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' FIXTURE FOR FABRICATING A FIBER OPTIC CONNECTOR FERRULE

Field of the Invention

This invention generally relates to the art of
fiber optic connectors and, particularly, to a fixture for
use in fabricating a connector ferrule, such as for

terminating a multi-fiber cable, partlcularly a fiber optic
ribbon cable.

Background of the Invention

In fiber optic transmission systems, signals are
transmitted along optical fibers by optical frequency waves
(light) generated by such source as LED’s, lasers and the
like. Optical fibers typically are fabricated of glass
materials and, &as optical fiber cifcuitry developed, it
became necessary to provide connecting devices which could
couple one optical fiber to another, only in an end-to-end
rélationship.

A traditional procedure for making a connection
between ends of optical fibers is to, first, remove a
protective jacket from a given length of fiber at the end
of the fiber to be joined. After the jacket is removed, a
250 micron (OD) buffer is exposed which can then be
stripped to expose a 125 micron (OD) fiber. The fiber is
then threaded through a passage in a ferrule where it is
affixed in place by adhesive and/or crimping. The fiber is
inserted so as to extend well beyond a front surface of the
ferrule. The exposed fiber material is then cleaved and
polished. Any remaining adhesive is removed. The ferrules
then are assembled into a connector assembly which is
intended to position the.bptical fibers Qith their optical
axes in alignment for connection to the fibers of a mating
connector or other appropriate connecting device.
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15 becanme necessary to provide connecting devices which could couple
one optical fiber to another, only in an end-to-end relationship. A
traditional procedure for maki ng a connection between ends of optical
fibers is to, first, renmove a 20 protective jacket froma gpégeniength
of fiber at the end of the fiber to be joined. After the |ackeaiss sG
renoved, a 250 mcron (OD) buffer is exposed which can then be stripped to
expose a 125 micron (OD) fiber. The fiber is then threaded through a
passage in a ferrule where it is 25 affixed in place by adhesive and/or
cri.nping. The fiber isBA nséibed sooptico exilhanwel ¢alpksondias f r hgcome

surface of thef@idalitgl yINoiRagedd | BRbvTaLe L 1Sl heRapkeavediAnd

pol i shed. Any renai nin hesive |Is reane The ferrules
single ca le structure. An optical ribbon cable is similar
to any other well known ribbon electrical cable to the
5 extent that a plurality of generally parallel optical

fibers or channels are disposed in a line or generally
coplanar relationship. Terminating the optical fibers of
a fiber optic ribbon cable is generally similar to the
procedure described above. In general, the wunitary
10 protective jacket surrounding the line of fibers is removed
so that the buffered fibers are exposed which are then
stripped and the unprotected fibers project from the flat
. cable in a line. Typically, these individual fibers must
be inserted into respective individual holes or passages in
15 a prefabricated connector ferrule. The passages align the
fibers at a predetermined spacing for coupling to the ends
of the fibers in a complementary connector ferrule or other

connecting device.
This terminating process of the individual fibers
20 of a multi-fiber cable, creates a number of problems.
First, because of the very thin size and extremely fragile
nature of the fibers, it can be tedious to insert a fiber
into a single aligning hole or passage. However, inserting
a plurality of such fibers from a single cable into a
25 plurality of passages can be extremely difficult. If a
single fiber of the cable is broken, the stripped cable end
and ferrule either must be discarded and/or reworked.
Since these processes typically are carried out by hand,
they can be rather inefficient and result in unnecessary

30 expense.

In the prior art, placing individual fibers of a
multi-fiber cable into individual holes or passages in a
connector ferrule results in a high percehtage of rejects.
The ferrules must be inspected hole by hole. 1In addition
35 to fibers being broken, the holes, themselves, may be too
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then are assenbled into a connector assenbly which is 30 I ntended to
position the optical fibers with their optical axes in alignnment for
connection to the fibers of a mati ng connector or other appropriate
connecti ng devi ce. 2 A fiber optic ri bbon cabl e has pazbegene
izncreasingly popular to provide multiple channels in a singl e7eabbesc
structure. An optical ribbon cable is simlar to any other well known
ri bbon electrical cable to the 5 extent that a plurality of generally
paral lel optical fibers or channels are disposed in a line or generally

. large or too small or not circular. Connector ferrules

comprise bodies which are crystalline in nature, typically
of ceramic material. However, they can be molded of
plastic or like material. For multiple channel ferrules,

5 the fiber-receiving holes or passages must be formed
precisely to maintain proper form or alignment and spacing
between the fibers to prevent tolerance problems causing
transmission losses during mating.

The above alignment/tolerance problems are

10 further complicated in connector assemblies wherein a pair
of mating connector ferrules, themselves, are placed in the
mating condition by two alignment pins. These alignment:

pins typically have one end of each pin extending into a
passage of the connector ferrule, and the opposite end of
15 the pin being inserted into a passage in the mating
connector ferrule, with a chamfered lead-in on the pin for
alignment. The problems of maintaining precise tolerances
with the alignment. pins and their passages must be added to
the tolerance problems in maintaining precise spacing and
20 aiignment of the individual holes for the optical fibers of
the fiber optic cable. It can be understood why there is
such a high number of rejects during the fabrication of

prior art connector ferrules. The present invention is
directed to solving the problems in the fabrication of a
25 multi-fiber ferrule.

Summary of the Invention

An object, therefore, of the invention is to.
provide a new and improved fixture for use in fabricating
a connector ferrule for a fiber optic ribbon cable which

30 includes a plurality of generally parallel optical fibers.

In the exemplary embodiment of the invention, the
fixture includes a base, with a receptaclé on the base for
receiving and properly positioning a ferrule body. A cable
locating means is provided on the base at one side he
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coplanar relationship. Termnating the optical fibers of a fiber optic

ri bbon cable is generally simlar to the procedure described above. I n
general, the wunitary 10 protective jacket surrounding the |ine of
fibers is renoved so that the buffered fibers are exposed whi chpakenihen
stripped and the unprotected fibers project fromthe flat cabhezius &d i ne.
Typically, these individual fibers nust be inserted into respective

i ndi vi dual hol es or passages in 15 a prefabricated connector ferrule.
The passages align the fibers at a predeterm ned spacing for coupling to
the ends of thkreckpbacde nfar ceadidtemiarg thanemloke f dnsertedr beber the

connecting degegy1 g dher [ikaf ki@ I%ET@%%%% Qhdl %%xjt'l@n‘éi Al e RS 28
of a multi-fiber cable, ~“creates_a nunber _of problens.
fibers projecting from the front face of the ferrule body
at an opposite side of the receptacle. A fiber aligning
5 means is provided on the base at the opposite side of the
receptacle for aligning the exposed end portions of the
optical fibers relative to each other and relative to the
properly positioned ferrule body.

As disclosed herein, the cable locating means is

10 provided by a cable channel 1leading away from the
receptacle. The channel has a major width and a minor
depth for receiving a ribbon-type fiber optic cable wherein
the fibers are in a 1line. The fiber aligning means is
provided by a plurality of generally parallel grooves in a

15 surface adjacent the opposite side of the receptacle.

A cable clamp is disposed on the base for holding
the cable in the cable channel. In the preferred
embodiment, the cable clamp is mounted on the base for
movement between an open position exposing the cable

20 channel to allow positioning the cable therein and a
clamping position holding the cable in the channel.

A fiber clamp is disposed on the base for holding
the fibers in the grooves of the aligning means. In the
preferred embodiment, the fiber clamp is mounted on the

25 base for wmovement between an open position exposing the
grooves to allow positioning of the fibers therein and a
clamping position holding the fibers in the grooves.

The fiber aligning means is located on a carriage
movably mounted on the base for movement toward and away

30 from the receptacle. The ferrule body includes alignment
holes which surround alignment posts on the carriage when
the carriage is moved toward the receptacle. The fiber
aligning means may comprise a component.or assembly with
precision fiber alignment surfaces.
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First, because of the very thin size and extrenely fragile nature of the
fibers, it can be tedious to insert a fiber into a single aligning hole or
passage. However, inserting a plurality of such fibers froma single cable
into a 25 plurality of passages can be extrenely difficult. pyekhita
single fiber of the cable is broken, the stripped cable end andaher gdl e

ei ther nmust be discarded and/or reworked. Since these processes typically
are carried out by hand, they can be rather inefficient and result in
unnecessary 30 expense. In the prior art, placing individual fibers of
a pulti-fiber cabl-e intothedi vobliettspl Esaduress sagds advantegesecodr the
ot en po) Aigecdohl ApLPer SN 808a0lab el ARER HI® LSk MRkl e

i nspected hole b ole n ad
descrlptlon taken in connection with the accompanying draw-

ings.
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are crystalline in nature, typically of ceramc material. However, they
can be nol ded of plastic or like material. For nultiple channel pheehntl es,
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or not circular. Connector ferrules conprise bodi es which

fiber-receiving holes or passages nust be forned peecikasl g& o
mai ntai n proper formor alignnment and spaci ng between the fibers to prevent
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Brief Description of the Drawings

The features of this invention which are believed
to be novel are set forth with particularity in the append-
ed claims. The invention, together with its objects and
the advantages thereéf, may be best understood by reference

to the following description taken in conjunction with the

accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is a front perspective view of a
connector ferrule according to the prior art;

FIGURE 2 is a vertical section taken generally
along line 2-2 of Figure 1;

FIGURE 3 is a perspective view of the prior art
connector ferrule about to be terminated to a mating
ferrule by using a pair of alignment pins;

FIGURE 4 is a front perspective view of a
connector ferrule embodying the concepts of the invention;

' FIGURE 5 is a fragmented horizontal section taken
generally along line 5-5 of Figure 4, but showing just the
ferrule body and one of the bushings;

FIGURE 6 1s a vertical section taken generally
along line 6-6 of Figure 4, but showing just the ferrule
housing;

FIGURE 7 is a front elevational view of the
ferrule housing;

FIGURE 8 is a rear elevational view of the
ferrule housing;

FIGURE 9 is a top plan view of a fixture for
terminating the fibers of a fiber optic ribbon cable in the
connector ferrule of Figure 4, with the fixture in open
condition to receive the cable and ferrule body;

FIGURE 10 is a top plan view of the fixture in

closed condition with a ferrule and cable positioned
therein;
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10 further conplicated in connector assenblies wherein a pair of mating -
connector ferrules, thenselves, are placed in the mating condition by two
alignnment pins. These alignnment pins typically have one end of each pin
extending into a passage of the connector ferrule, and the oppogshtengnd of
5 the pin being inserted into a passage in the nmating-casngct or
ferrule, with a chanfered |ead-in on the pin for alignment. The probl ens of
mai ntai ni ng precise tolerances with the alignment pins and their passages
must be added to the tol erance problens in naintaining precise spacing and
20. al i gnment of theFIRYRE ddalshahesnd grlevat bprakaridw i shef fiiler

fiber optic CaﬁﬁﬁnmEhtCﬁﬁogi g&d@5§tqu€M¥é there is such a high nunber of
rejects during t fabricatlon prior_art ‘connector. ferrules. The
present invention is FIGURE 12 is a fragmented end elevational view,

on an enlarged scale, of the aligning grooves in the fiber
5 alignment block; '
FIGURE 13 is a vertical section taken generally
along line 13-13 of'Figure_ll; _
FIGURE 14 is a vertical section taken generally
'along line 14-14 of Figure 11; and
10 FIGURE 15 1is an enlarged fragmented end
elevational wview of the completely fabricated connector
ferrule, showing one of the alignment bushings and some of
the precisely aligned optical fibers surrounded by filler
adhesive.
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directed to solving the problens in the fabrication of a 25 mul ti-fiber
ferrule. Sunmary of the Invention An object, therefore, of the invention is
t'o provide a new and inproved fixture for use in fabricating a connector
ferrule for a fiber optic ribbon cable which 30 i ncludes a phyeatity of
generally parallel optical fibers. In the exenplary enbodi negy-gist he

i nvention, the fixture includes a base, with a receptacle on the base for

receiving and properly positioning a ferrule body. A cable |ocating nmeans
is provided on the base at one side of the

. Detaijled Description of the Preferred Embodiment
' Referring to the drawings in greater detail,
Figures 1-3 show a connector ferrule according to the
concepts of the prior art, and Figures 4-15 show a
5 connector ferrule fabricated according to the concepts of
the invention. As explained in the "Background", above,
after a fiber optic cable is terminated in the ferrule, the
ferrule then is assembled in an overall fiber optic
connector assembly.

10 Before proceeding with a description of the prior
art and of the invention, it should be explained that the
connector ferrules are adapted for terminating a £fiber
optic ribbon cable, generally designated 20, which includes
a plurality of discrete, generally'parallel optical fibers

15 22 which are in a line or generally coplanar relationship.
However, it should be understood that many concepts of the
invention are equally applicable for any multi-fiber cable
which includes a plurality of discrete fibers that must be
aligned and properly spaced.

20 ‘ Turning first to Figures 1-3, a connector
ferrule, generally designated 24, is shown according to the
prior art. The ferrule includes a ferrule body 26 having.
a front planar mating face 28. As seen in Figure 2, a
plurality of fiber passages 30 extend through body 26 and

25 into front mating face 28. As seen in Figure 1, fiber
passages 30 are in a line or row corresponding to the
coplanar relationship of in-line optical fibers 22 of
ribbon cable 20. A flexible boot 31 surrounds cable 20 at
the rear of ferrule body 26 to provide strain relief for

30 the cable. The boot is fixed, as by epoxy, in an opening
31la at the rear of the body.

Connector ferrule 24 of the prior art is adapted
for mating with a complementary ferrhle, or similar
connecting device, generally designated 32 in Figure 3.

35 The connecting device is similar to ferrule 24 in that it

_—
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4 receptacle for positioning the cable inserted into the ferrule body, with
-the exposed end portions of the optical fibers projecting fromthe front
f'ace of the ferrule body at an opposite side of the receptacle. A fiber
aligning 5 means i s provided on the base at the opposite si gdatehtt he
receptacle for aligning the exposed end portions of the opti eal2kisbhacs
relative to each other and relative to the properly positioned ferrule
body. As disclosed herein, the cable |ocating neans is 10 provi ded by
a cable channel Ieadlng away from the receptacle. The channel has a
maj.or width ahésa @i fsengemianar maténgi pee r BBband ype linger obptfiidezabl e

wherein the fiRelagef3kN8r! +8CeiviRg th&CIndlvOMAY FHSESs ISE a second
fiber optic ribbon cable 20A. As is known in the art,
ferrule 24 and connecting device 32 are mated by using a
5 pair of alignment pins 38 which are inserted into alignment
passages 40 (Fig. 1) of ferrule 24 and alignment passages
42 (Fig. 3) in connecting device 32. Alignment pins 38 are
effective to align fiber passages 30 (Fig. 1) of ferrule 24
(Fig. 1) with fiber passages 36 (Fig. 3) of connecting
10 device 32 and, correspondingly, aligning the optical fibers
of cable 20 with the optical fibers of cable 20A.

In fabricating connector ferrule 24 according to
the concepts of the prior art, it should be noted that
ferrule body 26 has an opening 44 in the roof thereof which

15 communicates with the interior of the body. Referring next
to Figure 2, ‘it can be seen that ribbon cable 20 has a
front end portion of its protective jacket 46 removed to
expose the line of optical fibers 22. During fabrication,
the cable is inserted into ferrule body 20 in the direction

20 of arrow "A" (Fig. 2). During the insertion process, each
individual optical fiber 22 must be inserted into its
respective individual fiber passages 30. All the fibers
are inserted into the passages simultaneously. Although
not shown, typically, the fibers will extend beyond the

25 front mating face 28 of the ferrule body. After all of the
exposed fibers are inserted ,into their respective fiber
passages 30, a premixed epoxy 48 (Fig. 2) is poured into
top opening 44 to fix the cable, the fibers and the boot
within the ferrule body. After the epoxy is allowed to

30 cure, the fiber ends are cleaved adjacent to the front
mating face of the ferrule body, and the fiber ends are
polished as is known in the art.

Without repeating all of the p%oblems explained
in the "Background", above, it readily can be understood

35 how difficult it is to insert exposed fibers 20 into their
s s
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provided by a plurality of generally parallel grooves in a 15 surface
adj acent the opposite side of the receptacle. A cable clanp is disposed on

the base for holding the cable in the cable channel. In the
preferred enbodi ment, the cable clanp is nounted on the base fopagayenrent
ket ween an open position exposing the cable 20 channel t@7akblewsa

positioning the cable therein and a cl anping position holding the cable in
the channel. A fiber clanp is disposed on the base for holding the fibers
in the grooves of the aligning neans. In the preferred enbodi ment, the
fiber clanp i $nddwidadlontiher2passadese30or ndirenedtdibaoneerwih or!:én-s

POSi ti 0N eXpogigRgyt Sch@ BLhGY BO% WG Ofn t PEghiber § -Bhengid
and a clanpln% posﬁ?ﬁ' nﬁqﬁglng t% ??%ers in the r&%vesgu
olerance problems in malntalnlng proper spacing and

alignment of fiber passages 30, plus proper spacing and
5 alignment tolerance problems with pin passages 40, now can
be fully understandable.

Figures 4-8 show a connector ferrule 50 embodying
the concepts of the present invention. Again, the ferrule
is constructed for terminating a fiber optic ribbon cable

10 20 which’includes a plurality of generally parallel obtical
fibers 22 in a line or coplanar relationship. However, it
will be recognizable that many concepts of the invention
are equally applicable for other configurations of multi-
fiber cables.

15 More particularly, connector ferrule 50 includes
a ferrule body 52 having a fiber passage 54 which is
elongated in cross-section to receive the entire line of
optical fibers 22. In other words, one'elongated passage
54 is provided for receiving therein all of the fibers of

20 the cable. This is in contrast to the prior art which
requires a single passage for each respective fiber of the
cable. Connector body 52 also has a front planar mating .
face 56, a top opening 58, and a pair of passages 60 spaced
from opposite ends of elongated fiber passage 54. Passages

25 60 can be called "pin passages", although the paésages do
not directly receive alignment pins 38 (Fig. 3) as in the
prior art, as will be described in greater detail
hereinafter. ,

According to the invention, epoxy is inserted oxr

30 poured into_opening 58 to surround the line of optical
fibers 22 in elongated passage 54. - That is why the epoxy
will be referred to hereinafter as a "filler adhesive".

Figures 9 and 10 show a f{xture, generally
designated 62, which is used to hold ferrule body 52 and to

35 precisely align fibers 22 within elongated fiber passage 54
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The fiber aligning neans is |located on a carriage novably nounted on the
base for novenent toward and away 30 fromthe receptacle. The ferrule
body i ncludes alignnment holes which surround alignment posts on the
carriage when the carriage is noved toward the receptacle. Theateber

al i gni ng neans may conprise a conponent or assenbly with preeizstes Bigber

al i gnnent surfaces. 5 Gt her objects, features and advantages of the

invention will be apparent fromthe foll ow ng detail ed description taken in
connection with the acconpanyi ng draw

. of the body. The fixture is shown in an open or loading
condition in Figure 9 and in a closed or assembly condition
in Figure 10.
More ©particularly, fixture 62 includes a
5 generally rectangular base or mounting block 64 which has
an externally threaded rod or shaft 66 running therethrough
within an internally threaded bore (not visible in the

drawings). A manual rotating knob 68 is fixed to the outer
distal end of shaft 66. As seen best in Figure 9, a
i0 channel 70 is provided for receiving ribbon cable 20, and

a receptacle 72 is provided for receiving ferrule body 52.
Channel 70 has a major horizontal width and a minoxr
vertical depth for receiving the flat ribbon-type cable.
A cable clamp in the form of a cover 74 is pivoted to one
15 side of base 64 on a pivot rod 76. The cable clamp is
pivotally movable from an open position shown in Figure 9
to a closed position shown in Figure 10. In its open
position, the cable clamp projects upwardly at an angle to
base 64 and exposes channel 70. 1In its closed position,
20 the cable clamp holds the ribbon cable in channel 70. . Most
of the components of fixture 62 can be fabricated of metal
material, and a pair of magnets 78 (Fig. 9) can be used for
holding cable clamp 74 in its closed, clamping position.
A ferrule clamp 79 holds a ferrule in receptacle
25 72. Like cable clamp 74, ferrule clamp 79 is pivoted, as
at 79a, to base 64 between an open position exposing the
receptacle and a closed position holding the ferrule in the
receptacle. '
A movable carriage, generally designated 80, is
30 reciprocally movable in the direction of arrow "B" (Fig. 9)
at an end of base 64 opposite cable-receiving channel 70
and cable clamp 74. Carrlage 80 can be movably mounted on
base 64 by a variety of mechanisms. A 51mp1e mechanism is
to use shaft 66 which runs through base 64 and to connect

35 a distal end of the shaft to the carriage, whereby
, e s T
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I ngs. Brief Description of the Drawi ngs The features of this invention
whi ch are believed to be novel are set forth with particularity in the
append- ed clains. The invention, together with its objects and 5 t he
advant ages thereof, may be best understood by reference to the fakkaw ng
description taken in conjunction wth the acconpanyi ng draw ©gs24i5nsehi ch

| i ke reference nunerals identify |ike elenents in the figures and in which:

FIGURE 1 is a front perspective view of a 10 connector ferrule
according to the prior art;
. threadingly rotatlng the shaft causes the shaft to move and-

move the carriage therewith.
Movable carriage 80 of fixture 62 includes a
fixed alignment block, generally designated 82, and a
5 pivotally movable fiber clamp 84. [Like cable clamp 74,
fiber clamp 84 is pivoted to one side of base 64 on a pivot
rod 86. Fiber clamp 84 has a tongue 87 that projects in a

direction toward receptacle 72. The fiber clamp is
pivotable from an open, upwardly angled position shown in
10 Figure 9 and a closed position shown in Figure 10. As will

be seen hereinafter, fiber clamp 84 is effective to hold
the fibers of the ribbon cable in position on £fiber
alignment block 82. The fibers can be held simply by the
weight of fiber clamp 84, or appropriate magnets (like
15 magnets 78) can be used to hold the fiber clamp down on the
fibers. A pair of alignment posts 88 are shown in Figure
9 projecting from fiber alignment block 82 toward
receptacle 72 which receives one of the ferrule bodies 52.
The alignment posts are insertable into passages 60 in the

20 ferrule body, as will be described hereinafter.
Figures 11-14 show fiber alignment block 82
removed from fixture 62 to facilitate the illustration.
More particularly, the fiber alignment block is a solid
component having a chamfered trough 90 formed in the top
25 thereof. As seen best in Figures 11 and 12, the side walls
of trough 90 are tapered downwardly in a converging manner
toward a bottom wall which includes a plurality of
generally parallel grooves 92. The grooves are enlarged in
Figure 12 to show that they are semi-cylindrical in cross-
30 section. It should be understood that the grooves also can
be triangular or otherwise polygonal in cross-section. In
any event, the grooves are spaced to precisely align fibers
22 within elongated fiber passage 54 of the ferrule body,
~as will be described in greater detail hereinafter. Fiber
35 alignment block 82 can be fabricated as a high precision

12
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FIGURE 2 is a vertical section taken generally along line 2-2 of Figure 1,
FIGURE 3 is a perspective view of the prior art connector ferrule about to
be term nated to a mating 15 ferrule by using a pair of alignnent pins;
FIGURE 4 is a front perspective view of a connector ferrul e enbedygeng the
concepts of the invention; FIGURE 5 is a fragnmented horizont a-ge6t 86n
taken generally along line 5-5 of Figure 4, but showi ng just the 20
ferrul e body and one of the bushings; FIGURE 6 is a vertical section taken

generally along line 6-6 of Figure 4, but shomdnquust t he ferrul e housing;
FIGURE 7 is afProgd ehevali srrmpenent oot has a high precision formed

crystalline component. In either instance, grooves 92 can
be fabricated in a mutually spaced and aligned relationship
with very high accuracy and precision.

5 Still referring to Figures 11-13, fiber alignment
block 82 also has a pair of precisely located holes 94
which receive alignment posts 88 as described above in
relation to Figure 9. Again, holes 94 can be formed in
alignment block 82 with very high accuracy and precision.

10 With the above detailed description of the
structure of connector ferrule 50 and fixture 62, including
fiber alignment block 82, the method of fabricating the
connector ferrule now will be described. However, before
proceeding with the meﬁhod in detail, a quick reference

15 should be made to Figure 15 to visualize the size
relationéhip between optical fibers 22 and elongated fiber
passage 54 in ferrule body 52. As with the prior art,
ribbon cable 20 is prepared by removing the protective
jacket from an end portion of the cable to expose the line

20 of optical fibers at the end portion. Prior to positioning
the cable in the fixture, a pair of cyliﬁdrical bushings
100 (Fig. 15) are telescoped onto alignment posts 88. The
cable then is placed into chahnel 70 of fixture 62, with
cable clamp 74 in the open position as shown in Figure 9.

25 One of the ferrule bodies 52 is positioned in receptacle-72
of the fixture. The cable then is moved forwardly in
channel 70 into the rear end of the ferrule body . until
fibers 22 project throﬁgh enlarged, elongated fiber passage
54 in the ferrule body. In the alternative, the cable and

30 fibers can be inserted into the ferrule body, and the cable
and body simply lowered as a Subassembly onto the top of
the fixture, positioning the cable in channel 70 and the
ferrule body in receptacle 72. In either event, cable

clamp 74 then is pivoted from its open position (Fig. 9) to

13 " This Sheet Has Been Replaced
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25 ferrule housing; FIGURE 8 is a rear elevational view of the ferrule
housing; FIGURE 9 is a top plan view of a fixture for termnating the
fibers of a fiber optic ribbon cable in the 30 connector ferrule of
Figure 4, with the fixture in open condition to receive the cablpgtang
ferrul e body; FIGURE 10 is a top plan view of the fixture inogl-easdsc
condition with a ferrule and cabl e positioned therein; 7

its g¢losed position (Fig. 10), with magnets 78 holding the

cable clamp down on the cable.
With the cable and ferrule body properly
positioned in fixture 62 as described above, knob 68 at the
5 end of'externally threaded shaft 66 then is rotated to move
carriage 80 in the direction of arrow "C® (Fig. 10).
During this movement, the distal ends of alignment posts 88
(Fig. 9) first will enter passages 60 (Fig. 4) in the
ferrule body. Bushings 100 will move with the alignment

10 posts into passages 60. Further movement of the carriage
will cause fiber alignment block 82 to move under distal
ends of the exposed optical fibers which have been extended
completely through the enlarged, elongated fiber passage 54
of the body beyond front face 56 of the body. With the

15 ‘carriage and alignment block 82 moved to the full
"assembly" position shown in Figure 10, all of the fibers
will be juxtaposed over grooves 92 (Fig. 12) in the fiber
alignment block. A small amount of manual manipulation may
be needed to ensure that one fiber is in each groove.

20 Fiber clamp 84 then is pivoted from its open position (Fig.
9) to its closed position (Fig. 10). During closing of the
fiber clamp, projecting tongue 87 enters trough 90 of fiber
alignment block 82 and holds the fibers in precision
grooves 92.

25 With the cable and ferrule body now being mounted
in fixture 62, and with the fibers of the cable being
precisely aligned by the grooves in alignment block 82,
filler adhesive is then placed into opening 58 in the top
of the ferrule body until the adhesive substantially fills’

30 the cavity. The elongated pin passage 54 will receive
adhesive on the sides of the bushings 100 to captivate them
in place. Figure 15 shows filler adhesive 98 surrounding
all of the individual fibers in the eniarged passage as

well as around bushings 100 in passages 60. The filler
35 adhesive then is allowed to cure. In the alternative, the
14
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FIGURE 11 is an end el evational view of the fiber alignnent block of the
fixture; FIGURE 12 is a fragnented end el evational view, on an enl arged
scale, of the aligning grooves in the fiber 5 al i gnnent bl ock; FI GURE
13 is a vertical section taken generally along line 13-13 of Fi gdeentl;
FIGURE 14 is a vertical section taken generally along |ine 1471246f sBi gure
11; and 10 FIGURE 15 is an enlarged fragnented end

el evational view of the conpletely fabricated connector ferrule, show ng
one of the alignnment bushings and sone of the precisely aligned optical
fibers surroustédrey fixtuge,adhednddng the positioned cable and ferrule

body, along with the applied filler adhesive, then can be
placed in an oven,'if necessary, to heat-cure the filler
adhesive. ' _
5 After the adhesive 1is cured, alignment posts 88
move out of the precisely positioned bushings as carriage
80 is moved back away from the cured connector ferrule. To
facilitate this process, posts 88 are lubricated prior to
applying the filler adhesive. The fiber ends which project
10 from mating face 56 of the ferrule body are then cleaved
and polished. If any filler adhesive protrudes slightly
from fiber passage 54 beyond mating face 56, the adhesive
also is removed or polished-off.
Enlarged Figure 15 shows the end result of the
15 - invention for precisely aligning fibers 22 within elongated
fiber passage 54 and the bushings 100 in passages 60 which
precisely align connector ferrule 50 with a complementary
ferrule or other connecting device such as ferrule 32
described in relation to the prior art of Figure 3. Figure
20 15 shows a cylindrical bushing 100 inserted within one of
the passages 60 1in ferrule body 52 of the connector
ferrule. Referring back to Figure 5, it can be seen that
a shoulder 102 is formed within each passage 60. This
shoulder defines a stop limit for inserting boot 31. It
25 can be seen in Figure 15 that passage 60 is slightly larger
in diameter than the outside diameter of bushing 100.
Consequently, capillary action will cause filler adhesive
98 to £ill the space between the outside of the bushing and
the inside of the passage and precisely align the bushing
30 relative to the second bushing but also relative to fibers
22 fixed within the connector ferrule. It can be seen in
Figure 15 that the bushings are slit, as at 100a. The
bushings, thereby, expand when telescopéd onto alignment
posts 88, to the exact diameter of the posts. The posts

35 can be fabricated with precision and accuracy, and this
—_—
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8 Detailed Description of the Preferred Enbodi nent Referring to the
drawings in greater detail, Figures 1-3 show a connector ferrule according
to the concepts of the prior art, and Figures 4-15 show a 5 connect or
ferrule fabricated according to the concepts of the invention. pA$ent
expl ai ned in the "Background", above, after a fiber optic cabhesus sc
termnated in the ferrule, the ferrule then is assenbled in an overal

fi ber optic connector assenbly. 10 Bef ore proceeding with a
description of the prlor
. accuracy 1is transferred to the bushlngs. When filler

adhesive 98 cures, the bushings are secured at the exact
diameters of the alignment posts.

From the foregoing, it is readily apparent that

5 the invention is a vast improvement over the prior art. In

essence, the fiber passages and pin passages in the ferrule

body of the invention are not used to align the fibers and

alignment pins. A separate fixture of high precision is

used outside the connector ferrule and, in essence, these

10 precision parameters are transferred to the ferrule. By
transferring the preciéion from the fixture to the ferrule
as is contemplated by the present invention, the parameters
of the resulting ferrules are very consistent and
repeatable. This process can be fine tuned or adjusted

15 - simply by modifying the fixture. Still further, with fiber
passage 54 being considerably larger than the fibers
themselves, the same ferrule body can be used for different
sizes of fibers which is not possible with the prior art.
In fact, a single ferrule body, with its enlarged,

20 eiongated fiber passage can be used to accommodate fiber
optic cables of different numbers of fibers. Again, this
is not possible with the prior art, because the number and
sizes of the fiber passages must be varied in attempts to
arrive at any consistency whatsoever. .

25 It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
exampleé and embodiments, therefore, are to be considered

" in all respects as illustrative and not restrictive, and

30 the invention is not to be limited to the details.given
herein.
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art and of the invention, it should be explained that the connector
ferrules are adapted for termnating a fiber optic ribbon cable, generally
desi gnated 20, which includes a plurality of discrete, generally parallel
optical fibers 15 22 which are in a line or generally copl apakent
rel ati onshi p. However, it shoutld—beunderstood that many conggpbtasofsct he
I nvention are equal ly appli cabl | ber cabl e which includes a
plurality of discrete fi bers th%‘i‘mmnm"mtumd and properly spaced. 20
Turning first to Figures * comecstor ferrule, generally
desi gnat ed 24 CLAdMShown according to the prior art. The ferrule includes a
ferrule body 26 having a front planar mating face 28. As seen in Figure
2, a plurality of fiber passages 30 extend through body 26 and
A fixture (62) for use 1n fabricating a
connector ferrule (50) for a fiber optic cable (20) which

includes a plurality of generally parallel optical fibers
5 (22) , comprising:
a base (64);

a receptacle (72) on the base for receiving and
properly positioning a ferrule body (52);
a cable locating means (70) on the base at one
10 side of the receptacle (72) for positioning the cable (20)
inserted in the ferrule body (52), with exposed end
portions of the optical fibers (22) projecting from the
ferrule body at an opposite side of the receptacle (72);
and
15 a fiber aligning means (82) on the base at said
opposite side of the receptacle (72) for aligning the
exposed end portions of the optical fibers (22) relative to

each other and relative to the properly positioned ferrule
bbdy.

20 2. The fixture of claim 1 wherein said cable
locating means include a cable channel (70) leading away
from the receptacle.

3. The fixture of claim 2 wherein said fiber
optic cable (20) is a ribbon cable, and said cable channel

25 (70) has a major width and a minor depth.
4, The fixture of claim 2, including a cable

-clamp (74) on the base for holding the cable (20) in the
cable channel (70).

—_

This Sheet Has Been R,

7 T



25 into front mating face 28. As seen in Figure 1, fibér passages 30
are in a I'ine or row corresponding to the coplanar relationship of in-line
optical fibers 22 of ribbon cable 20. A flexible boot 31 surrounds cable 20

at the rear of ferrule body 26 to p |ef for 30 patehke
cable. The boot is fixed, as by epHm"rm“mIm!ﬂH g 3la at gt7hggkeal of

t he body. Connector ferrule 24 of the ptior artsisradapted for mating with
a conplenentary ferrule, or simlar connecting device, generally designated
32 in Figure 3. 35 The connecting device is simlar to ferrule 24 in

that it . 5. The fixture of claim 4 wherein said cable
clamp (74) is pivotally mounted on the base for movement
between an open position exposing the cable channel (70) to
allow positioning the cable (20) therein and a clamping
5 position holding the cable in the channel. |

6. The fixture of claim 1 wherein said fiber
aligning means (82) include a plurality of generally
parallel grooves (92) in a surface adjacent said opposite
side of the réceptacle (72) .

10 7. The fixture of claim 6 wherein said fiber
aligning means (82) comprises a metal component and said
‘grooves (92) are precision formed in a surface thereof.

8. The fixture of claim 6 wherein said fiber

aligning means (82) comprises a crystalline component and

15 said grooves (92) are precision formed in a surface
thereof.

9. The fixture of claim 6, including a fiber

clamp (84) on the base for holding the fibers (22) in said
grooves (92).

20 10. The fixture of claim 9 wherein said fiber
clamp (84) is pivotally mounted on the base for movement
between an open position exposing the grooves (92) to allow
positioning the fibers (22) therein and a clamping position
holding the fibers in the grooves.

S ——
-
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has a front planar mating face 34 and a line of fiber passages 36 for
receiving the individual fibers of a second fiber optic ribbon cable 20A
As is known in the art, ferrule 24 and connecting device 32 are mated by
using a 5 pair of alignnment pins 38 which are inserted intogliganment
passages 40 (Fig. 1) of ferrule 24 and alignnment passages 429@qu5e%b in
connecting device 32. Alignnent pins 38 are effective to align fiber
passages 30 (Fig. 1) of ferrule 24 (Fig. 1) with fiber passages 36 (Fig.
3) of connecting 10 device 32 and, correspondingly, aligning the
optical fibers of -cabl e12Q wiThe t Bkxtptrecalf falems DfwhabéEn28Aidl fibex

fabricating c : f e ccordi ng C p - DI i, 0r

art, it shoul %ﬂg%%ﬁ.g{geﬁa{]rg% (fsng)r 3:[% %od% Sé?ﬁ%%&gnqggzn?n%g%%&wgno?{?eterdoof

t hereof whichon the base for movement toward and away £rom the
receptacle (72). '

5 12. The fixture of claim 11 wherein said ferrule
-body (52) includes at least one alignment hole (60), and
said carriage (80) includes an alignment post (88) for
movement into the hole (60) when the carriage is moved
toward the receptacle (72).

e

-
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15 comuni cates with the interior of the body. Referring next to
Figure 2, it can be seen that ribbon cable 20 has a front end portion of
its protective jacket 46 renoved to expose the |ine of optical flbers 22.
During fabrication, the cable is inserted into ferrule body 20

direction 20 of arrow "A" (Fig. 2). During the |nsert|0@7p@qge§§, each
I ndi vi dual optical fiber 22 nust be inserted into its respective individual
fiber passages 30. Al the fibers are inserted into the passages

si mul t aneously. Al though not shown, typically, the fibers will extend

beyond the 25 ~front 13atind ficec@se of(6ehe far rube hodyfabAitetingl =0f
the exposed f §§5} d O I_r lPas es , a
prem xed epox;l?g%gé(c%l o 1% o(l?;be)d fto%o frl%%ge &i]t\i% fi'l%% %?%‘ (826& e,

the fibers athﬂﬁ@liﬂﬁl es a plurallty of generally parallel optical
fibers (22) in a line, comprising:

5 - a base (64);
a receptacle (72) on the base for receiving and
properly positioning a ferrule body (52);
a cable locating means (70) on the base at one
side of the receptacle (72) for positioning the cable (20)
10 inserted into the ferrule body (52), with exposed end
portions of the optical fibers (22) projecting from the
ferrule body in a 1line at an opposite side of the
receptacle (72), the cable locating means (70) being in the
form of a cable channel (70) leading away from the
15 receptacle, with the cable channel having a major width and
a minor depth for receiving and properly positioning the
ribbon cable (20); and
a fiber aligning means (82) on the base at said
oppoéite side of the receptacle (72) for aligning the
20 : ekposed end portions of the optical fibers (22) relative to
each other and relative to the properly positioned ferrule
body, the fiber aligning means (82) including a row of
generally parallel grooves (92) in a surface adjacent said

opposite side of the receptacle for positioning the line of
25 exposed fiber end portions therein.

14. The fixture of claim 13, including a cable

clamp (74) on the base for holding the cable (20) in the
cable channel (70).

This Sheet Has Been Reﬂ

AR

_

T




within the ferrule body. After the epoxy is allowed to 30 cure, the
fiber ends.are cleaved adjacent to the front mating face of the ferrule
body, and the fiber ends are polished as is known in the art. VVthout
repeating all of the problens explained in the " Background”, ab %e
readily can be understood 35 how difficult it is to insegy gg

fibers 20 into their 10 individual fiber passages 30.. Fn addi t1on,
with this description of the prior art ferrule in Figures 1-3, the

tol erance problens in maintaining proper spacing and

. - -15. The fixture of claim 14 wherein said cable
clamp (74) is pivotally mounted on the base for movement
between an open position exposing the cable channel (70) to
allow positioning the cable (20) therein and a clamping

5 position hblding the cable in the channel.

l6. The fixture of claim 13, including a fiber

clamp (84) on the base for holding the fibers (22) in said
grooves (92).

17. The fixture of claim 16 wherein said fiber

10 clamp (84) is pivotally mounted on the base for movement

between an open position exposing the grooves (92) to allow

positioning the fibers (22) therein and a clamping position
holding the fibers in the grooves.

18. . The fixture of claim 13 wherein said fiber

15 aligning means (82) is on a carriage (80) movably mounted

on the base for movement toward and away from the
réceptacle (72) .

19. The fixture of claim 18 wherein said ferrule

body (52) includes at least one alignment hole (60), and

20 said carriage (80) includes an'alignment post (88) for

movement into the hole (60) when the carriage is moved
toward the receptacle (72).

20. The fixture of claim 13 wherein said fiber
aligning means (82) comprises a metal component and said
25 grooves (92) are precision formed in a surface thereof.

21. The fixture of claim 13 wherein said fiber
aligning means (82) comprises a crystalline component and

said grooves (92) are precision formed in a surface
thereof. i

I —
21
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al i gnment of fiber passages 30, plus proper spacing and 5 al i gnnment
tol erance problems with pin passages 40, now can be fully understandabl e.
Figures 4-8 show a connector ferrule 50 enbodying the concepts of the

present invention. Again, the ferrule is constructed for term nating.a
fiber optic ribbon cable 10 20 which includes a plurality~sahsgererally
paral lel optical fibers 22 in a line or coplanar relationship. However, it
wi |l be recogni zable that nany concepts of the invention are equally

applicable for other configurations of nulti- fiber cables. 15
More particul agsgRa@mMnector ferrule 50 includes a ferrule body 52 having a

fi ber pass20e kot bk AAERARAhd e SR SRR o™ 1

I|ne of

A fixture' (62) is disclosed for wuse in
fabricé.ting a connector ferrule (50) for a fiber optic

5 cable (20) which includes a plurality of generally parallel

- optical fibers (22). The fixture includes a base (64),

with.'a _receptaéle (72) on the base for receiving and

"properly positioning a ferrule body (52). A cable locator

(70) is provided on the base at one side of the receptacle

10 (72) for positioning the cable inserted in the ferrule

body, with exposed end portions of the optical fibers (22)

projecting from the ferrule body at an opposite side of the

receptacle. A fiber aligner (82) is provided on the base

at the opposite side of the receptacle (72) for aligning

15 the exposed end portions of the optical fibers (22)

relative to each other and relative to the properly
positioned ferrule body.

-_—
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optical fibers 22. In other words, one el ongated passage 54 is provided for
receiving therein all of the fibers of 20 t he cabl e. This is in
contrast to the prior art which requires a single passage for each
respective fiber of the cable. Connector body 52 al so has a front planar
mating face 56, a top opening 58, and a pair of passages 60 spaced from
opposite ends of elongated fiber passage 54. Passages 25 60 can be
call ed "pin passages", although the pads@yes do not directly receive

al irgnment pins 38 (Fig. 3) as in the prior art, as will be described in
greater detail hereinafter. According to the invention, epoxy is inserted
or 30 poured into opening 58 to surround the line of optical fibers 22
i n el ongated passage 54. That is why the epoxy-:

(PRIOR ART)
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wll be referred to hereinafter as a "filler adhesive". Figures 9 and 10
show a fixture, generally designated 62, which is used to hold ferrule body.
52 and to 35 precisely align fibers 22 within elongated fiber passage
54 11 of the body. The fixture, is shown in an open or |oading condition
in Figure 9 and in a closed or assenbly condition in Figure 10. Mre
particul arly, fixture 62 includes (2r® general ly rectangul ar base

or nounting k 6 ich has an externally threaded rod or shaft 66

(PRIOR ART)

FIG3
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within an internally threaded bore (not visible in the draw ngs). A nmanual
rotating knob 68 is fixed to the outer distal end of shaft 66. As seen
best in Figure 9, a 10 channel 70 is provided for receiving ribbon
cable 20, and a receptacle 72 is provided for receiving ferrule body 52.
Channel 70 has a mmjor horizontal width and a m nor vertical depth for
receiving the flat ribbon-type cable. grfgble clanp in the formof a cover
74 is pivoted to one 15 si de of bé 4 on a pivot rod The cabl e
clanp is pivotally novable froman open position shown in ﬁéE#Le 9to a

cl osed position shown in_Figure 1 - Inits open3posj € cable clanp
e 64 pnd exposes 70. Inits

proj ects upmardly at an § gle to
cl osed position, cabl 3 b\ i n channe
70. Most
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of the conmponents of fixture 62 can be fabricated of nmetal material, and a
pair of magnets 78 (Fig. 9) can be used for holding cable clanp 74 in its
closed, clanping position. A ferrule clanp 79 holds a ferrule in receptacle
25 72. Like cable clanp 74, ferrule clanp 79 is pivoted, as at 79a, to
base 64 between an open position exposing the receptacle and a cl osed
position holding the ferrule in the receptacle. A novable carriage,
general |y designated 80, is 30 recil@-dgdal |y novable in the direction of
arrow "B" (Fig. 9) at an end of base 64 opposite cabl e-receiving channel 70
and cable clanp 74. Carriage 80 can be novably nounted on base 64 by a

vari ety of nechanisns. A sinple nechanismis to use shaft 66 which runs

t hr ough base 64 and .to cepnect 52 /3|0

\ yd _52

e0 - c:&z:::(]f(fso s e
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35 . adistal end of the shaft to the carriage, whereby 12
threadingly rotating the shaft causes the shaft to nove and nove the
carriage therewith. Myvable carriage 80 of fixture 62 includes a fixed

al i gnment bl ock, generally designated 82, and a 5 pi votal |y novabl e
ftber clanp 84. Like cable clanp 74, fiber clanp 84 is pivoted to one side

of base 64 on a pivot rod 86. Fiber clqu?q4 has a tongue 87 that projects
in a direction toward receptacle 72. he fiber clanp is pivotable

froman open, upwardly angled position shown in
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10 Figure 9 and a cl osed position shown in Figure 10. As will be seen
hereinafter, fiber clanp 84 is effective to hold the fibers of the ribbon
cable in position on fiber alignment block 82. The fibers can be held
sinply by the weight of fiber clanp 84, or appropriate magnets (like 15
magnets 78) can be used to hold the fiber clanp down on the fibers. A pair
of alignnent posts 88 are shown in H@uyg 9 projecting fromfiber alignnent
bl ock 82 toward receptacle 72 which receives one of the ferrul e bodies 52.
The alignnment posts are insertable into passages 60 in the 20 ferrule
body, as will be described hereinafter[” Frgures I1-14 jshew fiber alignment
bl ock 82 renoved fromfixture 62 to facilitate the ilkus®ration. Mre
particularly, the fiber alignnent block is a solid
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conponent having a chanfered trough 90 forned in the top 25 t her eof .
As seen best in Figures 11 and 12, the side walls of trough 90 are tapered
.downwardly in a converging manner toward a bottomwall which includes a
plurality of generally parallel grooves 92. The grooves are enlarged in
Figure 12 to show that they are sem -cylindrical in cross- 30 - section.
*I't shoul d be understood that the groo¥f§rglso can be triangul ar or

"ot herwi se pol ygonal in cross-section.'ln any event, the grooves are spaced
to precisely align fibers 22 within el ongated fiber passage 54 of the
ferrule body, as will be described in greater detail hereinafter. Fiber 35
al i gnnment bl ock 82 can be fabricated as a high precision

- gp—



A
13 fornmed netal conponent or as a high precisio oLanwsFysﬁatkrme '
conponent. In either instance, grooves 92 can b Rﬁ?Qﬁf@@ﬁé&féHhﬁfl tually
spaced and aligned rel ationship witsh very high dcguracyand predi sion. 5

Still referring to Figures 11-13, fiber alignnent bl o] hés a pair
of precisely |ocated holes 94 which receive alig nbn3=-g§§§®g§ s jdescri bed

above in relation to Figure 9. Again, ,hol es 94 rah be-forpred-i il i gnnent
bl ock 82 with very high accuracy and i sion. {LO Ath the

above detailed description of the structure bf-—eommector ferrul e 50 and
fixture 62, including fibibenl i gp®id blAdod?, dapleet hadsof babeieati ng
t he

increasingly popular ﬁo provide multiple channels in a
single cable struéture._ An optical ribbon cable is similar
to any other well known ribbon electrical cable to the
extent that a plurality of generally parallel optical

fibers or channels are disposed in a line or generally
coplanar relationship.

Terminating the optical fibers of
a fiber optic ribbon cable is generally similar to the

procedure described above. In general, the unitary

protective jacket surrounding the line of fibers is removed
so that the buffered fibers are exposed which are then
stripped and the unprotected fibers project from the flat
cable in a line. Typically, these individual fibers must

be inserted into respective individual holes or passages in
15 . a prefabricated connector ferrule.

10

The passages align the
fibers at a predetermined spacing for coupling to the ends

of the fibers in a complementary connector ferrule or other
connecting device.

This terminating process of the individual fibers
of a multi-fiber cable, - creates a number of problems.

First, because of the very thin size and extremely fragile
nature of the fibers,

20

it can be tedious to insert a fiber
into a single aligning hole or passage. However, inserting
a plurality of such fibers from a single cable into a
plurality of passages can be extremely difficult. If a
single fiber of the cable is broken, the stripped cable end
and ferrule either must be discarded and/or reworked.
Since these processes typically are carried out by hand,

they can be rather inefficient and result in unnecessary
30 expense.

25

In the prior art, placing individual fibers of a .
multi-fiber cable into individual holes or passages in a
connector ferrule results in a high percentage of rejects.

The ferrules must be inspected hole by hole. In addition

35 to fibers being broken, the holes, themselves, may be too



connector ferrule now wi |l be described. However, before proceeding with

the nmethod in detail, a quick reference 15 B{FP I EEMW SEEE;‘ t2(2) aEijgure

145 to visualize the size relatisonship betwg f
el ongated fiber passage 54 in ferrule body 52. As with the pfidr art,

ri bbon cable 20 is prepared by renoving the prqt qct 1 ZeRERAREE §r ¢m an end
portion of the cable to expose the Iin% off optical fibefs]at the end

portion. -Prior to positioning the cabfe-in thg fixture, a pair ¢f
cyllndrlcal bushi ngs 100 (Fig. 15) are tel escoped_anta alignnent|posts 88.

The® rc]abl e lLhegel o1l 6sedsnald SNt ZQr@ﬁlErXtUr@oz@:?ec&bihféébhﬁe@ anp 74
in the open

.1 h E f bodi
52 i o posi EPBREG=Fn OPRLER ERE™ 376! CENECRLLAARe in AMEGTEanF¥PLRRILFs noves

¥s noved
forwardly iof ceramic material. However,

they can be molded of
plastic or like material. For multiple channel ferrules,

the fiber-receiving holes or passages must be formed
precisely to maintain proper form or alignment and spacing

between the fibers to prevent tolerance problems causing
transmission losses during mating.

The above alignment/tolerance problems are
further complicated in connector assemblies wherein a pair

of mating connector ferrules, themselves, are placed in the
mating condition by two alignment pins.

10

' These alignment

pins typically have one end of each pin extending into a
passage of the connector ferrule, and the opposite end of
15 the pin being inserted into a passage in the mating

connector ferrule, with a chamfered lead-in on the pin for
alignment. The problems of maintaining precise tolerances
with the alignment pins and their passages must be added to
the tolerance problems in maintaining precise -spacing and
alignment of the individual holes for the optical fibers of
the fiber optic cable.

20

It can be understood why there is
such a high number of rejects during the fabrication of

prior art connector ferrules. The present invention is

directed to solving the problems in the fabrication of a
25 multi-fiber ferrule.

Summary of the Invention

An object, therefore, of the invention is to
provide a new and improved fixture for use in fabricating
a connector ferrule for a fiber optic ribbon cable which
includes a plurality of generally parallel optical fibers.

In the exemplary embodiment of the invention, the
fixture includes a base, with a receptacle on the base for
receiving and properly positioning a ferrule body. A cable

locating means is provided on the base at one side of the

30



channel

body,

10

15

20

25

30

70 into the rear end of the ferrule body until
t hrough enl arged, el ongated fi ber passage 54 in t
alternative, the cable and 30 fi bers can be

and the cable and body sinply lowered as a :
of the fixture, positioning the cable in channel 70!|ami300T ¥8ruj e

receptacle 72. In either event, cable clanp 74 Ihén Is pivoted frD
open position (Fig. 9) to 14 its cbg%e

78 holdlng t he cable clanp down on the cabl e.

subassenbly ontojth

d position (Frg. 10), wthj

el

receptacle for p051tlon1ng the cable inserted into the
ferrule body, with the exposed end portions of the optical
fibers projecting from the front face of the ferrule body
at an opposite side of the receptacle. A fiber aligning
means is provided on the base at the opposite side of the
receptacle for aligning the exposed end portions of the

optical fibers relative to each other and relative to the
properly positioned ferrule body.

As disclosed herein, the cable locating means is

provided by a cable channel 1leading away £from the

receptacle. The channel has a major width and a minor

depth for receiving a ribbon-type fiber optic cable wherein

the fibers are in a 1line. The fiber aligning means is

provided by a plurality of generally parallel grooves in a
surface adjacent the opposite side of the receptacle.
A cable clamp is disposed on the base for holding

the cable in the cable channel.
embodiment,

In the preferred
the cable clamp is mounted on the base for
movement between an open position exposing the cable
channel to allow positioning the cable therein and a
clamping position holding the cable in the channel.

A fiber clamp is disposed on the base for holding

the fibers in the grooves of the aligning means. 1In the

preferred embodiment, the fiber clamp is mounted on the

base for movement between an open position exposing the

fibers 22 projéct

ﬁle—gzéglxﬁ% OQ%‘H n the

ferrule

e top
body in
mits
magnet s

grooves to allow positioning of the fibers therein and a

clamping position holding the fibers in the grooves.

The fiber aligning means is located on a carriage
movably mounted on the base for movement toward and away

from the receptacle. The ferrule body includes alignment

holes which surround alignment posts on the carriage when
the carriage is moved toward the receptacle. The fiber

aligning means may comprise a component or assembly with
precision fiber alignment surfaces.



Wth the cable and ferrule body properly position

e fixture 62
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descri bed above, knob 68 at the 5. end of extedﬁﬂﬂﬂ“}ﬂ@ﬁﬁﬁq&_-

4hen is rotated to nove carriage 80 in the direct
10). During this novenent, the distal ends of aliyg

first will enter passages 60 (Fig. 4) in the fer3
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A smal | anount of manual mani pul ati on nay be needed
- fiber is in each groove. 20 Fi ber clanp 84 then

open position (Fig. 9) to its closed position (Fig.
the fiber clanp, projecting tongue 87 enters trough
bl ock 82 and holds the fibers in precision grooves

Wth the cable and ferrul e body now beirag nmounted i
the fibers of the cable being precisely aligned by

bl otk 82, BiliefrDagdbespveohscEneRepbaadniygt 0 openi’

ferrule body unti | hesi ve supstanti,ally fills e, cavi
The el ongated pin pa?gggg EuﬁFFI fkﬁRﬁQM}nvéﬁtlon which are gelleve

to be novel are set forth with particularity in the append-
ed claims. The invention, together with its objects'and
the advantages thereof, may be best understood by reference
to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

W |l be juxtaposed over grooves 92 (Fig. 12) in the fiber alignnent blqck

FIGURE 1 is a front perspective view of a

10 connector ferrule according to the prior art;

FIGURE 2 is a vertical section taken generally
along line 2-2 of Figure 1;

FIGURE 3 is a perspective view of the prior art
connector ferrule about to be terminated to a mating

15 ferrule by using a pair of alignment pins;

FIGURE 4 is a front perspective view of a
connector ferrule embodying the concepts of the invention;
FIGURE 5 is a fragmented horizontal section taken
generally along line 5-5 of Figure 4, but showing just the
20 ferrule body and one of the bushings;

FIGURE 6 is a vertical section taken generally

along line 6-6 of Figure 4, but showing just the ferrule
housing;

FIGURE 7 is a front elevational view of the
25 ferrule housing;

FIGURE 8 is a rear elevational view of the
ferrule housing;

FIGURE 9 is a top plan view of a fixture for

terminating the fibers of a fiber optic ribbon cable in the

30 connector ferrule of Figure 4, with the fixture in open

condition to receive the cable and ferrule body;
FIGURE 10 is a top plan view of the fixture in

closed condition with a ferrule and cable positioned
therein;



adhesive on the sides of the bushings 100 to captrya g fie qh Q E
Figure 15 shows filler adhesive 98 surrounding aJi 8 f 18y drb Hual flbers

in the enl arged passage as well as .around bushi ngs ! 100 in passagés 60. The
filler 35 adhesive then is allowed to cure. *In tmgfﬁbtqqmptqve t he

15 entire fixture, including,the positioned cable errul e body, along
with the applied filler adhesive, then.fan be pldCeU’ln anm—oven, i f

necessary, to heat-cure the filler adhesive. 5 | After .the
adheS|ve is cured, alignment posts 88 '

FIGURE 11 is an end elevational view of the fiber
alignment block of the flxture;

FIGURE 12 is a fragmented end elevational view,
on an enlarged scale, of the aligning grooves in the fiber
5 alignment block;

FIGURE 13 is a vertical section taken generally
along line 13-13 of Figure 11;
' FIGURE 14 is a vertical section taken generally
along line 14-14 of Figure 11; and
10 FIGURE 15 is an 'enlarged fragmented end
elevational view of the completely fabricated connector
ferrule, showing one of the alignment bushings and some of

the precisely aligned optical fibers surrounded by filler
adhesive.



ack

move out of the precisely pbsitioned bushi ngs as carw;age_gn is_nmoved
away fromthe cured connector ferrule. :To facilitate|RE QEﬂﬁgﬁsbf

are lubricated prior to applying the filler adhesive.

CEY

project 10 frommating face 56 of the ferrule body
polished. If any filler adhesive protrudes slightly firgom

IIU 1T IOCT

ar then clea/e

oTro

ape

beyond mating face 56, the adhesive al%p I's renoved ¢r Lpolished-of f.
Enl arged Figure 15 shows the end result—of the 15

invention f or

precisely aligning fibers 22 within elongated fiber 54

‘s 88
whi ch
i and
54

aaoagc 54—anrd—t-he

bushi ngs 1, etamlgdssageslﬁemhi eb gr;ecps-elfgraleagambaa&méh@r ferrule 50 with
a conplenentary ferrHI? oth nnec I n deV|ce such as ferrul e, 32
s2Ei 85 o BA Br ARG

described in relatiof
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IFe P BY, er detail,

Figures 1-3 show a connector ferrule accordlng to the

concepts of the prior art, and Figures '4-15 show a

connector ferrule fabricated according to the concepts of
the invention. As explained in the "Background", above,

after a fiber optic cable is terminated in the ferrule, the
ferrule then is assembled

connector assembly.

in an overall fiber optic

Before proceeding with a description of the prior

art and of the invention, it should be explained that the

connector ferrules are adapted for terminating a fiber
optic ribbon cable, generally designated 20, which includes
a plurality of discrete, generally parallel optical fibers
22 which are in a line or generally coplanar relationship.
However, it should be understood that many concepts of the
invention are equally applicable for any multi-fiber cable

which includes a plurality of discrete fibers that must be
aligned and properly spaced.

Turning £first to Figures 1-3, a connector
ferrule, generally designated 24, is shown according to the
prior art. The ferrule includes a ferrule body 26 having

a front planar mating face 28. As seen in Figure 2, a

plurality of fiber passages 30 extend through body 26 and

into front mating face 28. As seen in Figure 1, fiber

passages 30 are in a line or row corresponding to the

coplanar relationship of in-line optical £fibers 22 of-

ribbon cable 20. A flexible boot 31 surrounds cable 20 at

the rear of ferrule body 26 to provide strain relief for
the cable. The boot is fixed, as by epoxy,

in an opening
3la at the rear of the body.

Connector ferrule 24 of the prior art is adapted

for mating with a complementary ferrule, or similar

connecting device, generally designated 32 in Figure 3.

The connecting device is similar to ferrule 24 in that it



20 15 shows a cylindrical bushing 100 insertecy ; rﬂmgm@wqﬁﬁh@
passages 60 in ferrule body 52 of the connector f drrobe Retor b
Figure 5, it can be seen that a shoulder 102 is fgrred within ea

-

gack to
passage

60. This shoul der defines a stop linmt for insentijng?BddET 3228 Ft |25

can be seen in Figure 15 that passage 60 is slightlly larger in dig¢

than.the outside dianeter of bushing 1Q). Consequé
will cause filler adhesive 98 to fill e space be

ter

ntly, capilTary a¢tion
tween the outside; of the

bushi ng and the inside of the passage and precisely align the bushing 30
rel ative t dasheasdeond hpbdnang hatiagscfact aBidvend &i ldrse 28£f ibiderwi t hin
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. | ) expan el escoped ©
fiber optic ribbon cable 20A. As is known in the art,

ferrule 24 and connecting device 32 are matéed by using a
pair of alignment pins 38 which are inserted into alignment
passages 40 (Fig. 1) of ferrule 24 and alignment passages
42 (Fig. 3) in connecting device 32. Alignment pins 38 are
effective to align fiber passages 30 (Fig. 1) of ferrule 24
(Fig. 1) with fiber passages 36 (Fig. 3) of connecting
device 32 and, correspondingly, éligning the optical fibers
of cable 20 with the optical fibers of cable 20A.

In fabricating connector ferrule 24 according to
the concepts of the prior art, it should be noted that
ferrule body 26 has an opening 44 in the roof thereof which
communicates with the interior of the body. Referring next
to Figure 2, it can be seen that ribbon cable 20 has a
front end portion of its protective jacket 46 removed to
expose the line of optical fibers 22. During fabrication,
the cable is inserted into ferrule body 20 in the direction
of arrow "A" (Fig. 2). During the insertion process, each
individual optical fiber 22 must be inserted into its
respective individual fiber passages 30. All the fibers
are inserted into the passages simultaneously. Although
not shown, typically, the fibers will extend beyond the
front mating face 28 of the ferrule body. After all of the
exposed fibers are inserted into their respective fiber
passages 30, a premixed epoxy 48 (Fig. 2) is poured into
top opening 44 to fix the cable, the fibers and the boot
within the ferrule body.
cure,

After the epoxy is allowed to
the fiber ends are cleaved adjacent to the £front
mating face of the ferrule body, and the fiber ends are
polished as is known in the art.

Without repeating all of the problems explained

in the "Background", above, it readily can be understood

how difficult it is to insert exposed fibers 20 into their



posts 88, to the exact dianmeter of the posts. The
fabricated with precision and accuracy,« and this

NT SHEET

transferred to the bushings. When. fill er adhesivel 9B cures, the sjhi ngs
are secured at the exact dianmeters of the alignnent] ppstls3 OETomggh
foregoing, it is readily apparent that 5 the i ntion is a vagt

I nprovenent over the prior art. In eggence, the fijber passages—and pin
passages in the ferrule body of the imvéntion are ret—used to align fhe
fibers and alignnment pins. A separate fixture of high precision s

: individual fiber passages 30. In addition, with this

description of the prior art ferrule in Figures 1-3, the
tolerance problems in maintaining proper spacing
alignment of fiber passages 30,

and
plus proper spacing and
alignment tolerance problems with pin passages 40, now
be fully understandable.

can

'Figures 4-8 show a connector ferrule 50 embodying
the concepts of the present invention. Again, the ferrule
is constructed for terminating a fiber optic ribbon cable
20 which includes a plurality of generally parallel optical
fibers 22 in a line or coplanar relationship. However, it
will be recognizable that many concepts of the invention

are equally applicable for other configurations of multi-
fiber cables.

10

15 More particularly, connector ferrule 50 includes

a ferrule body 52 having a fiber passage 54 which is
elongated in cross-section to receive the entire line of

optical fibers 22. In other words, one elongated passage

54 is provided for receiving therein all of the fibers of
20 the cable. This is in contrast to the prior art which
requires a single passage for each respective fiber of the
cable. Connector body 52 also has a front planar mating
face 56, a top opening 58, and a pair of passages 60 spaced
from opposite ends of elongated fiber passage 54. Passages
60 can be called "pin passages", although the passages do
not directly receive alignment pinsl38 (Fig. 3) as in the

prior art, as will be ' described in greater detail
hereinafter. '

- 25

According to the inventioﬁ, epoxy is inserted or
poured into opening 58 to surround the line of optical
fibers 22 in elongated passage 54. That is why the epoxy
will be referred to hereinafter as a "filler adhesive".

30

Figures 9 and 10 show a fixture, generally
designated 62, which is used to hold ferrule body 52 and to

35 precisely align fibers 22 within elongated fiber passage 54



[ H
used outside the connector ferrule and, in essence, +Si 0N

IMTCST L0 L I~A Y]
paraneters are transferred to the ferrule. By trans %ﬁﬁﬂﬁﬁi%ﬁ%ﬁlﬁkﬁﬁ%ion
fromthe fixture to the ferrule as is contenpl ated by {hé presént
i nvention, the parameters of the resulting ferrules aré .ﬁébcqoqﬁbsuent and
r epeat abl e. This process can be fine tuned or adjusted 1 | yi by
modi fying the fixture. Still further,qyith fiber pagsage-54—-betng--
considerably larger than the fibers ttemsel ves, the sane ferrul e body can
be used for different sizes of fibers which is not posSSibBIe Wi th tThe Pprior
art. In faof, thesiboglye f eThell £ibodye, st Bhiows dnl armgesbeROor loadbngat ed:
fiber passggﬁ iﬂ@oﬁelﬂsﬁgg§ﬁ a&%ﬁﬂYDQ?tecﬁxgﬁﬁiQH;EEF%%QH scggdgkggerent
nunber s of em I's e Wt

not possi i OF Because
t he nunber ian&igure 10

More particularly, fixture 62  includes a
generally rectangular base or mounting block 64 which has
an externally threaded rod or shaft 66 running therethrough
within an internally threaded bore (not visible in the
drawings). A manual rotating knob 68 is fixed to the outer
distal end of shaft 66. As seen best in Figure 9, a
channel 70 is provided for receiving ribbon cable 20, and
a receptacle 72 is provided for receiving ferrule body 52.
Channel 70 has a major horizontal width and a minor
vertical depth for receiving the flat ribbon-type cable.
A cable clamp in the form of a cover 74 is pivoted to one
15 side of base 64 on a pivot rod 76.

10

The cable clamp is
pivotally movable from an open position shown in Figure 9

to a closed position shown in Figure 10. In its open
position, the cable clamp projects upwardly at an angle to
base 64 and exposes channel 70. In its closed position,
the cable clamp holds the ribbon cable in channel 70. Most
of the components of fixture 62 can be fabricated of metal
material, and a pair of magnets 78 (Fig. 9) can be used for
holding cable clamp 74 in its closed, clamping position.
A ferrule clamp 79 holds a ferrule in receptacle

25 72. Like cable clamp 74, ferrule clamp 79 is pivoted, as
at 79a,

20

to base 64 between an open position exposing the

receptacle and a closed position holding the ferrule in the
receptacle. '

A movable carriage, generally designated 80, is

30 reciprocally movable in the direction of arrow "B" (Fig. 9)

at an end of base 64 opposite cable-receiving channel 70

and cable clamp 74. Carriage 80 can be movably mounted on

base 64 by a variety of mechanisms. A simple mechanism is

to use shaft 66 which runs through base 64 and to connect

35 a distal end of the shaft to the carriage, whereby



sizes of the fiber passages nust be varied in attenpts to arrive at any
consi stency what soever. 25

It wll be unders{ t
invention may be enbodied in other specific fornms without JcnﬁA¢EMENT§ﬂﬂ§ﬂ‘
the spirit or central characteristics thereof. The presept| exanpl es and

enbodi nents, therefore, are to be considered in all respecfs|ast30CT 1998
illustrative and not restrictive, and the inventionfip not to be

limted to the details given herein. “CLAI M5 1. A fixture (62) Tor
use in fabricating a

threadingly rotating the shaft causes the shaft to move and
move the carriage therew1th

Movable carriage 80 of fixture 62 includes a
fixed alignment block, generally designated 82,
5 pivotally movable fiber clamp 84.

and a
Like cable clamp 74,
fiber clamp 84 is pivoted to one side of base 64 on a pivot
rod 86. Fiber clamp 84 has a tongue 87 that projects in a
direction toward receptacle 72. The fiber <lamp is
pivotable from an open, upwardly angled position shown in
Figure 9 and a closed position shown in Figure 10. As will
be seen hereinafter,

10

fiber clamp 84 is effective to hold
the fibers of the ribbon cable in position on fiber

alignment block 82. The fibers can be held simply by the
weight of fiber clamp 84, or appropriate magnets (like
magnets 78) can be used to hold the fiber clamp down on the
fibers. A pair of alignment posts 88 are shown in Figure
9 projecting from fiber alignment block 82 toward
receptacle 72 which receives one of the ferrule bodies 52.
The alignment posts are insertable into ﬁassages 60 in the
ferrule body, as will be described hereinafter.

Figures 11-14 show fiber alignment block 82
removed from fixture 62 to facilitate the illustration.
More particularly, the fiber alignment block is a solid
component having a chamfered trough 90 formed in the top
25 thereof. As seen best in Figures 11 and 12, the side walls

of trough 90 are tapered downwardly in a converging manner
toward a bottom wall which includes a plurality of
generally parallel grooves 92. The grooves are enlarged in
Figure 12 to show that they are semi-cylihdrical in cross-
30 section. It should be understood that the grooves also can
be triangular or otherwise polygonal in cross-section.

15

20

In
any event, the grooves are spaced to precisely align fibers

22 within elongated fiber passage 54 of the ferrule body,
as will be described in greater detail hereinafter. Fiber

35 alignment block 82 can be fabricated as a high precision




connector ferrule (50) for a fiber optic cabl e (20) which.includes_a
plurality of generally parallel optical fibers 5 ( 22)REgomEi BT
base (64); a receptacle (72) on the base for receiving aﬁg%ﬁﬁgggkﬁggiﬁii?‘
positioning a ferrule body (52); a cable |ocating neans {7

p) on_the bas# gt
one 10 side of the receptacle (72) for positioning thel cdol@C{26p8 | :

inserted in the ferrule body (52), withsexposed end por tji ons..of _the optijcal
fibers (22) projecting fromthe ferrufebody at an opposite side of the :

receptacle (72); and 15 a fiber aligning dE&HSw{%Q}wéuLJlELM
basé at saifdroegosinetaldi deomponduet r exeptac| @& (H2ghf @readigiimng folrted

crystalline component.

In either instance, grooves 92 can
be fabricated in a mutually spaced and aligned relationship
with very high accuracy and precision.

Still referring to Figures 11-13, fiber alignment

block 82 also has a pair of precisely located holes 94

which receive alignment posts 88 as described above in

relation to Figure 9. Again, holes 94 can be formed in

alignment block 82 with very high accuracy and precision.
With the above detailed description of the

structure of connector ferrule 50 and fixture 62, including
fiber alignment block 82,

10

the method of fabricating the
connector ferrule now will be described.

proceeding with the method in detail,
15 should be made to Figure 15

However, before
a quick reference

to wvisualize the size
relationship between optical fibers 22 and elongated fiber

passage 54 in'ferrule body 52. As with the prior art,
ribbon cable 20 is prepared by removing the protective

jacket from an end portion of the cable to expose the line
20 of optical fibers at the end portion.

Prior to positioning
the cable in the fixture,

a pair of cylindrical bushings
100 (Fig. 15) are telescoped onto alignment posts 88. The

cable then is placed into channel 70 of fixture 62, with
cable clamp 74 in the open position as shown in Figure 9.

25 One of the ferrule bodies 52 is positioned in receptacle 72
of the fixture. The cable then is moved forwardly in
channel 70 into the rear end of the ferrule body until
fibers 22 project through enlarged, elongated fiber passage
54 in the ferrule body. 1In the alternative, the cable and

30

fibers can be inserted into the ferrule body, and the cable
and body simply lowered as a subassembly onto the top of
the fixture, positioning the cable in channel 70 and the
ferrule body in receptacle 72. In either event, cable

clamp 74 then is pivoted from its open position (Fig. 9) to



exposed end portions of the optical fibers (22) relative to each other and-v
relative to the properly positioned ferrule body. 20 2 The *

fixture of claim1 wherein said cable |ocating neans i n¢RERfeA
channel (70) leading away fromthe receptacle. 3. The fi ¢ NWESHEEg
wherein said fiber optic cable (20) is a ribbon cable, png %%%% %a%kg
channel 25 (70) has a major wdth fagd a m nor depth{ H. 511 urfe lof
claim?2, including a cable clanp (74) ©omthe base for hpl:
(20) in the cable channel (70).

: its closed position (Fig. ,b10), with magnets 78—hoiding—tke—
cable clamp down on the cable.

With the cable and ferrule body properly
positioned in fixture 62 as described above, knob 68 at the
end of externally threaded shaft 66 then is rotated to move
carriage 80 in the direction of arrow "C" (Fig. 10).
During this movement, the distal ends of alignment posts 88
(Fig. 9) first will enter passages 60 (Fig. 4) in the
ferrule body. Bushings 100 will move with the alignment
10 posts into passages 60. Further movement of the carriage

will cause fiber alignment block 82 to move under distal
ends of the exposed optical fibers which have been extended
completely through the enlarged, elongated fiber passage 54
of the body beyond front face 56 of the body. With the
15 carriage and alignment block 82 moved to the full
"assembly" position shown in Figure 10, all of the fibers
will be juxtaposed over grooves 92 (Fig. 12) in the fiber
alignment block. A small amount of manual manibulation may
be needed to ensure that one fiber is in each groove.
Fiber clamp 84 then is pivoted from its open position (Fig.
9) to its closed position (Fig. 10). During closing of the
fiber clamp, projecting tongue 87 enters trough 90 of fiber

_alignment block 82 and holds the fibers in precision
grooves 92,

20

25 With Ehe cable and ferrule body now being mounted

in fixture 62, and with the fibers of the cable being
precisely aligned by the grooves in alignment block 82,
filler adhesive is then placed into opening 58 in the top
of the ferrule body until the adhesive substantially fills
30 the cavity. The elongated pin passage 54 will receive
adhesive on the sides of the bushings 100 to captivate them
in place. Figure 15 shows filler adhesive 98 surrounding
all of the individual fibers in the enlarged passage as

well as around bushings 100 in passages 60. The filler

35 adhesive then is allowed to cure. In the alternative, the



18 5. The fixture of claim4 wherein said cable clanp (7&

LR My
nounted on the base for novenent between an open position: ekﬁﬁgﬁﬁégﬁﬁﬁéﬁi?ff
cabl e channel (70) to allow positioning the cable (20) théréln and a ;o

|
clamping 5 position holding the cable in the channel. ;61 THhect xoare
of claim1 wherein said fiber aligning neans (82) include a plurality of | i
generally parallel grooves (92) in a sygface adjacent sald opp03|te”§TdE“of

the receptacle (72). 10 —F— The fixture of %12'n16 wherein |

i
said fiber aligning means (82) conprises a netal conponent and sai d grooves
(92) are pes¢igieodikoumred incduddnfathet pesatfioned cable and ferrule

body, along with the applied filler adhesive, then can be
placed in an oven, if necessary,
adhesive.

to heat-cure the filler

After the adhesive is cured, alignment posts 88

move out of the precisely positioned bushings as carriage
80 is moved back away from the cured connector ferrule. To
facilitate this process, posts 88 are lubricated prior to
applying the filler adhesive. The fiber ends which project

from mating face 56 of the ferrule body are then cleaved
and polished.

10

If any filler adhesive protrudes slightly
from fiber passage 54 beyond mating face 56, the adhesive
also is removed or polished-off.

Enlarged Figure 15 shows the end result of the
invention for precisely aligning fibers 22 within elongated
fiber passage 54 and the bushings 100 in passages 60 which

15

precisely align connector ferrule 50 with a complementary

ferrule or other connecting device such as ferrule 32

described in relation to the prior art of Figure 3. Figure
20 15 shows a cylindrical bushing 100 inserted within one of
the passages: 60 in ferrule body 52 of the connector
ferrule. Referring back to Figure 5, it can be seen that
a shoulder 102 is formed within each passage 60. This
shoulder défines a stop limit for inserting boot 31. It
can be seen in Figure 15 that passage 60 is slightly larger
in -diameter than the outside diameter of bushing 100.
Consequently, capillary action will cause filler adhesive
98 to £ill the space between the outside of the bushing and
the inside of the passage and precisely align the bushing
relative to the second bushing but also relative to fibers
22 fixed within the connector ferrule.

25

30

It can be seen in
Figure 15 that the bushings are slit, as at 100a. The

bushings, thereby, expand when telescoped onto alignment

posts 88, to the exact diameter of the posts. The posts

35 can be fabricated with precision and accuracy, and this



8. The fixture of claim6 wherein said fiber aligning

ngan (82) conprises
a crystalline conponent and 15 sai d grooves (92) f

in a surface thereof. 9. The fixture of clain1g§ﬁ¥‘ EER
fiber clanp (84) on the base for holding the fibers (22)

f or med

(92).

clanmp (84)
position exposing the grooves (92) to=attow positioning

LERLALE - o

Is pivotally nmounted on theqlgase for novenent

iin said roovec
10. The fixture of claim9 wherleijn 33211988

et ween an opern

the fibers (22)

thereln and a clanplng position holding the fibers int gr-ooVves
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accuracy is transferred to the bushings. When filler

adhesive 98 cures,; the bushings are secured at the exact

diameters of the alignment posts.

From. the foregoing, it is readily apparent that

the invention is a vast improvement over the prior art. 1In

essence, the fiber passages and pin passages in the ferrule

body of the invention are not used to align the fibers and

alignment pins. A separate fixture of high precision is

used outside the connector ferrule and, in essence, these

precision parameters are transferred to the ferrule. By
transferring the precision from the fixture to the ferrule

as is contemplated by the present invention, the parameters
of the resulting ferrules are
repeatable.

very consistent and
This process can be fine tuned or adjusted
simply by modifying the fixture. Still further, with fiber
passage 54 being considerably larger than the fibers
themselves, the same ferrule body can be used for different
sizes of fibers which is not possible with the prior art.
In fact, a single ferrule body, with its enlarged,
elongated fiber passage can be used to accommodate £iber
optic cables of different numbers of fibers. Again, this
is not possible with the prior art, because the number and
sizes of the fiber passages must be varied in attempts to
arrive at any consistency whatsoever.

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and

the invention is not to be limited to the details given
herein.

&



11. The fixture.of claim1l wherein said fiber aligning means (82) is on a
carriage (80) novably mounted on the base for novenent toward and away frq
the receptacle (72). 5 12. The fixture of qla|n111 wher ei n
said ferrule body (52) includes at |east one alignment{-hg e,_ﬁ@@ ngl ald
carriage (80) includes an alignment post (88) for noverenf- inta the '1é
(60) .when the carriage i s noved tomard:yhe receptacl e {72). 20 :
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CLAIMS

% 4.2 OCT 998

1. A fixture (62) for use in fabricating a
connector ferrule (50) for a fiber optic cable (20) which
includes a plurality of generally parallel optical fibers
(22), comprising:

a base (64);

a receptacle (72) on the base for receiving and
properly positioning a ferrule body (52);-

a cable locating means (70) on the base at one
side of the receptacle (72) for positioning the cable (20)
inserted in the ferrule body (52), with exposed end
portions of the optical fibers (22) projecting from the
ferrule body at an opposite side of the receptacle (72);
and | _

a fiber aligning means (82) on the base at said
opposite side of the receptacle (72) for aligning the
exposed end portions of the optical fibers (22) relative to

each other and relative to the properly positioned ferrule
body.

2. The fixture of claim 1 wherein said cable
locating means include a cable channel (70)

leading away
from the receptacle.

3. The fixture of claim 2 wherein said fiber
optic cable (20) is a'‘ribbon cable, and said cable channel

(70) has a major width and a minor depth.

4. The fixture of claim 2, including a cable

clamp (74) on the base for holding the cable (20) in the
cable channel (70).

—

QLT



13. A fixture, (62) for use in fabricating a connector ferrule (50) for a
fiber optic ribbon cable (20) which includes a plurality

parallel optical fibers (22) in a line, conprising: 5 %Kﬁmmhwr§l
(64); a receptacle (72) on the base for receiving and properly positionirg
a ferrule body (52); a cable locating neans (70) on the e At3 Q0T Whsle |of
the receptacle (72) for positioning th&apable (20) 10 nserted i nto tjhg
ferrule body (52), with exposed end portions of the optikal fTrbers (22)
projecting fromthe ferrule body in a line at an | '
the receptacle (72), She Thkl €ixonatg ngf meaaim( A)whetradni Batige dJay1m of a

cabl e ChamEﬂaﬂ5017i?aggngi@%ﬁglﬁgo%édﬁied on the base for movement
between an open position exposing the cable channel (70) to

allow positioning the cable (20) therein and a clamping
5 position holding the cable in the channel.

(7))

6. The fixture of claim 1 wherein said fiber

aligning means (82) includé a plurality of generally

parallel grooves (92) in a surface adjacent said opposite

side of the receptacle (72).

10 7. The fixture of claim 6 wherein said fiber

aligning means (82) comprises a metal component and said

grooves (92) are precision formed in a surface thereof.

8. The fixture of claim 6 wherein said fiber
aligning means (82) comprises a crystalline component and
15 said grooves (92) are precision formed in a surface

thereof.

9. The fixture of claim 6, including a fiber

clamp (84) on the base for holding the fibers (22) in said
grooves (92).

20 10. The fixture of claim 9 wherein said fiber

clamp (84) is pivotally mounted on the base for movement
between an open position exposing the grooves (92) to allow
positioning the fibers (22) therein and a clamping position
holding the fibers in the grooves.

[
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15 receptacle, with the cable channel having a major width and a m nor

ot b s i,

depth for receiving and properly positioning the ribbon cqg ;,gigﬁiifgquarf
fiber aligning neans (82) on the base at said opposite si g&bfﬁ, BEN uﬁbﬁf}

R

. receptacle (72) for aligning the 20 exposed end portigng of the optical
fibers (22) relative to each other and relative to the propérl 3@t tiggneg !
.ferrule body, the fiber aligning nean31§82) including a rowiof generally i
parallel grooves (92) in a surface adjatent said opposite;side of The—— .
receptacle for positioning the line of 25 exposed fiber-end _portions
thefein. 14. The fixtulre ofhel firtdde ofcldidiing B whbkeig! 8gRA( Fbean the

base for h@f¥§%&ﬂé“%é§ﬁgE%égp)iéhoﬁhg SggkﬁaSQaQ@%B 9%%Lbly mounted
on the base for movement toward and away from the
receptacle (72).

5 12. The fixture of claim 11 wherein said ferrule
body (52) includes at least one alignment hole (60), and
said carriage (80) includes an alignment post (88) for

movement into the hole (60) when the carriage is moved
toward the receptacle (72).

* c L M s *
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21 15. The fixture of claim 14 wherein said cable cl

FA—ts _p.'ﬂ*“lly
nounted on the base for novenent between an open posi j]i RLP@MENW@SI‘IE‘E&T
cabl e channel (70) to allow positioning the cable (20 hereln and a

‘cl anping 5 position holding the cable in the chame 9{;
of claim13, including a fiber clanp (84) on the basejfp Pgl n§ h
novement

fibers (22) in said grooves (92). 17. 2‘|’61e fixture of El
fiber 10 clanp (84) is pivotally moomted on the bpse for

13. A fixture, (62) for use in fabricating a
connector ferrule (50)'for a fiber optic ribbon cable (20)
which includes a plurality of generally parallel optical
fibers (22) in a llne, comprising:

5 a base (64);

a receptacle (72) on the base for receiving and
properly positioning a ferrule body (52);
' a cable locating means (70) on the base at one

side of the receptacle (72) for positioning the cable (20)

10 inserted into the ferrule body (52), with exposed end

portions of the optical fibers (22) projecting from the
ferrule body in a 1line at an opposite side of the

receptacle (72), the cable locating means (70) being in the

form of a cable channel (70) leading away £from the .

is receptacle, with the cable channel having a major width and

a minor depth for receiving and properly positioning the
ribbon cable (20); and

a fiber aligning means (82) on the base at said
opposite side of the receptacle (72) for aligning the
exposed end portions of the optical fibers (22) relative to
each other and relative to the properly positioned ferrule
body, the fiber aligning means (82) including a row of
generally parallel grooves (92) in a surface adjacent said

opposite side of the receptacle for positioning the line of
exposed fiber end portions therein.

20

25

14. The fixture of claim 13, including a cable

clamp (74) on the base for holding the cable (20) in the
cable channel (70).
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bet ween an open position exp05|ng the grooves (92) to allom1p05|t|on|ng the

fibers (22) therein and a clanping position holding the, fiib ;jqf;xlprmg
grooves. 18. The fixture of claim 13 wherein said fiberi’s ”dhggaﬁﬁ@l;

means (82) is on a carriage (80) novably nounted on thd hase for nnvenénﬁ
toward and away fromthe receptacle (72). 19. The flxturq off

I
wherein said ferrule body (52) includegqat |east one ali qnnent ﬁole (6@)

and 20 said carriage (80) includes—an alignnent pas t“”t887*+tW““”J
novenent into the hole (60) when the carriage is noved i{toward the

recéptacl e (72). 20. IBhe fThd Wixtoirelof neldimheseivhezatitd sabar cableni ng’
means (82) LMY | 648 %Q%%lroﬁ%‘f?”%hn%@% % % he base for movement
between an open position exposing the cable channel (70) to
allow positioning the cable (20) therein and a clamping
5 position holding the cable in the channel.

16. The fixture of claim 13, including a fiber

clamp (84) on the base for holding the fibers (22) in said
grooves (92).

17. The fixture of claim 16 wherein said fiber
is pivotally mounted on the base for movement
between an open position exposing the grooves (92) to allow

positioning the fibers (22) therein and a clamping position
holding the fibers in the grooves.

10 clamp (84)

18. The fixture of claim 13 wherein said fiber
aligning means (82) is on a carriage (80) movably mounted

on the base for movement toward and away from the
receptacle (72).

15

19. The fixture of claim 18 wherein said ferrule
body (52) includes at least one alignment hole (60), and

20 said carriage (80) ‘includes an alignment post (88) for
movement into the hole (60)

toward the receptacle (72).

when the carriage is moved

20. The fixture of claim 13 wherein said fiber
aligning means (82) comprises a metal component and said

25 grooves (92) are precision formed in a surface thereof.

21. The fixture of claim 13 wherein said fiber

aligning means (82) comprises a crystalline component and

said grooves (92) are precision formed
thereof.

in a surface
—_—
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25 grooves (92) are precision formed in a surface thereof. 21. The _
fixture of claim 13 wherein said fiber aligning neans (82) conprlses a

-crystalline conponent and said grooves (92) are preC|SIonM'
surface thereof.

ABSTRACT

FIXTURE_FOR FABRICATING A FIBER OPTIC CONNECTOR FERRULE

A fixture (62) is disclosed for use in
fabricating a connector ferrule (50) for a fiber optic
cable (20) which includes a plurality of generally parallel
optical fibers (22). The fixture includes a base (64),

with a receptacle (72) on the base for receiving and

properly positioning a ferrule body (52). A cable locator

(70) is provided on the base at one side of the receptacle
10Q (72) for positioning the cable inserted in the ferrule
body, with exposed end portions of the optical fibers (22)
projecting from the ferrule body at an opposite side of the
receptacle. A fiber aligner (82) is provided on the base
at the opposite side of the'reCeptacle (72) for aligning
the exposed end portions of the optical £ibers (22)

relative to each other and relative to the properly
positioned ferrule body.

15

Fig. 9



