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PCT/ US96/ 08940 -1- Optical fibre connector for fibres wth cleaved and
bevel ed ends Background of the Invention 1. Field of the Invention 5

The present invention generally relates to connectors, and nore
particularly to renateabl e connectors-for optical waveguides such as fibers
used in tel ecorMPATR8Y ons. 2. Description of the Prior Art

node discrete fiber optic connector plug desighs in use 10 today contain
precjision cylindrical ceramc ferrules that gre nmounted in the connector
plugs. Bare glass optical fibers are bonded in close fitting axial bores in
these ferrul es, afpttdad fibverconnectoerforl €ibrepawishcleaveds amtl bevelpd @ndse | ow
i nsertion | oss and back reflection connections. The connector housi ngs used
with these ferrule connector plugs may contain split ceram c sleeves which
center  and align gOfofoihd bf e g N 15 connector plugs are inserted

I nto opposite endS 0O e nousing. Alignnent of the ferrules brings the
centers of the fibers into lalFieldofthe Inventiondi ng r el atlvel y low insertion

| oss. Springs in the conne for ce hed fiber _end faces
into intimte 3ont act whi c?‘%r‘ﬁ%ﬁﬁ %@F %%"6'?2“7’%‘?4 g

Versions of cer anpaeticubinlytb eenaebiomiestony for &legdld&kﬁcﬂiswﬁﬁd&nn
angl e polished feryule/fiber tips which, when 20 mated with simlar
connect or pl ugs, 'B{emw mely |ow back reflection. Single mode

di screte fiber optic conne%w&mam c ferrul es have been
dropping in price and inproving i'n performance within the past few years.
Thi s downward price trend |1\§a%@p!8!9t nagfediscrets fitier opticponnastor plugidesignsinviseni ¢

Lgr;u: g\?ve?nldi ?nﬁ{ on M pr| %}gﬁﬁ&g&? optic connéﬁ]@rs’ﬂ%ﬁe@% pd to

related to the | oplags. Bas¢ glassraptica) fibers are bendediin close fittmgoaxiah baresindhese ferrules s o,
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reflection connections. The connector housings used with these ferrule connector '
plugs may contain split ceramic sleeves which center and align the ferrules when the
15 conmnector plugs are inserted into opposite ends of the housing. Alignment of the
ferrules brings the centers of the fibers into alignment providing relatively low insertion
loss. Springs in the connector plugs force the polished fiber end faces into intimate
contact which provides relatively low back reflection. Versions of ceramic ferrule
connectors are also available that contain angle polished ferrule/fiber tips which, when
20 mated with similar connector plugs, provide extremely low back reflection.
Single mode discrete fiber optic connectors containing ceramic ferrules

have been dropping in price and improving in performance within the past few years.
This downward price trend is expected to continue as the cost of ceramic ferrules and
ceramic alignment sleeves drops; however, there is expected to be a lower limit on the
25 price of fiber optic connectors, which is related to the lower cost limit on the ceramic
ferrules and sleeves. Also, most single mode ceramic ferrule connectors in use today
are factory installed on fiber pigtails or jumper cables. These connectors pigtails are
. usually fiusion or mechanically spliced onto fiber optic cables. Because of'the difficulty
. in bonding fibers in ceramic ferrules, and then precisely polishing the tips of the fibers,
30 very few ceramic, ferrule single mode connectors are field installed. Thus, the



usual |y fusion or nechanically spliced onto fiber optic cables. Because of
the difficulty in bonding fibers in ceramc ferrules, and then precisely
polishing the tips of thefibers, 30 very few ceram c, ferrul'e single node
connectors are field installed. Thus, the WD 97/ 01783

PCT/ US96/ 08940 -2- relatively high cost and |ack of field installability of
si ngl e node cer N ¥/183r ul e connectors has not been adequatelﬂ"&ﬂ@ﬂ@@%&% in
the prior art. Another line of interconnection products, particularly
adapted for permanent splices, uses a fiber gbanping elenent that is
embossed with grooves of 5 various types to provide fiber |ocating and

alignnment, and fi hﬂm%?ﬁﬂghébsiﬂﬂlﬂﬂ&&‘ﬁeﬂhﬁﬂﬁﬁﬁ%f%gl&ﬂﬁbem@ﬁﬂel s the
Fi brl ok splice el enent, Eﬁrent%z fabrﬁ& gd froma single sheet of ductile

al uni num ( Fi br | ok Gognectqrs 'Eeéseﬂ/l‘"r#’ﬁg‘"%{ - Manuf act uri ng Co.

assi gnee of the present invemnbiherline offiftere BiS, pakt I S
usual ly rectangul ar, and is created by bl anking the el enent ?rom Its

carrier 10 stri p.perminentiplices,nsesafibpr clampingielementthatiisemhossed wjth greowes efrent

bl ank into two equal. ner al east, one
of these plat esgco %%QP%&IW@%@@ﬁﬁgﬁmw

whi ch runs paral | %uﬁplewmeharpebmwmbxwmmelm durgentlp Hibrictéd florha such
that a 125 [err]mfi ber I%(t;atedlnthls roove uld pr]&%ect out _of the

groove by about 50singls sheehof guctileat Flplpis 2 tradeppprk Af #;dovi ded
15 at each end ofy\gfdnifin ol ol"ﬂﬂ inviffonp pﬁfb%u%de%?ef‘of‘i‘ﬁéo
i

contai ns funnel shaped fiber Iea -1 n grooves Iocat ed the sane stance from

t he bend-f ocusi ng ejement is useally estangviag: and;is sreated bp hianking the clomens from itsearrierr st
0 T 1 i Bl BRGNS0 .
to the other pl at egenéflly mmngulmgras ot plates. UAHlexs0 ontei of tlicsgiplates tomtainses Vishapel) v
rigid plates cont aﬁb %athg and dJa%pmggrmwewluch runs parallel to the bend-focusing groove.
The V-groove depth is such that a 125 um fiber located in this groove would project
out of the growe by about 50 pum. * Funnel shaped fiber lead-in grooves are provided
15 at each end of the fiber-locating V-groove. The opposing plate also contains funnel
shaped fiber lead-in grooves located the same distance from the bend-focusing groove
as the funmel shaped lead in grooves in the first plate.
The flat Fibrlok blank is folded along the bend-focusing groove until
one plate is at approximately at a 5 to 10 degree angle with respect to the other plate,
20 creating a structure consisting of two essentially rigid plates containing inwardly
facing, fiber-clamping V-grooves that are joined along one edge by a hinge which
operates elastically for small ranges of plate motion. When used in a Fibrlok splice,
this folded V-shaped element is located inside a plastic jacket having end ports that are
in alignment with the fiber-locating and clamping V-groove in the element. A plastic
25 cap fits over the outside edges of the open element plates or legs. The cap contains a
tapered recessed area that slides down over the outside of the element legs when the
cap is closed, causing the two legs of the element to move together which clamps and
centers a pair of fibers located within the V-groove.
Ductile aluminum was chosen as the material for choice for Fibriok
30 elements because of its Jow cost, and its ability to be easily embossed and then folded
without cracking or breaking. In addition, the ductility of the aluminum enabled it to



facing, fiber-clanping V-grooves that are joined al ong one edge by a hinge
whi.ch operates elastically for small ranges of plate notion. Wien used in a
Fi brl ok splice, this folded V-shaped elenent is |ocated inside a plastic
jacket having end ports that are in alignment with the fiber-locating and
cl anping V-groove in the element. A plastic 25 <cap fits over the outside
edges ofthe opeWOSMBHBht plates or |legs. The cap contains a t

recessed area that slides down over the outside ofthe el enent | egs when the
cap is closed, causing the two | egs ofthe el gnent to nove together which

cl anps and centers a pair of fibers located within the throove Ductile

al um num was  chos girégasihyGoriftirtlolthe outéde FbRORRRcdsWithoi kg RleslivayTRigh S

because of its low cost,  and its ability to be easily enbossed and then

fol ded without cr ml@d@pnmeé&mmmcanmmﬂ%mmvrm

al um rfum enabl ed i
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clarrplng of the_fiper,in the V-sh ca.tln ooye., Such t||
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to repeated!y useﬁﬁb@r@h&h émbed iSelf i o%@chndﬁoﬂﬁfeléﬂiemng the 5
cl anpi ng plates, since nulti pI e recl anpi ngs, of a f| ber in a ductile el enent

do not allow the ﬂmmstfmcﬁbamsymmwwwmﬂmmatadr@mwgr oove,

and so the el em&*nh,gtﬁl.’g‘{r’p‘-ﬂg,‘gmygs et{ﬁ? M‘ﬁgﬂ AempRigot i al
on repeated reclosrngs is re ucegﬁuﬁlﬂ ere errent I'S general |y

unsuited for use mm@wm&mnmmdmmmmwmmd for

al um num el enent s their I at [ veI 10 h coefficient ,of ,therngnl
expansi on. Thidle I‘I’QF% i expapsiqnqan m&t?&“%dgﬁﬁfum ly

cone apart at hi gaﬁdﬁéﬁwmrﬁﬁeaﬂm tbiiperatufes. ARfough thls BRRSEFD | f
the connection is assenbled at roomtenperature, it is nore of a concern if
concern if the connection is assembled at room temperature, it is more of a concemn if

" the connection is assembled at very low temperatures.
Still another potential weakness of an aluminum element is the difficulty
15 encountered when attempting to clean it folloﬁving the various embossing and folding
operations. When the V-grooves and lead-in cones are created in the aluminum
element strip material, small flakes of aluminum are often generated that adhere to the
side walls and edges of the V-groove. Small particles or flakes of aluminum are also -
generated along the bend-focusing groove when the element is folded. If any of these
20 flakes or particles of aluminum become dislodged during insertion of bare fibers into
the element, they may become attached to the one of the fiber end faces and block a
portion of the core, severely affecting insertion loss. Attempting to clean the fiber
locating V-grooves in soft ductile aluminum before folding often da.mages or scratches
the V-groove. Abrasive cleaners cannot be used because they become embedded in
25 the soft aluminum side walls of the V-grooves. Cleaning the element after folding is
virtually impossible because of the small spaces between the legs of the element.
Still another potential weakness of the folded aluminum element is that
it is necessary to very'careﬁxlly control the distance that the legs of the element are
. closed during the fiber clamping operation. If the legs are closed too far, the hinge of
30 the element can be sprung open, and the element wili not be able to clamp the fibers on
subsequent actuations. Furthermore, when fibers of different diameters are used in the



the connection is assenbled at very |low tenperatures. Still another
potenti al weakness of an alumnumelenent is the difficulty 15 encountered
when attenpting to clean it followi ng the various enbossi ng and fol di ng
operations. Wen the V-grooves and | ead-in cones are created in the
alum num el enent strip material, small flakes of alum numare often
generated that wosantrsso t he side walls and edges of the V-graenasssiosadd -
particles or flakes of alum numare al so generated al ong the bend-focusing
grogve when the elenment is folded. If any of jthese 20 flakes or particles
of al umi num becone di sl odged during insertion of bare fibers into the

| t, th
ol enen ey myhﬁw{éﬁ, dechieht, it B piSbIR TSt dik bfthe ibdis fo RBAvVd 186 Athenp i ng

bl ogk a portion of severely affectl n&”nsert I on | oss.
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PCT/ US96/ 08940 hi famile @nnettorsim el enent , | t is possible for one ofthe fibers
to receive less clanping force than the other, which can result in fiber
sl i ppage and f¥%er end separation. It would, therefore, be desirable to

devi se a cl anpi ngwm d overcone the foregoing limtations.
It would be further advant aﬂ@?us tQ i ncor porate such an 5 element into a
remat eabl e, bare fiber connEietrsesertinyentionprgyides a-ferruless, hagefbericopnestar cost
generally comprising a receptacle and two plug assemblies, the receptacle including a
fiber clamping element movable between open and closed states, a guide tube having a
15 pocket for receiving the clamping element and camming surfaces for actuating the
clamping element, a base having an interior for receiving the guide tube, and a cap for
securing the clamping element in the pocket and for securing the éuide tube in the .
interior of the base. Each plug assembly is adapted to mate with the receptacle, and
includes a plug housing, a collet securing a portion of the bare end of a fiber within the
20 plug housing and positioning the bare end of the fiber at the forward end of the plug
housing, and a camming finger attached to the forward end of the plug housing and
extending outwardly therefrom, located such that when the plug housing is fully
inserted in the receptacle, the camming finger forcibly abuts the camming surfaces.
Latching features are preferably provided on the plug housings and the receptacle to
25 removably securing the plug housings to the receptacle, i.e., the connector is
remateable.

The pocket in the guide tube of the receptacle may be sized to allow the
clamping element to rock within the pocket, and the camming surfaces located such
that, when only one of said camming surfaces is actuated, the clamping element rocks

30 o a side of the pocket opposite the one camming surface and remains in the open



than ferrule connectors, and to provide such a connector for single-node
use that is easily field installable with sinple procedures and | ow cost,
easy to use, field installation tooling, and yet still provides the same or
better performance than existing ferrule connectors. 10 Sumrmary of the

| nventi on The ggesent I nvention provides a ferruless, bare fiber connector
general ly conpl ¥ receptacle and two plug assenblles t hBCF/ES6IBMe| e

i ncluding a fiber clanplng el enent novabl e bet ween open and cl osed st at es,
a gui de tube having a 15 pocket for receivkng the clanping el enent and
camm'ng surfaces for actuati.ng the clanping el enent, a base having an

interior for recemrmthhﬁnabm@esﬁmﬁmmmc&akimﬂﬂ clafingleleniehpisDi Ng
el enent in the pocket agLelfor securing the guide tube In the interior ofthe

base. Each plug aforesdie Meed to mate with the receptacle, and

i ncludes a plug housing, a Aferab %ﬁd}ﬂ&rﬁa
fiber within the 20 plug r%d&gkﬁgaéﬁguggmtlgg%uﬁ]he% e end he %I ber
~at the forward enﬂugmmmmmm@mmmmumm&mw to
the forward enq of, the pl-u Sl din rd t [ o

| ocat ed such tRatP %Eﬁ“‘?‘%g’ﬁ%m@gﬁ? F@Fﬁ@%&‘%ﬂ"?ﬁﬁb When
rL eceﬁt acI;a t he cmﬁlmoﬁ?mﬁr@mﬁbmghadwa%@mmﬁml .ngwﬁum.agmghoﬁmg
atching features, are efera ovi gde n, t u usi ngs and . the
receptacle to 25 FM%V@@H?M&‘PWI‘&?%?MDﬁ g’&ﬁ‘!"ﬁ@"’f

i.e., the CO””ECt%bﬂdﬁ%ﬂﬂ}ﬁuﬂt&v&&%ﬂaﬁéﬁ&%ﬂ&ﬁd&ﬁﬁg% lh&ea
receptacle may be sized to_allow the clanping elenent to rock vmthln t he

pocket, and the cpelnadgondit WMthrmmemmmsWMau d
camm ng surfac&stﬂl%r%%é Ee?heweemﬁ% 3%&%‘@%&&%%&%&&1&“&&% ofthe

pocket opposite camm ng sur remarns € open
camming surfaces only after the bare end of the fiber has been fislly inserted in the

receptacle.
The connector of the present invention is particularly suited for cleave-
and-bevel installations and, by compressive loading of the beveled fiber endfaces prior
15 to clamping, achieves superior performance in terms of both insertion loss and back
reflection. The endfaces elastically flattened against one another, and exclude all air
between the fiber endfaces. The endfaces may optionally be cleaved at an angle to
further improve back reflection. '
The receptacle may employ a prior art clamping element, but a novel
20 element is presented herein which imparts additional advantages in the manufacture
and use of the connector. This new clamping element has two plate members each
having a fiber-contacting surface, with at least one of said fiber-contacting surfaces
having a fiber-receiving groove formed therein. Edges of the plates are aligned and
held together with a split tube spring. At least one of the plate members is preferably
25 tapered in thickness toward the secured edge, so that the plates are spaced apart at the
ends opposite the clamped edges. At least one of the plate members is provided with a
wire-receiving groove and a wire therein, generally parallel with the fiber-receiving
groove, which acts as a fulcrum to allow the plates to pivot along an axis defined by
. the wire. The split tube spring provides a precisely controlled load along the edges of
30 the plates, allowing the opposite ends to be clamped together (within the guide tube)
by a force sufficient to overcome the controlled load of the split tube spring. The
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PCT/ US96/ 08940 -5- state, but when both of said camm ng surfaces are
actuated, the clanping elenment is forced to the closed state. "Each plug
assenbly preferably includes a fiber protector |ocated in the plug housing
and attached thereto such that the protector is free to slide within the 5
pl ug housi ng, tWOSOLBE protector substantially enclosing the REIISIPRMGS
the fi ber when the plug housing is renoved fromthe receptacle, but
retracting when the plug housing is insertedsg.nto the receptacle to direct
the 'bare end of the fiber toward said guide tube. The collet is preferably
bi ased toward the &atm&dngmwwmlmﬁmdmmwwdmmahaﬁum

|C(r)1'[](c)“ '?Lloo?hgnrteggpbare end glf the fiher gn h@ﬂ&ltgg ho:@ ng i, S &25 rted

sel ected to actua rﬁw‘;@qg n?ﬁlﬁ@fenkﬂel‘ﬂ@ éc&dﬂﬁu&é&’éﬂ‘ has
been fully inserted Int r ecept acFrY, e connect r of e present 2
i nvention is part inmatérial haying antappropriate coafBcient oﬁmmmmmmaﬁd

by conpressive | o of . he bev Ied flber end t Q_cl anpi ng,
achi eves superl%r% Hﬁ%é’ﬁ'%ﬁ' ge‘éﬁ?dmﬁé’l’g)

reflection. The erﬁfmmi@haawmpm*ﬁmmmm
exclude all air between the fiber endfaces. The g&df aces nay Begtlonal ly be
cleaved at an angrelieviogithe fibes pn itshuilst eoating | protacisdhe hage glass fberapd tha acl e may

enpl oy a prior artg %msﬁ%m ploviley d and afiGHEE featuPesthATRAE

herein which inpart advant ages in nufacture and use of
t he connector. Th1thatmlu/ﬁhctmdmgmatbﬁh@rdhmmepmimthmmwch havi ng
a fiber-contac 6”9 surface, with at |east one of said fiber-contacting
surfaces havi ng a fi ber-rece| Vi ng groove formed therein. Edges of the
pl at es are ali gne@refiDekieivtion ofihé Daywingst h a split tube spring. At |east one
of the plate nmenbers i's pre abl ered hi knes owar d t he
secured edge, so that the pltrg 'é'ge“ﬁf"éwélbﬁ%‘ ‘é’(@ﬁﬁ’{ g&’ PHtATRAEYINE o
cl anped edges. At drf\dings, WhereR¥ the plate menbers is provi ded W|th a

Figure 1 is a perspective view of one embodiment of the fiber optic

15 connector of the present invention,
Figure 2 is a side elevational view of the connector of Figure 1;
Figure 3 is a top sectional view of the connector of Figure 1;
Figure 4 is an exploded perspective view of the connector of Figure 1;
Figure S is a side elevational view of an alternative fiber aligning and
20 clamping element as taught by the present invention and usable with the connector of
Figure 1;
Figure 6 is a perspective view of a connector storage tray containing
several of the connectors shown in Figure 1;
Figure 7 is a perspective view of another connector constructed in
25 accordance with the present invention and designed for panel mounting;
Figure 8 is a perspective view of yet another connector constructed in
accordance with the present invention in a duplex design; and
Figure 9 is a perspective view of still another connector constructed in
accordance with the present invention, having a plug and socket instead of two plugs
30 and a common receptacle.



W re-receiving groove and a wire therein, generally parallel with the

fi ber-receiving groove, which acts as a fulcrumto allow the plates to

pi vot along an axis defined by the wire. The split tube spring provides a
precisely controlled | oad al ong the edges of 30 the plates, allow ng the
opposite ends to be cl anped together (within the guide tube) by a force
sufficient to VP the controlled | oad of the split tube BCKPSIE8Fhe
WD 97/ 01783 PCT/ US96/ 08940
-6- fiber-receiving V-groove may be pre-formgd at the factory by sliding
anot'her fiber in the clanping el errent actuating the el enment about the
fiber, de-actuati peclibifonUfehePrefes ffektcnOVi Ng the fi ber fromthe

el ement. The plates may be constructe of a material having an propr| ate

coefficient of thermal expNithtsferense aowiteithe figusss, agd isy pasticular pithreference to
endfales during t |
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acconpanyi ng dr awwhilgsplugrdssenabin16 isidgsigned fori 2908 mowpekﬁherllo vWaile eonnestor 10
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top sectional vi emédhhgﬁsmaeﬁmrcalcshemgmoimEiaguéesea fms:@e—muddaded
per spective view of_ the connector of Figure 1;
16 multi-mode fibers.
Details of the construction of receptacle 12 and plug assemblies 14 and

16 are shown in Figures 3 and 4. Plug assembly 14 includes a tubular fiber protector

. 22, a protector spring 24, a collet 26, a collet housing 28, a collet ring 30, a collet
spring 32, a plug body 34, a plug body spring 36, a plug housing 38 and a strain relief
15 boot 40 (not shown in Figures 2 and 3). All of these components, except for the
compression springs, are preferably constructed of a durable, injection-moldable
polymer such as polyether sulfone (PES), polycarbonate (commercially known as
LEXAN), polyarylsulfone (sold by Amoco under the brand RADEL), polybutylene
terephtalate (PBT), polyphenylene sulfide (PPS), polyether ether ketone (PEEK),
20 polyether imide (PEI), liquid crystal polymers, or acrylonitrile butadiene styrene.
These parts fit together in the sequence illustrated in Figure 4. Fiber protector 22
slides in and out of plug body 34 and is biased by spring 24 toward the front end of
plug assembly 14, i.e., toward receptacle 12. Bumps or tabs 42 project from the skirt
of fiber protector 22 to engage slots 44 formed in the sides of plug body 34, to prevent
25 protector 22 from completely escaping plug body 34, and to prevent protector 22 from
rotating. The forward tip of fiber protector 22 has a wall with a hole that is concentric
with the outer diameter of the forward tip, and approximately 0.05 mm (0.002”) larger
than the diameter of the fiber. The terminal end of fiber 18 slides through this hole and
is precisely located as protector 22 moves into plug body 34 when plug assembly 14 is
30 inserted into receptacle 12. Closely aligriing the end of the bare fiber with the entry
feature on the clamping element prevents damage to the bare end of the fiber during



Figure 5 is a side elevational view of an alternative fiber aligning and 20
cl anpi ng el enent as taught by the present invention and usable with the
connector of Figure 1; Figure 6 is a perspective view of a connector
storage tray containing several of -the connectors shown in Figure 1; Figure
7 s a perspective view of another connector constructed in 25 accordance
with the presenVOPPH¥IR} i on and desi gned for panel nounting; FREUUSIHNEPN 5
perspective view of yet another connector constructed in accordance with
the present invention in a duplex design; ang.Figure 9 is a perspective
view of still another connector constructed in accordance with the present
i nventi oln, havi nginsertibalgDering plog rentovalils force onfthé protepton exssurts fidlretravtion ofithe
recept acl e. WO

97/ 017 . . .
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now to the figureg,e,@&gtkgaﬂa{gc{iggfﬁ,ggﬂvﬁdwrtﬁgﬂ&nce to Figures 1 and 2,
nmbo

there is depicted one i ment 10 of the fiber optic connector. of the
present invention. Connect oThelZ50ign fleen buffirfis clanpediin the 3-jav calleh 26 thatifits inside

ecerbii be 14 Hhqobsuethoushe 98- Bold 48 bl bl SoRsBe 46 car B facplt spriccipalen ) o
for a 250 [err] m oBtnufqd.050™) Hisidk lug%h}ﬂﬂitﬂﬁbxﬂ@%%ﬂdiﬂ%a’%ﬁ}pﬂ@&ttﬁgm or a

900 [err]moptical- fiber 20. Wile connector 10 is suitabl or

i nt er connect i on ofssembly.ctownrd the fuward tiprof the piig asesmbly, ofappsgsimately 09N (0.3
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receptacl e 12 andrespest tcopleg bindyi Ssbaghidstaincother preload spring 36. Boot 40 provides bending
10 strain relief for the fiber buffer exiting the back end of the plug.

Plpg assembly 16 includes a similar fiber protector 46, a protector
spring 48, a plug body 50, a plug body spring 52, a collet 54, a plug housing 56 and
another strain relief boot 58 (not shown in Figures 2 and 3). All of these components
(again except for the compression springs) are also preferably constructed of an

15 injection-moldable polymer. Aswith plug assembly 14, fiber protector 46 is retained in
plug body 50 by externally projecting snap features, and is allowed to slide but not
rotate. Spring 48 preloads protector 46 toward the front end of the 900 um plug -
assembly, i.e., toward receptacle 12. Collet 54 fits inside plug body 50 and clamps
onto the 900 pm fiber buffer when the collet is fully seated axially into the back of plug

20 body 50. Pilug housing 56 also snap-fits over plug body 50 for restricted sliding
motion, and spring 52 provides a preload between plug housing 56 and plug body 50.

The plug assemblies have features on mating internal components that
allow for complete factory assembly of the plug units to reduce field part count and
maximize ease of installation. These features allow the installer to simply prepare the

25 fiber end as prescribed and insert it into the plug assembly and, by means of a2 small
tool, fully retract the protector which activates the collet and secures the fiber to the
plug assembly, thereby terminating that fiber for connection. In the event of fiber
breakage, these features provide means to deactivate the termination by dislodging the

~ collet in an assembly tool and allowing the fiber to be removed. The fiber end can then

30 be prc:.-.pared again and reinstalled as previously stated.



16 are shown in Figures 3 and 4. Plug assenbly 14 includes a tubular fiber
protector 22, a protector spring 24, a collet 26, a collet housing 28, a
collet ring 30, a collet spring 32, a plug body 34, a plug body spring 36,
a plug housing 38 and a strain relief 15 boot 40 (not shown in Figures 2
and 3). Al of these conponents, except for the conpression springs, are
pref erably conswWOatey8 of a durabl e, injection-noldable polynRCT/USSNSME
pol yet her sul fone (PES), polycarbonate (comercially known as LEXAN),

pol yaryl sul fone (sold by Amoco under the bragd RADEL), polybutylene .
teréphtal ate (PBT), polyphenylene sulfide (PPS), polyether ether ketone

(PEEK), 20 pol yether im dep{fial le%hirﬁlﬂd@s&ﬁdééﬁ@'acﬂ&kﬂ%rﬁemﬂr ide tube 64 .

acrylonitrile butadi ene styrene. ese parts fit t(e)u%et ’her in the sequence

illustrated i n Fi godaclamping blement:66t &38@603@@5@@8 er forml thewextesipr partiop ofo

M ovard T eceptesaRptaR, &l Myt ol o By diRGlip oAb brymet
fiber protector 2Zuide tGbesins &féﬂnédmf@mimhuécﬂm&oﬂhble(ﬁiatmmddmb84

to pr évent 25 pr ot ect or 22 from corrpl etely esc |ng pl ug nd to
prevent protectbr 64sngp-fpinte; &FPW@'°fT‘W5°PF49}E\MF W?'E@Px‘b

has a wall wth a vh&%ey%&wg%am lﬁg%ﬁ@mkb%vh@ﬁ‘{lﬁ eﬁ{‘iﬁhﬁﬁn int he

forward tip, and approxi mat 0-002") Il arger t anet er of
the fiber. The terguidestbeddd of fiber 18 slldes through this hole and is

precisely |located as protectgr 22 Vi ' | F’?g %gﬁ %@i‘ .
assenbly 14 is 30 inserted %W%ﬁtaﬁégwglegﬁg g'F '? ?ﬂ:gzegﬁlu of
the bare fiber wi tahd ufiizeeWigryovieaedhtiologpsimilirao diabshpivadn T1S: Pateht No.SyE89A7.
damage to the bare_end of the fiber d

PCT/ US96/ 0894019 ndsmpingclement 66 gofrﬂ %:@?&Paﬂa‘mt Pé%@abﬂ e aierhsd along theif
.ensures full retr \A%?eeia&ﬂ&u eeﬁﬁmitei\b&\nah&ﬁwwspehaﬁugﬁﬂy%mm

“prior to any with pro ector fromthe receptacle, protecting
the bare end of tumgemmmmuyzwmquwmtewftp&r eprees;| TROWEENOR  he

3-jaw col let 26 thgte bifrSnd &3h&lates has a fiber alignment V-groove and half of the fiber lead-in
(a funnel shaped impression) positioned at each end of the V-groove where it exits the
15 outside edge of the plate, at a distance from the hinge of approximately 1/4 of the
width of the plate. The V-groove is parallel to the hinge. The interior surface of the
other plate is generally flat with the exception of the other half of the fiber lead-in
funnel which is aligned with the lead-in details in the opposite plate. The fiber lead-ins
assure that the fiber is smoothly guided into the V-groove in the element when plug
20 assemblies 14 and 16 are inserted into the connector receptacle.

The fiber alignment and clamping V-groove is embossed to a depth in
the element plate so the outside surface of the fiber will project out of the V-groove by
approximately 20% of it diameter. Thus when the plates or legs of the element are in
their open or spread apart position, there is enough space between the flat surface of

25 one of the plates and the sides of the V-groove in the other plate to enable a fiber to be
inserted into the ends of the V-groove, and slide along in the V-groove without
significant resistance. The fit between the V-groove and opposite plate surface is not
large enough however to allow the fiber to come out of the V-groove, or for two
beveled fibers to overlap when inserted from opposite ends of the V-groove. When

30 the top edges of the two plates opposite the hinge are pushed together, the spacing
between the opposing plate and the V-groove becomes smaller. In its relaxed



5 of collet housing 28. Collet 26 and collet housing 28 can nove axially
approximately 1.3 mm (0.050") inside plug body 34 with spring 32 providing
a preload of the collet assenbly, toward the forward tip of the plug
assenbly, of approximately 0.9 N (0.2 Ibs). Plug housing 38 snap-fits over 7
t he outside of plug body 34 and sides with respect to plug body 34 agai nst
t he ot her prel J¥Y¥IM3ng 36. Boot 40 provi des bending 10 st rRCHUSIENET f or
the fiber buffer exiting the back end of the plug. Plug assenbly 16 -
includes a simlar fiber protector 46, a prgpector spring 48, a plug body
50," a plug body spring 52, a collet 54, a plug housing 56 and anot her '
strain relief boom&whﬁamMﬂeﬁmm&nmsﬁwdﬁkbnda?hhﬁn&eenable

o)

conponents (again except for the conpression springs) are a referably
constructed of ansoeptical fibertoibeinsatedinion apposie padsof thesV-graave sp thet e kol .y 14,

fi ber protector LSl ' ' ' ' '
slnap fgatures, a%ﬁ@ﬁ%@%?@%ﬁ&ﬂ prﬁeé@zl?l%?geggds '
prot ector 46 towasiemednhis attuated oe cldsaii(at éxplained bélew), tira lggs of thesslanent are pushed |
toward receptacle, 1 | | 4 fits insid | ody ,50..a cl amgs. ont
the 900 [er Iro] mf iﬂé‘i’?‘hﬁg?‘&ﬁ&%ﬁ&%‘%ﬁ%@%?\l“@b?’é g‘%ﬂ?ﬂ‘@‘@é‘hﬂ‘é ‘E?P?rnﬁ(j‘s o
the back of plug di&?mb&dyr&meﬁwﬁeﬁmmw&redmgsgia@eﬁwmmbm body
sli

50 for restricte ding notion, and spring 52 provides a prel pad between

pl ug housing 56 aPi#tess| may 5epdvaptageays tq,preform thegs gyopyes by slampig s siele fiber,
mating internal ¢ Q&fn% hcﬁb} &%Bhﬂrﬁx%ﬁ&k *ﬁm‘ﬁg of the
plug units to red%?:ag&?i e da?tptg?t C u%%ﬁ&dﬂﬁﬁxi m ze aseqscti)l I nsta cgttion. '
These features al ignmerntef fibers.aMuliipletgromiesmby bgfoaped for useawiftthibef iibben. end as
prescribed and_insert it inRtodthe.plug, assenbl nd .Jeans,.ot. a_smal |
tool, fully refract the pr%ﬁgﬂ'm%aﬁw%éwm%%d&ﬂb%c%s
the fiber to the pendesigned iPbeyfabridatddom 4 siiglé sheétiofthetdltict orpolyfierié Méterial

connection. In the, event oL fiber reakggofi t hese featurﬁs provi de, ﬁans to

deactivate the tc¥siABn&8: BROPSHng, bl iapd folding praeessss.  Thi Biyey 0 and
al l owi ng the fi bege blembft vsedMURSFibrdicater Btic sPIRD. ERveVECH isHdssikiEtoProvde ed
again and reinstalled as previously stated.
other designs, such as an element that consists of two separate plates that are attached
15 by a spring tube, as detailed below.
Clamping element 66 fits into a pocket 68 in the top of guide tube 64.
Flexible hinged flaps containing camming surfaces 70 and 72 on their upper outside
edges are provided on either side of pocket 68. The camming surfaces contact
corresponding camming surfaces on actuating fingers 74 and 76 which project from the
20 front ends of plug housings 14 and 16, respectively, as the plugs are pushed into the
receptacle. The camming surfaces on plug fingers 70 and 72 contact the outside of the
element camming flaps 70 and 72 and push the flaps together when both plug
assemblies 14 and 16 are fully inserted into receptacle 12.
In their open position, there is enough space between the flaps for the
25 element to pivot or rock from side-to-side, preferably through an angle of
approximately S to 10 degrees. If only one plug assembly is inserted, the actuating
finger from the plug housing pushes the corresponding camming flap toward the
centerline of pocket 68, but since the other flap is not contacting anything, element 66
rocks off to one side of pocket 68 and so element 66 does not close on the fiber or
30 clamp it in the V-groove. When the other plug is inserted, however, its actuating
finger pushes the opposing camming flap back toward the centerline of pocket 68 and,
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-9- Receptacle 12 includes a base 60, a cap 62, an internal guide tube 64
and a clanmping el enment 66. Base 60 and cap 62 together formthe exterior
portion of the receptacle, and nay be constructed of any durable

I nj ection-nol dabl e pol yner. Gui de tube 64 nmay al so be fornmed of such an

i nj ection-nol (WOIN¥8X erial. Guide tube 5 64 snap-fits intoPCHESWMERNMEr oOf
receptacl e base 60, and has circular end ports that are aligned with the
V-groove in clanmping el enent 66 when the el goent is installed in guide tube
64." G anping elenent 66 is preferably enbossed froma netallic material,

and utilizes V- 9%%&&&&9%%@&%&&%%&%&% &ﬁaﬁg?ﬁﬁs No

5,189, 717. 10 el ement 66 consists of two generally at es
that are attachedlost and ¢ fibessesiding in thy Vagroevea SEhus alhpfthe necessary fibert es

| Iy b ' . i ' . .
Aol o of appr oxt TERETE fuftited Blstehog 8 il B liior bcfur BAGE BF Mk o
]Pl at e;ls hﬁs adf! bﬁdﬁinbgﬂl)jiﬁd&ssV;l.@tchiige‘ea?nekdiﬁhéo\aﬁd? bfr;&ép\k}&leﬂa%d\:\lhdplug "

unnel shaped i npression itio at each engd.o - groove, where i
exits the ?5 %M’%Qﬁﬁw Seewre pug asseny ’é‘"{séﬁ@égil”ﬁ%{eﬁmqge of
appr OXI et el ¥ 1/ gt ethHoidbcto phffint 1 Rceplith Sl Oeor e ilke bt 19

the hinge. The interior surface o e ot her i?l ate 1s generally flat with
c!

the exception of pusbousing38 and|S6 to slideaderithedatch portionsofithe vhymb yei¢agelatches.

aligned with the | ' 1'|:in5“§ | ' | ead-ins
assure that the fi egleitél’sg&n%gﬁ?ﬁ@ gul %0@%’%5{%%% oggge]ﬁll{‘]’i#ﬁée el enent
when pl ug 20 asseodnectesplig hausihgd b position within tiedreceptanlet To relesse @adch@onnector
receptacle. The fjbe | i gnnent and cl i \/-groqgve .i s, e ssed.to, a
depth in the & eﬂb&&b%ﬂ%&l’ﬂgmﬁ%@?@ée‘gwQ%b‘?‘g'g&wg‘ﬂf 0j ect
out of the V-grogeh gertichs Eofdh&eibe by thé pitgousingsand iiibRing thd housigaid t he

pl ates or legs of the elenent are in their en or spread apart position,

h
there is enough %°WP%@MW@WPHFWFP§'§%W‘§SYWM the plates and
the sides of the V-groove kgehiafe B\l sub-fisbuiototplebase 60 Byibeabfo’e -

latching fingers 78, capturing element 66 and tube 64 inside base 60, and completing
15 the connector receptacle assembly. Cap' 62 also contains surfaces and wall structures
80 that back up the flat, non-camming, opposite side of actuating fingers 74 and 76 to
prevent the fingers from flexing outwardly from the force of contacting and camming
to close clamping element 66. This embodiment of the invention allows the cap to be
removed for replacement of clamping element 66 in the event that, e.g., a fiber breaks
20 offin it, or dirt contamination in the element. A small tool may be required to press
latching fingers 78 together so they can be disengaged from their mating holes in base
60, so as to free cap 62. Receptacle 12 and plug 14 may be piovided with ridges 82
and 84 (Figure 1), respectively, to providing better gripping action for the thumb and
fingers. | |
25 Referring now to Figure 5, there is depicted a novel design for a
clamping element 90 which has several advantages over the single piece element 66,
primarily because element 90 may be constructed from a wider variety of materials,
particularly those with greater abrasion resistance and hardness than the single piece
folded element 66. The new element 90 is generally comprised of two essentially flat,
30 rectangular plates 92 and 94 that are slightly tapered along one edge 96, 98. These
edges are shown flush with one another and, while this is preferred, it is not necessary



inserted into the ends of the V-groove, and slide along in the V-groove

W t hout significant
pl ate surface is not

resi stance. The fit between the V-groove and opposite
| ar ge enough however to allow the fiber to come out of

the V-groove, or for two beveled fibers to overlap when inserted from
opposite ends of the V-groove. Wien 30 the top edges of the two plates
opposite the hi WIT8iB3 pushed t oget her, the spacing between t

pl ate and the V-groove becones smaller. In its rel axed WO 97/ 01783
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(unactuated) node, the tygw |legs of the elenent are

spreéad far enough apart to enable an optical fiber to be inserted into
opposite ends of tlinethey be peafeetly alightdbuttitie syfficient thaceffeetive édges 6ftheplates lse

approximately |l ocated_at . the center of the.el enent. n, the.ele t is
agfuat ed or >Cl| ose&e‘leﬁlyém_ W]MF P‘VPW‘F_@Q‘;‘&"GY"& lowy, Mﬂwh?@%%hed
5 together about lhbﬁ‘nﬁoii%ﬁﬁnhém%is %%Pﬁ%ﬁ?lﬂ.%ﬁbﬁ?ﬁﬁﬂdt@idwﬁhe

V-groove. It is also poss e to provide an e

In whic

fiber-receiving gelmentplatesang atthe tapdredend aletpeppmvess. 104 and$06 are fortedislighthy ous
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|

The fi ber alignnent

been desi gned to igachiendof thg?

and cl ar{pi ng el ement 6 lustrated in Fiqure 4, has

=Bropy® i e oppositeelemwatnlate 94 hes apair; of compasiony ner i ¢

Ll L0, e R A 0 SR e

el enment is very sim

splice. However, isplitittbesprirgy 112ah¢ lgpofowhictefiidath grootessi0gmd 106 ol thebackside of
el enrent that consists oft separate plates that are agttached 15 by a
Sori o uba, g0 alaies o8 and 34. o8 eISREE HPVE MLAPBICHSR Witk QS 66,57 68

in the top of gui
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surfaces 70 and 72 on their upper outside . .
surface. Tube spring 112 is preferably fabricated from a metallic material such as

beryllium copper or stainless steel, and is held opened slightly to fit over the element
plates and into the locating grooves. This design provides a slight force preload

15 condition to occur between plates 92 and 94. .

An alignment and pivot wire 114 may optionally be inserted into

metehing V-grooves 100 and 102 located in the thicker section of the tapered region
of the element plates. Wire 114 functions as a pivot or fulcrum hinge, and keeps both
plates 92 and 94 properly aligned when the outside edges of the plates opposite the
20 tapered sections are forced together during fiber clamping. In its open condition, the
tube spring pushes against the outside of each plate and forces the plates to bein
contact at hinge wire 114, and also along the edged of the thin portion of the tapered
section of each plate. In the open position, the inside edges of plates 92 and 94 are
preferably located at an angle of approximately 5 degrees with respect to one another.
25 This amount of opening is large enough to allow a 125 um optical fibers to be easily
inserted from opposite edges of the plates into the fiber-locating V-groove 108. The
fibers have approximately 15 to 25 um of clearance between the two sides of the V-
groove, and the mating flat surface of the opposite plate. This emount of clearance
ensures that the fiber end faces (particularly beveled end faces) come into contact in

30 the

V-groove without allowing the fibers to pass by one another at the center of the V-



edges are provided on either side of pocket 68. The canm ng surfaces
contact correspondi ng camm ng surfaces on actuating fingers 74 and 76 which
project fromthe 20 front ends of plug housings 14 and 16, respectively,
as the plugs are pushed into the receptacle. The camm ng surfaces on plug
fingers 70 and 72 contact the outside of the elenent cammng flaps 70 and
72 and push t héVPPHPER oget her when both plug assenblies 14 aREI/USICHBMO
fully inserted into receptacle 12. In their open position, there is enough
space between the flaps for the 25 el enment t@. pivot or rock from
sidé-to-side, preferably through an angle of approximately 5 to 10 degrees.

I'f only one plug gre6eduring imertiors cTHedwif-fkiR) shapedaiberigad-infgstires 6:0the efemed UQ
housi ng pushes the correspondi ﬁg camyi ng flasltovvard the centerline of
g

pocket 68, but sipietes ensureshasthe Fraﬁasﬂxeﬁ@ftbe £796Y8 Jyging HheiInsertion nEPGEent 66
rocks* off to one side of p%ﬁhs&%@&ﬂx r%%ﬁ%ﬂaﬁ@ Qﬁﬁﬁﬁﬂ%afé' n the
' It e plug 1s |nserteg

fiber or 30 clanp it in th - groove. en the ot her

however, its act uomoppdsite guls obelehent 99 rand sheirani fapes comtrichonef dnathebatc k t owar d

the centerline of ocket .6 97/ 0

PCT/ USO6/ 08940 5. 1PPrpately g‘t"ﬁ‘g“e‘?félﬁfgg %%MWBW‘Y B15 Rshed fopard pre

fﬁmﬂvng flaps, TF]'lﬁmﬁilelﬁmhl msﬁamdnﬁtﬂy?glﬁmilﬂﬁﬁm&hﬁeﬂ?wﬂn '
e V-groove. us a e negessar rotecting, g centering,

and cl anpi ng oper &e4 €leay e&é@%’ﬁ“ﬁéﬁ’ ‘ﬁ?&@ﬂ%?ﬂ?ﬁ“ﬁ&'&f sertion

process. Lat chi ngiafmii BhdSreMtiblie mtaa'iﬁme Gberk ﬁ.qs@vag%&ebmé fofithpered elgddd ©

housi ngs 38 and 56 renovably secure plug assenblies and 16 to receptacle

12. Insertion of ofithe clemensplates aplmgpdutme@herﬁvém@@tepm causingplatesf2andn t he
he thumb r ol d0sct HAMRbiviR afOF e bilep iy 18 ot nd ibcrk i Bl BB
~nove back toget hefo mové dubbficonhtact. C.thmt;mintpkthg elemient phaes m:wembwtﬁogahm thin -
the receptacle. Tt?l = egestsveeGnath ﬁge? gﬂrel%n% V-groove and the fibers is reduced, and the fibers
are clamped. Additional closing of the tops of the element plates finally causes the
plates to be in full contact with the fiber, and to move out of contact with the hinge
15 wire. The clamping force in the tube spring now accurately controls the clamping
forces on the fibers. In theory, any level of clamping force could be accurately
prdvided-on the fibers by sizing the tube spring to provide this force; a force of about
44.5 N (10 Ibs) is preferred. If the fibers were slightly different in diameter, the tube
spring advantageously would elastically deform slightly more at one end than at the
20 other to accommodate fiber diameter mismatch. Thus element 90 is particularly useful
in bare fiber connectors such as the present invention that utilize axially preloaded
cleaved and beveled fibers.
Clamping element 90 has a number of advantages over the existing all
aluminum element especially when used in bare fiber connecting applications. In the
25 current Fibriok element, the hinge and the element are integral and made of the same
material. Forming this hinge in the current element requires that the element material
be very ductile initially, and then be able to work harden to provide the elastic hinge
properties over a very short range of motion. This limits the number of materials that
are available for making the element in this design. In the new two plate element
30 design with the tube spring and hinge wire, the element plate material can be selected
on the basis of most desirable properties for fabrication to eliminate surface particles,



10 plug, the thunb | atches are pressed toward the connector plug body,

di sengagi ng the latch portions fromthe tabs on the plug housings, and

al l owi ng the housings and connector plug bodies to nove back -out of the
connector receptacle. Receptacle cap 62 snap-fits onto receptacl e base 60
by neans of latching fingers 78, capturing elenment 66 and tube 64 inside
base 60, and coM¥OIW®Y 15 the connector receptacle assenbl y. PCRESIFISIN so
contains surfaces and wall structures 80 that back up the flat,

non-canmm ng, opposite side of actuating finggLs 74 and 76 to prevent the
finders fromflexing outwardly fromthe force of contacting and canmng to

cl ose cl anping el mﬁﬁmﬁ%&ﬂm&eﬁ%m@eﬁh&wwﬁeﬁmmﬁbmﬁmap

to be renoved for replacenment of clanp el ement 66 in the event that, '
e.g., a fiber br e&t@a@@fcbnm&rfoqlpwceﬁfﬁamo %ﬁﬂ%ms%ﬂeﬁsmpﬂz"emenem A
small tool may be““[“ﬁ&”*éi’ﬁg"’f.) arld f5rasi E}Errﬁ 58

can be di sengaged tromtheir matl ng %@f I'n so as to reeoc g 62.
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t he single piece €lenent 66, pr| mari |y because ePement 90 may be

constructed from & fabrigate than wwmme@tbesa@etmq@dhw@mmﬁdmm

O oL a0 o DR sALIES Sl St S ki,
flat, 30 rectanguhkmdbepinsedise ﬂ&nmﬂatﬂmlt&morard)ustl ang leadior to elearn. ctheatparege one
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PCT/ US96/ 08940 - 1gptek R clddad bvéta vﬂaérfrafgelofd@u&ﬂms bitibé dpring 181 Hiak kil ent
that effective edges of the plates he
capability for providing the des:red fiber clamping forces on the fiber even if the
element is closed further than is required. In the prior art element design, over-closing
the element may cause the hinge to stretch or distort which initially produces very high
15 fiber clamping forces. On subsequent closings, the distorted hinge cannot provide
adequate forces to clamp the fibers in the V-groove.

Although the new element concept has been designed for primarily
connecting applications, it may also be useful in splicing applications, i.e., for the
permanent interconnection of optical fibers. The prior aluminum element in the Fibrlok

20 splice changes its length with temperature variations. This is believed to cause the
fiber end faces to move apart and back together slightly as the element changes length
during temperature cycling. The back and forth motion of the fiber end faces is also
believed to cause the index matching gel used in the splices to flow around the ends of
the fibers, and possibly create air bubbles or carry dirt particles in the gel between the -

25 fiber cores and block some transmitted light. An element material with a very low
coefficient of thermal expansion would therefore be beneficial in eliminating the
potential for gel motion and associated formation of gas bubbles or conveying dirt
particles between the fiber end faces at the core region of the fibers. There have also
been instances in which the initial yield of assembled prior art splices has been reduced

30 because of manufacturing dirt or debris in the fiber clamping V-groove in the

aluminum element. An element, such as element 90, constructed from a material that



generally aligned to effectuate the pivoting action describe bel ow. Shall ow
V-grooves 100 and 102 are forned in this tapered area on each plate. On the
back flat side of the elenent plates and at the tapered end, deeper grooves
104 and 106 are formed slightly 5 closer to the edge of the tapered end
ofthe element. One ofthe flat elenment plates 92 has a V-shaped fi ber :

| ocating and cPWR¥OHE gr oove 108 with a V-shaped | ead-in por (PCIUSSHNBMOnd
of the V-groove. The opposite elenment plate 94 has a pair of conpanion

hal f-cone shaped fiber |ead-in grooves 110. &l ates 92 and 94 are held
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and 94 properly aﬂmméfh 58 ﬁ%ﬂg&%ﬂﬁﬁnﬂ%ﬁ%mgbgﬁe t he
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pogition, theq+ ng@%&&é%ﬂg@fﬂ&?ﬁ%ﬁi ?@?ﬁiﬁt""é‘ﬁ“&{’%gg&%’f'ﬁkg ft¥cat ed gt an
angl e of approxi Rirsgelfiber fiathgenent taj D18 S3hewih i FKigura 6. a‘n@bﬁtﬁﬂeslﬁﬁeoﬁhiss
anount of opening is |arge enou h 0 aIIo a 125 er |caI f| bers to
be easily insert Yf'?"b‘m‘gﬂ?fi%‘? %@9‘ L}ﬂ‘&g{’ .
fiber-locating V-ghfRewes deibe I&%JﬁWﬁe%&WWﬂ&Wﬁ [err]m

of clearance between the two sides of the V- groove, and the nmati ngpflat

surface of the opﬂ@!}lﬁt@"ﬂlﬂm@eTfﬂ?li@'@ﬂhi&ﬂ’éta@ﬂlpé?é&?mﬂem&‘m
fiber end facqgs (Gh#at b pi 1ike'tdol AaY Bk GiferfdInrbBSPHE HERAF pdribP1c i hé Ednnbétor

off the post and out of the tray for easy access to an individual connector. This system
is particularly suited for fiber-to-the-home applications. In the design illustrated in
Figures 1-4 and 6, the 250 um plug is spring preloaded but the fiber in the 900 pm
plug is mounted in the plug solidly, and would not be spring loaded. Although the two
20 plugs of Figures 1-4 are of different designs, they could be the same design as long as
at least one plug contains means for preloading one fiber against the other. The device
preferably subjects the terminal endfaces of the fibers to a compressive load of at least
0.09 N. The interior of tray 118 may be provided with one or more spools for storing
excess fiber slack. Very thin spools may be provided which stack onto a common post
25 molded into the tray floor (not shown) so that individual fibers may be separately
wound onto the spools and later accessed by removing the spools above the desired
fiber, without manipulating (and possibly damaging) the other individual fibers.
Figure 7 illustrates another embodiment 120 of the connector of the
* present invention, configured with an externally projecting mounting flange 122 having
30 mounting holes 124. Connector 120 is mounted on a connector panel (not shown) that
is part of fiber distribution equipment. Panel mount connector 120 may be positioned



30 the V-groove without allowing the fibers to pass by one another at the
center of the V- WO 97/01783 ‘

PCT/ US96/ 08940 -13- groove during insertion. The hal f-funnel shaped fi ber

| ead-in features on the elenent plates ensure that the fibers easily enter
the V-groove during the insertion process. Wen used in connector 10,

cl eaved and beVOQ¥MI83hers are i nserted from opposite ends of PGH/EGSNAE40,

and their end faces contact one another at 5 approximately the center of

the element. The fibers preferably are pushgg toward one another with a

| ongi tudi nal | oad of approximately 0.9 N (0.2 Ibs), causing the reduced

area cl eaved fi beh ceter spacings thad endblidsasycfingeyadcess té indivitipali cofidectoRewithicut her ,

reducing insertign |l oss gnd back reflectigns. To clanp the fibers in the
V- groove, the noa‘m acenteoanestors ofs E‘Fgg"é’ht pl ates are pushed toget her

(as with el ement 66) causiﬁguﬁu%ﬁd%of A gﬂefhesi tzﬁgorgiﬁgwt% Yes@t YiventfIAO U

the pivot wre, and causing the tapere es o0 nmentS to nove out
of contact. At swhichmpé usefihforicomnectingrdiscretepfiberssounteddn irdividual donnertdraplugs: he

space between the.fib cl i ng Vi groove.and the fibers is reduced, and
the fibers ar€ c %@huﬁ??ﬁngﬂﬁid e ¥ ab‘?”"t‘ﬁ%’%ﬁ?"‘%?“ﬁ ®rent
plates finally cgaofRetol 1 hiNee@tunitized o ¢reaté udlipl@Ofiten énnedtbra3ohahei ber, and
to nmove out of contact with the hinge ire. The clanping force in the

15 W
tube spring now SRNSFIRF plugs 13%And 44 in dyplex cannsrtor 130 rantain dual spHag-qaded fiber|
t heory, any |eve Higet ofa&iﬁg '@&f& n e
fibers by sizing the ttgljlsj’be sg‘grl} ng g‘e%{rag%ﬁﬁgggtaﬁ?gb%orc ;gg‘{%rce oﬁ' gg%ut

3'4' 5 N (10 |h bs) nuplp:mmmousiﬂgomcmbrléswemsmyﬂigwmm;mmmllmh |
ror e at one. ol FAR eI hoEs 5 BARERNP e MR BB O bl ¥
m smat ch. Thus eMhetfibér spatingfopthistdesign of doyinettatfigpreferublyabeutBinwar connectors

such as { e present I ventpn, J1al AL LAR, 3] € ok RS Bl SRvEY

bevel ed fi bers.
designs; however, it would also be possible to design a connector according to the

present invention that uses the same interconnecting methods as the PLUG-

15 HOUSING-PLUG design, but that would have one of the plugs permanently
integrated into the central housing. This style of connector 140 is referred to as a
PLUG AND SOCKET design and, as illustrated in Figure 9, generally comprises a
single plug 142 similar to plug 14 or 16, and a socket 144 containing a clamping and
alignment element 90 and functional parts of the other plug all combined into a single

20 unit. Connector 140 is particularly useful for those applications in which fiber
rearrangement occurs only on one side of the connector (in front of the panel for
example). The fiber on the other side of the connector (behind the panel) is permanent
and would not be rearranged. Combining one of the plugs with the alignment housing
to create a connector socket reduces connector part count, the size of the connector,

25 and potentially the cost of the connector. As used in the claims, the term “receptacle”
encompasses both the dual plug receptacle 12 and socket 144.

Use of any of the foregoing connectors is straightforward. When the
fibers have been beveled, cleaned, and inspected, they are installed into the connector
plugs. Beveling may be accomplished by, e.g., using the tools described in U.S. Patent

30 Application Serial No. 08/122,755. This is done by first installing one of the fully
assembled empty connector plugs (not containing a boot) into a small actuation tool



Cl anpi ng el enment 90 has a nunber of advantages over the existing all

al um num el enent especially when used in bare fiber connecting
applications. In the 25 <current Fibrlok elenment, the hinge and the el enent
are integral and made of the sanme material. Formng this hinge in the
cuirent elenment requires that the element material be very ductile
initially, and WOO#H01783 able to work harden to provide the el aPCRAISH08240
properties over a very short range of notion. This |imts the nunber of
materials that are available for making the glement in this design. In the
new'two plate element 30 design with the tube spring and hinge wire, the

el enent plate nmatgffixtbre CTHs RD] wolldprevidAtidans for 17 BSilling e .
properties for fabrication to gﬂtm' nat e surface garticlggl,si ¢ V\g 7/ 01783

PCT/ US96/ 08940 - 1fiber jntg the sennecton plugs3) providing & lensth ston ferdhe tip ofthe fibefiso thap o

; iai AN ) e ; L ent
of "t hor mal expanoig oSS oFSars it 37 Sod B A0 beilhersbPiing, Bl SF Ity O
resi stance to chetie collet intermat ko theicbimettor plug ésorder t6 clemg @nto the fiber bufferced r ange
f el t terial b idered. .S i al i.ch 5 h

desi 1 bl 6. pr opar t FEUSHGbET BirCiRe comerAEPING B0 i s of adhgives of Fimping o
ceramics, gl ass, TIprafed fibeyiseRed ivus the Hbbbindihy SthinefefieTbob, R the boot

El ement 90 may be, easier to _fabricate than the existing el ement because the
requi red hinge folsaliddevanthe fibarand gutpf theway. A fully pssembled eonnpaterplag.is thegde

material nust be g 5ealife Hb ihdtat Bﬁnfo%f,%@&eﬁfegfe@%ﬁdb&%dl&ﬁ&amgﬁﬁé} fRleRtBE
I e separate 1

flats will be nore robust and easier 'to clean. [ tube spring
i s expected to priotathebackead ofthe conneetonplng.c Thelitieniy piished ¢owasd the fibarproteptor

Phe. capabi 11ty oot caf b irnbBEheveisd B Bar ERERIST rortiafa 886 e bmells:
even if the el eneiptfront ofthesliphitly retraited fiber proteciort eWith trdibet in thédesived pusition,t
O s g, O gL SR B2, SRR ol St M Bri e O ©"
collet into the collet housing, and permanently clamps the fiber buffer in the connector
plug body or in the spring loaded collet assembly, depending on which style of plug is
15 being assembled. ,

It is deemed preferable to use the connectors of the present invention in
conjunction with optical fibers whose end faces have been beveled. The bevel angle is
preferably about 45°, i.e., an included angle of about 90°, although the iticludedaugle
may be in the range of 30°-160°. Beveling leaves a flat, central area on the endface of

20 the fiber, with a preferable diameter of between 20 and 120 um. The central portion
may be angled, i.c., non-orthogonal to the axis of the fiber, to reduce back reflections.

The connector plug is removed from the tool, and any strength
members (Kevlar strands) can be secured directly to the plug body of the 900 um style
connector plug using standard crimp rings, etc. The 250 um connector plug design

25 could also be used with reinforced cable types, but the plug body would have to be
extended to allow for a bow in the fiber between where it is clamped in the spring-

» loaded collet, and the back end of the connector. This fiber bowing region is necessary
because the spring loaded collet is pushed back in the connector body against the 0.9
* N (0.20 Ib) preload spring to create the desired level of compressive preload on the

30 fiber tips. A longer plug body (not shown) would have to provide enough internal
space to accommodate the additional fiber length, as a fiber bow, when the fiber is



15 fiber clanping forces. On subsequent closings, the distorted hinge
cannot provi de adequate forces to clanp the fibers in the V-groove.

Al t hough the new el enment concept has been designed for primarily connecting
applications, it my also be useful in splicing applications, i.e., for the
per manent interconnection of optical fibers. The prior alum numelenent in
the Fibrlok 20 WPsTe8Xhanges its length with tenperature var PETAUSHHBM4WNI S
is believed to cause the fiber end faces to nove apart and back toget her

- slightly as the el ement changes |ength duripg.tenperature cycling. The back
and:- forth notion of the fiber end faces is also believed to cause the index

mat chi ng gel usedgigi %&lhﬁ PatithéBack of fhe Conmattorplig,4na tih Paskell bidkansidely s, and
possibly create air bubbles or carry dirt particles in the gel between the

25" fiber cores oeoanestosduringinsertionofthe plugintq thg housing, The Saelstepimthe fiber) i t h
| PPN . A
a very low coe '@g@%%ﬁﬁm%%koapemm%&tw&&g{%ﬁ?éw it Cla

in elimnating th | or gel notion and assocl ormat1 on of gas
bubbl es or conveyontma hollaw pest throughawhich thebufferddefiber pessesdmtlie backeofthet t he core

i f the fibers. Th | ' in which the initial
o " of asmen! capnngeton bhigrhodsy s Bud SR Tun e RO claftes GinbA distrigeial and
manuf act uri ng di rhe fiers@dnteSemoved i@ thl ichak thiat £ABEr Depalds BEIAOME corheétitand! UNi num

elenent. An el enent, such as el enent 90, constructed froma material that
WD 97/ 01783 needs to be replaced or re-cleaved and beveled. PCT/ US96/ 08940

-15- could with stand mrembgm{ﬁggﬁ‘gﬁg?&%%%a%ﬁﬁﬁ&ﬁoﬁ&&m

V-groove, would increase the initia percentage of [ ow

| oss splices procecpticleRrsocket The firitolug @8-, 1)y insetedshtorthoneceptagleamtikther i al s
L 20, PO5S) ) o o BB b bk 53888 "l
connector of t he ph&idRE theplagtdusdt thefibeb Protuztad to Elide biek inkithe plhg Hodyfagainst
applications. i gy o oression spting. and the lesved and beveloll Ebet to anter the V-groove in the
element. Additional pushing of the plug into the housing results in the fiber continuing
to slide into the element until the tip of the fiber has gone slightly beyond the center of
15 the element. At this point, the connector plug body moves flush against the front face
of the alignment receptacle. .Continue pushing of the connector plug cap causes the
camming finger on the front of the cap to cam the element actuation flap toward the
| element and attempt to close the element on the fiber. If the other plug is not installed
in the opposite side of the receptacle, the fiber clamping element will only rock over to
20 one side in pocket 68, and the beveled tip glass fiber in the element is not clamped.
The plug housing (e.g., 38) is pushed toward the receptacle until the latch on the
receptacle engages the tabs on the sides of the plug housing, locking it into place.
When the other plug (e.g., 16) is inserted into the opposite end of the
receptacle, its fiber protector bottoms out and guides the fiber into the end of element
25 90. Continued motion of the opposite plug into the housing pushes its fiber down the
V-groove in the element toward the tip of the other fiber. When the two fiber tips
contact one another in the V-groove, the compression spring pushing against the
gliding fiber éollet in one of the plugs begins to compress, and the fiber tip is preloaded
to the desired load. The preloading of the fibers contirues until the plug body of the
30 remaining connector plug moves flush against its end of the alignment receptacle. At

this point, the fibers are preloaded against one another in the element V-groove, but



applications with both fiber plugs inserted into the ends of the
receptacle. In this enbodi nent, the connector receptacle 12 does not have
an externally projecting nounting flange, but rather contains an internal
cavity that snap fits over a nounting 10 post 116 on a flat plate such as
m ght be found in the bottom of a connector storage/fiber managenent tray
118 as shown i nWBiIdgtB3 6. The out si de shape of this tray nounPCTARNASMEr
enbodi ment has been kept as snmall as possible so that connectors can be
posi tioned adjacent to one another and occupy.the very |east anount of
volune. Tray 118 mi ght contaln up to 4 connectors. Posts 116 are hol |l ow 15

so that a pin |ikgg émdaj R %%%@Mtw WotldHoW iR th e Which'

t he connect or off the tray or easy access to an
i ndi vi dual connecwnldmysmamﬂnsemgmvemﬁammtmmmmdcamthe

fi ber-to-the-hone

and 6, the 250 [ oPP ol GHES te dPeibldy. Sidioy ek “WhEH B4 puch oo B it g

[err]mplug is rmugagdi thecbhmoﬁﬁn@twdmtﬂéﬁberancbmmw not be spring | oaded. .

Al t hough the two 20 pl ugs ure 1-4 are dlfferent d,eS| t

coul d ge t he same degl g% agfheé’né 5& f@ﬁ#“ﬂ;ﬁ' %H@' rt)for
rel oadi ng one fi :313{;&&&3 gts the

!toerm' nal gndf aces%¥ E ers to a n%@gggfﬂd&?o%@%@ﬁ ggl;t?h 09 N.

The interior of tn@pmmmgﬁwhldﬁmmhw%ememmmmmwdy
tori fi I ck

onto a common pos Ty geriifesolint end bine BRI rstinges &e@?ﬁﬂﬁﬁ%ﬁ%ﬁw

i ndi vi dual fibersmﬁm&m Parfdll ke BH0Q M Plug BRI STRIROORNSUESH pulkippdof.

accessed by renoving the spool S above the desired fiber, wthout
mani pul ating (¥hdPpberoehiegturecopld alg beipreyi Qﬁdmﬁhq‘?ﬁ'éﬂf\?%la@i‘ewmgﬂbﬂ‘ﬁﬁre 7

I l-lustrates anot hgfu§Wh W18 Rivetd Be %Fﬁ&.@.fema&sﬁheaateabs% e

i nvention, config an externa proj ecting nounting ?Pange 122
havi ng 30 nounti ﬂg:spnﬁgbadeﬁzcnllmndlpmioad agsedbly sndthei backdnd of the comnector ping.

panel (ot shown) ‘That T Bact, of oL Rer sl Al ELSLLARARH RERDL o gaakc U
embodiments, this description is not meant to be construed in a limiting sense. Various
15 modifications of the disclosed embodiment, as well as alternative embodiments of the
invention, will become apparent to persons skilled in the art upon reference to the
description of the invention. It is therefore contemplated that such modifications can
be made without departing from the spirit or scope of the present invention as defined

in the appended claims.



WD 97/ 01783 PCT/ US96/ 08940
-16- on center spacings tlgmmmﬂﬁmuﬂm;mml nger access to individual
connectors without distur nectors or their fibers. Figures
1-4 and 6-7 illustrate desi®gné atcofdihg to the present invention which are
useful for connecting discrete fibers nounted in individual connector

pl ugs. 5 Fi gur WOPOLT8Est r at es anot her design in which two di E&G¥

connectors simlar to connector 10 have been unitized to create a dupl ex

fi ber connector 130. The connector plugs 133.and 134 in dupl ex connector
130 contain dual spring-|loaded fiber protectors, fiber preloading neans

(springs) and fipepamasanpi ng neans (collets). The duplex connector housi ng
or receptacle 136 contains tvvo al |i%n,ment el errents and t set.s of entry

ports for the internal fiberdg pinegronnesHas fyo bare f&?"c

pl ugs. The fiber spacing fﬁ%cﬁ:ﬂc g@ﬁﬁﬁg vabl%bEivﬁEﬁ |aﬁdabOUt 8
mm The designs of Figures ﬁgﬁ%g UGHClJSI NG PLUG delgblhgns

however, it woul doﬁdmsqmdmmhgelememwpmdtasmmﬂebmeMIMﬁhgfsﬂb t he
present invention fhat use.s t he ne, i nterconnecting methods as the PLUG
15 HOUSI NG PLiJG"B‘Ié?‘a ﬂﬁ’[s?%ﬁ% ®have one of the plugs permanently
integrated into the centrad ¥mﬂ}mﬁ|@ta)ﬂm@ﬁcatﬁmhérm,a1ﬁmm
referred to as a PLUG AND S

desj gn | I ustr n Figure 9,
general |y conpr i sustfacg of paid,fiest fbeg fei ?"@e& rﬁ%ft(P AI'& and a

socket 144 containing a clanpi %@Qﬂh ngﬁﬁdw functi onal
parts of the other plug all conbin dglaﬂnto a single 20 un|t Connect qr , 140

is particularly useful for thodisteplietimeans forsecuringanostion ofisaid first fber Fithi et
croun s Ol Y 059", 51.9° O L SAAIEK She bl Bonfe B BBl s b )
and woul d not be rearrangefist éndofsdid figst pl@hmfsmgrmdpl ugs with the ali gnmept
of the connect or . 25 and pot ent s e biEaa B ERe<NE et s fed 7 ”°
the claims, the term "recegiqssai SAPPRERARIRT0 pabba bitivad dedditiunion smempt acl e
12 and socket 144.
fiber when said first plug housing is inserted into said receptacle; and
15 a second plug assembly having 2 second optical fiber therein, a terminal
endface of satd second fiber also being beveled, said second plug assembly including
a second plug housing having first and second ends, and
second collet means for securing a portion said second fiber
within said second plug housing and for positioning said second fiber
20 proximate said first end of said second plug housing such that said
terminal endfaces of said first and second fibers are held in compressive
.. engagement.
2. The device of Claim 1 wherein at least one of said terminal endfaces
of said first and second fibers is cleaved at a non-orthogonal angle with respect to the
3. The device of Claim 1 wherein said terminal endfaces of said first and
second fibers are subjected to a compressive load of at least 0.09 N.
4. The device of Claim 1 wherein each of said first and second fiber
endfaces has an included bevel angle in the range of 30°-160°.
30 5. The device of Claim 1 wherein each of said first and second fiber

endfaces has a flat, central area with a diameter in the range of 20 um to 120 pm.



have been bevel ed, cl e they are installed into the
connect or pl ugs. Bevel | ng tma I i shed by, e.g., using the tools
described in U S. Patent 30 Appl ication Serial No. 08/122,755. This is
done by first installing one of the fully assenbled enpty connector plugs
(not containi NQ¥MMt) into a smal |l actuation tool WO 97‘7@1‘7@9’“9%“
PCT/ US96/ 08940 -17- or fixture This tool (not shown) would provide neans
for 1) guiding the prepared fiber into theagonnector plug, 2) providing a
length stop for the tip of the fiber so that the correct amount of bare
gl ass fiber exists insidegt g devicesTClain 1Pvhegein sdidifirs) plag dsserhblyp and sald col | et

internal to the connector plug in qrder to cl ntot i per, buffer and
5° secure the f reseptacipfustherhave means for slamp ’é‘rgg"és &ﬁ%s or
crinping tools. 1;?, o fef hid mﬁ's&dnasser&ﬁebetbmmr&aee eRgedendi ng

ot, and the

strain relief bo oot I's slid down the fiber and out of the way.

A fully assenbl ed connect%rMﬂW@QWM&MMM@SMﬁW‘&ﬁP&%n
tool, and the cleav and ted into the back
end ofthe corthe &SP 35? fﬁ’ &g B%Eﬁﬁeléif&{ati the ‘i ber protector 10
end of the connector untls lebeeﬁﬁw(}ldnﬂwhaeiﬂefdxofknidﬁnsbmgmmﬂdibes a stop
gauge located in front of the retracte {))J [ protector. Wth the
fiber in the desndfaeesbasan Jk’ﬂ@p@ﬁ!ﬁ 3 éf@t ‘es a handl e on the
installation tool whi Ch ayifiel é@mﬁﬁmtmh&ahwdf&n&ﬁishﬁmwﬁtﬁwpum ng,

and permanently cl anps the fiber buffer in the connector plug body or in

the spring Ioad@dﬁmsmaaMWammmﬁdhtm°§¥?/F@t9flzﬂl-'ﬁ’g is 15
bei ng assenbled. It is de d t he
present inveflion in conj g%ﬁl%lﬁg%& Q'lcgflli J@ﬂcﬁmga}g ices have

been bevel ed. The bevel alﬁcq)ﬁdemgarm”ngadmmﬂw@leﬂetween@pmm

' nel uded angl e chlosgPOUt smdcl%xln%)it}(g)%e%tha%aﬁtg lousggu(;'eﬁw%areendsoftheﬁbersm

optical connection in said closed state;
at least one plug assembly having a first optical fiber therein, said plug

Use of any of the fore ’%rs |s straightforward. Wen the fibers

15 assembly including 2 plug housing having first and second ends, means for securing a
portion of said first fiber within said plug housing and for positioning said first fiber
proximate said first end of said plug housing, and means for biasing said securing
means toward said first end of said plug housing to place a preload condition on said
first fiber when said plug housing is inserted into said receptacle such that a terminal

20 endface of said ﬁrst fiber may be compressively engaged with a terminal endface of a
second fiber located in said clamping element; and

means for actuating said clamping element and thereby clamping the
fibers in said clamping element only after said first and second fibers have been
compressively engaged. '

25 11. The device of Claim 10 wherein said first optical fiber has a beveled
terminal endface. _

12. The device of Claim 11 wherein said terminal endfaces of said first
and second fibers are subjected to a compressive load of at least 0.09 N.
’ 13. The device of Claim 12 wherein each of said first and second fiber

30 endfaces has an included bevel angle in the range of 30°-160°.



may be in the range of SO\LM“I ﬂ ves a flat, central area on the
endface of 20 the fiber w nl ”Jlm,’ madl arreter of bet ween 20 and 120
[err]m The central portiorf miy be tandl e., non-orthogonal to the axis
of the fiber, to reduce back reerctlons The connector plug is renoved
fromthe tool, and any strength nenbers (Kevlar strands) can be secured
directly to theWO891183ddy of the 900 [err] mstyle connector pPEF

standard crinp rings, etc. The 250 [err] m connector plug design 25 could
al so be used with reinforced cable types, buyj.the plug body woul d have to
be extended to allow for a bowin the fiber between where it is clanped in

the spring- |oaded collet, 1arTheldeficoafElaii I3 Wherkih CachOFBAE st andsatondiibee’

bowi ng region is necessary because the spring |oaded collet is pushed back

in the connector ¢ndfhpeschssp flat cantral ayesowith ¢ diameter in)themangenf@0gim tonk20tw.cr eat e

bl g body (not. shown) woul 3 eRreTeE BEGHAhLe bRGei s e Bhe S4 R it 0 O°"
acconmodat e the aehdfacesofaiid fitspaid secord! fibersds cléaved Stey nohithopbrahariglecwith ber i s

WO 97/01783
PCT/ US96/ 089403- 1@%'&%%&%% at the back of the connector pI ug, and

then pushed back inside {hqgCoRRRBHQFintétorilctinB 96 bird Bptial Afefs, Bbuirisriyhe N
to sli

housi ng. The final step in the fiber installatron procedure 'S e the
strain relief -booteps®Ek up the fiber and press it onto a hol | ow post

t hrough whi ch the buffered 5 connector plu
body. gAs not ed above, the B‘&Hixg g%fﬁﬁ@ﬂcqbéng)}rg‘gﬁ%% éngaged and thg °
fibers can be renoved in tb&uﬂn@ﬂdﬂrbmpmaﬁﬂbbﬂhalﬁmphgambﬁesaﬂmector
and needs to be repl aced o re cl d and bevel ed., The .copnec

el 0 then be 1 dmyep inciading & Fioh it AOsE AR L 0 SeADg sy, B LB,

The first plug-(egrsechrhig d po mmshadirnmb&mﬁnmmpwk uding and fofe 10
SOC

fiber protector enters, into _and bottons out in |n gui de t ube 64.
Cont i nued positioning said first fiber proximate said first end of said first plug using,

cleaving a second optical fiber to provide an endface;
securing said second optical fiber in a second plug assembly, said
15 second plug assembly including a second plug housing having first and second ends,
second means for securing 2 portion of said-second fiber within said second plug
housing and for positioning said second fiber proximate said first end of said second
plug housing, and means for biasing said second securing means toward said first end
of said second plug housing to place a preload condition on said second fiber when
20 said second plug housing is inserted into a receptacle such that said endfaces of said
first and second fibers may be held in compressive engagement therein; and
inserting said plug assemblies into a common receptacle having a
clamping element for receiving the optical fibers in such a manner that said endfaces of
said first and second fibers are first compressively loaded before said clamping element
25 isactuated.
' 17. The method of Claim 16 further comprising the steps of:
beveling said cleaved end face of said first optical fiber at an included
bevel angle in the range of 30°-160°; and
beveling said cleaved end face of said second optical fiber at an
30 included bevel angle in the range of 30°~160°.



noti on of the plug cause j rotector to slide back into the plug
bedy agai nst the conpresalﬂiﬂﬂﬂmﬁh ““the cl eaved and bevel ed fiber to
enter the V-groove in thes ™ onal pushing of the plug into the
housing results in the fiber continuing to slide into the element until the
tip of the fiber has gone slightly beyond the center of 15 the elenent. At
this point, thW&BAYEtor plug body noves flush against the FRCHHSURE of
the alignnment receptacle. Continue pushing of the connector plug cap causes
the camming finger on the front of the cap #8 camthe el enent actuation
flap toward the elenent and attenpt to close the elenent on the fiber. If
the other plug is not inst18. The nethot o€ Cingp 06 whereinisaid clainpirigelententist acl e, t he

fiber clanping elenent wll  on] rock oyer .to 20 . one side J.n pocket 68,
bnd Lhe bevel od ORHEd of # ASlc Ta1Srab s Ruher orRcis g Freen s Smig ALt
housing (e.g., 3%&@@6&%%%&@&@%9{%@&&%&&& the latch on the

receptacl e engages the tabs on the sides of the plug housing, |ocking it
into.pl ace. When the ot herslidinga thied fiber imsid clampinglemenyi i nt o t he opposite

end of the rec$pt acl e, its%&(ﬁ%%ﬁ%ggl%%wmf%megui des the fi ber

into the end of elenment 25 on o he oppdsite plug into
t he housi ng pushes its fi bde-aciuating sdid clamping elemernityandhe el enent toward t he

tip of the other fiber. Wen the twq.fiber.tips,contact, gne another in the
V-groove, the conpressi on SHOVHg 5H %Swﬁﬁéafws'“gﬂ%'g fiber collet

in one of the plugs begi ns19 TheemEHodoE Claiil 46 Whereini seidicldalig stépddire pafvimed t o
the desired | oad. The prel oading of the fibers continues until the plug

body of the 30 r civeleavingbath afisaid endfaces of said fiest and sgeond fibsrsat g npg-ort f the

al i gnment recgpt . 'g‘i_t%gﬁi braxetie fibers are prel oaded agai nst one
anot her in thgeelaag%m' #%r oove, %ut WO 97/01783 -19- not cl anped. The

pl ug housi ng of the other 20.7hemsthod of leimdAwhensim: 0o nove whi ch woul d cause

its actuation finger to mﬁd%&&ﬁmﬁ%% &Rﬁdﬂe&%&ﬂ%@%ﬁam t he

compressive load of at least 0.09 N; and
each of said first and second fiber endfaces has a flat, central area with a

15  diameter in the range of 20 pm to 120 pm.



el enent closed onto the prel oaded, stationary fibers. Wien the latch for
the other plug engaged, the connection:between the fibers is conpleted. 5
The 900 [err]m plug 16 has been designed with an optional pull-proof
feature that operates between fingers on plug body 50 and gui de tube 64.
These conponents have mating flexible fingers that engage one anot her when
t he plug body Wa9178nters the 900 [err] mend of the recept

fingers lock the plug body to the alignneyyg receptacle, and make the 900
[err]m plug end ofthe connector pull-proof. This 10 pull - progf fegture
coul d al so be provided on the other end of t he connector, b the—plug body
woul d have to be | engthened to accommbdate a bow in the flb-Y'be ween t he

spring-1oaded coll et and prel oad §£ e connect or
pl ug. Although the invention has o Wecific
enbodi nents, this description j . , ting
sense. varlous 15 nodificationjs of the dlsclos.o - s as

al ternative embodi nents of the TTvenmToT P per sons
skill’ed in the art upon refergfice 1o the descrui“,’ on. It
is therefore contenplated that_such nodifeati/o ' = Aout \CQ\

departing fromthe spirit or sco of t he pre = : ned‘gg

t he appended cl ai ns. WO 97/ 010633 © o) ~
PCT/ Us96/ 08940 -20- CLAIMS: 1. A device for Thterconne thg t wo baretrﬁ
optical fibers, conprising: a receptacle having a clanmp@qg el enent novabl e
bet ween open and cl osed states, said clanping el enent adapted to secure the
bare ends of the fibers in 5 optlcal co¥ne ion in said closed state; a.
first plug assenbly having a first opticaffiber therein, a terninal
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endface of said first fiber being beveled, said first plug assenbly

i ncluding a first plug housing having first and second ends, first collet
means for securing a portion of said first fiber within. 10

said first plug housing and for positioning said first fiber proximte said
first end of said first plug housing, and first neans for biasing said
first collet nwWe9amIBhard said first end of said first plug RGE@%”@”F@

pl ace a preload condition on said first fiber when said first plug housing
Is inserted into said receptacle; and 153/ a second plug
assenbly having a second optical fiber therein, a termnal endface of said
second fiber also being bevel ed, said second plug assenbly including a
second pl ug housing having first and second ends, and second col |l et neans
for securing a portion said g$econd fiber within said second plug housing
and for positioning said secgnd fi 0% 20 prexi mate said first
end of said second plug hous§ng such that said term nal_.efdf aces of said
first and second fibers ar eld in conpressive engageég . 2. The device
of d’aim1 wherein at |lea ne of said term nal endfacesfof said first and
second fibers is cleaved at non- ort hogonal angle with rdispect to the 25
fiber axis. 3. The device of jC aim 1 wherein said teqﬁinal endf aces of said

first and second+i bers are dubjected to a conpressive of at ] east
0.09 N. 4. The devise of cgthid~wherein each of <& d s sexond
fi ber endfaces has an ingluddd beyel angle in the ra . 30
5. The device of d&f¥  \herein feach of said firsiy fiber
endf aces has a flat, al jareggwith a dianeter‘Fﬂ ofe20 [err]m
to 120 [err]m ' - 0
j 2y ~3
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WD 97/ 01783

PCT/ US96/ 08940 -21- 6. The device of Caim1 wherein sald first plug
assenbly and said receptacle further have means for clanping said first and
second fibers in said clanping elenent only after said first and second

fi bers have been conpressively engaged. 7. The device of Claim2 wherein
said term nal WOOPA8: of said first and 5 second fibers ar BCHUBI68¥MR] ¢ o
a conpressive load of at least 0.09 N. 8. The device of Caim7 wherein
each of said first and second fiber endf s has an included bevel angle in.
the range of 30[err]-160[err]. 9. The device of Caim8 wherein each of

said first and second fiber endfaces has a flat, central area with a
dianeter in the range of 20 [err]mto 120 [Zfr]m 10 10. A
device for interconnecting two optical filb , conprising: a receptacle
havi ng a cl anpi ng el enent novabl e between @ and cl osed states, said

cl anpi ng el enent adapted to secure the ba eMis of the fibers in optica
connection in said closed state; at | ¢4 pne pl ug assenbly having a first
optifal fiber therein, said plug 15 Aexti\y including a plug housing
having first and second ends, neans [ [ [ [
fiber within said plug housing and tioning said figst fiber
proximate said first end of said pKug/es and neans f¥r biasing said
securing nmeans toward said first eng / g pl ug housi nggb pl ace a

prel oad condition on said first fi en said plug hou is inserted

into said receptacle such that at inal 20 endface of d first fiber

may be conpressively engaged wit o1l nal endface of a second fi ber

| ocated in said clanping el enen Preans for actuating said clanping

el ement and thereby cl anping t ers in said clanping elenent only after
said first and second fibers ha en conpressively engaged. 25

11. The device of daimlg in SS qr'fT rst—opt fTal™ Troer has afbevel ed

term nal endf ace.




12. The device of Claim 11 wherein said term nal endfaces of said first and
second fibers are subjected to a conpressive |load of at least 0.09 N 13.
The device of Claim 12 wherein each of said first and second fiber 30
endf aces has an included bevel angle in the range of 30[err]-160[err].
WD 97/01783 -22- 14. The device of Caim 13 wherein each of said first and
second fiber WNRPMUB nhas a flat, central areawith a di anet FCYVUSHREMP ange
of 20 [err]mto 120 [err]m 15. The devi ggggof Cl ai m 14 wherein at |east one
of said term nal endfaces of said first and second fibers is cleaved at a
non-ort hogonal angle with 5 respect to the fiber axis. 16. A nethod of
i nterconnecting two bare optical filhersssmanprising the steps of: cleaving
a first optical fiber to provide g ecuring sai.d first optical
fiber in a first plug assenbly, g 10 assenbly including a
first plug housing having first/ and first nmeans for
securing a portion of said firg l ®rst plug housing and
for positioning said first fi} end of said first
pl ug housi ng; cleaving a secy/ i i NO Pyovi de an endf ace;
securing said second opticaly i O\ assenbly, said 15

i goo ~ having first and
second ends, second nMeansg Lecuring a portion \\ ai d second fi ber
wi thin said second plug N and for itioni A d second fi ber
proxi mate said first. € \ i
sai d second securing
housing to place a pr-Ioad c




20 said second plug housing is inserted into a receptacle such that said
endfaces of said first and second fibers may be held in conpressive
engagenent therein; and inserting said plug assenblies into a common
receptacle having a clanping elenment for receiving the optical fibers in
such a manner that said endfaces of said first and second fibers are first
conpr essi vel yWOHEAB3pef ore said cl anpi ng el enent 25 is act RETAIBISNSHMO The
met hod of Claim 16 further conprising thé steps of: beveling said cleaved
end face of said first optical fiber at gygincluded bevel angle in the
range of 30[err]-16[err]; and beveling said cleaved end face of said second
optical fiber at an 30 included bevel angle in the rangeiéa

30[err]-160[err]. WO 97/ 01783 =
PCT/ US96/ 08940 -23- 18. The net hod Qi = 16 mhereip/gaid cl anmpi ng
i i and further conprising the

el en®nt is co r

step of forniﬁ?‘h' 7 ff?~ss§(ng r e in sdid clanping elenent by the
sub-gteps of: slid ,lﬁq;;; fi b#247n said cl gnping el ement; 5

actuating said clan : about said thiNgd fiber; de-actuating said
cl anpi ng el enent; and f B2 g N 1220 sai d cl anpi ng el enent.
19. The nmethod of d ai S ;
cl eaving both of said en SO = sqond fibers at a
non- ort hogonal 10 angle ; ' L 20. The net hod of

Claim 17 wherein: said endfacyy g fibers are

subjected to a
“fig.7

124




conpressive | oad of at

fiber

-
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endf aces has a fl at,
20 [err]mto 120 [err]m
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A device for interconnecting the bare ends of twa or more optical fibers uses a common receptacle having a fiber clamping element
therein and camming surfaces for actuating the element, and at least one piug having a camming finger for engaging one of the camming
surfaces. The camming surfaces are located such that, when only one of the camming surfaces is actuated, the clamping element rocks to
asldeofﬁxepod:etopposiwthemecmnmgmrﬁacemﬂmnmmmﬂwopmsm,bmwhmhoﬁwf&emmngmﬁmsmmm
the clamping element is forced to the closed siate. The plug includes a fiber protector free to slide within the plug housing, substantially
enclosing the bare end of the fiber when the plug housing is removed from the receptacle, but retracting when the plug housing is inserted

into the receptacle to direct the bare end of the fiber toward said

guide tube. A fiber collet biases the terminal end of the fiber toward the

forward end of the plug to place a preload condition on the bare end of the fiber. The connector is particularly suited for cleave-and-bevel

installations. The receptacle

preferably uses a novel clamping element having two plate members with fiber-contacting surfaces, at least

one of said fiber-contacting surfaces having a fiber-receiving groove. Edges of the plates are aligned and held together with a split tube
spﬂng.Atleastmeofdieplahememberslsprovidedwiﬂtawire-xeceivinggrooveandawirethmﬁn which acts as a fulcrum to allow the
plates to pivot along an axis defined by the wire. The split tube spring provides a precisely controlled load along the edges of the plates,
allowing the opposite ends to be clamped togeﬂ:et(wmundwgmdembe)byaforcesufﬁmmtm overcome the controlled load of the split

tube spring.
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