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Optical fibers have replaced copper wire as the preferred medium for

carrying telecommunications signals. As with copper wire, it is necessary to provide
for the interconnection of optical fibers, during installation, repair or replacement of
the fibers, and to terminate the fibers onto active optical devices. There are generally

15 two kinds of interconnection devices, splices and connectors. The term “splice” usu-
ally refers to a device which provides a permanent connection between a pair of optical
fibers. The term “connector,” in contrast, usually refers to a device which may be
engaged and disengaged repeatedly, often with a different plug or receptacle. A
connector may also refer to the plug portion of a fiber termination, which is attached to

20 an optical device. Optical devices include, for example, optical sensors (photoelectric
diodes) and light sources (LED’s, laser diodes). The termination of an optical fiber
may be indirect, i.e., the fiber may be connected to some other (passive) optical device
such as a beam splitter or polarizer, before the light beam is directed to the active
optical device. The present invention is genei’ally directed to a connector, althouch

25 this term should not be construed in a limiting sense since the present invention may

| inherently provide a permanent, as well as temporary connection or termination.

In the fiber optic connector described in U.S. Patent No. 5,381,498, the
connector has a plug and a receptacle, the plug having a fiber-receiving, V-shaped
groove for each fiber to be interconnected, with the end of the fiber terminating in the

30 middle of the groove. The receptacle has a plate which retracts as the plug is inserted,
whereby another fiber is lowered into the V-groove of the plug. Upon full insertion of
the plug, the two fibers ends are in contact, and the fiber secured to the receptacle is

elastically deformed to maintain a continuous compressive load between the terminal
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PCT/ US96/ 20227 may be prepared by simply cleaving and beveling; the end faces may optiomfly be ends
of the fibers. The .connecto) provides for th ui ck di sconnection and
reconnect i on oﬂ‘&vﬂlaﬁf‘%\ﬂé%-&f “‘8’0‘?‘&9&9‘“&&1’ %bél“?‘%) to,feduce signal Frllections. of
ferrules or,ether Many fiber optic splices employ plate elements having fiber-receiving
grooves, with means for clamping the terminal ends of the fibers in a common groove.
Some of these devices are designed to interconnect a plurality of pairs of fibers, such -
as the splice shown in U.S. Patent No. 5,151,964. In U.S. Patent No. 4,028,162,
fibers approach alignment grooves at a glancing angle and are held temporarily while a
15 connector plate is adhered to the interconnected fibers. For other examples of
techniques involving bowed fibers entering alignment grooves, see U.S. Patent Nos.
4,077,702, 4,148,559, 4,322,127 and 5,080,461, and French Patent Applicaﬁon No.
2,660,442. Some of the connector designs using the principle of bowing a fiber into a
fiber-alignment groove are rather complex and require many parts, such as the designs
20 seen in U.S. Patent Nos. 4,045,121, 4,218,113 and 4,767,180,
The connector in the ‘498 patent makes use of this fiber bowing
principle, but suffers certain other disadvantages. For example, the plug design allows
dust to easily settle on the tips of the fibers, since these tips are exposed above the
fiber-receiving grooves. Fibers in the receptacle may similarly become contaminated
25 since there is no door or other means to close off the opening when the plug is not
present. While the ‘498 connector has fewer parts than most ferrule connectors, it
would still be preferable to eliminate the moving parts, such as the sliding plate and
spring inside the receptacle. That design also recommends the use of high-strength
fibers in the socket, making it less compatible with an embedded base of standard fiber.
30 It would, therefore, be desirable and advantageous to devise a fiber optic connector
which similarly provides for the quick disconnection and reconnection of a plurality of
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receptacle fiber holder securing a terminal portion of another optical fiber whose en
20 face is located along an intermediate section of said fiber-alignment groove. The

receptacle fiber may be retained properly in the groove by a fiber huld-down. In the
embodiment for termination to an electro-optic device, the finger is attached to a base
having a fiber stop. In either embodiment, the plug fiber extends generally straight
within the plug body when the plug is removed from the receptacle, but the plug fiber
25 is sufficiently long such that, when the plug is fully inserted in the receptacle, the plug
fiber becomes bowed to maintain a continuous compressive load against either the end
face of the receptacle fiber, or the fiber stop. The bending of the plug fiber also
maintains the fiber firmly nested in the fiber-alignment groove.
First latch means are provided for releasably securing the plug body in
30 the receptacle, and second latch means are provided for releasably mounting the
receptacle on a support surface. The first latch means may be formed in an extension
or landing of the plug fiber holder. This landing may also have upstanding posts which
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10 The connector may be quickly engaged and disengaged, and is easy to
install. The design may be adapted to provide for the interconnection of a plurality of

pairs of optical fibers.

Brief Description of the Drawj
15 The invention will best be understood by reference to the accompanying

drawings, wherein:
Figure 1 is a side view of a longitudinal section of one embodiment of
the present invention, depicting a fiber optic connector including a plug and receptacle;
Figure 2 is a perspective view of the plug and receptacle of Figure 1,

20 with a partial section revealing the bowed fibers in the plug interior;

Figure 3 is a perspective view of one embodiment of the plug used with
the present connector, with a sliding door;

Figure 4 is a perspective view of another embodiment of the plug used
with the present connector, with the plug shroud omitted to reveal interior details;

25 Figure § is a perspective view of one embodiment of the receptacle
used with the present connector, with a hinged door having camming surfaces which
oboperate with camming surfaces on the plug door;

Figure 6 is a perspective view of a termination fixture which may be
used in the receptacle of the present invention;

30 Figure 7 is a side view of a longitudinal section of the present connector

as used for termination rather than fiber-to-fiber interconnection;
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PCT/ US96/ 2022% a socket or receptacle 14. Figure 1 is a longitudinal section of conneédtor 10 showing
plug 12 fully inserted in receptacle 14, and receptacle 14 mounted on a support surface -
or bulkhead 16. Figure 2 is a perspective view with bulkhead 16 omitted, also with a
partial longitudinal section to illustrate the interior of the connector. The depicted

embodiment provides for the interconnection of two pairs of fibers, but those skilled in
15 the art will appreciate that the inventive concepts described herein extend to single pair
interconnection as well as interconnection of a multiplicity of pairs.

Plug 12, shown also in Figure 3, includes a fiber holder 18 which may
be constructed of two clamping elements or blocks 20 and 22, and a plug body or
shroud 24 which is attached to fiber holder 18. Shroud 24 may be removably attached

20 to plug fiber holder 18 by means of, e.g., latches 26 integrally molded onto blocks 20
and 22, which engage cutouts 28 formed in corresponding walls of shroud 24. Fibers
30 and 32 which are to be interconnected or terminated pass through holder 18 and
into the hollow interior of shroud 24. The terminal portions of the fibers are bare, that
is, they are not affixed to any alignment member such as a ferrule. Shroud 24 therefore

25 serves not only to assist in physically locating plug 12 in receptacle 14, but also to
provide protection for the otherwise exposed terminal portions of the fibers (the
shroud could be made retractable to fully expose the fiber tips, if required). Holder 18
has fiber-receiving grooves 34 formed in the adjacent surfaces of blocks 20 and 22;
these two components may be identical parts. Holder 18 may secure the fibers, for

30 example, by clamping, adhesives or both. Alternative means may be used to secure the
fibers to holder 18. Holder 18 may have an extension 36 surrounding the fibers for
additional strain relief and clamping. A boot 38 may be provided for further strain
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canmm ng sur f ac esnto\briecside of shroud 24 to releasably secure plug 12 to receptacle 14. Latch 40
also imparts mechanical polarization to the plug, i.e., it can only be inserted into

15 receptacle 14 in one orientation. Plug 12 may be biased in the interconnected position,
¢.g., by a springboard (a flexible cantilever) formed inside receptacle 14, to be pushed
back against latch 40 to minimize the effect of manufacturing tolerances.

Figure 4 depicts a slightly different embodiment 12* of a plug usable
with the connector of the present invention. This embodiment employs a similar
20 shroud, which is omitted from Figure 4 to better illustrate the alternative fiber holder
18* and interior features. Holder 18 is again formed from two blocks 20’ and 22°, but
those two blocks are not identical in this embodiment. First, block 22’ has an
extension or landing 42 which has several upstanding posts 44, 46 and 48. These posts
serve to guide the fibers within shroud 24 in proper position for location in the V-

25 grooves of receptacle 14 as discussed further below, and limit skewing of the fibers,
ensuring proper alignment of the fiber tips with openings in shroud 24. Latch 40° is
molded into block 22°, along the underside of landing 42. Second, the fiber
passageways in holder 18° are formed by providing V-shaped grooves 34’ only in
block 22°, with the corresponding surface of block 20° being flat to provide only three

30 fiber-clamping surfaces. V-grooves 34° are further recessed in block 22°, and steps 50
are formed on block 20° which seat in the recesses and facilitate proper attachment of

the blocks together.
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| ongi.t udi nal sectign of connector 10 show ng
2, when the plug is fully inserted into the receptacle. The forward end 52 of shroud 24
has a pair of slots 54 and 56 formed therein which provide access to the terminal ends
of the fibers located within shroud 24. A hood or door 58 is slidably attached to
forward end 52 of shroud 24, with two covers or bars 60, 62 which overlap slots 54
10 and 56, respectively, when tldor 58 is in the closed position of Figure 3. When door
58 slides to the open position, bars 60 and 62 move to allow access to fibers 30 and 32
via slots 54 and 56, respectively, without the need for the fibers to extend outside of
shroud 24, although this would be acceptable in alternative designs. Door 88 is
slidably attached to shroud 24 with a snap fit resulting from two tongue-and-groove
15 arrangements 64 and 66 (Figure 1). In addition to preventing dust from entering
through the slots, door 58 also prevents any light in the plug fibers from escaping and
injuring a user’s eyes. As discussed below in conjunction with Figure 8, door 58 may
also reveal, in the open position, one or more holes on the top of shroud 24 which may
receive push rods to tip the fibers out openings 54 and 56 to allow cleaning of 1 fiber
20 tips.

Other door arrangements may be provided for the plug. For example, it
could have a door (not pictured) which raises vertically during the plug insertion
process. This is accomplished by having the door sit in another part, such as a shuttle,
that moves within the shroud body. The shuttle has a vertical slot on each of its side

25 walls, and is open across each end. The solid door has a post that protrudes past the
side walls of the shuttle, and into slots that exist in the shroud which have the
following shape. Each of the slots starts at an upward angle (about 30°) for about 1
mm, then becomes horizontal for the majority of the distance, then rises again about 1
mm, and finishes with a second horizontal track (about 1.5 mm). When the plug

30 comes into contact with a stop in the receptacle, it pushes the shuttle back within the
shroud. During the first few millimeters of travel, the door is raised to its first position.
In this position the fibers come in contact with the door, which deflects the fibers down



plug 12 fully inserted in receptacle 14, and receptacle 14 nounted on a
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further strain end nearest the fiber holder. The end nearest the front of the shroud has an enclosed
15 end with two vertical slots that are in line with the fibers, running from top to bottom.
The door is nothing more than a rectangular plate, having two vertical slots that run
from its bottom to about two material thicknesses from its top. Also, it has a notch cut
in its top that rides in a ridge in the shroud. This ridge acts as the camming mechanism
for the door. The cam is located on the inside of the roof of the shroud. From the
20 front it starts at an obtuse angle until it reaches the center, where it runs down the
length of its body. In the closed position the two sets of slots in the shuttle and door
are offset from each other, providing a closed plug. When the plug comes into contact
with a stop in the receptacle, it pushes the shuttle back within the shroud. During the
first few millimeters of travel, the door slides sideways within the shroud at the same
25 time the shuttle is moving backward. Once the two sets of slots are in line, providing
an open slot for the fiber to exit through, the door has reached the straight section of
the cam. At this point the door stops moving sideways and is carried back within the
shroud by the shuttle. Returning of the shuttle and door is accomplished by a spring
that pushes between the fiber holder and the shuttle. This design also exposes the
30 entire end of the plug, and provides for smooth operation of the door.
Variations of the plug design of the present invention will become

apparent to those skilled in the art upon reference to the foregoing description.
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again formed frdRiaQRR BP@ER@V@B §°" éﬁ@“ cturing and assembly tolerances.
A test plug may also be used to test the operation of the receptacle.

15 This plug would be essentially identical to the previously described plug, except that it
receives a single fiber looped to have both ends extending toward the receptacle. In
this manner, a signal may be sent down one of the receptacle fibers, received by the
loop-back fiber in the plug, and then rerouted to the other receptacle fiber, which
carries the signal to a test detection system.

20 Receptacle 14, also shown in Figure 5, includes a body or housing 70
and another fiber holder 72. Housing 70 has an opening 74 whose size and shape
generally corresponds to that of the forward end 52 of plixg 12. Housing 70 may also
have appropriate features (such as latch arms 76) allowing it to be releasably mounted
to bulkhead 16 which may be, for example, a patch panel or workstation outlet (wall

25 box faceplate). The latch means may provide for mounting from the front of the panel,
to allow all preparatory work to be done at the front side of the panel, or may provide
for mounting from the rear of the panel, to allow all preparatory work to be done at
the back side of the panel. The receptacle fibers (only one of which, 78, is visible in
figures 1 and 2) are secured to receptacle fiber holder 72 by clamping as well, using a

30 clamping plate 80 adapted to grip the fibers at a first end of holder 72. The terminal
ends of the receptacle fibers extend into fiber-alignment grooves formed in projections
or fingers 82 and 84 at a second end of receptacle fiber holder 72. The grooves are
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allow the fibers to bow significantly, as seen in Figures 1 and
the plug fiber can bend beyond the groove and lifted away from the apex, the
10 connection. | _
Receptacle 14 may have as many of these fingers with fiber-alignment
grooves as there are fibers in plug 12. Fingers 82 and 84 are shaped to project into
slots 54 and 56, respectively, of shroud 24 when plug 12 is fully inserted into
receptacle 14. Fingers 82 and 84 enter shroud 24 at an oblique (nonzero) angle with
15 respect the plug axis, i.e., the axis defined by either of the plug fibers 30 or 32 when
they are extending straight within shroud 24. This apgle is preferably about 42°, which
balances concerns regarding fiber end face contact pressure, fiber f:.r:cs directe:* mio
the V-groove, the effects of friction, and the desired tolerance window (a larger angle
increases tolerances). Since the receptacle fibers are not directed toward opening 74,
20 there is no danger of escaping light injuring a user’s eyes. Receptacle fiber holder 72 is
pivotally attached to housing 7@ by providing posts on the first end of holder 72 which
snap into cutouts or hooks 88 formed at one end of receptacle housing 70. Holder 72
releasably locks into place using bumps or studs formed on the side of the holder,
which engage holes 89 in receptacle housing 70. An alternative design for the
25 receptacle fiber holder may be used in which the holder is molded asa single piece with
a breakaway top or cover plate that can snap onto its base, the base having the fiber-
positioning grooves. '
Receptacle 14 may also have a flap or door 90 to minimize entry of
contaminants through opening 74. The disclosed embodiment uses a receptacle door
30  which cooperates with the plug door to actuate plug door 58 between closed and open
states as plug 12 is insened. into receptacle 14, Specifically, receptacle door 90 has
two camming surfaces 92 and 94 which interact with camming surfaces 96 and 98,
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whi ch defl ect s t Ipintd, mishratalsi(rastilever beam) protruding from its bottom when the door is in the
closed position. When the plug is inserted into the receptacle, the door rotates from a
vertical to a horizontal position. Once the plug is fully inserted, the notch clears the
20 top edge of the door. Then the door springs back up a few degrees and bottoms out
on the area in the notch. This provides the locking between the two parts. Removing
the plug is accomplished by squeezing on the plug and tab portion of the door. This
causes the door to return to its horizontal position and allows the plug to slide back
out of the receptacle. The tab would be formed such that, when the plug is removed,
25 there would not be enough friction to keep the finger on the tab. This construction
provides for a simpler plug design.

The receptacle may further be modified with internal latches to be
mounted in two different positions on the wall or bulkhead, a first position whercin it is
fully operational and flush with the wall, and a second position wherein it projects

30 slightly outward from the wall. This provides access to the interior of the receptacie

for cleaning.



WD 97/ 23796

PCT/ US96/ 20227 at an obtuse angle, although this is not necessary.
The door can also act as an al i gnnent nechani sm This hel ps prevent
end face contact of the plug fibers with the V- groove when they cone

i nto cont act WRi%@37he V-groove. Before the plug reaches PCT/U896/20227
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slots that are 4 dcee With the fibers, running fromtop to bottom
The door is nothing nore than a rectangular plate, having two vertical
slots that run A plug-to-plug interconnection may also be provided, which utilizes

10 two plugs of the form of plug 12 with no receptacle but, rather, with a coupling
mechanism to receive both of the piugs (similar to a coupling sleeve used to
interconnect ferrule-type optical connectors). The envisioned design would likely
utilize an S-bend on both of the plug fibers, and a fiber stub located in the coupling
mechanism, looped such that its terminal ends are adapted to abut the respective ends

15 of the plug fibers,

All of the components of connector 10 (except plug boot 38) may be
formed of any durable material, preferably an injection moldable polymer such as
polycarbonate, VALOX (a polyester sold by General Electric), or RADEL (a
polyarylsulfone sold by Amoco). The material may include conductive fillers to render

20 the components semiconductive in order to minimize triboelectric charging which can
induce fiber end contamination. Boot 38 is preferably formed of low modulus
copolyester elastomer such as that available from RTP of Winona, Minnesota, ur:i.
material number 1559X67420B.

Assembly and installafion of connector 10 is straightforward. Plug 12 is

25 typically assembled in the factory, although it may easily be assembled in the field. 1n
this regard, the term "pre-terminated” as used herein simply refers to the attachment of
optical fibers to plug 12 or receptacle 14 regardless of whether such attachment occurs
in the factory, the field, or elsewhere. It is also understood that plug 12 or receptacle
14 could be mounted on a jumper cable or patch cord with any kind of optical

30 connector at the other end of the fibers. It is recommended that fibers be used which
have a longer life when exposed to indoor environments, such as the high-strength
fibers available from Minnesota Mining and Manufacturing Co. (3M--assignee of the
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10 each of these layers must be removed to provide access to the fiber ribbons. Simila:

steps must be taken to remove the protective layers of a cable having a single discrete
fiber. After the fibers have been removed from the protective cable jacket, they are
stripped. The stripped fibers are then ready for cleaving which may be accomplished
using any one of several commercially available fiber cleavers, such as that shown in

15 U.S. Patent No. 5,024,363. The cleave length for attachment of the fibers to plug 12
is the distance from fiber holder 18 which, in the preferred embodiment, is about 23
mm. For attachment of fibers to receptacle 14, the cleave length is the distance from
fiber holder 72 which, in the preferred embodiment, is about 15 mm. Any debris
should be cleaned off the fibers using a fint-free cloth. Prior to removing the fibers

20 from the cleaver, the craftsperson may inspect the fibers to confirm that the end faces-
on all fibers are acceptable, i.e., that they are smooth cleaves with no spikes. The fiber .
viewer disclosed in U.S. Patent No. 5,210,647 may be used for this purpose. Once the
crafisperson is satisfied that each of the fibers has an acceptable end face, the fibers
may be removed from the cleaver. In the preferred embodiment, the fiber end faces are

25 flat with a chamfered or beveled periphery (or at least partially beveled) to obtain the
advantages associated with such a fiber end profile, as discussed more thoroughly in
U.S. Patent Application Serial No. 08/122,755. The fiber end faces may alternatively
be radiused (generally spherical). The fibers may further optionally be provided with
an asymmetric treatment, like cleaving so as to impart an angled end face, as taught in

30 U.S. Patent No. 5,048,908. If so, in order to minimize insertion losses and reflections,
the fibers should be inserted so that the orientation of the angled end faces of one set
of fibers (i.e., in plug 12) complements the orientation of the angled end faces of the
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be done at during placement of the fibers in the V-grooves and attachment of the holder to the
receptacle to not contaminate the fiber tips.
Installation of connector 10 is equally straightforward. Receptacle 14 is
20 optionally mounted to any desired surface by convenient means, such as latching arms
76 (other constructions could be molded into housing 70 for custom mounting).
Several receptacles could also be mounted in a single module, and they can be
designed for front or rear loading, or sliding from the side. After receptacle 14 is
mounted, the connection is completed by simply inserting plug 12 -into opening 74.
25 Plug 12 is released from receptacie 14 by latch 40.
Figures 1 and 2 depict full insertion of the plug. As plug 12 is inserted,
door 90 opens and cams door 58 open as described above, allowing fingers 82 and 84
to enter slots 54 and 56 respectively. Plug fibers 30 and 32 contact the fiber-alignment
grooves in fiber holder 72, and slide until their end faces abut the respective end faces
30 ofthe receptacie fibers, and then become bowed when the plug is fully inserted. The
plug fibers may undergo an S-shaped bend. All force at the fiber-to-fiber interface
comes from the resilience (elastic deformation) of bowed fibers 30 and 32 which



t he back side of the panel. The receptacle fibers (only one of which, 78,
Is visible in figures 1 and 2) are secured to receptacle fiber hol der
72 by clanping as well, using a 30 clanping plate 80 adapted to grip the
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10 mm and 36 mm. Receptacle fiber holder 72 is 20 mm long (from the end where the
fibers are clamped to the tips of fingers 82 and 84), 12 mm wide and 1.5 mm thick.
The fiber-alignment grooves in fingers 82 and 84 are 11.5 mm long and have a
maximum depth of 2 mm which suitably accommodates most conventional optical
fibers. The interior angl§ of the V-grooves should not be too narrow since this might
15 result in excess friction with the fibers, but it also should not be too wide since this
would not keep the fibers guided properly. A 90° interior angle is believedto be a
good compromise.
The present invention is not limited to connectors for fiber-to-fiber
interconnection, but also includes connectors for terminating an optical fiber, such as
20 to an active optical device. Figure 6 illustrates a termination fixture 110 adapted for
use with an active device. Fixture 110 is essentially substituted for receptacle fiber
holder 72, and has a base 112 and a projection or finger 114 similar to fingers 82, 84
Finger 114 has a fiber-alignment groove 116 to receive one of the plug fibers, whose
terminal end face comes to rest on a fiber stop or surface 118, as shown in Figure 7.
25 The material defining surface 118 is usually clear (i.e., transparent to the wavelength of
light transmitted in the optical fibers), allowing the active optical device to be placed
on the other side of base 112 whereby the light signal passes through the material; the
material may be coafed or otherwise fabricated to affect the light signal, such as
controlling its intensity or polarizing it. Posts 120 formed on base 112 may be used to
30 align and attach fixture 110 to the active device substrate, e.g., a printed circuit board
(PCB). Fixture 110 preferably has a unitary construction of a clear, injection-moldable
polymer such as ULTEM (a polyetherimide available from General Electric), and may
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24 at an oblique (nonzero) angle with 15 respect the plug axis, i.e., the

axi s defi neW®9723Mher of the plug fibers 30 or 32 when PCT/Y$§6R023% o
extending straight within shroud 24. Thiggangle is preferably about

42[ err], which bal ances concerns regarding fiber end face contact
pressure, fi befurfliebintladéla lefe122doinidopposite sarfaee ¥1&todfocus lightHfeonw/tdf the fiberof

friction, and the desired_tolerance w ndow (a Iar&er%’arlgl e Il ncreases
tol erances). Sitheactiveoptical deyicss and suppprting stugtupss are ey &5PBEEE e openi ng

74, 20 there 'ﬁsﬁg-mmrb Pha ﬁaw'mémaﬁh' &, phBioelettii¢ sersots Of laser diodes.
Receptacle fi b?r oI'der 72ui S F pi vat al yvga‘tac,h%d t o housi Q:ﬂ 70 by

provi di ng post Other passiveroptieal devices (ream splitters, stub {lpgrein ferrules, &n) whichdigegt it oyt s

or hooks 88 fo plaped) end/differbit igéSetries of '
rel easabl y I%ck@&ﬁ?{g %F@(ﬁﬂgg‘?ﬁgﬁg‘ﬁ%?ﬁg?’ggﬁuds .ff)hr'made on the si doe of the
hol der, withecterntingyiog dixtuné may Ruseditor ditectrSodus light ve B partiuar lpgstiont er nat i ve

desi glndfgr theié? ,receg tacl e fi gxﬁﬁloyh%lmjer @Wﬁ.ﬁw %rﬁ‘ ato?mt ﬂe:
is nolded as a Wﬁ’g’j?geg ﬁ&'@é‘ﬂ% e p ‘or cover plate tha
rooves e R N BB o o hrave. & f ) o door 90
o mininize entibsr, gsing the W%Wﬂﬁmm%“‘!'ﬂheb Vﬂ}&%&f?-né'%?“ﬁ‘@% scl osed
enbodi ment ‘ffﬁgmgui&?&ﬁn&ﬁsér?s%ne@@ymiﬁs&sfdwamgemepmmbmewl ug door

to actuate p oor 58 between cl osed and open states_as plug 12 is

inserted into mepestablydocstedn theparne pasition| Fhe pasitiop fthe Sbefsad isfhus a5 t wo
camm ng surf aceg. Reeriidd By e bikrincel b e Hloldeh phire G e tatiod! dofiérasy otthetnd 98,

active elements, i.e., the photodetector or light source, hence this obviates the need for
active optical alignment. Another advantage is that, coupled with an S-bend of the
15 fiber, the overall height of the transceiver module can be reduced. . An S-bend could
also be used in a connector for two parallel, but not coaxial, fibers. Finally, the
transceiver electronics can be mounted on a board that lies in the same plane in which
the connector is inserted.
A fiber stub may also be used in an active device termination, the stub
20 (not shown) secured in a holder like receptacle holder 72.

Besides providing for quick and easy connection and disconnection,
connector 10 has several other advantages. As previously mentioned, it may easily be
pre-terminated in the field as well as the factory. Even if the fibers in either the plug or
receptacle do not terminate at exactly the desired position there will still be full fil-r-

25 to-fiber contact in the completed connection since the resilient stress of the bent fibers
provides a positive abutment force; in other words, the tolerance in the relative
positions of a fiber pair is eased by the slack in the plug fibers. Plug 12 is also
inherently pull-proof due to this biasing. Tolerances are also not critical in the
transverse position of a given fiber pair since V-grooves 36 serve to align the fibers

30 and the fibers are biased toward the apex of the grooves. The surface finish of the
fiber-alignment grooves should be smooth and the groove angle be well-defined; this
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respectively, on plug door 58. Receptacle door 90 is hinged al ong one edge

by provi d;w;}g,.,&gﬁhs 100 that snap into cutouts 102 in re@ah@gﬁ%ﬁousi ng
70. Means (not shown), such as a spring or camm ng |inkages nolded into
the part, may be used to bi as door 90 Lmythe cl osed position. Wien plug
12 is inserted into receptacle 14, 5 forward end 52 and. pl ug,door 58 push
agai nst recept acﬁ@s*_tféﬁi‘sy%, F‘éﬂ_t%‘i‘ﬁ‘f@%ﬁ‘?&“ﬁﬂfﬂ?ﬁ‘ﬂ’bm°ld‘ngtF$‘mBﬁegﬁh§S§@B%mﬂ ng
surface 94 then pﬁ%ﬁwmafs%ﬁﬂewwt@mmg&mmoawﬁa&e 168 preferabl®id usk 40

door 58, pushing door 58 to the side to reveal slots 54 and 56. |f plug 12

i s t her eaf t materialforthe Vi-gronve substigtevhich is hard; toaesist abrasion, butalsohgviswpf ace
92 simlarly %ﬁ@%ﬁﬁﬁﬁ' AHini3e & |:S al.enoved,
sliding plug doo}o‘ﬁ ac alﬁ’tr?ttg I'ts c@g?g%gﬁ%?rgﬁﬁ ?ﬁt@%ﬂ‘ﬁﬁ%s
grooves or i ndengmbivenilsd,ikceths raceptacle fibers enterdousingyZibaten oblique apgls (wpftaces 92
and 94 when the .S in the receptacle,.. which ~al so serve,jo further
stabilize the comg‘?‘k‘m’eﬁ’%ﬁﬂﬁ‘&&g" ggﬂj’ﬁ?vﬁ ittle, dep ‘éﬂ@‘ﬂ'&r@& M°r°°"ﬁ5'rt h
receptacl e 14, sirlincuntisg MaBodsukié edinpatible with Yhose 6F RIAS Gacky\aFishlia e fedageacd
shut . - The receptacl e trp;y_al,so hﬁ\é& a door that acts as
the latch for rem%%“egﬁ%‘ﬁﬁl Jarts gandingectipR mo Wé"h]’é%ﬁ%"e(-‘h@?’
shown), the pl ugcheddmnesths oud) has a notched area on its bottom side.

The door inthe receptacle is a rectangul ar, spring-| oaded plate, with
a tab (cantilever beam protruding fromits bottom when the door is in the

cl osed positi#h. Wen t he With#ther refesence toFigures and, thosefiguses depict togls yoor
Cates f " . : . e .
rotates froma r#gh\r?%?gxhﬁ?éd it &@mﬂmgk%g&g@mﬁ@&g%mwbmu S

fully inserted, € clears™the 20 or. Then the
door springs backariqus apticalfibers; Figyse 8 showsaitoe) 130 used to clean the tiphef the fhersin t he

LT O g, Tl A G 35 ok AP S mel Rl 19
Thi s in body 132 for receiving plug 12. Tool 130 also has an actuation member or lever
15 136 pivotally attached to body 130 at 138. In Figure 8, lever 136 is shown in the
actuated position, in which state a push rod or tab 140 enters a hole or slot 142 in the
top of the plug shroud, and contacts the plug fibers, forcing them out of the shroud
through slots 54, 56. In the unactuated position, lever 136 swings away from opening
132 and retracts push tab 140 so that plug 12 can enter tool 130 without interfering
20 with the push tab. Lever 136 is preferably biased toward the unactuated position tw,

e.g., a spring,

Opening 134 and lever 136 are located such that the plug fibers, when

pushed through the shroud slots, are forcibly abutted against the adhesive side 144 of a

strip of tape 146. Tape 146 is peeled away from a tape roll 148 which is stored in tool
25 body 132. Two rollers 150 and 152 are provided to allow the tape to advance so that

a fresh adhesive surface is presented to the fiber tips. To facilitate use, tape 146 may

be wound about another roller 154 forming a ratchet wheel which engages a pawl 156.

Pawj 156 is in turn located on another handle or pivoting lever 158 attached to tool

body at 160. In this manner, the user may advance the tape and clean the plug fibers
30 by squeezing handle 158 while holding the tool. Handle 158 may also be biased by,

e.g., a spring, toward the outermost position.



causes the door to return to its horizontal position and allows the plug to

slide back out of the receptacle. The tab would be formed such that,
when the plug is renoved, 25 there would not be enough friction to keep
the finger on the tab. This construction provides for a sinpler plug
desi gn. WO 97123796 The receptacle may further be HEUVINRL2N t h
internal |atches to be nmounted in two different positions on the wall
or bul khead, a first position wherein it -8 - fully operational and

flush with the wall, andfi @@Qﬁ@ﬁkmllammmmempspmpﬁbmxm slightly
outward fromthe wall ThIS rovi des a o the int
receptacl e qu!ﬁedﬁféﬁﬂﬁﬁbg Theshapeoﬁ@oélﬁlzgmuscento “3 12 Wh“g’y'“s

PCT/ US96/ 20227 o4, inserted 14 i ilar manner. Receptacid $4™is
The pl ug-recept acﬁ e tI"at it ng “r’rtgcﬁ Rlaglfn rrefyasm\‘/lant ageousl y be desi gned

to prevent br e;ghmyﬂlyodembdtqwtesldnﬂcyptme prowision of certain features pu| | ed
o ovi di ng & denigied o i iRt R Pie et op S bt Pbciey P iy, Pl 0 0V
the receptacle féﬁumclhmm hﬂd-dembhﬁetﬁndn 164 mmannmlmggme Fiten retainest
than the cabl o 16 mvelartaBed t be g ol 1 18K sod Reyder s ek daa Nzl o -
accept ﬁte" e befg%h;agedg% Pﬁ&&d%m%& sHR 4478 adiptediio plah 1A mﬁwm&m&mval
and keep them nested properly therein. Pad 170 may be molded into the fiber hold-
10 down. The other end of retainer arm 172 has formed thereon a boss or button 174
which pushes against the re;:eptacle fibers when retainer arm 172 is in the actuated
position, as shown in Figure 9. Pushing of the fibers by boss 174 causes the fibers to
deflect out of the V-grooves. Fiber retainer 164 is preferably biased, e.g., by a spring
176, toward the unactuated position, i.e., pushing pad 170 against the fibers to
15 maintain them in the V-grooves.
Tool 162 includes a body 178 which, like tool 130, also houses 2
supply spool 180 of adhesive tape 182. Rollers 184 and 186 serve to position tape 182
such that its adhesive side can again be advanced to clean the fiber tips. The fibers are
deflected when tool 162 enters receptacle 14’ by means of tilt linkage 166, which
20 includes two tilt arms 188 and 190 fixed together at another pivot point 192. A
projection or actuator bump 194 formed on the front end of tool 162 pushes against
tilt arm 188 as the tool is inserted into the receptacle. This in turn causes tilt arm 190
to rotate and push against a catch or finger 196 attached to fiber retainer 164. Forcible
contact between tilt arm 190 and finger 196 causes fiber retainer 164 to pivot about
25 point 168, thereby pushing boss 174 against the fibers and deflecting them out of the
V-grooves. Tape 182 in tool 162 may be taken-up on another spool 198, or exit tool
body 178 in 2 manner similar to that shown in Figure 8 for tool 130. A small dial or
twist rod may be attached to take-up spool 198 and extend outside of body 178 to
allow the user to advance the tape.
30 Although the invention has been described with reference to specific
embodiments, this description is not meant to be construed in a limiting sense. Various

modifications of the disclosed ehlbodiment, as well as alternative embodiments of the



A plug-to-plug interconnection may al so be provided, which utilizes 10 two
plugs of the-formof plug 12 with no receptacle but, rather, with a

coupl i ng mechani smto receive both of the plugs (sinmlar to a coupling
sl éeve used t loJat erconnect ferrul e-type optical connec E%

envi si oned deg”iog’r'f”%'gl d likely utilize an S-bend on bot k’%@?‘ﬁg | ug
fibers, and a fiber stub located in the coup Lng mechani sm | ooped such

that its termnal ends a adapted to abut the respective ends 15 of the
plug fibers.  Mnvention, will become ‘appgrent i persaos elsﬁﬁs!dhgﬁta& uppn pelerence i the 1

(except plug boodescpliol B the favention! #oFBdmple, AhdughrPiwd ﬁ%?ﬁir@ire skvaf er ably

an injection nDIdabI%“Folyner such as pol ycar bonate, VALOX (a pol yester

sol d by General ¢naested igyhe fignreaopmectas 10 could acopmmpdats iprastically amonump co).

The material maygl NG AVE : .lhﬁ gﬁf opent s

sem conducti ve i%ﬂegsrdggﬁgﬁaggé#%'zg l{dl’ll og%c?ernlgpgﬂc artgslg%hg';’%?%ﬁ%é%&

i nduce fi ber a&ndbeansieavithoat departing3from thespirit op scvbe ofhe prebemt inventioh as definsddul us

copol yester el astomer su g t hat avail abl e from RTP of Wnona. M nnesot a,
Jascapp s eeins

mat eri al nunber " Assenbly and installation
of connector 10 is straightforward. Plug 12 is 25 typically assenbled in

the factory, although it may easily be assenbled in the field. In this
regard, the term"pre-term nated" as used herein sinply refers to the
attachnment of optical fibers to plug 12 or receptacle 14 regardl ess of
whet her such attachment occurs in the factory, the field, or

el sewhere. It is also understood that plug 12 or receptacle 14 coul d

be nounted on a junper cable or patch cord with any kind of optical 30
connector at the other end of the fibers. It is recommended that fibers be
used which have a | onger |ife when exposed to indoor environnents,
such as the high-strength fibers available from M nnesota M ni ng and
Manuf acturing Co. (3M -assignee of the
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present invention). Thdishee] e ed conventional corg and REQ@EDQ .
which is sur roundedE ' ree-|layer construct ite#

in U S. PateWO%@379% se skilled in the art PGSR0
appreci ate that the connector of the esent invention can accommbdat e
discrete optical fibers or multifiber rib6ns, as well 5 as both

si ngl ennode and QUAIMS©Dde fi bers. Fi bers which are to be
pre-terminated to either plug, 12 or receptacle 14 . shoul d be stripped,
cl eaved and cleaned. If the H\tﬁiﬁs‘{’ﬁ ng|0F inteseopngsting ap pplisshiibehi ch

is part of a buhglgeiding’ Oup of ribbons in a cable, then a portion of the
cabl ej acket nust first be cut back to reveal the ribbons. Mst cables

have several protective mepusfor seeurelyholdingatterprinal pertion pfthefiberiust be renoved
to provide agcess to the Elgﬁéfféhw L 50 degd : WE?‘”% Iaken to
renove the p(rsot ective Ia;#érs a ca @gg%ﬁ#}%&hgdg?%f%ﬁgﬁgcr e

fiber. After t hthatithbterminkiposionef thefibanextands intmantiterigmofsaid plugdodybl e j acket,
they are stripped. .The stripped, fibers at hen ready.f.or cleaving

wht oh rmy be acteBFA Bl 1 o5 s BF e o Bl kfindetGibaE e Bt shese

avai | abl e fi beralioWahe Rffinal PoftionF thiefiber tbow within skl interiér, aftPsafi Plug\sod

5,024, 363. The cleave length for attachnent of the fibers to plug 1

i s the di stancehavingst leass ope ppening pr cegss tq the fermingl portign of thefibebfioment . i s

about 23 10 blidte dkie A TeRect @ sdid PI8E BodyxiseCcept acl e 14, the cl eave
|l ength is the (rquﬂsq[aﬂ%ee romm %berpﬁ%I%eMZ which, in the preferred

enbodi ment, is about 15 @m Afbe plugof Claim 1 furtheraomprising means hesated fif saidne
fibers using a jifbr <Gl pllgBolly for liimfing'sRewifig Bithe Brrhilfl pok o the fiber.
3. The plug of Claim 1 wherein said access opening comprises a
slot located at a forward end of said plug body, and further comprising a door member
15 attached to said plug body, movable between a cl_osed position wherein said door

member covers said slot and an open position wherein said slot is unobstructed by said

door member. .
4, The plug of Claim 1 wherein said plug body is mechanically
polarized.
20 5. The plug of Claim I wherein said fiber holding means
comprises:

a first block having. a landing member extending in a direction toward
the terminal portion of the fiber, said landing member having upstanding posts which
limit skewing of the terminal portion of the fiber; and

25 a second block positioned adjacent said first block, at least one of said
first and second blocks having a fiber-receiving groove at an adjacent surface.

6. The plug of Claim 3 wherein said door member slides sideways
across said forward end of said plug body.

7. The plug of Claim 5 wherein said landing member has attached

30 thereto latch means for releasably securing said plug body to a receptacle

R O



20 fromthe cl eaver, the craft e J@y inspect the fib ﬁ eonflrm )
that the end faces are acceptable, i. 'tstﬂiEE:THMS BEEN
snmoot h cl eaves with no u “ viewer dis IosedREHLAGEB
Patent No. 5,210 hIS pur pose. Once the

craftsperson ?&ﬂgfled that each ofthe fibers has an acce als)!fﬁgozg’

face, the fibers may be renoved from ppe cleaver In the preferred
enbodi ment, the fiber end faces are 2 fIat WI chanfered or beyel ed

periphery (or at |east parkial ITpepige GB}"‘?&"‘&‘IS dppgmember has camming.

associated with | Zﬂm%eﬁigﬂ £ the Bf ly in
US. Patent Appl @%P%ﬂ" ieerht?‘?i &Elgm@ggérltgegnb%%da# e fiber eng lt?‘ggelg“gngy

alternatively  recegtacle. adi used (generally spherical). The fibers may

further optionally be proy ded V‘ﬁéﬁﬂdﬁﬁmﬁﬂ :ﬁi% %ﬁ% .treatnent, |ike

cleaving so as to inpart an ang ace in 30 U S Pat ent
No. 5,048,9085 If so, in wﬂqh&hgm@gﬁ&ehol@e@mbmmmMonofm

refl ections, fi bers houl d hat t he nt atj on of
the angl ed end fﬁ!‘éﬁ é?%hagp"lﬂ éngqne fﬂ“ﬂ‘g“é-) ol ek
conpl ements the &Edlﬁiﬁg&ipbﬂmm&lhﬂtﬁmdﬁdgﬁMhBﬁ&eﬁtﬁmd%malpomonoNBd
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PCT/ US96/ 20227 fiber extending into an interior of said plug body generally parallel to an axis gfjsaid

ot her set of fib ' ' ﬁﬁ% Tt)sg)m ' ber
preparation nmay g‘e@b&y’&d%lr‘t’e&J ter %ﬁicfen eca(g?m»%?d%gﬁfp?ﬁﬂe'gﬁseﬁ

t hr ough boot ®8. fiber to bow within said interior, #fidsaitl second eridl having a glotiprotiding acnesstees
the sinple stepsgof iethifhiHohtbn'o? Said fiver;

a receptacle having an opening sized to receive said second end of said

plug body, said receptacle further having a projection adapted to enter said slot in said
plug body, said projection having a fiber-alignment groove therein located to receive

15 said terminal portion of said fiber when said plug body is inserted in said receptacle;
and

latch means for releasably securing said plug body in said receptacle.

10.  The optical fiber termination of Claim 9 further comprising
means for biasing said plug body in an exit direction from said receptacle opening.

20 11.  The optical fiber termination of Claim 9 further comprising
means for releasing said latch means when a predetermined tension is placed on said
plug fiber.

12. - The optical fiber termination of Claim 9 further comprising a
door member attached to said plug body, movable between a closed position wherein

25 said door member covers said slot and an open position wherein said slot is
unobstructed by said door member.

13.  The optical fiber termination of Claim 9 wherein said receptacle
further has a receptacle fiber holder securing a bare, terminal portion of another optical
fiber whose end face is located along an intermediate section of said fiber-alignment

30 groove.

14.  The optical fiber termination of Claim 9 wherein said plug fiber

holder comprises:

e —

RO




e

fibers in the V-grooves—of holder 18 and snappi ng shrmﬁgf' RAS BEeRr 18.
An 5 assenbly fixt ug SR, 1S BLkA Rebidced gui de shroud 2§ lr‘t‘f%'%p ug filber
' B0—at0

hol der so as to he fibers as thel _are

t he shroud. The ends offf \ muﬂ fibers should term nate about 0.5 mm
fromthe endQI¥RF6shr . of recept acl e 1RSSR si npl e.
The receptacle fibers are clanped onto filkgr_holder 72 usi ng cl anpi ng
plate 80, with the ends ofthe receptacle fTbers termnating in the fiber-
10 al i gnment grooves abafirstbiockimvingalanding memberektefdingjinradi@Biontdwsd. The

receptacl e fibers may be. cl gaved. after securing themio the fiber
hol der. The fi%ﬁml’?{\ém °ftﬁ%1§b§érfﬂﬁdgﬂ‘df“§m%ﬁ%ﬂ JBp '?ws'tsl’@"%- gr oove
to actually pi gt ReviiPof said@érmiial plsttion 6fuaid fiber; Wite Cl eaver, to avoid

contam nation of the fiber tips, If .r,ratina and gui ding features are

provi ded on one or bot h afpand blogk positioned adiacent,sid first hlockostdepstpneof sard ¢
sinplify 15 a bRk m“g Ifbérere &\n’% Qdidunbiupice’/0. first by
pushi ng t he spi é%?%o%fosﬂﬁ 'sl nt %cut outs | ,gﬁggﬁﬂtaher‘il shappl ne; t he studs
into holes 89. Care shoulsd bdhe aptinal fiber termiipationcpfClaimd@owhereit: t he fibers in
t he V-grooves and attachnmgni of the holder to the .. receptacle.to not
contam nate the fi ber tiaglé.dtoormmnﬁersa&s%ﬁewaygacm r‘?g'f‘zgf"fogﬁfﬁ(go%?‘dcp&%ector

10 is equal |y pédygi ghtforward. Receptacle 14 is 20 optionally nounted to
any desired surface by conveni ent ans, sych as | ajchi,ng arng 76

(ot her constructions codfaidd9ar MembeE Bes 4 ¢amming, %P'Fgf‘gwgfﬂw?ﬂfunti ng) .
Several recqpt gfemBér sideWags; 50 be nounted in a single nodule, and they can
be designed for front or rear loading or sliding fromthe side. After

receptacle 14 is noAgiskreeeptacie has i doos member having a cprrespapding camming y
[ ti | ' ni s | al t acl
ke i S g

o gures 1 and 2
of the plug Asinsertign 6fsaidplugindy iresaid receptacltoor 90 opens and cans door 58

open as descri bed above,,al | gwi ng..{.i . slots 54
and 56 respectively. Plu 'fi?ﬁ?%@%%‘?@%ﬁ%ﬁ%ﬁg | egelrc-g'g{”?%nﬁnent
grooves i n is b@éberthaldldvwn/eansifod sedureliecretainting saidreceptache fibércin es apexwf sdih e

respective end Lac s 30 of the receptacle fibers, and then becone bowed
when the plug fideralignment gEO¥¢-cq  The

17. A fiber optic connector comprising:

a plug including
a plug fiber holder securing a bare, terminal portion of an optical
20 fiber,
an elongate, holiow plug shroud having first and second ends,
said first end being open and attached to said plug fiber holder with said
terminal portion of said fiber extending into an interior of said plug
shroud generally parallel to an axis of said plug shroud, said interior
25 having sufficient space to allow said terminal portion of said fiber to
bow within said interior, and said second end having a slot providing
access to said terminal portion of said fiber; and
a receptacle including
a receptacle housing having an opening sized to receive said
30 second end of said plug shroud, said plug shroud further having means

for releasably securing said plug shroud in said receptacle housing,

* [ L M s *




plug fibers may undergo an S—shaped bend. Al force at g Jd 1 r
I nterface cones fM ek (el astic defor ﬁ\soﬁh%v%gn
fibers 30 and 32 which I 3796 EPLAC
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mai ntains a 231us conpr essi ve Ioad bet ween t he ends. nnector 10 is
preferably deS| gned to maintain a m iggum bend radius of 0.3" on the

fibers. The di fth
connecior 10 may vary | coRSSERubHY HOUEIERAOE ADYS ERESRBRTPRS
appl i cation. The fol|ow ngogeny &lﬁﬁéresaﬁﬁémlﬂsa&umeshmgsaﬁeﬁaw

exenpl ary. Plug 12 has an over ength of 57 -mm a w 2 mm
and a thickness of 8 mm adameqﬂo@tefmgﬂommpluamwmeb ‘IE‘F&M?W&}'

grooves that are 13 mm | qn ggg %c@&}m}?a hol der 18,
&g\é:-gigngélanfi nteri ?r ispaff‘%%#’gﬂdﬁné Gfé‘f ﬂ? % §§§g§d6&ﬁrrm£| gh.

ofs recept ac ea.gnmau goovenhereib utadtbrqcetwm terminalipgttionafishidie pt h
are 38 10 nmand 36 mm Il?ec | e flp? holdde.r 72,1 S ﬁ% rompt he
end where the fi ber PUE E‘Fﬁ)‘éﬁl shypd is ingerigd in;said rec aré}&84) 12
nm wi de and 1.5 nm t hi ck.face of said feReptadkefibenbéigiotiéd gormpandmeimediatepetion 82
and 84 are 11.5 mmlong and have a maxi erra‘{ndepth of 2 nm whi ch

sui tably accommobdat es msqfsﬂéﬁb@rﬂ‘mg'i?ﬂ% fibers. The interior
angl e ofthe V-grooves should ,teggsag Ik &m,@hmtﬁembmg o result

in excess fiction with the flbers it al so should not be too wi de since
this 10 support surface,

whereby said plug fiber extends generally straight within said plug shroud when said
plug is removed from said receptacle, but is sufficiently long such that when said plug
is fully inserted in said receptacle, said plug fiber becomes bowed to maintain a
continuous compressive load against said end face of said receptacle fiber.
15 _ 18.  The fiber optic connector of Claim 17 wherein:
said plug further includes a plug door slidably attached to said second
end of said plug shroud, having a closed position wherein said plug door covers said
slot and an open position wherein said slot is unobstructed by said plug door; and |
said receptacle further includes a receptacle door hingedly attached to
20  said receptacle housing at said opening, having means for urging said plug door to said
open position as said second end of said plug shroud is inserted into said receptacle
housing.
19. A fiber optic connector comprising:
a plug including
25 a plug fiber holder securing a terminal portion of an optical
fiber,
an elongate, hollow plug shroud attached to said plug fiber
holder with said terminal portion of said fiber extending into an interior
of said plug shroud, said plug shroud having a forward end with a slot

30 providing access to said terminal portion of said fiber, and

L L M s *



e

woul d not keep the fibers guided roperl y. A90[err] intesr+er—angle is
bel i eved to be a offudet TH!S'ISHEET%nBEEN
i nvention is not Ilmﬁmﬂa t\ s for fiber-to-fibér REPLACE

| mt erconnection, but al nnectors for term na

fiber, suchW972379%t o0 an active optical device. Figure 6 iROTHSOOHREs a
term nat ion fixture 110 adapted for use with an active device. Fixture
110 is essentially substituted for recept 21+ fiber hol der 72, and has

a base 112 and a projection @r Mgdm&h&waawedwsamuabﬂamﬂu@s’mm

Fi nger 114 has a fi ber- allgnnen roove 116, to, recejve one oft
fibers, whose t er mi ey “Séﬁh’ ‘t'eﬂffé’é r covefs;said s E’f&‘g
surface 118, as shown Irbﬂéhsuﬁﬁoﬂwhe?énsaTmomaﬁbmaaqiylsau%g%&aﬁ@ 118 is

usually clear (i.e., transparent to the wavel ength of
transmtted in the optlda!mhmqlu ing | owi ng the active optlcal device to

g:sglegp?ﬂrousgh ?Ret Prgt g? ihglr rg&p&hel%ﬁ%w @%& coat %E%rs%@ﬂglrvm ée

fabricated to affect thesebdlgt&adefmlugﬂmmm as controlling its

intensity or polarizing it. Posts may sed.to 30
align and attach fixture 110 ’tmeg'ew’%ﬁpffﬁﬁ%@%éhmwg By
printed circuit board piug ﬂmmﬁﬁb{wﬁ&mgﬁlﬁb&%@%&thﬁﬁw&wﬁ ary

construction of a clear, injection-noldable | ymer such, as TEM (a
pol yet heri ni de avai | abl e‘°F%t‘?5’n‘P&‘??§’P&¥’dEf"@BNWS‘)‘°“ eid g ﬁ?’ “bJ\D
I%Z:{rlzlsJégg / 20527 plug shroud is inserted in said receptacle, and 16

a receptacle door hingedly attached to said receptacle housing at
said opening, having means for urging said plug door to said open
position as said second end of said plug shroud is inserted into said
receptacle housing.

15 20.  The fiber optic connector of Claim 19 wherein
said plug door slides sideways across said end of said plug body,
said plug door has a camming surface adapted to urge said plug door
sideways; and
| said receptacle door has a corresponding camming surface adapted to
20 cam against said camming surface of said plug door upon insertion of said plug body in

said receptacle.
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further include a lens 122 forned opposite surface 118 to focus |ight
fromto the fiber. The active optical devices and supporting structures
are beyond the scope of the : present invention but nmay include, for
exanpl e, photoelectric sensors or |aser diodes. Q her 'ég@,ﬁ(ﬁ i cal
devi ces (bearW@pl?¥¥rs, stub fibers in ferrules, ets, etc.g %IC g’itrect 5
the light to or fromthe active devices may be enpl oyed, and different
geonetri es of the term nation fixturey@y be used to direct or focus
light to a particular |ocation, i ncl udi ng geonetries which enpl oy total
internal reflection (TIR). The TIR nmethod of coupling light froma bare
fiber onto a photodetector, or froma |ight source into a fiber, using
the present invention has a nunber of advantages. One is the that the 10
position of the fiber is determ ned by the fiber stop, allow ng the plug
fiber to be repeatably located in thg,sanme position. The poOSTI{OnN
ofthe fiber end is thus predet er mi ne@; by the tol erance o ded
part and the |ocation auracy of the ctive el epefits, ",‘\
phot odet ector or |ight soyrce, hence this obyiate @"/) hcti ve
O\ > '\\'i,\,\" Of t he
vz '

O
optical alignnment. Another\advantage is that, \
15 fiber, the overall heig®t of the transce a\‘, e An
5//';. not
/ De nount ed

S-bend coul d al so be used in a cope :
//“ \‘ . ‘, !
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coaxial, fibers. Finally, the
SO/ HEUWsed i an active

on a board that lies in thg sans
i nserted.
device term nati on, the stum

N
-

}o‘ in a holder like

receptacl e hol der 72. ;/\“ \"-'/_x»- providing for quick and
easy connection and di scpnneok ‘.i. @/%o 10 has several other
advant ages. As previousl y Jre MVQ,- ed) «‘%‘2‘7" =.: ly be pre-term nated
inthe field as well asjtha ia ory ‘Q‘*” ife fibers in either the plug
or receptacle do n¢t {far¥s § \\;}/% act t he desired position there
will still be full filtér- /@ é\\‘i‘? gont A in the conpleted connection
~since the resilient stréss & &. ‘@ berlg
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provi des a positive abutment force; in other words, the tolerance in the

relative positions of a fiber pair is eased by the slack in the plug
fibers. Plug 12 is al so i nherently pull-proof due to this biasing.

Tol erances are also not critical in the transverse posjq b2 Qi ven
fiber pair sMRYEAIHrooves 36 serve to align the fibers 3o§k§%§H¥ﬂe fibers

are biased toward the apex of the grooves. The surface finish ofthe
fiber-alignment grooves should be smooth aggythe groove angle be

wel | -defined; this WD 97/ 23796
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finish is easy to fabricate using standard injection nolding techniques.
The V-groove preferably has a sharpness with no nore than a 0.001"
radius. It is preferable to use a material for the V-groove substrate
which is hard, to resist abrasion, but also having a i ci ent of

friction to mnimze frictional forces on the file
groove. Also, since the receptacle fibers en
angle (up to 90[err]) whth r

little depth for nounting.
conpati ble with those of
and the fact that all par
| ow cost connector.
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10 Wth farther reference to Figures 8 and 9, those figures
depict tools whi ch may be used in conjunction with the present
invention, to clean the tips of the various optical fibers. Figure 8
shows a tool 130 used to clean the tips of the fibers in perilsdgreds: TooOl
130 has a bo¥¥P3%¥™dapted to be held in the hand, with an opening 134

in body 132 for receiving plug 12. Tool 130 also has an actuati on nmenber or
| éver 15 136 pivotally attached to body 39 at 138. In Figure 8, lever 136

is shown in the actuated position, in which state a push rod or tab
140 enters a hole or slot 142 in the top of the plug shroud, and
contacts the plug fibers, forcing themout of the shroud t hrough slots

54, 56. In the unactuated position, |ever 136 swings away from opening
132 and retracts push tab 140 so that plug 12 can enter tool 130 w thout

interfering 20 wth the push tab. Lever 136 is pp£ bi ased toward the
unact uated position by e.g., a spring.eo \ Openi ng
134 and |l ever 136 are located such that the*pl A0 , e & pushed
through the shroud slots, are forcibly abuttgf\ t \t he 4dhesi ve side
144 of a strip of tape 146. Tape 148ig ~ A tape roll

148 which is stored in tool 25 body 132.
provided to allow the tape to advance so
is presented to the fiber tips. To faci
wound about another roller 154 form ng/a

156. Pawl 156 isn turn | o
158 attached to tool body at" 164.
the tape and clean the pl fiberSs /L

hol ding the tool. Handle 1 may 3
toward the outernost position.

36
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Figure 9 shows a tool 162 used to clean the tips of the fibers in a

modi fied recgpfaslgel4’ . The shape oftool 162 is rem ni scerdciisofbodsy 12,
whereby it is aﬁ%pted to be inserted into receptacle 14" in a simlar

- manner. Receptacle 14" is generally identical to receptacle 14, except

for the provision of certain features 5 igned to raise the receptacle
fibers up out of the V-grooves for cleaning. These features include a
fi ber hold-down or retainer 164 and a tilt |inkage 166. Fiber retainer

164 is pivotally attached to the fiber holder at 168, and includes a bl ock
or pad 170 | ocated at one end of the retainer arm 172 adapted to push
the fibers into the V-groove and keep them nested properly therein. Pad
170 may be nolded into the fiber hold- 10 down. The other end of retainer
arm 172 has fornmed thereon a boss or button 174 whi ch pushes agai nst
the receptacle fibers when retainer arm 172 i s i n zAheactuated

position, as shown in Figure 9. Pushing of w&feNfi Y\ORss 174 causes
the fibers to defl ect out of the V-groo

preferably biased, e.g., by a spring 1764
position, i.e., pushing pad 170 agai nst the 3G themin
t he V-grooves. Tool 16 _ ~ 3\ Wi ch, |ike

tool 130, also houses a supply spool Rol l ers

184 and 186 servegyo position tape 182
agai n be advanced+*ta clean the fiber tj
when tool 162 enterg\hggzptacle 14

includes two tilt arns 8 and 190 X
192. A

c Xjde can
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7 poi nt




projection or actuator bunp 194 formed on the front end of tool 162 pushes
agai nst tilt arm 188 as the tool is inserted into the receptacle. This
in turn causes tilt arm 190 to rotate and push against a catch or
finger 196 atvgﬁgjﬁﬁ%é o fiber retainer 164. Forcible C QprthAGdosmRbvEEN
tilt arm 190 I'nger 196 causes fiber retainer 164 to pivot about 25
poi nt 168, thereby pushing boss 174 against the fibers and deflecting them

out of the V- grooves. Tape 182 in tool 2 may be taken-up on anot her
spool 198, or exit tool body 178 in a ner simlar to that shown in
Figure 8 for tool 130. A small dial or twist rod may be attached to

t ake-up spool 198 and extend outside of body 178 to allow the user to
advance the tape. 30 Al t hough the invention has been
descri bed with reference to specific enbodi ments, this description is
not meant to be construed in a limting sense. VarioQus nodi fications

of the disclosed enbodi nent, as well as alternative
WD 97/ 23796 '

PCT/ US96/ 20227
invention, wll YReconefappa

reference to the dgscrip
only two fibers pairs jare sho
coul d accommodate pradgtically an
pair). It is thereforg¢ contenplated
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5 be nmade wi thout departing fromthe spirit or scope of the present
I nvention as defined I n the appended cl ai ns.
- 20 - REPLACEMENT SHEET

CLAI MS : | ber optic term nating device conprisi ngerusesneny @ Pl Uug
(12) i ncl udi n\ﬁ’%""’é"’f"Ji
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- a plug holder (18) securing a termnal portion of an optical fiber (30:

32), - an elongate, hollow plug shroud (24). attached to said
pl ug fiber hol der (18) with said termnal portion of said fiber
(30; 32) extending.into an interior of said plug pe¥Frossdnéss)
having a for P78 (52) with a slot (54; 56) provi di ng access
to said termnal portion of said fber (30: 32), and - a plug

door, (58) slidably attached to said forwar@/@nd (52) of said plug
shroud (24), having a closed position wherein said plug door (58) covers
said slot (54; 56) and an open position wherein said slot (54; 56) is

unobstructed by said plug door (58):and - a receptacle (14)

i ncl udi ng - a receptacle housing (70) having an opening (74)
sized to receive said forward end (52) of said plug shroud
(24); said receptacle housing (70) 2 havi ng-a projection (82: 84)
adapted to enter said slot (54; 56) in s pl ug shroud (24)
aid projection (82: 84) havin fiber-alignment groove therein

| ocated to receive said terrmnalYportion of said plug fiber (30: 32) when
said pl ug /Shretd Lyt Sim 3 Aemm N\ I ecept acl e housi ng

(70). and

N

148
s
]




- a recepteble door (90) hingedly attached to said receptacle housing (70).
at said opening (74), having neans for urging said plug door(90) to said
REPLACEMENT SHEET -21- . open
pasition as sashshpgward end (52) of said plug shroud (24) pcgaishgiired
Into said receptacle housing (70), characterized in that - said plug
dqoor slides (58) sideways across said forward end (52) of said plug shroud
(24); - said plug door (58) has a canm8#§ surface (96; 98) adapted to
urge said plug door sideways; and
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MeloeRl " £
- said receptacl e door (90) has a correspgndi ng canmi ng surfﬂﬂ%ﬁ%@E“‘@&FtE{
~atgapted to cam agai nst said canmi ng sirface (96; 98) of said plug door (58)
upon Insertion of said plug shroud (24) In said receptacle (14). 2. The
fiber optic termination device of Claim1 further conprising means (44, 46,
48) | ocated in said interior of said plug shroud for limting skew ng of
the term nal poriton of the fiber (30;32) 3. The fiber optic
term nation device of Claiml or 2 wherein said plug shroud (24)
nmechani cal 'y pol ari zed. 4. The fi ber o tic term
Clains 1 to 3 wherein said plug fiber- fol di ng

s

O Q] Of
: aREPl(A[EMENE rﬁﬁEHe >
a first block (22') having a | andi ng rrenber (42) te I fection
iad erber
ms?hf(%‘\%ang of

he

t oward the term nal portion of the fiber (30; 33),
(42) having upst andi ng posts (44, 46, 48) whichl]li
term nal portion of the fiber (30; 32); and

positioned adjacent said first block (22'), at lea

and second bl ocks having a fiber-reCedi W hd §roove (
surf ace.

1. A fiher optic terminating device comprising:

- | 12} inc

- a plug holder (18) securing a terminal portion of an optica| fiber (30; 32),

- an elongate, hollow plug shroud (24} attached to said plug fiber nglgef |
(18) with said terminal portion of said fiber (30: 32) extending into an interior
of said plug shroud (24) having a3 forward end (52) with a slot (54; 56)
providing access to said terminal portion of said fiber (30; 32), and '

- a.pl { forward end (52) of said

shroud (24),. bawngwa_clnsen_posmgn__lle@n_sajd_nlug__gguiﬁ)_gc_&_

&almwwm
_ unobstructed by said plug door (S8); and.

-a f‘eeeptacle (14) including..

- 3 receptacle housing (70) having an opening (74) sized to receive said
forward end (52) of said plug shroud (24), said receptacle housing (70)

having a projection (82; 84) adapted to enter said slot (54: 56) in said plug

shroud (24), said projection (82; 84) having a fiber-alignment ve therein

located to receive said tarminal mmgn of said glug fiber (30; 32) when said

lllllll\ ll\ll\ W |



- 22 - 5. The fi bér optic term nation deyice of any.one_'of | -
further conprising | atch neans (40) for rel easably securﬁﬂgjgglﬁgﬁﬁsﬁgﬁ
shroud (24)to said receptacle (14). 6. The fiber optic term nation
deviice of Cains 4 and 5 wherein said4 andi ng nenber (42) has attached

thereto said latch neans (40). | 7. The fiber optic term nation device of
Claim5 or 6 furapes: asi ind (52) of saideply NS

(40) when a pre er 1 %Mced on said pl ug fi ber.
8. The fi ber OpSﬁ{oéléE@E:ﬁﬁe atte st " any one of Clains 1 to 7 further
conpri sing means for biasing said plug shroud (24) in an exit

direction féh%é@hﬂe&?ﬁmﬁg (74) of said receptacle housing (70).

- said plug door slides (58) éideways across s3id forward end (52) of said glﬂ'g
shroud (24); ’ |

- said plug door (58) has a camming surface (96; 98) adapted to urge said plug
door sideways; and ' '

adaptad to cam against sald camming surface (96; S

insertion of said plug shroud (24) In said receptacle (14).

. The fiber optic termination dex)ice of Claim 1 further comprising means (44, 46, 48)

located in said interior of said plug_shroud for limiting skewing of the terminal
poriton of the fiber (30; 32).

. The fiber optic termination device of Claim 1 or 2 wherein said plug shroud (24) Is
machanically polarized.

4. The fiber optic termination device of any of Claims 1 to 3 wherein said plug fiber
holding means (18) comprises:

- a first block (22') having a landing member (42) extending in a diraction toward
the terminal portion of the fiber (30; 32), said landing member (42) having

upstanding posts (_44, 46, 48) which limit skewing of the terminal portion of the
fiber (30; 32); and

- a second block (20') positioned adjacent said first block (22"), at least one of said

first and second blocks having a fiber-receiving groove (34') st an adjacent
surface. |
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9. .The fiber optic ternmination device of any one of Cai mBEELAQEWWEﬁTn
< said fiber (30; 32) extends general ly straight within said plug -
shroud, (24) when said plug shroud (24) Is renmoved fromsaid

receptacl e housing (70), but is sufficiegtly Iong such that when said plug

shroud 24 is fully inserted |n sald receptacle hou5|no (70) sai d
fiber ( g fiber optiederminationdevigs g one-ehelaims, 1 focd 7 GOFRPTISING

| oad agai t t

10, The 11 E%?—“ Fgard mrﬁ?ﬁéﬁéﬁivﬁéﬁ* R R Mfﬁé gdd),
said re- (14). ceptacle (14) further has a receptacle fiber hol der 7(2)
securing a bare, term nal portion of another optical fiber (78)
whose end face is Iocat ed aI ong an i nt er medi at e sectlon (86) of said
fi ber - al§. Jineeht yicej of Tlnims @3and 5 whereingaid tendin

recept acl i Mo optic term natlon dey| ce-of
Caim 10 gg\gfﬁ ' ﬁb : nmeans (80) for securely

retaining said ot her fiber (78) in an apex of said fiber- al i gnnent

gRIrEgEXCE%l\ﬁ"aI [ Ob6E todinbBisn dedicelr BRI 5 58 "B%S: BMBHGRg means for

reieasing savd !atch means (40) when a predetermined tension is placed on said
plug fiber.

__8. The fiber optic termination device of any ene of Claims 1 to 7 further comprising
means for biasing said plug shroud (24) in an exit direction from said Opehillg (74)
of said receptacle housing'(70). o

9. The fiber optic termination device of any one of Cleims 1 to 8 wherein said fiber
(30; 32) extends generally straight within said plug shroud (24) when said plug
shroud (24) Is removed from sald receptacle housing (70), but is sufficlently léng
such that when said plug shroud (24) is fully inserted in said receptacle housing

_(70), said fiber (30: 32) becomes bowed to maintain a continuous compressive
load against a fiber stop surface (118) of said receptacle housing (70).

10.The fiber optic termination device of any one of Claims 1 to 9 wherein said re-
ceptacle (14) further has a receptacle fiber holder 7(2) securing a bare, terminal
portion of another optical fiber (78) whose end face s located along an
intermediate section (86) of said fiber-alignment groove of said projection (82;
84) of said receptacie housing (70).

_11.The fiber optic termination_device of Clsim_10 further comprising fiber hold-down
means (80) for securely retaining said other fiber (78) in an apex of said fiber-
alignment groove of said projection (82; 84) of said receptacie housing.
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(54) Tifle: OPTICAL FIBER CONNECTOR USING FIBER SPRING FORCE AND ALIGNMENT GROOVE -

(57) Abstract

A fiber optic connector
comprising a plug and a
receptacle uses the spring
force supplied by bowing of
the plug fiber to maintain a
continuous compressive load
at the fiber joint located in a
fiber-alignment groove. The

/

10

P

£
Prid

plug has a holder for securing

—20
urcgh

the plug fiber and a shroud

which snaps onto the holder
with the plug fiber extending
generally straight inside the
shroud. The shroud has a
slot providing access to the
terminal portion of the plug
fiber, and a sliding door which
selectively covers the slot. The
receptacie includes a housing
and another fiber holder for
securing the receptacle fiber,
with a projection or finger
attached to the receptacle fiber
holder, the projection having
the fiber-alignment groove,

80

The finger is oriented within the receptacle housing such that, when the plug is inserted into the receptacle, the finger extends through
the slot in the shroud at an oblique angle with respect to ¢he plug axis. In this manner, as the plug is inserted, the end of the plug fiber
slides into the fiber-alignment groove in the finger and comes into contact with the end face of the receptacle fiber. Continued insertion

results in bowing of the plug fiber to achieve the compressive load.

The plug door may have camming surfaces which are actuated by

corresponding surfaces on a door of the receptacle. The connector may be used to simultanecusly interconnect a plurality of fiber pairs, or

to terminate a fiber to an active optical device.




