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SPECIFICATION
FIBER OPTIC CONNECTOR FERRULE

Field of the Invention
i This invention generally relates to the art of
5 fiber optic connectors and, particularly, to a fiber optic

connector ferrule.

Background of the Invention
In fiber optic transmission systems, signals are

transmitted along optical fibers by optical frequency waves
10 (light) generated by such source as LED’s, lasers and the
like. Optical fibers typically are fabricated of glass
materials and, as optical fiber circuitry developed, it
became necessary to provide connecting devices which could
couple one optical fiber to another, only in an end-to-end
15 relationship.
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
20 250 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
25 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 optical fibers with their optical
axes in alignment for connection to the fibers of a mating
30 connector or other appropriate connecting device.
A fiber optic ribbon cable has become

increasingly popular to provide multiple channels in a
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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
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
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
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
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 percentage of rejects.
The ferrules must be inspected hole by hole. In addition
to fibers being broken, the holes, themselves, may be too
large or too small or not circular. Connector ferrules

comprise bodies which are crystalline in nature, typically
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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. These alignment
pins typically have one end of each pin extending into a
passage of the connector ferrule, and the opposite end of
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. It can be understood why there is
such a high number of rejects during the fabrication of
prior art connector ferrules. The present invention 1is
directed to solving the problems in the fabrication of a

multi-fiber ferrule.

Summary of the Invention

An object, therefore, of the invention is to
provide a new and improved connector ferrule for a fiber
optic cable which includes a plurality of generally
parallel optical fibers. The invention is disclosed herein
with the ferrule adapted for a fiber optic ribbon cable
which includes a plurality of generally parallel optical
fibers in a line. |

In the exemplary embodiment of the invention, the
connector ferrule includes a ferrule body for receiving a

cable and having a fiber passage which is elongated in
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2 single cable structure. An optical ribbon cable is simlar

to any other well known ribbon electrical cable to the extent that a
plurality of generally parallel optical fi bers or channels are

di sposed in a line or generally 5 copl anar rel ati onshi p. Ternina%jn
the optical fibers of a fiber optic ribbon cable is gener@;;ﬁa egG
simlar to the procedure described above. In general, 47
unitary protective jacket surrounding the line of fibers is renoved
so that the buffered fibers are exposed which are then 10 stripped and

the unprotected tkBgESsBERIBR b PEEENGeTLRL 1ine of optical fibers. The
fibers are exposed by removing the jacket at an end portion
of the fiber optic ribbon cable. A filler adhesive fixes
the fibers in the fiber passage in proper spaced relation.
5 Therefore, the line of fibers can be precisely aligned and
relatively spaced from exteriorly of the elongated fiber
passage, and the filler adhesive can fix the fibers in that
precise alignment and relative spacing interiorly of the
fiber passage.

10 The invention also contemplates that the ferrule
body include at least one pin passage spaced from the fiber
passage for receiving an alignment pin projeéting from the
body to align the ferrule body with an appropriate
complementary connecting device. An alignment bushing is

15 disposed in the pin passage for directly receiving the
alignment pin. The passage is larger than the alignment
bushing, and the filler adhesive is inserted between the
bushing and the inside of the pin passage. As disclosed
herein, one of the pin passages and a respective alignment

20 bushing is spaced outwardly from each end of the elongated
fiber passage.

Other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying draw-

25 ings. _ N
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cabl’'e in a line. Typically, these individual fibers nust be inserted

Into respective individual holes or passages in a prefabricated
connector ferrule. The passages align the fibers at a predeterm ned
spacing for coupling to the ends 15 of the fibers in a conpl enegt %Xt
connector ferrule or other connecting device. 97_24§ 58
term nating process of the individual fibers of a nulti-fiber cable,
creates a nunber of problens. First, because of the very thin size
and extrenely fragile 20 nature of the fibers, it can be tedious to

insert a fiber Brief DaHdridtSidildE alHeyWrRgihelse Or passage-bl However,
Dllural ity of passages can B SRALARERyOf: Pt ARveniqt ghich afe fofidvea
fiber of the cabte bes riovedenret bet sforipiped alphetéathlarity iantdhé eappeied-
e ner, ust, e dhgoardeds Andhde SEURHKn,, pogeryhIGA IS8 MBERF o
and resul t5in unte eslyangages 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:
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 pérspective 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 1is 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
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expense. In the prior art, placing individual fibers of a

30 mul ti-fiber cable into individual holes or passages in a

connector ferrule results in a high percentage of rejects. The
ferrul es nust be inspected hole by hole. In addition to fibqﬁﬁxa%ing
broken, the hol es, thenselves, may be too | arge or too srpfl,Qf t
circul ar. Connector ferrules 35 conpri se bodi es which are crystalllne
in nature, typically 3

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

adhesive.
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of ceramic material. However, they can be nol ded of pl astic or
like material. For multiple channel ferrules, the fiber-receiving
hol es or passages nust be forned precisely to maintain proper form
or alignnment and spacing 5 between the fibers to prevent toler%g%%nt
probl ens causi ng transm ssion | osses during mating. 97-244 SG
The above alignnent/tolerance problens are further conp?icaFed

i n connector assenblies wherein a pair of mating connector ferrules,
t hensel ves, are placed in the 10 mating condition by two alignnment pins.

These alignmentpetaile®i Déséyhedn Yohaue ane rnd-oof Eﬁ@%@i&éﬂfeXtegdipg
o bt g aeates 1 HEPPROEEL B | M nts RS L,
ferrule, with aFthanéer ad3l eadewn soncohreptorf dertnle &dd¢@rdiatd . toThehe
probl ems of naigggégﬁyg ngnﬂfﬂ% tgkﬁB%”Cgét, 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 ferrule, 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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with the alignment pins and their passages nust be added to t he

tol erance problens in maintaining precise spacing and al i gnnent of

t he individual holes for the optical fibers of the fiber optic cable.
It can be understood why there is 20 such a hi gh nunber of rejeck%tent
during the fabrication of prior art connector ferrules. e present
I nvention is directed to solving the problens in the fabrication of a
mul ti-fiber ferrule. Summary of the Invention 25 An
object, therefore, of the inventionis to provi de a new and

i nproved connect hasf er redtent oplanbikbedating fa@d i gacabl® whilghel net UBEBesd
plurality of general

di scl osed herei npassageﬁ/i:ﬁﬁ & erraelé’lreﬁlt}ﬂi%%;iigglt ?'a%é%g{g‘éai‘rih%eg?en]f\%g cgpFIBISSBHd
cable 30 whi cliibac| ogés ca mibbaal i ¢abld gener alAsy par &hbeh dpi itled 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 problems explained
in the "Background", above, it readily can be understood

35 how difficult it is to insert exposed fibers 20 into their
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fibers in a line. In the exenpl ary enbodi ment of the

i.nvention, the connector ferrule includes a ferrule body for
receiving a cable and having a fiber passage which is elongated in
cross-section to receive the line of optical fibers. The Patent
97-244 SG
individual fiber passages 30. In addition, with this
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description of the prior art ferrule in Figures 1-3, the
tolerance problems in maintaining proper spacing and
alignment of fiber passages 30, plus proper spacing and
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
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.

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. 1In other words, one elongated passage
54 is provided for receiving therein all of the fibers of
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 ping 38 (Fig. 3) as in the
prior art, as will be described in greater detail
hereinafter.

According to the invention, 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".

Figures 9 and 10 show a fixture, generally
designated 62, which is used to hold ferrule body 52 and to
precisely align fibers 22 within elongated fiber passage 54

9
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fibers are exposed by renoving the jacket at an end portion of the

fiber optic ribbon cable. A filler adhesive fixes the fibers in the
fi ber passage in proper spaced relation. 5 Therefore, the line of

fi bers can be precisely aligned and relatively spaced from atent
exteriorly of the elongated fiber passage, and the fiIIergggggglgg
can fix the fibers in that preci se alignnent and rel ative spacing
interiorly of the fi ber passage. 10 The invention al so
contenplates that the ferrule body i nclude at | east one pin passage

spaced fromthe é6fbehe body. pansagextefer 4Geistonth am Ad BPENtoPi Toading
projecting fromthe... . .b&py to Iiga the f rru%g bodg mn%ﬁ an L.
appropriate CONAHHIR Ath EFA Eorindtti 1Y [&HOSES R aFPERRER CHRBHTIRP i s
15 di sposed i inthegyrer assage for directly receiving the

alignment pin. The passa 1s | L he al.i_gnnent . ushi_ng,
andgthe filler adhesive igﬁﬁkier?égggnggg%§the%H ure bdgﬁinéngnaafﬁe a

i nsi de of %he pimeg@@@hg@,req@angq&gnxhgfe or mounting block 64 which has

an externally threaded rod or shaft 66 running therethrough
within an internally threaded bore (not wvisible 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
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 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. 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,
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 direc¢tion 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
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spaced outwardly fromeach end of the el ongated fi ber passage.

Q her objects, _ _
apparent fromthe follow ng detailed

features and advant ages of the invention will be
description taken in cogggg%kon

wi th the acconpanying draw 25 I ngs. 97-244 SG
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threadingly rotating 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
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 1is
pivotable from an open, upwardly angled position shown in
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
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
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
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-
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
alignment block 82 can be fabricated as a high precision
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Bri ef Description of the Draw ngs T Thefeattres of this
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acconpanyi ng drawi ngs, in which |like reference nunerals identify
elenents in the figures and in which: FIGURE 1 is a front
perspective view of a 10 connector ferrule according to the prior art;
FIGURE 2 is a vefbihdd SREEIONcHAKEAAENDAl by a hidd ORGekiBeoA- 2£8Fmed
Figure 1; . FI GURE IS a_perspective view of the prior art
connector ferrul SRR ROIRAMAHat ed ™t 1505 ARGERBCS, FEPPYRE B9 TR%ng
a pair of alignnestfghmistated in a mutually RHgaddEd 4nds adibhedt rpeaspesshise
view of a

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 ngure 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 method in detail, a quick reference
15 should be made to Figure 15 to visualize the size
relationship between optical fibers 22 and elongated fiber
passage 54 in ferrule body 52. Ag 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. 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
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connector ferrul e enbodying the concepts of the invention;

FIGURE 5 is a fragnented horizontal section taken general ly al ong
line 5-5 of Figure 4, but showi ng just the 20 ferrul e body and one of

t he bushi ngs; FIGURE 6 is a vertical section taken

general ly along line 6-6 of Figure 4, but show ng just the9ge5£g?§G
housi ng; FIGURE 7 is a front el evational view of "th

ferrul e housi ng; FIGURE 8 is a rear elevational view of the
ferrul e housing; FIGURE 9 is a top plan view of a fixture
for term ngds n:gldsmi fpdﬁrtsﬂ.cﬁf @ilg.ban)opkihen hhgaarsabs endraime 3k

connector ferrul e of ure 4, with the fi ture I n open condition to

receive the cabl%&éﬁ1 é%WRHQPWﬁxRP the cable FIGURE 10 is a top plan

~view of the fixture in Witlcl oslesl coadléi oandi t feariu@rer ulsdnd Efdderly
posi tioned 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 enlarged passage as

well as around bushings 100 in passages 60. The filler
35 adhesive then is allowed to cure. In the alternative, the
13
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t her'ei n; FIGJRE 11 is an end el evational view of

the fi ber al i gnment bl ock of the fixture; FI GURE 12

is a fragnented end el evational view, on an enl arged scale, of the

aligning grooves in the fiber 5 al i gnnment bl ock; Patent
'97-244 SG

entire fixture, including 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 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
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 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 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 fill 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 telescoped 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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FIGIRE 13 is a vertical section taken generally along line 13-13 of
Figure 11; .
along line 14-14 of Figure 11; and 10 FIGURE 15 is an

enl ar ged

and sone
filler

fragmented end el evational view of the conpletely,
fabricated connector ferrule, show ng one of the allgnnen@7b§§ | @GS

of

10

15

20

25

30

FIGURE 14 is a vertical section taken general

tent

the precisely aligned optical fibers surrounded by

adhesi ve.

accuracy 1is transferred to the bushings. When filler
adhesive 98 cures, the bushings are secured at the exact
diameters of the alignment posts.

Froﬁ 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
alignmeht 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 very consistent and
repeatable. 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 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,

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.
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7 Det ai | ed 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 showa 5 connector ferrule fabricated according t%,gge

a %gt

concepts of the invention. As explained in the "Backgroung', 3l ,
after a fiber optic cable is termnated in the ferrule, the ferrul e
then is assenbled in an overall fiber optic connector assenbly. 10
Before proceeding with a description of the prior art and of the

I nvention, it shogphlsisbe expl ai ned that the connector ferrules are
adapted for termnating a fiber optic ribbon cable, generally

desi gnat ed 20, which includes a plurality of discrete, generally
paral l el optical fibers 1. A connector ferrule (50) for a fiber optic

ribbon cable (20) which includes a plurality of generally
parallel optical fibers (22) in a line, comprising:

5 a ferrule body (52) for receiving the cable (20)
and including a fiber passage (54) which is elongated in
cross-section to receive the line of optical fibers (22)
that are exposed by removing the jacket at an end portion
of the fiber optic ribbon cable; and

10 ) a filler adhesive (98) in the elongated fiber
passage (54) for fixing the fibers (22} in the fiber
passage in proper spaced relationship;

whereby the line of fibers (22) can be precisely
aligned and relatively spaced from exteriorly of the fiber

15 passage (54) and the filler adhesive (98) can fix the
fibers in that precise alignment and relative spacing

interiorly of the fiber passage.

2. The connector ferrule of claim 1 wherein said
ferrule body (52) includes a pin passage (60) spaced from
20 the elongated fiber passage (54) for receiving an alignment
pin (38) projecting from the ferrule body to align the body
with an appropriate complementary connecting device (32).

This Sheet Has Been
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15 = 22 which are in a line or generally copl anar rel ationship.

However, it shoul d be understood that many concepts of the i nvention
are equally applicable for any multi-fiber cable whi ch includes a
plurality of discrete fibers that nust be al i gned and properbY¢eont
spaced. 20 Turning first to Figures 1-3, a cogheghel gg
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 Be conmé®tdr oOfdrrEid ngf fELLim 82, uPém&mgi n
Figure 1, fiber line or.row correspondi the

ssages_ 30.are
copl anar reIatlo%%h?%lgsm?ﬁglnggﬁﬁgié&&dslBg}s ?ﬁdoPln PasSaghho ab
20. A flexibl e bdbregdlygurecrindsng alilee P20 gament pint H88)ear of ferrul e body
26 to provide strain relief for 30 the cable. The boot is fixed, as by

epoxy, in an opening 3la at the rear of the body.
4. The connector ferrule of claim 3 wherein said

5 pin passage (60) 1is larger than the alignment bushing
(100), and including a filler adhesive (98) between the
bushing and the inside of the pin passage.

5. The connector ferrule of claim 4, including

one of said pin passages (60) and a respective alignment

10 bushing (100) spaced outwardly from each end of the
elongated fiber passage (54).

This Sheet Has Been Replaced
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Connector ferrule 24 of the prior art is adapted for mting with a
conplenentary ferrule, or simlar connecting device, generally
designated 32 in Figure 3. 35 The cqgng&t&ﬂggdeV|ce S S|n1Iar to

een Replaced

ferrule 24 in that it e
has a front planar mating face 34 and aJ uuﬁ"mm, m” pas%g%;:f’ G
for receiving the individual fibers of

6. A connector ferrule (50) for a fiber optic

10

15

20

25

30

ribbon cable (20) which includes a plurality of generally
parallel optical fibers (22) in a line, comprising:

a ferrule body (52) for receiving the cable (20)
and including a fiber passage (54) which is elongated in
cross-section to receive the line of optical fibers (22)
that are exposed by removing the jacket at an end portion
of the fiber optic ribbon cable, and a pin passage (60)
spaced from the fiber passage (54) for receiving an
alignment pin (38) projecting from the ferrule body to
align the body with an appropriate complementary connecting
device (32), the pin passage (60) being larger in diameter

‘than the outside diameter of the alignment pin (38);

an alignment bushing (100) in the pin passage
(60) for directly receiving the alignment pin (38), the
alignment bushing (100) being smaller than the pin passage
(60) to define a peripheral space thereabout; and

a filler adhesive (98) in the elongated fiber
passage (54) and in the peripheral space around the
alignment bushing (100) for fixing the fibers (22) in the
fiber passage in proper spaced relation and fixing the
bushing (100) in the pin passage (60) in proper location;

whereby the line of fibers (22) can be precisely
aligned and relatively spaced and the alignment bushing
(100) can be preciéely located from exteriorly of the fiber
passage and the pin passage and the filler adhesive (98)
can fix the fibers in their precise alignment and relative
spacing interiorly of the fiber passage and fix the
alignment bushing in precise location interiorly of the pin
passage.

7. The connector ferrule of claim 6, including
one of said pin passages (60) and a respective alignment
bushing (100) spaced outwardly from each end of the
elongated fiber passage (54).

18
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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 alignnent pins
38 which are inserted into alignnent passages 40 (Fig. 1) of ferrule
24 and al i gnnent passages 42 (Fig. 3) in connecting device tent
Alignment pins 38 are effective to align fiber passages ééégscl)
of ferrule 24 (Fig. 1) wwth fiber passages 36 (Fig. 3) o connectlng
10 device 32 and, correspondingly, aligning the optical fibers of
cable 20 with the optical fibers of cable 20A. In

fabricating connector fergul ea2¢cageetdnEdr@ule (50)t B rONCEPSSr Obpt he

prior art, it should not.ed .t ha ferrul e bo 26 ha openi ng 44
P Che v oof t noPaBtewbieh wicr Wtndascaceliig ey e sRterali vopSFRbl Body.
.Referring next opticaltbibexgsir £22), |ctom;amlé)mgseen that ri bbon cabl e 20 has

a front end portion pLolis. BLOLPOtiNe 4ACKRLAQLEWUEIcBIL (2g)

expose the line of optic ers Cati on
i s insert®d intanfeireledingl\a Ednsﬁetﬁebdrrp@s$@me (54) for receiving the

plurality of optical fibers (22) that are exposed by
removing the jacket at an end portion of the fiber optic
cable; and
a filler adhesive (98) in the fiber passage (54)
10 for fixing the fibers (22) in the fiber passage (54) in
proper spaced relationship;
whereby the fibers (22) can be precisely aligned
and relatively spaced from exteriorly of the fiber passage
(54) and the filler adhesive (98) can fix the fibers in
15 that precise alignment and relative spacing interiorly of

the fiber passage.

9. The connector ferrule of claim 8 wherein said

ferrule body (52) includes a pin passage (60) spaced from

the fiber passage (54) for receiving an alignment pin (38)

20 projecting from the ferrule body to align the body with an

appropriate complementary connecting device (32).

10. The connector ferrule of claim 9, including
an alignment bushing (100) in said pin passage (60) for
directly receiving the alignment pin (38).

———.
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20  of arrow "A" (Fig. 2). During the insertion process, each

i.ndi vidual optical fiber 22 nust be inserted into its respective

i ndi vidual fiber passages 30. All the fibers are inserted into the
passages simnultaneously. Although not shown, typically, the flgers
wi |l extend beyond the 25 front mating face 28 of the ferruleghody, gg
After all of the exposed fibers are inserted into their reSpective
fiber passages 30, a prem xed epoxy 48 (Fig. 2) is poured into

top opening 44 to fix the cable, the fibers and the boot wi thin the

ferrule body. After the eppxy ﬁ‘ﬁealcbﬂwé@tbQ 3@rrulellE dihgd ilEervesdsiare

cl eaved adj acent to.the fro face f the ferrule body, .and
the fiber ends apaid Pin Rﬁﬁ?%ﬁﬁﬁf@ﬁﬁl%? ﬂ%& %Fﬁetgﬁt?ilgnmenthUShlng
W t hout repeatingiab), OéndhanmﬂmﬂhagszﬁXﬁiBl@@dadhe51vén (blse "HBaskegyro utige
above, it readil r stood. om1d|ff|cult |t is to insert
exposed fibers 2%u§ﬁ¥n$ rlilcg'dtehe 1n51<§e of tqle pln passag
5 12. The connector ferrule of claim 11, including
one of said pin passages (60) and a respective alignment
bushing (100) spaced outwardly from opposite sides of the
fiber passage (54).

R Illll Illil H |IIl
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i ndi vidual fiber passages 30. In addition, wth this descriptio
of the prior art ferrule in Figures 1-3, the tol erance problens
mai ntai ni ng proper spacing and al i gnnment of fiber passages 30,
pl us proper spacing and 5 al i gnment tol erance problens with pinPatent

passages 40,

now can be fully understandabl e. 97-244 SG

Fi gures 4-8 show a connector ferrule 50 enbodyi ng

10

15

ABSTRACT
FIBER OPTIC CONNECTOR FERRULE

A connector ferrule (50) is disclosed for a fiber
optic ribbon cable (20) which includes a plurality of
generally parallel optical fibers (22) in a 1line. A
ferrule body (52) receives the cable and includes a fiber
passage (54) which is elongated in cross-section to receive
the line of optical fibers (22) that are exposed by
removing the jacket at an end portion of the fiber optic
ribbon cable. A filler adhesive (98) is disposed in the
elongated fiber passage (54) for fixing the fibers (22) in
the fiber passage in ©proper spaced relationship.
Therefore, the line of fibers (22) can be precisely aligned
and relativeiy spaced from exteriorly of the fiber passage
(54), and the filler adhesive (98) can fix the fibers in
that precise alignment and relative spacing interiorly of

the fiber passage.
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the concepts of the present invention. Again, the ferrule S

constructed for termnating a fiber optic ribbon cable 10 20 whi ch
includes a plurality of generally parallel optical fibers 22 in a

| i ne or coplanar rel ationship. However, it wi || be recogni zabl e that
many concepts of the invention are equal ly applicable for other
configurations of nulti- fi ber cables. 15 Mor e
particularly, connector ferrule 50 includeg) a ferrule body 52 having
a fiber passage 54 which is el ongated in cross-section to receive
the entire line of 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
singl e passage for each respective fiber of the bl e> Connect or
body 52 also has a front planar mating face 56, t op ®peni ng 58,
and a pair of passages 60 spaced, from opposite of‘ﬁPﬁngated

fi ber passage 54. Passages 24 44

(PRIOR ART)

22 44 48 / 3l
. [/ / / .
AN AN
30/ /////////// /

3la

J

F1G.2

(PRIOR ART)



25 60 can be called "pin passages”, although the passages do not

directly receive alignnment pins 38 (Fig. 3) as in the . prior art, as
wi |l be described in greater detail her ei naft er

According to the invention, epoxy is inserted or 30 poured into opening
58 to surround the line of optical fibers 22 in el ongated passage 54.
That is why the epoxy Wil be reféprell to hereinafter as a "filler
adhesi ve".

< Figures 9 and 10 show a fixture, generally
é% used to hold ferrule body 52 and to 35 precisely
hin el ongated fiber passage 54

desi gnat ed 6
align fiberg

(PRIOR ART)

FIG3



10 of the body. The fixture is shown in an open or | oading

condition in Figure 9 and in a closed or assenbly condition I n
Fi gure 10. More particularly, fixture 62 includes a
5 general ly rectangul ar base or nounting bl ock 64 which has an
externally threaded rod or shaft 66 running therethrough W thin an
internally threaded bore (not visible Rg_?@e drawi ngs). A nmanual
rotating knob 68 is fixed to the outer di stal end of ghaft 66. As
seen best in Figure 9, a 10 channel 70 is provigded for rec®iyving ribbon
cable 20, and a reggptacle ®gis provided fof re el,ing)¥errule body
52. Channel 70 has a\najor hgrizontal w dth a I NS

‘ | &

100 102
/ /52
{ 4 Vavd 4
60 = . VA —

58

FIG.S

58
7{}/ raV V4 I
54///#{/ 7z

52

FIG.6




vertical depth for receiving the flat ribbon-type cable. A cabl e

clanp in the formof a cover 74 is pivoted to one 15 side of base 64 on
a pivot rod 76. The cable clanp is pivotally novabl e from an open
position shown in Figure 9 to a closed position shown in Figure 10.
In its open position, the cable clanp projects upwardly at an angle
to base 64 and exposes channel its closed position, 20 t he
cable clanmp holds the ribbon cable in chéﬁnZ? Most of the
conponents of fixture 62 can be fabricated of netal material, and a
hol ding cable clamp 74 in

pair of magnets 78 (Fig. 9) can be used for
its closed, clanping position. A ferrule clanp 79 holds a

ferrule in receptacle 25 842. Likespable clanp 74, ferrul e3ghanp 79 is

pi voted, as at 79a t0\base 64’betmeen an open p03|t|qh exposLDQZthe
receptacle and a cl ospg—posttton—hotet+ éCSe ferrule in the/
recept acl e. A novab C age, o d 80, iIs
| 60— G/ . _ 60
i
56 54
FIG7 FIG.8
l3<—i— 90 52
14 )5 .
T 2/
/6) bned D94
94
- 14—

FIG.I

20

92

—— ——
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30

an end of base 64 opposite cabl e-receiving channel

74. Carriage 80 can be novably nounted on
mechani sms. A sinple nechanismis
base 64 and to connect 35

carri age,

70

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

at
and cable clanp

base 64 by a variety of
to use shaft 66 which runs through

a distal end of the shaft to the
wher eby (5-7) 11
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threadingly rotating the shaft causes the shaft to nove and nove the
carriage therewth. Movabl e carriage 80 of fixture 62

i ncl udes a fixed alignment block, generally designated 82, and a 5
pivotally novable fiber clanp 84. Like cable clanp 74, fiber clanmp
84 is pivoted to one side of base 64 on a pivot rod 86. Fiber clanp
84 has a tongue 87 that projects in a(g-7) direction toward receptacle
72. The fiber clanmp is pi votabl e from an open, upwardly angl ed
position shown in 10 Figure 9 and a cl.osed position showm in Figure 10.
As w || be seen hereinafter, fibel clanp 84 T1s eq;i?tive to hold

the fibers of the ribbon cable in position on fiber Wal i gnnent bl ock
82. The fibers can be held sinply by th wei ght of “fiber clanp 84, or
appropriate magnets (like 15 magnets 78) n used to hold the fiber
cl anp down on the fibers. A pair of algh posts 88 are shown in
Fi gur e 8
~

LA~

76

]/,
Cos

FI1G.I0

62
e

7/

N 7o

/86
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9 projecting fromfiber alignment block 82 toward receptacle 72 which
recei ves one of the ferrule bodies 52. The al i gnnent posts are
insertable into passages 60 in the 20 ferrule body, as will be described
herei nafter. Fi gures 11-14 show fiber alignnent block 82
renoved fromfixture 62 to facilitate the illustration. Mor e
particularly, the fiber alignnment block R . )solid conponent having a
chanfered trough 90 forned in the top 25 thereof. As seen best in
Figures 11 and 12, the side walls of trough 90 are tapered downwardly
in a convergi ng manner toward a bottomwall which includes a
plurality of general ly parallel grooves 92. The grooves are enl arged
in Figure 12 to show that tggy are semi-cylindrical in cross- 30
section. It should be understopgd that the grooves al so c%p90 be
triangul ar or otherw sd pol ygohal |$ cross-sect fom—tn—— any event, the
i

grooves are spaced to precisely align fibers 22 withinfel ongated
fi ber passage 54 of the ,

94

%

FIG.IS



as W || be described in greater detail hereinafter. Fiber 35 al i gnment
bl.ock 82 can be fabricated as a high precision

12 formed netal conponent or as a high preci |§EPL4Q§M@H’ SHEET
crystalline conponent. |In either instance, grooves 92 da be
fabricated in a nutually spaced and al{gned rel ationshi 13 00ftdgegefy

hi gh accuracy and preci sion. —

SPECIFICATION
FIBER OPTIC CONNECTOR FERRULE

Field of the Invention
This invention generally relates to the art of
5 fiber optic connectors and, particularly, to a fiber optic

connector ferrule.

Background of the Invention
In fiber optic transmission systems, signals are

transmitted along optical fibers by optical frequency waves
10 (light) generated by such source as LED’s, lasers and the
like. Optical fibers typically are fabricated of glass
materials and, as optical fiber circuitry developed, it
became necessary to provide connecting devices which could
couple one optical fiber to another, only in an end-to-end
15 relationship.
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
20 250 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 beyénd a front surface of the
25 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 optical fibers with their optical
axes in alignment for connection to the fibers of a mating
30 connector or other appropriate connecting device.
A fiber 9optic ribbon cable has Dbecome
increasingly popular to provide multiple channels in a



5 Still referring to Figures 11-13, fiber al Jﬁ%%ﬁFEMENT SHEET
bl ock 82 also has a pair of precisely |ocated holes 94 whi ch recer)v
al i gnnent posts 88 as described above in rel ation | o} FigurGLP 1398
Agai n, holes 94 can be forned in alignnent block 8 wth very hig
accuracy and precision. 10 Wth the above jdetailed
description of the structureJ%# connector ferrulle_50 and fixture
62, including fi ber alignment block 82, the nethod of fabricating

t he connector ferrule now will be described. However, before

proceedi ng Winglehcahdehoeruetees ai IAn gpgdicak rébeenneabls is sgmdded be

made 10 FigHrgny 1acnke wéﬁu%aﬁn &»Esboﬁl Zectricalle! ApRNSHLP LBt ween
optical fibers 22 and el ongat ed passage 54 in ferrule body 52.

" As with thee¥tedt afhat 2 plprs%éﬁyCa%ﬁ eQE@eiréléb’ep%‘?‘é%ll]ﬂ%/ r ORSYCAG t he

g(r) ot ect :c ve flbers{c &f)ﬂ@&héﬁﬂélén aged pdddsEn o%)nt e e eoko gerpeselihe |i Ee
O OptIC | per r_or RosLtiQni n t he
cabl e % n { hEFILEPAFe ol Sh4PP B oyl AGITLOA" BsligSPtical Fibetd of

a flber 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
10 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
a prefabricated connector ferrule. The passages align the
fibers at a predetermined spacing for coupling to the ends
15 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 probleﬁs.
First, because of the very thin size and extremely fragile
20 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
plurality of passages can be extremely difficult. If a
single fiber of the cable is broken, the stripped cable end
25 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
expense.
In the prior art, placing individual fibers of a
30 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. 1In addition
to fibers being broken, the holes, themselves, may be too
large or too small or not circular. Connector ferrules
35 comprise bodies which are crystalline in nature, typically



PR o f ‘e -t ey y
100 (Fig. 15) are tel escoped onto alignnent posts 88. The REPE@QﬁM&Wﬂh&HEET

I's placed into channel 70 of fixture 62, with cable clianp 74 1 ntThe
open position as shown in Figure 9. 25 One of the ferrul iodﬁ@sﬁaz N3]
positioned in receptacle 72 of the fixture. The cablje {then is noved
forwardly in channel 70 into thqsrear end of the ferrdil e body Unti
fibers 22 project through enlarged, efongated fi ber passage! 54 in the
ferrule body. In the alternative, the cable and 30 fi bers can be
inserted intg the ferrule body, and_the cable and body sjnply | owered

as a ‘subass@hbl SETAHLS t RBtEZpds  HoweVga f i 5REY¥ e C3WosPei HRIAFEY hBLcabl e

in channel pQasedctBe like mbheerihd.bodwr muleippeachaniél fekrutkekher
event, cab clanmp .74, t hen isspivoted fromits %ﬁgnhposition (Fig.
formed

9) to ge fiber-receiving hole e

Or passages mu

precisely to maintain proper form or alignment and spacing

5 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

10 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
the pin being inserted into a passage in the mating
connector ferrule, with a chamfered lead-in on the pin for

15 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. It can be understood why there is

20 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

multi-fiber ferrule.

Summaxry of the Invention
25 An object, therefore, of the invention is to

provide a new and improved connector ferrule for a f£iber

optic cable which includes a plurality of generally

parallel optical fibers. The invention is disclosed herein

with the ferrule adapted for a fiber optic ribbon cable

30 which includes a plurality of generally parallel optical
fibers in a line.

In the exemplary embodiment of the invention, the

connector ferrule includes a ferrule body for receiving a

cable and having a fiber passage which is elongated in



13 . its closed position (Fig. 1Q), with magnets 7ShdpphJEMENT ISHEET

cabl e clanp down on the cable. . Wth th

ferrule body properly positioned in fixture 62 &s dﬁSfrﬁggqe bojve
knob 68 at the 5 end of externally threaded shaft 66|t he sVrotated t
nove carriage 80 in the directipn of arrow "C g0
During this novenent, the distal ends -ot—alignment posts}88 (Fig. 9
first will enter passages 60 (Fig. 4) in the ferr —-~Busht ng
100 wi Il nmove with the alignment 10 posts into passages 60. Further

noverment of CYPRS taAGHiRJe to receive the line of optical fibers. The
fibers are exposed by removing the jacket at an end portion
of the fiber optic ribbon cable. A filler adhesive fixes
the fibers in the fiber passage in proper spaced relation.
5 Therefore, the line of fibers can be precisely aligned and
relatively spaced from exteriorly of the elongated fiber
passage, and the filler adhesive can fix the fibers in that
precise alignment and relative spacing interiorly of the
fiber passage.

10 The invention also contemplates that the ferrule
body include at least one pin passage spaced from the fiber
passage for receiving an alignment pin projecting from the
body to align the ferrule body with an appropriate
complementary connecting device. An alignment bushing is

15 disposed in the pin passage for directly receiving the
alignment pin. The passage is larger than the alignment
bushing, and the filler adhesive is inserted between the
bushing and the inside of the pin passage. As disclosed
herein, one of the pin passages and a respective alignment

20 bushing is spaced outwardly from each end of the elongated
fiber passage.

Other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying draw-

25 ings.

S



wi || cause fiber alignnment block 82 to nove under distal Tois

exposed optical fibers which have been extended conp &EBL&CEMEN)D@HEET
the enl arged, elongated fiber passage 54 of the body{ bgyomd—fromt
face 56 of the body. Wth the 15 carriage and alignngn 1

noved to the full "assenbl y" gosition shown in Fifufe aTI of
the fibers w Il be juxtaposed ov&r grooves 92 (Fig. {2y Tm Tne fiber
al i gnnent bl ock. A small armount of manual mani pul ati on may be needed
to ensure that one fiber is in each groove 20 Fi ber clamp 84 then 13

pi voted from

trough 90 of
pr eci si on

Drawingg) to jts closed position (Fig.
10). During closi ng of THee featuresfbbetfhpé dfreryireehied koaghel fvedt ers

f 82 d th b
3 B ngysdsags 598 EOER With Parfidy12x a0y ! R LR Sdnedt;

body now bei red nolerdiresl. The inmehiibuyet6getaed with tihes fodgjprctsofardie
cable Being tpe aalntGUIRE ¥ndkbERetlY BdSU MBS0 oY B) Fle Pl ALK 82,
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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 1is 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 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
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;




filler adhesive is then placed into opening 58 in the tog it R '
ferrule body until the adhesive substantially fills 30 ﬁE2J¥§®@$G.OﬁE§%(
el ongated pin passage 54 will receive adhesi ve on|the sidgg of th
bushi ngs 100 to captivate them in place. Figure 1§ dhond €171 %888
adhesi ve 98 surroundi ng all of ghe individual fibgrs-in_-the enlarpe
passage as wel | as around bushings 100 in passage$ 60. The filler
35 adhesive then is allowed to cure. |In the alternative—the

14

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

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.

\1-4



entire fixture, including the positioned cable and ferrule
along with the applied filler adhesive, then can be

oREPLA phAEgly, SHEET
L. 2w

oven, if necessary, to heat-cure the filler adhesive. 5, . A ﬁgg']

After the adhesive is cured, al i gnment posts 88 move outl &f Uire ™Y

preci sely positioned bushings as carru? 80 is noved

the cured connector ferrule. To -—~facilitate this procgess, posts 88

are lubricated prior to applying the filler adhesivel._Thefiber—ends

whi ch prOJect 10 fronlnatlng face 56 of the ferrule body are then

¢l eaved De i ’ edimentides slightly

fromfiber passage 5 Aalste n C {so is
Al}é)fé/ ém%b gtﬁél %I%%' Pjged Fi ure\eé%leg sﬂ%ﬁggt he end

renmoved or Eollshed 0

result of t
el ongat ed
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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 1is assembled in an overall fiber optic
connector assembly.

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

20

25

30

35

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
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fi ber passage 54 and the bushings 100 in passages 60 whi ch | REPLACBWERT SHEFT
align connector ferrule 50 with a conpl enentary ferrul —_—
connecting device such as ferrule 32 described in rela ‘ﬁﬁ%tﬂrfg@m
prior art of Figure 3. Figure 20 15 shows a cylindrical | blishihg 1bd™
i nserted within one of t he passages 60 in ferrule bogly
connect or ferrule. Referring b: to Figure 5, it caph be seen that
a shoulder 102 is forned within each passage 60. Thi s stroutdet
defines a stop lim¢t for inserting boot 31. It 25 can be seen in Figure

15 that pas$@§e B0Lrsns| iRfmnayr eyt face 34 IPdndt riinehadf t Rdbsit si de

di amet er of Jasshiged 380for receikditpetecnhlyviaani! f ebyra@df @nseebhgcause
filler adhesSjye 98.t0 fill ace betweeﬂ t he outsjide of the

. L e_s
bushi ng and £iber ORGIE | RPN ofabhe B88sagerSindSpfaaWe| iR abignathe
bushing 30 ferir@llat i2de dr tdenrsanqig Mshidy Ivitape seated abyvesingf abers
22 fixed wthi,n the_connector fer can be seen.i.n ﬁ%ggge 15

I | .
t hat the bu?ﬁﬁlﬁgg af l%’i“,“?nt Rins r3%o§gl1ci1 e inserted into alig

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

35 how difficult it is to insert exposed fibers 20 into their
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bushi ngs, thereby, expand when tel escoped onto alignneng R i

t he exgct di aneter of the posts. The pgsts 35 can bg Eﬁéﬁ?%ggzﬁ%ﬁﬁgﬁ
preci sion and accuracy, and this -
accuracy is transferred to the bushings. Wien filler 13 ddHeé%8e
cures, the bushings are secured at th%,exact di apeters_of the

al i gnnent posts. e
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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 and
alignment of fiber passages 30, plus proper spacing and
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
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.

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. 1In other words, one elongated passage
54 is provided for receiving therein all of the fibers of
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 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
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 fixture, generally
designated 62, which is used to hold ferrule body 52 and to
precisely align fibers 22 within elongated fiber passage 54

15



Fromthe foregoing, it is readily apparent that 5 the i ' ¢

vast inprovenent over the prior art. 1In essence, t BEEB&%@@?@%SB@%T
and pin passages in the ferrule body of the inventidn fare not used |
to align the fibers and alignment pins. A separate [fijxtufeB6f BEYh
precision is used outside the_gonnector ferrule and,) iln.essence,

t hese 10 preci sion paraneters are nsferred to the fendrule. By
transferring the precision fromthe fixture to the ferrule as_|s
contenpl ated by the present invention, the paraneters of the
resulting 9%erikg eRodye VvERG EbKREREEehE ghawn in anespgraite. loagiing process
can be fingdamethdtmeidsredsling irsiamehvser sPdidyemely heorddrdiwe. Still
further, wth_ fiber passage 54 being considerably lTarger than the
fibers in E¥BIRS|1Mfes, the same ferrule body can be used for different
sizes of fibers whi oodes nParpdesidmtey W t Eikharpri @2 artincludes Il fact, a
single ferrule hody Wil dbs Y9 Bineidd) MUBELS | BPRARIe can

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
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 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. 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,
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 7%9a, 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




optic cables of different nunbers of fibers.

Again, this REPI ACEM
g - ﬁgﬂﬁ{\g SHEET

possible with the prior art, because the nunber and gji

fi ber passages nust be varied in attenpts to arrive at nﬁq ALT 1000
consi stency what soever. 25 It will be understdod t at PCReiS28

I nvention may be enbodied in other, specific fornms w tfhowt-—departing |
fromthe spirit or central char I stics thereof. The present
exanpl es and enbodi nents, therefore, are to be considered A—ak-d
respects as illustrative and not restrictive, and 30 the invention_is

not to be |infReeprdinghe wriating ibgeghaft cawgesithe shaft to move and
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move the carriage therewith.

Movable carriage 80 of fixture 62 includes a
fixed alignment block, generally designated 82, and a
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 1is
pivotable from an open, upwardly angled position shown in
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
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
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
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-
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
alignment block 82 can be fabricated as a high precision
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16 CLAI M5 1. . A connector ferrul 0 Aappet |
fiber optic ri bbon cable (20) which includes a plur f@?Léﬁé”%ﬁﬂasugﬁT

general ly parall el optical fibers (22) in a line, coppfTslng:

a ferrule body (52) for receiving the cable (20) and| i hch Wiy
fiber passage (54) which is elongated; 4n Cross-sectipnito receive
the line of optical fibers (22) -——that are exposed by {enoving the
j acket at an end portion of the fiber optic ribbon cpble; and 10_

a filler adhesiv 98).in the el ongated fi ber
. formeg éet 1 component gor as a high precision formed

5
0

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 method in detail, a guick reference

15 should be made to Figure 15 to visualize 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. 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



passage (54) for fixing the fibers (22) in the fiber p@ps SHERT
proper spaced rel ati onshi p; whereby the lijne 5555
can be precisely al i gned and relatlvely spaced frome terlorly of
the fiber 15 passage (54) and the filler adhesive (99) |cah3f3£7t%88
fibers in that precise alignnent and iﬁlative spaci ng lnteriorly o
the fiber passage. __The connector ferqule of claiml
wherein said ferrule body (52) includes a pin passage—(60)._spaced
from 20 t.he elongated fiber passage (54) for receivi an allgnnent

pin (38) prditécClrger BRStLR&CPeFife B%Iy ‘t’bu&l‘f‘%ﬁ'f‘?% Tﬁ% ding tlet h an
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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
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
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.
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.

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




17 3. The connector ferrule of claim2, inglu
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an al i gnnent bushing (100) in said pin passage (60) for di rect|
receiving the alignment pin (38). 4. The cgnrjeck 3r OC7T 1328
ferrule of claim3 wherein said 5 pin passage (60) is lfar an_the
al i gnment bushi ng (100), and ipecluding a filler adhesjve (98) -

bet ween the bushi ng and the i e of the pin passage.

entire fixture, including 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 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
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 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 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 fill 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 telescoped onto alignment
posts 88, to the exact diameter of the posts. The posts
35 can be fabricated with precision and accuracy, and this




5. The connector ferrule of claim4, including one of said pin

passages (60) and a respective alignment 10 bushing (100 _—spaced
outwardly from each end of the el ongat ed fi ber paéggkébQW§Nﬂ.SHEET
18 -

accuracy is transferred to the bushings. Wh%ﬁf‘fttié'““”“““*“m
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. 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

10 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 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 elongated 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
examples 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.




6. A connector ferrule (50) for a fiber optic rib ' b :
(59 o PR, e,

which includes a plurality of generally paral | el

in a line, conprising: a ferrule body ($2) for rg@qigj 0
the cable (20) 5 and including a fiber passage (54)]whi dndi&LelHigate
i

in cross-section to receive the line of optical s.(22)
that are exposed by renoving the jack t an end porti pn of the
fiber optic ribbon cable, and a pin passage (60) spaced_framthe

R)

fi ber passage (54) for receiving an 10 alignment pin (38) projecting
fromthe f@e&IN$ body to align the body with an appropriate
conpl enentary connecting device (32), the pin passage (60) being
| arger in dianeter than the outside_dianeter of the alignment pin
(38); _ 1. anaPPBRAERET bESHrAge(160) ifRTt iRe fiikepaRtR 15
E) 60%_ for ( %%@66:& Yed XLl Hcﬂ)g &%ﬁr@{iﬁm s d rb:(&?’&liﬂ)heo% Oiertlela%%ment
ushi ng eing snal l.er_.t han pi.n passage , to define a
peri pheralP %fﬂﬁﬁ%ﬂﬁiMQJQ%ﬁf (3,745 B e comprlgln :
5 a ferrule body (52) for receiving the cable (20)
and including a fiber passage (54) which is elongated in
cross-section to receive the line of optical fibers (22)
that are exposed by removing the jacket at an end portion
of the fiber optic ribbon cable; and
10 a filler adhesive (98) in the elongated fiber
passage (54) for fixing the fibers (22) in the £fiber
passage in proper spaced relationship;
whereby the line of fibers (22) can be precisely
aligned and relatively spaced from exteriorly of the fiber
15 passage (54) and the filler adhesive (98) can fix the
fibers in that precise alignment and relative spacing

interiorly of the fiber passage.

2. The connector ferrule of claim 1 wherein said
ferrule body (52) includes a pin passage (60) spaced from
20 the elongated fiber passage (54) for receiving an alignment
pin (38) projecting from the ferrule body to align the body
with an appropriate complementary connecting device (32).

K )



a filler adhesive (98) in the elongated fiber passage 1)p n_T1
peri pheral space around the 20 al.i gnnent bushi ng (100) foééﬁ$§?ﬂgwkﬁg%f
fibers (22) in the fi ber passage in proper spaced relfatiion and fIXin
t he bushi ng (100) in the pin passage (60) in proper ogaﬂiiﬂﬁﬁ??ﬁ%
whereby the line of fibers (22) can be ecisely aligned and

rel atively spaced and the alignnment b -Ag 25 (100) cpan be precisely

| ocated fromexteriorly of the fiber passage and thelpin passage and

the filler adhesive (9%} can fix the fibers in their precise_
alignment and relative 3- Thepgenngctor efesrple o?f t@kainper BRAGLEEENSNd

fix the ad! hUNGRAENBUBISAG nig (ICRNI SEn | 982881 AN Hadarel V(a) ther pin
30 . passa 7. The connector ferrule of claim§6,

i ncl udi ng quir%ﬁ&}¥ﬁr%ﬁﬁ%Y%ﬂ91Eﬁﬁﬁﬁ&ﬁquﬁﬁﬁ Pify @8 espective al i gnnent

4. The connector ferrule of claim 3 wherein said

5 pin passage (60) is 1larger than the alignment bushing

(100), and including a filler adhesive (98) between the
bushing and the inside of the pin passage.

5. The connector ferrule of claim 4, including

one of said pin passages (60) and a respective alignment

10 bushing (100) spaced outwardly from each end of the
elongated fiber passage (54).

iy I/Il[lllllill\lﬂ;l}il} -----
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bushi ng (100) spaced outwardly from each end of the e'°”@@b€ﬁbﬁMéﬂ¥'SHEET f

passage (54). _ 19

8. A connector ferrule (50) for a fiber optic cable (20) which _
includes a plurality of generally parallel optical fiberp {22057 1398
conpri si ng: a ferrulf body (52) for receiving the cable
(20) 8

6. A connector ferrule (50) for a fiber optic
ribbon cable (20) which includes a plurality of generally
parallel optical fibers (22) in a line, comprising:

a ferrule body (52) for receiving the cable (20)

S and including a fiber passage (54) which is elongated in
cross-section to receive the line of optical fibers (22)
that are exposed by removing the jacket at an end portion
of the fiber optic ribbon cable, and a pin passage (60)
spaced from the fiber passage (54) for receiving an

10 alignment pin (38) projecting from the ferrule body to
align the body with an appropriate complementary connecting
device (32), the pin passage (60) being larger in diameter
than the outside diameter of the alignment pin (38);
an alignment bushing (100) in the pin passage
15 (60) for directly receiving the alignment pin (38), the
alignment bushing (100) being smaller than the pin passage
(60) to define a peripheral space thereabout; and

a filler adhesive (98) in the elongated fiber

passage (54) and in the peripheral space around the

20 alignment bushing (100) for fixing the fibers (22) in the
fiber passage in proper spaced relation and fixing the
bushing (100) in the pin passage (60) in proper location;

whereby the line of fibers (22) can be precisely

aligned and relatively spaced and the alignment bushing

25 (100) can be precisely located from exteriorly of the fiber
passage and the pin passage and the filler adhesive (98)

can fix the fibers in their precise alignment and relative

spacing interiorly of the fiber passage and fix the

alignment bushing in precise location interiorly of the pin

30 passage.
7. The connector ferrule of claim 6, including

one of said pin passages (60) and a respective alignment
bushing (100) spaced outwardly from each end of the

* c L M s *

elongated fiber passage (54).




5 and including a single fiber passage (54) for receivin ﬁé@%éCﬁMTp"
pldrality of optical fibers (22) that are exposed by e MLnﬁ'%

j acket at an end portion of the fiber optic cabl e; anf anT 1nn
a filler adhesive (98) in the fiber passage (54) 10 for|f xﬂﬁhiﬂWeﬁmz
fibers (22) in the fiber passage (54) .in proper spaced kelationship;.

whereby the fibers (22) can be precis&k-naligned andf rel atively
spaced fromexteriorly of the fiber passage (54) and—the—-filler

adhesive (98) can fix the fibers in 15 that precise alignnent and
rel ative spacing intesi.or |3 efnnector feémrdleefSphsEagea fiber optic

9. The conneghifle f(8bH U&?:L fﬁé’f‘idﬂﬁ ‘%{nﬁ]ﬁ.ﬁ&ali@&/dﬂf ?e%era(ﬁf ?a‘i—aﬁ.?%,} (52)
i ncl udes a pin passage (6 spaced fro the Ti1 ber pdssage (54) for
recei ving aﬁ@&ﬁﬁ@ﬁn@ﬂbeﬁﬁn(?ég) comprising:
a ferrule bddy (52) for receiving the cable (20)
5 and including a single fiber passage (54) for receiving the
plurality of optical fibers (22) that are exposed by
removing the jacket at an end portion of the fiber optic
cable; and
a filler adhesive (98) in the fiber passage (54)
10 for fixing the fibers (22) in the fiber passage (54) in
proper spaced relationship;
whereby the fibers (22) can be precisely aligned
and relatively spaced from exteriorly of the fiber passage
(54) and the filler adhesive (98) can fix the fibers in
15 that precise alignment and relative spacing interiorly of
the fiber passage.

9. The connector ferrule of claim 8 wherein said

ferrule body (52) includes a pin passage (60) spaced from

the fiber passage (54) for receiving an alignment pin (38)

20 projecting from the ferrule body to align the body with an
appropriate complementary connecting device (32).

10. The connector ferrule of claim 9, including
an alignment bushing (100) in said pin passage (60) for
directly receiving the alignment pin (38).

R



20  projecting fromthe ferrule body to align the body Wit |
appropriate conpl enentary connecting device (32). H%@_ACEMENT.gﬁgET

connector ferrule of claim9, including an al i gnnent bushing (100) in
sai d pin passage (60) for directly receiving the alignpeht{g S{I3&
20

20

11. The connector ferrule of claim 10 wherein
said pin passage (60) is larger than the alignment bushing
(100), and including a filler adhesive (98) between the
bushing and the inside of the pin passage.

5 12. The connector ferrule of claim 11, including
one of said pin passages (60) and a respective alignment
bushing (100) spaced outwardly from opposite sides of the
fiber passage (54).



11.  The connector ferrule of claim 10 wherein said p evf GkeT
is Targer than the alignment bushing (100), and inclu ?ﬁfﬁgéﬁﬁﬁﬁggﬁﬁFT

adhesive (98) between the bushi ng and the inside of the pim RASS g.

5" 12. The connector ferrule of claim11l, inc ufi hgt Uo7 EBde
of said pin passages (60) and a resp?gélve al i gnnent bushing (100) ___ |
spaced outwardly from opposite sidess t-he fi ber passpage (54).

ABSTRACT
FIBER OPTIC CONNECTOR FERRULE

A connector ferrule (50) is disclosed for a fiber
optic ribbon cable (20) which includes a plurality of
5 generally parallel optical fibers (22) in a 1line. A
ferrule body (52) receives the cable and includes a fiber
passage (54) which is elongated in cross-section to receive
the 1line of optical fibers (22) that are exposed by
removing the jacket at an end portion of the fiber optic
10 ribbon cable. A filler adhesive (98) is disposed in the
elongated fiber passage (54) for fixing the fibers (22) in
the fiber ©passage in proper spaced relationship.
Therefore, the line of fibers (22) can be precisely aligned
and relatively spaced from exteriorly of the fiber passage
15 (54), and the filler adhesive (98) can fix the fibers in
that precise alignment and relative spacing interiorly of

the fiber passage.

_Fig. 4



