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BARE FI BER CONNECTOR Background of the Inventon

1- Field of the Invention 5 The present invention generally
relates to connectors, and nore particularly to renmateabl e connectors
for optical \Aﬁ\)@ﬂﬁ?’ﬂ’@g‘ such as fibers used in t el ecomunPECHUBHIT6

2. Description ofthe Prior Art ' Many si ngl e node

discrete. fiber optic connector plug designs in use 10 today contain
precision cylindrical ceramc ferrules that]are nounted in the connector
plugs. Bare gl ass optical fibers agg ﬁ;alja fitting axial bores in
t hese ferrules, and the fiber “Qrr-Fert P e polished to provide
low i nsertion | oss and back refl ection connections. The connector
hou5|ﬁgs used with.these f-rrule .connect or plugs may contain split
cerani c sl eeves ¥AESHEEET-erareet i gn the ferrul es when the 15 connector
plugs.are inserted into OpPORk fidfivel pt Ne housing. Alignment of the
ferrules brings the centers o I bers into alignnment providing

relatively | oW insertion mwmwmnmmwmmmmmﬂlmm force

ol atively | ow caEnoR BiFmkbi bl i v AR BR el W IR SR o ¢

are al so avail ab n angl e polished ferrule/fiber tips which,
when 20 mated with simlar cgonect or Jy g provide extrenely |ow back
refl ection. . - e~ screte fiber optic

connectors containing cer auang ﬂ%ﬁ&@ﬁsqﬂeﬁb&wﬁcmwwqﬁnhﬂuﬂi ce
|

and inproving in performance Wi thin the past_few ears i s downward
price trend 118 etqday cemaip precision;clindrical cemmiclael in the conrectord

plugs. Bare glass optical fibers are bonded in close fitting axlal bores in these ferrules,
and the fiber and ferrule tips are polished to provide low insertion loss and back
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 connector 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 comectbrs, 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 fusion 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
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f ew ceranic, feWM&%%W@MM%W@W&#M?me Thus, the
rel-atively hi gh commedtorshas hot benddeduattlychdiressedinl thdpriortast. of si ngl e node

ceramic ferrule connegct or s..ha not been adequat el aqdr ess in the
prior art. thh %ﬁﬁﬁé“ﬁé“h&&fﬁﬁﬁ‘?&’oducts,

particularly di%ﬂenft %ﬂl‘npﬁl?'eleﬁx@ﬁtth#mséﬂbﬁh
el enent that ?s enbossed W|th grooves 0 vari ous types Fﬁkprow de fi ber
| ocating and al varioustyipes torpgovidesfiber locatinig and aligarment,and fiber lead in foatunep| Anof such

a product is th f

singl e sheet of %?%@%‘fﬁrﬁbﬁﬁumﬁ(% ri o@%%ﬂ%‘%@r‘&%%&ot a

M ni _ng anﬂ Mﬁ%ﬁ@@e%ummb@?rammwmm?pgmm. ghg
out si de shape o ement i s.usua is,created by
bl anki ng t he el - WSIPNF ? @Fﬁ“ﬂ’ar@‘ me%ﬁgf groove
di vi des the n(BCbEm&lthﬁimﬂly&ﬁﬁﬂiguhf amsumdby\uamugalmelemmfrﬂﬁmebﬁhbﬂ

rect angul ar areas o opne of thes es .contains, a
V- shaped, b?‘ts@éﬂ%%me W@gﬂ'éﬁﬂﬁf‘&‘a&dﬁ tyoeeb el (o

the bend-focusi Q&m%e&ngmamealhﬁ rﬁqwtdﬁﬁhwbe%lﬁ%n&mh%m pm

fiber located in this groove woul pro ect 15 t of the groove by about

50 pm Funnel sFAgssderafing,aid damping srodye yhish sung parallel ta the bepd-focusing gragxgh end of
the fiber-locat mvwﬂ%ﬁhlJﬁams%m&m QhiS Bl Weuld projeet

15 out of the groove by about 50 um. Funnel shaped fiber lead-in grooves are provided
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 funnel shaped iead in grooves in the first plate.

The flat Fibrlok blank is folded along the bend-focusing groove until

20 one plate is at approximately ata 5 to lOJdegree'angle with respect to the other plate,
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

25 in alignment with the fiber-locating and clamping V-groove in the element. A plastic
cap fits over the cutside edges of the open element plates or legs. The cap contains a
tapered recessed area that slides down over the ontside 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.

30 Ductile aluminum was chosen as the material for choice for Fibrlok
elements because of its low cost, and its ability to be easily embossed and then folded
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shaped fiber lead-in grooves |ocated the sane distance fromthe

bend- f ocusi ng groove as the funnel shaped lead in grooves in the first
pl at e. The flat Fibriok blank is fol ded al ong the
bend-focusing groove until 20 one plate is at approximately at a 5 to 10
degree angle wth respect to- the other plate, creating a structure

consi sting of tWO%8BAtially rigid plates containing i nwardl PCTUSIABETS g
fi ber-clanping V-grooves that are joined al ong one edge by a hi nge which
operates elastically for small ranges of plate notion. Wien used in a

Fi brl ok splice, this fol ded V-shaped el¥ment is located inside a

pl astic jacket having end ports that .gre 25 .in alignnent with.the.
fi ber-1ocating amlwmﬁr%%maﬁgkﬂé“@m&tg\EﬁT‘ﬁgf‘?"E’wgyh’ghap
fits over the outgedoRfiQR thedibes MRNRARS\CIAhSAEOE thPfir Abthe 'V-kifBsd lobhkngC ap

contains a tapered recessed area that slides down over the outside
of the el ement | eggrooweeBughaductile mategial has, bpweer certein diradyantpges; For pxagple ft ¢ he

el enent to nove t re WA & \dement. i.eC . ' aé#)&gs

| ocat’ed within thi g@%ﬁgg%&ﬁ%fﬁéw& em’lﬁf?’ditm(~| %@%ﬁ%%&ﬁ‘% citosen as
the material for cimpingplawes, sibcdmiltjle reclampiigsiofa fiberlies dudtile elémentsiol rotaliovst |,
gré% IUtSSG?gélg%y t&e%ﬁer%%&éq&at&ynbeglﬁesf i(tjseﬁ'ri]rgthg ralﬁgr}mIegtl gdrggve, and so the elYe\gx_ex%w 01784
nore easily conf oggmbifg for@s otiter aligniriehErecision poteftial e fepet

excessively high stress |l oads on the fiber _during éhe cl anpi ng Qf the
fiber in the V-sheedured abmmwmmgxem@sswﬁyamam useigademateaie g

however, cer!ain edrBld HddhSwedkibss SR For dbminum eiegmg&sf&isquéﬁxaﬁvexﬁ
repeatedly use such an elenent, 1.e., by actuating an e-actuating the s
cl anpi ng pl at e®®, bighceefiividnt ofithermakexpansion, JFhiseikpansion bar cause theglaowed &bert enent

do not allow —  talfiacks Bpwbll BREHE: & MuRTBefhelshitel AibhobBfuld i HIWEFS

groove, and so th
concern if the connection is assembled at room temperature, it is more of a concern 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 following 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 aiso
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 damages 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 carefully 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 will not be able to clamp the fibers on
subsequent actuations. Furthermore, when fibers of different diameters are used in the



¢l anping forces or fiber alignnent precision potential on repeated
reclosings is reduced. Therefore, such an elenent is generally unsuited
for use in a remateable "connector. Anot her weakness identified for

al um num el enents was their relatively 0 high coefficient of therma
expansi on. Thi s expansi on can cause the cl anped fi ber endf aces to
actual |y come FWAPHOIZM higher tenperatures. Al though this is PEHUSIHS6
concern if the connection is assenbled at roomtenperature, it is nore of a
concern if the connection is assenbled at very | ow tenperatures.

Still another potential weakness of an alum numelenent is the difficulty

and folding . opeeAPRERE Hhale, £LT0RIGe §é¢§’%9%%5?°%@%*§3§3°§ﬁ§ e

created in the al foicathin the othél ®iilthcarbienilin fibéralippdge andfibér ehd
al um num are often generated that_ adhere o the side walls and edges

of the V-groove. 3yawld, thesefore; bedesispble todexise a clamping;ejament,which would overcome the

generat ed along t hﬁ:ﬂﬁl‘&fﬁ# egbﬁxt Jéﬂé an! f @NY
of "these 20 fl akes g %artlc esﬁq?&mrum num beco ar.ée @l st‘“dég" uri ng

i nsertion of bar# fddwnmtmawnmable;bmﬁbeemmtorhmnmmﬁnembﬂawmmdrwd to
the one of the fi f &es, and of Qre
.severely affecti nggﬂ@&ﬁ%ww& ‘ﬂ(‘tm&‘f?’lﬁh?cg egégﬁ?qrﬁglgfe- usethat is

| ocating V-gr oovewlyﬁewmstmwdnmﬁhpl ricedudes mddowr abslj dagy hiseReldanages or

scrat ches t he V-gr.oove sive g}’eaners cannot be used because they
become enbedded i rnssal %@h&‘ﬁ%%md&% the same oretter, PF'% existing

C eani ng the el engpimiabdéi ding is virtual Iy inpossi bI e because of
the smal | spaces between teﬁ{op{ egs of the el enent. Still

anot her potentil@l weakness of the folded al um num el enent is that It
I S necessary to v Ha l{1trol the distance that the | egs of the
el enent are fi ber clanping operation. Ifthe |egs

are closed too far, the hi ngthepfeseriGnvehtivh prbvidesntferalasspieare fiberegnmegten, and

Zctuat ons. Fur  hERIRD, SPRIAng ATErEs 5 PPIR SGPulns e EEoSack aiinga e
\é\gr? l7J/S (93 é/7 ggg 26 fiber clamping elex_nent movable between open ane closed states, a guide tuf:e 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 guide 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 receptacie to
25 removably securing the plug housings to the receptacle, i.e., the connector is
remateable.

The pocket in the guide tube of the receptacie 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 to a side of the pocket opposite the one camming surface and remains in the open



: 4- hi nged al um numelenent, it is possible for one of the fibers to

recei ve | ess cl anping force than the other, which can result in fiber
sl i ppage and fiber end separation. It woul d, therefore, be desirable to
devi se a cl anping el emrent whi ch woul d overcone the f or egoi ng

limtations. It would be furter advantageous to incorporate such an 5
el ement into WO¥YMM™apl e, bare fiber connector having si gniBGHGHPE?6 o\ er
initial cost 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, fiel d= I nstallation tooling, and

yet still provides.,the s r better perf nce th XL Stidn f.errul e
connectors. 10 %,%Wgﬁoﬁof%m%mwﬁ,ﬁe pmgele'ﬁ%"?

present inventi orfoftedto Meslosed stité.ul ess, bare fiber connector general ly
conprising a receptacle angd t | u ssepbl.ies,. the receptacle ing¢luding a
fiber clanping el enent WVM ; "!?h'&%#‘?%é@%ﬁ@?@?{ﬁ’&"ﬁg t ube
having a 15 POCKSfiug Riusing afd ittadkbdtiidetd sAEMBNE bRAREr i 4 of FHY Wifhitf” aCeS
for actuating th cranpi ng el enent, a base  having an interior tor

recei ving the §uiphg havsing, thefibes prdgstarsubstantialiyenciosing thetbiare entl afithe fierwhene nt
in the pocket an CLT . ' i.n . Lnterl f .t he
base. Each pl ug %%Wﬁ'ﬁ%@%%%%%t%%p ac ebﬁér@wﬁgh

i ncl udes a pl ug Heinseérred inta theleteptacizac direat thechapoenidi of thedfbet towaldosaid guide tabe. a
fiber within the 20 hopsi, ng.an osj ki @ni ng, t he Jhar nd .of .t he fiber
at the forward en °o°1%h%{ﬁ%”ﬁ¥°fﬁi}%m°&iw&9§4%§?”§ﬁgje&‘gegﬁ?ﬁpﬁlpraﬁeafched
to the forward engtelohd édi@itioh 0 theddfe éad of fhié fiber whevthepid Rusinglivinsedted into
therefrom |ocated such that when the plgtlfjtgphous'l ng is ullé i nserted

in the recept dél ethe feceptaclomTthesizeiand ghape pryming dingerdgeelectedin sguatetheaces.
Lat chi ng feat ur escaﬂﬁﬁnvgﬁg%sg@l ﬁﬁ@tﬂ%%@%fxﬁgﬂhgﬁb&lhﬂﬂb%@%%ﬁn@d‘ﬂtfnlﬂe

receptacle to 25 reno ring t ousl ngs e receptacl e,
i .e., the connectmceptacie. r emat eabl e. The pocket in

t he gui de tube ofthe receptacl i w. th . Ifgga' :
el ement to rock within theL‘S’S@é‘&g&xﬁmﬁé&gﬁﬁeﬁg’@s&%@&kF‘(’)‘Eegte é‘&g’h
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ol ement rocks 30 h{goqu‘m%{g Sctiaves siperit PeFormanBe i tersms oF Both sertioh loss shd Back 2°©

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 controlied 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/ 08976 state, but when both of said camm ng surfaces are
actuated, the clanping elenent is forced to the closed state.

Each plug assenbly preferably includes a fiber protector |ocated in the
pl ug housing and attached thereto such that the protector is free to slide
within the .5 VQGMM¥B&i ng, the fiber protector substantial | yPEHUBWABME t he
bare end of the fiber when t he plug housing is renoved fromthe
receptacle, but retracting when the plug housing - is inserted into the
receptacle to direct the bare end of the fi be? toward said gui de tube.

Lo place a = prpeevih SoERale Y o frSSur S G B s Bl 8Bl n "

pl ug housing is i nbedlimping aempaaﬁaﬁngﬂmmhtmutﬁhﬁbw, deacustingitheeleraéntf he

camming finger is s Iected t,0 ate tgl mm _ng sur.faces onl after
the bare end of tﬁégﬁeﬁé‘l‘m‘l’ﬂi@ & |°¥?§19F‘Ee‘§‘ﬁ be co of &

The connector of ﬁﬁﬁ? Bo rdflt%‘lllnﬁ anidh Elgﬁxl _
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endf aces prior 5§ 13heﬁwmmdmnmvmmm This paw ¢lement schieves improwed of
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urther inprove ba r ection The recgpt ac

enpl oy a prior ar Ff@Y%ﬁlﬁvﬂﬁ&@%ﬁﬂﬁfwe’m{'P&’mgP‘deék@m eﬁ%l’@@%’
herei n whi ch i nparhg 1Rk et \éin efifdy M iABECatighMedt MeriBRE Withdu gup. and use
of the connector. This new clanping el enen has two plate nenbers each

havi ng a fi ber3ontacti ng surface, -with at |east one of said

fi ber-contacting .. - a fiber-receiving groove forned

t herei n. Edges of T PO and hel d together with a
split tube spring. At I east lthahwatnohhallbéabeundmheméby&fepmeémr&blaycompanymg

drawings, wherein:
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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 5 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. '



25 tapered in thickness toward the secured edge, so that the plates are

spaced apart at the ends opposite the cl anped edges. At |east one of
the plate nenbers is provided with a W re-receiving groove and a wire
t-herein, generally parallel with the fiber-receiving groove, which-

acts as a fulcrumto allow the plates to pivot along an axis defined by
the wire. The “@P ™4 pe spring provides a precisely control PEHUISEWE] ong
the edges of 30 the plates, allowi ng the opposite ends to be cl anped
together (within the guide tube) by a force sufficient to overcone
the controlled | oad of the split tube sprl ng" The WO 97/01784
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fiber-receiving at thefactory by sliding

another fiber in the clmmémﬁmagﬁmhnmnﬁhmﬁm%&%% t he

fiber, de-actuating the el enent and then renoving the fiber fromthe
el ement. The pl at@&“‘ﬁﬁ}%é@ﬁ%t’r"ﬂ%@l%@ ent 1 eff &f‘bqﬁal?‘i“’r@n&??t“
apprqpri ate coef fyhg bRl Hvedtidhn @ #Emgl &rechptaia®
fi ber endfaces durl kg t enper ature cy ?n? |sﬂrn¢g)v\6\'/ﬁgl erref%t acli eves

i mpr oved pérf&hmm@wbmcpswhmummmgawdwmmkwssmbhs ¥4oand 16.
installi ' t I he f ts, buff
coat g, o of ot et S piyg e 1A deigdd SR 28 el ler ey
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the fiber end can enter the fiber allgnment elenment w thout hangi up. 10
Bri ef Descri pti onis&tfitabledorshe intergennection of different fibers, it is of ppurse malbtqsg%lw | |
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connector of te muokisasde fibersent i on;
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 (commescially known as.
LEXAN), polyarylsulfone (sold by Amoco under the brand RADEL), polybutylene
terephtalate (PBT), polyphenylene sulfide (PPS), polyether ether ketone (PEEK),

20 polyether imide (PEL), 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 receptacie 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 2 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 aligning the end of the bare fiber with the entry
feature on the clamping element prevents damage to the bare end of the fiber during



Fi.gure 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 expl oded perspective view of the connector of Figure 1; _
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 wth the
connector of WOIMITRte 1; Figure 6 i s aPRHUSINEYIS, o

vi ew of a connector storage tray containing several of the connectors
shown in Figure 1; Figure_7 is a perspective view of

anot her connector constructed in 25 accordanc& with the present fnvention

d desi d f L iing: Fi i .
per spect e vi ow GRgise diiging Bt removal i fores on e prptegtor fibfes ol Shcson of she
with the present ibarediidiothe fibefintb.the protéeor @ivr taaty withdrawal of the protector from
Figure 9 is a perspective view of still another_connector constructed in

~accordance with t rthe paceptacle, protocting therbare.end ofghefiber. g and socket instead of

two plugs 30 and a common r . % - . .
PCT/ US96/ 08976 The %@ﬁlln%ber bu_ﬂ'er is clax%(ﬁd Wl J% collet 26_tl}§t fits inside

Descri ption of §heofiéoltétdnusisg 2871 Cullet @6 1and collet housing 28 can move axiélly lapprekintatsty e
now to the figures,_and,j art.i cyl i reference to.. i qures 1.and
2, there is depi ct%ﬂ%@'&q&ﬂ?ﬁ%ﬂ?ﬂ?&aﬁmsﬂq“ﬁ PBWQ‘EEEBY?M"S&W“&

the present inventisgumbly R6\pRE titforward fip OE NRpilg aésenfbl) of SfproxiinafRly TOIN (@R Of

receptacle 5 12 having two open ends which receive, resgectlvely,_tmo

pl ug assenbl i es 14bsin@lugchousing 38 snap-fitcovesthenutside of plughedy 3t and slides withy 14
A .de_s igned for a Mp%ﬁo%? B4 W tHeSbther preload spring 36. Boot 40 provides bending
10 strain relief for the fiber buffer exiting the back end of the plug.

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

20 body 50. Plug housing 56 also snap-fits over j)lug body 50 for restricted sliding
motion, and spring 52 provides a preload between plug housing 56 and plug body §0.

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 a 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 prepared again and reinstalled as previously stated.



while plug assenbly 16 is designed for a 900 pmoptical fiber 20. Wile
connector 10 Is suitable for the interconnection of different fibers,
it is of course equally useful in connecting fibers of identical size.
Connector 10 may be used for single-node or 10 nulti-node fibers. .
Details of the _construction of receptacle 12 and plug assenblies 14 and

16 are shown iNOPMTB4s 3 and 4. Plug assenbly 14 includes aPCHUEMABIMI; per
pr ot ect or 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 ré&lief 15 boot 40 (not shown in

Figures 2 and 3). Al of these.c Qn S pt . si on
springs, are preferably COM %&%E%ﬁbﬁ#ﬁéﬁ%‘%&ﬁ%ﬁ

pol ymer such as pgid ingSéMrihenb 66. (BUsOK0 ambiapdan forfncthe@Rérivr poitionlof own
R BT A N T, o)

pol ybut yl ene I : A 3 yrist.

pol yet her et her k(?ﬁiﬁ foRbed 'm&g%ﬁﬁb [ Qhttls d I
pol'ynmers, or acry onlgtﬁ’rbi(e:ag%?lasglgeene stﬁsgﬁ{ea.d Jeetion es?epﬁﬁw'fﬁmgg%%t her
in the sequencéd |64 smap4fitstiot therceitegaf eeceptadié base 69 rand bas aincul@dend ports that ates i n

ol ug assembly 14, e i Ve Slampihe et Yney e imeal§ eI o1,
the skirt of gifiddxabe p4.0t ector 22 to engage slots 44 forned in the sides
body 34, antl o’ provent  pr olEHRIRE semert Hhis prefereb baeteg Fom meBlig Rl of
fiber protector 2gdNAfi,& Vaidoviiekkhofbg) Sirflaf ©33hat sRoviPRILS Patéit No. 5,189, 717.t he
outer diameter of the forward tip, and approxi mately 0.05 nm (0. 002")
| ar ger t hten Clampingzeiement 66otonsisteof tviegenerny fiatplavesitbat acerattachied along thebs
moves i nt o plug. biSNp 908 yth e ppeeS T8h Bftsd gt Bty Be Berl Beh} ot the
receptacl e 12. C hings gxisy prefupabiypatiah anglérof approixinmatdhal €o 8 déurees\iThe tériorent ry
e e O e Ol e L ST i SAUTRNS: § Qe o P Al e
PCT/ US96/ 08976  (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 paralle! 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 opi:osite 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



- 8- i nsertion. During plug renoval the force on the protector ensures

full retraction of the bare end of the fiber into the protector prior
to any withdrawal of the protector from the receptacle, ‘protecting the
hare end of the fiber. The 250 pm fiber buffer is

clanped in the 3-jaw collet 26 that fits inside 5 of collet housing 28.
Col l et 26 and cWPDI9¥PIMousi ng 28 can nove axially approxi natel ?CT/US”l“g’.’Q mm
(0.050") inside plug body 34 with spring 32 providing a preload of the

col | et assenbly, toward the forward tip of the plug assenbly, of
approximately 0.9 N (0.2 | bs). Plug hous®®hg 38 snap-fits over the

i de of plug b 4 and sli i th | | dy. 34
against_the' ot her BRI Sgbe 1€ By ol e erh R S hrend of g o el
relief for the fi bayopticil fiBér t8be instided i dppositeenid ofithd Vigrédve@o that the joint

Plug assenbly 16 includes a simlar fiber protector 46, a protector
e

spring 48, a plug hesweendshe fibersis approsimptelyjpeatrg at the centepof/ the elsmenty Whenthe

n : 56 and : ] | . ;
a(r)]gsg;].g Al l a(r;f theeshei Ecgfﬁgg'{‘l’gn ;?%Bs ‘5 aégggl n e&%‘g‘g?’(’%ﬁﬂe c%lrrpr e!53| on
springs) are al $o togeherabinit\theclastic hinge,cnid tie fibars bfe clampeddn therV-gndoseblItds also

polymer. As with plug,.assenbly 14, fiher ectotr .46 i s retain | N

pl ug body 50 by ex?%gl?fﬁf‘wmﬁdgﬂm‘gﬂghgbﬁfmggﬁﬁvqsmrf’%mtbgm
slide but not plited. It May HO dvadtadébul tEprefvin tis® ERovey by faniphpd singldberr ont
end of the 900 pm gl ug assenbly, i.e.., toward receptacle 12. Collet 54

fits inside plug’ thesp at the fagfosy to provide,mgreuniforyngrogye surface fimshand, \when
S

LS L R A B 0 B

nmoti on, and spriong 52 provi (the fibenalighment ahwb¢lamping element 66 ilkistrated tn Figure 41 hag
body 50. . TIh I ssenbl.i es have f.eatures on ting
i nt er nal corrponentW-M@wmbﬁﬁgﬁéﬁ%ﬁm%%@% °3rs%°m e
pl ug :Jlnl ts to rﬁdumfgfé.gl,dmﬁﬁshl &Cﬂuiﬁngahdfoldirgipw' Bl Z'Ekﬁfd&ﬂexﬁfisverysmnlar'h' to
installation. Thes eatures_al]o e.l nsta r Si . prepare the 25
fi ber end as prescﬁFB@&e‘gﬁﬁe‘?ﬂ i‘%@(ﬁ‘?ﬁ&?‘?ﬂ%&&%@%&%ﬁ  to provie, s
of a snall t Ogther debibhsy siichlak af blefB thit bRitsE tWb s6paralé platés itS are Aftached
coll et and secures the frber to the pl ug assenbly, thereby term nating

that fiber for Wonbetwrias ubepasdetailedbolewor fiber breakage, these
coll 6t 1n an assenbly tool  Suanbif BEmEN Rl iiioced abin HAoPUCERG AbFSY
end can then 30 beFlexibp hinged flapsicontainihgreemmingshitfads 76 ayd 72/orotheir upper autside:
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 ﬁnything, 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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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 t he receptacle, and may be constructed of any durable

i nj ecti on- mol daWPSTREBY ner . Qui de tube 64 may al so be for REWUSIBHTEL an
i njection-noldable material. Guide tube 5 64 sap-fits into the center of
receptacle base 60, and has circularend ports that are aligned with
the V-groove in clanping el enent 66 when the-Bfement is installed in

gui de tube 64.

. i.ng, el.egent 66 | s preferabl
embossed from a nePWP?eéh?ﬂ?’EW&I“ng“ﬁ’rﬂgm ibmﬁé@mgﬁ%@@ et Blates y

sinilar to that shgwge dnd cldmp thdMersYesiting irbthd §%rddvé. Thk alldfihediedsksty GBEN 66
consists of two generally flat plates that are attached along theif

| ong edge by an el Beatectingigniging, centering,And slapaying @perations pecpr duringsheiplug insergion | v
bout th hi ' | ' | 8
Gogreds. The i nt er 1 Abloval pRUCElSC L 3ftibe Rani s G1 Sindide HRRLENLEBAE ob ahd bitg

al i gnnent V- gr oav e howsthgh 38 &nd36 retnovdblysecurt ping-aksemblies 14 @it 16 10redeptable12d

oUE St do. adbe of -t hUMBieR o (8 cougeor Bygs o e fpiActe rS o on s il o Fas,

out si de edge o ) y
1/4 of the W ghid habsidg BB 4k 36 %o sliie Ander RIS pdriiord DT e tBhmb RidabiSlatthddge.

The interior surface of the other plate is generally flat with the

exception of the oMWhen thairhs ciger the latehpartignsgthey move back togefhen andhpldithe s

aligned with the | < | | ﬁ“ﬁﬁ ' &V}E : | Lns
assure that the fi%g]‘r&lelk:tgrgﬁ gﬂ?ﬁ%&% | eggﬁﬁﬁgﬁeﬁg -gl‘ré'o-g§gafir§étgﬁg&e’ erre?lt
when plug 20 asdemnipligethe thumbnlatclies arerpressedstomanithe conpectdrglughody alisengaging the
recept acl e.

i s enbossed to a déﬁ&?’hﬂ’ﬂ""s from @%@E%{)}éﬁ%hﬂd"o %‘J&%’rs%d(%ﬂ‘gw%l%?gﬁ‘hg% : 2gvgf
the fiber will projcemiectorpiugbodiéso Yhoye backeoubyf the connédtgrireseptilec! y 20% of it
di aneter. Thus when the plates or |legs of the elenment are in :
Receptacle cap 62 snap-fits onto receptacle base 60 by means of
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 provided 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 fora
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
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.their open or spread apart position, there is enough space between the fl at
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 w thout significant resistance. The

fit between th - ove and opposite plate 'surface is not |
enough howeveweqygmgﬁow the fiber to conme out of the V-grooﬁmzﬁ’wstm
bevel ed fibers to overlap when inserted from opposite ends of the V-groove.

When 30 the top edges of the two plates opJQQ_site t he hi nge are pushed
t oget her, the spacing bet ween the opposing plate and the V-groove’

b Il er. ' . 2 . .
PCT] USo6) 0go76 11 el be pRRAY Uigned but s siEhl 4l v odgesofthe plates e

nmode, the two | egenepgllyatignedito effectuatertbe pivotingaction describedrlowp ShallowoV-gnatyes

- tical fib be, ted,int. it fthe Vs hat
the To e bealflan e Rismrd s wpBiRg e 3o B bkt O pe B S ek o
the el ement. Wiegleieft plates fldniBiditapefedad, Uk gfiovés 199QAd {65aréfopmad

below), the legs of the elenent are pushed 5 together about the elastic

hi nge, and t heS f iclosergosheedge ofithe thpened endoofitheelement. One of the fiat slgment plates92; b e
to provide an el | ' | - ' I n.both
blabes. It my. bolkhYsiipack BeEopuhE had diifsig B RBEHR Y Shapd Mn i port

Si n?I e f}be_r ] ehdtenﬂmﬂrl@dmmm.t}ﬁefcfpgoﬁmre;emeﬁmnlewds mtr@t‘wm;i?tom gr ooxée
surrace ri1nls a I I Der | e .,.dgrooves  na e.jorne
for use with 11 biaieepnsdapetiiver leatin grooves T10. I\ﬂf’fﬁeﬁfﬁ"ﬂg‘?%\i?@ﬁﬂﬁth“a’fffl‘
clanpi ng el enent spft tibd sprihg 2 2Mhe legs &f whitlefiintdPooves 104308 1066:5ihe Bk side of e

fabricated froma single sheet of nmetallic or_ polyneric naterial

using, e.g., &rb@lates P and 94 Asmentiongd plavgiimepninetionswithselemant 66, Sve grooves; s
Ler o, O, ey ) SR, i bl £ bl
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
matching 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 be in
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 pum 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 amount 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-



ot her designs, such as an elenent that consists of two separate plates that
are attached 15 by a spring tube, as detail ed bel ow

Cl anping elenent 66 fits i'nto a pocket 68 in the top of guide tube 64.

Flexi bl e hinged flaps containing canm ng surfaces 70 and 72 on their upper
out si de ed%s are provided on either side of pocket 68. The canm ng
surfaces contacWO9MIME o r espondi ng cami ng surfaces on act ua®CHFSPFREY; s
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 canm ng
surfaces on plug fingers 70 and 72 cont act t 8 out si de of the el enent

camm ng flaps 70 and 7 d. t [ A

assenblies 14 and M@%%%sﬁﬁw&%%ﬁﬁ%%&i%%%“m

| In theti rtope_n p;)sipldtarmsﬁk r?dimmesﬁbms' it ?mb_emd ﬂm\b@-owf glduxﬁrigiht éitwﬁh otiprrocéd's.e 2;5

.element to pivot or roc r si de-to-side, prefer rouygh an,angle o

approximately 5 to 10 degre en|upedotﬁp9m{§ﬁgrg,8‘f§ea¥g£gﬁ¥heyg CHAAE (nsgfted he

actuating fi | ' I i
;ﬁgﬁgﬂéﬁd&ﬁé&m oP Elefler 9u,saﬁ&hayaime§ Fes,gg? ogleanmmce Hafl0

canmming flap towa centerline of pocket 6 ot her
flap i s not consaapproginately theegnterdfitheclem@s. The fibery pleferahily are pushed tosiard ond

pocket 68 and so el egent. does..n | @se on | 30 . bt in
t he V-groove. V%eﬂ"?'ﬁ?gmtﬁgpn&wwﬁg&p?e%&%ﬁ%qﬁ?’ %gyﬁéﬁ%md
finger pushes the spqauieavedfivesend figesitb alastivalik fiatcanaagainitone another) dethivingihsertion
E,%E;-}( (LaJth g?oggga loss and b& . &9&%338 41'0 clamp the fibers in the V-groove, the non-tagered edges

because the el emerjeieeléineit platesiakd phsieaith é:m@&ﬁ:aaﬁaﬂ:rméﬁaaggaiebmm
el enent pl ates close and clanp the Tibers residing in the V-groove.

Thus al | of thd0 nd4doduitigliyrpivas about the pivas mate; ar,causing thetgperadsdgesrafiiep elements
clanping operati ong 06 Whe Stontid:. t AEsdiheifbint bR Ghd dicthkent plates move closer together,

the space between the fiber clamping 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
provided 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 Fibrlok element, the hinge and the element are inteéral 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 Emits 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,



and renoval process. Latching features on the outside of receptacle base 60
and plug 5 housings 38 and 56 renovably secure plug assenblies 14 and 16

to receptacle 12. I nsertion of the connector plugs into the receptacle
causes tabs on the sides of each pl ug housing 38 and 56 to slide under
the latch portions of the thunb rel ease | atches. When the tabs clear

the latch porti WSy nove back together and hold the

pl ug housings in position within the receptacle. To rel ease each connector
10 plug, the thunb | atches are pressed toward the connector plug body,

di sengagi ng t he | at ch portions fromthe %abs on the plug housings, and

al | owi ng the housi mﬁﬁdnmme@mmsss%mmﬂs&&n bressitny & ?}gg&p@&,

t he connector receptac Recept acl e cap 62
onto receptacle baﬁneﬁﬁdfylemagdodbwooeﬁmmdﬁnn@lexmgmmﬂeismmm ng

el enrent 66 and tube 64.i nsi 6Q.. an he co; tor
recept acl e assenbl WE&W ??@Sie %M@E@%ﬁd%*"

80 that back up thmu%ﬁduwsmmmmewb%camm saﬁmmﬁmﬂgﬂiys
74 and 76 to revent the fingers fromf|exin utwardlyfromtheforce

of contacting arfd eﬁ?‘ﬂe Pmpmcﬂ“cﬁgnﬂ ivelnds skainlpgs steelgtifaniym; epramics, .
enbodi nent of the i M&

repl acenent of cIa%%{sgg el ene sg;ggme‘{%’%%}flen tﬁolyme{s an%%agr 6reaks
20 off init, or dﬁfabnmﬂmrthemmugdemthmﬂsneqmﬁdhmyfomghndﬁlﬁmge
required to press I chin f|n rs 7 an,

di sengaged fromt hMﬁéﬂ"ﬂﬁg@ &&E‘b&“@ﬁ% P"FP'&%P{?&?’&
Receptacl e 12 and ah&&cwsewaaﬁer@nwmmmhowu%e%aﬁmdm TRE sepikdte
(Figure 1), respectively, to providi ng better % p|n actlon for the thunb

and fi nge!% tubp:gpring is expected to provide i
depi cted a novel gﬁt&'&r Qbseft over a d&hﬁﬁﬂ@d?ﬁ:sﬁ&&ﬂ&% Q&Jﬁ?%ﬁﬁﬁsﬁﬁvera'

advant ages over th Stngl e plece el enen primar ecause

el ement 90 may be capebilityfor quovidiogithe dnﬂ&dﬁb«a;lamm fmcemthcﬁu'sven ifthe

part cular |y 1105e iy QLG BRELGR, B AN ALRRP BRSSP Goblt

conprised oftwo esshdléndnt ynaf eatse Mgemﬂtmhgmﬂmmmbhﬂemmm&mwyﬁgh
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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 spiicing applications, i.e., for the
permanent interconnection of optical fibers. The prior aluminum element in the Fibriok

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
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that they be perfectly aligned but it is sufficient that effective edges
oft he pl ates be generally aligned to effectuate the pivoting action
descri be bel ow._Shal | ow V-grooves 100 and 102 are forned in this
tapered area on 18 ate. On the back flat side ofthe DCTFHSNO8376, ¢ o5

and at the tapered end, deeper grooves 104 and 106 are forned slightly 5

closer to the edge of the tapered end of the elenment. One ofthe flat

el enent plates 92 has a V-shaped fi ber | dat i ng and cl anpi ng groove

108 with a V-shaped adein port at h. f th -groove. The -

opposi te el enent ppwﬂ‘gwgﬁ%‘gmgf.’&ﬁ°r°‘8f°‘%§ﬁ§§ﬁﬁ‘§ﬁt rPamage ﬁ’a#{f -Q,régﬁgv% Wé’b@d

fi Iber Iegd-i n gr oommsbhme ilxlmwisﬂﬁnﬂi}?vmym hcbfr%maghﬁxdwumeﬁmpmga&danmh

split tube spring 1 t egs 0 ' It ]nt rooves 1Q4 and 106, on the

bgclk si ge ofplb gp? @@Z‘%ﬁg?d’f .@%Fﬁ#ﬁ?&fgﬁ%ﬁ/@\gﬂ’}eé&#jt B4 SesigRi ¢ h

el enent 66, two grg hisacgé&éﬂ.tﬁﬁd“‘é[eﬁ‘é#eﬂﬂﬁnﬂd%uﬁ%fbr&}iﬂd%r sgkhﬁr than
at ba '

just- one groove with a 1l K-up surface. Tube'spring 112 1S
-preferably fabriscated from aWdﬂ%@ﬂmfmt@mhoambeusetgmme

copper or stainles e | See Laht | o fi e

el enent pl at eé'ﬂ?r?gﬁpﬁpgﬁﬂﬂgé |’§‘§'§j f%%ﬁ g‘?%ocg’é}s‘&&f H'I“g'&?ég %ﬁ%fg\?{‘%es a
slight force prel oggplitdiionswith bothifiberplogeinsertedtine el endpbfitie féeptacle. O this

it chi g V- qr oove S ERH, L SOUBALE GHSREHEE F Lok Bve 28 GHPBANEProleFing
tapered region moﬁﬁthfg'ﬁn%ﬁﬂﬁﬁ&e%&ﬁﬁﬁsm%feﬁﬂéﬂi&%ﬁ a0 Hits AR £ midkutitg OF

ful crum hi nge, and kee pl ates 92 and 94 proper al i gned when

S bo
t he outside edg¥s msttlﬁéommatambsﬁsmshtmfmdiwp@@gm aconestonr e

forced toget her dugd hgqh ﬁ%%i@ﬂ' ' s | . .{ ube
spring pushes agai %tg{%gf/ﬁe outsrade gﬂg%é%ﬁﬁp#gpg%gﬁgﬁgyélténse%pﬁxecfegﬁa&eggﬂp% be
in cont act at tray mgentwionsectot émbedichent las baérokept 2swmati dg poksible solthatt hi n

portion of the tapered

ectipon of .eac | ate. .l n t.he ope osj tion,
the i nside edges oPoBFAPESa e Eoniogsd agiacent 1o ork asprbet d porupy e Very feast
angl e of approxi maj@bint2f ¢618Me CFrayi11B niigRitoftaid b 104 conndRidIS " PostP116Uré hollow
anount of opening is |arge._en h'to allow a 125 pmoptical fibers to be

easily “ins¥rt Baithet & pin ook ey Beigedted thyavgh hedollaw pagtion e ift the connector
fiber-|ocating V- Ob@ehepokPhhd ol 6 the tray e takPadiBitGo ARRHNHERIORhcKD Thi sfstend ™
t he V- and the matihg

of clearance between the two sides of gr oove,

flat surface of this repjsularly suited forfiberte-theshomeapplicationse dn theodesign illustrated in
Figures 1-4 and 6, the 250 um plug is spring preloaded but the fiber in the 900 pum

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
0.09N. 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 externaﬁy 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



ensures that the fiber end faces (particularly beveled end faces) cone into
contact in 30 the V-groove without allowng the fibers to pass by one
another at the center of the V- WO 97/ 01784 _
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groove during insertion. The hal f-funnel shaped fiber |ead-in features on

t he el enent WPAMMBdnsure that the fibers easily enter thePGIEF6H8I6
during the insertion.process. When used in connector

10, cl eaved and beveled fibers are inserted from opposite ends of

el ement 90, and their end faces contact one arndther at 5 approxi mately the

center of the elene c‘i;mp a'F-lggsr AT @ﬁﬁi ithout
another with a | ongir}{nu [ nai‘xI 0 dﬁ?)tf aé%érﬁsgmt ei f/sggé d}’@ ; l Es[ ,w%:ausi ng
t he reduced ar e alistarbimgadjaéenb connectors brtheis fibays.el astical |y fl atten agai nst
one anot her, reducing inserti 0 d back ,refl ectjons.,, To clanp the
fibers in the V-groove, the n?@ﬁﬂ%@%ﬂ@%ﬁte&mwwwémwm
pushed together (as whitarg LWSelATor Rrechind dischdle ferd Bourted it Mllividhal

T
initially pivot about the pivot wre, and causing the tapered edges of%ge&
el ement s t o mbv Fignre 8 Hustrates another dasign imwhighytwa disesete penne¢torssimilaptaat es .

nove cl oser together el ' | - ove and
the fibers is reducec(??.neacﬁoa 1’?2‘35%@%&%?%@%&@%@%&%%%%%‘gl:h%osi ng
of the tops of the elconnsttorphgs @32 fnd k34 iy duplexometioe130 conpdimiwet springdeaded fiber
full contact with the fiber, and. tq, nove out, of coptaci wth the, hinge,l5
wire. The clanping fRSPEEOFEberg @smﬁ{&mwa@@hﬁr%wm@ewhﬁe
cl anpi ng for ce%usﬁxkgﬁnewpﬁmmgwr&b@me/n@awne% a%mm&&&ew

could be accurately rovided on the fibers by sizi 219 t ube spring
to provide this fi8r csets of entay pastsdor the intarnal fiber-gyiding prrtions of the Huplex gnnpectonplugs.

L e CL0er vere, shiet od Bl of AR ity . P11 "

t he The designs of Figures 1-4 and 6-8 are PLUG-HOUSING-PLUG
designs; however, it would also be possible to design a connector according to the
present invention that uses the same interconnecting tr'xethods 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 @dﬁnd 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



20. other to accommpdate fiber dianmeter m smatch. Thus elenent 90 is
particul arly usef ul In bare fiber connectors such as the present

i nvention that utilize axially prel oaded cl eaved and bevel ed fi bers.
Canping el ement 90 has a nunber of advantages over the existing all

al um num el enment especi ally when used in bare fiber connecting
applications. |1WOH®IB4 current Fibrlok el enent, the hinge aRST{UN6ARBIMrent
are integral and made of the sane material. Forming this hinge in the
current elenent requires that the el enent naterlal be very ductile
initially, and then be able to work harden t of prOV|de the el astic hinge

t t This | unb
Pter bl that o OF st bt it provide Beson Birt) i Pl Besrerd,
the new two plate ﬁb&ﬁﬁﬂ&h@&nﬁ&ﬁrﬁmgy!)tﬂhﬁmilﬁ@h%ﬁbﬁlmhaﬁﬂofﬂl@ﬂﬁer\ébﬂ&t

the el énment plate material can he sel ec e basis of nost
desirabl e properti &% coHectamepntof brg gi Pﬁﬂﬁﬁf‘ée%FP%@%ﬂP&laéﬂ&mms

WO 97/ 01784 _
PCT/ USBB/ 08976 the collet internal to the connector plug in order to clamp ontotheﬁber_bﬂe_rand

for abrasion res smmhaﬁhbrhmﬂnmmrﬂnsvédlwtﬁh@mcofaﬁedmmmmgtm
expanst on (e6s. t haiT BRRERRfuc jscriol pihen ¥ et WallRE sy picf oo, apdfie Boon
resi st a]pceI to chenisdi dailvhmlﬁbeﬁ&hﬂhutdiﬂtﬁeﬁ&glQg:l@mm;@fxemvaqplﬁ@lhhwbder
range of el enent rial s,can pe con re onme .mat er.i al s_which na
have desirable prg&é‘ﬁ?ﬁl F‘"éﬁ) ﬁ?ﬂ%@?@%‘éﬁdﬁ@@ﬁb"ﬁ‘ﬁm
cer ani cs, gl asie ﬂﬁ%l@&ﬁ%fﬁe%oﬁﬁ%r?ﬂy @IEﬁbehimsﬁdltamaﬁemW

El ement 90 may be eaS| er fabricate than the existing el enen
because the reqlf r ead %WMW*&QHW@PGQdOf‘M%GEMHQ%MM

because | ess materis o
because the el emant"?# at s Qﬁ%“age nor e ro usé. a{ldweﬁgg?ee@e?ﬁ(iﬁ?%eamﬁd%sgﬂg’
separate 10 tube sthe craftspersanxgpecaesd handleonthednstaliation taolivhichraxfally farces ktenpi ng

forces even when t Q:gllet 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 included angle
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.e., 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



pl ates are closed over a wi der range of displacenents. Tube spring 112 has

t he capability for providing the desired fiber clanping forces on the
fiber even if the el enent is closed further than is required. In the
prior art elenent design, over-closing the el enment may cause the hinge

to stretch or distort which initially produces very high 15 fiber clanping
forces. On sub¥O&Ha&HB4 c| osi ngs, the distorted hinge cannot pPEFUSEABITE
adequate forces to clanp the fibers in the V-groove.

Al though the new el enent concept has been degggned for prinarily

connecting applications, it may al so be useful in splicing applications,

i.e, for the : r&p@g | b B4k IR donfAE bl |Cthén dushetack ihiige the! OF
al um num el enent ?ﬁm?he i%ﬁtg& 20 splice chapn egﬂ Its édengt Wla?
t enper at ure var i a¢annector diring insertion of the plig intodhe housing cThe final steprin thediber f aces

to . ,move apart and,_back. t oget her. sl i ght as_the.el t _¢h es .l ength

during tenperat ur'@“%?ﬁg‘?c%@ﬁéﬁeafhés? %’?f’ﬂeﬁhﬁ’f’ww &F@gﬂngé’fesgﬁd

faces is also  ontdalhoBe Poit ehroagibwhich thelbtered Abérpassein g badlcefthe n t he

sptices to flow around the ends o the fibers, and possibly create air
c

bubbl es or car fy eanpectpplug bodys WW%M@W"M an b nd
bl ock sone trans%k%%mwwmﬁﬁ@%%?ﬁfgfﬁégwrm

coefficient of thermal expansion would therefore _
el iminating the needs tohs replacediorreclegred andbéwsledand associated formati on of

gas bubbl es or conveyi ng digt riicl bet he fiber f S
at the core region 01}/ tge fwmgﬁg&ﬁﬁ?m%%ﬁ’mms%@ﬂ
whi ch the initial regbpthdle 6f soaketThe fitkt plof (¢.g.214) iSinbdred intd the réveptacie antiteld 30

because of manufacturing dirt or debris in the fiber c¢lanping V-groqve in

the  al urPnufibesipestester satereinttins bottoms Qui,iy tha soglst in gyide tubnfid: Contimeeds r om
a material that  motion of thifplug Cadkls thé fiber protector to slide back into the plug body against
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the compression spring, and the cleaved and beveled fiber to enter 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 giass 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 clement
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
sliding fiber collet in one of the plugs begins to compress, and the fiber tip is preloaded
to the desired load. The preloading of the fibers continues 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



could with stand nore rigorous cleaning wthout damage to the V-groove,
woul d increase the initial assenbly yield or percentage of |ow | oss
splices produced. Because - of the wide range of elenent plate materials
that are possible with the new design elenent, it is expected that a
"cleaner" elenent could be provided for splicing. 5 The
connector of thdVOPUYME i nvention can be used in a variety ofPCI/US6/8976
different applications. Figures 1-4 show a connector 10 adapted for tray

nmount applications with both fiber plugs inserted into the ends of the
receptacle. In this enbodi nent, the conneZfor receptacle 12 does not

have an externally | ectd nmount i f e, _but rather. cqontains,a
internal cavity th&g{@ﬁﬂ‘bedlf :ﬁ‘g PB'FJ‘P“%“%{}ﬂP Phxgpﬁiﬁgwﬁlgtnoyfgné e&oﬂogf w&f“ﬁte
such as night be f ol éalsdifbachRiibwinget tomevdinfrthesenter of tHetofgfd AridiRin th
managefrent tray 118 as shovxl/n in Fi gurg:f& The oufsi de oha e, of EtBhi S ®
tray mount connect Slementiosedanto thepreloaded. gtationary fibers, | %ﬁ?) r the other plug

connectors can be gk GRE ContiiBh BewebP tHiaTberdiPldMpler@)d OCCuUpy the very
| east anount of ume. Tray 118 mght contain up to 4 connectors.

Posts 116 are holow 15 so The900qumpipleg I6kas bessl designediwith ansaptipnal pulkprae§h
the holl ow portion Lift the nect.or of f .t St..a t.pf t he
ray for easy acce s ik opettiey FATIar dgrmm.amalfe vosk S B Bliaffibe 84 Thest

particularly suitegompbndntsttave inating Fexidtle Kngefithit@Agage 0fie arlother Mehesl tifei pliis body

illustrated in Figures 1-4 and 6, the 250 pm pl lﬁ IS spri n%prel oaded
but the fiber in tHalyssterpthe 900 umend of the rageptacieq Thesedingerp jogk thaplug bady ta the

01T Terent des: pns. MFREGERE rededt 4 Mk fhe SH0 ot ikor Ble dohsipulfpfodt, i’
one plug containe rllprodfHants chuld lid be provided br theaiier end of the coireetbr, bihthe

devi ce preferably subjects the ternm nal endfices of the fibers to a

conpr essi ve | oad ofPiugbodyyéould have topbedengthened, to aogemmpdate g bow g the fies hefween

provided with one Qe fing-iGHaePollef #id prélBid Adembly andPhéE Bick chil B the Tomfebtor Blu.
thin spools may be provided which stack onto'a common post 25 nolded into

the tray floor (not shown) séithengh theiaventionkps beep dessribadwithrefsence i speific
wound onto the spo r i : e
dosired - i por nibolRints -RCHEAF oDl DK Al B RO AL Valib
i ndi vi dual fi bens. modifications of the disclosed ebagliment,/asiwell as eterbative ambodiments of the
enbodi nent 120 of t.he conn or of the n{. invention. .configured
with an externally %\Feg %‘bﬁé}%ﬁ”ﬂﬂ“ﬁ 5?@%%3@%‘3\’?%@3?&%? g hol es
124. Connector 120 descriptioh bfile BRertion i tHepefoeontemplaret] thdt Glith) modifidations cani S

art of fiber distributjon, equjpment. Papel nt connector 120 b
Bosi ti oneld ! t;e nlljadle “pntho&tudegarting from the spirqtD cl>Jr scope o?t epresentlmventr{gXas geﬁned

in the appended claims.
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on center spacings that'y s 1 lsllger access to individual connectors
W t hout di st ur bi ng. adj acent connectors or their fibers.

Figures 1-4 and 6-7 illustrate designs according to the preset invention
whi ch are useﬂﬂ?mﬁ%ﬁnconnecting discrete fibers nmounted in iPGEHK 76
connect or pl ugs. 5 Figure 8 illustrates another design in which two

di screte connectors simlar to connect pr 10 have been unitized to
create a duplex fiber connector 130. The connector plugs 132 and 134
I n dupl ex connect . contain dual spring-|oaded fiber protectors,

fiber preloading neans (springs) and fiber clanping neans (collets). The
dupl ex connector housi ng orl. Acplegpiasserhbly ddapted oo torinect atbare enldiof anepticabfikamtmt s

and two 10 sets_of entr ortgs far the jinterpnal fiher-qui.ding portions of

t he dupl ex connecfffFe‘ﬂ?‘éﬁgn.‘B'gaﬁ“%ﬁ@ﬂ$ﬂ§?’"§p@ﬁ?ﬁ§‘“&&‘°ﬁﬂ?§“ﬁiesi gn of

connector is preferably abqiush having first and second ends: - The desi gns of
(&glll—%.JSI N&Pufe desi gne

Figures 1-4 and 6-8 are PL . ) esi gns; however, it _would
al so be possibl% to desi gn meaadfossecuring &pertior pfile baye end of the fiber

i nvention that usgg h%\fsin%[aaﬁﬂ 6'% : | # erap?:ﬁx'ﬁﬁte'ghh’%'st of
HOUSI NG PLUG desi gng ut atf %ﬁ%@g%ﬁ%%ﬂgﬁ t’?ﬁgﬁpl ugs per manentefé

i ntegrated into tsaidpaghousinghousi ng. This style of connector 140 is
referred to as a PL D SOCKET design and, .as.illustrated in Fi.qure
9, generally conprises a Ummﬁ%%e“ﬁ@ﬁs&?@ﬁﬁﬁaﬁ“&*&“ﬁ%@‘iﬂmg
and a socket 144 g@htai ning a cl anmpi ng and al i gnnent el ement 90 an
functional parts of the other plug al] conbined into a single 20, unit

Connector 140 ¥s particul ard membes attached to said first.end;of said plyg hpwsing andp e,

rearrangenent O0CCpiitndiiy ohatRirdRiRersfdit, wéatéd%ecmmﬁs‘emm@dgnﬂmisq{mﬁ he
panel for exanpl €). The fiber_ on the other side of tthe conhnector

(behind the panel inserted i@ thesereptacte, seid cammingpembsr aeatescthe Sberclamping element.
connectof socket. redues coneePap usarpy O Clim 3T Bompigog 4 ok AR,

connect or socket reduces conne part ~count,
25 and pot enti al logatedhin seidqlugiiqulsing endhattackedtheréto susctliat saidtpnetectbainay slidehe

Lerm "1 ecept acke” yong o longhllATRAS SERiAIR hebliF, i ol SihiB6 SRSy 12 2N

enclosing the bare end of the fiber when said plug housing is removed from the
receptacle, and said fiber protector retracting when said plug housing is inserted into
the receptacle to expose the bare end of the fiber.
3. The plug assembly of Claim 2 further comprising means for biasing
20 said securing means toward said first end of said plug housing to place a preload
condition on the bare end of the fiber when said plug housing is inserted into the
receptacle.
4. The plug assembly of Claim 3 wherein the size and shape of said
camming member is selected to actuate the fiber clamping element only after the bare
25 end of the fiber has been fully inserted in the receptacle.
5. A plug assembly adapted to connect a bare end of an optical fiber to
a receptacle having 2 fiber guide member, the assembly comprising:
a plug housing having first and second ends;
collet means for securing a portion of the bare end of the fiber within
30 said plug housing and for positioning the bare end of the fiber proximate said first end
of said plug housing;



:Use of any of the foregoi hisa | trai ghtforward. Wen the
fi bers have been bevel ed, ]&Ig@@gﬁnﬁrﬂmymg
t he connector : pt ugs.«

ected, they are installed into
e acconplished 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 assenbl ed enpty
connect or pl WOSTPHB4 containing a boot) into a small act ua®CEPSPUPT6
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or fixture. This tool (not shown) would pT’zb'vi de neans for 1) guiding the
Phe tip of the fiber so didimene s firibvably Nehuine bl ok Gl o viigbebulel 'O
exists inside ti@ connector plug, and 3) actuating the collet internal
the fiber 1nto the conneddBr BPSGOLIPHBLE A PEIeuss M lerdaigro B ng
tools. The ﬁge%rg%%&ﬁeysﬁhéahﬁger%gﬂm{]msum@mﬁnQWimstrai n

relief boot, and t t is sltd down the fiber and out of the way. A
fully assenblSedprstacteseetrscting whenisaid plughopsing is inserted inte ghe receptaciptoidirestihe ot j on

tool, and the chﬁwom&g%%ﬁﬁgg&}%ﬁggﬁﬁﬁp ber is inserted into

t he back end of € connector p i s pushed toward the fiber
protector 10 end of the o Theplhgassemtily bf Claim Hwhereinaaitlifiberprdtector ishiased ber

t act t . ted, . ' f t th | i ght fib
D o 6ot or W/t nrHREE P o of st e Pt oo o s ol e REREE "'
operates a handg#d it éddQs sdidplag heusing'is tefoved fiorm thedudepiatle ahd subaeantidlly

collet into the collet housin and permanently clanps_, the fiper buyffer in
t he connect ol0 enclosgs the barg end ‘%'r‘hq fiber prorp compl °6§B@(;P€f&ﬂaldeﬂl“% Wﬁifif’,m

dependi ng on vmh%r}egeg?ﬁhg of plug is 15 being assenbl ed.
It is deenmed preterable to use the connectors of the present invention in
7. The plug assembly of Claim 6 wherein the receptacle also has a fiber
clamping element, and further comprising a camming member attached to said first end
of said plug housing and extending cutwardly therefrom, located such that when said

15 plug housing is fully inserted in the receptacle, said camming member actuates the fiber

clamping element.
| 8. The plug assembly of Claim 7 further comprising means for biasing
said collet means toward said first end of said plug housing to place a preload
condition on the bare end of the fiber when said plug housing is inserted into the
20 receptacle.
9. A plug assembly adapted to connect a bare end of an optical fiber to
a receptacle, the assembly comprising:
a plug housing having first and second ends;
collet means for securing a portion of the bare end of the fiber within
25 said plug housing and for positioning the bare end of the fiber proximate said first end

of said plug housing;

s latch means for removably securing said plug housing to the receptacle;
and

? means for biasing said collet means toward said first end of said plug

30 housing to place a preload condition on the bare end of the fiber when said plug
housing is inserted into the receptacle.



canjunction with optical fi have been bevel ed. The

bevel angle is pr ef er abl - f i.e., an included angl e of
about 90, although the incl udﬁ HHH |[I[|Hmr be in the range of
3Q-160[err]. Beveling | eaves asflat, centsal»area on the endface of 20 the

fiber, with a preferable dianeter of between 20 and 120 pm The central

portion maWwas/0aT84l ed, i.e, non-orthogonal to the axis ofPCIESYPINEG
to reduce back reflections ' The connector plug is
renoved fromthe tool, and any strength nbers (Kevlar strands) can
be secured directly to the plug body of the 900 pmstyle connect or

pl ug using standard crinp ri ef,c tor plug design 25
could al so be used with ret n@?&#@%ﬁ?@&‘ié&@%ﬁ% pl ug body woul d
have to be ext ended t o said phy H be openédand tlokedrefeatedie eorprobide e i t

Is clanmped in the spring- |, | oaded ,col l et, and the back end of the
connéctor. This fi R4ceS c?%mi’é‘dnecessary " because the spring

| oaded col let is pushed back { &ﬁ&nﬁgﬂkﬁﬁ{g;&rﬁ#@¥ 16V bendovSl P tiR bareend N
(0.20 I'b) preload spri ngbetro.cd?dgate the desire Ievee‘?go conpressi ve prel oad
on the 30 fi ber 5t iqfithe ibdrand coplactoent wish g newdbershown) woul d have to provi de

enough i nternal space t C | L4 ' td@e as
a fiber bow, when the fiber I@%ﬂ@&?%é%ﬁﬂmwﬁdéﬂq

PCT/ US96/ 08976 . clamping element, and further comprising a camming member attached te iid first end
rigidly clanped at the, back, of, the, connector ug, and t hen shed back,

i nside the . conﬁ*gﬁdgﬁ“%m% %%?’BF‘ER"BY&‘%@“&&B& ‘t"f’ﬁtﬁ’ ﬂﬁﬁb*hﬁb d
The final step int ﬁgixbt%fgtis&lly_ﬁs&ﬁd%l@%&?&&&%ﬁﬂ@%ﬁngw«wudﬁsw
strain relief boot back up the fiber and press it onto a hol I'ow post
t hrough whi ch t H@ belampingglemenler passes in the back of the 5 connector

749, PRy, 22 noed abovc: " M i pachigbeChBTELAR Mol B
connect or and lveated int saidoplug lquising entl attached-thereta surki that shidbprotectod may slide
along a longitudinal axis of said plug housing, said fiber protector substantially
enclosing the bare end of the fiber when said plug housing is removed from the
15 receptacle, and said fiber protector retracting when said plug housing is inserted into
the receptacle to expose the bare end of the fiber.

13. A receptacle for interconnecting bare ends of two optical fibers,
comprising:

a clamping element movable between open and closed states, and

20 having means for securing the bare ends of the fibers in optical connection in said
closed state;

a guide tube having first and second open ends for receiving the
respective bare ends of the two fibers, a pocket located between said first and second
ends for receiving said clamping element, and camming means for actuating said

25 clamping element;

;1 base having first and second open ends and an interior space
therebetween for receiving said guide tube; and

means for securing said clamping element in said pocket and for
securing said guide tube in said interior space.

30 14. The receptacle of Claim 13 wherein the bare end of one of the
optical fibers is permaneatly positioned in said clamping element.



The connect or pl ugs woul d then be read t' n into a connector
receptacl e or socket. The first pI @r“! ‘H‘Enserted into the
receptacle until the 10 fiber prot and bottonms out in the
socket in guide tube 64. Continued not i on of the plug causes the fiber
protector to slide back into the pl ug body agai nst t he conpression
spring, and theWO¥1# and beveled fiber to enter the V-groomwﬁ

el ement. Additional pushing of the plug into the housing results in the
fiber continuing to slide into the elenen{_until the tip of the fiber
has gone slightly beyond the center of 15 the &"enment. At this point, the

connector plug body noves fl of the
al i gnnment receptacle. Conti n@hgﬁgﬁc’%&c&#% cggn‘r’l'é%%r pl ug cap causes the

cami ng finger on the front poeket fyxized to allow kaid elamping elearht totroclowithiasaid
t owar d- t he el erregt an atterrpt to close the elenment on the fiber. If
the other plug is n 'l ed I n the opposite side of the

receptacle, the fiber clanpi ;51!“ o n%ﬂs'on%h&ufd@%e%&ﬁfdéﬂtﬁ%@&@oﬂ de

in pocket 68, and the bevel e glass fiber in the elenent is not

cl anped. The prargmingsuifaces loeaterd wcbﬁ;an.@epwﬂymepﬁs@mm@pmm e
until the latch on t he
pl ug housi ng | ocki né&ﬁ?mf’ cﬁﬁ@&gw}&%%&& Mgio%gﬁ&fs&gg&?ﬁgér
plug (e.g., 16) is mm«mmdtehmmppmdbmstaﬂe bﬁthmbothofsmtepnuinge,
its fiber protector ttons out | des nt o, ,t nd. of

el enrent 25 90. Cont ?FB(’FB??“S 9%@“’8 e& ﬁl?fﬁe ﬁ?tsa'dt"?fb”ﬁﬁﬁ&?r ng
pushes its fiber down the 16. \rhsmeptecleafcmwimahsm Eh&aﬁﬁ@lﬂfﬂm
the other fiber. Wen the_ two fiber t| ps cont act one anot | n the

V-groove, the coMbr asap bavingJatch mesns fori relgasahlyi ensaging wid base, and said FRp furth
rel oaded - to t RO wal Gkt R pRROAREs ofifting gt \fhnd dob f&%m
until the plug body suficee 30 renmi ni ng connect or plug noves flush agai nst
1 Code o n Gne vt v P € e 4 Y il o o
97/ 01784 fibers, comprising:
PCT/ US96/ 08976 a receptacle including
a clamping element movable between open and closed states,
and having means for securing the bare ends of the fibers in optical
connection in said closed state, '
a guide tube having first and second open ends for receiving the
20 respective bare ends of the two fibers, a pocket located between said
first and second ends for receiving said clamping element, and camming
means for actuating said clé.mping element,
a base having first and second open ends and an interior space
therebetween for receiving said guide tube, and
25  means for securing said clamping element in said pocket and for
securing said guide tube in said interior space; and
at least one plug assembly adapted to mate with said receptacle, said
plug assembly including '
- a plug housing having first and second ends,



-.19- not -cl anped. The plug h ot her pl ug woul d now
continue to nove which woul d. m iﬁ mim ﬂ n finger to nove into
the center of the housing and cam Iosed onto the

prel oaded, stationary fibers. Wen, the | atch for the ot her pl ug

engaged, the connection between the fibers is conpleted. 5

The 900 pm pl ugV@8™¥ been designed with an optional pul | - pr BEFUSIEREIT6
feature that operates between fingers on plug body 50 and gui de tube 64.
These conponents have .mating flexible fipgers that engage one anot her
when the plug body fully enters the 900 pm end of the receptacle. These

fingers lock the plug body to thg ?Qﬁﬁ nm

900 pm plug end of the connector ue'ﬂl pr o H% &gﬁsm’ﬁﬂ pro?ﬂ eature
coul d al so be provided on tW@hnBMplugrhduSﬂgandé'onmuamngthemmmﬁheﬁbepl ug
body woul d have to be | engthened, to. accomqodate .a pbow i n the fiber between
t he spring-| oaded coll et a cf&lfﬁof ﬁ? ‘gﬂﬁgg Q‘lfpend of the
connector plug. amﬂmgwamﬁem\sﬁatﬂrﬁrenh%ssm?m housi
described with reference to specific enbodi nents, this descrl‘pt | on S

not neant to beSconstrued mdapxtmﬂmspngvag@w@reﬁvaﬂosﬁsdw thes when seid plvg

of t he di scl osed enbodi nent tﬁﬁ? gﬁﬂ%ﬁ %ﬁé}%

i nvention, wll becone apparent&?!J %ersons s%: S %ae ar ﬁ 'bly
reference to the descr abuts said cafmiidig-means.ent i on. |s theref ore
contenpl ated that such nodi tlons can de wi.t hg t de ar
fromthe spirit or scope of {4 ‘X’?%‘?ﬁ% Vﬁlfé ‘&ef"hiyt he

appended cl ai ms. further includdQatOlf fn@ﬂ&'&rremovably securing said phug housmg to said
PCT/ US96/ 08976 - 20-

10 receptacle

19. The connector system of Claim 18 wherein said plug assembly
ﬁn-ther includes:
a fiber protector located in said plug housing and attached thereto such
that said protector may slide along a longitudinal axis of said plug housing, said fiber
15 protector substantially enclosing the bare end of the fiber when said plug housing is
removed from said receptacle, and said fiber protector retracting when said plug
housing is inserted into said receptacle to direct the bare end of the fiber toward said
guide tube; and
means for biasing said collet means toward said first end of said plug
20 housing to place a preload condition on the bare end of the fiber when said plug
housing is inserted into said receptacle.
20. The connector system of Claim 19 wherein thé size and shape of
said camming finger is selected to actuate said camming means only after the bare end
of the fiber has been fully inserted in said receptacle.
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CLAI Ms: 1. A plug assenbly adapted to connect a bare
end of an optical fiber to a receptacle having a fiber clanping

el enent, the assenbly conpri sing: a plug housing
having first and second ends; 5 means for securing a portion
of the bare end of the fiber within said pl ug housing and_f or

positioni ng t hWoMOt8&nd of the fiber proximate said first erRFTSI689%6 o i
pl ug housi ng; | at ch neans for renovably securing said
pl ug housing to the receptacle; aldd 10 < cagm ng

member attached to said first end of said plug housing and © extending
outwardly therefrom |ocated such that when said plug housing/Ts fully
inserted in the receptacle, said c i ng nenﬁgr actylat e the/fib cl anpi ng

‘el enent . 2. Thé plug assemply & OB er®
conprising a fiber protector A—located in Naid n

attached thereto such that said| protector may sNAle 5 ng a

| ongi tudi nal axis of said plug hOUSINY, Sard—fitr st ially
enc| osing the bare end of the f{Der en said pl hodisi isr d from
t he receptacle, and said {iper proteetet Tng n s pl dQ)
housing is inserted into thétreceptaclﬁﬁgg e@gose th d of giyre
fiber. 3. The»pl ug asse y of+=Cl 3l m Z¢d urt hem g
conprising nmeans for biasing 20 said securing neans to rdaid first d
of said plug housing to place a prel oad condi tion qg the bare end of
the fiber when said plug housing is inserted into the recept acl e.

4. The plug assenbly of Caim3 wherein g@e £i ze and shape of said
camm ng nenber is selected to actuate the W¥ber -cl anping el enent only after

the bare 25 end ofthe fiber has begp fullg€ inserted in the receptacle.
. 5. A plug assenbly adapted to conneot a Parfe end of an optical fiber to
a receptacle having a fiber guide nendgp he assenbly conpri sing:

col | et

means for securing a portion of tha TR :na of the fiber within 30 said
pl ug housi ng and for positioning ﬁ@t 9

- 4 ‘-\‘\ \

first end | of said p§igch \\\\\\\&‘

W
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| at ch means for renovably securing said plug housing to the receptacle;

and a fiber protector located in said plug housing and
attached thereto such that. said protector may slide along a

| ongi t udi nal axWO810184 d pl ug housing, said fiber 5 protectPET/ES6PIE | ng
when said plug housing is inserted into the receptacle to direct the

bare end of the fiber into the fiber QUigﬁ menber . ' 6.
The plug assenbly of Caim5 wherein sai Piber protector is biased

toward said first end of said plug housing such that said fiber protector
slides toward said first end as_said plug housing is renmoved fromthe
receptacle and substantially 30 encloses the bare end of the fiber prior
to compl ete renoval of said plug houSitng from t he recept acl e.

7. The plug assenbly of Cai mje wherein the receptacle alsafhas a fiber

cl anpi ng el enent, and furthgr ficonpri sing a canm ng nenbe tached to said
first &nd of said plu si ng and extendi ng outwardl y t herefrom

| ocat ed such that when said i§ plug housing is fully inserffed in the
recept acl e, saidngsnning menbdy actuates the fiber ;g cl agpi ng el enent .

8. The plug asse f dai 4 further conprising nmean ,biasigg

0} o=
said coll et neans t‘énard "a..'-! ¢ end of said pl U ot.m-h;‘.g’- M pl gEe a
prel oad condi tign oOf g end of the fiber ‘ﬁ!.'tﬁﬁqj dg housi ng
is inserted into the i ¢ 3 o [HEI -:lﬂ
assenbly adapted to conhs§tl a baregend of an opticgf™f |"" ﬁ"! o a
receptacle, the assenbly ¢ i Si nf: - lf,g‘ﬁhﬁg Busi ng
having first and second {fﬁl’lﬁi'ﬁ:l'
securing a portion of t f the fiber wthi “*h«{fﬁﬁdﬁi
housi ng and for positio end of tde f&ber -J'§'§‘| ﬁ“ciliﬁ Jeff i 1 St
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of .sai d plug housing; | at ch means for renovably
securing said plug housing to the receptacle; and

means for biasing said collet means toward said first end of said plug 30
hotising to place a preload condition on the bare end of the fiber when said

pl ug housing is inserted into the receptacle. : WD 97/ 01784
PCT/ US96/ 08976 WO 97/61784 PCTIUS96/08976
10. The plug assenbly of Claim9 wherein: sai d plug
housi ng may be opened and cl osed repeatedly 34§|orovide access to said
col l et nmeans; and said coll et neans may be di sengaged
to allow renoval of the bare end 5 of the fiber and replacenent with a
new fi ber. 11. The plug senbly of Caim 10 wherein
the receptacle has a fiber cl anpi ng el nt, and further conprising a
camm n§ nenber attached to said first end f said plug housing and
extendi ng outwardly therefrom |ocated such arwhen said pl ug

housing is fully inserted in the recept g
the fiber 10 clanping el enent.
assenbly of Caim 11 further conprisi

said camm ng nenber actuates
12. The plug

protector | | ocated in

hat said protector may slide

¥INg said fiber pF¢tector

/01t he fiber whemysaid plug

along a longitudinal axis.of said pl¢
substantial ly encl osing the ba
housing is renoved fromthe 15 recegi/ac¥®®, and .said fi ber ot ect or
retracting when said plug housing i serted into t eceptacle to
expose the bare end ofthe fiber. <




13. A receptacle for interconnecting bare ends of two optical fibers,

conpri si ng: a cl anpi ng el enent novabl e bet ween open
and cl osed states, and 20 having neans for securing the bare ends of the
fibers in optical connection in said cl osed state;

a gui de tube having first and second open ends for receiving_the :
respective barBO8HMIBYH! the two fibers, a pocket |ocated bet REEHSWSBY6: | st

and second ends for receiving said4z§anping el enent, and cammi ng
means for actuating said 25 clanping el enent; a base
having first and second open ends and an interior space t her ebet ween

means for securing
securing said guide tube
4. The receptacle of Claim
\cal fibers is permanently
0, 97/ PL784
-

for receiving said guide tube; and

said clanping elenment in said pocﬂ//
in said interior space. 30 /
13 wherein the bare end of one ¢f
positioned in said clanping el

PCT/ {)S96/ 08976 / -23-
15. The receptacle of Claim } sai d pocket is
sized to allow said clanpi ng/ sai d pocket; and

and second 5

said canmi.ng neans on said /u
' ai d camm ng surfaces

camm ng surfaces |ocated 3
is actuated, said ¢gN
opposite said one

when both of said ca

\
at, when only one\
Ng el ement rocks to

Nai d open state, but



surfaces are actuated,
state.

securing means conprises
engagi ng sai d base,

fibers, conprising: 15

a cl anpi ng el enent novabl e bet ween open
and havi ng neans for securing the bare e

connection in said closed state,

having first and second open ends for

respective bare ends of the two
firstr and secon ds for
means for j

at | east one plug assenbly
pl ug assenbly including
first and second ends,

PCT/ US96/ 08976
E ¥L9.7

sai d cl anpi ng el enent

&7
Y el eme@),

is forced to said cl osed
16. The receptacle of O aim15 wherein said
10 a cap having latch neans for
and said cap further
for positioning a canm ng finger toward one of said
17. A connect NO$Y8L78m f or i nt erconnecting termn nal

rel easabl y

ncludes a wall structure
surface.
ends of 8

a receptacl-e including

e

recei \Li-rs
'Tszket

al d cl anpi n

fiber

d42& and an in

pui de tube, and\

cl osed states,
ofthe fibers in optical

. a gui de tube
o0 120
Iocateﬁ/%etmeen sai d

) el ement, and canmm ng

eri or space

elenent ai d

25
pd@pet and for
and

>heceptacl e, said
q_pl ug housing having
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means for securing a portion of the bare end of the fiber

said plug housing and for positioning the bare end é g‘s%eﬁ 0

te said first end of said plug housing, and

ng finger attached ta said first end of said plug housi s

endi ng outwardly therefrom I ocated such that when sa|-YWﬁ“‘
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(S7) Abstract

A device for interconnecting the bare ends of two or more optical fibers (18, 20) uses a common receptacle (12) having a fiber
clamping element (66) therein and camming sarfaces (70, 72) for actuating the element (66), and at least one plug having a camming finger
(74, 76) for engaging one of the camming surfaces (70, 72). The camming surfaces (70, 72) are located such that, when only one of the
camming surfaces (70, 72) is actuated, the clamping element (66) rocks to a side of the pocket opposite the one camming surface (70, 72)
and remains in the open state, but when both of the camming surfaces (70, 72) are actuated, the clamping element (66) is forced to the
closed state. The plug includes a fiber protector (23) free to slide within the plug housing (14, 16), substantially enclosing the bare end
of the fiber (18, 20) when the plug housing (14, 16) is removed from the receptacle (12), but retracting when the plug housing (14, 16)
is inserted into the receptacle (12) to direct the bare end of the fiber (18, 20) toward said guide tube (64). A fiber collet (26) hiases the
terminal end of the fiber (18, 20) toward the forward end of the plug to place a preload condition on the bare end of the fiber (18, 20).
The connector (10) is particularly suited for cleave-and-bevel installations, The receptacle (12) preferably uses a novel clamping clement
(90) having two plate members (92, 94) with fiber-contacting surfaces, at least one of said fiber-contacting swifaces having a fiber-receiving
groove (108). Edges (96, 98) of the plates (92, 94) are aligned and held together with a split tube spring (112). At least one of the plate
members (92, 94) is provided with a wire-receiving groove (100, 102) and a wire (114) therein which acts as a fulcrum to allow the plates
(92, 94) to pivot along an axis defined by the wire (114). The split tube (112} spring provides a precisely controlled load along the edges
(96, 98) of the plates (92, 94), allowing the opposite ends to be clamped together (within the guide tube (64)) by a force sufficient to
overcome the controlled load of the split tube spring (112).




