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a u of the Invent
1. Field of the Invention
5 The present invention generally relates to
devices for interconnecting telecommunications lines, and
more particularly to a modular connector for a plurality
of optical fibers.
2. Description of the Prior Art
10 In the last few years, optical fibers have
feplaced 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
15 fibers. There are generally two kinds of interconnection
devices, splices and connectors. The term "splice" usu-
! ally refers to a device which provides a permanent con-
' nection between a pair of optical fibers. Many fiber
optic splices employ plate elements having fiber-receiv-
20 ing v-shaped grooves, with means for clamping the termi-
nal ends of a pair of fibers in a common groove. Some of
these devices are designed to interconnect a plurality of
pairs of fibers. See, e.g., U.S. Patent No. 5,151,964.
The term “connector,"™ in contrast, usually refers to a
; 25 device which may be engaged and disengaged repeatedly,
* . often with a different plug or receptacle. The present
invention is directed to such a device, although the term
“connector" should not be construed in a limiting sense
since the present invention may inherently provide a
30 permanent, as well as temporary connection.
There are two primary types of commercially
available fiber optic connectors, namely, ferrule connec-
tors and biconic connectors. Ferrule connectors use a
ferrule plug, typically ceramic, having a central bore
35 which receives a single optical fiber. Biconic connec-
tors use a plug in the shape of a truncated coné. Both
connectors usually combine a pair of plugs fitting into a
common socket or receptacle to provide a compléted con-
nection. The prior art also includes hybrid ferrule
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connection between a pair of optical fibers. iy fiber
connector/splices, such as those shown in U.S. Patent
Nos, 4,986,626 and 5,159,655,
one area which has not been adequately
addressed by the prior art, however, is the interconnec~
5 tion of a pluraiity of fiber optic pairs in a manner
which provides for gquick disconnection and reconnection.
Since the plugs of ferrule and biconic connectors receive
only a single fiber, a relatively large bank of such
connectors must be provided to interconnect several fiber
10 pairs. Alternatively, two or more plugs may be ganged
together, e.g., in a duplex connector, as shown in U.S.
Patent No. 5,101,463. One drawback with these multifiber
connectors is the poor interconnection densities that are
achieved. While some ferrule designs have densities
15 around 2 connections per square centimeter, this may be
compared to densities of 4 connections or more per sguare
centimeter in some copper connectors, such as an RJ45
connector. Some non-ferrule designs provide slightly
improved densities, such as that described in U.S. Patent
20 No. 4,045,121, but that connector has far too many parts
and is not easily installed. The ‘121 connector may also
be contrasted with the RJ45 copper connector which
possesses the desired characteristics of ease of i
installation, simpiicity of use and quick disconnection. <“.
25 Another problem in multifiber connectors is
alignment of the interconnected fiber pair. For example,
in the connector depicted in European Patent Application
No. 514,722 (commonly referred to as an "MT" connector),
pins are used to align the connector parts, but it is
30 still difficult (i.e., expensive) to provide the strict
tolerances required for high performance optical
connections. cOnseqhently, this connector exhibits
relatively low performance. Other techniques have been
used to improve alignment, such as the V-grooves shown in
3s the 7964 splice, but unfortunately, these technigques have
not been suitably adapted for use in a disengageable
connector. FPurthermore, the MT connector is designed for
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“connector,” in contrast, usually refers tgo,a device which may be engaged
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The present inV%Qg'ngkgaggggcgfdtﬁg ffﬁekéié¥“@ﬂeifactory, i.e., it is
very tedious to field install. It would, therefore, be
desirable to devise a fiber optic connector which
provides for the guick disconnection and reconnection of

5 a plurality of optical fiber pairs, and which is simple
to install and use. It would also be advantageous for
the connector to have a reduced part count, exhibit an
improved interconnection density, and provide precise

5 alignment for enhanced performance.
10

Summa of the Inventio

The present invention provides a modular
multifiber connector generally comprising a plug which is

releasably mateable with a receptacle, the plug and
15 receptacle each designed to receive the terminal ends of
a plurality of optical fibers in side-by-side relation-
t ship. The plug has a body with a fiber-supporting
5 surface having fiber-receiving grooves, and a plurality
: of fibers are secured to the plug with their ends
= 20 terminating at an intermediate section of the grooves.
% The receptacle has an opening for receiving the plug, and
° ; includes a fiber-alignment plate which is slidably
| mounted within the receptacle housing and biased toward
% the opening, in an extended position. The plate also has

4.*' 25 fiber-receiving grooves extending to a forward edge, and

: another plurality of fibers are secured to the receptacle
2y with their terminal ends extending beyond the forward
1 edge, when the plate is in the extended position. The

' fibers are positioned at an angle with respect to the
30 plate such that they bend under stress near their
terminal portions.
As the plug is inserted into the receptacle,
the grooves in the plug become aligned with the

1 overhanging ends of the fibers terminating in the
in 35 receptacle. When the plug is inserted further, its
ave forward end pushes the sliding plate to a retracted

position, allowing the bent fibers to relax slightly and
for
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connectors. Ferrule connectors use a fer- rule plug, typically ceramc,
having a central bore which receives a singl4 optical fiber. Biconic

connec-

lay down in the grooves of the plug. Once the plug is
fully inserted, the terminal ends of the receptacle’s
fibers are in positive abutment with the ends of the

plug’s fibers, at the intermediate section of the grooves .
5 in the plug’s fiber-supporting surface. The connector
may be quickly engaged and disengaged, and is easy to .

install. The fibers may further be secured to the plug
body by a plug core which is hingedly attached to the
body in such a manner that the fibers may be removed from

10 the grooves (e.g{, for cleaning) by flipping the core
from its operative position to an exposed position.

Brief Description of the Drawings

The invention will best be understood by ’
15 reference to the accompanying drawings, wherein:
Figures 1A and 1B are exploded top and bottom
perspective views, respectively, of the modular
multifiber connector of the present invention;
Figures 2A and 2B are cross-sectional views
20 illustrating insertion of the plug of the present
invention into the receptacle; and
Figure 3 is an enlarged detail sectional view
of Figure 2A illustrating the light-shutoff feature and
the overhanging fiber ends in the receptacle of the *
25 present invention.

o e o
With reference now to the figures, and in par-
ticular witﬁ reference to Figures 1A and 1B, there is
30 depicted the modular multifiber connector 10 of the _
present invention. Connector 10 is generally comprised :
of a plug 12 and a socket or receptacle 14. 1In the
preferred embodiment, plug 12 includes a plug body 16 and
plug core 18, while receptacle 14 includes a body or
35 housing 20, a cover 22, a fiber-alignment plate 24, a
spring 26, and a fiber guide 28 consisting of a guide
body 30 and a guide cover 32. All of the components of
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connector 10 (except spring 26) may be formed of any
durable material, preferably an injection moldable
polymer such as polycarbonate or RADEL (a polyarylsulfone
. sold by Amoco). The material may include conductive
. 5 fillers to render the components semiconductive in order
;. to minimize triboelectric charging which can induce fiber
; end contamination.
Plug body 16 has a fiber-supporting surface 34
with a plurality of fiber-receiving grooves 36 therein.
10 One set of fibers to be interconnected are secured to

Figure 2A, the length of the terminal portions of the
fibers are sized whereby the ends terminate at an
intermediate section of the grooves. While it is

15 necessary to ensure that body 16 provide a clearance
space proximate grooves 36 (to accommodate the placement
of the fibers from the receptacle), it is not necessary
that the ends of the plug fibers be located at the exact
center of grooves 36, but merely that the fibers be

20 recessed so they do not extend to the forwardmost edge 38
of surface 34. This construction results in the fiber-
to-fiber interface forming in the intermediate section of
grooves 36 as discussed further below, and it also

* . minimizes damage to or contamination of the fiber ends.

25 Nonetheless, if the fibers do get dirty, means may be
provided to allow movement of the fibers to a cleaning
position. Specifically, in the preferred embodiment the
fibers are secured by plug core 18 which is hingedly
attached to body 16. Core 18 may be moved from its

30 operative position (generally parallel with surface 34)
where the fibers lie in grooves 36, to an exposed
position (generally perpendicular to surface 34) where
the fibers extend away from surface 36. In this
position, the fiber ends may easily be cleaned, e.g., by

35 applying a tape having préssure-sensitive adhesive to the
fiber ends. The hinged attachment may be formed by
molding pins or trunnions 40 on the sides of core 18

body 16 in any convenient manner and, as best seen in
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ranner whi ch provi des l uﬁbnnection and reconnection. Since the
plugs of ferrule and b ors receive only a single fiber, a
relatively |arge bank of such connector s-6rust be provided to interconnect

several fiber pairs. Alterna- tively, two or nore plugs may be ganged
t oget her, e.gwhich mate with holes 42 in the distal ends of arms 44 of

body 16.
Core 18 is provided with a plurality of bores
46 for receiving the fibers. Another set of holes 48 in "
5 fluid communication with bores 46 may be used to inject
an adhesive (epoxy resin) into bores 46 to firmly secure
the fibers within the bores. The diameter of each bore
46 decreases just beyond holes 48 to accommodate the
stripped terminal portion of the fibers. Means may be
10 provided to releasably secure core 18 in its operative
position; for example, a spline or rail 52 may be formed
in core 18 for frictional engagement with a notch 50 in
body 16, providing a snap-fit. As shown in Figures 2A
and 2B, when core 18 is in the operative position, the
15 fibers preferably exit bores 46 at a slight angle,
thereby biasing the fiber ends towards the apex of the
grooves. The grooves are preferably V-shaped and
slightly concave.
Housing 20 of receptacle 14 has an opening 54
20 whose size and shape generally corresponds to that of the
distal end of plug 12. Alignment plate 24 is mounted to
the interior of housing 20 such that it may slide toward
and away from opening 54; mounting may be accomplished by
forming tracks 56 in the inner walls of housing 20, the ;
'25 tracks receiving the sides of plate 24. These sides have *
extensions 58 designed to limit the forward motion of
plate 24 (toward opening 54). In the preferred
embodiment, plate 24 is biased toward opehing 54 by
spring 26 having two tines 60 which fit in slots 62 of
30 plate 24. As seen in Figures 2A and 2B, the central
hairpin 64 of spring 26 is secured by a boss 66 formed
along the interior of housing 20. Cover 22 serves to ¢
retain plate 24 and spring 26 within housing 20, and to o*
protect the interior from airborne contaminants. A stop ;
35 68 is formed on the inside wall of cover 22 to limit
insertion of plug 12. Cover 22 is releasably attached to
housing 20 by any convenient means, such as latch.lugs 70
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which engage the clips formed on the sides of cover 22 by
slots 72.
. Plate 24 also has a plurality of fiber-
receiving grooves 74, usually the same number of grooves
R 5 that are on support surface 34. The shape of these
‘ grooves are not as critical as that of grooves 36, and
are presently U-shaped. The fibers 76 which are to be
pre-terminated in receptacle 14 are directed toward plate
24 by fiber guide 28. The body 30 of guide 28 has a
10 plurality of entrance notches 78 and a plurality of exit

Notches 78 are design to receive the jacketed portion of
the fibers and so are larger than notches 80 which
receive the terminal portions of the fibers which have
15 been stripped of the jacketing material. Cover 32 of
fiber guide 28 has along its inner surface a plurality of
fiber channels 82 having two sections; the channel
sections closest to notches 78 are wider than the channel
sections closest to notches 80, again due to the
20 stripping of the fiber jacket. The transition from
jacketed to unjacketed fiber in guide 28 may be used to
ensure that the fibers are stripped and cleaved at an
appropriate length, as discussed further below. Guide
* cover 32 may be attached to guide body 30 with an _
25 adhesive, which also serves to more securely hold fibers
76 in place. '
Guide 28 may be attached to housing 20 several
different ways; in the present embodiment, guide body 30
has a pair of integrally formed flanges or wings 84 which
30 £it into slots 86 along the inner wall of housing 20 to
form tongue-and-groove joints. Slots 86 are oriented
with respect to tracks Si, and wings 84 are oriented with
respect to body 30, whereby fibers 76 exiting guide 28
will be directed toward plate 24 at an obligue angle. 1In
35 other words, the terminal portions of fibers 76 are not
parallel with plate 24 or grooves 74. As noted below,
this causes fibers 76 to bend or bow as they approach

notches 80 which accommodate and align the fibers.
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RJ45 copper con- neﬁ%H sses the desired characteristics of eas

of installation, sinpl and qui ck di scon- nection. Another

problemin nultifiber connectors is aligig-nment of the interconnected fiber

pair. For exanple, in the connector depicted in European Patent Application
plate 24, which biases the fibers due to their

resilience. A boss formed at the inside lower portion of {
housing cover 22 securely holds wings 84 in slots 8s.

Assembly and installation of connector 10 is

5 straightforward. Plug 12 is typically assembled in the .
factory, although it may easily be assembled in the .
field. In this regard, the term "pre-ﬁerminated" as used ;-
herein simply refers to the attachment of optical fibers ;
to plug 12 or receptacle 14 regardless of whether such

10 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 with any -
kind of optical connector at the other end of the fibers.
It is recommended that fibers be used which have a longer

15 life when exposed to indoor environments, such as the
high-strength fibers available from Minnesota Mining and
Manufacturing Co. (3M--assignee of the present
invention). Those fibers have a conventional core and
cladding which is surrounded by a novel three-layer

20 construction. The innermost of these layers is
constructed of a hard material (shore D hardness of 65 or
more) and may be composed of any mixture of epoxy
novolac, bisphenyl-a diglycidyl ether resin, and epoxy ,
polysiloxane. The middle layer is softer, having a i

‘25 modulus in the range of 0.5-20 megapascals, and may be ' *
composed of acyrlated urethanes. The outermost layer has '
a modulus of 500-2500 megapascals and may also be
composed of acyrlated urethanes. Those skilled in the
art will also appreciate that the connector of the

30 present invention can easily accommodate discrete optical
fibers or multifiber ribbons.

Fibers which are to be pre-terminated to either
plug 12 or receptacle 14 must be stripped, cleaved and
cleaned. If the fibers are in the form of a ribbon which

35 is part of a bundled group of ribbons in a cable, then a
.portion of the cable -jacket must first be cut back to
reveal the ribbons. Most cables have several profective
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| layers, e.g., the ribbons are first surrounded by a

| thermal wrap, then an inner sheath, then a polyester tape
layer, followed by an outer sheath, with one or more
intervening layers of strength members (i.e., aramid

5 fibers). Each of these layers must be removed to provide
access to the fiber ribbons. Similar steps must be taken
to remove the protective layers of a cable having a
single discrete fiber. If a plurality of discrete fibers
are to be interconnected, the craftsperson may optionally

10  join the discrete fibers in a ribbon format, such as by

using the FIBRLOK 2670 multifiber ribbon construction

tool sold by 3M (FIBRLOK is a trademark of 3M).
After the fibers have been removed from the
protective cable jacket, they are stripped. The stripped

15 fibers are then ready for cleaving which may be
accomplished using any one of several commercially
available fiber cleavers, such as that shown in U.S.
Patent No. 5,024,363. The cleave length for attachment
of the fibers to plug 12 is the distance from the front

20 end of plug core 18 to the intermediate section of
grooves 36 which, in the preferred embodiment, is about 6
mm. For attachment of fibers to receptacle 14, the

. cleave length is the arcuate distance from the forward

* end of guide 28 to the front end of plate 24 which, in

" 25 the preferred embodiment, is about 22 mm. Stripping may

be simplified by using the multi-fiber stripping tool
shown in U.S. Patent No. 4,850,108, This tool strips
away the bonding material of the ribbon as well as the
buffer coatiﬁgs on each of the individual fibers. Any

30 . debris should be cleaned off the fibers using a lint-free

' cloth. Prior to removing the fibers 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

35 disclosed in U.S. Patent No. 5,210,647 may be used for
this purpose. Once the craftsperson is satisfied that
each of the fibers has an acceptable end face, thé fibers

THIS SHEET HAS BEEN
REPLACED




<

tor. Furthernore, the

eqpe tor |§#de5|gned for pretermnation of the
fibers at g gf ory, y tedious to field i daoed1p voul d,
t her ef or e, % nggm r abl ﬁu ﬂﬁiaiil ber optic connector ﬁﬁ% provi des
for the quick dlsconnec nection of a plurality of optica

fiber pairs, and which is S|nple to |nst§ and use. It would al so be
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embodiment, the fiber end faces are flat with a chamfered
or beveled periphery (or at least partially beveled) to
obtain the advantages associated with such a fiber end :

5 profile, as discussed more thoroughly in U.S. Patent
Applications serial Nos. 08/ and 08/ , f£iled
concurrently with this application on September 16, 1993.
The fibers may optionally be cleaved so as to impart an
angled end face, as taught in U.S. Patent No. 5,048,908.

10 In order to minimize insertion losses, 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 other set
of fibers (i.e., in receptacle 14).

15 Final assembly of plug 12 comprises the simple
steps of fully inserting the prepared fibers into bores
46, and holding them in place while an epoxy resin or
other suitable adhesive is injected into holes 48. The
ends of the fibers should terminate at the intermediate

20 section of grooves 36, i.e., they should not extend all
the way to edge 38. Completion of receptacle 14 is only
slightly more complicated. The fibers 76 are placed in
guide body 30 along with a small guantity of adhesive,
and guide cover 32 is slowly lowered into place as the

25 craftsperson ensures that the fibers are aligned with the
respective channels 82. Plate 24 and spring 26 are
positioned in housing 20 (this step may be performed at
the factory). Guide 28 is then attached to receptacle
housing 20 by sliding wings 84 into slots 86; prior to

30 and during this step, however, the craftsperson should
take care to keep the ends of fibers 76 under plate 24,
in contact with the respective grooves 74. Once guide 28 g
is attached to housing 20, and fibers 76 are properly
located in grooves 74, housing cover 22 may be snapped

35 into place on housing 20.

Installation of connector 10 is equally.

effortless. Receptacle 14 is mounted to the desired
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surface by any convenient means. Tenons or bosses 88 on
receptacle housing 20 may be used for mounting, similar
to those on a conventional RJ45 plug (although plug 12
and receptacle 14 are preferably not compatible with the
RJ45 standard to eliminate possible confusion). Other
constructions could be molded into housing 20 for custom
mounting. Several receptacles could also be mounted in a
single module in a manner similar to that shown in U.S.
Patent No. 4,290,664. After receptacle 14 is mounted,
the connection is completed by simply inserting plug 12
into opening 54. Plug 12 is releasably secured to
receptacle 14 by a latch or clip 90 which catches on lug
92, again, similar to an RJ45 jack. Prior to insertion
of plug 14, the craftsperson should inspect and clean
grooves 36 of plug 14 as well as the fibers positioned
therein. This is facilitated by swiveling plug core 18
to its exposed position.

Figure 2A depicts partial insertion of the
plug, while Figure 2B depicts full insertion. In Figure
2A, plate 24 is in its relaxed, extended position since
the front edge 38 of surface 34 has not yet contacted |
plate 24. As plug 12 is inserted, edge 38 forcibly
contacts and pushes plate 24 to the retracted position
shown in Figure 2B. As plate 24 retracts, the terminal
ends of fibers 76 acquire limited freedom of movement and
flex under their resilient stress toward the apex of
grooves 36, eventually abutting the ends of the fibers
held by plug 12. All force at the fiber-to~fiber
interface comes from the resilience (elastic deformation)
of bowed fibers 76 which maintains a continuous
compressive load between the ends. It will be
appreciated that, unlike any prior art fiber connector,
the terminal portions of the fibers (of both the plug and
receptacle) are loosely supported and may move
transversely within grooves 36, i.e., they are not
clamped or otherwise fixed to any surface. The fibers
are, however, biased toward the apex of grooves 36.
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within the regeparlash Cof Piiditt AL NS HAtREE14)es0PB2hEEa hiiedto
the oblique angle of approach to the grooves, while the
fibers held by plug 14 are similarly biased due to the
slight exit angle from bores 46 as mentioned above. This
5 helps ensure that the fibers do not slip or buckle.

Other features of connector 10 may be
understood with reference to Figure 3, which is an
enlarged detail sectional view of Figure 2A., Figure 3
depicts how the end 94 of fiber 76 rests beyond a ledge

10 96 formed at the front end 98 of plate 24. By locating
fiber 76 in this manner, end 94 does not scrape against
groove 74 as plate 24 is retracted, thus avoiding *

contamination of the fiber end which might occur if dust
or other debris had collected in the groove. 1In the

15 preferred embodiment, ledge 96 is recessed from front end
98 to allow for light stop 100 (discussed below) which
would otherwise forcibly abut end 94 and possibly damage
it if fiber 76 extended beyond end 98. Those skilled in
the art will appreciate, however, that ledge 96 need not

20 Dbe recessed, i.e., it could coincide with end 98, and
fiber end 94 could extend beyond front end 98 if light
stop 100 were removed. It will also be appreciated that
the apex of groove 74 is transversely displaced with ;
respect to groove 36 to ensure that fiber 76 gently #

25 lowers itself- into groove 36 as plate 24 is retracted,
i.e., end 94 of fiber 76 will not get stuck on front end
38 of surface 34. _

Figure 3 also illustrates how a block is formed

against the interior wall of housing 20 to form a light ;

30 stop 100, which is directly in front of end 94 of fiber '
76 when plate 24 is in its extended position. This is an
added safety feature since it prevents light from
escaping from housing 20;'thus, if someone views the
interior of housing 20 through opening 54 while there is

35 an active signal on the fibers, that person will not be
exposed to laser light emanating from the fibers. Stop
100 need not be completely opaque, but it is preferably
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angle with respect to the- pI ate such that they bend under stress near their
tefm nal portions. As the plug is inserted-i1i3% 0 the receptacle, the grooves

in'the plug becone aligned with the overhang-
not completely transparent.

The dimensions of the various components of
connector 10 may vary considerably depending upon the
desired application. The following approximate

5 dimensions are considered exemplary. Plug body 16 has an
overall length of 30 mm, a width of 13 mm, and a
thickness of 6.5 mm. Plug core 18 has a length of 16 mm,
a width of ¢ mm, and a thickness of 6.5 mm. V-grooves 36
are 12 mm long and have a maximum depth of 2 mm which

10 suitably accommodates most conventional optical fibers.
The interior angle of the V-grooves should not be too

* narrow since this might 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°

15 interior angle is believed to be a good compromise.
Guide 28 of receptacle 14 is 25 mm x 10 mm X 5 mm. The
front face of receptacle 14 (with opening 54) is 18 mm x
16 mm. Its overall height and depth are 28 mm and 31 mm.
Plate 24 is 15 mm x 6 mm X 3.5 mm, and its extensions 58

20 add another 4 mm of width. Grooves 74 are 1.5 mm wide.

Besides providing for quick and easy connection
and disconnection, connector 10 has several other

advantages. As previously mentioned, it may easily be

“h’ pre-terminated in the field as well as the factory. Even
25 if the fibers 76 in receptacle 14 do not terminate at
exactly the desired position shown in Figure 3 (or if the
fibers each terminate at slightly different positions)
there will still be full fiber-to-fiber contact in the
completed connection since the resilient stress of the

30 bent fibers 76 provides a positive abutment force; in
other words, the tolerance in the relative positions of a
fiber pair is eased by the slack in receptacle fibers 76.
Plug 14 is also inherently pull-proof due to this biasing
of the receptacle fibers. Tolerances are also not

35 critical in the transverse position of a given fiber pair
since V-grooves 36 serve to align the fibers and the
fibers are biased toward the apex of the grooves. 1In

_ THIS SHEET HAS BEEN
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I ng endSvﬂégyﬁﬁaJibérS termnating in the receptacle. Qﬂc{ gB 9
t retracted

inserted further, its forward end pushes the sliding plate

position, allowing the bent fibers to relax slightly and ay down in the
grooves of the plug. Once the plug is ;ﬂgly i nserted, the term nal ends of
the receptacle's flbers are in positive abutnent mnth the ends of the

Pl og = e i U8 R checaRcthel ol B proBie e P10 s |
qu1de1 ne in the manufacture of the components is the :
surface finish of grooves 36 (i.e., that the walls be ~
smooth and the groove angle be well-defined), and this

5 finish is easy to fabricate using standard injection
molding techniques. :Also, since receptacle fibers 76
enter housing 20 at an obligue angle (up to %0°), it
requires very little depth for mounting. Moreover, the
mounting methods are compatible with those of RJ45 jacks.

10 Finally, the reduced part count and the fact that all
parts (except spring 26) can be injection molded
contribute to a very low cost connector. Several of
these advantages relate to the fact that the present
invention provides for interconnection of the fibers

15 without the necessity of clamping the terminal portions
of the fibers. :

Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various

20 modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to 1
the description of the invention. For example, although 3
only two fibers pairs are shown connected in the figures,

25 connector 10 could accommodate practically any number of
fibers (or just a single pair). A hybrid connector could
also combine the present invention with electrical
connections by using the copper contacts of an RJ45
connector. 1In either of the foregoing modifications, the

30 plug and/or receptacle could be keyed (mechanically
polarized) for the specific connection configuration.
Finally, receptacle 14 could house stub fibers having
corresponding splice elements similar to the design shown
in U.s. Patent No. 4,986,626. It is therefore con-

35 templated that such modifications can be made without
departing from the spirit or scope of the present inven-
tion as defined in the appended claims.
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‘anq di sengaged, and is easy to-rnstatd---the fibers may further be secured
tofthe plug 8% a pl HMB mmml hi ngedly attached to the body in
su¢h a manner the f ved fromthe groovesPCEUS94/09% ik
cl ¢aning) by flipping the' core“frBmits* operative position to an exposed
pogi ti on. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will best be
unglerstood by reference to the acconpanyi ngi8l#awi ngs, wherein

CLAIMS:

1. A pre-terminated fiber optic cable
comprising:

at least one optical fiber having a terminal

5 end;

a plug body having a surface with at least one
fiber-receiving groove, said groove having an intermedi-
ate section, and said terminal end of said fiber being
positioned in said intermediate section of said groove;

10 and
means for attaching a portion of said optical
+ fiber to said plug body.
2. The pre-terminated fiber optic cable of
Claim 1 wherein said plug body provides a clearance space
15 adjacent said fiber-receiving groove proximate said
intermediate section thereof.

3. The pre-terminated fiber optic cable of
Claim 1 wherein:

said attaching means comprises a core member

20 having means for securing said fiber to said core member;
and

said core member is hingedly attached to said
plug body and movable between an operative position

* wherein said fiber lies in said groove, and an exposed
' 25 position wherein said fiber is displaced from said
groove.

4. The pre-terminated fiber optic cable of
Claim 3 wherein:

said core member has at least one bore

30 extending therethrough, said bore receiving said fiber;

and

when said core member is in said operative
position, said fiber exits said bore at an oblique angle
with respect to said groove.
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FIGS. 1A
respect Y,

10

is

20

gﬁs”}@lg he?mmﬂmﬂmmmnmgft E:gnmngg'[ or ngct Ih\éepl\?/‘lgf’ggﬂ‘m?ment i on;

-4- FIGS. 2A and 2B are &ross-"seétidnal views illustrat- ing insertion of
t he pl ug of the present invention into the

5. A plug for terminating an optical fiber,
comprising:

a plug body having a surface with at least one
fiber-receiving groove; and

a plug core having means for securing the fiber
to said plug core, said plug core being hingedly attached
to said plug body and movable between an operative

‘position and an exposed position.

6. The plug of Claim 5 wherein said plug core
has:

at least one bore extending therethrough for
receiving the fiber; and

at least one hole in fluid communication with
said bore.

7. The plug of Claim 5 wherein said plug body
provides a clearance space adjacent said fiber-receiving

groove.

8. A pre-terminated fiber optic cable utilizing
the plug of Claim 6 wherein:

said bore receives said fiber; and

when said plug core is in said operative
position, said fiber exits said bore at an obligque angle
with respect to said groove of said plug body.

THIS SHEET HAS BEEN
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!t acle; and FIG "37Ts-an-enl.arged detail sectional view of FIG 2A
i Iustratlng the Iight ﬂ!ln e “and the over- hanging fiber ends in
the recept aw@”ﬁslghe ﬂ wj i n. DESCRI PTION CF THEF%F RED

EVMBODI MENT Wth referenfe how ta gures, and in particu 410
reference to FIGS. 1A and 1B, there is depicted

9. An article for terminating an optical fiber,
comprising:
a body having a surface, said surface having at
least one fiber-receiving groove therein; and
5 means for attaching the fiber to the body, said
attaching means dlrecting the fiber toward said groove at
an oblique angle.
10. The article of Claim 9 comprising a pre-
terminated plug wherein:
10 said attaching means comprises a core member
having means for securing the fiber to said core member;
and

said core member is hingedly attached to said
body and movable between an operative position wherein
15 said fiber lies in said groove, and an exposed position
wherein said fiber is displaced from said groove.
11. The article of Claim 9 comprising a pre-
terminated receptacle wherein:
said body has an interior, an opening to said
20 interior, and a plate member slidably mounted to said
interior of said body, said plate member having saiad
surface with said fiber-receiving groove; and
+ : said attaching means comprises a guide member

having means for securing the fiber to said guide member,

25 said guide member being attached to said body such that
said fiber is directed toward said groove in said plate
member.

THIS SHEET HAS BEEN
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the modul ar multifib uuﬂ mum I the present in- vention. Connector
10 i's gen¥OINO§1HMonprli ﬂm mmz and a socket or redSIVGEINE4Ia. | n
t.he preferred em bodi nerit “pltig 812 *i ncl udes a plug body 16 and plug core !
18, while receptacle 14 |ncludes a body or housing 20, a cover 22, a
fiber-alignment plate 24, a spring 26, apg=a fiber guide 28 consisting of a

gui de body 30 and a guide cover 32. Al of the conponents of connector 10
(except spring 26) nay I2s fomesepbhcieyfour ugteiving-the terminal

portion of an optical fiber, comprising:
a housing having an interior and an opening to

said interior; .

5 a plate member slidably mounted to said ‘
interior of said housing, said plate member having at ;
least one fiber-receiving groove;

means for biasing said plate member toward said
opening of said housing; and

10 means for attaching the optical fiber to said
housing whereby the terminal portion of said fiber may be
received in said groove.

13. The receptacle of Claim 12 wherein said
plate member slides in a direction generally parallel

15 with said fiber-receiving groove.

14. The receptacle of Claim 12 wherein said
housing interior has attached thereto a light stop member
which is interposed between said groove of said plate
member and said opening of said housing.

20 15. A pre-terminated fiber optic cable
utilizing the receptacle of Claim 12, wherein said
attaching means directs the terminal portion of the fiber
toward said plate member at an oblique angle with respect
to said fiber-receiving groove, thereby causing said

25 fiber to bend. '

16. The pre-terminated fiber optic.cable of
Claim 15, wherein:

said plate member has a ledge;

said groove in said plate member has an end

30 adjacent said ledge; and

the terminal end of the fiber extends beyond
said ledge.
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rifal, preferably an injecti-en--ml.dable_polynmer such as pol ycarbonate or

RADEL (a polyarylsulfonaui 'ﬂ The material may incl ude
conductive WoObse8sI34 0 r ﬂ, u n mg Hnts sem conductive i Bc@adS{polfy M N-
i mze triboelectric charding whi ¢h can+i nduce fiber end contam nation. Plug

body 16 has a fiber-supporting surface 34 with a plurality of
fi ber-receiving grooves 36 therein. One seLlQL fibers to be interconnected
are secured to body 16 in

17. A pre-terminated fiber optic cable
comprising:
at least one optical fiber having a terminal
end;
5 a receptacle housing having an interior and an
opening to said interior;
means for attaching said optical fiber to said
housing;
means for aligning said terminal end of said
10 optical fiber toward said opening, said alignment means
being movable between an extended position proximate said
opening and a retracted position distant from said

opening; and
a light stop member attached to said interior
15 of said receptacle housing, interposed between said
opening thereof and said terminal end of said optical
fiber when said aligning means is in said extended
position.
18. The pre-terminated fiber optic cable of
20 Claim 17 wherein said aligning means comprises a plate
member slidably mounted to said interior of said housing,
said plate member having at least one fiber-receiving
* groove and said optical fiber being located in said

groove when said plate member is in said extended
25 position, and further comprising:
means for biasing said plate member toward said
opening of said housing. _
19. The pre~-terminated fiber optic cable of
Claim 17 wherein, when said aligning means moves from
30 said extend position to said retracted position, said end
of said optical fiber moves with respect to said light
stop member.
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any conveni ent nanner s “pest—seen in FIG 2A the length of the '
term nal YWO9SIO08134 of mMﬂ zed whereby the endPCTAISMAMIE at an
i nt er nedi at e sectlon l"ane it is necessary to ensure that
body 16 provide a clearance spacé proxi mate grooves 36 (to acconmodate the
pl acenent of the fibers fromthe re- cepdacle), it is not necessary that
the ends of the plug fibers be | ocated at the exact center of grooves 36,
but merely that the fi26erd modrdarseptical:fithexiconneesarnd

comprising:
first and second optical fibers, each having a
terminal end; .
5 a plug member having
a surface with a first fiber-receiving
groove, and
first means locating said terminal end of
said first optical fiber in said first groove;
10 a receptacle having
a housing,
a plate member, inside said housing, w1th
a second fiber-receiving groove,
an opening in said housing to allow
15 insertion of said plug member proximate
said plate member, and
second means locating said terminal end of
said second optical fiber in said second
groove; and
20 at least one of said first and second optical
fibers being loosely supported in its corresponding

groove.

se

I
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‘to the forwardnost edée n@ Surface~34. This con- struction results in
the fiber-towldagss 3knter ﬂ m he internmedi ate sectjon of grooves
'ﬂ " "mrso m nimzes danmage tﬂ(f‘qm 5‘%

36 as discussed further I
‘tani nation of the fiber ends. Nonethel &ss, if the fibers do REPLACEMENT
SHEET

-2l-
21. A fiber optic connector comprising:
first and second optical fibers, each having a
terminal end, and at least one of said ends having a
periphery which is at least partially beveled;
5 plug means for securing said first optical
fiber;
receptacle means for securing said second
optical fiber, and for receiving said plug means;
means for aligning said terminal end of said
10 first optical fiber with said terminal end of said second
optical fiber; and
means for maintaining a continuocus compressive

load between said terminal ends.
22. The fiber optic connector of Claim 21
15 wherein said continuous compressive load between said
terminal ends is provided by elastic deformation of at
least one of said optical fibers.
23. The fiber optic connector of Claim 21
wherein said aligning means includes a plate member
20 having fiber-receiving grooves therein.
24. The fiber optic connector of Claim 21
wherein said partially beveled end has a flat central

' ' region.
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-5- get dirty, means may be provided to allow noverment of the fibers to a8
cl eani ng §Fb§ . Specifically, in the preferred enbodi nent the fibers arej
secur ed Sﬁap u&ggore 18 which is hingedly attached to bodycfﬁﬁgﬁﬁng18 may
be noved fromits operative position (generally parallel with surface 34)
where the fibers lie in grooves 36, to an exposed position (generally
perpendi cul ar to surface 34) where the fibers extend away from surface
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36.‘rn this position, the fiber ends nmay easily be cleaned, e.g., by
applying a t ap® 9548i3ag pressure-sensitive adhe- sive to the fiber ends. The
hi nged attachnent may be formed by nol ding pins or trunnions %’%9%!»2
sides of core 18 which mate with holes 42 in the distal ends of arms 4% of
body 16. Core 18 is provided with a plurality of bores 46 for receiving the

fibers. Another set of holes 48 in flujL (7051n_mi cation with bores 46 may be
used to inject an (2

28

| S
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adhesive (epoxy resin) into bores 46 to firmly secure the fibers within th r
bores. Q@%% gpter of each bore 46 decreases just beyongchrisesiosdso t 0
accommd € stripped termnal portion of the fibers. Means nay be

provided to rel easably secure core 18 in its operative position; for

exanple, a spline or rail 52 may be fornmed in core 18 for frictional

engagenent with a notch 50 in body 1'? ovi ding a snap-fit. As shown in

FI GS. 2A and 2B, when core 18 |s'113 é operative position, the

Fzg. 2A

10

\ 54 88
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f{Eers preferably exit bores 46 at a slight angle, thereby biasing the

fi ber ends tq@@rds t he apex of the grooves. The grooves are preferably

V- shaped and i%ﬂﬁﬂ? con- cave. Housing 20 of receptacle 14 h%ﬁﬂ%ﬂmﬁg i ng
54 whose size and shape generally corresponds to that of the distal éend of
plug 12. Alignment plate 24 is mounted o/%§e interior of housing 20 such
that it may slide toward and away from dpenfig 54; nounting may be
acconpl i shed

Fig. 2B
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by formng tracks 56 in the inner walls of housing 20, the tracks receiving
t he si deswofosjp8ae 24. These sides have extensions 58 desi,?ﬁ.ﬁggg sqipmt the
forward notion of plate 24 (toward opening 54). In the preferred em

bodi ment, plate 24 is biased toward opening 54 by spring 26 having two :
tines 60 which fit in slots 62 of pléelte 24. As seen in FIGS. 2A and 2B, the
central hair- pin 64 of spring 26 T R ed by a boss 66 forned al ong the
i nterior of housing 20. Cover 22 serves to retain

Fig. 3

SN\
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pI ‘at e 24 and sTis Shept B8 BegntReplecediousi ng 20, and to prot ect the mﬂé’r{l ot ‘f?orﬁ

“ai rborne cont ani 68 is -6- fornmed on the inside wall of
cover 22 to lim f plug 12. Cover 22 is releasably attached to

housi ng 20 by any conveni ent neans, such as |atch |ugs 70 pwhi-ch
-1 - : . F’"P; CEMENT SHEET
MODULAR MULTIFIBER CONNECTOR 12 [MAR 1897
Background of the Invention

1. Field of the Invention
5 The present invention generally relates to
devices for interconnecting telecommunications lines, and
more particularly to a modular connector for a plurality
of optical fibers.
2. Description of the Prior Art
10 In the last few years, 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
15 fibers. There are generally two kinds of interconnection
devices, splices and connectors. The term "splice" usu-
ally refers to a device which provides a permanent con-
nection between a pair of optical fibers. Many fiber
optic splices employ plate elements having fiber-receiv-
20 ing V-shaped grooves, with means for clamping the termi-
nal ends of a pair of fibers in a common groove. Some of
these devices are designed to interconnect a plurality of
pairs of fibers. See, e.g., U.S. Patent No. 5,151,964.V
The term "connector," in contrast, usually refers to a
25 device which may be engaged and disengaged repeatedly,
often with a different plug or receptacle. The present
invention is directed to such a device, although the term
"connector" should not be construed in a limiting sense
since the present invention may inherently provide a
30 permanent, as well as temporary connection.
There are two primary types of commercially
available fiber optic connectors, namely, ferrule connec-
tors and biconic connectors. Ferrule connectors use a
ferrule plug, typically ceramic, having a central bore
35 which receives a single optical fiber. Biconic connec-
tors use a plug in the shape of a truncated cone. Both
connectors usually combine a p&ir of plugs fitting into a
common socket or receptacle to provide a completed con-
nection. The prior art also includes hybrid ferrule
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engage the clips formed on th? i des of cover 22 by sl otjs Zz\HPIaIe-gﬁ
has a pIurallty1mksmxﬁ§$BEi 7ng grooves 74, usually the sane fiunber-

as critical

@iso

face 34. The shape of thegsef grooves are
36, and are presently U shapba MPReiIBT b r<

grooves that are

as th
76 which are to be " pre-termnated in receptacle 14 are dirlected toward
plate 24 by fiber guide 28. The body 30 df guide 28 has |a plurality of

10

15

20

25

30

35

connector/splices, such as those shown in U.STTPaternt
Nos. 4,986,626, and 5,159,655.

One area which has not been adequately
addressed by the prior art, however, is the interconnec-
tion of a plurality of fiber optic pairs in a manner
which provides for quick disconnection and reconnection.
Since the plugs of ferrule and biconic connectors receive
only a single fiber, a relatively large bank of such
connectors must be provided to interconnect several fiber
pairs. Alternatively, two or more plugs may be ganged
together, e.g., in a duplex connector, as shown in U.S.
Patent No. 5,101,463.  One drawback with these multifiber
connectors is the poor interconnection densities that are
achieved. While some ferrule designs have densities
around 2 connections per square centimeter, this may be
compared to densities of 4 connections or more per sdquare
centimeter in some copper connectors, such as an RJ45
connector. Some non-ferrule designs provide slightly
improved densities, such as that described in U.S. Patent
No. 4,045,121,/but that connector has far too many parts
and is not easily installed. The ‘121 connector may also
be contrasted with the RJ45 copper connector which
possesses the desired characteristics of ease of
installation, simplicity of use and quick disconnection.

Another problem in multifiber connectors is
alignment of the interconnected fiber pair. For example,
in the connector depicted in European Patent Application
No. 514,722/(commonly referred to as an "MT" connector),
pins are used to align the connector parts, but it is
still difficult (i.e., expensive) to provide the strict
tolerances required for high performance optical
connections. Consequently, this connector exhibits
relatively low performance. Other techniques have been
used to improve alignment, such as the V-grooves shown in
the 7’964 splice, but unfortunately, these techniques have
not been suitably adapted for use in a disengageable
connector. Furthermore, the MT connector is designed for
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Cover 32 of fiber gu

channel s 82 having two sections; the channgl sections cl psest to not ches 7
are wi der than the channel sections closest to

preterminatibn of the fibers at the féctory; i.e., it is
very tedious to field install. It would, therefore, be
desirable to devise a fiber optic connector which
provides for the quick disconnection and reconnection of

5 a plurality of optical fiber pairs, and which is simple
to install and use. It would also be advantageous for
the connector to have a reduced part count, exhibit an
improved interconnection density, and provide precise
alignment for enhanced performance.

10
Summary of the Invention

The present invention providés a modular
multifiber connector generally comprising a plug which is
releasably mateable with a receptacle, the plug and

15 receptacle each designed to receive the terminal ends of
a plurality of optical fibers in side-by-side relation-
ship. The plug has a body with a fiber-supporting
surface having fiber-receiving grooves, and a plurality
of fibers are secured to the plug with their ends

20 terminating at an intermediate section of the grooves.
The receptacle has an opening for receiving the plug, and
includes a fiber-alignment plate which is slidably
mounted within the receptacle housing and biased toward
the opening, in an extended position. The plate also has

25 fiber-receiving grooves extending to a forward edge, and
another plurality of fibers are secured to the receptacle
with their terminal.ends extending ﬁeyend_the forward
edge, when the plate is in the extended position. The

. fibers are positioned at an angle with respect to the

30 plate such that they bend under stress near their
terminal portions.

As the plug is inserted into the receptacle,
the grooves in the plug become aligned with the
overhanging ends of the fibers_terminating in the

35 receptacle. When the plug is inserted further, its
forward end pushes the sliding plate to a retracted
position, allowing the bent fibers to relax slightly and
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cketed to unjacketed fiber in guide 28 may be used] t(REPEASTMENT SHEET

as leehned and cl eaved at .an appropriate | engt fr~as—dis=
ﬂ ow. Guide cover 32 may be attached to glitleqmodyrrB3@ap t

al so serves to nore securely hold fibefsj76"in place.
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lay down in the grooves of the plug. Once the plug is
fully inserted, thé terminal ends of the receptacle’s
fibers are in positive abutment with the ends of the
plug’s fibers, at the intermediate section of the grooves
in the plug’s fiber-supporting surface. The connector
may be guickly engaged and disengaged, and is easy to
install. The fibers may further be secured to the plug
body by a plug core which is hingedly attached to the
body in such a manner that the fibers may be removed from
the grooves (e.g., for cleaning) by flipping the core
from its operative position to an exposed position.

Brief Description of the Drawings

The invention will best be understood by
reference to the accompanying drawings, wherein:

Figures 1A and 1B are exploded top and bottom
perspective views, respectiveiy, of the modular
multifiber connector of the present invention;

Figures 2A and 2B are cross-sectional views
illustrating insertion of the plug of the present
invention into the receptacle; and :

Figure 3 is an enlarged detail sectional wview
of Figure 2A illustrating the light-shutoff feature and
the overhanging fiber ends in the receptacle of the
present invention.

Description of the Preferred Embodiment

With reference now to the figures, and in par-
ticular with reference to Figures 1A and 1B, there is
depicted the modular multifiber connector 10 of the
present invention. Connector 10 is generally comprised
of a plug 12 and a socket or receptacle i4. In the
preferred embodiment, plug—lz includes a plug body 16 and
plug core 18, while receptacle 14 includes a body or
housing 20, a cover 22, a fiber-alignment plate 24, a
spring 26, and a fiber guide 28 consisting of a guide
body 30 and a quide cover 32. 2All of the components of




has a pair of integrally formed flanges or wings 84 which fit—imto stot
alqﬂg&hhﬂhsM£ﬁqueﬁl of housing 20 to form tongue-and- grooveﬁf%h%ﬁ§ m§l8ﬁ§ﬂ'
th respect to tracks 56, and w ngs 84 arg drirented wth
re\sﬂ%ﬂlmm , Whereby fibers 76 exiting guide 28 willj be dir®eegegs]
o] an oblique angle. In other words, the tdgrninal portions
of fibers 76 are not parallel with plate_24 or grooves 74. |As not€d DeErow,
this causes fibers 76 to bend or bow as they approach

oy

.connector 10 (except spring 26) may be formed of any
durable material, .preferably an injection moldable.
polymer such as polycarbonate or RADEL (a polyarylsulfone
sold by Amoco). The material may include conductive
5 fillers to render the components semiconductive in order
to minimize triboelectric charging which can induce fiber
end contamination.
Plug body 16 has a fiber-supporting surface 34
with a plurality of fiber-receiving grooves 36 therein.
10 One set of fibers to be interconnected are secured to
body 16 in any convenient manner and, as best seen in
Figure 2A, the length of the terminal portions of the
fibers are sized whereby the ends terminate at an
intermediate section of the grooves. While it is
15 necessary to ensure that body 16 provide a clearance
space proximate grooves 36 (to accommodate the placement
of the fibers from the receptacle), it is not necessary
that the ends of the plug fibers be located at the exact
center of grooves 36, but merely that the fibers be
20 recessed so they do not extend to the forwardmost edge 38
of surface 34. This construction results in the fiber-
to-fiber interface forming in the intermediate section of
grooves 36 as discussed further below, and it also
minimizes damage to or contamination of the fiber ends.
25 Nonetheless, if the fibers do get dirty, means may be -
provided to allow movement of the fibers to a cleaning
position. Specifically, in the preferred embodiment the
fibers are secured by plug core 18 which is hingedly
attached to body 16. Core 18 may be moved from its
30 operative position (generally parallel with surface 34)
where the fibers lie in grooves 36, to an exposed '
position (generally perpendicular to surface 34) where
the fibers extend away from surface 36. In this
position, the fiber ends may easily be cleaned, e.g., by
35 applying a tape having pressure-sensitive adhesive to the
fiber ends. The hinged attachment may be formed by
molding pins or trunnions 40 on the sides of core 18




pl ate 24, whi

the inside | ower portion of housing cover 22 securely hol fds

ch biases the fibers due to their resilience ;ﬁp@gggmtpfqyﬁggt

slots 86. Assenbly and installation of connector 10 is stfa ¥‘$%B
s | e

Plug 12 is typically assenbled in the factory, although it

assenbled in

herein sinply -6~

the field. In this regard, the tern1"pre-term

which mate with holes 42 in the distal ends of arms 44 of
body 16.

Core 18 is provided with a plurality of bores
46 for receiving the fibers. Another set of holes 48 in
fluid communication with bores 46 may be used to inject
an adhesive (epoxy resin) into bores 46 to firmly secure

. the fibers within the bores. The diameter of each bore
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46 decreases just beyond holes 48 to accommodate the
stripped terminal portion of the fibers. Means may'be
provided to releasably secure core 18 in its operative
position; for example, a spline or rail 52 may be formed
in core 18 for frictional engagement with a notch 50 in
body 16, providing a snap-fit. As shown in Figures 2A
and 2B, when core 18 is in the operative position, the
fibers preferably exit bores 46 at a slight angle,
thereby biasing the fiber ends towards the apex of the
grooves. The grooves are preferably V-shaped and
slightly concave.

Housing 20 of receptacle 14 has an opening 54
whose size and shape generally corresponds to that of the
distal end of plug 12. Alignment plate 24 *is mounted to
the interior of housing 20 such that it may slide toward
and away from opening S54; mounting may be accomplished by
forming tracks 56 in the inner walls of housing 20, the
tracks receiving the sides of plate 24. These sides have
extensions 58 designed to limit the forward motion of
plate 24 (toward opening 54). In the preferred
embodiment, plate 24 is biased toward opening 54 by
spring 26 having two tines 60 which fit in slots 62 of
plate 24. As seen in Figures 2A and 2B, the central
hairpin 64 of spring 26 is secured by a boss 66 formed
along the interior of housing 20. Cover 22 serves to
retain plate 24 and spring 26 within housing 20, and to
protect the interior from airborne contaminants. A stop
68 is formed on the inside wall of cover 22 to limit
insertion of plug 12. Cover 22 is releasably attached to
housing 20 by any convenient means, such as latch lugs 70
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which engage the clips formed on the sides of cover 22 by
slots 72.

Plate 24 also has a plurality of fiber-
receiving grooves 74, usually the same number of grooves
that are on support surface 34. The shape of these

grooves are not as critical as that of grooves 36, and

are presently U-shaped. The fibers 76 which are to be
pre-terminated in receptacle 14 are directed toward plate
24 by fiber guide 28. The body 30 of guide 28 has a
plurality of entrance notches 78 and a plurality of exit
notches 80 which accommodate and align the fibers.
Notches 78 are design to receive the jacketed portion of
the fibers and so are larger than notches 80 which
receive the terminal portions of the fibers which have
been stripped of the jacketing material. Cover 32 of
fiber guide 28 has along its inner surface a plurality of
fiber channels 82 having two sections; the channel
sections closest to notches 78 are wider than the channel
sections closest to notches 80, again due to the
stripping of the fiber jacket. The transition from
jacketed to unjacketed fiber in guide 28 may be used to
ensure that the fibers are stripped and cleaved at an
appropriate length, as discussed further below. Guide
cover 32 may be attached to guide body 30 with an
adhesive, which also serves to more securely hold fibers
76 in place.

Guide 28 may be attached to housing 20 several
different ways; in the present embodiment, guide body 30
has a pair of integrally formed flanges or wings 84 which
fit into slots 86 along the inner wall of housing 20 to
form tongue-and-groove joints. Slots 86 are oriented
with respect to tracks 56, and wings 84 are oriented with
respect to body 30, whereby fibers 76 exiting guide 28
will be directed toward plate 24 at an oblique angle. 1In
other words, the terminal portions of fibers 76 are not
parallel with plate 24 or grooves 74. As noted below,
this causes fibers 76 to bend or bow as they approach
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when exposed to indoor environnments, such as the high- str fibers

savai l able from M nnesota M ning and Manufacturing Co. (3M
present inven- tion). Those fibers have a conventional cor
whi ch is surrounded by a novel three-|layer con- struction.
these layers is constructed of a hard material (shore D hgr
nore) and may be conposed of any m xture afg-epoxy novol ac,
di gl ycidyl ether resin, and epoxy pol ysil ox-

. plate 24, which biases the fibers due to their

resilience. A boss formed at the inside lower portion of
housing cover 22 securely holds wings 84 in slots 86.
Assembly and installation of connector 10 is
5 straightforward. Plug 12 is typically assembled in the
factory, although it may easily be assembled in the
field. 1In 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
10 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 with any
kind of optical connector at the other end of the fibers.
It is recommended that fibers be used which have a longer
15 life when exposed to indoor environments, such as the
high~-strength fibers available from Minnesota Mining and
Manufacturing Co. (3M--assignee of the present
invention). Those fibers have a conventional core and
cladding which is surrounded by a novel three-layer
20 construction. The innermost of these layers is
constructed of a hard material (shore D hardness of 65 or
more) and may be composed of any mixture of epoxy
novolac, bisphenyl-a diglycidyl ether resin, and epoxy
poclysiloxane. The middle layer is éofter, having a
25 modulus in the range of 0.5-20 megapascals, and may be
composed of acyrlated urethanes. The outermost layer has
a modulus of 500-25Q00 megapascals and may also be
composed of acyrlated urethanes. Those skilled in the
art will also appreciate that the connector of the
30 present invention can easily accommodate discrete optical
fibers or multifiber ribbons.

Fibers which are to be pre-terminated to either
plug 12 or receptacle 14 must be stripped, cleaved and
cleaned. If the fibers are in the form of a ribbon which

35 is part of a bundled group of ribbons in a cable, then a
portion of the cable jacket must first be cut back to
reveal the ribbons. Most cables have several protective

nner ITDSt
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ane. The nmiddle layer is softer, having a nodulus in the rah e ot g ﬂf%
~ megapascal s, and may be conposed of acyrl ated urethanes. Th, ﬁb@ﬁ HEET
| ayer has a nodul us of 500-2500 negapascal s and may al so bejc Enposed of

acyrl ated urethanes. Those skilled in the art will also appfeti &t%e M5t he
connector of the present invention can easily accommpdate dj s¢rete optical
fibers or multi- fiber ribbons. Fibers whbeh are to be pre-fermnated to

ei ther plug

layers, e.g., the ribbons are first surrounded by a
thermal wrap, then an inner sheath, then a polyester tape
layer, followed by an outer sheath, with one or more
intervening layers of strength members (i.e., aramid

5 fibers). Each of these layers must be removed to provide
access to the fiber ribbons. Similar steps must be taken
to remove the protective layers of a cable having a
single discrete fiber. If a plurality of discrete fibers
are to be interconnected, the craftsperson may optionally

10 join the discrete fibers in a ribbon format, such as by
using the FIBRLOK 2670 multifiber ribbon construction
tool sold by 3M (FIBRLOK is a trademark of 3M).

After the fibers have been removed from the

protective cable jacket, they are stripped. The stripped

15 fibers are then ready for cleaving which may be
accomplished using any one of several commercially
available fiber cleavers, such as that shown in U.S.
Patent No:~§igggL;§3. The cleave length for attachment
of the fibers to plug 12 is the distance from the front

20 end of plug core 18 to the intermediate section of
grooves 36 which, in the preferred embodiment, is about 6
nm. For attachment of fibers to receptacle 14, the
cleave length is the arcuate distance from the forward
end of guide 28 to the front end of plate 24 which, in

25 the preferred embodiment, is about 22 mm. Stripping may
be simplified by using the multi-fiber stripping tool
shown in U.S. Patent No. 4,850,108. - This tool strips
away the bonding material of the ribbon as well as the
buffer coatings on each of the individual fibers. Any

30 debris should be cleaned off the fibers using a lint-free
cloth. Prior to removing the fibers from the cleaver,
the craftsperson may inspect the fibers to confirm that
the end faces on all fibegé_are acceptable, i.e., that
they are smooth cleaves with no spikes. The fiber viewer

35 disclosed in U.S. Patent No. 5,210,647 may be used for

MmN

this purpose. Once the craftsperson is satisfied that
each of the flbers has an acceptable end face, the fibers

is Sheet Has Been Replaced

Hllllll MG

THIS SHEET HAS BEEN
REPLACED




12 or receptacle 14 nust be stripped, cleaved and cleaned. ?fhﬁﬁﬁkﬂ%ﬁssﬁtET
‘are in the formof a ribbon which is part of a bundled groupg of-ribhaons.in

a cable, then a portion of the cable jacket nmust first be cut ba
b ’ 3, Min g

reveal the ribbons. Mst cabl es have several protective |aydqrs,

ri bbons are first surrounded by a ther- mal wap, then an inn

then a pol yester tape |ayer, foll owed by <ap-outer sheath, wifth one or nore
i ntervening |layers of strength nenbers (i.e., aramd

may be removed from the cleaver. In the preferred
embodiment, the fiber end faces are flat with a chamfered
or beveled periphery (or at least partially beveled) to
obtain the advantages associated with such a fiber end

5 profile, as discussed more thoroughly in U.S. Patent
Applications Serial Nos. 08/:22 27 and 08//2.. 775 filed
concurrently with this application on September 16, 1993.
The fibers may optionally be cleaved so as to impart an
angled end face, as taught in U.S. Patent No. 5,048,908.

10 In order to minimize insertion losses, 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 other set
of fibers (i.e., in receptacle 14).

15 'Final assembly of plug 12 comprises the simple
steps of fully inserting the prepared fibers intc bores
46, and holding them in place while an epoxy resin or
other suitable adhesive is injected into holes 48. The
ends of the fibers should terminate at the intermediate

20 section of grooves 36, i.e., they should not extend all
the way to edge 38. Completion of receptatle 14 is only
slightly more complicated. The fibers 76 are placed in
guide body 30 along with a small quantity of adhesive,
and guide cover 32 is slowly lowered into place as the

25 craftsperson ensures that the fibers are aligned with the
respective channels 82. Plate 24 and spring 26 are
positioned in housing 20 (this step may be performed at
the factory). Guide 28 is then attached to receptacle
housing 20 by sliding wings 84 into slots 86; prior to

30 and during this step, however, the craftsperson should
take care to keep the ends of fibers 76 under plate 24,
in contact with the respective grooves 74. Once guide 28
is attached to housing 20, and fibers 76 are properly
located in grooves 74, housing cover 22 may be snapped

35 into place on housing 20. :

Installation of connector 10 is equally

‘effortless. Receptacle 14 is mounted to the desiread
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fibers). Each of these |ayers nust be renoved to pro- vide adcgs ﬁﬁ'S%KET
fiber ribbons. Simlar steps nust be taken to renobve the protje avers. .-

of a cable having a single discrete fiber. If a plurality of dlscqrgtgp
fibers are to be interconnected the craftsperson may optionalifl y join: ER997
discrete fibers in a ribbon format, such as by using the FlBRLOK:.26.40

mul tifiber ribbon construc- tion tool so+tlivy 3M (FIBRLOK isja trademark of
3M. After the fibers have been renoved fromthe protec-

surface by any convenient means. Tenons or bosses 88 on
receptacle housing 20 may be used for mounting, similar
to those on a conventional RJ45 plug (although plug 12
and receptacle 14 are preferably not compatible with the
5 RJ45 standard to eliminate possible confusion). Other
constructions could be molded into housing 20 for custom
mounting. Several receptacles could also be mounted in a
single module in a manner similar to that shown in U.S.
Patent No. 4,290,664./ After receptacle 14 is mounted,

10 the connection is completed by simply inserting plug 12
into opening 54. Plug 12 is releasably secured to
receptacle 14 by a latch or clip 90 which catches on lug
92, again, similar to an RJ45 jack. Prior to insertion
of plug 14, the craftsperson should inspect and clean

15 grooves 36 of plug 14 as well as the fibers positioned
therein. This is facilitated by swiveling plug core 18
to its exposed position.

Figure 2A depicts partial insertion of the
plug, while Figure 2B depicts full insertion. 1In Figure

20 2A, plate 24 is in its relaxed, extended position since
the front edge 38 of surface 34 has not yet contacted
plate 24. As plug 12 is inserﬁed, edge 38 forcibly
contacts and pushes plate 24 to the retracted position
shown in Figure 2B. As plate 24 retracts, the terminal

25 ends of fibers 76 acquire limited freedom of movement and
flex under their resilient stress toward the apex of
grooves 36, eventﬁa;ly abutting the -ends of the fibers
held by plug 12. All force at the fiber-to-fiber
interface comes from the resilience (elastic deformation)

30 of bowed fibers 76 which maintains a continuous
compressive load between the ends. It will be
appreciated that, unlike any prior art fiber connector,
the terminal portions of the fibers-(of both the plug and
receptacle) are loosely supported and may move

35 transversely within grooves 36, i.e., they are not
clamped or otherwise fixed to any surface. The fibers
are, however, biased toward the apex of grooves 36.
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Fibers 76 of receptacle 14 are naturally so Biased due to
the oblique angle of approach to the grooves, while the
fibers held by plug 14 are similarly biased due to the
slight exit angle from bores 46 as mentioned above. This
helps ensure that the fibers do not slip or buckle.

Other features of connector 10 may be

~ understood with reference to Figure 3, which is an

enlarged detail sectional view of Figure 2A. Figure 3
depicts how the end 94 of fiber 76 rests beyond a ledge
96 formed at the front end 98 of plate 24. By locating
fiber 76 in this manner, end 94 does not scrape against
groove 74 as plate 24 is retracted, thus avoiding
contamination of the fiber end which might occur if dust
or other debris had collected in the groove. In the
preferred embodiment, ledge 96 is recessed from front end
98 to allow for light stop 100 (discussed below) which
would otherwise forcibly abut end 94 and possibly damage
it if fiber 76 extended beyond end 98. Those skilled in
the art will appreciate, however, that ledge 96 need not
be recessed, i.e.,” it could coincide with end 98, and
fiber end 94 could extend beyond front end-98 if light
stop 100 were removed. It will also be appreciated that
the apex of groove 74 is transversely displaced with
respect to groove 36 to ensure that fiber 76 gently
lowers itself into groove 36 as plate 24 is retracted,
i.e., end 94 of fiber 76 will not get stuck on front end
38 of surface 34.

Figure 3.also illustrates how a block is formed
against the interior wall of housing 20 to form a light
stop 100, which is directly in front of end 94 of fiber
76 when plate 24 is in its extended position. This is an
added safety feature since it prevents light from
escaping from housing 20;- thus, if someone views the
interior of housing 20 through opening 54 while there is
an active signal on the fibers, that person will not be
exposed to laser light emanating from the fibers. Stop
100 need not be completely opaque, but it is preferably
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s the distance fromthe front end of plug core 18 to the pnterrediat-e—
section of grooves 36 which, in the pre- ferred enbodi ment| his’ ABBMEND SHRET
For attachment of fibers to receptacle 14, the cl eave | engthiis~t-he—arecuate
di stance fromthe forward end of guide 28 to the front endLo @k@%ﬁﬂ@ﬁm7
which, in the preferred enbodinent, is about 22 nm Strippfng may be' ™
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4,850, 108. This Eggbléééiystfgﬁgbéggaéyanding material of |

ik

The dimensions of the various components of
connector 10 may vary considerably depending upon the
desired application. The following approximate

5 dimensions are considered exemplary. Plug body 16 has an
overall length of 30 mm, a width of 13 mm, and a
thickness of 6.5 mm. Plug core 18 has a length of 16 mnm,
a width of 9 mm, and a thickness of 6.5 mm. V-grooves 36
are 12 mm long and have a maximum depth of 2 mm which

10 suitably accommodates most conventional optical fibers.
The interior angle of the V-grooves should not be too
narrow since this might 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°

15 interior angle is believed to be a good compromise.
Guide 28 of receptacle 14 is 25 mm x 10 mm x 5 mm. The
front face of receptacle 14 (with opening 54) is 18 mm x
16 mm. Its overall height and depth are 28 mm and 31 mm.
Plate 24 is 15 mm x 6 mm X 3.5 mm, and its extensions 58

20 add another 4 mm of width. Grooves 74 are 1.5 mm wide.

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

25 if the fibers 76 in receptacle 14 do not terminate at
exactly the desired position shown in Figure 3 (or if the
fibers each terminate at slightly different positions)
there will still be full fiber-to-fiber contact in the
completed connection since the resilient stress of the

30 bent fibers 76 provides a positive abutment force; in
other words, the tolerance in the relative positions of a
fiber pair is eased by the slack in receptacle fibers 76.
Plug 14 is also inherently pull-proof due to this biasing
of the receptacle fibers. Tolerances ére also not

35 critical in the transverse position of a given fiber pair
since V-grooves 36 serve to align the fibers and the
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the ribbon as well as the buffer coatings on each of the inpdinvidual..fibhers.

"Any debris should be cleaned off the fibers using a lint-fj
to renmoving the fibers fromthe cleaver, the craftsperson

fibers to confirmthat the end faces on all fibers are accapt 3 $%§%W
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guideline in the manufacture of the components is the
surface finish of grooves 36 (i.e., that the walls be
smooth and the groove angle be well-defined), and this

5 finish is easy to fabricate using standard injection
molding techniques. Also, since receptacle fibers 76
enter housing 20 at an oblique angle (up to %0°), it
requires very little depth for mounting. Moreover, the
mounting methods are compatible with those of RJ45 jacks.

10 Finally, the reduced part count and the fact that all
parts (except spring 26) can be injection molded
contribute to a very low cost connector. Several of
these advantages relate to the fact that the present
invention provides for interconnection of the fibers

15 without the necessity of clamping the terminal portions

of the fibers.

Although the invention has been described with
reference to specific embodiments, this description is

not meant to be construed in a limiting sense.

Various

20 modifications of the disclosed embodiment, as well as
alternative embodiments of the invention, will become
apparent to persons skilled in the art upon reference to
the description of the invention. For example, although
only two fibers pairs are shown connected in the figures,

25 connector 10 could accommodate practically any number of
fibers (or just a single pair). A hybrid connector could
also combine the present invention with electrical
connections by using the copper contacts of an RJ45S
connector. In either of the foregoing modifications, the

30 plug and/or receptacle could be keyed (mechanically
polarized) for the specific connection configuration.
Finally, receptacle 14 could house stub fibers having
corresponding splice elements similar to the design shown
in U.S. Patent No. 4,986,626. It is therefore con-

35 templated that such modifications can be made without
departing from the spirit or scope of the present inven-

tion as defined in the appended claims.
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CLAIMS:

1. A pre-terminated fiber optic cable
comprising:

at least one optlcal fiber hav1ng a terminal
end;

a plug body having a surface with at least one
fiber-receiving groove, said groove having an intermedi-
ate section, and said terminal end of said fiber being
positioned in said intermediate section of said groove;
and

means for attaching a portion of said optical
fiber to said plug body.

2. The pre-~terminated fiber optic cable of
Claim 1 wherein said plug body provides a clearance space
adjacent said fiber-receiving groove proximate said
intermediate section thereof.

3. The pre-terminated fiber optic cable of
Claim 1 wherein:

said attaching means comprises a core member
having means for securing said fiber to said core member;
and : .

| said core member is hingedly attached to said
plug body and movable between an operative position
wherein said fiber lies in said groove, and an exposed
position wherein said fiber is displaced from said
groove.

4. The pre~terminated fiber optic cable of
Claim 3 wherein:

said core member has at least one bore
extending therethrough, said bore receiving said fiber;
and

when said core member is in said operative
position, said fiber exits said bore at an oblique angle
with respect to said groove.
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angl ed end-face;-as..taught in U S. Pat. No. 5,6048,8. In or § A
‘inserti on!j’,ﬂmm QM mﬂrs shoul d be inserted so that th %?‘f@ﬁﬁ@%ﬁﬁ}ﬂ
the angle e set of fibers (i.e., in plug 12) jconpl enents
the orientdatibn of a l ed end faces of the other set of fi e3 MR 1897
in receptacle 14). Final assenbly of plug 12 conprises thelsitnple.steps of

fully inserting the prepared fibers into bpges 46, and hol |ng themin
pl ace while an epoxy resin or other

5. A plug for terminating an opt1ca1 flber,
comprising:

a plug body having a surface with at least one
fiber-receiving groove; and i

5 . a plug core having means for securing the fiber

to said plug core, said plug core being hingedly attached
to said plug body and movable between an operative
position and an exposed position.

6. The plug of Claim 5 wherein said plug core

10 has:

at least one bore extending therethrough for
receiving the fiber; and

at least one hole in fluid communication with
said bore.

15 7. The plug of Claim 5 wherein said plug body
provides a clearance space adjacent said fiber-receiving
groove.

8. A pre~terminated fiber optic cable utilizing
the plug of Claim 6 wherein:

20 " said bore receives said fiber; and

when said plug core is in said operative
position, said fiber exits said bore at an oblique angle
with respect to said groove of said plug body.
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SUItab ected into holes 48. The ends of tfe~fibers—stou-d

“term n ”ﬂm’"m"m %di ate section of grooves 36, i.e., ﬁﬁé‘yn{s’ff%‘d‘f’ﬂﬁﬁbﬂ

extend afl ¥ he way $0 €dge 38. Conpletion of receptacle 14fig~omty-stightthy |

nore conplicated. The fibers 76 are placed in guide body 30 Ipmgpmmt@&?

smal | quantity of adhesive, and guide cover 32 is slowy | mEreﬂ into ] p aq
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as the craftsperson ensures that the fiberg-are aligned w
channels 82. Plate 24 and spring 226 are posi -

9. An article for terminating an op:fcat*fiberr**““”J

comprising:

a body having a surface, said surface having at
least one fiber-receiving groove therein; and
5 means for attaching the fiber to the body, said
attaching means directing the fiber toward said groove at
an oblique angle.
10. The article of Claim 9 comprising a pre-
terminated plug wherein:
10 said attaching means comprises a core member
having means for securing the fiber to said core member;
and .
said core member is hingedly attached to said
body and movable between an operative position wherein
15 said fiber lies in said groove, and an exposed position
wherein said fiber is displaced from said groove.
11. The article of Claim 9 comprising a pre-
terminated receptacle wherein:
said body has an interior, an opening to said
20 interior, and a plate member slidably mounted to said
interior of said body, said plate member having said
surface with said fiber-receiving groove; and
said attaching means comprises a guide member
having means for securing the fiber to said guide member,
25 said guide member being attached to said body such that

said fiber is directed toward said groove in said plate
member.
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12. A receptacle for receiving the terminal
portion of an optical fiber, comprising:

a housing having an interior and an opening to
said interior;

5 2 plate member slidably mounted to said
interior of said housing, said plate member having at
‘least one fiber-receiving groove;

means for biasing said plate member toward said
opening of said housing; and

10 means for attaching the optical fiber to said
housing whereby the terminal portion of said fiber may be
received in said groove.

13. The receptacle of Claim 12 wherein said
plate member slides in a direction generally parallel

15 with said fiber-receiving groove. .

14. The receptacle of Claim 12 wherein said
housing interior has attached thereto a light stop member
which is interposed between said groove of said plate
member and said opening of said housing.

20 15. A pre-terminated fiber optic cable
utilizing the receptacle of Claim 12, wherein said
attaching means directs the terminal portion of the fiber
toward said plate member at an oblique angle with respect
to said fiber-receiving groove, thereby causing said

25 fiber to bend.

16. The pre-terminated fiber optic cable of
Claim 15, wherein:

said plaée'member has a ledge;

said groove in said plate member has an end

30 adjacent said ledge; and

the terminal end of the fzber extends beyond
said ledge.
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cont act -wi-t-h--t-he-respective grooves 74. Once guide 28 is attaCheu'LU

‘housing 2 ﬂlmum I“IﬂMEre properly located in grooves 74, tHowstiigil SHEET |
22 may be “ﬂl e on housing 20. Installation of! cpnmettor-to—ig

equal |y effortdeds. "Re® ceptacle 14 is nounted to the desir d: sunf age {3
any conveni ent nmeans. Tenons or bosses 88 on receptacle housing ZO may be

used for nmounting, simlar to those on a’é@nventlonal RJ45 pl GG~ Tartrough
pl ug 12_and 17. A pre-terminated fiber optlc cab¥e==

comprising:
at least one optical fiber having a terminal
end;
5 a receptacle housing having an interior and an
opening to said interior;
means for attaching said optical fiber to said
housing;
means for aligning said terminal end of said
10 optical fiber toward said opening, said alignment means
being movable between an extended position proximate said
opening and a retracted position distant from saiad
opening; and
a light stop member attached to said interior
15 of said receptacle housing, interposed between said
opening thereof and said terminal end of said optical
fiber when said aligning means is in said extended
position.
18. The pre-terminated fiber optic cable of
20 Claim 17 wherein said aligning means comprises a plate
member slidably mounted to said interior of said housing,
said plate member having at least one fiber-receiving
groove and said optical fiber being located in said
groove when said plate member is in said extended
25 position, and further comprising:
means for biasing said plate member toward said
opening of said housing. ,
19. The pfe-terminated fiber optic cable of
Claim 17 wherein, when said aligning means moves from
30 said extend position to said retracted position, said end
of said optical fiber moves with respect to said light
stop member.
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recept acl-e-14-are_preferahly not conpatible with the RJ45 stardar
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elimnate q ' ifan) . Cther constructions could be fofded into |
housi ng 20 Hﬂm "ﬂm MFH ng. Several receptacles could fl $ofli MR A

in a single nodule Im & manner simlar to that shown in U S | Pali...No.
4,290,664. After receptacle 14 is nmounted, the connection isjconpleted by
sinmply insert- ing plug 12 into opening &4holug 12 is rel easably.se-.cured....
to receptacle 14 by a latch or clip 90 which

20. A modular optical fiber connector

comprising:
first and second optical fibers, each having a
terminal end;
5 a plug member having
a surface with a first fiber-receiving
groove, and
first means locating said terminal end of
said first optical fiber in said first groove;
10 a receptacle having
a housing,
a plate member, inside .said housing, with
a second fiber-receiving groove,
an opening in said housing to allow
15 ) insertion of said plug member proximate
said plate member, and -
second means locating said terminal end of
'said second optical fiber in said second
groove; and
20 - at least one of said first and second optical
fibers being loosely supported in its corresponding
groove.
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catches on lug 92, again, simlar to an RJ45 jack. Prior to PﬁSEﬁJﬁiﬂkﬁﬁgmii '
« plug-14,..the. craftsperson shoul d i nspect and cl ean grooves 3@ m+u Zm

wel | itioned therein. This is facilitated 3&
pl ug 3ﬂllmmﬂuﬂ mﬂmgposed position. FIG 2A depicts partija ser‘h gﬂ)f
the plug, ¢ B depicts full insertion. In FIG 2A w&he~%¢44;441
Its rel axed, extended position since the front edge 38 of gurface 34 has

not yet contacted plate 24. As plug 12 ig$21-

21. A fiber optic connector comprising:
first and second optical fibers, each having a
terminal end, and at least one of said ends having a
periphery which is at least partially beveled;
5 plug means for securing said first optical
fiber;
receptacle means for securing said second
optical fiber, and for receiving said plug means;
means for aligning said terminal end of said
10 first optical fiber with said terminal end of said second
optical fiber; and
means for mgintaining a continuous compressive
load between said terminal ends.
22. The fiber optic connector of Claim 21
15 wherein said continuous compressive load between said
terminal ends is provided by elastic deformation of at
least one of said optical fibers.
23. The fiber optic connector of Claim 21
wherein said aligning means includes a plate member
20 having fiber-receiving grooves therein.
24. The fiber optic connector of Claim 21
wherein said partially beveled end has a flat central
region.

This Sheet Has B
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inserted, edge 38 forcibly contacts and pushes plate 24 to

‘position shown in FIG 2B. As plate 24 retracts, the ternfh?!;ﬁgﬁ?;:@f:”“““”
W ggiipatiti o

fibers 76 acquire linted freedomof novenent and flex unde
resilient stress toward the apex of grooves 36, eventual |y
ends of the fibers held by plug 12. Al4aforce at the fiberf-
I nterface cones fromthe resilience (elastic deformation) jo
76 which nain- tains a continuous conpressive | oad betweer

MODULAR MULTIFIBER CONNECTOR

the retracted

SHEET
abut; ting the
tjo-§ KbEAY 1897
fl bowed fi bers
t he ends.

Abstract of the Disclosure

A modular, multifiber connector comprising a
plug and a receptacle whose outward appearance and
installation is similar to a convention RJ45 jack for

5 copper conductors. The plug includes a body having a

surface with several fiber-receiving grooves,

and the

plug fibers terminate along an intermediate section of
the grooves. The receptacle includes a housing having an
opening, and a plate which is slidably mounted inside the
10 housing. The plate is biased toward the opening and has
several more fiber-receiving grooves. The receptacle

fibers approach the plate at an obligque angle

causing

them to bend as they contact the grooves of the plate.
When the plug is inserted into the opening, its forward
15 end contacts the plate and pushes it back. As the plate

retracts, the terminal portions of the fibers

in the

receptaéle (which are not secured to the plate) become
free to flex, and position themselves in the correspond-
ing grooves of the plug. Since the receptacle fibers are

20 still bent, they are positively biased toward

the plug

fibers and move into forcible abutment with the terminal
ends of the plug fibers. The connector advantageously
incorporates V-groove technology intc a multifiber format
without requiring clamping of the terminal portions of

25 the fibers.

FIGURE 2A
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It wll be appreciated that,
“termnal portions of the fibers (of both
are | oosely supported and ny nove transversely within grHoyve

they are not clanped or otherwi se fixed to any surface. Héf
-1 - {

unli ke any prior art fiber connector, the
-10 - the plug and receptacle)
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are, however, biased toward the apex of grooves 36. Fibers 76 of receptacle
14 are naturally so biased due to the oblique angle of approach to the
grooves, while the fibers held by plug 14 are simlarly biased due to the
slight exit angle frombores 46 as nentioned above. This hetps—easur.e.lnal,
the fibers do not slip or buckle. OQher jeatures of connegtier’LADEMEYT Berr 1
understood with reference to FIG 3, which is an enl arged dFt*a’r“«st ' 'T
view of FIG 2A. FIG 3 depicts how the end 5 12 1299 1897
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94 of fiber 76 rests beyond a | edge 96 formed at the front end 98 of pl ate
24. By locating fiber 76 in this manner, end 94 does not scrape agai nst

groove 74 as plate 24 is retracted, thus avoiding contanlnatogl _
end which might occur if dust or other debris had col | egt ed:;j "§:§“gUV§‘
In the preferred enbodi nent, |edge 96 is.recessed fron1froangﬂg;Q?

allow for light stop 100 (dlscussed bel o) “whi ch woul d dt'h
abut end 94 and possibly danmage it if fiber 76 extendedjbg-

f the fiber

er\ se forcipty
13 MAR QQ?EY

Fig, 2A -
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yénd end 98. Those skilled in the art wll appreciate, however, that |edge
96 need not be recessed, ie., it could coincide with end 98, and fiber end

94 coul d extend beyond front end 98 if light stop 100 were
will also be appreciated that the apex of groove 74 is tra

di spl aced with respect to groove 36 to_epsure that fiber 7
itself into groove 36 as plate 24 is retracted, i.e., end
will not get stuck on front end 38 of surface 34.

b
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Tez moved:..
hsversely:
jentty-towers-.,

of 3 by
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FIG 3 also illustrates how a block is forned against the interior wall of
housing 20 to forma |ight stop 100, which is directly in front of end 94
of fiber 76.when plate 24 is in its extended position. T%e l.s..an_added
safety feature since it prevents light fromescaping fro @ o _
i f someone views the interior of hous- Jjnrg _20 through opén@m@‘ﬁ wﬁg ﬁ[mfs
there is an active signal on the fibers, that person wilf not be exposed D
| aser . | ight emanating fromthe fibers. Stop 100 need not [bg¢ |3 MAR 1937

Fig. 3
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éorrpl etely opaque, but it is preferably not conpletely transparenfikCTiE 2" %"
di nensi ons of the various conponents of con- nector 10 may vary
consi derably dependi ng upon the desired application. The foll ow ng

approxi mate di men- sions are considered exenplary. Plug body l%é@gﬁﬁcgﬂf_—m SHEET
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MODULAR MULTIFIBER CONNECTOR WITH
PHONE-LIXKE PLUG AND SOCKET

BACKGROUND OF THE INVENTION

1. Field of the Invendon

The present invention generally relates to devices for
interconnecting telecommunications lines, and more
particularly to a modular connector for a plurality of
optcal fibers.

2. Description of the Prior Art

In the last few years, optical fibers have replaced
copper wire as the preferred medium for carrying tele-
communications signals. As with copper wire, it is nec-
essary to provide for the interconnection of optical
fibers, during installation, repair or replacement of the
fibers. There are generally 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. Many fiber
optic splices employ plate elements having fiber-receiv-
ing V-shaped grooves, with means for clamping the
terminal ends of a pair of fibers in a common groove.
Some of these devices are designed to interconnect a
plurality of pairs of fibers. See, e.g., U.S. Pat. No.
5,151,964. The term “connector,” in contrast, usually
refers to a device which may be engaged and disen-
gaged repeatedly, often with a different plug or recepta-
cle. The present invention is directed to such a device,
although the term “connector” should not be construed
in a limiting sense since the present invention may inher-
ently provide a2 permanent, as well as temporary con-
nection.

There are two primary types of commercially avail-
able fiber optic connectors, namely, ferrule connectors
and biconic connectors. Ferrule connectors use a fer-
rule plug, typically ceramic, having a central bore
which receives a single optical fiber. Biconic connec-
tors use a plug in the shape of a truncated cone. Both
connectors usually combine a pair of plugs fitting into a
common socket or receptacle to provide a completed
connection. The prior art also includes hybrid ferrule
connector/splices, such as those shown i U.S. Pat.
Nos. 4,986,626 and 5,159,655.



- 11 - overall length of 30 mMmm a width of 13 nm and a thijcBErnessaalr SHEET |
mm Plug core 18 has a length of 16 mm a width of 9 nm and g-thickness a
6.5 mMm V-grooves 36 are 12 mm | ong and have a maxi num deptfh
sui tably acconmodat es nost conventional opti- cal fibers. Thef i
angl e of the V-grooves should not be-t®c- narrow since this |mght=result—inal

excess fric- tion with the fibers, but it also should not lie too wi de

One area which has not been adequately addressed by
the prior art, however, is the interconnection of a plu-
rality of fiber optic pairs in 2 manner which provides for
quick disconnection and reconnection. Since the plugs
of ferrule and biconic connectors receive only a single
fiber, 2 relatively large bank of such connectors must be
provided to interconnect several fiber pairs. Alterna-
tively, two or more plugs may be ganged together, e.g.,
in a duplex comnector, as shown in U.S. Pat. No.
5,101,463. One drawback with these multifiber connec-
tors is the poor interconmection densities that are
achieved. While some ferrule designs have densites
around 2 connections per square centimeter, this may be
compared to densities of 4 connections Oor more per
square centimeter in some copper connectors, such as
an RJ45 connector. Some non-ferrule designs provide
slightly improved densities, such as that described in
U.S. Pat. No. 4,045,121, but that connector has far t00
many parts and is not easily installed. The *121 ceonnec-
tor may also be contrasted with the RJ45 copper con-
nector which possesses the desired characteristics of
ease of installation, simplicity of use and quick discon-
nection.

Another problem in multfiber connectors is align-
ment of the interconnected fiber rair. For example, in
the connector depicted in European Patent Application
No. 514,722 (commonly referred to as an “MT" connec-
tor), pins are used to align the connector parts, but it is
still difficult (i.e., expensive) to provide the strict toler-
ances required for high performance optical connec-
tions. Consequently, this connector exhibits reladvely
low performance. Other techniques have been used to
improve alignment, such as the V-grooves shown in the
'964 splice, but unfortunately, these techniques have not
been suitably adapted for use in a disengageable connec-
tor. Furthermore, the MT connector is designed for
pretermination of the fibers at the factory, ie., it is very
tedious to field install. It would. therefore, be desirable
to devise a fiber optic connector which provides for the
quick disconnection and reconnecton of a plurality of
optical fiber pairs, and which is simple to install and use.
It would also be advantageous for the connector to
have a reduced part count, exhibit an improved inter-
connection density, and provide precise alignment for
enhanced performance.



since this would not keep the fibers guided properly. A
angle is believed to be a good conprom se. Qui de 28 of .
rnm x 10 M x 5 mm The front face of receptacle 14 (with spenlnié?gJ
nm X 16 mm Its overall height and depth are 28 nm and g1 mh S B %4
I5mMmx 6 M X 3.5 mm and its extensikors 58 add anot hef 4&=mn.of. . wi. dth
Grooves 74 are 1.5 nmw de. Besides providing for quick and easy connectiljon

and SUMMARY OF THE INVENTION ™

The present invention providss a modular multifiber
connector generally comprising 2 plug which is releas-
ably mateabie with a receptacle, the plug and receptacle
each designed to receive the terminal ends of a piurality
of optical fibers in side-by-side relationship. The plug
has a body with 2 fiber-supporting surface having fiber-
receiving grooves, and a plurality of fibers are secured
to the plug with their ends terminating at an intermedi-
ate section of the grooves. The receptacle has an open-
ing for receiving the plug, and includes a fiber-align-
ment plate which is slidably mounted within the recep-
tacle housing and biased toward the opening, in an
extended position. The plate also has fiber-receiving
grooves extending to a forward edge, and another plu-
rality of fibers are secured to the receptacle with their
terminal ends extending beyond the forward edge,
when the plate is in the extended position. The fibers are
positioned at an angle with respect to the plate such that
they bend under stress near their terminal portions.

As the plug is inserted into the receptacle, the
grooves in the plug become aligned with the overhang-
ing ends of the fibers terminating in the receptacle.
When the plug is inserted further, its forward end
pushes the sliding plate to a retracted position, allowing

the bent fibers to relax slightly and lay down in the
grooves of the plug. Once the plug is fully inserted, the
terminal ends of the receptacle’s fibers are in positive
abutment with the ends of the plug’s fibers, at the inter-

 mediate section of the grooves in the plug’s fiber-sup-
porting surface. The connector may be quickly engaged
and disengaged, and is easy to install. The fibers may
further be secured to the plug body by a plug core
which is hingedly attached to the body in such a manner
that the fibers may be removed from the grooves (¢.g.,
for cleaning) by flipping the core from its Opctatxve
positon to an exposed position.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention wil! best be understood by reference to
the accompanying drawings, wherein:

FIGS. 1A and 1B are exploded top and bottom per-
spective views, respectively, of the moduiar multifiber
connector of the present invention;

o Ot




di sconnecti on, connector 10 has several other advan- tages.
mentioned, it may easily be pre-ter- mnated in the field as
factory. Even if the fibers 76 in receptacle 14 do not term
the desired position shown in FIG 3 (or if the fibers each
slightly different positions) there wl4 =still be full fiber
contact in the conpleted connec- tion since the resilient st
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ress or thne

bent fibers 76 pro- vides a positive abutnment force; in othgr words, the

FIGS. 2A and 2B are cross-sectional views illustrat-
ing insertion of the plug of the present invention into the
receptacle; and _

FIG. 3 is an enlarged detail sectional view of FIG.
2A illustraung the light-shutoff feature and the over-
hanging fiber ends in the receptacle of the present in-
venton.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference now to the figures, and in particular
with reference to FIGS. 1A and 1B, there is depicted
the modular multifiber connector 10 of the present in-
vention. Connector 10 is generally comprised of a plug
12 and a socket or receptacle 14. In the preferred em-
bodiment, plug 12 includes a plug body 16 and plug
core 18, while receptacle 14 inciudes a body or housing
20, a cover 22, a fiber-alignment plate 24, a spring 26,
and a fiber guide 28 consisting of a guide body 30 and a
guide cover 32. All of the components of connector 10
(except spring 26) may be formed of any durable mate-
rial, preferably an injection moldable polymer such as
polycarbonate or RADEL (a polyarylsulfone sold by
Amoco). The material may include conductive fillers to
render the components semiconductive in order to min-

- imize triboelectric charging which can induce fiber end

contamination.

Plug body 16 has a fiber-supporting surface 34 with a
plurality of fiber-receiving grooves 36 therein. One set
of fibers to be interconnected are secured to body 16 in
any convenient manner and, as best seen in FIG.2A, the
length of the terminal portions of the fibers are sized
whereby the ends terminate at an intermediate section
of the grooves. While it is necessary to ensure that body
16 provide a clearance space proximate grooves 36 (to
accommodate the placement of the fibers from the re-
ceptacle), it is not necessary that the ends of the plug
fibers be located at the exact center of grooves 36, but
merely that the fibers be recessed so they do not extend
to the forwardmost edge 38 of surface 34. This con-
struction results in the fiber-to-fiber interface forming in
the intermediate section of grooves 36 as discussed
further below, and it also minimizes damage to or con-
tamination of the fiber ends. Nonetheless, if the fibers do




tolerance in the relative positions of a fiber pair is easg
in receptacle fibers 76. Plug 14 is also inher- ently pull -
this biasing of the receptacle fibers. Tolerances are al so
the transverse position of a given fiber pair since V-grooy
align the fibers and the fibers are bised toward the apex
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t hat the fibers to 2 cleaning position. Specifically, in the

preferred embodiment the fivers ars secured by plug
core 18 which is hingedly attached to body 16. Core 18
may be moved from its operative position (generally
parallel with surface 34) where the fibers lie in grooves
36, to an exposed position (generally perpendicular to
surface 34) where the fibers extend away from surface
36. In this position, the fiber ends may easily be cleaned,
e.g., by applying a tape having pressure-sensitive adhe-
sive to the fiber ends. The hinged attachment may be
formed by molding pins or trunnions 40 on the sides of
core 18 which mate with holes 42 in the distal ends of

- arms 44 of body 16.

Core 18 is provided with 2 plurality of bores 46 for
receiving the fibers. Another set of holes 48 in fluid
communication with bores 46 may be used to inject an
adhesive (epoxy resin) into bores 46 to firmly secure the
fibers within the bores. The diameter of each bore 46
decreases just beyond holes 48 to accommodate the
stripped terminal portion of the fibers. Means may be
provided to releasably secure core 18 in its operative
position; for example, a spline or rail 52 may be formed
in core 18 for frictional engagement with a notch 50 n
body 16, providing a snap-fit. A3 shown tn FIGS. 2A
and 2B, when core 18 is in the operative positon. the
fibers preferably exit bores 46 at a slight angle, thereby
biasing the fiber ends towards the apex of the grooves.
The grooves are preferably V-shaped and slightly con-
cave,

Housing 20 of receptacle 14 has an opening 54 whose
size and shape generally corresponds to that of the distal
end of plug 12. Alignment plate 24 is mounted to the
interior of housing 20 such that it may slide toward and
away from opening 54; mounting may be accomplished
by forming tracks 56 in the inner walls of housing 20,
the tracks receiving the sides of plate 24. These sides
have extensions 58 designed to limit the forward motion
of plate 24 (toward opening 54). In the preferred em-
bodiment, plate 24 is biased toward opening 54 by
spring 26 having two tnes 60 which fit in slots 62 of
plate 24. As seen in FIGS. 2A and 2B, the central hair-
pin 64 of spring 26 is secured by a boss 66 formed along
the interior of housing 20. Cover 22 serves to retain
plate 24 and spring 26 within housing 20, and to protect
the interior from airborne contaminants. A stop 68 is



the walls be smooth and the groove angle be well-de- fined) w nd t.his

Al so, since receptacle fibers 76 enter housing 20 at an obl
to 90[err]), it requires very little depth for nounting. I\/be ﬁvcfr IT@?
nount i ng net hods are conpati ble wth Bhese of RJ45 jacks. F “tﬁm

reduced part count and the fact that all parts (except spri )we&n——be--——-

i nj ection nol ded formedi dnithe inzide waly of coves 2 wolindr trsert

of plug 12. Cover 22 is releasably attached to housing
by any convement means, such as latch lugs 70 wiich
engage the clips formed on the sides of cover 22 by slots
72.

Plate 24 also has a plurality of fiber-receiving grooves
74, usually the same number of grooves that are on
support surface 34. The shape of these grooves are not
as Critical as that of grooves 36, and are presently U-
shaped. The fibers 76 which are to be pre-terminated in
receptacle 14 are directed toward plate 24 by fiber
guide 28. The body 30 of guide 28 has a plurality of
entrance notches 78 and a plurality of exit notches 80
which accommodate and align the fibers. Notches 78
are design to receive the jacketed portion of the fibers
and so are larger than notches 80 which receive the
terminal portions of the fibers which have been stripped
of the jacketing material. Cover 32 of fiber guide 28 has
along its inner surface 2 plurality of fiber channels 82
having two sections; the channel sections closest to
notches 78 are wider than the channel sections closest to
notches 80, again due to the stripping of the fiber jacket.
The transition from jacketed to unjacketed fiber in
guide 28 may be used to ensure that the fibers are
stripped and cleaved at an appropriate length, as dis-
cussed further below. Guide cover 32 may be attached
to guide body 30 with an adhesive, which also serves to
more securely hold fibers 76 in place.

Guide 28 may be attached to housing 20 several dif-
ferent ways; in the present embodiment, guide body 30
has a pair of integrally formed flanges or wings 84
which fit into slots 86 along the inner wall of housing 20
to form tongue-and-groove joints. Slots 86 are oriented
with respect to tracks 56, and wings 84 are oriented
with respect to body 30, whereby fibers 76 exiting guide
28 will be directed toward plate 24 at an oblique angle.
In other words, the terminal portions of fibers 76 are not
parallel with plate 24 or grooves 74. As noted below,
this causes fibers 76 to bend or bow as they approach
plate 24, which biases the fibers due to their resilience.
A boss formed at the inside lower portion of housing
cover 22 securely holds wings 84 in slots 86.

Assembly and installation of connector 10 is straight-
forward. Plug 12 is typically assembled in the factory,
although it may easily be assembled in the field. In this
regard, the term “pre-terminated™ as used herein simply
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refers to the attachment of optical fibers to plug 12 or
receptacle 14 regardless of whether such artachment
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 with any kind of optical.
connector at the other end of the fibers. It is recom-
mended 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 present inven-
tion). Those fibers have a conventional core and clad-
ding which is surrounded by 2 novel three-layer con-
struction. The innermost of these layers is constructed
of a hard material (shore D hardness of 65 or more) and
may be composed of any mixture of epoxy novolac,
bisphenyl-a diglycidyl ether resin, and epoxy polysilox-
ane. The middle layer is softer, having a modulus in the
range of 0.5-20 megapascals, and may be composed of
acyrlated urethanes. The outermost layer has a modulus
of 500-2500 megapascals and may also be composed of
acyrlated urethanes. Those skilled in the art will also
appreciate that the connector of the present invention
can easily accommodate discrete optical fibers or multi- -
fiber ribbons.

Fibers which are to be pre-terminated to either plug
12 or receptacle 14 must be stripped, cleaved and
cleaned. If the fibers are in the form of a ribbon which
is part of a bundled group of ribbons in a cable, then a
portuon of the cable jacket must first be cut back to
reveal the ribbons. Most cables have several protective
layers, e.g., the ribbons are first surrounded by 2 ther-
mal wrap, then an inner sheath, then 2 polyester tape
layer, followed by an outer sheath, with one or more
intervening layers of swength members (i.e., aramid
fibers). Each of these layers must be removed to pro-
vide access to the fiber ribbons. Similar steps must be
taken to remove the protective layers of a cable having
a single discrete fiber. If a plurality of discrete fibers are
to be interconnected, the craftsperson may optionally
join the discrete fibers in a ribbon format, such as by
using the FIBRLOK 2670 multifiber ribbon construc-
tion tool sold by 3M (FIBRLOX is a trademark of 3M).

After the fibers have been removed from the protec-
tive 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
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is the distance from the front end of plug core 18 to the
intermediate section of grooves 36 which, in the pre-
ferred embodiment, is about 6 mm. For attachment of
fibers to receptacle 14, the cleave length is the arcuate
distance from the forward end of guide 28 to the front
end of plate 24 which, in the preferred embodiment, is
about 22 mm. Stripping may be simplified by using the
multi-fiber stripping tool shown in U.S. Pat No.
4,850,108. This tool strips away the bonding material of
.the_n_bbon as well as the buffer coatings on each of the
individual fibers. Any debris should be cleaned off the
fibers using a lint-free cloth. Prior to removing the
fibers from the cleaver, the craftsperson may inspect the
fibers to confirm that the end faces on all fibers are
acceptable, ie., that they are smooth cleaves with no
spikes. The fiber viewer disclosed in U.S. Pat. No.
5,210,647 may be used for this purpose. Once the
craftsperson 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 flat with a chamfered or beveled periphery (or

at least partially beveled) to obtain the advantages asso-
ciated with such a fiber end profile, as discussed more
thoroughly in U.S. patent applicaton Ser. Nos.
08/122,123 pending and 08/122,755 pending, filed con-
currently with this application on Sep. 16, 1993. The
fibers may optonally be cleaved so as to impart an
angled end face, as taught in U.S. Pat. No. 5,048,908. In
order to minimize insertion losses, 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 other set of
fibers (i.e., in receptacie 14). l

Final assembly of plug 12 comprises the simple steps
of fully inserting the prepared fibers into bores 46, and
holding them in place while an epoxy resin or other
suitable adhesive is injected into holes 48. The ends of
the fibers should terminate at the intermediate section of
grooves 36, i.e., they should not extend ail the way to
edge 38. Completion of receptacle 14 is only slightly
more complicated. The fibers 76 are placed in guide
body 30 along with a small quantity of adhesive, and
guide cover 32 is slowly lowered into piace as the
craftsperson ensures that the fibers are aligned with the
respective channels 82. Plate 24 and spring 26 are posi-



tor could also conmbine the present invention with elec- tri
by using the copper contacts of an RJ45 connector. In eithdg
foregoi ng nodifica- tions, the plug and/or receptacle coul
chanically polarized) for the specific connection config-
receptacle 14 could house stub fibersghaving correspondi ng
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simlar to the design shown in U S. Pat. No. 4,986,626. It
contenpl ated that such nodifications_ can be made
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_is therefore

tioned in housing 20 (this step may be performed at the
factory). Guide 28 is then attached to receptacle hous-
ing 20 by sliding wings 84 into slots 86; prior to and
during this step, however, the craftsperson should take
care to keep the ends of fibers 76 under plate 24, in
contact with the respective grooves 74. Once guide 28
is attached to housing 20, and fibers 76 are propexly
located in grooves 74, housing cover 22 may be snapped
into place on housing 20.

Installation of connector 10 is equally effortless. Re-
ceptacle 14 is mounted to the desired surface by any
convenient means. Tenons or bosses 88 on receptacle
housing 20 may be used for mounting, similar to those
on a conventional RJ45 plug (although plug 12 and
receptacle 14 are preferably not compatible with the
RJ45 standard to eliminate possible confusion). Other
constructions could be molded into housing 20 for cus-
tom mounting. Several receptacies couid also be
mounted in a single module in 2 manner similar to that
shown in U.S. Pat. No. 4,290,664. After receptacie 14 is
mounted, the connection is complered by simply insert-
ing plug 12 into opening 54. Plug 12 is releasably se-
cured to receptacle 14 by a latch or clip 90 which
catches on lug 92, again, similar to an RJ43 jack. Prior
to insertion of plug 14, the craftsperson should inspect
and clean grooves 36 of plug 14 as well as the fibers
positoned therein. This is facilitated by swiveling plug
core 18 to its exposed posmon

FIG. 2A depicts partial insertion of the plug, whlle
F1G. 2B depicts full insertion. In FIG. 2A, plats 24 is in
its relaxed, extended position since the front edge 38 of
surface 34 has not yet contacted plate 24. As plug 12 is
inserted, edge 38 forcibly contacts and pushes plate 24
to the retracted position shown in FIG. 2B. As plate 24
retracts, the terminal ends of fibers 76 acquire limited
freedom of movement and flex under their resilient
stress toward the apex of grooves 36, eventually abut-
ting the ends of the fibers held by plug 12. All force at
the fiber-to-fiber interface comes from the resilience
(elastic deformation) of bowed fibers 76 which main-
tains a continuous compressive load between the ends.
It will be appreciated that, unlike any prior art fiber
connector, the terminal portions of the fibers (of both



Wit hout departing fromthe spirit or scope of the present invention.as

defined in the appended cl ai ns. -13- 1. A pre-term nateq fipesf gam;TCShEET
cabl e conprising at | east one optical fiber having a term nal -ead f ~pliig
body having a surface with at |east one fiber-
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the plug and receptacle) are loosely supported and may
move transversely within grooves 36, i.e.. they are not
clamped or otherwise fixeqa to any surface. The fibers
are, however, biased toward the apex of grooves 36.
Fibers 76 of receptacle 14 are naturally so biased due to
the oblique angle of approach to the grooves, while the
fibers held by plug 14 are similarly biased due to the
slight exit angle from bores 46 as mentioned above. This
belps ensure that the fibers do not slip or buckle.
Other features of connector 10 may be understood
with reference to FIG. 3, which is an enlarged detail
sectional view of FIG. 2A. FIG. 3 depicts how the end
94 of fiber 76 rests beyond a ledge 96 formed at the front
end 98 of plate 24. By locating fiber 76 in this manner,
end 94 does notscrapeagamstgrooveﬁasplateuxs
retracted, thus avoiding contamination of the fiber end
which might occur if dust or other debris had collected
in the groove. In the preferred embodiment, ledge 96 is
recessed from front end 98 to allow for light stop 100
(discussed below) which would otherwise forcibly abut
end 94 and possibly damage it if fiber 76 extended be-
yond end 98. Those skilled in the art will apprecmc.
however, that ledge 96 need not be recessed, ie., it

could coincide with end 98, and fiber end 94 could -

extend beyond front end 98 if light stop 100 were re-
moved. It will also be appreciated that the apex of
groove 74 is transversely displaced with respect to
groove 36 to ensure that fiber 76 gently lowers itself
into groove 36 as plate 24 is retracted, i.c., end 94 of
fiber 76 will not get stuck on front end 38 of surface 34.

FIG. 3 also illustrates how a block is formed against
the interior wall of housing 20 to form a light stop 100,
which is directly in front of end 94 of fiber 76 .when
plate 24 is in its extended position. This is an added
safety feature since it prevents light from escaping from
housing 20; thus, if someone views the interior of hous-
ing 20 through opening 54 while there is an active signal
on the fibers, that person will not be exposed to laser
light emanating from the fibers. Stop 100 need not be
completely opaque, but it is preferably not compietely
transparent.

The dimensions of the various components of con-
nector 10 may vary considerably depending upon the
desired application. The following approximate dimen-
sions are considered exemplary. Plug body 16 has an




recei ving groove,
termnal end of said fiber being positioned in said interned
sai d groove, said body being adapted to mate with an externa
and neans for attaching a portion of said optical fiber to s
2. The pre-term nated fiber optic cabli@ga &f claim1l wherein sh
provi des a cl earance space

said groove having an internedi- ate sectig

overall length of 30 mm, a width of 13 mm, and a thick-
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ness of 6.5 mm. Plug core 18 has a length of 16 mm, a
width of 9 mm, and a thickness of 6.5 mm. V-grooves 36
are 12 mm long and have a maximum depth of 2 mm
which suitably accommodates most conventional opti-
cal fibers. The interior angle of the V-grooves should
not be 100 narrow since this might result in excess fric-
tion 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 believed to be a good compromise.

Guide 28 of receptacle 14 is 25 mm X 10 mm X5 mm.
The front face of receptacie 14 (with opening 34) is 18

- mmX 16 mm. Its overall height and depth are 28 mm

and 31 mm. Plate 24 is 15 mm X 6 mm X 3.5 mm, and its
extensions 58 add another 4 mm of width. Grooves 74
are 1.5 mm wide. _

Besides providing for quick and easy connection and
disconnection, connector 10 has several other advan-
tages. As previously mentioned, it may easily be pre-ter-
minated in the field as well as the factory. Even if the
fibers 76 in receptacle 14 do not terminate at exactly the
desired position shown in FIG. 3 (or if the fibers each
terminate at slightly different positions) there will still
be full fiber-to-fiber contact in the completed connec-
ton since the resilient stress of the bent fibers 76 pro-
vides a positive abutment force; in other words, the
tolerance in the relative positons of a fiber pair is eased
by the slack in receptacle fibers 76. Plug 14 is also inher-
ently pull-proof due to this biasing of the receptacie
fibers., Tolerances are 2lso not cridcal in the transverse
position of a given fiber pair since V-grooves 36 serve
to align the fibers and the fibers are biased toward the
apex of the grooves. In this regard, it may be noted that
the only significant guideline in the manufacture of the
components is the surface finish of grooves 36 (i.e., that
the walls be smooth and the groove angle be well-de-
fined), and this finish is easy to fabricate using standard
injection molding techniques. Also, since receptacle
fibers 76 enter housing 20 at an oblique angle (up to
9Q0°), it requires very little depth for mountng. More-
over, the mounting methods are compatible with those
of RJ45 jacks. Finally, the reduced part count and the
fact that all parts (except spring 26) can be injection
molded contribute to a very low cost connector. Sev-




édj acent said fiber-receiving groove proxi mte said internedi ate section

t her eof .

3. The pre-termnated fiber optic cable of clai nFtegteret
attachi ng neans conprises a core nenber hav- ing neans forgﬁé%ﬁiﬁﬂQW%gﬁggr
fiber to said core nem ber; and said core nenber is hinggd

said plug body and novabl e between anigperative position

Jdattached t
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eral of these advantages relate to the fact that the pres-
ect invention provides for interconnection of the fibers
without the necessity of clamping the terminal portions
of the fibers.

Although the invention has been described with ref-
erence to specific embodiments, this description is not
meant toO be construed in a limiting sense. Various modi-
ficarions of the disciosed embodiment, as well as alter-
native embodiments of the inveation, will become ap-
parent to persons skilled in the art upon reference to the
description of the invention. For example, although
only two fibers pairs are shown connected in the fig-
ures, connector 10 could accommodate practically any
aumber of fibers {or just a single pair). A hybrid connec-
tor could also combine the present invention with elec-
trical connections by using the copper contacts of an
RJ45 connector. In either of the foregoing modifica-
tions, the plug and/or receptacle could be keyed (me-
chanically polarized) for the specific connection config-
uration. Finally, receptacle 14 could house stub fibers
having corresponding splice elements similar to the
design shown in U.S. Pat. No. 4,986,626. 1t is therefore
contemplated that such modifications can be made
without departing from the spirit or scope of the present
invention as defined in the appended claims.




"wherei.n_said fiber lies in said groove, and an ex- posed position wherein

sai d f| D mmﬁﬂfe iﬂ fromsaid groove. 4. The pre-termnated fiber optic
-cabl e : said core nmenber has at |east [ ), t g
theret m receiving said fiber; and when gﬁc’%f@ﬁ%égﬁ?

in said operative position, said fLbgg exits said bore N obl 1 que ?nxlé
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1. A pre-terminated fiber optic cable comprising-{

at least one optical fiber having a terminal end;

a plug body having a surface with at least one fiber-
receiving groove, said groove having an intermedi-
ate section, and said terminal end of said fiber being
positioned in said intermediate section of said
groove, said body being adapted to mate with an
external receptacle; and

means for attaching a portion of said opdcal fiber to
said plug body.

2. The pre-terminated fiber optic cable of clann 1
wherem said plug body provides a clearance space
adjacent said fiber-receiving groove proximate said
intermediate section thereof.

3. The pre-terminated fiber optic cable of claim 1

wherein:

said attaching means comprises a core member hav-
ing means for securing said fiber to said core mem-
ber: and

said core member is hingedly attached to said plug
body and movable between an operative position
wherein said fiber lies in said groove, and an ex-
posed position wherein said fiber is displaced from
said groove.

4. The pre-terminated fiber optic cable of claim 3

wherein:

said core member has at least one bore extending

. therethrough, said bore receiving said fiber; and
when said core member is in said operative position,
said fiber exits said bore at an oblique angle with
respect 1o said groove.

5. A plug for terminating an optical fiber, comprising:

2 plug body having a surface with at least one fiber-
receiving groove, said body being adapted to mate
with an external receptacle; and

a plug core having means for securing the fiber to
said plug core, said plug core being hingedly at-
tached to said plug body and movable between an
operative position and an exposed position.

6. The plug of claim 5 wherein said plug core has:

at least one bore extending therethrough for recexv—
ing the fiber; and

at least one hole in fluid communjcation with said
bore.




r'espect ‘to-said. groove 5. A plug for termnating an optical

corrprl having a surface wwth at |east one f|b
gT oove, '“ﬂ!wm!) n adapted to mate with an external rec

pl ug cor«e hkavtng neans for securing the fiber to said plug c
core being hingedly at- tached to sakdiglug body and novabl e
operative position and an exposed position.

7. The plug of claim § wherein said plug body pto=
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vides a2 clearance space adjacent said fiber-receiving

groove.

8. A pre-terminated fiber optic cable utilizing the

plug of claim 6 wherein:
said bore receives said fiber; and

when said plug core is in said operative position, said
fiber exits said bore at an oblique angle with respect

to said groove of said plug body.

9. A receptacle for receiving the terminal portion of

an optical fiber, comprising:

a2 housing baving an interior and an opening to said

interior;
a plate member slidably mounted to said interior

of

said housing, said plate member baving at least one

fiber-receiving groove;

means for biasing said plate member toward said

opening of said housing; and

‘means for attaching the optical fiber to said housing

~whereby the terminal portion of said fiber may
received in said groove.

be

10. The receptacle of claim 9 wherein said plate mem-
ber slides in a direction generally parallel with said

fiber-receiving groove.

11. The receptacle of claim 9 wherein said housing
interior has attached thereto a light stop member which
is interposed between said groove of said plate member

and said opening of said housing.

12. A pre-terminated fiber optic cable utilizing the
receptacle of claim 9, wherein said attaching means
directs the terminal portion of the fiber toward said
plate member at an oblique angle with respect to said

fiber-receiving groove, thereby causing said fiber
bend.

13. The pre-terminated fiber optic cable of claim
wherein:

said plate member has a ledge;

to

12,

said groove in said plate member has an end adjacent

said ledge; and

the terminal end of the ﬁber extends beyond.said

ledge.
14. A pre-terminated fiber optic cable comprising:
at least one optical fiber having a terminal end:;

a receptacle housing having an interior and an open-

g to said interior:




6'. The-pl.ug-of. clai.m.5 wherein said plug core has; at |east one bore

ext endi n r receiv- ing the fiber; and at | eas{~ene~hote-1m
fluid com m H sai d bore. - 14 - “',,;:'»
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means for attaching said optical fiber to said housin
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means for aligning said terminal end of said opt

- fiber toward said opening, said alignment means
beirrg movable between an extended position proxi-
mate said opening and a retracted position distant
from said opening; and

a light stop member attached to said interior of said

receptacle bousing, interposed between said open-
ing thereof and said terminal end of said optical
fiber when said aligning means is in said extended
positon.

15. The pre-terminated fiber optic cable of claim 14
wherein said aligning means comprises a plate member
slidably mounted to said interior of said housing, said
plate member having at least one fiber-receiving groove
and said optical fiber being located in said groove when
said plate member is in said extended position, and fur-
ther comprising:

means for biasing said plate member toward said

opening of said housing.

16. The pre-terminated fiber optic cable of claim 14
wherein, when said aligning means moves from said
extend position to said retracted position, said end of
said optical fiber moves with respect to said light stop
member.

17. A modular optical fiber connector comprising:

first and second optcal fibers, each having a terminal

end;

a plug member having

a surface with a first fiber-receiving groove, and
first means locating said terminal end of said first
optical fiber in said first groove;

a receptacie having

a housing,

a plate member, inside said housing, with a second
fiber-receiving groove,

an opening in said housing to allow insertion of said
plug member proximate said plate member, and

second means locating said terminal end of said
second optical fiber in said second groove; and

at least one of said first and second optical fibers
being loosely supported in its corresponding
groove.




7. The “ V\',herei n said plug body pro- vides a Gk8araRce—SpPasce—mm
adj acen Iﬂmmﬂ ‘mg},g Iving groove. 8. A pre-termnated fi bEEPmEME\lTaSHET
uti'lizing the ipld ai m 6 wherein: said bore receives sdi

when said plug core is in said operative position, said fibdr ﬁgé @97

bore at an oblique angle with respect t@esai d groove of said

18. A fiber optic connector comprising:
first and second optical fibers, each having a terminal
end, and at {east one of said ends having 2 periph-
ery which is at least partially beveled;
plug means for securing said first optical fiber;
receptacle means for securing said second optical
fiber, and for receiving said plug means;
means for aligning said terminal end of said first opti-
cal fiber with said terminal end of said second opti-
cal fiber; and
means for maintaining a continuous compressive load
between said terminal ends by providing elastic
deformation of at least one of said optical fibers.
19. The fiber optic connector of ciaim 18 wherein
said aligning means includes a plate member having
fiber-receiving grooves therein.
20. The fiber optic connector of claim 18 wherein
said partially beveled end has a flat central region.




9. Areceptacle for receiving the termnal portion of an optical fiber,
conpri si ng:

a housing having an interior and an opening to said.interior:
plate menber slidably nounted to said interior of said hou$ipgs; sgi@np! @

menber having at |east one fiber-receiving groove; neans fdér Bbiasing sal

pl ate nenber toward said opening of saig7heusing; and

®T
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ABSTRACT

A modular, muitifiber connector comprising a plug and
a receptacle whose ourward appearance and installation
is similar to a convention RJ45 jack for copper conduc-
tors. The plug includes a body having a surface with
several fiber-receiving grooves, and the plug fibers
terminate along an intermediate section of the grooves.
The receptacle includes a housing having an opening,
and a plate which is slidably mounted inside the hous-
ing. The plate is biased toward the opening and has
several more fiber-receiving grooves. The receptacle

‘fibers approach the plate at an oblique angle causing

them to bend as they contact the grooves of the plate.
When the plug is inserted into the opening, its forward
end contacts the plate and pushes it back. As the plate
retracts, the terminal portions of the fibers in the recep-
tacle (which are not secured to the plate) become free to
flex, and position themselves in the corresponding
grooves of the plug. Since the receptacle fibers are still
bent, they are positively biased toward the plug fibers
and move into forcible abutment with the terminal ends
of the plug fibers. The connector advantageously incor-
porates V-groove technology into a2 multifiber format
without requiring clamping of the terminal portions of
the fibers.

Figure 1B
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means for attaching the optical fiber to said housing whereby the term nal

portion of said fiber nay be received in said groove. 10. The receptacl e of

cl'aim9 wherein said plate nem ber slides in a direction generally

parallel with said fiber-receiving groove. 11. The recept aclgpp} &l —

wherein said housing interior has attached thereto a:light $§§%§@#@@?%ﬁE5F
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which is interposed between said groove of said plate ne

This Sheet Hag Bee;
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and said opening of said housing. 12. A pre-terminated fiber optic cable
utilizing the receptacle of claim9, wherein said attaching neans directs
the termnal portion of the fiber toward said plate nenber at an oblique
angle with respect to said fiber-receiving groove, thereby causing said

fiber to bend. 13. The pre-terminated fiber optic cable gF=ctamnrt
wher ei n:
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said plate nenber has a | edge; said groove in said plate nenber has an end
adj acent said |l edge; and the term nal end of the fiber extends beyond said
| edge. 14. A pre-terminated fiber optic cable conprising: at |east one
optical fiber having a termnal end; a receptacle housing.bhaving an _
interior and an open- ing to said interior,; HEBL ACEMENT SHEET

08 SEP 1997
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-15- nmeans for attaching said optical fiber to said housing; neans for
aligning said termnal end of said optical fiber toward said opening, said
alignnent neans bei ng novabl e bet ween an extended position proxi- mate said
opening and a retracted position distant

L
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fromsaid opening; and a |light stop nenber attached to said interior of
sai d receptacl e housing, interposed between said open- ing thereof and said
term nal end of said optical fiber when said aligning nmeans is in said
extended position. 15. The pre-terminated fiber optic c e.0f _¢laiml4

wherein said aligning mean conprises a plate nenber slidaBEp|/ :
said interior of said housing, said AUEMﬁmﬁdSﬁEtT
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pl ate menber having at |east one fiber-receiving groove and said %\b‘t’i‘%é‘ﬂ“’
fiber being |located in said groove when said plate nenber is in said
extended position, and fur- ther conprising: neans for biasing said plate
menber toward -:said opening of said housing. 16. The pre-term nated fi ber
optic cable of claim 14 wherein, when said aligning neans noves from said
extend posi‘tion to said retracted posiiti on, said end of

REPLACEMENT SHEET
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said optical fiber noves with respect to said |ight stop nenber. 17. A
nmodul.ar optical fiber connector conprising: first and second optical
fi bers, each having a termnal end; a plug nenber having a surface with a
first fiber-receiving groove, and first neans | ocating said term nal end of
said first optical fiber in said first groove;

' 2
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a receptacl e having a housing, a plate nenber,
second fi ber-receiving groove,
i nsertion of said plug nenber proxinate said plate nenber,
| ocating said-term nal
gr oove;

end of said second optical

and at | east one of said first and second opti cal

3

I nside said housing, with a
an opening in said housing to all ow

and second neans
fiber in said second
fibers
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bei ng | oosely supported in its correspondi ng groove. - 16 - 18. A fiber
opti e connector conprising: first and second optical fibers, each having a
term nal end, and at |east one of said ends having a periph-
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ery which is at least partially bevel ed; plug neans for securing said first
optical fiber; receptacle neans for securing said second optical fiber, and
for receiving said plug neans; nmeans for aligning said termnal end of said
first opti- cal fiber with said termnal end of said second opti- cal

fiber; and yreans for maintaining a continuous conpressive |oad between said
ternlnal ends by prOV|d|ng el astic 5
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deformation of at |east one of said optical fibers. 19. Theyf | '
‘connector of claim 18 wherein said aligning nean incl udesﬁ%%lcgﬁ{gl\l%ﬁ’n%g

.having fiber-receiving grooves therein. 20. The fiber optic connector of

cl’'aim 18 wherein said partially bevel ed end has a flat central region.
) -17 -

MODULAR MULTIFIBER CONNECTOR
WITH PHONE-LIKE PLUG AND SOCKET

ABSTRACT

A modular, muitifiber connector comprising a plug and
a receptacie whose outward appearance and installation
is similar to a convention RJ45 jack for copper conduc- -
tors. The plug includes a body having a surface with
several fiber-receiving grooves, and the plug fibers
terminate along an intermediate section of the grooves.
The receptacle includes a housing having an opening,
"~ and a plate which is slidably mounted inside the hous-
ing. The plate is biased toward the opening and has
several more fiber-receiving grooves. The receptacle
fibers approach the plate at an oblique angle causing
them to bend as they contact the grooves of the plate.
When the plug is inserted into the opening, its forward
end contacts the plate and pushes it back. As the plate
retracts, the terminal portions of the fibers in the recep-
tacle (which are not secured to the plate) become free to
flex, and position themselves in the corresponding
grooves of the plug. Since the receptacle fibers are still
bent, they are positively biased toward the plug fibers
and move into forcible abutment with the terminal ends
of the plug fibers. The connector advantageously incor-
porates V.groove technology into 2 multifiber format
- without requiring clamping of the terminal portions of
the fibers.

Figure 1B




