify pOMish ABPIRd RCT Leis2A13We0GAl pohion of the dalilar body
addi tion, connef1 or, 300 can further include a retention or crinp
devi ce 375. DEAMJAVIBZ 8N PRERGIPITERTHEE FHPIE v ire{hE bin ?lg’rca'cﬁ?téﬁ’i’pi ng

sl eeve 365 i n php&if Y feRlileliPadidlBanotBpRIIARDERRAt dithedAlth@RmehNofSREE
applications, device 375 can be used as a Support structure in

conbi nat i on wiapkical fiber and grinpmg devies, Wivsein sheogppingsleyice msludep a gypping
menbers, 5suc =Ty - oL L i ' I
optical fiber h::(l:a ?ngs. gaﬁ&ﬁgg%ﬁ%ﬁgpgﬁ?kggﬁg{e%@ g%ése%]ﬁ!écwea
connect or/ f i benatenidl dnfiag e foaus hogt 1188 Coupdas fhst antlisédoné dlemlent lags, each of
exenpl ary aspect, boot 380 incl udes conveniional tapered tail. The
boot 380" rmy. HAY K2 ReLiE e SEPISDE PO do Clah 0 BHETAIbgLreatthe. | n
addi tion, conngp&t@rupdfctGaibnls theldldtiad cyp.t h an additional crinp ring
(not shown) positioned at the rear portion of 10the boot 380 to crinp
the fiber cable jacket. Connector 300 is a field term nable
connector, As : L l -1.gn im
descri be 'abovj(saﬁ‘!“hg{éﬁCi}eflf bhflﬂq?%(gwﬂ%ﬂlq’ wRERREAY Bgu&dﬂolr%n né Sar
body includes a nest to receive the gripping element, wherein a first portion of the

received gripping element is registered against an inner wall of the housing portion and a
second portion of the received gripping element engages an elastic element disposed in

the housing portion of the collar body.

3. The optical connector of claim 2, wherein the elastic element comprises a spring
arm.
4. The optical connector of claim 1, wherein the actuating cap comprises one or

more cam bars located on an interior portion of the cap that engage the element legs,
urging the element legs toward one another, during actuation, wherein the cap is
configured to freely fit within the housing portion such that upon actuation the cap

expands and contracts with the gripping element during changes in operating
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The optical connectors described above can be used in many
conventional optical connector applications such as drop cabl es
and/ or junpers. The optical connectors 15descri bed above can al so be
utilized for term nation (connectorization) of optical fibers for

i nt erconnection and cross connection in optical fiber networks inside
a fiber distribution unit at an equi pnment roomor a wall nount patch
panel , i ngigerapgelestal s, cross connect cabinets or closures or inside
outlets in prem ses for optical fiber structured cabling
applications. The optical connectors described above can also be used

intermnatio

one or nn?e opngﬂé%ggg%%ﬁﬁkggﬁggg?%pﬁﬂﬁéggﬁ%%@%ﬂi ove&ggﬁygggﬂ{ X ed
i n al t er nat iforened hipim z sempcomateridlbr eover, the connectors descri bed above
arc designed to be nore insensitive to tenperature changes and thus
can be utilized in a |larger range of applications, such as outside

pl ant appd.i catianspticAlabhmiéor P 6lafnh CAVhDES thesllaVBdds Thrtih QEBsRe 8 bu s
wel | as nunerous structures to 25whi ch the present invention nay be

appl i cabl @amwp fq clyap pouifer Roragpah neptics] f bré%bl@fha& heysps the optieal fber. t o
whi ch the present invention is directed upon review of the present
specification. CLAIMS 1. An optical fiber connector, conprising: a
housi ng cbnfi glieenptica froet eonnetthr &f cﬂaémelpMCﬂem thafiairnde awl dodlar Hmﬁ;deﬁne

di sposed i he. housin t cal L nc

Soonrery Hfisbagn ity e Brbasl ks Rt snboba s dm ¢ ssopdphfiuersin
i ncl udi ngtha fiegahd @dcoﬁxppaahst WAt sttetantiglsy @ s@xé sffective beethlDCTFEWathat the
structure, and ousi ng portion disposed in a generally

central pth 1eaath&f:hatna@ lfb%’lbﬁféimqyddlgﬁ W MPPHYIA A tIPRSETTREG chengcecei ve a
gripping device to grip an optical fiber, wherein the ferrule is
axi al |y noveabl e i ndependent of the axial novenment of the optical
fiber and8.gri p'Hierthtidai\ﬂbGEC;omwh@omfwlztimd ghierspi vipndeviaten ofthé gﬂm'na
gri ppi ng and an n wherein the in
dompr1 s o<y Rany Pl rlatoh s uEATop A% 2% b BRiRe ERSTPTTE
and SeCOI‘hdccﬁﬁh‘lecEfBrr’ﬁdabiegmd a—l‘(&ﬁllﬂe@ff)r stobleet | sagmd ilokell df dkis ¢had ade)thlO%chﬂ #piahg
channel to cl anp % t|c F %§§¥ed t herei n upon actuati on by
the act udfith @r?,"a‘ﬁ lre% 'y 2pR e‘b t %HUCP connector of claim 1,
wherein the housing portion of the collar body includes a nest to
receive the gripping elenent, wherein a first portion of the received
gri ppi ng %I enehie dpgicaldtpes cammegorefalaimt], ameieimibe ﬂ\mible wall sthvstuousi ng
portion and %Séselg; ng og?errua of {hte hﬁ rb%ﬁ I geug 1on%f ?hi% ac% §l19a9€s
an el astiC &l SRent I Spose Housine ng por Pon 0 SPESTT
body. 3.folkepplid oahe &ﬁﬂhﬂ@tr@ﬁsfﬂfsdab dierboed wheer @ialls.t he el asti C
el enent conprises a spring arm 4. The optical connector of claiml,
wherein the actuating cap conprises one or nore cambars | ocated on
an interigy pokf bptaPfibdrREnt@RridprigAgage the el ement |egs, urging
the el enment |egs toward one another, during actuation, wherein the
cap i s confi gurkapsing configured fojmatpivithianeeetaclsousi ng portion such t hat
upon actuation X ripping
el ement dur i ng %:(11 &gdgr cﬁsr]i:B?‘éHj B t?enlgoug% t{'lg‘&gl?ar\éﬂo&y mtcﬁ'lﬂm%

a ferrule Securely dlsposed in an opening of the collar body, the ferrule

including a central bore that defines an axis, and a housing portion disposed in a
generally central portion of the collar body and having an opening to receive a
gripping device to grip an optical fiber, wherein the ferrule is axially moveable

independent of the axial movement of the optical fiber and gripping device; and
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tenperature. 5. The optical connector of claim1l1, wherein the
gripping elenment and actuating cap are formed froma sane material.
6. The optical connector of claiml, wherein the collar body further
i ncludes a buffer clanp to clanp a buffer portion of the optical

fi ber cable that houses the optical fiber. 7. The optical fiber
connector of claim1, wherein the ferrule and collar body define a
first path and the OfanPpadwRRbinCRher m@gﬁ%ﬁﬂge@ﬁﬂeﬂﬂk AEpéieY it @e hondmAa
second path, wherein the first and second paths have substantially
the same ef f eqiortjen, wertipn|of drmrippinglsvice meisiers hzdiesh g vy pertion@é therfam

substantial ly . i - At > :

optical fiber %g’%ﬁgﬁf&g&%g%ﬁﬂﬁé %@%@gggﬁf&%@%ﬁggﬁ%%ﬂ%e

gri ppi ng devi adevivads aypaly displaved toveardothe fdralowidncatuafiodbef the omneottor to
one of a connector coupling, a connector adapter and a connector
socket, an endTHALF LY N&n about 20% of a total load force is
directly applied to the optical fiber. 9. The optical fiber
connector of claim1, wherein the flexible wall structure conprises
bowed out B walhesopgealtiiher exinpeipr aseerdingip elagn A Oawheseinitiohcass pig is received
di spl ace | ed: j : . wed
out or - vel 1oy i GlghteBh Bl Lt A MR G RBPRES il B B
conf i gur egln tamprfes awiytildricall gelegped stnestura insettitde infothy tldbsgiolsdel | n t he
housi ng, the collar body including a ferrule securely disposed
in an opening of the collar body, the ferrule including a central

bor e t hatjxdef i TiRSop#baldives corMBstoPoftPimi NIwReEin tAE cAth PRAKEDdds Mrst
generally central portion of the collar body and having an opening to
recei ve aPOgtotplAviRg aiist diametsr gid 1)8e&ﬁﬂfb@ﬁm@aﬁa\mngﬁqcowaa@w apger than
ferrule i8§. axkaldedoveabl e i ndependent of the axial noverment of the
optical fiber and gripping device; and a cam pi n, wherein,
when the gripping elenment is disposed in the housing portion, a

portion of, th rippi devi ce registers ainst a first rtion of
Phe cam pih. | aHE By afbet Sonaetat fRmelrs ahE8nhon gr i o RS L ch
that gri pRivitg a€Vip&cdnmediondfkhe dhitissllfveeebnnenardont bea E@ﬁiébtbﬁcdtﬁﬁﬂg,
actuation of the campin to generate a fiber protrusion.

11. The
optical f2gapcdemdepichrndEWneRtoPorkrtanfnghlaay of\lgse thangbew e Oeeeh afptel i s
recei ved r i coll ar body transverse to
the fi berlggiﬁjé%éﬁ\%\ﬁgrgg%ﬁr@kﬁgdgat% |dr$glcf(t1)$r§r;'ri ses a cylindrically-shaped
structure insertable into the through hole. 12. The optical fiber
connect or “of cAai m 1il é/vher eei n tche cam pin includes a first portion
having a tr st HPRHE! AP SRINeEOLSOBRENSr t i on having a second di anet er
| arger than t hehdusinglcofifi@ur®i ®rmate $3th akb&paplet cal fi ber connector of
clai m 10, wherein upon actuation of the gripping device and upgn
connection of &¥&PPyJvige 19 gHRAn epfirsbllbesy the STipRiBe Bevice ngAwgadiber
coupling, grgpgg%m&ﬁémn@a@%ﬁﬁngwp BorIRBRAGH Qﬁgaﬁg%e%rippﬁ@ Bk r;0Rd o Of

| ess t han 20% of a total "load force is directly applied to the
optical fdobler bodyidisposed iohe lasingj the colbwhndicinoludingonpri si ng: a housi ng
configured to mate with, a_receptacle:. . a o&d ppi devijce. tg grip
an optical fiber, CHETHP EPTHGCHeyTad" PhePRiAt e B TIBERORy e

el ement and annélQdingaice@ral dpreabatfdefghidsed ki3, sdgage the gri ppi ng

el enent; and a collar body djsposed in the housing, the collar_ bod

i ncl udi ng a faehmlams_ljgrél@ard_&pysedﬂgﬂ@%%ﬂliweaﬁg'dw&ww thg cqllggbody
collar body, Q@ HhehkUh 8pidits BALOGvARE BRDSiAE dBREL wWhbRin HEBlipsiRg an

axis, and a housing portion disposed iA a generally centrdl portion
of the coll ar dbegusat comprises a ductile material having a focus hinge that couples first and

second element legs, each of the legs including a fiber gripping channel to clamp

an optical fiber received therein upon actuation by the actuating cap, wherein the
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and having an opening to receive the gripping device, wherein the
gripping elenment conprises a ductile material having a focus hinge
that couples first and second el enent | egs, each of the | egs
including a fiber gripping channel to clanp an optical fiber received
t herei n upon actuation by the actuating cap, wherein the cap is
registered to the collar body, wherein the ferrule is axially

noveabl e i ndepgpeenrbistied B ehaoliat bdilY @8R tBE fehhi® 9 RkiakRmokeddes and
gri ppi ng device, wherein the collar body and cap are formed of a

first materialindspendest af thpaxiel mavament of the entiesl Gberand ariopias davies.i al |
and wherein the f 1 g c%'ﬂQr§o%§%lﬂ& ?%r%g‘& e oﬁﬁﬁﬂ%g?a\(&a? iHeh that

a relative position an en gri'‘pped 1n the
gri ppi ng devi cermérit s ﬁaﬁﬂ@:émﬁa steoorailmﬁaﬂalpdndtwimrém klreufiret and semind tnadterinds

over a tenperat of .a st. 100C, tica i ber
Cormoat or ot tath R Ol Shc et e o ot 35 G hEORAeE! BT aTppegl,
axi s directi onpkiadrippingSdeRice anth rédpett diah ofd 8the FirRNe R nfaliaRbd & a

collar body in the sane fiber axis direction. 16. The optical fiber
connect or of dFaperatuse rapgeelt feasthidOzet uati on cap has a CTE in a fiber
axis direction that is greater than the CTE of the collar body in the
sane fiber axis direction. 17. The optical fiber connector of claim
14, whereimn t fiﬂaea@tiuﬂtﬁbencmpcthraﬁ Mabéi, eheremnbe hetbhimh capham CTEliya

ted th f
Phat oo Lnten s discion 166t oyl e s T e e Bt gf o ©

same fiber axis direction.

16.  The optical fiber connector of claim 15, wherein the actuation cap hasa CTE ina
fiber axis direction that is greater than the CTE of the collar body in the same fiber axis

direction.
17.  The optical fiber connector of claim 14, wherein the actuation cap has an axial

length that, when fully seated in the collar body, leaves an air gap between a front edge of

the actuation cap and a front interior wall of the collar body.
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